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[0453] At step 1496, the process determines that the
device is in the cecum.

[0454] FIG. 15 is a flowchart 1500 for a process for certain
embodiments for determining a transition of the device from
the cecum to the colon. In general, the process involves
detecting changes in the reflected optical signal (e.g., red
light, blue light, green light, ratio of red light to green light,
ratio of red light to blue light, and/or ratio of green light to
blue light). In some embodiments, the process includes
detecting changes in the ratio of reflected red light to
reflected green light, and also detecting changes in the ratio
of reflected blue light. Generally, in the process 1500, the
sliding window analysis (first and second windows) dis-
cussed with respect to process 1400 is continued.

[0455] In step 1510, optical signals (e.g., the ratio of
reflected red signal to reflected green signal, and reflected
blue signal) are collected for a period of time (e.g., at least
one minute, at least five minutes, at least 10 minutes) while
the device is in the cecum (e.g., during step 1480). The
average values for the recorded optical signals (e.g., the ratio
of reflected red signal to reflected green signal, and reflected
blue signal) establish the cecum reference signals.

[0456] In step 1520, the optical signals are detected after
it has been determined that the device entered the cecum
(e.g., at step 1440). The optical signals are normalized to the
cecum reference signals.

[0457] Step 1530 involves determining whether the device
has entered the colon. This includes determining whether
any of three different criteria are satisfied. The first criterion
is satisfied if the mean difference in the ratio of a detected
optical signal (e.g., ratio of detected red signal to the
detected green) is a multiple greater than one (e.g., 2%, 3x,
4x) the standard deviation of the corresponding signal (e.g.,
ratio of detected red signal to the detected green) in the
second window. The second criterion is satisfied if the mean
of a detected optical signal (e.g., a ratio of detected red light
to detected green light) exceeds a given value (e.g., exceeds
one). The third criterion is satisfied if the coefficient of
variation of an optical signal (e.g., detected blue light) in the
first window exceeds a given value (e.g., exceeds 0.2). If any
of the three criteria are satisfied, then the process proceeds
to step 1540. Otherwise, none of the three criteria are
satisfied, the process returns to step 1520.

[0458] For illustrative purposes the disclosure focuses
primarily on a number of different example embodiments of
an ingestible device, and example embodiments of methods
for determining a location of an ingestible device within a GI
tract. However, the possible ingestible devices that may be
constructed are not limited to these embodiments, and
variations in the shape and design may be made without
significantly changing the functions and operations of the
device. Similarly, the possible procedures for determining a
location of the ingestible device within the GI tract are not
limited to the specific procedures and embodiments dis-
cussed (e.g., process 500 (FIG. 5), process 600 (FIG. 6),
process 900 (FIG. 9), process 1200 (FIG. 12), process 1300
(FIG. 13), process 1400 (FIG. 14) and process 1500 (FIG.
15)). Also, the applications of the ingestible devices
described herein are not limited merely to gathering data,
sampling and testing portions of the gastrointestinal tract, or
delivering medicament. For example, in some embodiments
the ingestible device may be adapted to include a number of
chemical, electrical, or optical diagnostics for diagnosing a
number of diseases. Similarly, a number of different sensors
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for measuring bodily phenomenon or other physiological
qualities may be included on the ingestible device. For
example, the ingestible device may be adapted to measure
elevated levels of certain chemical compounds or impurities
in the gastrointestinal tract, or the combination of localiza-
tion, sampling, and appropriate diagnostic and assay tech-
niques incorporated into a sampling chamber may be par-
ticularly well suited to determine the presence of small
intestinal bacterial overgrowth (SIBO).

[0459] At least some of the elements of the various
embodiments of the ingestible device described herein that
are implemented via software (e.g., software executed by
control circuitry within PCB 120 (FIG. 2)) may be written
in a high-level procedural language such as object oriented
programming, a scripting language or both. Accordingly, the
program code may be written in C, C++ or any other suitable
programming language and may comprise modules or
classes, as is known to those skilled in object oriented
programming. Alternatively, or in addition, at least some of
the elements of the embodiments of the ingestible device
described herein that are implemented via software may be
written in assembly language, machine language or firm-
ware as needed. In either case, the language may be a
compiled or an interpreted language.

[0460] At least some of the program code used to imple-
ment the ingestible device can be stored on a storage media
or on a computer readable medium that is readable by a
general or special purpose programmable computing device
having a processor, an operating system and the associated
hardware and software that is necessary to implement the
functionality of at least one of the embodiments described
herein. The program code, when read by the computing
device, configures the computing device to operate in a new,
specific and predefined manner in order to perform at least
one of the methods described herein.

[0461] Furthermore, at least some of the programs asso-
ciated with the systems, devices, and methods of the
example embodiments described herein are capable of being
distributed in a computer program product comprising a
computer readable medium that bears computer usable
instructions for one or more processors. The medium may be
provided in various forms, including non-transitory forms
such as, but not limited to, one or more diskettes, compact
disks, tapes, chips, and magnetic and electronic storage. In
some embodiments, the medium may be transitory in nature
such as, but not limited to, wire-line transmissions, satellite
transmissions, internet transmissions (e.g. downloads),
media, digital and analog signals, and the like. The computer
useable instructions may also be in various formats, includ-
ing compiled and non-compiled code.

[0462] The techniques described above can be imple-
mented using software for execution on a computer. For
instance, the software forms procedures in one or more
computer programs that execute on one or more pro-
grammed or programmable computer systems (which may
be of various architectures such as distributed, client/server,
or grid) each including at least one processor, at least one
data storage system (including volatile and non-volatile
memory and/or storage elements), at least one input device
or port, and at least one output device or port.

[0463] The software may be provided on a storage
medium, such as a CD-ROM, readable by a general or
special purpose programmable computer or delivered (en-
coded in a propagated signal) over a communication
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medium of a network to the computer where it is executed.
All of the functions may be performed on a special purpose
computer, or using special-purpose hardware, such as copro-
cessors. The software may be implemented in a distributed
manner in which different parts of the computation specified
by the software are performed by different computers. Each
such computer program is preferably stored on or down-
loaded to a storage media or device (e.g., solid state memory
or media, or magnetic or optical media) readable by a
general or special purpose programmable computer, for
configuring and operating the computer when the storage
media or device is read by the computer system to perform
the procedures described herein. The inventive system may
also be considered to be implemented as a computer-read-
able storage medium, configured with a computer program,
where the storage medium so configured causes a computer
system to operate in a specific and predefined manner to
perform the functions described herein.

Methods and Mechanisms of Delivery

[0464] FIG. 16 provides an example mock-up diagram
illustrating aspects of a structure of an ingestible device
1600 for delivering a dispensable substance, such as a
formulation of a therapeutic agent described herein, accord-
ing to some embodiments described herein. In some
embodiments, the ingestible device 1600 may generally be
in the shape of a capsule, a pill or any swallowable form that
may be orally consumed by an individual. In this way, the
ingestible device 1600 may be ingested by a patient and may
be prescribed by healthcare practitioners and patients.
[0465] The ingestible device 1600 includes a housing
1601 that may take a shape similar to a capsule, a pill, and/or
the like, which may include two ends 16024-b. The housing
1601 may be designed to withstand the chemical and
mechanical environment of the GI tract (e.g., effects of
muscle contractile forces and concentrated hydrochloric
acid in the stomach). A broad range of materials that may be
used for the housing 1601. Examples of these materials
include, but are not limited to, thermoplastics, fluoropoly-
mers, elastomers, stainless steel and glass complying with
ISO 10993 and USP Class VI specifications for biocompat-
ibility; and any other suitable materials and combinations
thereof.

[0466] In some embodiment, the wall of the housing 1601
may have a thickness of 0.5 mm-1 mm, which is sufficient
to sustain an internal explosion (e.g., caused by hydrogen
ignition or over pressure inside the housing).

[0467] The housing 1601 may or may not have a pH-
sensitive enteric coating to detect or otherwise be sensitive
to a pH level of the environment external to the ingestible
device. As discussed elsewhere in the application in more
detail, the ingestible device 1600 may additionally or alter-
natively include one more sensors, e.g., temperature sensor,
optical sense.

[0468] The housing 1601 may be formed by coupling two
enclosure portions together. The ingestible device 1600 may
include an electronic component within the housing 1600.
The electronic component may be placed proximally to an
end 160256 of the housing, and includes a printed circuit
board (PCB), a battery, an optical sensing unit, and/or the
like.

[0469] The ingestible device 1600 further includes a gas
generating cell 1603 that is configured to generate gas and
thus cause an internal pressure within the housing 1601. In
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some embodiments, the gas generating cell may include or
be connected to a separate channel or valve of the ingestible
device such that gas may be release through the channel or
valve to create a motion to alter the position of the ingestible
device within the GI tract. Such gas release can also be used
to position the ingestible device relative to the intestinal
lining. In another embodiment, gas may be released through
the separate channel or valve to alter the surface orientation
of the intestinal tissue prior to delivery of the dispensable
substance.

[0470] A traveling plunger 1604 may be placed on top of
the gas generating cell 1603 within the housing 1601. The
traveling plunger 1604 is a membrane that separates the gas
generating cell 1603 and a storage reservoir that stores the
dispensable substance 1605. In some embodiments, the
traveling plunger 1604 may be a movable piston. In some
embodiments, the traveling plunger 1604 may instead be a
flexible membrane such as but not limited to a diaphragm.
In some embodiments, the traveling plunger 1604, which
may have the form of a flexible diaphragm, may be placed
along an axial direction of the housing 1601, instead of
being placed on top of the gas generating cell 1603. The
traveling plunger or the membrane 1604 may move (when
the membrane 1604 is a piston) or deform (when the
membrane 1604 is a diaphragm) towards a direction of the
end 1602a of the housing, when the gas generating cell 1603
generates gas to create an internal pressure that pushes the
membrane 1604. In this way, the membrane or traveling
plunger 1604 may push the dispensable substance 1605 out
of the housing via a dispensing outlet 1607.

[0471] The housing 1601 may include a storage reservoir
storing one or more dispensable substances 1605 adjacent to
the traveling plunger 1604. The dispensable substance 1605
may be a therapeutic or medical agent that may take a form
of'a powder, a compressed powder, a fluid, a semi-liquid gel,
or any other dispensable or deliverable form. The delivery of
the dispensable substance 1605 may take a form such as but
not limited to bolus, semi-bolus, continuous, burst drug
delivery, and/or the like. In some embodiments, a single
bolus is delivered proximate to the disease location. In some
embodiments, more than one bolus is released at one loca-
tion or more than one location. In some embodiments the
release of more than one bolus is triggered according to a
pre-programmed algorithm. In some embodiments the
release profile is continuous. In some embodiments the
release profile is time-based. In some embodiments the
release profile is location-based. In some embodiments, the
amount delivered is based on the severity and/or extent of
the disease in the following manner. In some embodiments,
the bolus is delivered in one or more of the following
locations: stomach; duodenum; proximal jejunum; ileum;
cecum; ascending colon; transverse colon; descending
colon. In some embodiments, the 1L.-12/IL.-23 inhibitor is
ustekinumab. In some embodiments, the I1.-12/1L.-23 inhibi-
tor is briakinumab. In some embodiments, the 11.-12/1[.-23
inhibitor is guselkumab. In some embodiments, the 1L.-12/
1L.-23 inhibitor is tildrakizumab. In some embodiments, the
IL-12/IL-23 inhibitor is brazikumab. In some embodiments,
the 1L-12/IL-23 inhibitor is ustekinumab.

[0472] In some embodiments the dispensable substance is
a small molecule therapeutic that is released in the cecum
and/or other parts of the large intestine. Small molecules that
are administered by typical oral routes are primarily
absorbed in the small intestine, with much lower absorption
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taking place in the large intestine (outside of the rectum).
Accordingly, an ingestible device that is capable of releasing
a small molecule selectively in the large intestine (e.g., the
cecum) with resulting low systemic levels (even when high
doses are used) is attractive for subjects with inflammatory
bowel disease in the large intestine.

[0473] In some embodiments, the storage reservoir may
include multiple chambers, and each chamber stores a
different dispensable substance. For example, the different
dispensable substances can be released at the same time via
the dispensing outlet 1607. Alternatively, the multiple cham-
bers may take a form of different layers within the storage
reservoir such that the different dispensable substance from
each chamber is delivered sequentially in an order. In one
example, each of the multiple chambers is controlled by a
separate traveling plunger, which may be propelled by gas
generation. The electronic component may control the gas
generating cell 1603 to generate gas to propel a specific
traveling plunger, e.g., via a separate gas generation cham-
ber, etc., to delivery the respective substance. In some
embodiments, the content of the multiple chambers may be
mixed or combined prior to release, for example, to activate
the drug.

[0474] The ingestible device 1600 may include a dispens-
ing outlet 1607 at one end 1602a of the housing 1601 to
direct the dispensable substance 105 out of the housing. The
dispensing outlet 1607 may include an exit valve, a slit or a
hole, a jet injection nozzle with a syringe, and/or the like.
When the traveling plunger 1604 moves towards the end
16024 of the housing 1601, an internal pressure within the
storage reservoir may increase and push the dispensing
outlet to be open to let the dispensable substance 1605 be
released out of the housing 1601.

[0475] In an embodiment, a pressure relief device 1606
may be placed within the housing 1601, e.g., at the end
1602a of the housing 1601.

[0476] In some embodiments, the housing 1601 may
include small holes (e.g., with a diameter smaller than 2
mm), e.g., on the side of the housing 1601, or at the end
16024 to facilitate loading the dispensable substance into the
storage reservoir.

[0477] In some embodiments, a feedback control circuit
(e.g., a feedback resistor, etc.) may be added to send
feedback from the gas generating cell 1603 to the electronic
component such that when the internal pressure reaches a
threshold level, the electronic component may control the
gas generating cell 1603 to turn off gas generation, or to
activate other safety mechanism (e.g., feedback-controlled
release valve, etc.). For example, an internal pressure sensor
may be used to measure the internal pressure within the
ingestible device and generate feedback to the feedback
control circuit.

[0478] FIG. 17 provides an example diagram illustrating
aspects of a mechanism for a gas generating cell 1603
configured to generate a gas to dispense a substance, accord-
ing to some embodiments described herein. As shown in
FIG. 17, the gas generating cell 1603 generates a gas 1611
which can propel the dispensable substance 1605 out of the
dispensing outlet 1607. A variable resistor 1608 may be
connected to a circuit with the gas generating cell 1603 such
that the variable resistor 1608 may be used to control an
intensity and/or an amount of gas 1611 (e.g., hydrogen)
generated by the cell 1603. Specifically, the gas generating
cell 1603 may be a battery form factor cell that is capable of
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generating hydrogen when a resistor is applied. In this way,
as the gas generating cell 1603 only needs the use of a
resistor only without any active power requirements, the gas
generating cell 1603 may be integrated into an ingestible
device such as a capsule with limited energy/power avail-
able. For example, the gas generating cell 1603 may be
compatible with a capsule at a size of 26 mmx13 mm or
smaller.

[0479] In some embodiments, based on the elution rate of
gas from the cell, and an internal volume of the ingestible
device, it may take time to generate sufficient gas 1611 to
deliver the substance 1605, and the time required may be 30
seconds or longer. For example, the time to generate a
volume of hydrogen equivalent to 500 pL of fluid would be
approximately 5 minutes. A longer period of time may be
needed based upon non-ideal conditions within the ingest-
ible device, such as friction, etc. Thus, given that the
production of gas (e.g., hydrogen) may take time, gas
generation may need to start prior to the ingestible device
arriving at the site of delivery to build pressure up within the
device. The ingestible device may then need to know when
it is approaching the site of delivery. For example, the device
may start producing gas on an “entry transition,” which is
determined by temperature, so as to produce enough gas to
be close to the pressure high enough to deliver the dispens-
able substance. The ingestible device may then only start
producing gas again when it arrives at the site of delivery,
which will cause the internal pressure within the ingestible
device to reach a level required by the dispensing outlet to
release the dispensable substance. Also, for regio-specific
delivery, the ingestible device may estimate the time it takes
to build up enough pressure to deliver the dispensable
substance before the ingestible device arrives at a specific
location, to activate gas generation.

[0480] For example, for systemic delivery, when an inter-
nal volume of the ingestible device is around 500 pL, a gas
generation time of 2 hours, an initial pressure of approxi-
mately 300 pound per square inch absolute (psia) may be
generated, with higher and lower pressures possible. The
generated pressure may drop when air enters the storage
reservoir which was previously occupied by the dispensable
substance during the dispensing process. For systemic drug
delivery, a force with a generated pressure of approximately
100 to 360 pound per square inch (psi) may be required for
dermal penetration, e.g., to penetrate the mucosa or epithe-
lial layer. The pressure may also vary depending on the
nozzle design at the dispensing outlet, fluid viscosity, and
surrounding tissue proximity and properties.

[0481] The gas 1611 that may be generated for a continu-
ous delivery of drug (e.g., 1cc H, in 4 hours, 16 breaths per
minute at 0.5 L tidal volume) may equate to 1 cc hydrogen
in approximately 2000 L of exhaled air, or approximately 0.5
ppm H2, which is below physiologic values of exhaled
hydrogen. Reducing this time to 10 minutes equates to
approximately 13 ppm hydrogen. Thus, due to the length of
intestine that may be covered during this time period, the
ingestible device may possess a higher localized value than
physiologic.

[0482] FIGS. 18 and 19, disclosed in U.S. Provisional
Application No. 62/385,553, incorporated by reference
herein in its entirety, illustrates an example of an ingestible
device for localized delivery of pharmaceutical composi-
tions disclosed herein, in accordance with particular imple-
mentations. The ingestible device 1600 includes a piston or
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drive element 1634 to push for drug delivery, in accordance
with particular implementations described herein. The
ingestible device 1600 may have one or more batteries 1631
placed at one end 1602a of a housing 1601 to provide power
for the ingestible device 1600. A printed circuit board (PCB)
1632 may be placed adjacent to a battery or other power
source 1631, and a gas generating cell 1603 may be mounted
on or above the PCB 1632. The gas generating cell 1603
may be sealed from the bottom chamber (e.g., space includ-
ing 1631 and 1632) of the ingestible device 1600. A movable
piston 1634 may be placed adjacent to the gas generating
cell 1603. In this way, gas generation from the gas gener-
ating cell 1603 may propel a piston 1634 to move towards
another end 16025 of the housing 1601 such that the
dispensable substance in a reservoir compartment 1635 can
be pushed out of the housing through a dispensing outlet
1607, e.g., the movement is shown at 1636, with the piston
1634 at a position after dispensing the substance. The
dispensing outlet 1607 may comprise a plug. The reservoir
compartment 1635 can store the dispensable substance (e.g.,
drug substance), or alternatively the reservoir compartment
can house a storage reservoir 1661 which comprises the
dispensable substance. The reservoir compartment 1635 or
storage reservoir 1661 may have a volume of approximately
600 uL. or even more dispensable substance, which may be
dispensed in a single bolus, or gradually over a period of
time.

[0483] The battery cells 1631 may have a height of 1.65
mm each, and one to three batteries may be used. The height
of the piston may be reduced with custom molded part for
around 1.5 mm to save space. If the gas generating cell 1603
is integrated with the piston 1634, the overall height of the
PCB, batteries and gas generating cell in total can be
reduced to around 5 mm, thus providing more space for drug
storage. For example, for an ingestible device of 7.8 mm in
length (e.g., from end 1602a to the other end 1602b), a
reservoir compartment 1635 or a storage reservoir 1661 of
approximately 600 ul. may be used for drug delivery. For
another example, for an ingestible device of 17.5 mm in
length, a reservoir compartment 1635 or a storage reservoir
1661 of approximately 1300 pl. may be used for drug
release.

[0484] In some implementations, at the reservoir 1635 or
1661 for storing a therapeutically effective amount of the
1L-12/1L-23 inhibitor forms at least a portion of the device
housing 1601. The therapeutically effective amount of the
1L-12/IL-23 inhibitor can be stored in the reservoir 1635 or
1661 at a particular pressure, for example, determined to be
higher than a pressure inside the GI tract so that once the
reservoir 1635 or 1661 is in fluid communication with the GI
tract, the IL-12/IL-23 inhibitor is automatically released. In
certain implementations, the reservoir compartment 1635
includes a plurality of chambers, and each of the plurality of
the chambers stores a different dispensable substance or a
different storage reservoir 1661.

[0485] In certain embodiments, the storage reservoir 1661
is a compressible component or has compressible side walls.
In particular embodiments, the compressible component can
be composed, at least in part, or coated (e.g., internally) with
polyvinyl chloride (PVC), silicone, DEHP (di-2-ethylhexyl
phthalate), Tyvek, polyester film, polyolefin, polyethylene,
polyurethane, or other materials that inhibit the IL-12/1L-23
inhibitor from sticking to the reservoir and provide a sterile
reservoir environment for the 1L-12/IL-23 inhibitor. The
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storage reservoir 1661 can be hermetically sealed. The
reservoir compartment 1635 or storage reservoir 1661 can
be configured to store IL.-12/IL.-23 inhibitor in quantities in
the range of 0.01 mLL-2 mL, such as 0.05 mL-2 mL, such as
0.05 mL-2 mL, such as 0.6 mL-2 mL. In some embodiments,
the storage reservoir 1661 is attachable to the device housing
1601, for example, in the reservoir compartment. Accord-
ingly, the storage reservoir 1635 can be loaded with the
IL-12/IL-23 inhibitor prior to being positioned in and/or
coupled to the ingestible device housing 1601. The ingest-
ible device housing 1601 includes one or more openings
configured as a loading port to load the dispensable sub-
stance into the reservoir compartment. In another embodi-
ment, the ingestible device housing 1601 includes one or
more openings configured as a vent.

[0486] As noted above, in some embodiments, a storage
reservoir (optionally, containing a IL-12/IL-23 inhibitor,
such as a therapeutically effective amount of 1L-12/1L.-23
inhibitor) is attachable to an ingestible device. In general, in
such embodiments the storage reservoir and ingestible
device can be designed in any appropriate fashion so that the
storage reservoir can attach to the ingestible device when
desired. Examples of designs include a storage reservoir that
fits entirely within the ingestible device (e.g., in the ingest-
ible device so that the storage reservoir is sealed within the
device at the time the device is ingested by a subject), a
storage reservoir that fits partially within the ingestible
device, and a storage reservoir that is carried by the housing
of the device. In some embodiments, the storage reservoir
snap fits with the ingestible device. In certain embodiments,
the storage reservoir is friction fit with the ingestible device.
In some embodiments, the storage reservoir is held together
with the ingestible device via a biasing mechanism, such as
one or more springs, one or more latches, one or more hooks,
one or more magnets, and/or electromagnetic radiation. In
certain embodiments, the storage reservoir can be a pier-
cable member. In some embodiments, the ingestible device
has a sleeve into which the storage reservoir securely fits. In
some embodiments, the storage reservoir is disposed in/on a
slidable track/groove so that it can move onto a piercing
needle when delivery of the therapeutic agent is desired. In
certain embodiments, the storage reservoir is made of a soft
plastic coating, which is contacted with a needle at any
orientation to deliver the therapeutic agent when desired.
Generally, the storage reservoir can be made of one or more
appropriate materials, such as, for example, one or more
plastics and/or one or more metals or alloys. Exemplary
materials include silicone, polyvinyl chloride, polycarbonate
and stainless steel. Optionally, the design may be such that
the storage reservoir carries some or all of the electrical
componentry to be used by the ingestible device. Although
the foregoing discussion relates to one storage reservoir, it is
to be understood that an ingestible device can be designed to
carry any desired number (e.g., two, three, four, five) storage
reservoirs. Different storage reservoirs can have the same or
different designs. In some embodiments, the ingestible
device (when fully assembled and packaged) satisfies the
regulatory requirements for marketing a medical device in
one or more jurisdictions selected from the United States of
America, the European Union or any member state thereof,
Japan, China, Brazil, Canada, Mexico, Colombia, Argentina,
Chile, Peru, Russia, the UK, Switzerland, Norway, Turkey,
Israel, any member state of the Gulf Cooperative Council,
South Africa, India, Australia, New Zealand, South Korea,
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Singapore, Thailand, the Philippines, Malaysia, Viet Nam,
and Indonesia, Taiwan and Hong Kong.

[0487] Incertain embodiments, the ingestible device hous-
ing 1601 includes one or more actuation systems (e.g., gas
generating cell 1603) for pumping the 11.-12/IL.-23 inhibitor
from the reservoir 1635. In some embodiments, the actua-
tion system can include a mechanical, electrical, electrome-
chanical, hydraulic, and/or fluid actuation system. For
example, a chemical actuation means may use chemical
reaction of mixing one or more reagents to generate a
sufficient volume of gas to propel the piston or drive element
1634 for drug release. The actuation system can be inte-
grated into the reservoir compartment 1635 or can be an
auxiliary system acting on or outside of the reservoir com-
partment 1635. For example, the actuation system can
include pumping system for pushing/pulling the IL.-12/1L-23
inhibitor out of the reservoir compartment 1635 or the
actuation system can be configured to cause the reservoir
compartment 1635 to change structurally so that the volume
inside of the reservoir compartment 1635 changes, thereby
dispensing the IL-12/IL-23 inhibitor from the reservoir
compartment 1635. The actuation system can include an
energy storage component such as a battery or a capacitor
for powering the actuation system. The actuation system can
be actuated via gas pressure or a system storing potential
energy, such as energy from an elastic reservoir component
being expanded during loading of the reservoir and after
being positioned in the ingestible device housing 1601 being
subsequently released from the expanded state when the
ingestible device housing is at the location for release within
the GI tract. In certain embodiments, the reservoir compart-
ment 1635 can include a membrane portion, whereby the
1L-12/1L-23 inhibitor is dispensed from the reservoir com-
partment 1635 or storage reservoir 1661 via osmotic pres-
sure.

[0488] In particular embodiments the storage reservoir
1661 is in a form of a bellow that is configured to be
compressed via a pressure from the gas generating cell. The
1L-12/1L-23 inhibitor may be loaded into the bellow, which
may be compressed by gas generation from the gas gener-
ating cell or other actuation means to dispense the dispens-
able substance through the dispensing outlet 1607 and out of
the housing 1601. In some embodiments, the ingestible
device includes a capillary plate placed between the gas
generating cell and the first end of the housing, and a wax
seal between the gas generating cell and the reservoir,
wherein the wax seal is configured to melt and the dispens-
able substance is pushed through the capillary plate by a
pressure from the gas generating cell. The shape of the
bellow may aid in controlled delivery. The reservoir com-
partment 1635 includes a dispensing outlet, such as a valve
or dome slit 1662 extending out of an end of the housing
1601, in accordance with particular implementations. Thus
when the bellow is being compressed, the dispensable
substance may be propelled out of the bellow through the
valve or the dome slit.

[0489] In certain embodiments, the reservoir compartment
1635 includes one or more valves (e.g. a valve in the
dispensing outlet 1607) that are configured to move or open
to fluidly couple the reservoir compartment 1635 to the GI
tract. In certain embodiments, a housing wall of the housing
1601 can form a portion of the reservoir compartment 1635.
In certain embodiments, the housing walls of the reservoir
serve as a gasket. One or more of the one or more valves are
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positioned in the housing wall of the device housing 1601,
in accordance with particular implementations. One or more
conduits may extend from the reservoir 1635 to the one or
more valves, in certain implementations.

[0490] In certain embodiments, a housing wall of the
housing 1601 can be formed of a material that is configured
to dissolve, for example, in response to contact at the disease
site. In certain embodiments, a housing wall of the housing
1601 can be configured to dissolve in response to a chemical
reaction or an electrical signal. The one or more valves
and/or the signals for causing the housing wall of the
housing 1601 to dissolve or dissipate can be controlled by
one or more processors or controllers positioned on PCB
1632 in the device housing 1601. The controller is commu-
nicably coupled to one or more sensors or detectors config-
ured to determine when the device housing 1601 is proxi-
mate to a disease site. The sensors or detectors comprise a
plurality of electrodes comprising a coating, in certain
implementations. Releasing of the IL-12/IL-23 inhibitor
from the reservoir compartment 1635 is triggered by an
electric signal from the electrodes resulting from the inter-
action of the coating with the one or more sites of disease
site. The one or more sensors can include a chemical sensor,
an electrical sensor, an optical sensor, an electromagnetic
sensor, a light sensor, and/or a radiofrequency sensor.
[0491] In particular embodiments, the device housing
1601 can include one or more pumps configured to pump the
therapeutically effective amount of the IL-12/IL-23 inhibitor
from the reservoir compartment 1635. The pump is com-
municably coupled to the one or more controllers. The
controller is configured to activate the pump in response to
detection by the one or more detectors of the disease site and
activation of the valves to allow the reservoir 1635 to be in
fluid communication with the GI tract. The pump can
include a fluid actuated pump, an electrical pump, or a
mechanical pump.

[0492] In certain embodiments, the device housing 1601
comprises one or more anchor systems for anchoring the
device housing 1601 or a portion thereof at a particular
location in the GI tract adjacent the disease site. In some
embodiments, a storage reservoir comprises an anchor sys-
tem, and the storage reservoir comprising a releasable sub-
stance is anchored to the GI tract. The anchor system can be
activated by the controller in response to detection by the
one or more detectors of the disease site. In certain imple-
mentations, the anchor system includes legs or spikes con-
figured to extend from the housing wall(s) of the device
housing 1601. The spikes can be configured to retract and/or
can be configured to dissolve over time. An example of an
attachable device that becomes fixed to the interior surface
of the GI tract is described in PCT Patent Application
PCT/US2015/012209, “Gastrointestinal Sensor Implanta-
tion System”, filed Jan. 21, 2015, which is hereby incorpo-
rated by reference herein in its entirety.

[0493] FIG. 20 provides an example structural diagram
having a flexible diaphragm 1665 that may deform towards
the dispensing outlet 1607 when the gas generating cell 1603
generates gas. The dispensable substance may then be
propelled by the deformed diaphragm out of the housing
through the dispensing outlet 1607. The dispensing outlet
1607 shown at FIG. 20 is in the form of a ring valve,
however, any outlet design can be applied.

[0494] In some embodiments, an ingestible device can
have an umbrella-shaped exit valve structure as a dispensing
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outlet of the ingestible device. Optionally, an ingestible
device can have a flexible diaphragm to deform for drug
delivery, and/or an integrated piston and gas generating cell
such that the gas generating cell is movable with the piston
to push for drug delivery.

[0495] In certain embodiments, an ingestible device can
be anchored within the intestine by extending hooks from
the ingestible device after it has entered the region of
interest. For example, when the ingestible device determines
it has arrived at a location within the GT tract, the hooks can
be actuated to extend outside of the ingestible device to
catch in the intestinal wall and hold the ingestible device in
the respective location. In some embodiments, the hook can
pierce into the intestinal wall to hold the ingestible device
100 in place. The hooks can be hollow. A hollow hook can
be used to anchor the ingestible device and/or to dispense a
substance from the dispensable substance, e.g., into the
intestinal wall.

[0496] Insome embodiments an ingestible device includes
an intestinal gripper to grip a portion of the intestinal wall
for delivering the dispensable substance. Such a gripper can
include two or more arms configured to out of the device and
close to grip a portion of the intestinal wall.

[0497] An injecting needle can be used with the anchoring
arms to inject dispensable substance into the intestinal wall
after a portion of the intestinal wall is gripped.

[0498] In some embodiments, when the gas generating
cell generates gas to propel the piston to move towards the
nozzle such that the dispensable substance can be pushed
under the pressure to break a burst disc to be injected via the
nozzle.

[0499] In some embodiments, an ingestible device has a
jet delivery mechanism with enhanced usable volume of
dispensable substance. For example, the nozzle may be
placed at the center of the ingestible device, and gas chan-
nels may be placed longitudinally along the wall of the
ingestible device to transport gas from the gas generating
cell to propel the piston, which is placed at an end of the
ingestible device.

[0500] In some embodiments, the ingestible device can
use osmotic pressure to adhere a suction device of the
ingestible device to the intestinal wall. For example, the
ingestible device may have an osmotic mechanism that has
a chamber storing salt crystals. The chamber can include a
mesh placed in proximate to a burst valve at one end of the
chamber, and a reverse osmosis (RO) membrane placed in
proximate to a valve on the other end of the chamber. A
suction device, e.g., two or more suction fingers, is placed
outside of the chamber with an open outlet exposed to
luminal fluid in the GI tract. When the osmotic mechanism
is inactivated, e.g., the valve is closed so that no luminal
fluid is drawn into the osmotic chamber. When the osmotic
mechanism is activated by opening the valve, luminal fluid
enters the ingestible device through an outlet of the suction
device and enters the osmotic chamber through the valve.
The salt in the chamber is then dissolved into the fluid. The
RO membrane prevents any fluid to flow in the reverse
direction, e.g., from inside the chamber to the valve. The
fluid continues to flow until all the salt contained in the
chamber is dissolved or until intestinal tissue is drawn into
the suction device. As luminal fluid keeps flowing into the
chamber, the solution of the luminal fluid with dissolved salt
in the chamber may reduce osmotic pressure such that the
suction force at may also be reduced. In this way, suction of
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the intestinal tissue may stall before the tissue is in contact
with the valve to avoid damage to the intestinal tissue.

[0501] An ingestible device employing an osmotic mecha-
nism can also include a suction device as illustrated. The
suction device can be two or more suction fingers 347a-b
disposed proximate to the outlet. The outlet can be con-
nected to a storage reservoir storing the dispensable sub-
stance (e.g., therapeutic agent). The storage reservoir can
contact a piston (similar to 104 in FIG. 16), which can be
propelled by pressure generated from the osmotic pump to
move towards the outlet. The osmotic pump can be similar
to the osmotic mechanism described in the preceding para-
graph. A breakaway section can be placed in proximate to
the other end (opposite to the end where the outlet 107 is
disposed) of the ingestible device.

[0502] In some embodiments, tumbling suction by an
ingestible device is used. Such an ingestible device does not
require any electronics or other actuation elements. Such an
ingestible device may constantly, intermittently, or periodi-
cally tumble when travelling through the intestine. When the
ingestible device tumbles to a position that the outlet is in
direct contact with the intestinal wall, a suction process
similar to that described in the preceding paragraph may
occur. Additional structural elements such as fins, flutes or
the like may be added to the outer wall of the ingestible
device 100 to promote the tumbling motion.

[0503] In certain embodiments, the reservoir is an
anchorable reservoir, which is a reservoir comprising one or
more anchor systems for anchoring the reservoir at a par-
ticular location in the GI tract adjacent the disease site. In
certain embodiments, the anchor system includes legs or
spikes or other securing means such as a piercing element,
a gripping element, a magnetic-flux-guiding element, or an
adhesive material, configured to extend from the anchorable
reservoir of the device housing. The spikes can be config-
ured to retract and/or can be configured to dissolve over
time. In some embodiments, the anchorable reservoir is
suitable for localizing, positioning and/or anchoring. In
some embodiments, the anchorable reservoir is suitable for
localizing, and positioning and/or anchoring by an endo-
scope. In some embodiments, the anchorable reservoir is
connected to the endoscope. In some embodiments, the
anchorable reservoir is connected to the endoscope in a
manner suitable for oral administration. In some embodi-
ments, the anchorable reservoir is connected to the endo-
scope in a manner suitable for rectal administration. Accord-
ingly, provided herein in some embodiments is an
anchorable reservoir is connected to an endoscope wherein
the anchorable reservoir comprises a therapeutically effec-
tive amount of the 1L.-12/IL.-23 inhibitor. In some embodi-
ments the endoscope is fitted with a spray catheter.

[0504] Exemplary embodiments of anchorable reservoirs
are as follows. In more particular examples of the following
exemplary embodiments the reservoir is connected to an
endoscope.

[0505] In one embodiment, the anchorable reservoir com-
prises an implant capsule for insertion into a body canal to
apply radiation treatment to a selected portion of the body
canal. The reservoir includes a body member defining at
least one therapeutic treatment material receiving chamber
and at least one resilient arm member associated with the
body member for removably engaging the body canal when
the device is positioned therein.
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[0506] In one embodiment the anchorable reservoir has
multiple suction ports and permits multiple folds of tissue to
be captured in the suction ports with a single positioning of
the device and attached together by a tissue securement
mechanism such as a suture, staple or other form of tissue
bonding. The suction ports may be arranged in a variety of
configurations on the reservoir to best suit the desired
resulting tissue orientation.

[0507] In some embodiments an anchorable reservoir
comprises a tract stimulator and/or monitor IMD comprising
a housing enclosing electrical stimulation and/or monitoring
circuitry and a power source and an elongated flexible
member extending from the housing to an active fixation
mechanism adapted to be fixed into the GI tract wall is
disclosed. After fixation is effected, the elongated flexible
member bends into a preformed shape that presses the
housing against the mucosa so that forces that would tend to
dislodge the fixation mechanism are minimized. The IMD is
fitted into an esophageal catheter lumen with the fixation
mechanism aimed toward the catheter distal end opening
whereby the bend in the flexible member is straightened.
The catheter body is inserted through the esophagus into the
GI tract cavity to direct the catheter distal end to the site of
implantation and fix the fixation mechanism to the GI tract
wall. The IMD is ejected from the lumen, and the flexible
member assumes its bent configuration and lodges the
hermetically sealed housing against the mucosa. A first
stimulation/sense electrode is preferably an exposed con-
ductive portion of the housing that is aligned with the bend
of the flexible member so that it is pressed against the
mucosa. A second stimulation/sense electrode is located at
the fixation site.

[0508] In some embodiments a reservoir for sensing one
or more parameters of a patient is anchored to a tissue at a
specific site and is released from a device, using a single
actuator operated during a single motion. As an example, a
delivery device may anchor the capsule to the tissue site and
release the reservoir from the delivery device during a single
motion of the actuator.

[0509] In some embodiments a device is provided com-
prising: a reservoir configured to contain a fluid, the reser-
voir having at least one outlet through which the fluid may
exit the reservoir; a fluid contained within the reservoir; a
primary material contained within the reservoir and having
a controllable effective concentration in the fluid; and at least
one electromagnetically responsive control element located
in the reservoir or in a wall of the reservoir and adapted for
modifying the distribution of the primary material between
a first active form carried in the fluid and a second form
within the reservoir in response to an incident electromag-
netic control signal, the effective concentration being the
concentration of the first active form in the fluid, whereby
fluid exiting the reservoir carries the primary material in the
first active form at the effective concentration.

[0510] In some embodiments systems and methods are
provided for implementing or deploying medical or veteri-
nary devices or reservoirs (a) operable for anchoring at least
partly within a digestive tract, (b) small enough to pass
through the tract per vias naturales and including a wireless-
control component, (c) having one or more protrusions
positionable adjacent to a mucous membrane, (d) configured
to facilitate redundant modes of anchoring, (e) facilitating a
“primary” material supply deployable within a stomach for
an extended and/or controllable period, (f) anchored by one
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or more adaptable extender modules supported by a sub-
ject’s head or neck, and/or (g) configured to facilitate
supporting at least a sensor within a subject’s body lumen
for up to a day or more.

[0511] In certain embodiments, the reservoir is attachable
to an ingestible device. In certain embodiments, the ingest-
ible device comprises a housing and the reservoir is attach-
able to the housing. In certain embodiments, the attachable
reservoir is also an anchorable reservoir, such as an
anchorable reservoir comprising one or more anchor sys-
tems for anchoring the reservoir at a particular location in
the GI tract as disclosed hereinabove.

[0512] Accordingly, in certain embodiments, provided
herein is a 1L-12/IL-23 inhibitor for use in a method of
treating a disease of the gastrointestinal tract as disclosed
herein, wherein the IL-12/IL.-23 inhibitor is contained in a
reservoir suitable for attachment to a device housing, and
wherein the method comprises attaching the reservoir to the
device housing to form the ingestible device, prior to orally
administering the ingestible device to the subject.

[0513] In certain embodiments, provided herein is an
attachable reservoir containing a 11.-12/IL.-23 inhibitor for
use in a method of treating a disease of the gastrointestinal
tract, wherein the method comprises attaching the reservoir
to a device housing to form an ingestible device and orally
administering the ingestible device to a subject, wherein the
IL-12/IL-23 inhibitor is released by device at a location in
the gastrointestinal tract of the subject that is proximate to
one or more sites of disease.

[0514] In certain embodiments, provided herein is an
attachable reservoir containing a IL-12/IL-23 inhibitor,
wherein the reservoir is attachable to a device housing to
form an ingestible device that is suitable for oral adminis-
tration to a subject and that is capable of releasing the
IL-12/IL-23 inhibitor at a location in the gastrointestinal
tract of the subject that is proximate to one or more sites of
disease.

[0515] In particular implementation the ingestible device
includes cameras (e.g., video cameras) that affords inspec-
tion of the entire GI tract without discomfort or the need for
sedation, thus avoiding many of the potential risks of
conventional endoscopy. Video imaging can be used to help
determine one or more characteristics of the GI tract, includ-
ing the location of disease (e.g., presence or location of
inflamed tissue and/or lesions associated with inflammatory
bowel disease). In some embodiments, the ingestible device
101 may comprise a camera for generating video imaging
data of the GI tract which can be used to determine, among
other things, the location of the device. Examples of video
imaging capsules include Medtronic’s PillCam™ Olympus’
Endocapsule®, and IntroMedic’s MicroCam™. For a
review of imaging capsules, see Basar et al. “Ingestible
Wireless Capsule Technology: A Review of Development
and Future Indication” International Journal of Antennas and
Propagation (2012); 1-14). Other imaging technologies
implemented with the device 101 can include thermal imag-
ing cameras, and those that employ ultrasound or Doppler
principles to generate different images (see Chinese patent
application CN104473611: “Capsule endoscope system
having ultrasonic positioning function”.

[0516] Ingestible devices can be equipped with sources for
generating reflected light, including light in the Ultraviolet,
Visible, Near-infrared and/or Mid-infrared spectrum, and the
corresponding detectors for spectroscopy and hyperspectral
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imaging. Likewise, autofluorescence may be used to char-
acterize GI tissue (e.g., subsurface vessel information), or
low-dose radiation (see Check-Cap™) can be used to obtain
3D reconstructed images.

Device Components

[0517] An ingestible device in accordance with particular
embodiments of the present invention may comprise a
component made of a non-digestible material and contain
the IL-12/IL-23 inhibitor. In some embodiments, the mate-
rial is plastic.

[0518] It is envisaged that the device is single-use. The
device is loaded with a drug prior to the time of adminis-
tration. In some embodiments, it may be preferred that there
is provided a medicinal product comprising the device
pre-filled with the drug.

Anchoring Components

[0519] Several systems may actively actuate and control
the capsule position and orientation in different sections of
the GI tract. Examples include leg-like or anchor-like
mechanisms that can be deployed by an ingestible device to
resist peristaltic forces in narrowed sections of the GI tract,
such as the intestine, and anchor the device to a location.
Other systems employ magnetic shields of different shapes
that can interact with external magnetic fields to move the
device. These mechanisms may be particularly useful in
areas outside of the small intestine, like the cecum and large
intestine.

[0520] An anchoring mechanism may be a mechanical
mechanism. For example, a device may be a capsule com-
prising a plurality of legs configured to steer the capsule. The
number of legs in the capsule may be, for example, two,
four, six, eight, ten or twelve. The aperture between the legs
of the device may be up to about 35 mm; about 30 to about
35 mm; about 35 to about 75 mm; or about 70 to about 75
mm. The contact area of each leg may be varied to reduce
impact on the tissue. One or more motors in the capsule may
each actuate a set of legs independently from the other. The
motors may be battery-powered motors.

[0521] An anchoring mechanism may be a non-mechani-
cal mechanism. For example, a device may be a capsule
comprising a permanent magnet located inside the capsule.
The capsule may be anchored at the desired location of the
GI tract by an external magnetic field.

[0522] An anchoring mechanism may comprise a non-
mechanical mechanism and a mechanical mechanism. For
example, a device may be a capsule comprising one or more
legs, one or more of which are coated with an adhesive
material.

Locomotion Components

[0523] Ingestible devices can be active or passive, depend-
ing on whether they have controlled or non-controlled
locomotion. Passive (non-controlled) locomotion is more
commonly used among ingestible devices given the chal-
lenges of implementing a locomotion module. Active (con-
trolled) locomotion is more common in endoscopic ingest-
ible capsules. For example, a capsule may comprise a
miniaturized locomotion system (internal locomotion).
Internal locomotion mechanisms may employ independent
miniaturized propellers actuated by DC brushed motors, or
the use of water jets. As an example, a mechanism may
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comprise flagellar or flap-based swimming mechanisms. As
an example, a mechanism may comprise cyclic compres-
sion/extension shape-memory alloy (SMA) spring actuators
and anchoring systems based on directional micro-needles.
As an example, a mechanism may comprise six SMA
actuated units, each provided with two SMA actuators for
enabling bidirectional motion. As an example, a mechanism
may comprise a motor adapted to electrically stimulating the
GI muscles to generate a temporary restriction in the bowel.
[0524] As an example, a capsule may comprise a magnet
and motion of the capsule is caused by an external magnetic
field. For example, a locomotion system may comprise an
ingestible capsule and an external magnetic field source. For
example, the system may comprise an ingestible capsule and
magnetic guidance equipment such as, for example, mag-
netic resonance imaging and computer tomography, coupled
to a dedicated control interface.

In some embodiments drug release mechanisms may also be
triggered by an external condition, such as temperature, pH,
movement, acoustics, or combinations thereof.

Sampling Components

[0525] Ingestible devices may comprise a mechanism
adapted to permit the collection of tissue samples. In some
examples, this is achieved using electro-mechanical solu-
tions to collect and store the sample inside an ingestible
device. As an example, a biopsy mechanism may include a
rotational tissue cutting razor fixed to a torsional spring or
the use of microgrippers to fold and collect small biopsies.
As an example, Over-the-scope clips (OTSC®) may be used
to perform endoscopic surgery and/or biopsy. As an example
of the methods disclosed herein, the method may comprise
releasing a IL-12/IL-23 inhibitor and collecting a sample
inside the device. As an example, the method may comprise
releasing a IL-12/IL-23 inhibitor and collecting a sample
inside the device in a single procedure.

[0526] FIG. 21 illustrates an example ingestible device
2100 with multiple openings in the housing. The ingestible
device 2100 has an outer housing with a first end 2102A, a
second end 2102B, and a wall 2104 extending longitudinally
from the first end 2102A to the second end 2102B. Ingestible
device 2100 has a first opening 2106 in the housing, which
is connected to a second opening 2108 in the housing. The
first opening 2106 of the ingestible device 2100 is oriented
substantially perpendicular to the second opening 2108, and
the connection between the first opening 2106 and the
second opening 2108 forms a curved chamber 2110 within
the ingestible device 2100.

[0527] The overall shape of the ingestible device 2100, or
any of the other ingestible devices discussed in this disclo-
sure, may be similar to an elongated pill or capsule.
[0528] In some embodiments, a portion of the curved
chamber 2110 may be used as a sampling chamber, which
may hold samples obtained from the GI tract. In some
embodiments the curved chamber 2110 is subdivided into
sub-chambers, each of which may be separated by a series
of one or more valves or interlocks.

[0529] In some embodiments, the first opening 2106, the
second opening 2108, or the curved chamber 2110 include
one or more of a hydrophilic or hydrophobic material, a
sponge, a valve, or an air permeable membrane.

[0530] The use of a hydrophilic material or sponge may
allow samples to be retained within the curved chamber
2110, and may reduce the amount of pressure needed for
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fluid to enter through the first opening 2106 and dislodge air
or gas in the curved chamber 2110. Examples of hydrophilic
materials that may be incorporated into the ingestible device
2100 include hydrophilic polymers such as polyvinyl alco-
hol, polyvinyl pyrrolidone, and the like. Similarly, materials
that have undergone various types of treatments, such as
plasma treatments, may have suitable hydrophilic proper-
ties, and may be incorporated into the investible device
2100. Sponges may be made of any suitable material or
combination of materials, such as fibers of cotton, rayon,
glass, polyester, polyethylene, polyurethane, and the like.
Sponges generally may be made from commercially avail-
able materials, such as those produced by Porex®.

[0531] As discussed in more detail below, in some
embodiments, the sponges may be treated in order to change
their absorbency or to help preserve samples.

[0532] In some embodiments, the sponges may be cut or
abraded to change their absorbency or other physical prop-
erties.

[0533] Hydrophobic materials located near the second
opening 2108 may repel liquids, discouraging liquid
samples from entering or exiting the curved chamber 2110
through the second opening 2108. This may serve a similar
function as an air permeable membrane. Examples of hydro-
phobic materials which may be incorporated into the ingest-
ible device 2100 include polycarbonate, acrylics, fluorocar-
bons, styrenes, certain forms of vinyl, stainless steel,
silicone, and the like.

[0534] The various materials listed above are provided as
examples, and are not limiting. In practice, any type of
suitable hydrophilic, hydrophobic, or sample preserving
material may be used in the ingestible device 2100.

[0535] In some embodiments, an ingestible device
includes a moveable valve as a diaphragm valve, which uses
a mechanical actuator to move a flexible diaphragm in order
to seal or unseal an aperture in a second portion of an inlet
region, which may effectively block or unblock the inlet
region. However, it will be understood that, in some embodi-
ments, the moveable valve may be a different type of valve.
For example, in some embodiments the moveable valve may
be replaced by a pumping mechanism. As another example,
in some embodiments the moveable valve is replaced with
an osmotic valve

[0536] A sampling chamber of an ingestible device can
have an exit port to allow air or gas to exit the sampling
chamber, while preventing at least a portion of the sample
obtained by the ingestible device from exiting the sampling
chamber. For example, the exit port may include a gas-
permeable membrane. An ingestible device can include
one-way valve as part of its exit port.

[0537] An ingestible device can include an outlet port
connected to the volume within housing of the ingestible
device. The outlet port may provide a path for the gas to exit
the ingestible device and be released into the environment
surrounding the ingestible device. This may prevent pres-
sure from building up within the housing of the ingestible
device. In some embodiments, an ingestible device does not
include an outlet port, and the gas stays inside the volume of
the ingestible device. In some embodiments, the outlet port
may contain a gas permeable membrane, a one-way valve,
a hydrophobic channel, or some other mechanism to avoid
unwanted material, (e.g., fluids and solid particulates from
within the GI tract), from entering the ingestible device
through the outlet port.
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[0538] In some embodiments, the ingestible device may
include a sensor within or proximate to the sampling cham-
ber. For example, this sensor may be used to detect various
properties of a sample contained within the sampling cham-
ber, or this sensor may be used to detect the results of an
assay technique applied to the sample contained within the
sampling chamber.

[0539] In some embodiments, a hydrophilic sponge is
located within the sampling chamber, and the hydrophilic
sponge may be configured to absorb the sample as the
sample enters the sampling chamber. In some embodiments,
the hydrophilic sponge fills a substantial portion of the
sampling chamber, and holds the sample for an extended
period of time. This may be particularly advantageous if the
sample is collected from the ingestible device after the
ingestible device exits the body. In some embodiments, the
hydrophilic sponge is placed on only certain surfaces or fills
only certain portions of the sampling chamber. For example,
it may be possible to line certain walls (or all walls) of the
sampling chamber with a hydrophilic sponge to assist in
drawing in the sample, while leaving some (or none) of the
walls of the sampling chamber uncovered. Leaving walls
uncovered may allow the use of diagnostics or assay tech-
niques that require a relatively un-obscured optical path.

[0540] In some embodiments, the ingestible device may
include a sealed vacuum chamber connected to the exit port,
or connected directly or indirectly to the sampling chamber.
In some embodiments a pin valve may be used as a move-
able valve (e.g., as moveable valve of ingestible device). In
certain embodiments, a rotary valve may be used as a
moveable valve (e.g., as moveable valve of ingestible
device). In some embodiments, a flexible diaphragm, or
diaphragm valve, may be used as a moveable valve (e.g., as
moveable valve of ingestible device). In certain embodi-
ments, a mechanism is near the diaphragm or in direct
contact with the diaphragm. The spring mechanism may
apply pressure to the diaphragm to oppose the pressure
applied by the mechanical actuator, which may cause the
flexible diaphragm to be moved into an open position when
the mechanical actuator is not applying pressure to the
flexible diaphragm. Additionally, this may ensure that the
diaphragm valve remains open when the mechanical actua-
tor is not applying pressure across the flexible diaphragm. In
some embodiments, moving the mechanical actuator from a
closed position to an open position causes a volume of the
inlet region within the ingestible device to increase. This
may cause the pressure within the inlet region to be reduced,
generating suction to draw a sample into the inlet region.
Similarly, moving the mechanical actuator from an open
position to a closed position may cause the volume of the
inlet region to be reduced. This may cause the pressure
within the inlet region to be increased, pushing the sample
out of the inlet region. Depending on the design of the inlet
region, the mechanical actuator, and the moveable valve,
this may push the sample into the sampling chamber rather
than pushing the sample back through the opening in the
ingestible device.

[0541] FIG. 22 depicts a cross-sectional view of a portion
of the interior of ingestible device 3000. As shown in FIG.
22, the interior of ingestible device 3000 includes a valve
system 3100 and a sampling system 3200. Valve system
3100 is depicted as having a portion that is flush with the
opening 3018 so that valve system 3100 prevents fluid
exterior to ingestible device 2000 from entering sampling
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system 3200. However, as described in more detail below
with reference to FIGS. 22-27, valve system 3100 can
change position so that valve system 3100 allows fluid
exterior to ingestible device 3000 to enter sampling system
3200.

[0542] FIGS. 23 and 27 illustrate valve system 3100 in
more detail. As shown in FIG. 23, valve system 3100
includes an actuation mechanism 3110, a trigger 3120, and
a gate 3130. In FIGS. 23 and 7, a leg 3132 of gate 3130 is
flush against, and parallel with, housing wall 3016 so that
gate leg 3132 covers opening 3018 to prevent fluid exterior
to ingestible device 3000 (e.g., fluid in the GI tract) from
entering the interior of ingestible device 3000. A protrusion
3134 of gate 3130 engages a lip 3122 of trigger 3120. A peg
3124 of trigger 3120 engages a wax pot 3112 of actuation
mechanism 3110. Referring to FIG. 27, a biasing mechanism
3140 includes a compression spring 3142 that applies an
upward force on gate 3130. Biasing mechanism 3140 also
includes a torsion spring 3144 that applies a force on trigger
3120 in the counter-clockwise direction. In FIGS. 23 and 27,
the force applied by torsion spring 3144 is counter-acted by
the solid wax in pot 3112, and the force applied by com-
pression spring 3142 is counter-acted by lip 3122.

[0543] FIG. 24A and FIG. 24B show an embodiment of
the manner in which actuation mechanism 3110 actuates
movement of trigger 3120. Similar to FIGS. 23 and 27, FIG.
24 A shows a configuration in which peg 3124 applies a force
against solid wax pot 3112 due to torsion spring 3144, and
in which the solid nature of wax pot 3112 resists the force
applied by peg 3124. A control unit 3150 is in signal
communication with valve system 3100. During use of
ingestible device 3000, a control unit 3150 receives a signal,
indicating that the position of valve system 3100 should
change, e.g., so that ingestible device 3000 can take a sample
of a fluid in the GI tract. Control unit 3150 sends a signal that
causes a heating system 3114 of actuation system 3100 to
heat the wax in pot 3112 so that the wax melts. As shown in
FIG. 24B, the melted wax is not able to resist the force
applied by peg 3124 so that, under the force of torsion spring
3144, trigger 3120 moves in a counter-clockwise fashion.
[0544] FIGS. 25A and 25B illustrate the interaction of
trigger 3120 and gate 3130 before and after actuation. As
shown in FIG. 25A, when wax pot 3112 is solid (corre-
sponding to the configuration shown in FIG. 24A), protru-
sion 3134 engages lip 3122, which prevents the force of
compression spring 3142 from moving gate 3130 upward.
As shown in FIG. 25B, when the wax in pot 3112 melts
(FIG. 24B), trigger 3120 moves counter-clockwise, and lip
3122 disengages from protrusion 3134. This allows the force
of compression spring 3142 to move gate 3130 upward. As
seen by comparing FIG. 25A to FIG. 25B, the upward
movement of gate 3130 results in an upward movement of
an opening 3136 in gate leg 3132.

[0545] FIGS. 26A and 26B illustrate the impact of the
upward movement of opening 3136 on the ability of ingest-
ible device 3000 to obtain a sample. As shown in FIG. 26A,
when the wax in pot 3112 is solid (FIGS. 24A and 25A),
opening 3136 in is not aligned with opening 3018 in wall
3016 of ingestible device 3000. Instead, gate leg 3132
covers opening 3018 and blocks fluid from entering the
interior of ingestible device 3000. As shown in FIG. 26B,
when the wax in pot 3112 is melted and trigger 3120 and
gate 3130 have moved (FIGS. 24B and 42B), opening 3136
in gate 3130 is aligned with opening 3018 in wall 3016. In
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this configuration, fluid that is exterior to ingestible device
3000 (e.g., in the GI tract) can enter the interior of ingestible
device 3000 via openings 3018 and 3036.

[0546] FIG. 27 illustrates a more detailed view of ingest-
ible device 3000 including valve system 3100 and sampling
system 3200.

[0547] While the foregoing description is made with
regard to a valve system having one open position and one
closed position (e.g., a two-stage valve system), the disclo-
sure is not limited in this sense. Rather, the concepts
described above with regard to a two stage valve system can
be implemented with a valve system have more than two
stages (e.g., three stages, four stages, five stages, etc.).
[0548] As noted above in addition to a valve system, an
ingestible device includes a sampling system. FIG. 28
illustrates a partial cross sectional view of ingestible device
3000 with sampling system 3200 and certain components of
valve system 3100. Sampling system 3200 includes a series
of sponges configured to absorb fluid from an opening, move
the fluid to a location within the housing, and prepare the
fluid for testing. Preparation for testing may include filtering
the fluid and combining the fluid with a chemical assay. The
assay may be configured to dye cells in the filtered sample.
The series of sponges includes a wicking sponge 3210, a
transfer sponge 3220, a volume sponge 3230, and an assay
sponge 3240. Sampling system 3200 also includes a mem-
brane 3270 located between assay sponge 3240 and a vent
3280 for gases to leave sampling system 3200. A cell filter
3250 is located between distal end 3214 of wicking sponge
3210 and a first end 3222 of transfer sponge 3220. Mem-
brane 3270 is configured to allow one or more gases to leave
sampling system 3200 via an opening 3280, while main-
taining liquid in sampling system 3200.

[0549] FIG. 29 is a highly schematic illustration of an
ingestible device 4000 that contains multiple different sys-
tems that cooperate for obtaining a sample and analyzing a
sample, e.g., within the GI tract of a subject. Ingestible
device 4000 includes a power system 4100 (e.g., one or
more batteries), configured to power an electronics system
4200 (e.g., including a control system, optionally in signal
communication with an external base station), a valve sys-
tem 4300, a sampling system 4400, and an analytic system
4500. Exemplary analytical systems include assay systems,
such as, for example, optical systems containing one or more
sources of radiation and/or one more detectors.

[0550] Some or all of the sponges of the above-described
sampling systems may contain one or more preservatives
(see discussion above). Typically, the assay sponge and/or
the volume sponge 3230 and/or the transfer sponge contain
one or more preservatives. Typically, the preservative(s) are
selected based on the analyte of interest, e.g., an analyte
(such as a protein biomarker) for a GI disorder.

Communication Systems

[0551] An ingestible device may be equipped with a
communication system adapted to transmit and/or receive
data, including imaging and/or localization data. As an
example, a communication system may employ radiofre-
quency transmission. Ingestible devices using radiofre-
quency communication are attractive because of their effi-
cient transmission through the layers of the skin. This is
especially true for low frequency transmission (UHF-433
ISM and lower, including the Medical Device Radio Com-
munication Service band (MDRS) band 402-406 MHz). In
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another embodiment, acoustics are used for communica-
tions, including the transmission of data. For example, an
ingestible capsule may be able to transmit information by
applying one or more base voltages to an electromechanical
transducer or piezoelectric (e.g., PZT, PVDF, etc.) device to
cause the piezoelectric device to ring at particular frequen-
cies, resulting in an acoustic transmission. A multi-sensor
array for receiving the acoustic transmission may include a
plurality of acoustic transducers that receive the acoustic
transmission from a movable device such as an ingestible
capsule as described in U.S. patent application Ser. No.
11/851,214 filed Sep. 6, 2007, incorporated by reference
herein in its entirety.

[0552] As an example, a communication system may
employ human body communication technology. Human
body communication technology uses the human body as a
conductive medium, which generally requires a large num-
ber of sensor electrodes on the skin. As an example, a
communication system may integrate a data storage system.

Environmental Sensors

[0553] In some embodiments the device may comprise
environmental sensors to measure pH, temperature, transit
times, or combinations thereof. Other examples of environ-
mental sensors include, but are not limited to a capacitance
sensor, an impedance sensor, a heart rate sensor, acoustic
sensor such as a microphone or hydrophone, image sensor,
and/or a movement sensor. In one embodiment, the ingest-
ible device comprises a plurality of different environmental
sensors for generating different kinds of environmental data.
[0554] In order to avoid the problem of capsule retention,
a thorough past medical and surgical history should be
undertaken. In addition, several other steps have been pro-
posed, including performing investigations such as barium
follow-through. In cases where it is suspected that there is a
high risk of retention, the patient is given a patency capsule
a few days before swallowing an ingestible device. Any
dissolvable non-endoscopic capsule may be used to deter-
mine the patency of the GI tract. The patency capsule is
usually the same size as the ingestible device and can be
made of cellophane. In some embodiments, the patency
capsule contains a mixture of barium and lactose, which
allows visualization by x-ray. The patency capsule may also
include a radiotag or other label, which allows for it to be
detected by radio-scanner externally. The patency capsule
may comprise wax plugs, which allow for intestinal fluid to
enter and dissolve the content, thereby dividing the capsule
into small particles.

[0555] Accordingly, in some embodiments, the methods
herein comprise (a) identifying a subject having a disease of
the gastrointestinal tract and (b) evaluating the subject for
suitability to treatment. In some embodiments, the methods
herein comprise evaluating for suitability to treatment a
subject identified as having a disease of the gastrointestinal
tract. In some embodiments, evaluating the subject for
suitability to treatment comprises determining the patency of
the subject’s GI tract.

[0556] In some embodiments, an ingestible device com-
prises a tissue anchoring mechanism for anchoring the
ingestible device to a subject’s tissue. For example, an
ingestible device could be administered to a subject and
once it reaches the desired location, the tissue attachment
mechanism can be activated or deployed such that the
ingestible device, or a portion thereof, is anchored to the
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desired location. In some embodiments, the tissue anchoring
mechanism is reversible such that after initial anchoring, the
tissue attachment device is retracted, dissolved, detached,
inactivated or otherwise rendered incapable of anchoring the
ingestible device to the subject’s tissue. In some embodi-
ments the attachment mechanism is placed endoscopically.

[0557] In some embodiments, a tissue anchoring mecha-
nism comprises an osmotically-driven sucker. In some
embodiments, the osmotically-driven sucker comprises a
first valve on the near side of the osmotically-driven sucker
(e.g., near the subject’s tissue) and a second one-way valve
that is opened by osmotic pressure on the far side of the
osmotically-driven sucker, and an internal osmotic pump
system comprising salt crystals and semi-permeable mem-
branes positioned between the two valves. In such embodi-
ments, osmotic pressure is used to adhere the ingestible
device to the subject’s tissue without generating a vacuum
within the ingestible capsule. After the osmotic system is
activated by opening the first valve, fluid is drawn in through
the sucker and expelled through the second burst valve.
Fluid continues to flow until all the salt contained in the
sucker is dissolved or until tissue is drawn into the sucker.
As liminal fluid is drawn through the osmotic pump system,
solutes build up between the tissue and the first valve,
reducing osmotic pressure. In some embodiments, the solute
buildup stalls the pump before the tissue contacts the valve,
preventing tissue damage. In some embodiments, a burst
valve is used on the far side of the osmotically-driven sucker
rather than a one-way valve, such that luminal fluid even-
tually clears the saline chamber and the osmotic flow
reverses, actively pushing the subject’s tissue out of the
sucker. In some embodiments, the ingestible device may be
anchored to the interior surface of tissues forming the GI
tract of a subject. In one embodiment, the ingestible device
comprises a connector for anchoring the device to the
interior surface of the GI tract. The connector may be
operable to ingestible device to the interior surface of the GI
tract using an adhesive, negative pressure and/or fastener.
[0558] In some embodiments a device comprises a tract
stimulator and/or monitor IMD comprising a housing
enclosing electrical stimulation and/or monitoring circuitry
and a power source and an elongated flexible member
extending from the housing to an active fixation mechanism
adapted to be fixed into the GI tract wall is disclosed. After
fixation is effected, the elongated flexible member bends into
a preformed shape that presses the housing against the
mucosa so that forces that would tend to dislodge the
fixation mechanism are minimized. The IMD is fitted into an
esophageal catheter lumen with the fixation mechanism
aimed toward the catheter distal end opening whereby the
bend in the flexible member is straightened. The catheter
body is inserted through the esophagus into the GI tract
cavity to direct the catheter distal end to the site of implan-
tation and fix the fixation mechanism to the GI tract wall.
The IMD is ejected from the lumen, and the flexible member
assumes its bent configuration and lodges the hermetically
sealed housing against the mucosa. A first stimulation/sense
electrode is preferably an exposed conductive portion of the
housing that is aligned with the bend of the flexible member
so that it is pressed against the mucosa. A second stimula-
tion/sense electrode is located at the fixation site.

[0559] In some embodiments a device includes a fixation
mechanism to anchor the device to tissue within a body
lumen, and a mechanism to permit selective de-anchoring of
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the device from the tissue anchoring site without the need for
endoscopic or surgical intervention. An electromagnetic
device may be provided to mechanically actuate the de-
anchoring mechanism. Alternatively, a fuse link may be
electrically blown to de-anchor the device. As a further
alternative, a rapidly degradable bonding agent may be
exposed to a degradation agent to de-anchor the device from
a bonding surface within the body lumen.

[0560] In some embodiments a device is as disclosed in
patent publication WO2015112575A1, incorporated by ref-
erence herein in its entirety. The patent publication is
directed to a gastrointestinal sensor implantation system. In
some embodiments an orally-administrable capsule com-
prises a tissue capture device or reservoir removably
coupled to the orally-administrable capsule, where the tissue
capture device including a plurality of fasteners for anchor-
ing the tissue capture device to gastrointestinal tissue within
a body

[0561] In some embodiments, the ingestible device con-
tains an electric energy emitting means, a radio signal
transmitting means, a medicament storage means and a
remote actuatable medicament releasing means. The capsule
signals a remote receiver as it progresses through the ali-
mentary tract in a previously mapped route and upon reach-
ing a specified site is remotely triggered to release a dosage
of medicament. Accordingly, in some embodiments, releas-
ing the IL-12/IL-23 inhibitor is triggered by a remote
electromagnetic signal.

[0562] In some embodiments, the ingestible device
includes a housing introducible into a body cavity and of a
material insoluble in the body cavity fluids, but formed with
an opening covered by a material which is soluble in body
cavity fluids. A diaphragm divides the interior of the housing
into a medication chamber including the opening, and a
control chamber. An electrolytic cell in the control chamber
generates a gas when electrical current is passed there-
through to deliver medication from the medication chamber
through the opening into the body cavity at a rate controlled
by the electrical current. Accordingly, in some embodi-
ments, releasing the 1L-12/IL-23 inhibitor is triggered by
generation in the composition of a gas in an amount suffi-
cient to expel the IL-12/IL-23 inhibitor.

[0563] In some embodiments, the ingestible device
includes an oral drug delivery device having a housing with
walls of water permeable material and having at least two
chambers separated by a displaceable membrane. The first
chamber receives drug and has an orifice through which the
drug is expelled under pressure. The second chamber con-
tains at least one of two spaced apart electrodes forming part
of an electric circuit which is closed by the ingress of an
aqueous ionic solution into the second chamber. When
current flows through the circuit, gas is generated and acts
on the displaceable membrane to compress the first chamber
and expel the active ingredient through the orifice for
progressive delivery to the gastrointestinal tract.

[0564] In some embodiments, the ingestible device
includes an ingestible device for delivering a substance to a
chosen location in the GI tract of a mammal includes a
receiver of electromagnetic radiation for powering an open-
able part of the device to an opened position for dispensing
of the substance. The receiver includes a coiled wire that
couples the energy field, the wire having an air or ferrite
core. In a further embodiment the invention includes an
apparatus for generating the electromagnetic radiation, the
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apparatus including one or more pairs of field coils sup-
ported in a housing. The device optionally includes a latch
defined by a heating resistor and a fusible restraint. The
device may also include a flexible member that may serve
one or both the functions of activating a transmitter circuit
to indicate dispensing of the substance; and restraining of a
piston used for expelling the substance.

[0565] In some embodiments, the ingestible device
includes an ingestible device for delivering a substance to a
chosen location in the GI tract of a mammal includes a
receiver of electromagnetic radiation for powering an open-
able part of the device to an opened position for dispensing
of the substance. The receiver includes a coiled wire that
couples the energy field, the wire having an air or ferrite
core. In a further embodiment the invention includes an
apparatus for generating the electromagnetic radiation, the
apparatus including one or more pairs of field coils sup-
ported in a housing. The device optionally includes a latch
defined by a heating resistor and a fusible restraint. The
device may also include a flexible member that may serve
one or both the functions of activating a transmitter circuit
to indicate dispensing of the substance; and restraining of a
piston used for expelling the substance.

[0566] In some embodiments, the ingestible device is a
device a swallowable capsule. A sensing module is disposed
in the capsule. A bioactive substance dispenser is disposed
in the capsule. A memory and logic component is disposed
in the capsule and in communication with the sensing
module and the dispenser.

[0567] In some embodiments, localized administration is
implemented via an electronic probe which is introduced
into the intestinal tract of a living organism and which
operates autonomously therein, adapted to deliver one or
more therapy agents. In one embodiment, the method
includes loading the probe with one or more therapy agents,
and selectively releasing the agents from the probe at a
desired location of the intestinal tract in order to provide
increased efficacy over traditional oral ingestion or intrave-
nous introduction of the agent(s).

[0568] In some embodiments, the ingestible device
includes electronic control means for dispensing the drug
substantially to the diseased tissue sites of the GI tract,
according to a pre-determined drug release profile obtained
prior to administration from the specific mammal. Accord-
ingly, in some embodiments, releasing the IL-12/I[.-23
inhibitor is triggered by an electromagnetic signal generated
within the device. The releasing may occur according to a
pre-determined drug release profile.

[0569] In some embodiments, the ingestible device can
include at least one guide tube, one or more tissue penetrat-
ing members positioned in the guide tube, a delivery mem-
ber, an actuating mechanism and a release element. The
release element degrades upon exposure to various condi-
tions in the intestine so as to release and actuate the actuating
mechanism. Embodiments of the invention are particularly
useful for the delivery of drugs which are poorly absorbed,
tolerated and/or degraded within the GI tract.

[0570] In some embodiments, the ingestible device
includes an electronic pill comprising at least one reservoir
with a solid powder or granulate medicament or formula-
tion, a discharge opening and an actuator responsive to
control circuitry for displacing medicine from the reservoir
to the discharge opening. The medicament or formulation
comprises a dispersion of one or more active ingredients—
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e.g., solids in powder or granulate form—in an inert carrier
matrix. Optionally, the active ingredients are dispersed using
intestinal moisture absorbed into the pill via a semi-perme-
able wall section.

[0571] In some embodiments, the ingestible device
includes a sensor comprising a plurality of electrodes having
a miniature size and a lower power consumption and a
coating exterior to the electrodes, wherein the coating inter-
acts with a target condition thereby producing a change in an
electrical property of the electrodes, wherein the change is
transduced into an electrical signal by the electrodes.
Accordingly, in some embodiments, releasing the I1L-12/IL-
23 inhibitor is triggered by an electric signal by the elec-
trodes resulting from the interaction of the coating with the
one or more sites of disease. Further provided herein is a
system for medication delivery comprising such sensor and
a pill.

[0572] In some embodiments, the ingestible device
includes an electronic pill comprising a plurality of reser-
voirs, each of the reservoirs comprising a discharge opening
covered by a removable cover. The pill comprises at least
one actuator responsive to control circuitry for removing the
cover from the discharge opening. The actuator can for
example be a spring loaded piston breaking a foil cover
when dispensing the medicament. Alternatively, the cover
can be a rotatable disk or cylinder with an opening which
can be brought in line with the discharge opening of a
reservoir under the action of the actuator.

[0573] In some embodiments, the ingestible device
includes an electronically and remotely controlled pill or
medicament delivery system. The pill includes a housing; a
reservoir for storing a medicament; an electronically con-
trolled release valve or hatch for dispensing one or more
medicaments stored in the reservoir while traversing the
gastrointestinal tract; control and timing circuitry for open-
ing and closing the valve; and a battery. The control and
timing circuitry opens and closes the valve throughout a
dispensing time period in accordance with a preset dispens-
ing timing pattern which is programmed within the control
and timing circuitry. RF communication circuitry receives
control signals for remotely overriding the preset dispensing
timing pattern, reprogramming the control and timing cir-
cuitry or terminating the dispensing of the medicament
within the body. The pill includes an RFID tag for tracking,
identification, inventory and other purposes.

[0574] In some embodiments, the ingestible device
includes an electronic capsule which has a discrete drive
element comprising: a housing, electronics for making the
electronic capsule operable, a pumping mechanism for dos-
ing and displacing a substance, a power source for powering
the electronic capsule and enabling the electronics and the
pumping mechanism to operate, and a locking mechanism;
and a discrete payload element comprising: a housing, a
reservoir for storing the substance, one or more openings in
the housing for releasing the substance from the reservoir
and a locking mechanism for engaging the drive element
locking mechanism. Engagement of the drive element lock-
ing mechanism with the payload element locking mecha-
nism secures the drive element to the payload element,
thereby making the electronic capsule operable and specific.

[0575] In some embodiments, the ingestible device may
be a mucoadhesive device configured for release of an active
agent.
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[0576] In some embodiments, the ingestible device
includes an apparatus that includes an ingestible medical
treatment device, which is configured to initially assume a
contracted state having a volume of less than 4 cm®. The
device includes a gastric anchor, which initially assumes a
contracted size, and which is configured to, upon coming in
contact with a liquid, expand sufficiently to prevent passage
of the anchor through a round opening having a diameter of
between 1 cm and 3 cm. The device also includes a duodenal
unit, which is configured to pass through the opening, and
which is coupled to the gastric anchor such that the duodenal
unit is held between 1 cm and 20 cm from the gastric anchor.
[0577] In some embodiments, the ingestible device
includes a medical robotic system and method of operating
such comprises taking intraoperative external image data of
a patient anatomy, and using that image data to generate a
modeling adjustment for a control system of the medical
robotic system (e.g., updating anatomic model and/or refin-
ing instrument registration), and/or adjust a procedure con-
trol aspect (e.g., regulating substance or therapy delivery,
improving targeting, and/or tracking performance).

[0578] In one embodiment the ingestible device may also
include one or more environmental sensors. Environmental
sensor may be used to generate environmental data for the
environment external to device in the gastrointestinal (GI)
tract of the subject. In some embodiments, environmental
data is generated at or near the location within the GI tract
of the subject where a drug is delivered. Examples of
environmental sensor include, but are not limited to a
capacitance sensor, a temperature sensor, an impedance
sensor, a pH sensor, a heart rate sensor, acoustic sensor,
image sensor (e.g., a hydrophone), and/or a movement
sensor (e.g., an accelerometer). In one embodiment, the
ingestible device comprises a plurality of different environ-
mental sensors for generating different kinds of environ-
mental data.

[0579] In one embodiment, the image sensor is a video
camera suitable for obtaining images in vivo of the tissues
forming the GI tract of the subject. In one embodiment, the
environmental data is used to help determine one or more
characteristics of the GI tract, including the location of
disease (e.g., presence or location of inflamed tissue and/or
lesions associated with inflammatory bowel disease). In
some embodiments, the ingestible device may comprise a
camera for generating video imaging data of the GI tract
which can be used to determine, among other things, the
location of the device.

[0580] In another embodiment, the ingestible device
described herein may be localized using a gamma scintig-
raphy technique or other radio-tracker technology as
employed by Phaeton Research’s Enterion™ capsule (See
Teng, Renli, and Juan Maya. “Absolute bioavailability and
regional absorption of ticagrelor in healthy volunteers.”
Journal of Drug Assessment 3.1 (2014): 43-50), or moni-
toring the magnetic field strength of permanent magnet in
the ingestible device (see T. D. Than, et al., “A review of
localization systems for robotic endoscopic capsules,” IEEE
Trans. Biomed. Eng., vol. 59, no. 9, pp. 2387-2399, Sep-
tember 2012).

[0581] In one embodiment, drug delivery is triggered
when it encounters the site of disease in the GI tract.
[0582] Inoneembodiment, the one or more environmental
sensors measure pH, temperature, transit times, or combi-
nations thereof.
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[0583] In some embodiments, releasing the I11.-12/11.-23
inhibitor is dependent on the pH at or in the vicinity of the
location. In some embodiments the pH in the jejunum is
from 6.1 to 7.2, such as 6.6. In some embodiments the pH
in the mid small bowel is from 7.0 to 7.8, such as 7.4. In
some embodiments the pH in the ileum is from 7.0 to 8.0,
such as 7.5. In some embodiments the pH in the right colon
is from 5.7 to 7.0, such as 6.4. In some embodiments the pH
in the mid colon is from 5.7 to 7.4, such as 6.6. In some
embodiments the pH in the left colon is from 6.3 to 7.7, such
as 7.0. In some embodiments, the gastric pH in fasting
subjects is from about 1.1 to 2.1, such as from 1.4 to 2.1,
such as from 1.1 to 1.6, such as from 1.4 to 1.6. In some
embodiments, the gastric pH in fed subjects is from 3.9 to
7.0, such as from 3.9 to 6.7, such as from 3.9 to 6.4, such as
from 3.9 to 5.8, such as from 3.9 to 5.5, such as from 3.9 to
5.4, such as from 4.3 to 7.0, such as from 4.3 to 6.7, such as
from 4.3 to 6.4, such as from 4.3 to 5.8, such as from 4.3 to
5.5, such as from 4.3 to 5.4. In some embodiments, the pH
in the duodenum is from 5.8 to 6.8, such as from 6.0 to 6.8,
such as from 6.1 to 6.8, such as from 6.2 to 6.8, such as from
5.8 to 6.7, such as from 6.0 to 6.7, such as from 6.1 to 6.7,
such as from 6.2 to 6.7, such as from 5.8 to 6.6, such as from
6.0 to 6.6, such as from 6.1 to 6.6, such as from 6.2 to 6.6,
such as from 5.8 to 6.5, such as from 6.0 to 6.5, such as from
6.1 to 6.5, such as from 6.2 to 6.5.

[0584] In some embodiments, releasing the 1L-12/1L-23
inhibitor is not dependent on the pH at or in the vicinity of
the location. In some embodiments, releasing the IL.-12/IL-
23 inhibitor is triggered by degradation of a release com-
ponent located in the capsule. In some embodiments, the
IL-12/1L.-23 inhibitor is not triggered by degradation of a
release component located in the capsule. In some embodi-
ments, wherein releasing the 1[.-12/IL-23 inhibitor is not
dependent on enzymatic activity at or in the vicinity of the
location. In some embodiments, releasing the 1L-12/1L.-23
inhibitor is not dependent on bacterial activity at or in the
vicinity of the location.

[0585] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:

[0586] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;
[0587] a reservoir located within the housing and contain-
ing the 1L-12/IL-23 inhibitor,

[0588] wherein a first end of the reservoir is attached to the
first end of the housing;

[0589] a mechanism for releasing the 1L.-12/1[.-23 inhibi-
tor from the reservoir;

[0590] and;

[0591] an exit valve configured to allow the IL-12/11.-23

inhibitor to be released out of the housing from the reservoir.

[0592] Insome embodiments, the ingestible device further
comprises:

[0593]
ing; and
[0594] a gas generating cell located within the housing and
adjacent to the electronic component,

an electronic component located within the hous-
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[0596] Insome embodiments, the ingestible device further

comprises:

a safety device placed within or attached to the housing,

[0597] wherein the safety device is configured to relieve

an internal pressure within the housing when the inter-
nal pressure exceeds a threshold level.

[0598] In some embodiments, the pharmaceutical compo-

sition is an ingestible device, comprising:

[0599] a housing defined by a first end, a second end

substantially opposite from the first end, and a wall extend-

ing longitudinally from the first end to the second end;

[0600] an electronic component located within the hous-
ing;
[0601] a gas generating cell located within the housing and

adjacent to the electronic component,

[0602] wherein the electronic component is configured

to activate the gas generating cell to generate gas;
[0603] a reservoir located within the housing,

[0604] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;

[0605] an exit valve located at the first end of the housing,

[0606] wherein the exit valve is configured to allow the
dispensable substance to be released out of the first end
of the housing from the reservoir; and

[0607] a safety device placed within or attached to the
housing,
[0608] wherein the safety device is configured to relieve

an internal pressure within the housing when the inter-
nal pressure exceeds a threshold level.
[0609] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:
[0610] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;

[0611] an electronic component located within the hous-
ing,
[0612] a gas generating cell located within the housing and

adjacent to the electronic component,
[0613] wherein the electronic component is configured
to activate the gas generating cell to generate gas;
[0614] a reservoir located within the housing,
[0615] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;

[0616] an injection device located at the first end of the
housing,
[0617] wherein the jet injection device is configured to

inject the dispensable substance out of the housing
from the reservoir; and

[0618] a safety device placed within or attached to the
housing,
[0619] wherein the safety device is configured to relieve

an internal pressure within the housing.
[0620] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:
[0621] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;

[0622] an optical sensing unit located on a side of the
housing,
[0623] wherein the optical sensing unit is configured to

detect a reflectance from an environment external to the
housing;

[0595] wherein the electronic component is configured to [0624] an electronic component located within the hous-
activate the gas generating cell to generate gas. ing;
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[0625] a gas generating cell located within the housing and
adjacent to the electronic component,

[0626] wherein the electronic component is configured
to activate the gas generating cell to generate gas in
response to identifying a location of the ingestible
device based on the reflectance;

[0627)]

[0628] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;

[0629] a membrane in contact with the gas generating cell
and configured to move or deform into the reservoir by a
pressure generated by the gas generating cell; and

a reservoir located within the housing,

[0630] a dispensing outlet placed at the first end of the
housing,
[0631] wherein the dispensing outlet is configured to

deliver the dispensable substance out of the housing
from the reservoir.

[0632] In one embodiment, drug delivery is triggered
when it encounters the site of disease in the GI tract.

[0633] Inone embodiment, the one or more environmental
sensors measure pH, temperature, transit times, or combi-
nations thereof.

[0634] In some embodiments, releasing the 1L.-12/1L.-23
inhibitor is dependent on the pH at or in the vicinity of the
location. In some embodiments the pH in the jejunum is
from 6.1 to 7.2, such as 6.6. In some embodiments the pH
in the mid small bowel is from 7.0 to 7.8, such as 7.4. In
some embodiments the pH in the ileum is from 7.0 to 8.0,
such as 7.5. In some embodiments the pH in the right colon
is from 5.7 to 7.0, such as 6.4. In some embodiments the pH
in the mid colon is from 5.7 to 7.4, such as 6.6. In some
embodiments the pH in the left colon is from 6.3 to 7.7, such
as 7.0. In some embodiments, the gastric pH in fasting
subjects is from about 1.1 to 2.1, such as from 1.4 to 2.1,
such as from 1.1 to 1.6, such as from 1.4 to 1.6. In some
embodiments, the gastric pH in fed subjects is from 3.9 to
7.0, such as from 3.9 to 6.7, such as from 3.9 to 6.4, such as
from 3.9 to 5.8, such as from 3.9 to 5.5, such as from 3.9 to
5.4, such as from 4.3 to 7.0, such as from 4.3 to 6.7, such as
from 4.3 to 6.4, such as from 4.3 to 5.8, such as from 4.3 to
5.5, such as from 4.3 to 5.4. In some embodiments, the pH
in the duodenum is from 5.8 to 6.8, such as from 6.0 to 6.8,
such as from 6.1 to 6.8, such as from 6.2 to 6.8, such as from
5.8 to 6.7, such as from 6.0 to 6.7, such as from 6.1 to 6.7,
such as from 6.2 to 6.7, such as from 5.8 to 6.6, such as from
6.0 to 6.6, such as from 6.1 to 6.6, such as from 6.2 to 6.6,
such as from 5.8 to 6.5, such as from 6.0 to 6.5, such as from
6.1 to 6.5, such as from 6.2 to 6.5.

[0635] In some embodiments, releasing the I11.-12/11.-23
inhibitor is not dependent on the pH at or in the vicinity of
the location. In some embodiments, releasing the IL.-12/IL-
23 inhibitor is triggered by degradation of a release com-
ponent located in the capsule. In some embodiments, the
IL-12/1L-23 inhibitor is not triggered by degradation of a
release component located in the capsule. In some embodi-
ments, wherein releasing the 1L-12/IL-23 inhibitor is not
dependent on enzymatic activity at or in the vicinity of the
location. In some embodiments, releasing the 11.-12/1L.-23
inhibitor is not dependent on bacterial activity at or in the
vicinity of the location.
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[0636] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:

[0637] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;
[0638] a reservoir located within the housing and contain-
ing the IL-12/IL.-23 inhibitor,

[0639] wherein a first end of the reservoir is attached to the
first end of the housing;

[0640] a mechanism for releasing the 1[.-12/1[.-23 inhibi-
tor from the reservoir;

[0641] and;

[0642] an exit valve configured to allow the I1L-12/I1.-23

inhibitor to be released out of the housing from the reservoir.

[0643] Insome embodiments, the ingestible device further

comprises:

[0644] an electronic component located within the hous-

ing; and

[0645] a gas generating cell located within the housing and

adjacent to the electronic component,

[0646] wherein the electronic component is configured to

activate the gas generating cell to generate gas.

[0647] Insome embodiments, the ingestible device further

comprises:

a safety device placed within or attached to the housing,
[0648] wherein the safety device is configured to relieve

an internal pressure within the housing when the inter-
nal pressure exceeds a threshold level.

[0649] In some embodiments, the pharmaceutical compo-

sition is an ingestible device, comprising:

[0650] a housing defined by a first end, a second end

substantially opposite from the first end, and a wall extend-

ing longitudinally from the first end to the second end;

[0651] an electronic component located within the hous-
ing;
[0652] a gas generating cell located within the housing and

adjacent to the electronic component,

[0653] wherein the electronic component is configured

to activate the gas generating cell to generate gas;
[0654] a reservoir located within the housing,

[0655] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;

[0656] an exit valve located at the first end of the housing,

[0657] wherein the exit valve is configured to allow the
dispensable substance to be released out of the first end
of the housing from the reservoir; and

[0658] a safety device placed within or attached to the
housing,
[0659] wherein the safety device is configured to relieve

an internal pressure within the housing when the inter-
nal pressure exceeds a threshold level.
[0660] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:
[0661] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;

[0662] an electronic component located within the hous-
ing,
[0663] a gas generating cell located within the housing and

adjacent to the electronic component,
[0664] wherein the electronic component is configured
to activate the gas generating cell to generate gas;
[0665] a reservoir located within the housing,
[0666] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;
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[0667]
housing,
[0668] wherein the jet injection device is configured to
inject the dispensable substance out of the housing
from the reservoir; and

an injection device located at the first end of the

[0669] a safety device placed within or attached to the
housing,
[0670] wherein the safety device is configured to relieve

an internal pressure within the housing.
[0671] In some embodiments, the pharmaceutical compo-
sition is an ingestible device, comprising:
[0672] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end,

[0673] an optical sensing unit located on a side of the
housing,
[0674] wherein the optical sensing unit is configured to

detect a reflectance from an environment external to the
housing;

[0675] an electronic component located within the hous-
ing;
[0676] a gas generating cell located within the housing and

adjacent to the electronic component,

[0677] wherein the electronic component is configured
to activate the gas generating cell to generate gas in
response to identifying a location of the ingestible
device based on the reflectance;

[0678] a reservoir located within the housing,

[0679] wherein the reservoir stores a dispensable sub-
stance and a first end of the reservoir is attached to the
first end of the housing;

[0680] a membrane in contact with the gas generating cell
and configured to move or deform into the reservoir by a
pressure generated by the gas generating cell; and

[0681] a dispensing outlet placed at the first end of the
housing,
[0682] wherein the dispensing outlet is configured to

deliver the dispensable substance out of the housing

from the reservoir.
[0683] In some embodiments, the pharmaceutical compo-
sition is an ingestible device as disclosed in U.S. Patent
Application Ser. No. 62/385,553, incorporated by reference
herein in its entirety.
[0684] In some embodiments, the pharmaceutical compo-
sition is an ingestible device as disclosed in the following
applications, each of which is incorporated by reference
herein in its entirety:
U.S. Ser. Nos. 14/460,893; 15/514,413; 62/376,688; 62/385,
344; 62/478,955; 62/434,188; 62/434,320; 62/431,297;
62/434,797; 62/480,187; 62/502,383; and 62/540,873.
[0685] In some embodiments, the pharmaceutical compo-
sition is an ingestible device comprising a localization
mechanism as disclosed in international patent application
PCT/US2015/052500, incorporated by reference herein in
its entirety.
[0686] In some embodiments, the pharmaceutical compo-
sition is not a dart-like dosage form.
[0687] In some embodiments of any ingestible device
disclosed herein comprising a IL-12/IL-23 inhibitor, the
1L-12/1L-23 inhibitor is present in a therapeutically effective
amount.
[0688] Incase of conflict between the present specification
and any subject matter incorporated by reference herein, the
present specification, including definitions, will control.
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[0689] Devices and Methods for Detection of Analytes in
GI Tract
[0690] Detection of certain analytes in the GI tract may be

useful in the identification of the nature and severity of the
disease, in accurately locating the site(s) of disease, and in
assessing patient response to a therapeutic agent. The appro-
priate therapeutic agent may accordingly be released at the
correct locations(s), dosage, or timing for the disease. As
discussed further herein, analytes may include biomarkers
associated with a disease or associated with patient response
and/or therapeutic agents previously administered to treat
the disease. In some embodiments, the disclosure provides
an ingestible device for detecting an analyte in a sample, the
ingestible device comprising a sampling chamber that is
configured to hold a composition comprising: (1) a plurality
of donor particles, each of the plurality of donor particles
comprising a photosensitizer and having coupled thereto a
first antigen-binding agent that binds to the analyte, wherein
the photosensitizer, in its excited state, is capable of gener-
ating singlet oxygen; and (2) a plurality of acceptor particles,
each of the plurality of acceptor particles comprising a
chemiluminescent compound and having coupled thereto a
second antigen-binding agent that binds to the analyte,
wherein the chemiluminescent compound is capable of
reacting with singlet oxygen to emit luminescence. In some
embodiments, the first and the second analyte-binding
agents are antigen-binding agents (e.g., antibodies). In some
embodiments, the first and the second antigen-binding
agents bind to the same epitope of the analyte (e.g., a
protein). In some embodiments, the first and the second
antigen-binding agents bind to separate epitopes of the
analyte (e.g., a protein) that spatially overlap. In some
embodiments, the first and the second antigen-binding
agents bind to the separate epitopes of the analyte (e.g., a
protein) that do not spatially overlap.

[0691] In some embodiments, this disclosure provides an
ingestible device for detecting an analyte in a sample, the
ingestible device comprising a sampling chamber that is
configured to hold an absorbable material (e.g., an absorb-
able pad or sponge) having absorbed therein a composition
comprising: (1) a plurality of donor particles, each of the
plurality of donor particles comprising a photosensitizer and
having coupled thereto a first antigen-binding agent that
binds to the analyte, wherein the photosensitizer, in its
excited state, is capable of generating singlet oxygen; and
(2) a plurality of acceptor particles, each of the plurality of
acceptor particles comprising a chemiluminescent com-
pound and having coupled thereto a second antigen-binding
agent that binds to the analyte, wherein the chemilumines-
cent compound is capable of reacting with singlet oxygen to
emit luminescence. In some embodiments, the first and the
second analyte-binding agents are antigen-binding agents
(e.g., antibodies). In some embodiments, the first and the
second antigen-binding agents bind to the same epitope of
the analyte (e.g., a protein). In some embodiments, the first
and the second antigen-binding agents bind to separate
epitopes of the analyte (e.g., a protein) that spatially overlap.
In some embodiments, the first and the second antigen-
binding agents bind to the separate epitopes of the analyte
(e.g., a protein) that do not spatially overlap.

[0692] In certain embodiments, the disclosure provides a
kit comprising an ingestible device as described herein. In
some embodiments, the kit further comprises instructions,
e.g., for detecting or quantifying an analyte in a sample.
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[0693] In some embodiments, the disclosure provides
methods for determining an analyte in a sample. In certain
embodiments, this disclosure provides a method of detecting
an analyte in a fluid sample of a subject, comprising: (1)
providing an ingestible device; (2) transferring the fluid
sample of the subject into the sampling chamber of the
ingestible device in vivo; (3) irradiating the composition
held in the sampling chamber of the ingestible device with
light to excite the photosensitizer; and (4) measuring total
luminescence or rate of change of luminescence emitted
from the composition held in the sampling chamber of the
ingestible device as a function of time, thereby determining
the level of the analyte in the fluid sample. In some embodi-
ments, the method further comprises comparing the level of
the analyte in the fluid sample with the level of analyte in a
reference sample (e.g., a reference sample obtained from a
healthy subject). In some embodiments, the level of the
analyte in the sample is used to diagnose and/or monitor a
disease or disorder in the subject.

[0694] In some embodiments, the disclosure provides a
method of detecting an analyte in a fluid sample of a subject,
comprising: (1) providing an ingestible device, the device
comprising a sampling chamber that is configured to hold an
absorbable material (e.g., an absorbable pad or sponge)
having absorbed therein a composition, as described herein;
(2) transferring the fluid sample of the subject into the
sampling chamber of the ingestible device in vivo; (3) fully
or partially saturating the absorbable material held in the
sampling chamber of the ingestible device with the fluid
sample; (4) irradiating the absorbable material held in the
sampling chamber of the ingestible device with light to
excite the photosensitizer; and (5) measuring total lumines-
cence or rate of change of luminescence emitted from the
composition held in the sampling chamber of the ingestible
device as a function of time, thereby determining the level
of the analyte in the fluid sample. In some embodiments, the
method further comprises comparing the level of the analyte
in the fluid sample with the level of analyte in a reference
sample (e.g., a reference sample obtained from a healthy
subject). In some embodiments, the level of the analyte in
the sample is used to diagnose and/or monitor a disease or
disorder in the subject.

[0695] In some embodiments, the disclosure provides a
method of assessing or monitoring the need to treat a subject
suffering from or at risk of overgrowth of bacterial cells in
the gastrointestinal (GI) tract, comprising: (1) providing an
ingestible device for detecting an analyte; (2) transferring a
fluid sample from the GI tract of the subject into the
sampling chamber of the ingestible device in vivo; (3)
irradiating the composition held in the sampling chamber of
the ingestible device with light to excite the photosensitizer;
(4) measuring total luminescence or rate of change of
luminescence emitted from the composition held in the
sampling chamber of the ingestible device as a function of
time; (5) correlating the total luminescence or the rate of
change of luminescence as a function of time measured in
step (4) to the amount of the analyte in the fluid sample; and
(6) correlating the amount of the analyte in the fluid sample
to the number of viable bacterial cells in the fluid sample. In
some embodiments, a number of viable bacterial cells deter-
mined in step (6) greater than a control number of viable
bacterial cells, indicates a need for treatment (e.g., with an
antibiotic agent described herein). In some embodiments,
the control number of viable bacterial cells is 10%, 10%, 10°,
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10°, 107, 10%, 10°, or more. For example, in some embodi-
ments, a number of viable bacterial cells determined in step
(6) greater that about 10> CFU/mL indicates a need for
treatment. In some embodiments, a number of viable bac-
terial cells determined in step (6) greater that about 10*
CFU/mL indicates a need for treatment. In some embodi-
ments, a number of the viable bacterial cells determined in
step (6) greater than about 10° CFU/mL indicates a need for
treatment, e.g., with an antibiotic agent as described herein.
In some embodiments, a number of viable bacterial cells
determined in step (6) greater that about 10° or more
CFU/mL indicates a need for treatment.

[0696] In some embodiments, the total luminescence or
the rate of change of luminescence as a function of time of
the sponge is measured over multiple time points for an
extended period of time in step (4). For instance, in some
embodiments, the total luminescence or rate of change of
luminescence as a function of time of the sample is mea-
sured continuously for a period of 0-1800 minutes, 0-1600
minutes, 0-1500 minutes, 0-1440 minutes, 0-1320 minutes,
0-1000 minutes, 0-900 minutes, 0-800 minutes, 0-700 min-
utes, 0-600 minutes, 0-500 minutes, 0-400 minutes, 0-350
minutes, 0-330 minutes, 0-300 minutes, 0-270 minutes, or
0-220 minutes. In some embodiments, the total lumines-
cence or the rate of change of luminescence as a function of
time of said sample is measured continuously for a period of
0-330 minutes. In some embodiments, the method is per-
formed in vivo. In some embodiments, the method includes
communicating the results of the onboard assay(s) to an ex
vivo receiver. In some embodiments, the total luminescence
or the rate of change of luminescence as a function of time
of the sponge is measured over multiple time points for an
extended period of time in step (5). For instance, in some
embodiments, the total luminescence or rate of change of
luminescence as a function of time of the sample is mea-
sured continuously for a period of 0-1800 minutes, 0-1600
minutes, 0-1500 minutes, 0-1440 minutes, 0-1320 minutes,
0-1000 minutes, 0-900 minutes, 0-800 minutes, 0-700 min-
utes, 0-600 minutes, 0-500 minutes, 0-400 minutes, 0-350
minutes, 0-330 minutes, 0-300 minutes, 0-270 minutes, or
0-220 minutes. In some embodiments, the total lumines-
cence or the rate of change of luminescence as a function of
time of said sample is measured continuously for a period of
0-330 minutes. In some embodiments, the method is per-
formed in vivo. In some embodiments, the method includes
communicating the results of the onboard assay(s) to an ex
vivo receiver.

[0697] In some embodiments, the disclosure provides a
method of assessing or monitoring the need to treat a subject
suffering from or at risk of overgrowth of bacterial cells in
the gastrointestinal tract, comprising: (1) providing an
ingestible device for detecting an analyte, the device com-
prising a sampling chamber that is configured to hold an
absorbable material (e.g., an absorbable pad or sponge)
having absorbed therein a composition, as described herein;
(2) transferring a fluid sample from the GI tract of the
subject into the sampling chamber of the ingestible device in
vivo; (3) fully or partially saturating the absorbable material
held in the sampling chamber of the ingestible device with
the fluid sample; (4) irradiating the absorbable material held
in the sampling chamber of the ingestible device with light
to excite the photosensitizer; (5) measuring total lumines-
cence or rate of change of luminescence emitted from the
composition held in the sampling chamber of the ingestible
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device as a function of time; (6) correlating the total lumi-
nescence or the rate of change of luminescence as a function
of time measured in step (5) to the amount of the analyte in
the fluid sample; and (7) correlating the amount of the
analyte in the fluid sample to the number of viable bacterial
cells in the fluid sample. In some embodiments, a number of
viable bacterial cells determined in step (7) greater than a
control number of viable bacterial cells indicates a need for
treatment (e.g., with an antibiotic agent described herein). In
some embodiments, the control number of viable bacterial
cells is 10°, 10% 10°, 10° 107, 10% 10°, or more. For
example, in some embodiments, a number of viable bacterial
cells determined in step (7) greater that about 10' CFU/mL
indicates a need for treatment. In some embodiments, a
number of viable bacterial cells determined in step (7)
greater that about 10* CFU/mL indicates a need for treat-
ment. In some embodiments, a number of the viable bacte-
rial cells determined in step (7) greater than about 10°
CFU/mL indicates a need for treatment, e.g., with an anti-
biotic agent as described herein. In some embodiments, a
number of viable bacterial cells determined in step (7)
greater that about 10° or more CFU/mL indicates a need for
treatment.

[0698] In some embodiments, the disclosure, provides a
method of measuring the presence, absence or amount of
one or more analytes from one or more samples in the
gastrointestinal tract. In some embodiments the one or more
analytes are measured multiple times, for example, at dif-
ferent time points or at different locations. In one embodi-
ment, a single device measures one or more analytes or more
time points or locations; thereby creating a “molecular map”
of a physiological region. Measurements can be taken at any
location in the gastrointestinal tract. For example, in one
aspect, analytes from samples from one or more of the
duodenum, jejunum, ileum, ascending colon, transverse
colon or descending colon can be measured to create a
molecular map of the small and large intestine. In one
aspect, the sample is from the duodenum. In one aspect, In
one aspect, the sample is from the jejunum. In one aspect,
the sample is from the ileum. In one aspect, the sample is
from the ascending colon. In one aspect, the sample is from
the transverse colon. In one aspect, the sample is from the
descending colon.

[0699] In another aspect, a series of measurements can be
taken over a shorter distance of the gastrointestinal tract
(e.g., the ileum) to create a higher resolution molecular map.
In some embodiments, previous endoscopic imaging may
identify a diseased area for molecular mapping. For
example, a gastroenterologist may use imaging (e.g., an
endoscope equipped with a camera) to identify the presence
of Crohn’s Disease in the ileum and cecum of a patient, and
the methods and techniques herein may be used to measure
inflammation-associated analytes in this diseased area of the
patient. In a related embodiment, the inflammation-associ-
ated analytes, or any analyte, may be measured every one or
more days to monitor disease flare-ups, or response to
therapeutics.

Analytes

[0700] The compositions and methods described herein
can be used to detect, analyze, and/or quantitate a variety of
analytes in a human subject. “Analyte” as used herein refers
to a compound or composition to be detected in a sample.
Exemplary analytes suitable for use herein include those
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described in U.S. Pat. No. 6,251,581, which is incorporated
by reference herein in its entirety. Broadly speaking, an
analyte can be any substance (e.g., a substance with one or
more antigens) capable of being detected. An exemplary and
non-limiting list of analytes includes ligands, proteins, blood
clotting factors, hormones, cytokines, polysaccharides,
mucopolysaccharides, microorganisms (e.g., bacteria),
microbial antigens, and therapeutic agents (including frag-
ments and metabolites thereof).

[0701] For instance, the analyte may be a ligand, which is
monovalent (monoepitopic) or polyvalent (polyepitopic),
usually antigenic or haptenic, and is a single compound or
plurality of compounds which share at least one common
epitopic or determinant site. The analyte can be a part of a
cell such as bacteria or a cell bearing a blood group antigen
such as A, B, D, etc., a human leukocyte antigen (HLA), or
other cell surface antigen, or a microorganism, e.g., bacte-
rium (e.g. a pathogenic bacterium), a fungus, protozoan, or
avirus (e.g., a protein, a nucleic acid, a lipid, or a hormone).
In some embodiments, the analyte can be a part of an
exosome (e.g., a bacterial exosome). In some embodiments,
the analyte is derived from a subject (e.g., a human subject).
In some embodiments, the analyte is derived from a micro-
organism present in the subject. In some embodiments, the
analyte is a nucleic acid (e.g., a DNA molecule or a RNA
molecule), a protein (e.g., a soluble protein, a cell surface
protein), or a fragment thereof, that can be detected using
any of the devices and methods provided herein.

[0702] The polyvalent ligand analytes will normally be
poly(amino acids), i.e., a polypeptide (i.e., protein) or a
peptide, polysaccharides, nucleic acids (e.g., DNA or RNA),
and combinations thereof. Such combinations include com-
ponents of bacteria, viruses, chromosomes, genes, mito-
chondria, nuclei, cell membranes, and the like.

[0703] Insome embodiments, the polyepitopic ligand ana-
lytes have a molecular weight of at least about 5,000 Da,
more usually at least about 10,000 Da. In the poly(amino
acid) category, the poly(amino acids) of interest may gen-
erally have a molecular weight from about 5,000 Da to about
5,000,000 Da, more usually from about 20,000 Da to
1,000,000 Da; among the hormones of interest, the molecu-
lar weights will usually range from about 5,000 Da to 60,000
Da.

[0704] In some embodiments, the monoepitopic ligand
analytes generally have a molecular weight of from about
100 to 2,000 Da, more usually from 125 to 1,000 Da.
[0705] A wide variety of proteins may be considered as to
the family of proteins having similar structural features,
proteins having particular biological functions, proteins
related to specific microorganisms, particularly disease
causing microorganisms, etc. Such proteins include, for
example, immunoglobulins, cytokines, enzymes, hormones,
cancer antigens, nutritional markers, tissue specific antigens,
etc.

[0706] In some embodiments, the analyte is a protein. In
some embodiments, the analyte is a protein, e.g., an enzyme
(e.g., a hemolysin, a protease, a phospholipase), a soluble
protein, an exotoxin. In some embodiments, the analyte is a
fragment of a protein, a peptide, or an antigen. In some
embodiments, the analyte is a peptide of at least 5 amino
acids (e.g., at least 6, at least 7, at least 8, at least 9, at least
10, at least 25, at least, 50, or at least 100 amino acids).
Exemplary lengths include 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 50,
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75, or 100 amino acids. Exemplary classes of protein
analytes include, but are not limited to: protamines, histones,
albumins, globulins, scleroproteins, phosphoproteins, muco-
proteins, chromoproteins, lipoproteins, nucleoproteins, gly-
coproteins, T-cell receptors, proteoglycans, cell surface
receptors, membrane-anchored proteins, transmembrane
proteins, secreted proteins, HLA, and unclassified proteins.
[0707] In some embodiments, the analyte is an affimer
(see, e.g., Tiede et al. (2017) elLife 6: €24903, which is
expressly incorporated herein by reference).

[0708] Exemplary analytes include: Prealbumin, Albumin,
a,-Lipoprotein, a.,-Antitrypsin, o,-Glycoprotein, Transcor-
tin, 4.6S-Postalbumin, o, -glycoprotein, o, ~Glycoprotein,
Thyroxin-binding  globulin,  Inter-a-trypsin-inhibitor,
Ge-globulin (Ge 1-1, Ge 2-1, Ge 2-2), Haptoglobin (Hp 1-1,
Hp 2-1, Hp 2-2), Ceruloplasmin, Cholinesterase, o.,-Lipo-
protein(s), Myoglobin, C-Reactive Protein, a.,-Macroglobu-
lin, a.,-HS-glycoprotein, Zn-a.,-glycoprotein,
a,-Neuramino-glycoprotein, Erythropoietin, f-lipoprotein,
Transferrin, Hemopexin, Fibrinogen, Plasminogen, f3,-gly-
coprotein I, f,-glycoprotein II, Inmunoglobulin G (IgG) or
vG-globulin, Immunoglobulin A (IgA) or yA-globulin,
Immunoglobulin M (IgM) or yM-globulin, Immunoglobulin
D (IgD) or yD-Globulin (yD), Immunoglobulin E (IgE) or
vE-Globulin (YE), Free k and A light chains, and Comple-
ment factors: C'l, (C'lq, C'lr, C'ls, C'2, C'3 ($,A, a,D),
C4, C's, C'6, C'7, C'8, C9.

[0709] Additional examples of analytes include tumor
necrosis factor-a (TNFa), interleukin-12 (IL-12), 1L-23,
1L-6, 0281 integrin, at1P1 integrin, a4f7 integrin, integrin
a4pl (VLA-4), E-selectin, ICAM-1, o581 integrin, a4f1
integrin, VLA-4, a2f1 integrin, o543 integrin, a5p5 inte-
grin, allbp3 integrin, MAACAM-1, SMAD7, JAK1, JAK2,
JAK3, TYK-2, CHST15, IL-1, IL-1ct, IL-1p, IL-18, IL-360,
1L-36p, IL-36y, 1L-38, IL-33, IL-13, CD40L, CD40, CD3y,
CD33, CD3¢, CD3C, TCR, TCRa, TCRB, TCRY, TCRy,
CD14, CD20, CD25, IL-2, IL-2 3 chain, IL-2 y chain, CD28,
CD80, CD86, CD49, MMP1, CD89, IgA, CXCL10, CCL11,
an ELR chemokine, CCR2, CCR9, CXCR3, CCR3, CCRS,
CCL2, CCL8, CCL16, CCL25 CXCRIm CXCR2m
CXCL1, CXCL2, CXCL3, CXCL4, CXCLS5, CXCLe6,
CXCL7, and CXCL8, and a nucleic acid (e.g., mRNA)
encoding any of the same.

[0710] In some embodiments, the analyte is a blood clot-
ting factor. Exemplary blood clotting factors include, but are
not limited to:

International

designation Name
I Fibrinogen
I Prothrombin
Ta Thrombin
11 Tissue thromboplastin
V and VI Proaccelerin, accelerator globulin
VII Proconvertin
VIII Antihemophilic globulin (AHG)
X Christmas factor
Plasma thromboplastin component (PTC)
X Stuart-Prower factor, autoprothrombin IIT
XI Plasma thromboplastin antecedent (PTA)
XII Hagemann factor
XIII Fibrin-stabilizing factor
[0711] In some embodiments, the analyte is a hormone.

Exemplary hormones include, but are not limited to: Peptide
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and Protein Hormones, Parathyroid hormone, (parath-
romone), Thyrocalcitonin, Insulin, Glucagon, Relaxin,
Erythropoietin, Melanotropin (melancyte-stimulating hor-
mone; intermedin), Somatotropin (growth hormone), Corti-
cotropin (adrenocorticotropic hormone), Thyrotropin, Fol-
licle-stimulating hormone, Luteinizing hormone (interstitial
cell-stimulating hormone), Luteomammotropic hormone
(luteotropin, prolactin), Gonadotropin (chorionic gonadotro-
pin), Secretin, Gastrin, Angiotensin I and II, Bradykinin, and
Human placental lactogen, thyroxine, cortisol, triiodothyro-
nine, testosterone, estradiol, estrone, progestrone, luteiniz-
ing hormone-releasing hormone (LHRH), and immunosup-
pressants such as cyclosporin, FK506, mycophenolic acid,
and so forth.

[0712] In some embodiments, the analyte is a peptide
hormone (e.g., a peptide hormone from the neurohypophy-
sis). Exemplary peptide hormones from the neurohypophy-
sis include, but are not limited to: Oxytocin, Vasopressin,
and releasing factors (RF) (e.g., corticotropin releasing
factor (CRF), luteinizing hormone releasing factor (LRF),
thyrotropin releasing factor (TRF), Somatotropin-RF,
growth hormone releasing factor (GRF), follicle stimulating
hormone-releasing factor (FSH-RF), prolactin inhibiting
factor (PIF), and melanocyte stimulating hormone inhibiting
factor (MIF)).

[0713] In some embodiments, the analyte is a cytokine or
a chemokine. Exemplary cytokines include, but are not
limited to: interleukin-1 (IL-1), interleukin-2 (IL-2), inter-
leukin-6 (IL-6), epidermal growth factor (EGF), tumor
necrosis factor (TNF, e.g., TNF-at or TNF-f3), and nerve
growth factor (NGF).

[0714] In some embodiments, the analyte is a cancer
antigen. Exemplary cancer antigens include, but are not
limited to: prostate-specific antigen (PSA), carcinoembry-
onic antigen (CEA), a-fetoprotein, Acid phosphatase,
CA19.9, and CA125.

[0715] In some embodiments, the analyte is a tissue-
specific antigen. Exemplary tissue specific antigens include,
but are not limited to: alkaline phosphatase, myoglobin,
CPK-MB; calcitonin, and myelin basic protein.

[0716] In some embodiments, the analyte is a mucopoly-
saccharide or a polysaccharide.

[0717] Insome embodiments, the analyte is a microorgan-
ism, or a molecule derived from or produced by a microor-
ganism (e.g., a bacteria, a virus, prion, or a protozoan). For
example, in some embodiments, the analyte is a molecule
(e.g., an protein or a nucleic acid) that is specific for a
particular microbial genus, species, or strain (e.g., a specific
bacterial genus, species, or strain). In some embodiments,
the microorganism is pathogenic (i.e., causes disease). In
some embodiments, the microorganism is non-pathogenic
(e.g., acommensal microorganism). Exemplary microorgan-
isms include, but are not limited to:

Corynebacteria
Corynebacterium diphtheria
Pneumococci

Diplococcus prneumoniae
Streptococci

Streptococcus pyrogenes
Streptococcus salivarus
Staphylococci
Staphylococcus aureus
Staphylococcus albus
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-continued -continued
Neisseria Mycoplasmas Arboviruses
Neisseria meningitidis Mycoplasma prneumoniae
Neisseria gonorrhea Other pathogens Eastern Equine Encephalitis Virus

Enterobacteriaciae
Escherichia coli
Aerobacter aerogenes
Klebsiella pneumoniae
Salmonella typhosa
Salmonella choleraesuis
Salmonella typhimurium
Shigella dysenteria
Shigella sclimitzii
Shigella arabinotarda

Shigella flexneri

Shigella boydii

Shigella sonnei

Other enteric bacilli

Proteus vulgaris

Proteus mirabilis

Proteus morgani
Pseudomonas aeruginosa
Alcaligenes faecalis

Vibrio cholerae
Hemophilus-Bordetella group
Hemophilus influenza, H. ducryi

Hemophilus hemophilus
Hemophilus aegypticus
Hemophilus parainfluenza
Bordetella pertussis
Pasteurellae

Pasteurella pestis

Pasteurella tulareusis
Brucellae

Brucella melltensis

Brucella abortus

Brucella suis

Aerobic Spore-forming Bacilli
Bacillus anthracis

Bacillus subtilis

Bacillus megaterium

Bacillus cereus

Anaerobic Spore-forming Bacilli
Clostridium botulinum
Clostridium tetani

Clostridium perfringens
Clostridium novyi

Clostridium septicum
Clostridium liistoyticum
Clostridium tertium
Clostridium bifermentans
Clostridium sporogenes
Mycobacteria

Mycobacterium tuberculosis hominis
Mycobacterium bovis
Mycobacterium avium
Mycobacterium leprae
Mycobacterium paratuberculosis
Actinomycetes (fungus-ike bacteria)
Actinomyces Isaeli
Actinomyces bovis
Actinomyces naeslundii
Nocardia asteroides

Nocardia brasiliensis

The Spirochetes

Treponema pallidum
Treponema pertenue

Spirillum minus
Streptobacillus monoiliformis
Treponema carateum

Borrelia recurrentis
Leptospira icterohemorrhagiae
Leptospira canicola
Trypanasomes

The coliform
bacteria

The Salmoneliae

The Shigellae

Proteus species

Rhizopus oryzae
Rhizopus arrhizua
Phycomycetes
Rhizopus nigricans
Sporotrichum schenkii
Flonsecaea pedrosoi
Fonsecacea compact
Fonsecacea dermatidis
Cladosporium carrionii
Phialophora verrucosa
Aspergillus nidulans
Madurella mycetomi
Madurella grisea
Allescheria boydii
Phialophora jeanselmei
Microsporum gypseum
Trichophyton mentagrophytes
Keratinomyces ajelloi
Microsporum canis
Trichophyton rubrum
Microsporum adouini
Viruses

Adenoviruses

Herpes Viruses

Herpes simplex
Varicella (Chicken pox)
Herpes Zoster (Shingles)
Virus B
Cytomegalovirus

Pox Viruses

Variola (smallpox)
Vaccinia

Poxvirus bovis
Paravaccinia
Molluscum contagiosum
Picornaviruses
Poliovirus
Coxsackievirus
Echoviruses
Rhinoviruses
Myxoviruses
Influenza(A, B, and C)
Parainfluenza (1-4)
Mumps Virus

Newcastle Disease Virus
Measles Virus

Rinderpest Virus

Canine Distemper Virus
Respiratory Syncytial Virus
Rubella Virus
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Listeria monocytogenes
Erysipeothrix rhusiopathiae
Streptobacillus moniliformis
Donvania granulomatis
Entamoeba histolytica
Plasmodium falciparum
Plasmodium japonicum
Bartonella bacilliformis
Rickettsia (bacteria-like parasites)
Rickettsia prowazekii

Rickettsia mooseri

Rickettsia rickettsii

Rickettsia conori

Rickettsia australis

Rickettsia sibiricus

Rickettsia akari

Rickettsia tsutsugamushi
Rickettsia burnetii

Rickettsia quintana

Chlamydia (unclassifiable parasites
bacterial/viral)

Chlamydia agents (naming uncertain)

Western Equine Encephalitis Virus
Sindbis Virus

Chikugunya Virus

Semliki Forest Virus
Mayora Virus

St. Louis Encephalitis
California Encephalitis Virus
Colorado Tick Fever Virus
Yellow Fever Virus

Dengue Virus

Reoviruses

Reovirus Types 1-3
Retroviruses

Human Immunodeficiency
Viruses I and II (HTLV)
Human T-cell Lymphotrophic
Virus I & II (HIV)

Hepatitis

Hepatitis A Virus

Hepatitis B Virus

Hepatitis C Virus

Tumor Viruses

IPR2023-01444

Chlamydia trachomatis

Fungi Rauscher Leukemia Virus
Cryptococcus neoformans Gross Virus

Blastomyces dermatidis Maloney Leukemia Virus
Histoplasma capsulatum
Coccidioides immitis
Paracoccidioides brasliensis
Candida albicans
Aspergillus fumigatus
Mucor corymbifer

(dbsidia corymbifera)

Human Papilloma Virus

[0718] In some embodiments, the analyte is a bacterium.
Exemplary bacteria include, but are not limited to: Escheri-
chia coli (or E. coli), Bacillus anthracis, Bacillus cereus,
Clostridium botulinum, Clostridium difficile, Yersinia pestis,
Yersinia enterocolitica, Francisella tularensis, Brucella spe-
cies, Clostridium perfringens, Burkholderia mallei, Burk-
holderia pseudomallei, Staphylococcus species, Mycobac-
terium species, Group A Streptococcus, Group B
Streptococcus, Streptococcus pneumoniae, Helicobacter
pylori, Salmonella enteritidis, Mycoplasma hominis, Myco-
plasma orale, Mycoplasma salivarium, Mycoplasma fer-
mentans, Mycoplasma pneumoniae, Mycobacterium bovis,
Mycobacterium tuberculosis, Mycobacterium avium, Myco-
bacterium leprae, Rickettsia rickettsii, Rickettsia akari,
Rickettsia prowazekii, Rickettsia canada, Bacillus subtilis,
Bacillus subtilis niger, Bacillus thuringiensis, Coxiella bur-
netti, Faecalibacterium prausnitzii (also known as Bacte-
roides praussnitzii), Roseburia hominis, Eubacterium rec-
tale, Dialister invisus, Ruminococcus albus, Ruminococcus
callidus, and Ruminococcus bromii. Additional exemplary
bacteria include bacteria of the phyla Firmicutes (e.g.,
Clostridium clusters XIVa and IV), bacteria of the phyla
Bacteroidetes (e.g., Bacteroides fragilis or Bacteroides
vulgatus), and bacteria of the phyla Actinobacteria (e.g.,
Coriobacteriaceae spp. or Bifidobacterium adolescentis).
Bacteria of the Clostridium cluster XIVa includes species
belonging to, for example, the Clostridium, Ruminococcus,
Lachnospira, Roseburia, Eubacterium, Coprococcus,
Dorea, and Butyrivibrio genera. Bacteria of the Clostridium
cluster IV includes species belonging to, for example, the
Clostridium, Ruminococcus, Eubacterium and Anaerofilum
genera. In some embodiments, the analyte is Candida, e.g.,
Candida albicans. In some embodiments, the analyte is a

Ex. 1049, p. 130 of 222



BIOCON BIOLOGICS LIMITED

US 2020/0262908 A1

byproduct from a bacterium or other microorganism, e.g.,
helminth ova, enterotoxin (Clostridium difficile toxin A;
TedA) or cytotoxin (Clostridium difficile toxin B; TedB).
[0719] In some embodiments, the bacterium is a patho-
genic bacterium. Non-limiting examples of pathogenic bac-
teria belong to the genera Bacillus, Bordetella, Borrelia,
Brucella, Campylobacter, Chlamydia, Chlamydophila,
Clostridium, Corynebacterium, Enterobacter, Enterococcus,
Escherichia, Francisella, Haemophilus, Helicobacter,
Legionella, Leptospira, Listeria, Mycobacterium, Myco-
plasma, Neisseria, Pseudomonas, Rickettsia, Salmonella,
Shigella, Staphylococcus,  Streptococcus, Treponema,
Vibrio, and Yersinia. Non-limiting examples of specific
pathogenic bacterial species include a strain of Bacillus
anthracis, a strain of a strain of Bordetella pertussis, a strain
of a strain of Borrelia burgdorferi, a strain of a strain of
Brucella abortus, a strain of a strain of Brucella canis, a
strain of a strain of Brucella melitensis, a strain of a strain
of Brucella suis, a strain of a strain of Campylobacter jejuni,
a strain of Chlamydia pneumoniae, a strain of Chlamydia
trachomatis, a strain of Chlamydophila psittaci, a strain of
Clostridium botulinum, a strain of Clostridium difficile, a
strain of Clostridium perfringens, a strain of Clostridium
tetani, a strain of Corynebacterium diphtheria, a strain of
Enterobacter sakazakii, a strain of Enterococcus faecalis, a
strain of Enterococcus faecium, a strain of Escherichia coli
(e.g., E. coli O157 H7), a strain of Francisella tularensis, a
strain of Haemophilus influenza, a strain of Helicobacter
pylori, a strain of Legionella pneumophila, a strain of
Leptospira interrogans, a strain of Listeria monocytogenes,
a strain of Mycobacterium leprae, a strain of Mycobacterium
tuberculosis, a strain of Mycobacterium ulcerans, a strain of
Mycoplasma preumonia, a strain of Neisseria gonorrhoeae,
a strain of Neisseria meningitides, a strain of Pseudomonas
aeruginosa, a strain of Rickettsia rickettsia, a strain of
Salmonella typhi and Salmonella typhimurium, a strain of
Shigella sonnei, a strain of Staphylococcus aureus, a strain
of Staphylococcus epidermidis, a strain of Staphylococcus
saprophyticus, a strain of Streptococcus agalactiae, a strain
of Streptococcus prneumonia, a strain of Streptococcus pyo-
genes, a strain of Treponema pallidum, a strain of Vibrio
cholera, a strain of Yersinia enterocolitica, and, a strain of
Yersinia pestis.

[0720] In some embodiments, the bacterium is a commen-
sal bacterium (e.g., a probiotic). In some embodiments, the
bacterium has been previously administered to a subject,
e.g., as a live biotherapeutic agent. Exemplary commensal
bacteria include, but are not limited to, Faecalibacterium
prausnitzii (also referred to as Bacteroides praussnitzii),
Roseburia hominis, Eubacterium rectale, Dialister invisus,
Ruminococcus albus, Ruminococcus gnavus, Ruminococcus
torques, Ruminococcus callidus, and Ruminococcus bromii.
[0721] In some embodiments, the analyte is a virus. In
some embodiments, the virus is a pathogenic virus. Non-
limiting examples of pathogenic viruses belong to the fami-
lies Adenoviridae, Picornaviridae, Herpesviridae, Hepadna-
viridae, Flaviviridae, Retroviridae, Orthomyxoviridae,
Paramyxoviridae, Papovaviridae, Polyomavirus, Rhab-
doviridae, and Togaviridae.

[0722] In some embodiments, the analyte is a fungus. In
some embodiments, the fungi is a pathogenic fungus. Non-
limiting examples of pathogenic fungi belong to the genera
Asperfillus, Canidia, Cryptococcus, Histoplasma, Pneumo-
cystis, and Stachybotrys. Non-limiting examples of specific
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pathogenic fungi species include a strain of Aspergillus
clavatus, Aspergillus fumigatus, Aspergillus flavus, Canidia
albicans, Cryptococcus albidus, Cryptococcus gattii, Cryp-
tococcus laurentii, Cryptococcus neoformans, Histoplasma
capsulatum, Pneumocystis jirovecii, Pneumocystis carinii,
and Stachybotrys chartarum.

[0723] In some embodiments, the analyte is a protozoan.
In some embodiments, the analyte is a pathogenic proto-
zoan. Non-limiting examples of pathogenic protozoa belong
to the genera Acanthamoeba, Balamuthia, Cryptosporidium,
Dientamoeba, Endolimax, Entamoeba, Giardia, lodamoeba,
Leishmania, Naegleria, Plasmodium, Sappinia, Toxo-
plasma, Trichomonas, and Trypanosoma. Non-limiting
examples of specific pathogenic protozoa species include a
strain of Acanthamoeba spp., Balamuthia mandrillaris,
Cryptosporidium canis, Cryptosporidium felis, Cryptospo-
ridium hominis, Cryptosporidium meleagridis, Cryptospo-
ridium muris, Cryptosporidium parvum, Dientamoeba fra-
gilis, Endolimax nana, Entamoeba dispar, Entamoeba
hartmanni, Entamoeba histolytica, Entamoeba coli, Entam-
oeba moshkovskii, Giardia lamblia, lodamoeba butschlii,
Leishmania aethiopica, Leishmania braziliensis, Leishma-
nia chagasi, Leishmania donovani, Leishmania infantum,
Leishmania major, Leishmania mexicana, Leishmania
tropica, Naegleria fowleri, Plasmodium falciparum, Plas-
modium knowlesi, Plasmodium malariae, Plasmodium
ovale, Plasmodium vivax, Sappinia diploidea, Toxoplasma
gondii, Trichomonas vaginalis, Trypanosoma brucei, and
Trypanosoma cruzi.

[0724] Insome embodiments, the analyte is secreted by or
expressed on the cell surface of a microorganism (e.g., a
bacterium, a colonic bacterium, a viable bacterium, a dead
bacterium, a parasite (e.g., Giardia lamblia, Cryptospo-
ridium, Cystoisosporiasis belli, and Balantidium coli), a
virus (e.g., a herpes virus, a cytomegalovirus, a herpes
simplex virus, an Epstein-Barr virus, a human papilloma
virus, a rotavirus, a human herpesvirus-8; Goodgame (1999)
Curr. Gastroenterol. Rep. 1(4): 292-300). In some embodi-
ments, the analyte is secreted by or expressed on the cell
surface of a Gram-negative bacterium (e.g., E. coli, Helico-
bacter pylori). In some embodiments, the analyte is secreted
by or expressed on the cell surface (e.g., a bacterial surface
epitope) of a Gram-positive bacterium (e.g., Staphylococcus
aureus, Clostridium botulinum, Clostridium difficile).

[0725] In some embodiments, the analyte is a molecule
expressed on the surface of a bacterial cell (e.g., a bacterial
cell surface protein). In some embodiments, the analyte is a
bacterial toxin (e.g., TcdA and/or TcdB from Clostridium
difficile). In some embodiments, the analyte is CFA/I fim-
briae, flagella, lipopolysaccharide (LPS), lipoteichoic acid,
or a peptidoglycan. Non-limiting examples of bacterium that
may express an analyte that can be detected using any of the
devices and methods described herein include: Bacillus
anthracis, Bacillus cereus, Clostridium  botulinum,
Clostridium difficile, Escherichia coli, Yersinia pestis, Yers-
inia enterocolitica, Francisella tularensis, Brucella species,
Clostridium perfringens, Burkholderia mallei, Burkholderia
pseudomallei, Helicobacter pylori, Staphylococcus species,
Mycobacterium species, Group A Streptococcus, Group B
Streptococcus,  Streptococcus pneumoniae, Francisella
tularensis, Salmonella enteritidis, Mycoplasma hominis,
Mycoplasma orale, Mycoplasma salivarium, Mycoplasma
fermentans, Mycoplasma pneumoniae, Mycobacterium
bovis, Mycobacterium tuberculosis, Mycobacterium avium,
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Mycobacterium leprae, Rickettsia rickettsii, Rickettsia
akari, Rickettsia prowazekii, Rickettsia canada, Bacillus
subtilis, Bacillus subtilis niger, Bacillus thuringiensis, Cox-
iella bumetti, Candida albicans, Bacteroides fragilis, Lep-
tospira interrogans, Listeria monocytogenes, Pasteurella
multocida, Salmonella typhi, Salmonella typhimurium, Shi-
gella dysenteriae, Shigella flexneria, Shigella sonnei, Vibrio
cholera, and Vibrio parahaemolyticus.

[0726] In some embodiments, the analyte is a byproduct
from a bacterium or another microorganism, e.g., helminth
ova, enterotoxin (Clostridium difficile toxin A; TedA), cyto-
toxin (Clostridium difficile toxin B; TcdB), ammonia. In
some embodiments, the analyte is an antigen from a micro-
organism (e.g., a bacteria, virus, prion, fungus, protozoan or
a parasite).

[0727] In some embodiments, the analytes include drugs,
metabolites, pesticides, pollutants, and the like. Included
among drugs of interest are the alkaloids. Among the alka-
loids are morphine alkaloids, which includes morphine,
codeine, heroin, dextromethorphan, their derivatives and
metabolites; cocaine alkaloids, which include cocaine and
benzyl ecgonine, their derivatives and metabolites; ergot
alkaloids, which include the diethylamide of lysergic acid,
steroid alkaloids; iminazoyl alkaloids; quinazoline alka-
loids; isoquinoline alkaloids; quinoline alkaloids, which
include quinine and quinidine; diterpene alkaloids, their
derivatives and metabolites.

[0728] In some embodiments, the analyte is a steroid
selected from the estrogens, androgens, andreocortical ste-
roids, bile acids, cardiotonic glycosides and aglycones,
which includes digoxin and digoxigenin, saponins and sapo-
genins, their derivatives and metabolites. Also included are
the steroid mimetic substances, such as diethylstilbestrol.
[0729] In some embodiments, the analyte is a bile acid. In
some embodiments, the presence, absence, and/or a specific
level of one or more bile acids in the GI tract of a subject is
indicative of a condition or disease state (e.g., a GI disorder
and/or a non-GI disorder (e.g., a systemic disorder). For
example, in some embodiments, the compositions and meth-
ods described herein may be used to detect and/or quantify
a bile acid in the GI tract of the subject to diagnose a
condition such as bile acid malabsorption (also known as
bile acid diarrhea). In some embodiments, the analyte is a
metabolite in the serotonin, tryptophan and/or kynurenine
pathways, including but not limited to, serotonin (5-HT),
5-hydroxyindole acetic acid (5-HIAA), 5-hydroxytrypto-
phan (5-HTP), kynurenine (K), kynurenic acid (KA), 3-hy-
droxykynurenine  (3-HK), 3-hydroxyanthranilic acid
(3-HAA), quinolinic acid, anthranilic acid, and combina-
tions thereof. 5-HT is a molecule that plays a role in the
regulation of gastrointestinal motility, secretion, and sensa-
tion. Imbalances in the levels of 5-HT are associated with
several diseases including inflammatory bowel syndrome
(IBS), autism, gastric ulcer formation, non-cardiac chest
pain, and functional dyspepsia (see, e.g., Faure et al. (2010)
Gastroenterology 139(1): 249-58 and Muller et al. (2016)
Neuroscience 321: 24-41, and International Publication No.
WO 2014/188377, each of which are incorporated herein by
reference). Conversion of metabolites within the serotonin,
tryptophan and/or kynurenine pathways affects the levels of
5-HT in a subject. Therefore, measuring the levels of one or
more of the metabolites in this pathway may be used for the
diagnosis, management and treatment of a disease or disor-
der associated with 5-HT imbalance including but not lim-
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ited to IBS, autism, carcinoid syndrome, depression, hyper-
tension, Alzheimer’s disease, constipation, migraine, and
serotonin syndrome. One or more analytes in the serotonin,
tryptophan and/or kynurenine pathways can be detected
and/or quantitated using, for example, methods and analyte-
binding agents that bind to these metabolites including, e.g.,
antibodies, known in the art (see, e.g., International Publi-
cation No. W02014/188377, the entire contents of which
are expressly incorporated herein by reference).

[0730] In some embodiments, the analyte is a lactam
having from 5 to 6 annular members selected from barbitu-
ates, e.g., phenobarbital and secobarbital, diphenylhydan-
tonin, primidone, ethosuximide, and metabolites thereof.
[0731] Insome embodiments, the analyte is an aminoalky-
Ibenzene, with alkyl of from 2 to 3 carbon atoms, selected
from the amphetamines; catecholamines, which includes
ephedrine, L-dopa, epinephrine; narceine; papaverine; and
metabolites thereof.

[0732] In some embodiments, the analyte is a benzhetero-
cyclic selected from oxazepam, chlorpromazine, tegretol,
their derivatives and metabolites, the heterocyclic rings
being azepines, diazepines and phenothiazines.

[0733] In some embodiments, the analyte is a purine
selected from theophylline, caffeine, their metabolites and
derivatives.

[0734] In some embodiments, the analyte is marijuana,
cannabinol or tetrahydrocannabinol.

[0735] Insome embodiments, the analyte is a vitamin such
as vitamin A, vitamin B, e.g. vitamin B, ,, vitamin C, vitamin
D, vitamin E and vitamin K, folic acid, thiamine.

[0736] In some embodiments, the analyte is selected from
prostaglandins, which differ by the degree and sites of
hydroxylation and unsaturation.

[0737] In some embodiments, the analyte is a tricyclic
antidepressant selected from imipramine, dismethylimip-
ramine, amitriptyline, nortriptyline, protriptyline, trimip-
ramine, chlomipramine, doxepine, and desmethyldoxepin.
[0738] In some embodiments, the analyte is selected from
anti-neoplastics, including methotrexate.

[0739] In some embodiments, the analyte is an antibiotic
as described herein, including, but not limited to, penicillin,
chloromycetin, actinomycetin, tetracycline, terramycin, and
metabolites and derivatives.

[0740] In some embodiments, the analyte is a nucleoside
and nucleotide selected from ATP, NAD, FMN, adenosine,
guanosine, thymidine, and cytidine with their appropriate
sugar and phosphate substituents.

[0741] In some embodiments, the analyte is selected from
methadone, meprobamate, serotonin, meperidine, lidocaine,
procainamide, acetylprocainamide, propranolol, griseoful-
vin, valproic acid, butyrophenones, antihistamines, chloram-
phenicol, anticholinergic drugs, such as atropine, their
metabolites and derivatives.

[0742] In some embodiments, the analyte is a metabolite
related to a diseased state. Such metabolites include, but are
not limited to spermine, galactose, phenylpyruvic acid, and
porphyrin Type 1.

[0743] In some embodiments, the analyte is an aminogly-
coside, such as gentamicin, kanamicin, tobramycin, or ami-
kacin.

[0744] In some embodiments, the analyte is a pesticide.
Among pesticides of interest are polyhalogenated biphenyls,
phosphate esters, thiophosphates, carbamates, polyhaloge-
nated sulfenamides, their metabolites and derivatives.
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[0745] In some embodiments, the analyte has a molecular
weight of about 500 Da to about 1,000,000 Da (e.g., about
500 to about 500,000 Da, about 1,000 to about 100,000 Da).
[0746] In some embodiments, the analyte is a receptor,
with a molecular weight ranging from 10,000 to 2x10°® Da,
more usually from 10,000 to 10° Da. For immunoglobulins,
IgA, IgG, IgE and IgM, the molecular weights will generally
vary from about 160,000 Da to about 10° Da. Enzymes will
normally range in molecular weight from about 10,000 Da
to about 1,000,000 Da. Natural receptors vary widely, gen-
erally having a molecular weight of at least about 25,000 Da
and may be 10° or higher Da, including such materials as
avidin, DNA, RNA, thyroxine binding globulin, thyroxine
binding prealbumin, transcortin, etc.

[0747] In some embodiments, the term “analyte” further
includes polynucleotide analytes such as those polynucle-
otides defined below. These include m-RNA, r-RNA,
t-RNA, DNA, DNA-RNA duplexes, etc. The term analyte
also includes polynucleotide-binding agents, such as, for
example, restriction enzymes, transcription factors, tran-
scription activators, transcription repressors, nucleases,
polymerases, histones, DNA repair enzymes, intercalating
gagents, chemotherapeutic agents, and the like.

[0748] In some embodiments, the analyte may be a mol-
ecule found directly in a sample such as a body fluid from
a host. The sample can be examined directly or may be
pretreated to render the analyte more readily detectable.
Furthermore, the analyte of interest may be determined by
detecting an agent probative of the analyte of interest (i.e.,
an analyte-binding agent), such as a specific binding pair
member complementary to the analyte of interest, whose
presence will be detected only when the analyte of interest
is present in a sample. Thus, the agent probative of the
analyte becomes the analyte that is detected in an assay.
[0749] In some embodiments, the analyte a nucleic acid
(e.g., abacterial DNA molecule or a bacterial RNA molecule
(e.g., a bacterial tRNA, a transfer-messenger RNA (tm-
RNA)). See, e.g., Sjostrom et al. (2015) Scientific Reports 5:
15329; Ghosal (2017) Microbial Pathogenesis 104: 161-
163; Shen et al. (2012) Cell Host Microbe. 12(4): 509-520.
[0750] In some embodiments, the analyte is a component
of an outer membrane vesicle (OMV) (e.g., an OmpU
protein, Elluri et al. (2014) PloS One 9: e106731). See, e.g.,
Kulp and Kuehn (2010) Annual Review of microbiology 64:
163-184; Berleman and Auer (2013) Environmental micro-
biology 15: 347-354; Wai et al. (1995) Microbiology and
immunology 39: 451-456; Lindmark et al. (2009) BMC
microbiology 9: 220; Sjostrom et al. (2015) Scientific
Reports 5: 15329.

[0751] Insome embodiments, the analyte is G-CSF, which
can stimulate the bone marrow to produce granulocytes and
stem cells and release them into the bloodstream.

[0752] In some embodiments, the analyte is an enzyme
such as glutathione S-transferase. For example, the ingest-
ible device can include P28GST, a 28 kDa helminth protein
from Schistosoma with potent immunogenic and antioxidant
properties. P28GST prevents intestinal inflammation in
experimental colitis through a Th2-type response with
mucosal eosinophils and can be recombinantly produced
(e.g., in S. cerevisiae). See, for example, U.S. Pat. No.
9,593,313, Diriss et al., Mucosal Immunology, 2016 9, 322-
335; and Capron et al., Gastroenterology, 146(5):S-638.
[0753] In some embodiments, the analyte is a metabolite
in the serotonin, tryptophan and/or kynurenine pathways,
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including but not limited to, serotonin (5-HT), 5-hydroxy-
indole acetic acid (5-HIAA), 5-hydroxytryptophan (5-HTP),
kynurenine (K), kynurenic acid (KA), 3-hydroxykynurenine
(3-HK), 3-hydroxyanthranilic acid (3-HAA), quinolinic
acid, anthranilic acid, and combinations thereof.

[0754] In some embodiments, analytes are therapeutic
agents or drugs. In some embodiments, analytes are bio-
markers. The therapeutic agents disclosed herein are can
also be analytes. Examples of biomarkers are provided
herein.

[0755] In some embodiments, analytes are therapeutic
agents, fragments thereof, and metabolites thereof (e.g.,
antibiotics). In some embodiments, the analytes are antibod-
ies. In some embodiments, the analytes are antibiotics.
Additional exemplary analytes (e.g., antibodies and antibi-
otics) are provided below.

[0756] a. Antibodies

[0757] In some embodiments, the analyte or the analyte-
binding agent is an antibody. An “antibody” is an immuno-
globulin molecule capable of specific binding to a target,
such as a carbohydrate, polynucleotide, lipid, polypeptide,
etc., through at least one antigen recognition site, located in
the variable region of the immunoglobulin molecule. As
used herein, the term encompasses not only intact polyclonal
or monoclonal antibodies, but also fragments thereof (such
as Fab, Fab', F(ab")2, Fv), single chain (ScFv) and domain
antibodies), and fusion proteins including an antibody por-
tion, and any other modified configuration of the immuno-
globulin molecule that includes an antigen recognition site.
The term antibody includes antibody fragments (e.g., anti-
gen-binding fragments) such as an Fv fragment, a Fab
fragment, a F(ab")2 fragment, and a Fab' fragment. Addi-
tional examples of antigen-binding fragments include an
antigen-binding fragment of an IgG (e.g., an antigen-binding
fragment of IgG1, I1gG2, IgG3, or 1gG4) (e.g., an antigen-
binding fragment of a human or humanized IgG, e.g., human
or humanized IgGl, 1gG2, IgG3, or 1gG4); an antigen-
binding fragment of an IgA (e.g., an antigen-binding frag-
ment of IgA1l or IgA2) (e.g., an antigen-binding fragment of
a human or humanized IgA, e.g., a human or humanized
IgAl or IgA2); an antigen-binding fragment of an IgD (e.g.,
an antigen-binding fragment of a human or humanized IgD);
an antigen-binding fragment of an IgE (e.g., an antigen-
binding fragment of a human or humanized IgE); or an
antigen-binding fragment of an IgM (e.g., an antigen-bind-
ing fragment of a human or humanized IgM). An antibody
includes an antibody of any class, such as IgG, IgA, or IgM
(or sub-class thereof), and the antibody need not be of any
particular class. Depending on the antibody amino acid
sequence of the constant domain of its heavy chains, immu-
noglobulins can be assigned to different classes. There are
five major classes of immunoglobulins: IgA, IgD, IgE, IgG,
and IgM, and several of these may be further divided into
subclasses (isotypes), e.g., 1gG1, 1gG2, 1gG3, 1gG4, IgAl
and IgA2. The heavy-chain constant domains that corre-
spond to the different classes of immunoglobulins are called
alpha, delta, epsilon, gamma, and mu, respectively. The
subunit structures and three-dimensional configurations of
different classes of immunoglobulins are well known.
[0758] As used herein, “monoclonal antibody” refers to an
antibody obtained from a population of substantially homo-
geneous antibodies, i.e., the individual antibodies including
the population are identical except for possible naturally-
occurring mutations that may be present in minor amounts.
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Monoclonal antibodies are highly specific, being directed
against a single antigenic site. Furthermore, in contrast to
polyclonal antibody preparations, which typically include
different antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. The modifier “monoclo-
nal” indicates the character of the antibody as being obtained
from a substantially homogeneous population of antibodies,
and is not to be construed as requiring production of the
antibody by any particular method. For example, the mono-
clonal antibodies to be used in accordance with the present
invention may be made by the hybridoma method first
described by Kohler and Milstein, 1975, Nature 256:495, or
may be made by recombinant DNA methods such as
described in U.S. Pat. No. 4,816,567. The monoclonal
antibodies may also be isolated from phage libraries gener-
ated using the techniques described in McCafferty et al.,
1990, Nature 348:552-554, for example.

[0759] A “variable region” of an antibody refers to the
variable region of the antibody light chain or the variable
region of the antibody heavy chain, either alone or in
combination. As known in the art, the variable regions of the
heavy and light chain each consist of four framework
regions (FR) connected by three complementarity determin-
ing regions (CDRs) that contain hypervariable regions. The
CDRs in each chain are held together in close proximity by
the FRs and, with the CDRs from the other chain, contribute
to the formation of the antigen-binding site of antibodies.
There are at least two techniques for determining CDRs: (1)
an approach based on cross-species sequence variability
(i.e., Kabat et al. Sequences of Proteins of Immunological
Interest, (5th ed., 1991, National Institutes of Health,
Bethesda Md.)); and (2) an approach based on crystallo-
graphic studies of antigen-antibody complexes (Al-Lazikani
et al, 1997, J. Molec. Biol. 273:927-948). As used herein, a
CDR may refer to CDRs defined by either approach or by a
combination of both approaches.

[0760] As known in the art, a “constant region” of an
antibody refers to the constant region of the antibody light
chain or the constant region of the antibody heavy chain,
either alone or in combination.

[0761] A “derivative” refers to any polypeptide (e.g., an
antibody) having a substantially identical amino acid
sequence to the naturally occurring polypeptide, in which
one or more amino acids have been modified at side groups
of the amino acids (e.g., an biotinylated protein or antibody).
The term “derivative” shall also include any polypeptide
(e.g., an antibody) which has one or more amino acids
deleted from, added to, or substituted from the natural
polypeptide sequence, but which retains a substantial amino
acid sequence homology to the natural sequence. A substan-
tial sequence homology is any homology greater than 50
percent.

[0762] In some embodiments, the antibody can be a
humanized antibody, a chimeric antibody, a multivalent
antibody, or a fragment thereof. In some embodiments, an
antibody can be a scFv-Fc (Sokolowska-Wedzina et al., Mol.
Cancer Res. 15(8):1040-1050, 2017), a VHH domain (Li et
al., Immunol. Lett. 188:89-95, 2017), a VNAR domain
(Hasler et al., Mol. Immunol. 75:28-37, 2016), a (scFv),, a
minibody (Kim et al., PLoS One 10(1):e113442, 2014), or a
BiTE. In some embodiments, an antibody can be a DVD-Ig
(Wu et al., Nat. Biotechnol. 25(11): 1290-1297, 2007; WO
08/024188; WO 07/024715), and a dual-affinity re-targeting

IPR2023-01444

Aug. 20, 2020

antibody (DART) (Tsai et al, Mol Ther Oncolytics
3:15024, 2016), a triomab (Chelius et al., MAbs 2(3):309-
319, 2010), kih IgG with a common L.C (Kontermann et al.,
Drug Discovery Today 20(7):838-847, 2015), a crossmab
(Regula et al., EMBO Mol. Med. 9(7):985, 2017), an ortho-
Fab IgG (Kontermann et al., Drug Discovery Today 20(7):
838-847, 2015), a 2-in-1-IgG (Kontermann et al., Drug
Discovery Today 20(7):838-847, 2015), IgG-scFv (Cheal et
al., Mol. Cancer Ther. 13(7):1803-1812, 2014), scFv2-Fc
(Natsume et al., J. Biochem. 140(3):359-368, 2006), a
bi-nanobody (Kontermann et al., Drug Discovery Today
20(7):838-847, 2015), tanden antibody (Kontermann et al.,
Drug Discovery Today 20(7):838-847, 2015), a DART-Fc
(Kontermann et al., Drug Discovery Today 20(7):838-847,
2015), a scFv-HSA-scFv (Kontermann et al., Drug Discov-
ery Today 20(7):838-847,2015), DNL-Fab3 (Kontermann et
al., Drug Discovery Today 20(7):838-847, 2015), DAF (two-
in-one or four-in-one), DutaMab, DT-IgG, knobs-in-holes
common LC, knobs-in-holes assembly, charge pair antibody,
Fab-arm exchange antibody, SEEDbody, Triomab, LUZ-Y,
Fcab, kh-body, orthogonal Fab, DVD-IgG, IgG(H)-scFv,
scFv-(H)IgG, IgG(L)-scFv, scFv-(L)-1gG, IgG (L,H)-Fc,
IgG(H)-V, V(H)-1gG, IgG(L)-V, V(L)-1gG, KIH IgG-scFab,
2scFv-1gG, 1gG-2scFv, scFv4-Ig, Zybody, DVI-IgG, nano-
body (e.g., antibodies derived from Camelus bactriamus,
Calelus dromaderius, or Lama paccos) (U.S. Pat. No. 5,759,
808; Stijlemans et al., J. Biol. Chem. 279:1256-1261, 2004,
Dumoulin et al., Nature 424:783-788, 2003; and Plesch-
berger et al., Bioconjugate Chem. 14:440-448, 2003), nano-
body-HSA, a diabody (e.g., Poljak, Structure 2(12): 1121-
1123, 1994; Hudson et al., J. Immunol. Methods 23(1-2):
177-189, 1999), a TandAb (Reusch et al., mAbs 6(3):727-
738, 2014), scDiabody (Cuesta et al., Trends in Biotechnol.
28(7):355-362, 2010), scDiabody-CH3 (Sanz et al., Trends
in Immunol. 25(2):85-91, 2004), Diabody-CH3 (Guo et al.),
Triple Body, miniantibody, minibody, TriBi minibody, scFv-
CH3 KIH, Fab-scFv, scFv-CH-CL-scFv, F(ab")2-scFV2,
scFv-KIH, Fab-scFv-Fc, tetravalent HCADb, scDiabody-Fc,
diabody-Fc, tandem scFv-Fc, intrabody (Huston et al.,
Human Antibodies 10(3-4): 127-142, 2001; Wheeler et al.,
Mol. Ther. 8(3):355-366, 2003; Stocks, Drug Discov. Today
9(22):960-966, 2004), dock and lock bispecific antibody,
ImmTAC, HSAbody, scDiabody-HSA, tandem scFv, IgG-
IgG, Cov-X-Body, and scFv1-PEG-scFv2.

[0763] In some embodiments, an antibody can be an
IgNAR, a bispecific antibody (Milstein and Cuello, Nature
305:537-539, 1983; Suresh et al., Methods in Enzymology
121:210, 1986; WO 96/27011; Brennan et al., Science
229:81, 1985; Shalaby et al., J. Exp. Med. 175:217-225,
1992; Kolstelny et al., J. Immunol. 148(5):1547-1553, 1992;
Hollinger et al., Proc. Natl. Acad. Sci. U.S.A4. 90:6444-6448,
1993; Gruber et al., J. Immunol. 152:5368, 1994; Tutt et al.,
J. Immunol. 147:60, 1991), a bispecific diabody, a triabody
(Schoonooghe et al., BMC Biotechnol. 9:70, 2009), a tetra-
body, scFv-Fc knobs-into-holes, a scFv-Fc-scFv, a (Fab-
'scFv),, a V-IgG, a IvG-V, a dual V domain IgG, a heavy
chain immunoglobulin or a camelid (Holt et al., Trends
Biotechnol. 21(11):484-490, 2003), an intrabody, a mono-
clonal antibody (e.g., a human or humanized monoclonal
antibody), a heteroconjugate antibody (e.g., U.S. Pat. No.
4,676,980), a linear antibody (Zapata et al., Protein Eng.
8(10:1057-1062, 1995), a trispecific antibody (Tutt et al., J.
Immunol. 147:60, 1991), a Fabs-in-Tandem immunoglobu-
lin (WO 15/103072), or a humanized camelid antibody.
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[0764] In some embodiments, the antibody binds specifi-
cally to a metabolite in the serotonin, tryptophan and/or
kynurenine pathways, including but not limited to, serotonin
(5-HT), 5-hydroxyindole acetic acid (5-HIAA), 5-hy-
droxytryptophan (5-HTP), kynurenine (K), kynurenic acid
(KA), 3-hydroxykynurenine (3-HK), 3-hydroxyanthranilic
acid (3-HAA), quinolinic acid, anthranilic acid. Exemplary
antibodies that bind to metabolites in these pathways are
disclosed, for example, in International Publication No.
‘W02014/188377, the entire contents of which are incorpo-
rated herein by reference.

[0765] In some embodiments, the antibody is specific for
a particular genus, species, or strain of a microorganism, and
may therefore be used for the detection, analysis and/or
quantitation of the microorganism using the detection meth-
ods described below. In some embodiments, the antibody
specifically binds to a surface-specific biomolecule (e.g., a
pilus subunit or a flagella protein) present in a particular
genus, species or strain of microorganism, and does not
cross-react with other microorganisms. In some embodi-
ments, these antibodies may be used in the methods
described herein to diagnose a subject with a particular
infection or disease, or to monitor an infection (e.g., during
or after treatment). In some embodiments, the antibody
specifically binds to an antigen present in a particular
genera, species or strain of a microorganism. Exemplary
antigens, the corresponding microorganism that can be
detected, and the disease caused by the microorganism (in
parentheticals) include: outer membrane protein A OmpA
(Acinetobacter baumannii, Acinetobacter infections)); HIV
p24 antigen, HIV Envelope proteins (Gp120, Gp41, Gp160)
(HIV (Human immunodeficiency virus), AIDS (Acquired
immunodeficiency syndrome)); galactose-inhibitable adher-
ence protein GIAP, 29 kDa antigen Eh29, GaVGalNAc
lectin, protein CRT, 125 kDa immunodominant antigen,
protein M17, adhesin ADH112, protein STIRP (Entamoeba
histolytica, Amoebiasis); protective Antigen PA, edema fac-
tor EF, lethal factor LF, the S-layer homology proteins SLH
(Bacillus anthracis, Anthrax); nucleocapsid protein NP, gly-
coprotein precursor GPC, glycoprotein GP1, glycoprotein
GP2 (Junin virus, Argentine hemorrhagic fever); 41 kDa
allergen Asp v13, allergen Asp {3, major conidial surface
protein rodlet A, protease Peplp, GPI-anchored protein
Gellp, GPl-anchored protein Crflp (4spergillus genus,
Aspergillosis); outer surface protein A OspA, outer surface
protein OspB, outer surface protein OspC, decorin binding
protein A DbpA, flagellar filament 41 kDa core protein Fla,
basic membrane protein A precursor BmpA (Immunodomi-
nant antigen P39), outer surface 22 kDa lipoprotein precur-
sor (antigen IPLA7), variable surface lipoprotein vIsE (Bor-
relia genus, Borrelia infection); OmpA-like transmembrane
domain-containing protein Omp31, immunogenic 39-kDa
protein M5 P39, 25 kDa outer-membrane immunogenic
protein precursor Omp25, outer membrane protein MotY
Ompl6, conserved outer membrane protein D15, malate
dehydrogenase Mdh, component of the Type-IV secretion
system (T4SS) Virl, lipoprotein of unknown function
BABI1-0187 (Brucella genus, Brucellosis); major outer
membrane protein PorA, flagellin FlaA, surface antigen
CjaA, fibronectin binding protein CadF, aspartate/gluta-
mate-binding ABC transporter protein PeblA, protein
FspAl, protein FspA2 (Campylobacter genus, Campylobac-
teriosis); glycolytic enzyme enolase, secreted aspartyl pro-
teinases SAP1-10, glycophosphatidylinositol (GPI)-linked
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cell wall protein, adhesin Als3p, cell surface hydrophobicity
protein CSH (usually Candida albicans and other Candida
species, Candidiasis); envelope glycoproteins (gB, gC, gE,
gH, gl, gK, gl) (Varicella zoster virus (VZV), Chickenpox);
major outer membrane protein MOMP, probable outer mem-
brane protein PMPC, outer membrane complex protein B
OmceB (Chlamydia trachomatis, Chlamydia); major outer
membrane protein MOMP, outer membrane protein 2 Omp?2,
(Chlamydophila pneumoniae, Chlamydophila pneumoniae
infection); outer membrane protein U Porin ompU, (Vibrio
cholerae, Cholera); surface layer proteins SLPs, Cell Wall
Protein CwpV, flagellar protein FIiC, flagellar protein FliD
(Clostridium difficile, Clostridium difficile infection); acidic
ribosomal protein P2 CpP2, mucin antigens Mucl, Muc2,
Muc3 Muc4, MucS, Muc6, Muc7, surface adherence protein
CP20, surface adherence protein CP23, surface protein
CP12, surface protein CP21, surface protein CP40, surface
protein CP60, surface protein CP15, surface-associated gly-
copeptides gp40, surface-associated glycopeptides gpl5,
oocyst wall protein AB, profilin PRF, apyrase (Cryptospo-
ridium genus, Cryptosporidiosis); membrane protein ppl5,
capsid-proximal tegument protein pp150 (Cytomegalovirus,
Cytomegalovirus infection); prion protein (vCID prion,
Variant Creutzfeldt-Jakob disease (vCID, nvCJID)); cyst
wall proteins CWP1, CWP2, CWP3, variant surface protein
VSP, VSP1, VSP2, VSP3, VSP4, VSP5, VSP6, 56 kDa
antigen (Giardia intestinalis, Giardiasis); minor pilin-asso-
ciated subunit pilC, major pilin subunit and variants pilE,
pilS (Neisseria gonorrhoeae, Gonorrhea); outer membrane
protein A OmpA, outer membrane protein C OmpC, outer
membrane protein K17 OmpK17 (Klebsiella granulomatis,
Granuloma inguinale (Donovanosis)); fibronectin-binding
protein Stb (Streptococcus pyogenes, Group A streptococcal
infection); outer membrane protein P6 (Haemophilus influ-
enzae, Haemophilus influenzae infection); integral mem-
brane proteins, aggregation-prone proteins, O-antigen,
toxin-antigens Stx2B, toxin-antigen Stx1B, adhesion-anti-
gen fragment Int28, protein EspA, protein EspB, Intimin,
protein Tir, protein IntC300, protein Eae (Escherichia coli
0157:H7, O111 and O104:H4, Hemolytic-uremic syndrome
(HUS)); hepatitis A surface antigen HBAg (Hepatitis A
Virus, Hepatitis A); hepatitis B surface antigen HBsAg
(Hepatitis B Virus, Hepatitis B); envelope glycoprotein El
gp32 gp35, envelope glycoprotein E2 NS1 gp68 gp70,
capsid protein C, (Hepatitis C Virus, Hepatitis C); type IV
pilin PilE, outer membrane protein MIP, major outer mem-
brane protein MompS (Legionella pneumophila, Legionel-
losis (Legionnaires’ disease, Pontiac fever)); minor pilin-
associated subunit pilC, major pilin subunit and variants
pilE, pilS (Neisseria meningitidis, Meningococcal disease);
adhesin P1, adhesion P30 (Mycoplasma preumoniae, Myco-
plasma pneumonia); F1 capsule antigen, outer membrane
protease Pla, (Yersinia pestis, Plague); surface adhesin PsaA,
cell wall surface anchored protein psrP (Streptococcus preu-
moniae, Pneumococcal infection); flagellin FliC, invasion
protein SipC, glycoprotein gp43, outer membrane protein
LamB, outer membrane protein PagC, outer membrane
protein TolC, outer membrane protein NmpC, outer mem-
brane protein Fadl, transport protein SadA (Sa/monella
genus, Salmonellosis); collagen adhesin Cna, fibronectin-
binding protein A FnbA, secretory antigen SssA (Staphylo-
coccus genus, Staphylococcal food poisoning); collagen
adhesin Can (Staphylococcus genus, Staphylococcal infec-
tion); fibronectin-binding protein A FbpA (Ag85A),
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fibronectin-binding protein D FbpD, fibronectin-binding
protein C FbpCl, heat-shock protein HSP65, protein PST-S
(Mycobacterium tuberculosis, Tuberculosis); and outer
membrane protein FobA, outer membrane protein FobB,
type IV pili glycosylation protein, outer membrane protein
tolC, protein TolQ (Francisella tularensis, Tularemia).
Additional exemplary microorganisms and corresponding
antigens are disclosed, e.g., in U.S. Publication No. 2015/
0118264, the entire contents of which are expressly incor-
porated herein by reference.

[0766] In some embodiments, a plurality of antibodies
(eg, 2,3,4,5,6,7, 8,9, 10, 15, 20, 25, 30, or more
antibodies) are used as analyte-binding agents in any of the
methods described herein (e.g., to detect the presence of one
or more analytes in a sample). In some embodiments, the
plurality of antibodies bind to the same analyte (e.g., an
antigen). In some embodiments, the plurality of antibodies
bind to the same epitope present on the analyte (e.g., an
antigen). In some embodiments, the plurality of antibodies
bind to different epitopes present on the same analyte. In
some embodiments, the plurality of antibodies bind to
overlapping epitopes present on the same analyte. In some
embodiments, the plurality of antibodies bind to non-over-
lapping epitopes present on the same analyte.

[0767] b. Antibiotics

[0768] In some embodiments, the analyte or analyte-
binding agent is an antibiotic. An “antibiotic” or “antibiotic
agent” refers to a substance that has the capacity to inhibit
or slow down the growth of, or to destroy bacteria and/or
other microorganisms. In some embodiments, the antibiotic
agent is a bacteriostatic antibiotic agent. In some embodi-
ments, the antibiotic is a bacteriolytic antibiotic agent.
Exemplary antibiotic agents are set forth in the U.S. Patent
Publication US 2006/0269485, which is hereby incorporated
by reference herein in its entirety.

[0769] In some embodiments, the antibiotic agent is
selected from the classes consisting of beta-lactam antibi-
otics, aminoglycosides, ansa-type antibiotics, anthraquino-
nes, antibiotic azoles, antibiotic glycopeptides, macrolides,
antibiotic nucleosides, antibiotic peptides, antibiotic
polyenes, antibiotic polyethers, quinolones, antibiotic ste-
roids, sulfonamides, tetracycline, dicarboxylic acids, antibi-
otic metals, oxidizing agents, substances that release free
radicals and/or active oxygen, cationic antimicrobial agents,
quaternary ammonium compounds, biguanides, triguanides,
bisbiguanides and analogs and polymers thereof and natu-
rally occurring antibiotic compounds. In some embodi-
ments, the antibiotic is rifaximin.

[0770] Beta-lactam antibiotics include, but are not limited
to, 2-(3-alanyl)clavam, 2-hydroxymethylclavam, 8-epi-
thienamycin, acetyl-thienamycin, amoxicillin, amoxicillin
sodium, amoxicillin trihydrate, amoxicillin-potassium cla-
vulanate combination, ampicillin, ampicillin sodium, ampi-
cillin trihydrate, ampicillin-sulbactam, apalcillin, aspoxicil-
lin, azidocillin, azlocillin, aztreonam, bacampicillin,
biapenem, carbenicillin, carbenicillin disodium, carfecillin,
carindacillin, carpetimycin, cefacetril, cefaclor, cefadroxil,
cefalexin, cefaloridine, cefalotin, cefamandole, cefaman-
dole, cefapirin, cefatrizine, cefatrizine propylene glycol,
cefazedone, cefazolin, cefbuperazone, cefcapene, cefcapene
pivoxil hydrochloride, cefdinir, cefditoren, cefditoren piv-
oxil, cefepime, cefetamet, cefetamet pivoxil, cefixime,
cefinenoxime, cefinetazole, cefminox, cefiminox, cef-
molexin, cefodizime, cefonicid, cefoperazone, ceforanide,
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cefoselis, cefotaxime, cefotetan, cefotiam, cefoxitin, cefo-
zopran, cefpiramide, cefpirome, cefpodoxime, cefpodoxime
proxetil, cefprozil, cefquinome, cefradine, cefroxadine, cef-
sulodin, ceftazidime, cefteram, cefteram pivoxil, ceftezole,
ceftibuten, ceftizoxime, ceftriaxone, cefuroxime, cefurox-
ime axetil, cephalosporin, cephamycin, chitinovorin, cicla-
cillin, clavulanic acid, clometocillin, cloxacillin, cycloser-
ine, deoxy pluracidomycin, dicloxacillin, dihydro
pluracidomycin, epicillin, epithienamycin, ertapenem, faro-
penem, flomoxef, flucloxacillin, hetacillin, imipenem,
lenampicillin, loracarbef, mecillinam, meropenem, metam-
picillin, meticillin, mezlocillin, moxalactam, nafcillin,
northienamycin, oxacillin, panipenem, penamecillin, peni-
cillin, phenethicillin, piperacillin, tazobactam, pivampicil-
lin, pivcefalexin, pivmecillinam, pivmecillinam hydrochlo-
ride, pluracidomycin, propicillin, sarmoxicillin, sulbactam,
sulbenicillin, talampicillin, temocillin, terconazole, thien-
amycin, ticarcillin and analogs, salts and derivatives thereof.

[0771] Aminoglycosides include, but are not limited to,
1,2'-N-DL-isoseryl-3',4'-dideoxykanamycin B, 1,2'-N-DL-
isoseryl-kanamycin B, 1,2'-N—[(S)-4-amino-2-hydroxybu-
tyryl]-3',4'-dideoxykanamycin B, 1,2'-N—[(S)-4-amino-2-

hydroxybutyryl]-kanamycin B, 1-N-(2-
Aminobutanesulfonyl) kanamycin A, 1-N-(2-
aminoethanesulfonyl)3',4'-dideoxyribostamycin,  1-N-(2-
Aminoethanesulfonyl)3'-deoxyribostamycin, 1-N-(2-
aminoethanesulfonyl)3'4'-dideoxykanamycin B, 1-N-(2-
aminoethanesulfonyl)kanamycin A, 1-N-(2-
aminoethanesulfonyl)kanamycin B, 1-N-(2-
aminoethanesulfonyl)ribostamycin, 1-N-(2-
aminopropanesulfonyl)3'-deoxykanamycin B,  1-N-(2-

aminopropanesulfonyl)3'4'-dideoxykanamycin B, 1-N-(2-
aminopropanesulfonyl)kanamycin A, 1-N-(2-
aminopropanesulfonyl)kanamycin B, 1-N-(L-4-amino-2-
hydroxy-butyryl)2,'3'-dideoxy-2'-fluorokanamycin A, 1-N-
(L-4-amino-2-hydroxy-propionyl)2,'3'-dideoxy-2'-
fluorokanamycin A, 1-N-DL-3'4'-dideoxy-
isoserylkanamycin B, 1-N-DL-isoserylkanamycin, 1-N-DL-
isoserylkanamycin B, 1-N-[L-(-)-(alpha-hydroxy-gamma-
aminobutyryl)]-XK-62-2,2'3'-dideoxy-2'-fluorokanamycin
A,2-hydroxygentamycin A3,2-hydroxygentamycin B, 2-hy-
droxygentamycin B1, 2-hydroxygentamycin JI-20A, 2-hy-
droxygentamycin JI-20B, 3"-N-methyl-4"-C-methyl-3',4'-
dodeoxy kanamycin A, 3"-N-methyl-4"-C-methyl-3'4'-
dodeoxy kanamycin B, 3"-N-methyl-4"-C-methyl-3'4'-
dodeoxy-6'-methyl kanamycin B, 3'.4'-Dideoxy-3'-eno-
ribostamycin,3',4'-dideoxyneamine,3',4'-
dideoxyribostamycin, 3'-deoxy-6'-N-methyl-kanamycin
B,3'-deoxyneamine,3'-deoxyribostamycin, 3'-oxysaccharo-
cin,3,3'-nepotrehalosadiamine, 3-demethoxy-2"-N-formim-
idoylistamycin B disulfate tetrahydrate, 3-demethoxyis-
tamycin  B,3-O-demethyl-2-N-formimidoylistamycin B,
3-O-demethylistamycin  B,3-trehalosamine,4",6"-dideoxy-
dibekacin, 4-N-glycyl-KA-6606VI, 5"-Amino-3',4',5"-tride-
oxy-butirosin A, 6"-deoxydibekacin,6'-epifortimicin A,
6-deoxy-neomycin (structure 6-deoxy-neomycin B),6-de-
oxy-neomycin B, 6-deoxy-neomycin C, 6-deoxy-paromo-
mycin, acmimycin, AHB-3',4'-dideoxyribostamycin, AHB-
3'-deoxykanamycin B, AHB-3'-deoxyneamine, AHB-3'-
deoxyribostamycin, AHB-4"-6"-dideoxydibekacin, AHB-
6"-deoxydibekacin, AHB-dideoxyneamine, AHB-
kanamycin B, AHB-methyl-3'-deoxykanamycin B,
amikacin, amikacin sulfate, apramycin, arbekacin, astromi-
cin, astromicin sulfate, bekanamycin, bluensomycin, bohol-
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mycin, butirosin, butirosin B, catenulin, coumamidine gam-
mal, coumamidine gamma?2,D,I.-1-N-(alpha-hydroxy-beta-
aminopropionyl)-XK-62-2, dactimicin, de-O-methyl-4-N-
glycyl-KA-6606VI, de-O-methyl-KA-66061, de-O-methyl-
KA-70381, destomycin A, destomycin B, di-N6',03-
demethylistamycin A, dibekacin, dibekacin sulfate,
dihydrostreptomycin, dihydrostreptomycin sulfate, epi-for-
mamidoylglycidylfortimicin B, epihygromycin, formim-
idoyl-istamycin A, formimidoyl-istamycin B, fortimicin B,
fortimicin C, fortimicin D, fortimicin KE, fortimicin KF,
fortimicin KG, fortimicin KG1 (stereoisomer KG1/KG2),
fortimicin KG2 (stereoisomer KG1/KG2), fortimicin KG3,
framycetin, framycetin sulphate, gentamicin, gentamycin
sulfate, globeomycin, hybrimycin Al, hybrimycin A2,
hybrimycin B1, hybrimycin B2, hybrimycin C1, hybrimycin
C2, hydroxystreptomycin, hygromycin, hygromycin B, ise-
pamicin, isepamicin sulfate, istamycin, kanamycin, kanamy-
cin sulphate, kasugamycin, lividomycin, marcomycin,
micronomicin, micronomicin sulfate, mutamicin, myomy-
cin, N-demethyl-7-O-demethylcelesticetin, demethylce-
lesticetin, methanesulfonic acid derivative of istamycin,
nebramycin, nebramycin, neomycin, netilmicin, oligostatin,
paromomycin, quintomycin, ribostamycin, saccharocin, sel-
domyecin, sisomicin, sorbistin, spectinomycin, streptomycin,
tobramycin, trehalosmaine, trestatin, validamycin, verdamy-
cin, Xylostasin, zygomycin and analogs, salts and derivatives
thereof.

[0772] Ansa-type antibiotics include, but are not limited
to, 21-hydroxy-25-demethyl-25-methylth ioprotostreptova-
ricin, 3-methylth iorifamycin, ansamitocin, atropisostrepto-
varicin, awamycin, halomicin, maytansine, naphthomycin,
rifabutin, rifamide, rifampicin, rifamycin, rifapentine, rifaxi-
min (e.g., Xifaxan®), rubradirin, streptovaricin, tolypomy-
cin and analogs, salts and derivatives thereof.

[0773] Aatibiotic anthraquinones include, but are not lim-
ited to, auramycin, cinerubin, ditrisarubicin, ditrisarubicin
C, figaroic acid fragilomycin, minomycin, rabelomycin,
rudolfomycin, sulfurmycin and analogs, salts and deriva-
tives thereof.

[0774] Antibiotic azoles include, but are not limited to,
azanidazole, bifonazole, butoconazol, chlormidazole, chlo-
rmidazole hydrochloride, cloconazole, cloconazole mono-
hydrochloride, clotrimazol, dimetridazole, econazole, econ-
azole nitrate, enilconazole, fenticonazole, fenticonazole
nitrate, fezatione, fluconazole, flutrimazole, isoconazole,
isoconazole nitrate, itraconazole, ketoconazole, lanocon-
azole, metronidazole, metronidazole benzoate, miconazole,
miconazole nitrate, neticonazole, nimorazole, niridazole,
omoconazol, ornidazole, oxiconazole, oxiconazole nitrate,
propenidazole, secnidazol, sertaconazole, sertaconazole
nitrate, sulconazole, sulconazole nitrate, tinidazole, tiocon-
azole, voriconazol and analogs, salts and derivatives thereof.
[0775] Aantibiotic glycopeptides include, but are not lim-
ited to, acanthomycin, actaplanin, avoparcin, balhimycin,
bleomycin B (copper bleomycin), chloroorienticin, chlo-
ropolysporin, demethylvancomycin, enduracidin, galacar-
din, guanidylfungin, hachimycin, demethylvancomycin,
N-nonanoyl-teicoplanin, phleomycin, platomycin, ristoce-
tin, staphylocidin, talisomycin, teicoplanin, vancomycin,
victomyecin, xylocandin, zorbamycin and analogs, salts and
derivatives thereof.

[0776] Macrolides include, but are not limited to, acetyl-
leucomycin, acetylkitasamycin, angolamyecin, azithromycin,
bafilomycin, brefeldin, carbomycin, chalcomycin, cirramy-
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cin, clarithromycin, concanamycin, deisovaleryl-niddamy-
cin, demycinosyl-mycinamycin, Di-O-methyltiacumicidin,
dirithromycin, erythromycin, erythromycin estolate, eryth-
romycin ethyl succinate, erythromycin lactobionate, eryth-
romycin stearate, flurithromycin, focusin, foromacidin, hat-
erumalide, haterumalide, josamycin, josamycin ropionate,
juvenimycin, juvenimycin, kitasamycin, ketotiacumicin,
lankavacidin, lankavamycin, leucomycin, machecin,
maridomycin, megalomicin, methylleucomycin, methymy-
cin, midecamycin, miocamycin, mycaminosyltylactone,
mycinomycin, neutramycin, niddamycin, nonactin, olean-
domycin, phenylacetyideltamycin, pamamycin, picromycin,
rokitamycin, rosaramicin, roxithromycin, sedecamycin,
shincomycin, spiramycin, swalpamycin, tacrolimus,
telithromycin, tiacumicin, tilmicosin, treponemycin, trole-
andomyecin, tylosin, venturicidin and analogs, salts and
derivatives thereof.

[0777] Antibiotic nucleosides include, but are not limited
to, amicetin, angustmycin, azathymidine, blasticidin S,
epiroprim, flucytosine, gougerotin, mildiomycin, nikkomy-
cin, nucleocidin, oxanosine, oxanosine, puromycin, pyrazo-
mycin, showdomycin, sinefungin, sparsogenin, spicamycin,
tunicamycin, uracil polyoxin, vengicide and analogs, salts
and derivatives thereof.

[0778] Antibiotic peptides include, but are not limited to,
actinomycin, aculeacin, alazopeptin, amfomycin, amythia-
mycin, antifungal from Zalerion arboricola, antrimycin,
apid, apidaecin, aspartocin, auromomycin, bacileucin, bac-
illomycin, bacillopeptin, bacitracin, bagacidin, beminamy-
cin, beta-alanyl-L-tyrosine, bottromycin, capreomycin,
caspofungine, cepacidine, cerexin, cilofungin, circulin,
colistin, cyclodepsipeptide, cytophagin, dactinomycin, dap-
tomycin, decapeptide, desoxymulundocandin, echanomy-
cin, echinocandin B, echinomycin, ecomycin, enniatin,
etamycin, fabatin, ferrimycin, ferrimycin, ficellomycin,
fluoronocathiacin, fusaricidin, gardimycin, gatavalin, globo-
peptin, glyphomycin, gramicidin, herbicolin, iomycin, itu-
rin, iyomyecin, izupeptin, janiemycin, janthinocin, jolipeptin,
katanosin, killertoxin, lipopeptide antibiotic, lipopeptide
from Zalerion sp., lysobactin, lysozyme, macromomycin,
magainin, melittin, mersacidin, mikamycin, mureidomycin,
mycoplanecin, mycosubtilin, neopeptifluorin, neoviridogri-
sein, netropsin, nisin, nocathiacin, nocathiacin 6-deoxygly-
coside, nosiheptide, octapeptin, pacidamycin, pentadeca-
peptide, peptifluorin, permetin, phytoactin, phytostreptin,
planothiocin, plusbacin, polcillin, polymyxin antibiotic
complex, polymyxin B, polymyxin B1, polymyxin F, pre-
neocarzinostatin, quinomycin, quinupristin-dalfopristin,
safracin, salmycin, salmycin, salmycin, sandramycin, sara-
mycetin, siomycin, sperabillin, sporamycin, a Streptomyces
compound, subtilin, teicoplanin aglycone, telomycin, ther-
mothiocin, thiopeptin, thiostrepton, tridecaptin, tsushimy-
cin, tuberactinomycin, tuberactinomycin, tyrothricin,
valinomycin, viomycin, virginiamycin, zervacin and ana-
logs, salts and derivatives thereof.

[0779] In some embodiments, the antibiotic peptide is a
naturally-occurring peptide that possesses an antibacterial
and/or an antifungal activity. Such peptide can be obtained
from an herbal or a vertebrate source.

[0780] Polyenes include, but are not limited to, ampho-
tericin, amphotericin, aureofungin, ayfactin, azalomycin,
blasticidin, candicidin, candicidin methyl ester, candimycin,
candimycin methyl ester, chinopricin, filipin, flavofungin,
fradicin, hamycin, hydropricin, levorin, lucensomycin, luc-
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knomycin, mediocidin, mediocidin methyl ester, mepartri-
cin, methylamphotericin, natamycin, niphimycin, nystatin,
nystatin methyl ester, oxypricin, partricin, pentamycin, per-
imycin, pimaricin, primycin, proticin, rimocidin, sistomy-
cosin, sorangicin, trichomycin and analogs, salts and deriva-
tives thereof.

[0781] Polyethers include, but are not limited to, 20-de-
oxy-epi-narasin, 20-deoxysalinomycin, carriomycin, diane-
mycin, dihydrolonomycin, etheromycin, ionomycin, iso-
lasalocid, lasalocid, lenoremycin, lonomycin, lysocellin,
monensin, narasin, oxolonomycin, a polycyclic ether anti-
biotic, salinomycin and analogs, salts and derivatives
thereof.

[0782] Quinolones include, but are not limited to, an
alkyl-methylendioxy-4(1H)-oxocinnoline-3-carboxylic

acid, alatrofloxacin, cinoxacin, ciprofloxacin, ciprofloxacin
hydrochloride, danofloxacin, dermofongin A, enoxacin,
enrofloxacin, fleroxacin, flumequine, gatifloxacin, gemi-
floxacin, grepafloxacin, levofloxacin, lomefloxacin, lom-
efloxacin, hydrochloride, miloxacin, moxifloxacin, nadi-
floxacin, nalidixic acid, nifuroquine, norfloxacin, ofloxacin,
orbifloxacin, oxolinic acid, pazufloxacine, pefloxacin,
pefloxacin mesylate, pipemidic acid, piromidic acid, prema-
floxacin, rosoxacin, rufloxacin, sparfloxacin, temafloxacin,
tosufloxacin, trovafloxacin and analogs, salts and derivatives
thereof.

[0783] Antibiotic steroids include, but are not limited to,
aminosterol, ascosteroside, cladosporide A, dihydrofusidic
acid, dehydro-dihydrofusidic acid, dehydrofusidic acid,
fusidic acid, squalamine and analogs, salts and derivatives
thereof.

[0784] Sulfonamides include, but are not limited to,
chloramine, dapsone, mafenide, phthalylsulfathiazole, suc-
cinylsulfathiazole, sulfabenzamide, sulfacetamide, sul-
fachlorpyridazine, sulfadiazine, sulfadiazine silver, sulfadi-
cramide, sulfadimethoxine, sulfadoxine, sulfaguanidine,
sulfalene, sulfamazone, sulfamerazine, sulfamethazine, sul-
famethizole, sulfamethoxazole, sulfamethoxypyridazine,
sulfamonomethoxine, sulfamoxol, sulfanilamide, sulfa-
perine, sulfaphenazol, sulfapyridine, sulfaquinoxaline, sul-
fasuccinamide, sulfathiazole, sulfathiourea, sulfatolamide,
sulfatriazin, sulfisomidine, sulfisoxazole, sulfisoxazole
acetyl, sulfacarbamide and analogs, salts and derivatives
thereof.

[0785] Tetracyclines include, but are not limited to, dihy-
drosteflimycin,  demethyltetracycline,  aclacinomycin,
akrobomycin, baumycin, bromotetracycline, cetocyclin,
chlortetracycline, clomocycline, daunorubicin, demeclocy-
cline, doxorubicin, doxorubicin hydrochloride, doxycycline,
lymecyclin, marcellomycin, meclocycline, meclocycline
sulfosalicylate, methacycline, minocycline, minocycline
hydrochloride, musettamycin, oxytetracycline, rhodirubin,
rolitetracycline, rubomycin, serirubicin, steffimycin, tetra-
cycline and analogs, salts and derivatives thereof.

[0786] Dicarboxylic acids, having between about 6 and
about 14 carbon atoms in their carbon atom skeleton are
particularly useful in the treatment of disorders of the skin
and mucosal membranes that involve microbial. Suitable
dicarboxylic acid moieties include, but are not limited to,
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic
acid, 1,11-undecanedioic acid, 1,12-dodecanedioic acid,
1,13-tridecanedioic acid and 1,14-tetradecanedioic acid.
Thus, in one or more embodiments of the present disclosure,
dicarboxylic acids, having between about 6 and about 14
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carbon atoms in their carbon atom skeleton, as well as their
salts and derivatives (e.g., esters, amides, mercapto-deriva-
tives, anhydraides), are useful immunomodulators in the
treatment of disorders of the skin and mucosal membranes
that involve inflammation. Azelaic acid and its salts and
derivatives are preferred. It has antibacterial effects on both
aerobic and anaerobic organisms, particularly Propionibac-
terium acnes and Staphylococcus epidermidis, normalizes
keratinization, and has a cytotoxic effect on malignant or
hyperactive melanocytes. In a preferred embodiment, the
dicarboxylic acid is azelaic acid in a concentration greater
than 10%. Preferably, the concentration of azelaic acid is
between about 10% and about 25%. In such concentrates,
azelaic acid is suitable for the treatment of a variety of skin
disorders, such as acne, rosacea and hyperpigmentation.
[0787] In some embodiments, the antibiotic agent is an
antibiotic metal. A number of metals ions have been shown
to possess antibiotic activity, including silver, copper, zinc,
mercury, tin, lead, bismutin, cadmium, chromium and ions
thereof. It has been theorized that these antibiotic metal ions
exert their effects by disrupting respiration and electron
transport systems upon absorption into bacterial or fungal
cells. Anti-microbial metal ions of silver, copper, zinc, and
gold, in particular, are considered safe for in vivo use.
Anti-microbial silver and silver ions are particularly useful
due to the fact that they are not substantially absorbed into
the body. Thus, in one or more embodiment, the antibiotic
metal consists of an elemental metal, selected from the
group consisting of silver, copper, zinc, mercury, tin, lead,
bismutin, cadmium, chromium and gold, which is suspended
in the composition as particles, microparticles, nanoparticles
or colloidal particles. The antibiotic metal can further be
intercalated in a chelating substrate.

[0788] In further embodiments, the antibiotic metal is
ionic. The ionic antibiotic metal can be presented as an
inorganic or organic salt (coupled with a counterion), an
organometallic complex or an intercalate. Non-binding
examples of counter inorganic and organic ions are sulfa-
diazine, acetate, benzoate, carbonate, iodate, iodide, lactate,
laurate, nitrate, oxide, and palmitate, a negatively charged
protein. In preferred embodiments, the antibiotic metal salt
is a silver salt, such as silver acetate, silver benzoate, silver
carbonate, silver iodate, silver iodide, silver lactate, silver
laurate, silver nitrate, silver oxide, silver palmitate, silver
protein, and silver sulfadiazine.

[0789] In one or more embodiments, the antibiotic metal
or metal ion is embedded into a substrate, such as a polymer,
or a mineral (such as zeolite, clay and silica).

[0790] In one or more embodiments, the antibiotic agent
includes strong oxidants and free radical liberating com-
pounds, such as oxygen, hydrogen peroxide, benzoyl per-
oxide, elemental halogen species, as well as oxygenated
halogen species, bleaching agents (e.g., sodium, calcium or
magnesium hypochloride and the like), perchlorite species,
iodine, iodate, and benzoyl peroxide. Organic oxidizing
agents, such as quinones, are also included. Such agents
possess a potent broad-spectrum activity.

[0791] Inone or more embodiments, the antibiotic agent is
a cationic antimicrobial agent. The outermost surface of
bacterial cells universally carries a net negative charge,
making them sensitive to cationic substances. Examples of
cationic antibiotic agents include: quaternary ammonium
compounds (QAC’s)-QAC’s are surfactants, generally con-
taining one quaternary nitrogen associated with at least one
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major hydrophobic moiety; alkyltrimethyl ammonium bro-
mides are mixtures of where the alkyl group is between 8
and 18 carbons long, such as cetrimide (tetradecyltrimeth-
ylammonium bromide); benzalkonium chloride, which is a
mixture of n-alkyldimethylbenzyl ammonium chloride
where the alkyl groups (the hydrophobic moiety) can be of
variable length; dialkylmethyl ammonium halides; dialkyl-
benzyl ammonium halides; and QAC dimmers, which bear
bi-polar positive charges in conjunction with interstitial
hydrophobic regions.

[0792] In one or more embodiments, the cationic antimi-
crobial agent is a polymer. Cationic antimicrobial polymers
include, for example, guanide polymers, biguanide poly-
mers, or polymers having side chains containing biguanide
moieties or other cationic functional groups, such as ben-
zalkonium groups or quarternium groups (e.g., quaternary
amine groups). It is understood that the term “polymer” as
used herein includes any organic material including three or
more repeating units, and includes oligomers, polymers,
copolymers, block copolymers, terpolymers, etc. The poly-
mer backbone may be, for example a polyethylene, ploy-
propylene or polysilane polymer.

[0793] In one or more embodiments, the cationic antimi-
crobial polymer is a polymeric biguanide compound. When
applied to a substrate, such a polymer is known to form a
barrier film that can engage and disrupt a microorganism. An
exemplary polymeric biguanide compound is polyhexam-
ethylene biguanide (PHMB) salts. Other exemplary bigu-
anide polymers include, but are not limited to poly(hexam-
ethylenebiguanide), poly(hexamethylenebiguanide)
hydrochloride, poly(hexamethylenebiguanide) gluconate,
poly(hexamethylenebiguanide) stearate, or a derivative
thereof. In one or more embodiments, the antimicrobial
material is substantially water-insoluble.

[0794] In some embodiments, the antibiotic agent is
selected from the group of biguanides, triguanides, bisbigu-
anides and analogs thereof.

[0795] Guanides,  biguanides, biguanidines  and
triguanides are unsaturated nitrogen containing molecules
that readily obtain one or more positive charges, which make
them effective antimicrobial agents. The basic structures a
guanide, a biguanide, a biguanidine and a triguanide are
provided below.
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In some embodiments, the guanide, biguanide, biguanidine
or triguanide, provide bi-polar configurations of cationic and
hydrophobic domains within a single molecule.

[0796] Examples of guanides, biguanides, biguanidines
and triguanides that are currently been used as antibacterial
agents include chlorhexidine and chlorohexidine salts, ana-
logs and derivatives, such as chlorhexidine acetate, chlo-
rhexidine gluconate and chlorhexidine hydrochloride,
picloxydine, alexidine and polihexanide. Other examples of
guanides, biguanides, biguanidines and triguanides that can
conceivably be used according to the present disclosure are
chlorproguanil hydrochloride, proguanil hydrochloride (cur-
rently used as antimalarial agents), mefformin hydrochlo-
ride, phenformin and buformin hydrochloride (currently
used as antidiabetic agents).

[0797] Yet, in one or more embodiments, the antibiotic is
a non-classified antibiotic agent, including, without limita-
tion, aabomycin, acetomycin, acetoxycycloheximide,
acetylnanaomycin, an Actinoplanes sp. compound, actin-
opyrone, aflastatin, albacarcin, albacarcin, albofungin, albo-
fungin, alisamycin, alpha-R,S-methoxycarbonylbenzylmo-
nate, altromycin, amicetin, amycin, amycin demanoyl
compound, amycine, amycomycin, anandimycin, anisomy-
cin, anthramycin, anti-syphilis immune substance, anti-tu-
berculosis immune substance, an antibiotic from Escheri-
chia coli, an antibiotic from Streptomyces refiineus,
anticapsin, antimycin, aplasmomycin, aranorosin, aranorosi-
nol, arugomycin, ascofuranone, ascomycin, ascosin, Asper-
gillus flavus antibiotic, asukamycin, aurantinin, an Aureolic
acid antibiotic substance, aurodox, avilamycin, azidamfeni-
col, azidimycin, bacillaene, a Bacillus larvae antibiotic,
bactobolin, benanomycin, benzanthrin, benzylmonate, bico-
zamycin, bravomicin, brodimoprim, butalactin, calcimycin,
calvatic acid, candiplanecin, carumonam, carzinophilin,
celesticetin, cepacin, cerulenin, cervinomycin, chartreusin,
chloramphenicol, chloramphenicol palmitate, chloram-
phenicol succinate sodium, chlorflavonin, chlorobiocin,
chlorocarcin, chromomycin, ciclopirox, ciclopirox olamine,
citreamicin, cladosporin, clazamycin, clecarmycin, clin-
damycin, coliformin, collinomycin, copiamycin, corallopy-
ronin, corynecandin, coumermycin, culpin, cuprimyxin,
cyclamidomycin, cycloheximide, dactylomycin, danomy-
cin, danubomycin, delaminomycin, demethoxyrapamycin,
demethylscytophycin, dermadin, desdamethine, dexylosyl-
benanomycin, pseudoaglycone, dihydromocimycin, dihy-
dronancimycin, diumycin, dnacin, dorrigocin, dynemycin,
dynemycin triacetate, ecteinascidin, efrotomycin, endomy-
cin, ensanchomycin, equisetin, ericamycin, esperamicin,
ethylmonate, everninomicin, feldamycin, flambamycin, fla-
vensomycin, florfenicol, fluvomycin, fosfomycin, fosfono-
chlorin, fredericamycin, frenolicin, fumagillin, fumifungin,
funginon, fusacandin, fusafungin, gelbecidine, glidobactin,
grahamimycin, granaticin, griseofulvin, griseoviridin,
grisonomycin, hayumicin, hayumicin, hazymicin, hedamy-
cin, heneicomycin, heptelicid acid, holomycin, humidin,
isohematinic acid, kamatakin, kazusamycin, kristenin, L-di-
hydrophenylalanine, a L-isoleucyl-L-2-amino-4-(4'-amino-
2',5'-cyclohexadienyl) derivative, lanomycin, leinamycin,
leptomycin, libanomycin, lincomycin, lomofungin, lysoli-
pin, magnesidin, manumycin, melanomycin, methoxycarbo-
nylmethylmonate, methoxycarbonylethylmonate, methoxy-
carbonylphenylmonate, methyl pseudomonate,
methylmonate, microcin, mitomalcin, mocimycin, moeno-
mycin, monoacetyl cladosporin, monomethyl cladosporin,
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mupirocin, mupirocin calcium, mycobacidin, myriocin,
myxopyronin, pseudoaglycone, nanaomycin, nancimycin,
nargenicin, neocarcinostatin, neoenactin, neothramycin,
nifurtoinol, nocardicin, nogalamycin, novobiocin, octylmo-
nate, olivomycin, orthosomycin, oudemansin, oxirapentyn,
oxoglaucine methiodide, pactacin, pactamycin, papulacan-
din, paulomycin, phacoramularia fungicide, phenelfamycin,
phenyl, cerulenin, phenylmonate, pholipomycin, pirlimycin,
pleuromutilin, a polylactone derivative, polynitroxin, poly-
oxin, porfiromycin, pradimicin, prenomycin, prop-2-enyl-
monate, protomycin, Pseudomonas antibiotic, pseudomonic
acid, purpuromycin, pyrinodemin, pyrrolnitrin, pyrrolomy-
cin, amino, chloro pentenedioic acid, rapamycin, rebec-
camycin, resistomycin, reuterin, reveromycin, rhizocticin,

roridin, rubiflavin, naphthyridinomycin, saframycin,
saphenamycin, sarkomycin, sarkomycin, sclopularin,
selenomycin, siccanin, spartanamicin, spectinomycin,

spongistatin, stravidin, streptolydigin, Streptomyces arenae
antibiotic complex, streptonigrin, streptothricins, streptovi-
tacin, streptozotocine, a strobilurin derivative, stubomycin,
sulfamethoxazol-trimethoprim, sakamycin, tejeramycin, ter-
pentecin, tetrocarcin, thermorubin, thermozymocidin, thia-
mphenicol, thioaurin, thiolutin, thiomarinol, thiomarinol,
tirandamycin, tolytoxin, trichodermin, trienomycin,
trimethoprim, trioxacarcin, tyrissamycin, umbrinomycin,
unphenelfamycin, urauchimycin, usnic acid, uredolysin,
variotin, vermisporin, verrucarin and analogs, salts and
derivatives thereof.

[0798] Inone or more embodiments, the antibiotic agent is
a naturally occurring antibiotic compound. As used herein,
the term “naturally-occurring antibiotic agent” includes all
antibiotics that are obtained, derived or extracted from plant
or vertebrate sources. Non-limiting examples of families of
naturally-occurring antibiotic agents include phenol, resor-
cinol, antibiotic aminoglycosides, anamycin, quinines,
anthraquinones, antibiotic glycopeptides, azoles,
macrolides, avilamycin, agropyrene, cnicin, aucubin antibi-
oticsaponin fractions, berberine (isoquinoline alkaloid), arc-
tiopicrin (sesquiterpene lactone), lupulone, humulone (bitter
acids), allicin, hyperforin, echinacoside, coniosetin, tetramic
acid, imanine and novoimanine.

[0799] Ciclopirox and ciclopiroxolamine possess fungi-
cidal, fungistatic and sporicidal activity. They are active
against a broad spectrum of dermatophytes, yeasts, moulds
and other fungi, such as Trichophytons species, Microspo-
rum species, Epidermophyton species and yeasts (Candida
albicans, Candida glabrata, other candida species and
Cryptococcus neoformans). Some Aspergillus species are
sensitive to ciclopirox as are some Penicillium. Likewise,
ciclopirox is effective against many Gram-positive and
Gram-negative bacteria (e.g., Escherichia coli, Proteus
mirabilis, Pseudomonas aeruginosa, Staphylococcus and
Streptococcus species), as well as Mycoplasma species,
Trichomonas vaginalis and Actinomyces.

[0800] Plant oils and extracts which contain antibiotic
agents are also useful. Non-limiting examples of plants that
contain agents include thyme, Perilla, lavender, tea tree,
Terfezia clayeryi, Micromonospora, Putterlickia verrucosa,
Putterlickia pyracantha, Putterlickia retrospinosa, Mayte-
nus ilicifolia, Maytenus evonymoides, Maytenus aquifolia,
Faenia interjecta, Cordyceps sinensis, couchgrass, holy
thistle, plantain, burdock, hops, echinacea, buchu, chaparral,
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myrrh, red clover and yellow dock, garlic, and St. John’s
wort. Mixtures of the antibiotic agents as described herein
may also be employed.

Combination Detection:

[0801] Any combination of the analytes disclosed herein
can be detected using any of the methods described herein.
In particular, any combination disclosed herein can be
detected using any of the methods described herein.

[0802] A “photosensitizer” as used herein refers to a
sensitizer for generation of singlet oxygen usually by exci-
tation with light. Exemplary photosensitizers suitable for use
include those described in U.S. Pat. Nos. 6,251,581, 5,516,
636, 8,907,081, 6,545,012, 6,331,530, 8,247,180, 5,763,602,
5,705,622, 5,516,636, 7,217,531, and U.S. Patent Publica-
tion No. 2007/0059316, all of which are herein expressly
incorporated by reference in their entireties. The photosen-
sitizer can be photoactivatable (e.g., dyes and aromatic
compounds) or chemiactivated (e.g., enzymes and metal
salts). When excited by light the photosensitizer is usually a
compound comprised of covalently bonded atoms, usually
with multiple conjugated double or triple bonds. The com-
pound should absorb light in the wavelength range of
200-1100 nm, usually 300-1000 nm, e.g., 450-950 nm, with
an extinction coefficient at its absorbance maximum greater
than 500 M~*cm™, e.g., at least 5000 M~'cm’, or at least
50,000 M~'cm™ at the excitation wavelength. The lifetime
of an excited state produced following absorption of light in
the absence of oxygen will usually be at least 100 nsec, e.g.,
at least 1 psec. In general, the lifetime must be sufficiently
long to permit energy transfer to oxygen, which will nor-
mally be present at concentrations in the range of 107> to
10*! *M depending on the medium. The sensitizer excited
state will usually have a different spin quantum number (S)
than its ground state and will usually be a triplet (S=1) when,
as is usually the case, the ground state is a singlet (S=—0).
In some embodiments, the sensitizer will have a high
intersystem crossing yield. That is, photoexcitation of a
sensitizer will produce the long lived state (usually triplet)
with an efliciency of at least 10%, at least 40%, e.g., greater
than 80%. The photosensitizer will usually be at most
weakly fluorescent under the assay conditions (quantum
yield usually less that 0.5, or less that 0.1).

[0803] Photosensitizers that are to be excited by light will
be relatively photostable and will not react efficiently with
singlet oxygen. Several structural features are present in
most useful sensitizers. Most sensitizers have at least one
and frequently three or more conjugated double or triple
bonds held in a rigid, frequently aromatic structure. They
will frequently contain at least one group that accelerates
intersystem crossing such as a carbonyl or imine group or a
heavy atom selected from rows 3-6 of the periodic table,
especially iodine or bromine, or they may have extended
aromatic structures. Typical sensitizers include acetone,
benzophenone, 9-thioxanthone, eosin, 9,10-dibromoanthra-
cene, methylene blue, metallo-porphyrins, such as hemato-
porphyrin, phthalocyanines, chlorophylls, rose bengal,
buckminsterfullerene, etc., and derivatives of these com-
pounds having substituents of 1 to 50 atoms for rendering
such compounds more lipophilic or more hydrophilic and/or
as attaching groups for attachment. Examples of other
photosensitizers that may be utilized are those that have the
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above properties and are enumerated in N. J. Turro,
“Molecular Photochemistry,” page 132, W. A. Benjamin
Inc., N.Y. 1965.

[0804] In some embodiments, the photosensitizers are
relatively non-polar to assure dissolution into a lipophilic
member when the photosensitizer is incorporated in an oil
droplet, liposome, latex particle, etc.

[0805] In some embodiments, the photosensitizers suit-
able for use herein include other substances and composi-
tions that can produce singlet oxygen with or without
activation by an external light source. Thus, for example,
molybdate (MoO,™) salts and chloroperoxidase and
myeloperoxidase plus bromide or chloride ion (Kanofsky, J.
Biol. Chem. (1983) 259 5596) have been shown to catalyze
the conversion of hydrogen peroxide to singlet oxygen and
water. Fither of these compositions can, for example, be
included in particles and used in the assay method wherein
hydrogen peroxide is included as an ancillary reagebly,
chloroperoxidase is bound to a surface and molybdate is
incorporated in the aqueous phase of a liposome. Also
included within the scope of the invention as photosensitiz-
ers are compounds that are not true sensitizers but which on
excitation by heat, light, or chemical activation will release
a molecule of singlet oxygen. The best known members of
this class of compounds includes the endoperoxides such as
1,4-biscarboxyethyl-1,4-naphthalene endoperoxide, 9,10-di-
phenylanthracene-9,10-endoperoxide and 5,6,11,12-tetra-
phenyl naphthalene 5,12-endoperoxide. Heating or direct
absorption of light by these compounds releases singlet
oxygen.

[0806] A “chemiluminescent compound” as used herein
refers to a substance that undergoes a chemical reaction with
singlet oxygen to form a metastable intermediate that can
decompose with the simultaneous or subsequent emission of
light within the wavelength range of 250 to 1200 nm.
Exemplary chemiluminescent compounds suitable for use
include those described in U.S. Pat. Nos. 6,251,581 and
7,709,273, and Patent Cooperatio Treaty (PCT) International
Application Publication No. W01999/042838. Examplery
chemiluminescent compound includes the following:

Chemiluminescer Half-Life Emission Max
Thioxene + Diphenyl anthracence: 0.6 seconds 430 nm
Thioxene + Umbelliferone derivative 0.6 seconds 500 nm
Thioxene + Europium chelate 0.6 seconds 615 nm
Thioxene + Samarium Chelate 0.6 seconds 648 nm
Thioxene + terbium Chelate 0.6 seconds 540 nm
N-Phenyl Oxazine + 30 seconds 500 nm
Umbelliferone derivative

N-Phenyl Oxazine + Europium chelate 30 seconds 613 nm
N-phenyl Oxazine + Samarium Chelate 30 seconds 648 nm
N-phenyl Oxazine + terbium Chelate 30 seconds 540 nm
Dioxene + Umbelliferone derivative 300 seconds 500 nm
Dioxene + Europium chelate 300 seconds 613 nm
Dioxene + Samarium Chelate 300 seconds 648 nm
N-phenyl Oxazine + terbium Chelate 300 seconds 540 nm

[0807] All of the above mentioned applications are hereby
expressly incorporated by reference herein in their entireties.
Emission will usually occur without the presence of an
energy acceptor or catalyst to cause decomposition and light
emission. In some embodiments, the intermediate decom-
poses spontaneously without heating or addition of ancillary
reagents following its formation. However, addition of a
reagent after formation of the intermediate or the use of
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elevated temperature to accelerate decomposition will be
required for some chemiluminescent compounds. The
chemiluminescent compounds are usually electron rich
compounds that react with singlet oxygen, frequently with
formation of dioxetanes or dioxetanones. Exemplary of such
compounds are enol ethers, enamines, 9-alkylidenexan-
thans, 9-alkylidene-N-alkylacridans, aryl vinyl ethers, diox-
enes, arylimidazoles and lucigenin. Other chemiluminescent
compounds give intermediates upon reaction with singlet
oxygen, which subsequently react with another reagent with
light emission. Exemplary compounds are hydrazides such
as luminol and oxalate esters.

[0808] The chemiluminescent compounds of interest will
generally emit at wavelengths above 300 nanometers and
usually above 400 nm. Compounds that alone or together
with a fluorescent molecule emit light at wavelengths
beyond the region where serum components absorb light
will be of particular use. The fluorescence of serum drops off
rapidly above 500 nm and becomes relatively unimportant
above 550 nm. Therefore, when the analyte is in serum,
chemiluminescent compounds that emit light above 550 nm,
e.g., above 600 nm may be suitable for use. In order to avoid
autosensitization of the chemiluminescent compound, in
some embodiments, the chemiluminescent compounds do
not absorb light used to excite the photosensitizer. In some
embodiments, the sensitizer is excited with light wave-
lengths longer than 500 nm, it will therefore be desirable that
light absorption by the chemiluminescent compound be very
low above 500 nm.

[0809] Where long wave length emission from the chemi-
luminescent compound is desired, a long wavelength emitter
such as a pyrene, bound to the chemiluminescent compound
can be used. Alternatively, a fluorescent molecule can be
included in the medium containing the chemiluminescent
compound. In some embodiments, fluorescent molecules
will be excited by the activated chemiluminescent com-
pound and emit at a wavelength longer than the emission
wavelength of the chemiluminescent compound, usually
greater that 550 nm. It is usually also desirable that the
fluorescent molecules do not absorb at the wavelengths of
light used to activate the photosensitizer. Examples of useful
dyes include rhodamine, ethidium, dansyl, Eu(fod),,
Eu(TTA),, Ru(bpy);** (wherein bpy=2,2'-dipyridyl, etc. In
general these dyes act as acceptors in energy transfer pro-
cesses and in some embodiments, have high fluorescent
quantum yields and do not react rapidly with singlet oxygen.
They can be incorporated into particles simultaneously with
the incorporation of the chemiluminescent compound into
the particles.

[0810] In some embodiments, the disclosure provides dif-
fractive optics detection technology that can be used with,
for example, ingestible device technology. In certain
embodiments, an ingestible device includes the diffractive
optics technology (e.g., diffractive optics detection system).
In certain embodiments, the disclosure provides diffractive
optics technology (e.g., diffractive optics detection systems)
that are used outside the body of subject. As an example, an
ingestible device can be used to obtain one more samples in
the body (e.g., in the gastrointestinal tract) of a subject, and
the diffractive optics technology can be used to analyze the
sample(s). Such analysis can be performed in vivo (e.g.,
when the ingestible device contains the diffractive optics).
[0811] Diffraction is a phenomenon that occurs due to the
wave nature of light. When light hits an edge or passes
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through a small aperture, it is scattered in different direc-
tions. But light waves can interfere to add (constructively)
and subtract (destructively) from each other, so that if light
hits a non-random pattern of obstacles, the subsequent
constructive and destructive interference will result in a
clear and distinct diffraction pattern. A specific example is
that of a diffraction grating, which is of uniformly spaced
lines, typically prepared by ruling straight, parallel grooves
on a surface. Light incident on such a surface produces a
pattern of evenly spaced spots of high light intensity. This is
called Bragg scattering, and the distance between spots (or
‘Bragg scattering peaks’) is a unique function of the dif-
fraction pattern and the wavelength of the light source.
Diffraction gratings, like focusing optics, can be operated in
both transmission and reflection modes.

[0812] In general, the light used in the diffractive optics
can be of any appropriate wavelength. Exemplary wave-
lengths include visible light, infrared red (IR) and ultraviolet
(UV). Optionally, the light can be monochromatic or poly-
chromatic. The light can be coherent or incoherent. The light
can be collimated or non-collimated. In some embodiments,
the light is coherent and collimated. Generally, any appro-
priate light source may be used, such as, for example, a laser
(e.g., a laser diode) or a light emitting diode. In some
embodiments, the light source is a laser diode operating at
670 nm wavelength, e.g., at 3 mWatts power. Optionally, an
operating wavelength of a laser diode can be 780 nm, e.g.,
when larger grating periods are used. In certain embodi-
ments, the light source is a laser, such as, for example, a
He—Ne laser, a Nd:YVO4 laser, or an argon-ion laser. In
some embodiments, the light source is a low power, con-
tinuous waver laser.

[0813] The diffracted light can be detected using any
appropriate light detector(s). Examples of light detectors
include photodetectors, such as, for example, position sen-
sitive photodiodes, photomultiplier tubes (PMTs), photo-
diodes (PDs), avalanche photodiodes (APDs), charged-
coupled device (CCD) arrays, and CMOS detectors. In some
embodiments, the diffracted light is detected via one or more
individual photodiodes.

[0814] In general, the diffraction grating is made of a
material that is transparent in the wavelength of the radiation
used to illuminate the sensor. Any appropriate material may
be used for the diffraction grating substrate, such as glass or
a polymer. Exemplary polymers include polystyrene poly-
mers (PSEs), cyclo-olefin polymers (COPs), polycarbonate
polymers, polymethyl methacrylates, and methyl methacry-
late styrene copolymers. Exemplary COPs include Zeonex
(e.g., Zeonex E48R, Zeonex F52R).

[0815] The light may be incident on the diffraction grating
any appropriate angle. In some embodiments, the light is
incident on the diffraction grating with an angle of incidence
of from 30° to 800 (e.g., from 40° to 80°, from 50° to 70°,
from 55° to 65°, 60°). Optionally, the system is configured
so that that diffractive grating and light source can move
relative to each other

[0816] In general, the light detector can be positioned with
respect to the diffractive grating so that the diffraction
grating can be illuminated at a desired angle of incidence
and/or so that diffracted light can be detected at a desired
angle and/or so that diffracted light of a desired order can be
detected.

[0817] The period P of the diffraction grating can be
selected as desired. In some embodiments, the period P is
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from 0.5 microns to 50 microns (e.g., from one micron to 15
microns, from one micron to five microns). In some embodi-
ments, the grating is a repeating patter of 1.5 micron and 4.5
micron lines with a period of 15 microns.

[0818] The height h of the diffraction grating can be
selected as desired. In certain embodiments, the height h is
from one nanometer to about 1000 nanometers (e.g., from
about five nanometers to about 250 nanometers, from five
nanometers to 100 nanometers).

[0819] In general, the diffractive optics can be prepared
using any appropriate method, such as, for example, surface
ablation, photolithograph (e.g., UV photolithography), laser
etching, electron beam etching, nano-imprint molding, or
microcontact printing.

[0820] Optionally, the diffractive optics system can
include one or more additional optical elements, such as, for
example, one or more mirrors, filters and/or lenses. Such
optical elements can, for example, be arranged between the
light source and the diffractive grating and/or between the
diffractive grating and the detector.

[0821] In some of the embodiments of the devices
described herein, a primary binding partner specifically
binds to a secondary binding partner through non-covalent
interactions (e.g., electrostatic, van der Waals, hydrophobic
effect). In some embodiments, a primary binding partner
specifically binds to a secondary binding partner via a
covalent bond (e.g., a polar covalent bond or a non-polar
covalent bond). In some embodiments of any of the devices
described herein, the primary and the secondary binding
partner can be interchanged. For example, the primary
binding partner can be biotin, or a derivative thereof, and the
secondary binding partner is avidin, or a derivative thereof.
In other examples, the primary binding partner can be
avidin, or a derivative thereof, and the secondary binding
partner is biotin.

[0822] In some embodiments, the binding of the primary
and the secondary binding partner is essentially irreversible.
In some embodiments, the binding of the primary and the
secondary binding partner is reversible. In some embodi-
ments, the primary binding partner is CaptAvidin™ biotin-
binding protein and the secondary binding partner is biotin,
or vice versa. In some embodiments, the primary binding
partner is DSB-X™ biotin and the secondary binding part-
ner is avidin, or vice versa. In some embodiments, the
primary binding partner is desthiobiotin and the secondary
binding partner is avidin, or vice versa (Hirsch et al., Anal
Biochem. 308(2):343-357, 2002). In some embodiments, the
primary binding partner is glutathione (GSH) or a derivative
thereof, and the secondary binding partner is glutathione-S-
transferase (GST).

[0823] In some embodiments, the primary binding partner
can bind to a target analyte that is a nucleic acid (e.g., a DNA
molecule, a RNA molecule). In some embodiments, the
primary binding partner comprises a portion of a nucleic
acid that is complementary to the nucleic acid sequence of
the target analyte.

[0824] In some embodiments of any of the devices
described herein, the device can include a label that binds to
the target analyte and does not prevent binding of the target
analyte to the primary binding partner. In some embodi-
ments, the label can amplify the diffraction signal of the
target analyte.

[0825] In some embodiments, the label is from about 1 nm
to 200 nm (e.g., about 50 nm to about 200 nm).
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[0826] In some embodiments, the label (e.g., any of the
labels described herein) includes one or more antibodies
(e.g., any of the antibodies and/or antibody fragments
described herein).

[0827] In some embodiments, the label is a nanoparticle
(e.g., a gold nanoparticle) that includes the primary binding
partner that has a nucleic acid sequence that is complemen-
tary to the target analyte, and is covalently linked to the
nanoparticle.

[0828] One or more additional steps can be performed in
any of the methods described herein. In some embodiments,
the one or more additional steps are performed: prior to the
binding of the primary binding partner to the secondary
binding partner, after the binding of the primary binding
partner to the secondary binding partner, prior to the binding
of the primary binding partner to the target analyte, or after
the binding of the primary binding partner to the target
analyte.

[0829] In some embodiments of any of the methods
described herein, the determining step (during which the
primary binding partner binds to the target analyte is
detected) can occur in at least 15 seconds. In some embodi-
ments, the binding of the primary binding partner to the
target analyte can occur during a period of time of, for
example, five at least seconds.

[0830] In some embodiments, the one or more additional
steps can include: a blocking of the sensors step, at least one
wash step, a capturing step, and/or a filtering step. In some
embodiments, the blocking step can include blocking a
sensor within the ingestible device with a solution compris-
ing at least 1% bovine serum albumin (BSA) in a buffered
solution (e.g., phosphate buffered saline (PBS), Tris buffered
saline (TBS)). In some embodiments, the at least one wash
step can include washing with a buffered solution (e.g.,
phosphate buffered saline (PBS), Tris buffered saline
(TBS)). In general, blocking is performed during capsule
manufacture, rather than in vivo.

[0831] In some embodiments, the capturing step includes
enriching the target analyte. In some embodiments, the
capturing step includes physically separating the target
analyte from the remaining sample using a filter, a pore, or
a magnetic bead. In some embodiments, the target analyte is
captured by size exclusion.

[0832] In some embodiments, the disclosure provides
methods of obtaining, culturing, and/or detecting target cells
and/or target analytes in vivo within the gastrointestinal (GI)
tract or reproductive tract of a subject. Associated devices
are also disclosed. The methods and devices described
provide a number of advantages for obtaining and/or ana-
lyzing fluid samples from a subject. In some embodiments,
diluting the fluid sample increases the dynamic range of
analyte detection and/or reduces background signals or
interference within the sample. For example, interference
may be caused by the presence of non-target analytes or
non-specific binding of a dye or label within the sample. In
some embodiments, culturing the sample increases the con-
centration of target cells and/or target analytes produced by
the target cells thereby facilitating their detection and/or
characterization.

[0833] In certain embodiments, the methods and devices a
described herein may be used to obtain information regard-
ing bacteria populations in the GI tract of a subject. This has
a number of advantages and is less invasive than surgical
procedures such as intubation or endoscopy to obtain fluid
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samples from the GI tract. The use of an ingestible device as
described herein also allows for fluid samples to be obtained
and data to be generated on bacterial populations from
specific regions of the GI tract.

[0834] In some embodiments, the methods and devices
described herein may be used to generate data such as by
analyzing the fluid sample, dilutions thereof or cultured
samples for one or more target cells and/or target analytes.
The data may include, but is not limited to, the types of
bacteria present in the fluid sample or the concentration of
bacteria in specific regions of the GI tract. Such data may be
used to determine whether a subject has an infection, such
as Small Intestinal Bacterial Overgrowth (SIBO), or to
characterize bacterial populations within the GI tract for
diagnostic or other purposes. Thus, in some embodiments,
analytes disclosed herein are indicative of disorders of the
gastrointestinal tract associated with anomalous bacterial
populations.

[0835] For example, in one aspect, the data may include,
but is not limited to, the concentration of bacteria in a
specific region of the GI tract that is one or more of the
duodenum, jejunum, ileum, ascending colon, transverse
colon or descending colon. In one aspect, the specific region
of the GI tract is the duodenum. In one aspect, the specific
region of the GI tract is the jejunum. In one aspect, the
specific region of the GI tract is the ileum. In one aspect, the
specific region of the GI tract is the ascending colon. In one
aspect, the specific region of the GI tract is the transverse
colon. In one aspect, the specific region of the GI tract is the
descending colon. In a related embodiment, the data may be
generated every one or more days to monitor disease flare-
ups, or response to the therapeutic agents disclosed herein.
[0836] Data may be generated after the device has exited
the subject, or the data may be generated in vivo and stored
on the device and recovered ex vivo. Alternatively, the data
can be transmitted wirelessly from the device while the
device is passing through the GI tract of the subject or in
place within the reproductive tract of the subject.

[0837] In some embodiments, a method comprises: pro-
viding a device comprising one or more dilution chambers
and dilution fluid; transferring all or part of a fluid sample
obtained from the GI tract or reproductive tract of the subject
into the one or more dilution chambers in vivo; and com-
bining the fluid sample and the dilution fluid to produce one
or more diluted samples in the one or more dilution cham-
bers.

[0838] In certain embodiments, a method comprises: pro-
viding an ingestible device comprising one or more dilution
chambers; transferring all or part of a fluid sample obtained
from the GI tract into the one or more dilution chambers
comprising sterile media; culturing the sample in vivo
within the one or more dilution chambers to produce one or
more cultured samples; and detecting bacteria in the one or
more cultured samples.

[0839] In some embodiments, a method comprises: pro-
viding a device comprising one or more dilution chambers;
transferring all or part of a fluid sample obtained from the GI
tract or reproductive tract into the one or more dilution
chambers; combining all or part of the fluid sample with a
dilution fluid in the one or more dilution chambers; and
detecting the target analyte in the one or more diluted
samples.

[0840] In certain embodiments, a device comprises: one or
more dilution chambers for diluting a fluid sample obtained
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from the GI tract or reproductive tract; and dilution fluid for
diluting the sample within the one or more dilution cham-
bers.

[0841] In some embodiments, the device comprises: one
or more dilution chambers for culturing a fluid sample
obtained from the GI tract; sterile media for culturing the
sample within the one or more dilution chambers; and a
detection system for detecting bacteria.

[0842] In certain embodiments, a device comprises: one or
more dilution chambers for culturing a fluid sample obtained
from the GI tract; sterile media for culturing the sample
within the one or more dilution chambers; and a detection
system for detecting bacteria.

[0843] Also provided is the use of a device as described
herein for diluting one or more samples obtained from the GI
tract or reproductive tract of a subject. In one embodiment,
there is provided the use of an ingestible device as described
herein for detecting target cells and/or target analytes in vivo
within the gastrointestinal (GI) tract of a subject.

[0844] Further provided is a system comprising a device
as described herein and a base station. In one embodiment,
the device transmits data to the base station, such as data
indicative of the concentration and/or types of bacteria in the
GI tract of the subject. In one embodiment, the device
receives operating parameters from the base station. Some
embodiments described herein provide an ingestible device
for obtaining one or more samples from the GI tract or
reproductive tract of a subject and diluting and/or culturing
all or part of the one or more samples. The ingestible device
includes a cylindrical rotatable element having a port on the
wall of the cylindrical rotatable element. The ingestible
device further includes a shell element wrapping around the
cylindrical rotatable element to form a first dilution chamber
between the cylindrical rotatable element and the shell
element. The shell element has an aperture that exposes a
portion of the wall of the cylindrical rotatable element to an
exterior of the ingestible device.

[0845] In certain embodiments, the medical device com-
prises one or more dilution chambers for receiving a fluid
sample from the GI tract or reproductive tract of a subject or
a dilution thereof. In some embodiments, one or more
dilutions of the fluid sample are cultured in one or more
dilution chambers. In certain embodiments, the dilution
chambers each define a known volume, optionally the same
volume or different volumes. In some embodiments, the
dilution chambers define a fluid volume ranging from about
10 pL to about 1 mL. The dilution chambers may define a
fluid volume less than or equal to about 500 pL, less than or
equal to about 250 plL, less than or equal to about 100 plL,
or less than or equal to about 50 pL. In certain embodiments,
the dilution chambers define a fluid volume of greater than
or equal to about 10 pL, greater than or equal to about 20 pL,
greater than or equal to about 30 uL, or greater than or equal
to about 50 pul.. In some embodiments, the dilution chambers
define a fluid volume between about 10 pul and 500 pL,
between about 20 pl. and 250 pL, between about 30 ul. and
100 pL or about 50 pL.

[0846] In some embodiments, dilution fluid in the device
is combined with all or part of the fluid sample, or dilution
thereof, to produce one or more dilutions. In certain embodi-
ments, the dilution fluid is sterile media suitable for cultur-
ing one or more target cells within the dilution chambers.
[0847] In certain embodiments, the one or more dilution
chambers may be filled with the dilution fluid prior to a
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patient ingesting the ingestible device. In some embodi-
ments, the dilution fluid may be added into the one or more
dilution chambers in vivo from a reservoir of the ingestible
device. Sampling and dilution of the GI fluid sample may
take place in vivo. For example, an actuator of the ingestible
device may pump the dilution fluid from the reservoir into
a dilution chamber when it is determined that the ingestible
device is located at a predetermined location within the GI
tract. In some embodiments, the dilution chambers each
contain a volume of sterile media suitable for culturing a
fluid sample from the GI tract or reproductive tract. In
certain embodiments, the dilution chambers are at least 95%,
at least 97%, at least 98%, or at least 99% full of sterile
media. In some embodiments, the dilution chambers each
contain oxygen to facilitate aerobic bacteria growth. In
certain embodiments, a non-dilution chamber comprises
oxygen and is added to one or more of the dilution chambers
to facilitate aerobic bacteria growth.

[0848] Insome embodiments, the culturing may take place
in vivo immediately after the GI fluid sample has been
diluted. Or alternatively, the culturing may take place ex
vivo, e.g., when the ingestible device has been evacuated
and recovered such that the dilution chamber containing the
diluted GI fluid sample may be extracted and the culturing
may be performed in a laboratory. The recovery of the
ingestible device may be performed in a similar manner as
embodiments described in U.S. Provisional Application No.
62/434,188, filed on Dec. 14, 2016, which is herein
expressly incorporated by reference in its entirety.

[0849] As used herein “culturing” refers to maintaining
target cells in an environment that allows a population of one
or more target cells to increase in number through cell
division. For example, in some embodiments, “culturing”
may include combining the cells with media in an dilution
chamber at a temperature that permits cell growth, option-
ally a temperature found in vivo within the GI tract or
reproductive tract of a subject. In certain embodiments, the
cells are cultured at a temperature between about 35° C. and
42° C.

[0850] As used herein “dilution fluid” refers to a fluid
within the device for diluting a fluid sample from the GI tract
or reproductive tract. In some embodiments, the dilution
fluid is an aqueous solution. In certain embodiments, the
dilution fluid comprises one or more agents that promote or
inhibit the growth of an organism, such as a fungus or
bacteria. In some embodiments, the dilution fluid comprises
one or more agents that facilitate the detection of a target
analyte, such as dyes or binding agents for target analytes.
[0851] In some embodiments, the dilution fluid is a sterile
media. As used herein, “sterile media” refers to media that
does not contain any viable bacteria or other cells that would
grow and increase in number through cell division. Media
may be rendered sterile by various techniques known in the
art such as, but not limited to, autoclaving and/or preparing
the media using asceptic techniques. In certain embodi-
ments, the media is a liquid media. Examples of media
suitable for culturing bacteria include nutrient broth, Lyso-
geny Broth (LB) (also known as Luria Broth), Wilkins
chalgren, and Tryptic Soy Broth (TSB), Other growth or
culture media known in the art may also be used in the
methods and devices described herein. In some embodi-
ments, the media has a carbon source, such as glucose or
glycerol, a nitrogen source such as ammonium salts or
nitrates or amino acids, as well as salts and/or trace elements
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and vitamins required for microbial growth. In certain
embodiments, the media is suitable for maintaining eukary-
otic cells. In some embodiments, the media comprises one or
more agents that promote or inhibit the growth of bacteria,
optionally agents that promote or inhibit the growth of
specific types of bacteria.

[0852] In certain embodiments, the media is a selective
media. As used herein, “selective media” refers to a media
that allows certain types of target cells to grow and inhibits
the growth of other organisms. Accordingly, the growth of
cells in a selective media indicates the presence of certain
types of cells within the cultured sample. For example, in
some embodiments, the media is selective for gram-positive
or gram-negative bacteria. In certain embodiments, the
media contains crystal violet and bile salts (such as found in
MacConkey agar) that inhibit the growth of gram-positive
organisms and allows for the selection and isolation of
gram-negative bacteria. In some embodiments, the media
contains a high concentration of salt (NaCl) (such as found
in Mannitol salt agar) and is selective for Gram-positive
bacteria. In some embodiments, the media selectively kills
eukaryotic cells or only grows prokaryotic cells, for
example, using a media comprising Triton™ X-100. In
certain embodiments, the media selectively kills prokaryotic
cells (or alternatively only grows eukaryotic cells), for
example, using a media that comprises antibiotics.

[0853] In some embodiments, the media is an indicator
media. As used herein, “indicator media” refers to a media
that contains specific nutrients or indicators (such as, but not
limited to neutral red, phenol red, eosin y, or methylene
blue) that produce a detectable signal when a certain type of
cells are cultured in the indicator media.

[0854] In some embodiments, the disclosure provides a
composition comprising a dye and optionally a reagent for
selective lysis of eukaryotic cells. In certain embodiments,
the composition comprises both a dye and a reagent for
selective lysis of eukaryotic cells. In some embodiments, the
composition further comprises one or more reagents inde-
pendently selected from the group consisting of: a second
reagent for selective lysis of eukaryotic cells (e.g., Triton
X-100), an electrolyte (e.g., MgCl,), an anti-fungi reagent
(e.g., amphotericin-B), and an antibiotic. In some embodi-
ments, the composition comprises water and is in the form
of an aqueous solution. In some embodiments, the compo-
sition is a solid or semi-solid. In some embodiments, the
compositions described here are suitable for use in a kit or
device for detecting or quantifying viable bacterial cells in
a sample. In some embodiments, such a device is an ingest-
ible device for detecting or quantifying viable bacterial cells
in vivo (e.g., in the GI tract). In some embodiments, viable
bacterial cells in a sample are detected or quantified in the
presence of one or more antibiotics to determine antibiotic
resistance of the bacteria in the sample. In some embodi-
ments, anomalous bacterial populations in a sample may be
detected or quantified, for example through the use of one a
composition comprising a dye as disclosed herein, to deter-
mine whether a subject has an infection, such as Small
Intestinal Bacterial Overgrowth (SIBO), or to characterize
bacterial populations within the GI tract for diagnostic or
other purposes.

[0855] In some embodiments, a method comprises: (a)
contacting the sample with a composition as described
herein; and (b) measuring total fluorescence or rate of
change of fluorescence as a function of time of said sample,
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thereby detecting viable bacterial cells in said sample. In
some embodiments, a control as described herein may be
employed in the method. In some embodiments, the total
fluorescence or the rate of change of fluorescence as a
function of time of the sample is measured over multiple
time points for an extended period of time in step (b),
thereby detecting viable bacterial cells in said sample. In
some embodiments, the method further comprises correlat-
ing the total fluorescence or the rate of change of fluores-
cence as a function of time determined in step (b) to the
number of viable bacterial cells in the sample. In some
embodiments, the rate of change of fluorescence as a func-
tion of time of the sample measured over multiple time
points is determined and compared to the rate of change of
fluorescence as a function of time of a control measured over
the same time points to determine the number of viable
bacterial cells in the sample. In some embodiments, the
method does not require ex vivo plating or culturing. In
some embodiments, the method does not require aspiration.
In some embodiments, the method is performed in vivo
(e.g., in an ingestible device in vivo). In some embodiments,
the method comprises communicating the results of the
onboard assay(s) to an ex vivo receiver.

[0856] In certain embodiments, a kit comprises a compo-
sition as described herein and instructions, e.g., for detecting
or quantifying viable bacterial cells in a sample. In some
embodiments, a device comprises a composition as
described herein, e.g., for detecting or quantifying viable
bacterial cells in a sample. The detection of live cells, as
opposed to the detection of bacterial components (such as
endotoxins) which can be present in the sample environment
and lead to conflicting results, is the gold standard of viable
plate counting and represents one of the advantages of the
compositions and methods described herein.

[0857] The systems employ methods, compositions and
detection systems found to accurately and reliably correlate
fluorescence to total bacteria count (TBC) in an autono-
mous, ingestible device, or other similarly-sized device. The
compositions include novel combinations of dyes, buffers
and detergents that allow for the selective staining of viable
bacterial cells in samples that comprise non-bacterial cells
and other components that otherwise make detecting or
quantifying live bacterial cells challenging. In some embodi-
ments, the systems allow for bacteria to be quantified in near
real-time and the results to be shared telemetrically outside
of the device.

[0858] In certain embodiments, the disclosure provides a
method of assessing or monitoring the need to treat a subject
suffering from or at risk of overgrowth of bacterial cells in
the gastrointestinal tract, which comprises: (a) obtaining a
sample from the gastrointestinal tract of said subject; (b)
contacting the sample with a composition as described
herein; (c) measuring total fluorescence or rate of change of
fluorescence as a function of time of said sample; and (d)
correlating the total fluorescence or the rate of change of
fluorescence as a function of time measured in step (c) to the
number of viable bacterial cells in the sample, wherein the
number of the viable bacterial cells determined in step (e)
greater than about 105 CFU/mL indicates a need for treat-
ment, e.g., with an antibiotic agent as described herein. In
some embodiments, a control as described herein may be
employed in the method. In some embodiments, the total
fluorescence or the rate of change of fluorescence as a
function of time of the sample is measured over multiple
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time points for an extended period of time in step (c). In
some embodiments, the rate of change of fluorescence as a
function of time of the sample measured over multiple time
points is determined and compared to the rate of change of
fluorescence as a function of time of a control measured over
the same time points to determine the number of viable
bacterial cells in the sample. In some embodiments, the
method does not require ex vivo plating or culturing. In
some embodiments, the method does not require aspiration.
In some embodiments, the method is performed in vivo
(e.g., in an ingestible device in vivo). In some embodiments,
the method comprises communicating the results of the
onboard assay(s) to an ex vivo receiver. In some embodi-
ments, the method may be further used to monitor the
subject after the treatment (e.g., with an antibiotic). In some
embodiments, the method may be used to assess the efficacy
of the treatment. For example, efficacious treatment may be
indicated by the decrease of the number of viable bacterial
cells in a sample from the GI tract of the subject post-
treatment. Efficacy of the treatment may be evaluated by the
rate of decrease of the number of viable bacterial cells in a
sample from the GI tract of the subject post-treatment. In
some embodiments, the method may be used to detect
infection with antibiotic-resistant strains of bacteria in a
subject. For instance, such infection may be indicated where
the number of viable bacterial cells in a sample from the GI
tract of the subject does not substantially decrease after
antibiotic treatment.

[0859] In some embodiments, the disclosure provides an
absorbable material, (e.g., absorbable sponge), having
absorbed therein a composition as described herein. In some
embodiments, the absorbable sponge is Ahlstrom Grade
6613H (Lot 150191) or Porex PSU-567, having absorbed
therein a composition as described herein. In some embodi-
ments, the absorbable sponge may be prepared by injecting
into the absorbable sponge an aqueous solution comprising
a composition as described herein, and optionally further
comprising a step of drying the resulting absorbable sponge.

[0860] In certain embodiments, the disclosure provides a
method for detecting the presence of viable bacterial cells in
a sample, which comprises: (a) fully or partially saturating
an absorbable sponge as described herein, or an absorbable
sponge prepared as described herein, with the sample; and
(b) measuring total fluorescence or rate of change of fluo-
rescence as a function of time of the fully or partially
saturated sponge prepared in step (a), thereby detecting
viable bacterial cells. In some embodiments, a control as
described herein may be employed in the method. In some
embodiments, the total fluorescence or the rate of change of
fluorescence as a function of time of the fully or partially
saturated sponge is measured over multiple time points for
an extended period of time in step (b), thereby detecting
viable bacterial cells in said sample. In some embodiments,
the method further comprises correlating the total fluores-
cence or the rate of change of fluorescence as a function of
time measured in step (b) to the number of viable bacterial
cells in the sample. In some embodiments, the rate of change
of fluorescence as a function of time of the fully or partially
saturated sponge measured over multiple time points is
determined and compared to the rate of change of fluores-
cence as a function of time of a control measured over the
same time points to determine the number of viable bacterial
cells in the sample. In some embodiments, the method does
not require ex vivo plating or culturing. In some embodi-
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ments, the method does not require aspiration. In some
embodiments, the method is performed in vivo (e.g., in an
ingestible device in vivo). In some embodiments, the
method comprises communicating the results of the onboard
assay(s) to an ex vivo receiver. In one aspect, provided
herein is a kit comprising an absorbable sponge as described
herein and instructions, e.g., for detecting or quantifying
viable bacterial cells in a sample. In another aspect, provided
herein is a device comprising an absorbable sponge as
described herein, e.g., for detecting or quantifying viable
bacterial cells in a sample.

[0861] In certain embodiments, the disclosure provides a
method of assessing or monitoring the need to treat a subject
suffering from or at risk of overgrowth of bacterial cells in
the gastrointestinal tract, which comprises: (a) obtaining a
sample from the gastrointestinal tract of said subject; (b)
fully or partially saturating an absorbable sponge described
herein, or an absorbable sponge prepared as described
herein, with the sample; (c) measuring total fluorescence or
rate of change of fluorescence as a function of time of the
fully or partially saturated sponge prepared in step (b); (d)
correlating the total fluorescence or the rate of change of
fluorescence as a function of time measured in step (c) to the
number of viable bacterial cells in the sample, wherein the
number of the viable bacterial cells as determined in step (e)
greater than about 10° CFU/mL indicates a need for treat-
ment, e.g., with an antibiotic agent as described herein. In
some embodiments, a control as described herein may be
employed in the method. In some embodiments, the total
fluorescence or the rate of change of fluorescence as a
function of time of the fully or partially saturated sponge is
measured over multiple time points for an extended period
of time in step (c). In some embodiments, the rate of change
of fluorescence as a function of time of the fully or partially
saturated sponge measured over multiple time points is
determined and compared to the rate of change of fluores-
cence as a function of time of a control measured over the
same time points to determine the number of viable bacterial
cells in the sample. In some embodiments, the method does
not require ex vivo plating or culturing. In some embodi-
ments, the method does not require aspiration. In some
embodiments, the method is performed in vivo (e.g., in an
ingestible device in vivo). In some embodiments, the
method comprises communicating the results of the onboard
assay(s) to an ex vivo receiver. In some embodiments, the
method may be further used to monitor the subject after the
treatment (e.g., with an antibiotic). In some embodiments,
the method may be used to assess the efficacy of the
treatment. For example, efficacious treatment may be indi-
cated by the decrease of the number of viable bacterial cells
in a sample from the GI tract of the subject post-treatment.
Efficacy of the treatment may be evaluated by the rate of
decrease of the number of viable bacterial cells in a sample
from the GI tract of the subject post-treatment. In some
embodiments, the method may be used to detect infection
with antibiotic-resistant strains of bacteria in a subject. For
instance, such infection may be indicated where the number
of viable bacterial cells in a sample from the GI tract of the
subject does not substantially decrease after antibiotic treat-
ment

[0862] In certain embodiments, the disclosure provides
and ingestible device comprising a housing; a first opening
in the wall of the housing; a second opening in the first end
of the housing; and a chamber connecting the first opening
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and the second opening, wherein at least a portion of the
chamber forms a sampling chamber within the ingestible
device. In some embodiments, the sampling chamber is
configured to hold an absorbable sponge described herein. In
some embodiments, the sampling chamber is configured to
hold a sample obtained from a gastrointestinal (GI) tract of
a body. In some embodiments, the ingestible device is
individually calibrated (for example, by comparing to a
positive or negative control as described herein), wherein the
fluorescent properties of the absorbable sponge held in the
sampling chamber of the device are determined prior to the
introduction of the sample. The ingestible device as
described herein is useful for detecting or quantifying viable
bacterial cells in vivo. In some embodiments, provided
herein is a method for detecting or quantifying viable
bacterial cells in a GI tract sample in vivo using an ingestible
device as described herein. In some embodiments, provided
herein is a method of assessing or monitoring the need to
treat a subject suffering from or at risk of overgrowth of
bacterial cells in the GI tract in vivo using an ingestible
device as described herein. In some embodiments, provided
herein is a method of altering the treatment regimen of a
subject suffering from or at risk of overgrowth of bacterial
cells in the GI tract in vivo using an ingestible device as
described herein. In one aspect, the subject is a subject
suffering from or at risk of overgrowth of bacterial cells in
the duodenum. In one aspect, the subject is a subject
suffering from or at risk of overgrowth of bacterial cells in
the jejunum. In one aspect, the subject is a subject suffering
from or at risk of overgrowth of bacterial cells in the ileum.
In one aspect, the subject is a subject suffering from or at risk
of overgrowth of bacterial cells in the ascending colon. In
one aspect, the subject is a subject suffering from or at risk
of overgrowth of bacterial cells in the transverse colon. In
one aspect, the subject is a subject suffering from or at risk
of overgrowth of bacterial cells in the descending colon. In
some embodiments, the method may be further used to
monitor the subject after the treatment (e.g., with an anti-
biotic). In some embodiments, the method may be used to
assess the efficacy of the treatment. For example, efficacious
treatment may be indicated by the decrease of the number of
viable bacterial cells in a sample from the GI tract of the
subject post-treatment. Efficacy of the treatment may be
evaluated by the rate of decrease of the number of viable
bacterial cells in a sample from the GI tract of the subject
post-treatment. In some embodiments, the method may be
used to detect infection with antibiotic-resistant strains of
bacteria in a subject. For instance, such infection may be
indicated where the number of viable bacterial cells in a
sample from the GI tract of the subject does not substantially
decrease after antibiotic treatment. In some embodiments,
the method is performed autonomously and does not require
instructions, triggers or other inputs from outside the body
after the device has been ingested.

[0863] “Fukaryotic” as recited herein relates to any type of
eukaryotic organism excluding fungi, such as animals, in
particular animals containing blood, and comprises inverte-
brate animals such as crustaceans and vertebrates. Verte-
brates comprise both cold-blooded (fish, reptiles, amphib-
ians) and warm blooded animal (birds and mammals).
Mammals comprise in particular primates and more particu-
larly humans

[0864] “Selective lysis” as used herein is obtained in a
sample when the percentage of bacterial cells in that sample

90
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that remain intact is significantly higher (e.g. 2, 5, 10, 20, 50,
100, 250, 500, or 1,000 times more) than the percentage of
the eukaryotic cells in that sample that remain intact, upon
treatment of or contact with a composition or device as
described herein.

[0865] In some embodiments, the dye suitable for use
herein is a dye that is capable of being internalized by a
viable cell, binding to or reacting with a target component of
the viable cell, and having fluorescence properties that are
measurably altered when the dye is bound to or reacted with
the target component of the viable cell. In some embodi-
ments, the dye herein is actively internalized by penetrating
viable cells through a process other than passible diffusion
across cell membranes. Such internalization includes, but is
not limited to, internalization through cell receptors on cell
surfaces or through channels in cell membranes. In some
embodiments, the target component of a viable cell to which
the dye is bound to or reacted with is selected from the group
consisting of: nucleic acids, actin, tubulin, enzymes, nucleo-
tide-binding proteins, ion-transport proteins, mitochondria,
cytoplasmic components, and membrane components. In
some embodiments, the dye suitable for use herein is a
fluorogenic dye that is capable of being internalized and
metabolized by a viable cell, and wherein said dye fluoresces
when metabolized by the viable cell. In some embodiments,
the dye is a chemiluminescent dye that is capable of being
internalized and metabolized by a viable cell, and wherein
said dye becomes chemiluminescent when metabolized by
the viable cell.

[0866] In some embodiments, the composition comprises
a dye that fluoresces when bond to nucleic acids. Examples
of such dyes include, but are not limited to, acridine orange
(U.S. Pat. No. 4,190,328); calcein-AM (U.S. Pat. No. 5,314,
805); DAPI; Hoechst 33342; Hoechst 33258; PicoGreen™,;
SYTO® 16; SYBR® Green I, Texas Red®; Redmond
Red™; Bodipy® Dyes; Oregon Green™; ethidium bromide;
and propidium iodide.

[0867] In some embodiments, the composition comprises
a lipophilic dye that fluoresces when metabolized by a cell.
In some embodiments, the dye fluoresces when reduced by
a cell or a cell component. Examples of dyes that fluoresce
when reduced include, but are not limited to, resazurin;
C'*-resazurin; 7-hydroxy-9H-(1,3 dichloro-9,9-dimethyl-
acridin-2-ol) N-oxide; 6-chloro-9-nitro-5-oxo-5H-benzo[a]
phenoxazine; and tetrazolium salts. In some embodiment,
the dye fluoresces when oxidized by a cell or a cell com-
ponent. Examples of such dyes include, but are not limited
to, dihydrocalcein AM; dihydrorhodamine 123; dihydroeth-
idium;  2,3,4,5,6-pentafluorotetramethyldihydrorosamine;
and 3'-(p-aminophenyl) fluorescein.

[0868] In some embodiments, the composition comprises
a dye that becomes chemiluminescent when oxidized by a
cell or a cell component, such as luminol.

[0869] In some embodiments, the composition comprises
a dye that fluoresces when de-acetylated and/or oxidized by
a cell or a cell component. Examples of such dyes include,
but are not limited to, dihydrorhodamines; dihydrofluores-
ceins; 2',7'-dichlorodihydrofluorescein diacetate; 5-(and
6-)carboxy-2',7"-dichlorodihydrofluorescein diacetate; and
chloromethyl-2',7'-dichlorodihydrofluorescein diacetate
acety] ester.

[0870] In some embodiments, the composition comprises
a dye that fluoresces when reacted with a peptidase.
Examples of such dyes include, but are not limited to,
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(CBZ-Ala-Ala-Ala-Ala)2-R110 elastase 2; (CBZ-Ala-Ala-
Asp)2-R110 granzyme B; and 7-amino-4-methylcoumarin,
N-CBZ-L-aspartyl-L-glutamyl-I-valyl-L-aspartic acid
amide.

[0871] In some embodiments, the composition comprises
a dye selected from the group consisting of resazurin, FDA,
Calcein AM, and SYTO® 9. In some embodiments, the dye
is FDA or SYTO® 9.

[0872] SYTO® 9, when used alone, labels the nucleic acid
of bacteria cells. The excitation/emission wavelengths for
SYTO® 9 is 480/500 nm, with the background remaining
non-fluorescent. See, e.g., J. Appl. Bacteriol. 72, 410 (1992);
Lett. Appl. Microbiol. 13, 58 (1991); Curr. Microbiol. 4,321
(1980); J. Microbiol. Methods 13, 87 (1991); and Microbiol.
Rev. 51,365 (1987); and J. Med. Microbiol. 39, 147 (1993).
[0873] FDA is a non-polar, non-fluorescent compound that
can cross the membranes of mammalian and bacterial cells.
The acetyl esterases (present only within viable cells) hydro-
lyze the FDA into the fluorescent compound fluorescein.
Fluorescein is a fluorescent polar compound that is retained
within these cells. Living cells can be visualized in a
photospectrometer when assayed with an excitation wave-
length of 494 nm and an emission wavelength of 518 nm.
See, e.g., Brunius, G. (1980). Technical aspects of the use of
3', 6 —Diacetyl fluorescein for vital fluorescent staining of
bacteria. Current Microbiol. 4: 321-323; Jones, K. H. and
Senft, J. A. (1985). 4Ar improved method to determine
cellviability by simultaneous staining with fluorescein diac-
etate-propidium iodide. J. Histochem. Cytochem. 33: 77-79;
Ross, R. D., Joneckis, C. C., Ordonez, J. V., Sisk, A. M., Wu,
R. K., Hamburger, A. W., and Nora, R. E. (1989). Estimation
of cell survival by flow cytometric quantification of fluores-
cein diacetate/propidium iodide viable cell number. Cancer
Research. 49: 3776-3782.

[0874] Calcein-AM, which is an acetoxylmethyl ester of
calcein, is highly lipophilic and cell permeable. Calcein-AM
in itself is not fluorescent, but the calcein generated by
esterase in a viable cell emits a green fluorescence with an
excitation wavelength of 490 nm and an emission of 515 nm.
Therefore, Calcein-AM can only stain viable cells. See, e.g.,
Kimura, K., et al, Neurosci. Lett., 208, 53 (1998);
Shimokawa, 1., et al., J. Geronto., 51a, b49 (1998); Yoshida,
S., et al., Clin. Nephrol., 49, 273 (1998); and Tominaga, H.,
et al., Anal. Commun., 36, 47 (1999).

[0875] Resazuim (also known as Alamar Blue) is a blue
compound that can be reduced to pink resorufin which is
fluorescent. This dye is mainly used in viability assays for
mammalian cells. C'-resazurin has better cell permeability
than resazurin. When lipohilic C*2-resazurin crosses the cell
membranes, it is subsequently reduced by living cells to
make a red fluorescent resorufin. The adsorption/emission of
C'2-resazurin is 563/587 nm. See, e.g., Appl Environ Micro-
biol 56,3785 (1990); ] Dairy Res 57, 239 (1990); J Neurosci
Methods 70, 195 (1996); J Immunol Methods 210, 25
(1997); J Immunol Methods 213, 157 (1998); Antimicrob
Agents Chemother 41, 1004 (1997).

[0876] In some embodiments, the composition optionally
further comprises a reagent for selective lysis of eukaryotic
cells. In some embodiments, the composition comprises a
dye as described herein and a reagent for selective lysis of
eukaryotic cells. In some embodiments, the reagent for
selective lysis of eukaryotic cells is a detergent, such as a
non-ionic or an ionic detergent. Examples of the reagent for
selective lysis of eukaryotic cells include, but are not limited
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to, alkylglycosides, Brij 35 (C12E23 Polyoxyethyleneglycol
dodecyl ether), Brij 58 (C16E20 Polyoxyethyleneglycol
dodecyl ether), Genapol, glucanids such as MEGA-8, -9,
-10, octylglucoside, Pluronic F127, Triton X-100 (C,,H,,0
(C,H,0),), Triton X-114 (C,,H4,04), Tween 20 (Polysor-
bate 20) and Tween 80 (Polysorbate 80), Nonidet P40,
deoxycholate, reduced Triton X-100 and/or Igepal CA 630.
In some embodiments, the composition comprises a dye as
described herein and deoxycholate (e.g., sodium deoxy-
cholate) as a reagent for selective lysis of eukaryotic cells.
In some embodiments, the composition comprises deoxy-
cholate at a concentration selected from 0.0001% to 1 wt %.
In some embodiments, the composition comprises deoxy-
cholate at a concentration of 0.005 wt %. In some embodi-
ments, the composition may comprise more than one reagent
for selective lysis of eukaryotic cells.

[0877] In some embodiments, the composition may com-
prise two different reagents for selective lysis of eukaryotic
cells. In some instances, when more than one selective lysis
reagents are used, more effective and/or complete selective
lysis of eukaryotic cells in a sample may be achieved. For
example, the composition may comprise deoxycholate (e.g.,
sodium deoxycholate) and Triton X-100 as two different
reagents for selective lysis of eukaryotic cells. In some
embodiments, the composition comprises deoxycholate
(e.g., sodium deoxycholate) at a concentration selected from
0.0001% to 1 wt % (e.g., 0.005 wt %) and Triton X-100 at
a concentration selected from 0.1 to 0.05 wt %.

[0878] In some embodiments, after a sample (e.g., a
biological sample) is treated or contacted with a composition
comprising a dye and one or more reagents for selective lysis
of eukaryotic cells as described herein, the eukaryotic cells
(e.g., animal cells) in the sample are selectively lysed
whereby a substantial percentage (e.g., more than 20%,
40%, 60%, 80%, 90% or even more that 95%) of the
bacterial cells in the same sample remains intact or alive.
[0879] In some embodiments, the composition does not
comprise a reagent for selective lysis of eukaryotic cells, and
such a composition is useful for detecting or quantifying
viable bacterial cells in a sample (e.g., an environmental
sample such as a water sample) that does not contain any
eukaryotic cells.

[0880] In some embodiments, the composition further
comprises an electrolyte, such as a divalent electrolyte (e.g.,
MgCl,). In some embodiments, the composition comprises
MgCl, at a concentration selected from 0.1 mM to 100 mM
(e.g., a concentration selected from 0.5 mM to 50 mM).
[0881] In some embodiments, the composition further
comprises water and is in a form of an aqueous solution. In
some embodiments, the composition has a pH selected from
5-8 (e.g., a pH selected from 6-7.8, such as pH being 6.0).
In some embodiments, the composition is a solid or a
semi-solid.

[0882] In some embodiments, the composition further
comprises an anti-fungal agent. Suitable anti-fungal agents
for use herein include, but are not limited to, fungicidal and
fungistatic agents including terbinafine, itraconazole,
micronazole nitrate, thiapendazole, tolnaftate, clotrimazole
and griseofulvin. In some embodiments, the anti-fungal
agent is a polyene anti-fungal agent, such as amphotericin-
B, nystatin, and pimaricin.

[0883] In some embodiments, the composition does not
contain any anti-fungal agent. In some embodiments, the
composition contains broad spectrum antibiotics but not any
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anti-fungal agent. Such compositions that do not contain
anti-fungal agents but contain broad spectrum antibiotics
may be useful in detecting or quantifying fungi (e.g., yeast)
in a sample.

[0884] In some embodiments, the composition does not
contain any anti-fungal agent, any antibiotics or any anti-
mammalian agent. Such compositions that do not selectively
lyse mammalian cells may be useful in detecting or quan-
tifying mammalian cells (e.g., cells from the GI tract) in a
sample since many dyes have a higher affinity for mamma-
lian as compared to bacteria or fungi cells. In some embodi-
ments, the composition contains broad spectrum antibiotics
and one or more anti-fungal agents. Such compositions that
contain anti-fungal agents and broad spectrum antibiotics
may be useful in detecting or quantifying mammalian cells
(e.g., cells from the GI tract) in a sample. The detection or
quantification of mammalian cells may be useful for deter-
mining cell turnover in a subject. High cell turnover is
sometimes associated with a GI injury (e.g., lesion), the
presence of a tumor(s), or radiation-induced colitis or radia-
tion enteropathy.

[0885] In some embodiments, the composition further
comprises an antibiotic agent as described herein. Such a
composition may be useful in detecting or quantifying
antibiotic-resistant strains of bacteria in a sample.

[0886] In certain embodiments, the composition com-
prises Triton X-100, deoxycholate, resazurin, and MgCl,. In
some embodiments, the composition comprises Triton
X-100, deoxycholate, resazurin, amphotericin-B and MgCl,.
In some embodiments, the composition comprises 0.1 wt %
or 0.05 wt % Triton X-100; 0.005 wt % deoxycholate; 10
mM resazurin; 2.5 mg/L, amphotericin-B and 50 mM MgCl,.
In some embodiments, the composition has a pH of 6.0.
[0887] In certain embodiments, the compositions are suit-
able for use in a kit or device, e.g., for detecting or
quantifying viable bacterial cells in a sample. In some
embodiments, such a device is an ingestible device for
detecting or quantifying viable bacterial cells in vivo (e.g.,
in the GI tract).

[0888] FIG. 62 illustrates a nonlimiting example of a
system for collecting, communicating and/or analyzing data
about a subject, using an ingestible device as disclosed
herein. For example, an ingestible device may be configured
to communicate with an external base station. As an
example, an ingestible device can have a communications
unit that communicates with an external base station which
itself has a communications unit. FIG. 62 illustrates exem-
plary implementation of such an ingestible device. As shown
in FIG. 62, a subject ingests an ingestible device as disclosed
herein. Certain data about the subject (e.g., based on a
collected sample) and/or the location of the ingestible device
in the GI tract of the subject is collected or otherwise
available and provided to a mobile device, which then
forwards the data via the internet and a server/data store to
a physician’s office computer. The information collected by
the ingestible device is communicated to a receiver, such as,
for example, a watch or other object worn by the subject.
The information is then communicated from the receiver to
the mobile device which then forwards the data via the
internet and a server/data store to a physician’s office
computer. The physician is then able to analyze some or all
of the data about the subject to provide recommendations,
such as, for example, delivery a therapeutic agent. While
FIG. 62 shows a particular approach to collecting and
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transferring data about a subject, the disclosure is not
limited. As an example, one or more of the receiver, mobile
device, internet, and/or server/data store can be excluded
from the data communication channel. For example, a
mobile device can be used as the receiver of the device data,
e.g., by using a dongle. In such embodiments, the item worn
by the subject need not be part of the communication chain.
As another example, one or more of the items in the data
communication channel can be replaced with an alternative
item. For example, rather than be provided to a physician’s
office computer, data may be provided to a service provider
network, such as a hospital network, an HMO network, or
the like. In some embodiments, subject data may be col-
lected and/or stored in one location (e.g., a server/data store)
while device data may be collected and/or stored in a
different location (e.g., a different server/data store).

Locations of Treatment

[0889] In some embodiments, the I1.-12/11.-23 inhibitor is
delivered at a location in the large intestine of the subject. In
some embodiments, the location is in the proximal portion
of the large intestine. In some embodiments, the location is
in the distal portion of the large intestine.

[0890] In some embodiments, the IL-12/1L.-23 inhibitor is
delivered at a location in the ascending colon of the subject.
In some embodiments, the location is in the proximal portion
of the ascending colon. In some embodiments, the location
is in the distal portion of the ascending colon.

[0891] In some embodiments, the IL.-12/IL.-23 inhibitor is
delivered at a location in the cecum of the subject. In some
embodiments, the location is in the proximal portion of the
cecum. In some embodiments, the location is in the distal
portion of the cecum.

[0892] In some embodiments, the IL.-12/1L.-23 inhibitor is
delivered at a location in the sigmoid colon of the subject.
In some embodiments, the location is in the proximal portion
of the sigmoid colon. In some embodiments, the location is
in the distal portion of the sigmoid colon.

[0893] In some embodiments, the IL-12/IL.-23 inhibitor is
delivered at a location in the transverse colon of the subject.
In some embodiments, the location is in the proximal portion
of the transverse colon. In some embodiments, the location
is in the distal portion of the transverse colon.

[0894] In some embodiments, the I1.-12/1L.-23 inhibitor is
delivered at a location in the descending colon of the subject.
In some embodiments, the location is in the proximal portion
of the descending colon. In some embodiments, the location
is in the distal portion of the descending colon.

[0895] In some embodiments, the IL-12/IL.-23 inhibitor is
delivered at a location in the small intestine of the subject.
In some embodiments, the location is in the proximal portion
of the small intestine. In some embodiments, the location is
in the distal portion of the small intestine.

[0896] In some embodiments, the IL.-12/IL.-23 inhibitor is
delivered at a location in the duodenum of the subject. In
some embodiments, the location is in the proximal portion
of the duodenum. In some embodiments, the location is in
the distal portion of the duodenum.

[0897] In some embodiments, the I1.-12/1L.-23 inhibitor is
delivered at a location in the jejunum of the subject. In some
embodiments, the location is in the proximal portion of the
jejunum. In some embodiments, the location is in the distal
portion of the jejunum.
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[0898] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the duodenum of the subject and is
not delivered at other locations in the gastrointestinal tract.
In some embodiments, the IL.-12/IL.-23 inhibitor is delivered
at a location in the duodenum of the subject and is not
delivered at other locations in the gastrointestinal tract,
wherein a site of disease is in the duodenum and no site of
disease is present at other locations in the gastrointestinal
tract. In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the duodenum of the subject and is
not delivered at other locations in the gastrointestinal tract,
wherein a first site of disease is in the duodenum and a
second site of disease is in the stomach and no site of disease
is present at other locations in the gastrointestinal tract.
[0899] In some embodiments, the IL.-12/I1.-23 inhibitor is
delivered at a location in the proximal duodenum of the
subject and is not delivered at other locations in the gastro-
intestinal tract. In some embodiments, the IL-12/1L-23
inhibitor is delivered at a location in the proximal duodenum
of the subject and is not delivered at other locations in the
gastrointestinal tract, wherein a site of disease is in the
duodenum and no site of disease is present at other locations
in the gastrointestinal tract. In some embodiments, the
1L-12/1L-23 inhibitor is delivered at a location in the proxi-
mal duodenum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a first site of
disease is in the duodenum and a second site of disease is in
the stomach and no site of disease is present at other
locations in the gastrointestinal tract.

[0900] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the jejunum of the subject and is
not delivered at other locations in the gastrointestinal tract.
In some embodiments, the I[.-12/IL.-23 inhibitor is delivered
at a location in the jejunum of the subject and is not
delivered at other locations in the gastrointestinal tract,
wherein a site of disease is in the jejunum and no site of
disease is present at other locations in the gastrointestinal
tract. In some embodiments, the IL-12/IL.-23 inhibitor is
delivered at a location in the jejunum of the subject and is
not delivered at other locations in the gastrointestinal tract,
wherein a first site of disease is in the jejunum and a second
site of disease is in the ileum and no site of disease is present
at other locations in the gastrointestinal tract.

[0901] In some embodiments, the IL-12/I1.-23 inhibitor is
delivered at a location in the proximal portion of the jejunum
of the subject and is not delivered at other locations in the
gastrointestinal tract. In some embodiments, the 11.-12/11.-23
inhibitor is delivered at a location in the proximal portion of
the jejunum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a site of
disease is in the jejunum and no site of disease is present at
other locations in the gastrointestinal tract. In some embodi-
ments, the IL-12/IL-23 inhibitor is delivered at a location in
the proximal portion of the jejunum of the subject and is not
delivered at other locations in the gastrointestinal tract,
wherein a first site of disease is in the jejunum and a second
site of disease is in the ileum and no site of disease is present
at other locations in the gastrointestinal tract.

[0902] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the distal portion of the jejunum of
the subject and is not delivered at other locations in the
gastrointestinal tract. In some embodiments, the 11.-12/1L.-23
inhibitor is delivered at a location in the distal portion of the
jejunum of the subject and is not delivered at other locations
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in the gastrointestinal tract, wherein a site of disease is in the
jejunum and no site of disease is present at other locations
in the gastrointestinal tract. In some embodiments, the
1L-12/IL-23 inhibitor is delivered at a location in the distal
portion of the jejunum of the subject and is not delivered at
other locations in the gastrointestinal tract, wherein a first
site of disease is in the jejunum and a second site of disease
is in the ileum and no site of disease is present at other
locations in the gastrointestinal tract.

[0903] In some embodiments, the I1.-12/11.-23 inhibitor is
delivered at a location in the ileum of the subject. In some
embodiments, the location is in the proximal portion of the
ileum. In some embodiments, the location is in the distal
portion of the ileum.

[0904] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the ileum of the subject and is not
delivered at other locations in the gastrointestinal tract. In
some embodiments, the I1.-12/IL.-23 inhibitor is delivered at
a location in the ileum of the subject and is not delivered at
other locations in the gastrointestinal tract, wherein a site of
disease is in the ileum and no site of disease is present at
other locations in the gastrointestinal tract. In some embodi-
ments, the IL-12/IL-23 inhibitor is delivered at a location in
the ileum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a first site of
disease is in the ileum and a second site of disease is in the
cecum and no site of disease is present at other locations in
the gastrointestinal tract. In some embodiments, the 11.-12/
IL-23 inhibitor is delivered at a location in the ileum of the
subject and is not delivered at other locations in the gastro-
intestinal tract, wherein a first site of disease is in the ileum
and a second site of disease is in the cecum and/or ascending
colon, and no site of disease is present at other locations in
the gastrointestinal tract.

[0905] In some embodiments, the I1.-12/11.-23 inhibitor is
delivered at a location in the proximal portion of the ileum
of the subject and is not delivered at other locations in the
gastrointestinal tract. In some embodiments, the 1L.-12/11.-23
inhibitor is delivered at a location in the proximal portion of
the ileum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a site of
disease is in the ileum and no site of disease is present at
other locations in the gastrointestinal tract. In some embodi-
ments, the IL-12/IL-23 inhibitor is delivered at a location in
the proximal portion of the ileum of the subject and is not
delivered at other locations in the gastrointestinal tract,
wherein a first site of disease is in the ileum and a second site
of disease is in the cecum and no site of disease is present
at other locations in the gastrointestinal tract. In some
embodiments, the I[-12/I.-23 inhibitor is delivered at a
location in the proximal portion of the ileum of the subject
and is not delivered at other locations in the gastrointestinal
tract, wherein a first site of disease is in the ileum and a
second site of disease is in the cecum and/or ascending
colon, and no site of disease is present at other locations in
the gastrointestinal tract.

[0906] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the distal portion of the ileum of the
subject and is not delivered at other locations in the gastro-
intestinal tract. In some embodiments, the IL-12/IL-23
inhibitor is delivered at a location in the distal portion of the
ileum of the subject and is not delivered at other locations in
the gastrointestinal tract, wherein a site of disease is in the
ileum and no site of disease is present at other locations in
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the gastrointestinal tract. In some embodiments, the I1[.-12/
IL-23 inhibitor is delivered at a location in the distal portion
of the ileum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a first site of
disease is in the ileum and a second site of disease is in the
cecum and no site of disease is present at other locations in
the gastrointestinal tract. In some embodiments, the I1L.-12/
1L-23 inhibitor is delivered at a location in the distal portion
of the ileum of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a first site of
disease is in the ileum and a second site of disease is in the
cecum and/or ascending colon, and no site of disease is
present at other locations in the gastrointestinal tract.
[0907] In some embodiments, the IL-12/IL-23 inhibitor is
delivered at a location in the cecum of the subject and is not
delivered at other locations in the gastrointestinal tract. In
some embodiments, the I1.-12/1[.-23 inhibitor is delivered at
a location in the distal portion of the cecum of the subject
and is not delivered at other locations in the gastrointestinal
tract, wherein a site of disease is in the cecum and/or
ascending colon, and no site of disease is present at other
locations in the gastrointestinal tract. In some embodiments,
the IL-12/IL-23 inhibitor is delivered at a location in the
distal portion of the ileum or the proximal portion of the
ascending colon of the subject and is not delivered at other
locations in the gastrointestinal tract, wherein a first site of
disease is in the cecum and a second site of disease is in the
ascending colon, and no site of disease is present at other
locations in the gastrointestinal tract.

[0908] In some embodiments, a site of disease is in the
colon and the IL-12/IL-23 inhibitor is released in the colon,
such as in the cecum. In some embodiments, a site of disease
is in the ascending colon and the 1L-12/IL-23 inhibitor is
released in the ascending colon, such as in the cecum. In
some embodiments, a site of disease is in the ileum and the
1L-12/IL-23 inhibitor is released in the ileum.

[0909] Insome embodiments the subject is diagnosed with
ileal Crohn’s disease and the IL-12/IL-23 inhibitor is
released in the ileum.

[0910] Insomeembodiments the subject is diagnosed with
ileal colonic Crohn’s disease and the IL-12/IL.-23 inhibitor
is released in both the ileum and the colon. In some more
particular embodiments, the IL-12/IL-23 inhibitor is
released in both the ileum and the colon from the same
ingestible device. In some more particular embodiments, the
IL-12/IL-23 inhibitor is released in the ileum from a first
ingestible device and in the colon from a second ingestible
device, wherein the first ingestible device and the second
ingestible device are ingested at substantially the same time
or at different times.

[0911] Insome embodiments the subject is diagnosed with
colitis throughout the colon and the IL.-12/11.-23 inhibitor is
released (a) in the cecum, (b) in the cecum and in the
transverse colon, and/or release (c) in the descending colon.
[0912] Insome embodiments the subject is diagnosed with
right sided colitis and the I1.-12/1L.-23 inhibitor is released in
the transverse colon or in the descending colon.

[0913] Insome embodiments the subject is diagnosed with
rectosigmoidal colitis and the IL-12/IL-23 inhibitor is
released in the descending colon.

[0914] In some embodiments, the location at which the
IL-12/1L-23 inhibitor is delivered is proximate to a site of
disease. The site of disease may be, for example, an injury,
inflamed tissue, or one or more lesions. In some embodi-
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ments, the location at which the IL-12/IL-23 inhibitor is
delivered is proximate to one or more sites of disease. In
some embodiments, the IL-12/IL-23 inhibitor is delivered
150 cm or less from the one or more sites of disease. In some
embodiments, the IL.-12/IL-23 inhibitor is delivered 125 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/IL-23 inhibitor is delivered 100 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/IL.-23 inhibitor is delivered 50 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/IL.-23 inhibitor is delivered 40 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/I1.-23 inhibitor is delivered 30 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/IL.-23 inhibitor is delivered 20 cm
or less from the one or more sites of disease. In some
embodiments, the IL-12/I1.-23 inhibitor is delivered 10 cm
or less from the one or more sites of disease. In some
embodiments, the I1.-12/1L.-23 inhibitor is delivered 5 cm or
less from the one or more sites of disease. In some embodi-
ments, the IL-12/IL.-23 inhibitor is delivered 2 ¢m or less
from the one or more sites of disease. In some embodiments,
the method further comprises using an ingestible device to
deliver the IL-12/IL-23 inhibitor and using localization
methods disclosed herein (e.g., such as discussed in
Example 13 below) to determine the location of the ingest-
ible device within the GI tract (e.g., relative to the site of
disease). In some embodiments, the method further com-
prises using an ingestible device to deliver the 1L.-12/1L.-23
inhibitor and determining the period of time since the
ingestible device was ingested to determine the location of
the ingestible device within the GI tract (e.g., relative to the
site of disease). In some embodiments, the method further
comprises identifying the one or more sites of disease by a
method comprising imaging of the gastrointestinal tract. In
some embodiments, imaging of the gastrointestinal tract
comprises video imaging. In some embodiments, imaging of
the gastrointestinal tract comprises thermal imaging. In
some embodiments, imaging of the gastrointestinal tract
comprises ultrasound imaging. In some embodiments, imag-
ing of the gastrointestinal tract comprises Doppler imaging.
[0915] In some embodiments the method does not com-
prise releasing more than 20% of the IL-12/IL.-23 inhibitor
at a location that is not proximate to a site of disease. In some
embodiments the method does not comprise releasing more
than 10% of the IL-12/IL.-23 inhibitor at a location that is not
proximate to a site of disease. In some embodiments the
method does not comprise releasing more than 5% of the
1L-12/1L-23 inhibitor at a location that is not proximate to a
site of disease. In some embodiments the method does not
comprise releasing more than 4% of the IL.-12/IL.-23 inhibi-
tor at a location that is not proximate to a site of disease. In
some embodiments the method does not comprise releasing
more than 3% of the 1L-12/IL-23 inhibitor at a location that
is not proximate to a site of disease. In some embodiments
the method does not comprise releasing more than 2% of the
IL-12/1L-23 inhibitor at a location that is not proximate to a
site of disease.

[0916] In some embodiments the method comprises
releasing at least 80% of the IL-12/IL-23 inhibitor at a
location proximate to a site of disease. In some embodiments
the method comprise releasing at least 90% of the IL-12/
1L-23 inhibitor at a location proximate to a site of disease.
In some embodiments the method comprises releasing at
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least 95% of the 1L.-12/IL.-23 inhibitor at a location proxi-
mate to a site of disease. In some embodiments the method
comprises releasing at least 96% of the IL-12/IL.-23 inhibitor
at a location proximate to a site of disease. In some embodi-
ments the method comprises releasing at least 97% of the
IL-12/1L-23 inhibitor at a location proximate to a site of
disease. In some embodiments the method comprises releas-
ing at least 98% of the IL-12/IL-23 inhibitor at a location
proximate to a site of disease. In some embodiments, the at
least 80%, at least 90%, at least 95%, at least 96%, at least
97%, or at least 98% of the IL.-12/IL.-23 inhibitor is deliv-
ered 150 cm or less from the one or more sites of disease.
In some embodiments, the at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, or at least 98% of the
1L-12/1L-23 inhibitor is delivered 125 ¢m or less from the
one or more sites of disease. In some embodiments, the at
least 80%, at least 90%, at least 95%, at least 96%, at least
97%, or at least 98% of the IL-12/IL-23 inhibitor is deliv-
ered 100 cm or less from the one or more sites of disease.
In some embodiments, the at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, or at least 98% of the
1L-12/1L-23 inhibitor is delivered 50 cm or less from the one
or more sites of disease. In some embodiments, the at least
80%, at least 90%, at least 95%, at least 96%, at least 97%,
or at least 98% of the IL-12/IL-23 inhibitor is delivered 40
cm or less from the one or more sites of disease. In some
embodiments, the at least 80%, at least 90%, at least 95%,
at least 96%, at least 97%, or at least 98% of the IL-12/IL-23
inhibitor is delivered 30 cm or less from the one or more
sites of disease. In some embodiments, the at least 80%, at
least 90%, at least 95%, at least 96%, at least 97%, or at least
98% of the 1L-12/IL-23 inhibitor is delivered 20 ¢cm or less
from the one or more sites of disease. In some embodiments,
the at least 80%, at least 90%, at least 95%, at least 96%, at
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least 97%, or at least 98% of the IL-12/IL-23 inhibitor is
delivered 10 cm or less from the one or more sites of disease.
In some embodiments, the at least 80%, at least 90%, at least
95%, at least 96%, at least 97%, or at least 98% of the
1L-12/IL-23 inhibitor is delivered 5 cm or less from the one
or more sites of disease. In some embodiments, the at least
80%, at least 90%, at least 95%, at least 96%, at least 97%,
or at least 98% of the IL-12/IL-23 inhibitor is delivered 2 cm
or less from the one or more sites of disease. In some
embodiments, the method further comprises using an ingest-
ible device to deliver the IL-12/IL.-23 inhibitor and using
localization methods disclosed herein (e.g., such as dis-
cussed in Example 13 below) to determine the location of
the ingestible device within the GI tract (e.g., relative to the
site of disease). In some embodiments, the method further
comprises using an ingestible device to deliver the 1L-12/
IL-23 inhibitor and determining the period of time since the
ingestible device was ingested to determine the location of
the ingestible device within the GI tract (e.g., relative to the
site of disease).
[0917] In some embodiments, the amount of IL.-12/IL.-23
inhibitor that is delivered is a Human Equivalent Dose.
[0918] The HED may be calculated in one of the following
ways, where in each case “animal dose” refers to the ratio of
the amount of 1L.-12/11-23 inhibitor in mg to the weight of
the animal in kg:

[0919] (i) HED=mouse dosex0.08;

[0920] (ii) HED=animal dosex(animal weight in kg/hu-

man weight in kg)°>?;
[0921] (iii) HED=animal dosex(ratio of human SA/kg
to animal SA/kg).

In iii), the term “SA/kg” refers to the GI tract Surface Area
in cm? divided by the weight in kg. In turn, the GI Surface
Area is the sum of the surface area of the cecum and the
surface area of the colon. The ratio of SA values is derived
as shown in the following table for pigs, humans, and mice:

Pig (1) Pig(2) Pig(1,2) Human (2) Human (3) Human (4) Human Mouse (5)
Weight (kg) 318 100 60 60 60 0.02
Cecum Diameter (cm) 3 7 7 7.57 0.54
Cecum Length (cm) 23 23 20 20 6.7 35
Surface Area' 230.91 3665 516.79 516.79 249.35 6.40
Cecum (cm?)
Colon Diameter (cm) 3 5 4.8 4.98 0.29
Colon Length (cm) 499 413 169 189 182.9 8.2
Surface Area 4717.11 3540 2693.92  2886.25 2900.46 7.60
Colon (cm?)
Total Surface 4948.02 7205 3210.7152 3403.043952 3149.811043 14.00
Area (cm?)
SA/kg 1556 72.05  43.80 53.51 56.72 52.50 5424 699.92
SA/kg ratio 1.24 0.077
(human/animal)

IThe surface area is calculated as (2 x 3.1416 x rz) + (2 x 3.1416 x r x h), where r and h are the radius and the length, respectively, of the

portion of the GI tract

(1), (2), (3), (4), (5) in the table refer to the following references:

(1) Kalarli, T., Biopharmaceutics & Drug Disposition, July 1995.

(2) Hamid A. Merchant et al.,, European J. of Pharm. Sci., 42 (2011) 3-10.

(3) Helander, H. F. at al., Scandinavian J. of Gastroent., 49: 6, 681-689, DOI: 10.3109/00365521.2014.898326
(4) Khashab, M. A. at al., Endoscopy 2009; 41: 674-78.

(5) Casteleyn et al., Laboratory Animals 2010; 44: 176-183.

(1,2) indicates an average of the values calculated based on references (1) and (2).
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[0922] a. The following are the HED values calculated
according to (i), (ii) and (iii) above for an anti-p40
IL-12/11-23 inhibitor, based on the animal dose for a
mouse. In the table, the weight of a mouse is 20 g (0.02
kg) and the weight of a human is 60 kg.

96
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mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 4 mg to 8 mg.
In some embodiments, the amount of the anti-p41 that is
administered to the human is in a range from 4 mg to 7 mg.
In some embodiments, the amount of the anti-p41 that is

mg/kg of HED (i) HED (i) HED (ii) HED (ii) HED (iii) HED(ii)
mg/dose mouse mg/kg mg/dose mgkg mg/dose mg/kg mg/dose
0.2 (Q3D, 5 10 0.8 48 0.71 42.73 0.77 46.20

doses (one dose
on each of days
0,3,6,9,12)

[0923] b. The following are the HED values calculated
according to (i), (ii) and (iii) above for an anti-p41
IL-12/11-23 inhibitor, based on the animal dose for a
mouse. In the table, the weight of a mouse is 20 g (0.02
kg) and the weight of a human is 60 kg.

administered to the human is in a range from 4 mg to 6 mg.
In some embodiments, the amount of the anti-p41 that is
administered to the human is in a range from 4 mg to 5 mg.
In some embodiments, the amount of the anti-p41 that is
administered to the human is in a range from 20 mg to 200

mg/kg of HED (i) HED (i) HED (ii) HED (ii) HED (iii) HED(ii)
mg/dose mouse mg/kg mg/dose mgkg mg/dose mg/kg mg/dose
0.2 (QD, 10 0.8 48 0.71 42.73 0.77 46.20
Day 0-Day 14)
0.02 (QD, 1 0.08 4.8 0.07 4.27 0.077 4.62

Day 0-Day 14)

[0924] Accordingly, in some embodiments, the amount of
the anti-p40 that is administered to the human is in a range
that includes (HED)(i), HED(ii), and/or HED(iii). In some
embodiments, the amount of the anti-p40 that is adminis-
tered to the human is in a range from 20 mg to 200 mg. In
some embodiments, the amount of the anti-p40 that is
administered to the human is in a range from 30 mg to 100
mg. In some embodiments, the amount of the anti-p40 that
is administered to the human is in a range from 40 mg to 80
mg. In some embodiments, the amount of the anti-p40 that
is administered to the human is in a range from 40 mg to 70
mg. In some embodiments, the amount of the anti-p40 that
is administered to the human is in a range from 40 mg to 60
mg. In some embodiments, the amount of the anti-p40 that
is administered to the human is in a range from 40 mg to 50
mg.

[0925] Accordingly, in some embodiments, the amount of
the anti-p41 that is administered to the human is in a range
that includes (HED)(1), HED(ii), and/or HED(iii). In some
embodiments, the amount of the anti-p41 that is adminis-
tered to the human is in a range from 2 mg to 200 mg. In
some embodiments, the amount of the anti-p41 that is
administered to the human is in a range from 3 mg to 100
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 4 mg to 80
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 4 mg to 70
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 4 mg to 60
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 4 mg to 50
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 2 mg to 20
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 3 mg to 10
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mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 30 mg to 100
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 40 mg to 80
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 40 mg to 70
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 40 mg to 60
mg. In some embodiments, the amount of the anti-p41 that
is administered to the human is in a range from 40 mg to 50
mg.

[0926] In some embodiments the method comprises
releasing the I1.-12/IL-23 inhibitor at a location that is
proximate to a site of disease, wherein the 1L-12/1L-23
inhibitor and, if applicable, any carriers, excipients or sta-
bilizers admixed with the IL.-12/IL.-23 inhibitor, are substan-
tially unchanged, at the time of release of the 11.-12/11.-23
inhibitor at the location, relatively to the time of adminis-
tration of the composition to the subject.

[0927] In some embodiments the method comprises
releasing the IL.-12/IL-23 inhibitor at a location that is
proximate to a site of disease, wherein the I1L-12/1L-23
inhibitor and, if applicable, any carriers, excipients or sta-
bilizers admixed with the IL.-12/I[.-23 inhibitor, are substan-
tially unchanged by any physiological process (such as, but
not limited to, degradation in the stomach), at the time of
release of the IL.-12/11.-23 inhibitor at the location, relatively
to the time of administration of the composition to the
subject.

[0928] In some embodiments, the I1.-12/11.-23 inhibitor is
delivered to the location by mucosal contact.

[0929] In some embodiments, a method of treatment dis-
closed herein includes determining the level of 1L.-12/IL.-23
inhibitor at a site of disease or a location in the gastrointes-
tinal tract of the subject that is proximate to one or more sites
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of disease. In some examples, a method of treatment as
described herein can include determining the level of 1L.-12/
IL-23 inhibitor at a site of disease or a location in the
gastrointestinal tract of the subject that is proximate to one
or more sites of disease within a time period of about 10
minutes to about 10 hours following administration of the
device.

[0930] Insome examples, a method of treatment disclosed
herein includes determining the level of the IL-12/1L-23
inhibitor at a site of disease or a location in the gastrointes-
tinal tract of the subject that is proximate to one or more sites
of disease at a time point following administration of the
device that is elevated as compared to a level of the
IL-12/IL-23 inhibitor at the same site of disease or location
at substantially the same time point in a subject following
systemic administration of an equal amount of the IL-12/
1L-23 inhibitor.

[0931] In some examples where the 1L.-12/11.-23 inhibitor
is an antibody or an antigen-binding fragment thereof (e.g.,
any of the antibodies or antigen-binding antibody fragments
described herein) are administered to a subject using any of
the compositions or devices described herein, the antibody
or antigen-binding antibody fragment can penetrate the GI
tissue of the subject. As used herein, “GI tissue” refers to
tissue in the gastrointestinal (GI) tract, such as tissue in one
or more of duodenum, jejunum, ileum, cecum, ascending
colon, transverse colon, descending colon, sigmoid colon,
and rectum. In one particular embodiment, GI tissue refers
to tissue in the proximal portion of one or more of duode-
num, jejunum, ileum, cecum, ascending colon, transverse
colon, descending colon, and sigmoid colon. In one particu-
lar embodiment, GI tissue refers to tissue in the distal
portion of one or more of duodenum, jejunum, ileum,
cecum, ascending colon, transverse colon, descending
colon, and sigmoid colon. The GI tissue may be, for
example, GI tissue proximate to one or more sites of disease.
Accordingly, in some embodiments the antibody or antigen-
binding antibody fragment can penetrate the dudodenum
tissue proximate to one or more sites of disease. In some
embodiments the antibody or antigen-binding antibody frag-
ment can penetrate the jejunum tissue proximate to one or
more sites of disease. In some embodiments the antibody or
antigen-binding antibody fragment can penetrate the ileum
tissue proximate to one or more sites of disease. In some
embodiments the antibody or antigen-binding antibody frag-
ment can penetrate the cecum tissue proximate to one or
more sites of disease. In some embodiments the antibody or
antigen-binding antibody fragment can penetrate the ascend-
ing colon tissue proximate to one or more sites of disease.
In some embodiments the antibody or antigen-binding anti-
body fragment can penetrate the transverse colon tissue
proximate to one or more sites of disease. In some embodi-
ments the antibody or antigen-binding antibody fragment
can penetrate the descending colon tissue proximate to one
or more sites of disease. In some embodiments the antibody
or antigen-binding antibody fragment can penetrate the
sigmoid colon tissue proximate to one or more sites of
disease. For example, an antibody or antigen-binding frag-
ment thereof (e.g., a F(ab'),, a Fv, or a scFv) can penetrate
one or more (e.g., two, three, or four) of the lumen/
superficial mucosa, the lamina propria, the submucosa, and
the tunica muscularis/serosa. In some embodiments, any of
the devices or compositions described herein can release a
recombinant antibody (e.g., a humanized or fully human
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antibody, e.g., human or humanized IgG1, human or human-
ized IgG2, human or humanized IgG3, human or humanized
IgG4, human or humanized IgAl, human or humanized
IgA2, human or humanized IgD, human or humanized IgE,
or human or humanized IgM), which is degraded into an
antigen-binding antibody fragment (e.g., a Fab, a Fv, or a
F(ab'),), which in turn is able to penetrate GI tissue (e.g., one
or more (e.g., two, three, or four) of the lumen/superficial
mucosa, the lamina propria, the submucosa, and the tunica
muscularis/serosa) of the subject. In some embodiments, the
device releases an antigen-binding antibody fragment (e.g.,
any of the antigen-binding antibody fragments described
herein).

[0932] Insome examples, administration of an antibody or
an antigen-binding fragment thereof using any of the com-
positions or devices described herein results in penetration
(e.g., a detectable level of penetration) of GI tissue (e.g., one
or more (e.g., two, three, or four) of the lumen/superficial
mucosa, the lamina propria, the submucosa, and the tunica
muscularis/serosa) within a time period of about 10 minutes
to about 10 hours, about 10 minutes to about 9 hours, about
10 minutes to about 8 hours, about 10 minutes to about 7
hours, about 10 minutes to about 6 hours, about 10 minutes
to about 5 hours, about 10 minutes to about 4.5 hours, about
10 minutes to about 4 hours, about 10 minutes to about 3.5
hours, about 10 minutes to about 3 hours, about 10 minutes
to about 2.5 hours, about 10 minutes to about 2 hours, about
10 minutes to about 1.5 hours, about 10 minutes to about 1
hour, about 10 minutes to about 55 minutes, about 10
minutes to about 50 minutes, about 10 minutes to about 45
minutes, about 10 minutes to about 40 minutes, about 10
minutes to about 35 minutes, about 10 minutes to about 30
minutes, about 10 minutes to about 25 minutes, about 10
minutes to about 20 minutes, about 10 minutes to about 15
minutes, about 15 minutes to about 10 hours, about 15
minutes to about 9 hours, about 15 minutes to about 8 hours,
about 15 minutes to about 7 hours, about 15 minutes to about
6 hours, about 15 minutes to about 5 hours, about 15 minutes
to about 4.5 hours, about 15 minutes to about 4 hours, about
15 minutes to about 3.5 hours, about 15 minutes to about 3
hours, about 15 minutes to about 2.5 hours, about 15 minutes
to about 2 hours, about 15 minutes to about 1.5 hours, about
15 minutes to about 1 hour, about 15 minutes to about 55
minutes, about 15 minutes to about 50 minutes, about 15
minutes to about 45 minutes, about 15 minutes to about 40
minutes, about 15 minutes to about 35 minutes, about 15
minutes to about 30 minutes, about 15 minutes to about 25
minutes, about 15 minutes to about 20 minutes, about 20
minutes to about 10 hours, about 20 minutes to about 9
hours, about 20 minutes to about 8 hours, about 20 minutes
to about 7 hours, about 20 minutes to about 6 hours, about
20 minutes to about 5 hours, about 20 minutes to about 4.5
hours, about 20 minutes to about 4 hours, about 20 minutes
to about 3.5 hours, about 20 minutes to about 3 hours, about
20 minutes to about 2.5 hours, about 20 minutes to about 2
hours, about 20 minutes to about 1.5 hours, about 20 minutes
to about 1 hour, about 20 minutes to about 55 minutes, about
20 minutes to about 50 minutes, about 20 minutes to about
45 minutes, about 20 minutes to about 40 minutes, about 20
minutes to about 35 minutes, about 20 minutes to about 30
minutes, about 20 minutes to about 25 minutes, about 25
minutes to about 10 hours, about 25 minutes to about 9
hours, about 25 minutes to about 8 hours, about 25 minutes
to about 7 hours, about 25 minutes to about 6 hours, about
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25 minutes to about 5 hours, about 25 minutes to about 4.5
hours, about 25 minutes to about 4 hours, about 25 minutes
to about 3.5 hours, about 25 minutes to about 3 hours, about
25 minutes to about 2.5 hours, about 25 minutes to about 2
hours, about 25 minutes to about 1.5 hours, about 25 minutes
to about 1 hour, about 25 minutes to about 55 minutes, about
25 minutes to about 50 minutes, about 25 minutes to about
45 minutes, about 25 minutes to about 40 minutes, about 25
minutes to about 35 minutes, about 25 minutes to about 30
minutes, about 30 minutes to about 10 hours, about 30
minutes to about 9 hours, about 30 minutes to about 8 hours,
about 30 minutes to about 7 hours, about 30 minutes to about
6 hours, about 30 minutes to about 5 hours, about 30 minutes
to about 4.5 hours, about 30 minutes to about 4 hours, about
30 minutes to about 3.5 hours, about 30 minutes to about 3
hours, about 30 minutes to about 2.5 hours, about 30 minutes
to about 2 hours, about 30 minutes to about 1.5 hours, about
30 minutes to about 1 hour, about 30 minutes to about 55
minutes, about 30 minutes to about 50 minutes, about 30
minutes to about 45 minutes, about 30 minutes to about 40
minutes, about 30 minutes to about 35 minutes, about 35
minutes to about 10 hours, about 35 minutes to about 9
hours, about 35 minutes to about 8 hours, about 35 minutes
to about 7 hours, about 35 minutes to about 6 hours, about
35 minutes to about 5 hours, about 35 minutes to about 4.5
hours, about 35 minutes to about 4 hours, about 35 minutes
to about 3.5 hours, about 35 minutes to about 3 hours, about
35 minutes to about 2.5 hours, about 35 minutes to about 2
hours, about 35 minutes to about 1.5 hours, about 35 minutes
to about 1 hour, about 35 minutes to about 55 minutes, about
35 minutes to about 50 minutes, about 35 minutes to about
45 minutes, about 35 minutes to about 40 minutes, about 40
minutes to about 10 hours, about 40 minutes to about 9
hours, about 40 minutes to about 8 hours, about 40 minutes
to about 7 hours, about 40 minutes to about 6 hours, about
40 minutes to about 5 hours, about 40 minutes to about 4.5
hours, about 40 minutes to about 4 hours, about 40 minutes
to about 3.5 hours, about 40 minutes to about 3 hours, about
40 minutes to about 2.5 hours, about 40 minutes to about 2
hours, about 40 minutes to about 1.5 hours, about 40 minutes
to about 1 hour, about 40 minutes to about 55 minutes, about
40 minutes to about 50 minutes, about 40 minutes to about
45 minutes, about 45 minutes to about 10 hours, about 45
minutes to about 9 hours, about 45 minutes to about 8 hours,
about 45 minutes to about 7 hours, about 45 minutes to about
6 hours, about 45 minutes to about 5 hours, about 45 minutes
to about 4.5 hours, about 45 minutes to about 4 hours, about
45 minutes to about 3.5 hours, about 45 minutes to about 3
hours, about 45 minutes to about 2.5 hours, about 45 minutes
to about 2 hours, about 45 minutes to about 1.5 hours, about
45 minutes to about 1 hour, about 45 minutes to about 55
minutes, about 45 minutes to about 50 minutes, about 50
minutes to about 10 hours, about 50 minutes to about 9
hours, about 50 minutes to about 8 hours, about 50 minutes
to about 7 hours, about 50 minutes to about 6 hours, about
50 minutes to about 5 hours, about 50 minutes to about 4.5
hours, about 50 minutes to about 4 hours, about 50 minutes
to about 3.5 hours, about 50 minutes to about 3 hours, about
50 minutes to about 2.5 hours, about 50 minutes to about 2
hours, about 50 minutes to about 1.5 hours, about 50 minutes
to about 1 hour, about 50 minutes to about 55 minutes, about
55 minutes to about 10 hours, about 55 minutes to about 9
hours, about 55 minutes to about 8 hours, about 55 minutes
to about 7 hours, about 55 minutes to about 6 hours, about
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55 minutes to about 5 hours, about 55 minutes to about 4.5
hours, about 55 minutes to about 4 hours, about 55 minutes
to about 3.5 hours, about 55 minutes to about 3 hours, about
55 minutes to about 2.5 hours, about 55 minutes to about 2
hours, about 55 minutes to about 1.5 hours, about 55 minutes
to about 1 hour, about 1 hour to about 10 hours, about 1 hour
to about 9 hours, about 1 hour to about 8 hours, about 1 hour
to about 7 hours, about 1 hour to about 6 hours, about 1 hour
to about 5 hours, about 1 hour to about 4.5 hours, about 1
hour to about 4 hours, about 1 hour to about 3.5 hours, about
1 hour to about 3 hours, about 1 hour to about 2.5 hours,
about 1 hour to about 2 hours, about 1 hour to about 1.5
hours, about 1.5 hours to about 10 hours, about 1.5 hours to
about 9 hours, about 1.5 hours to about 8 hours, about 1.5
hours to about 7 hours, about 1.5 hours to about 6 hours,
about 1.5 hours to about 5 hours, about 1.5 hours to about
4.5 hours, about 1.5 hours to about 4 hours, about 1.5 hours
to about 3.5 hours, about 1.5 hours to about 3 hours, about
1.5 hours to about 2.5 hours, about 1.5 hours to about 2
hours, about 2 hours to about 10 hours, about 2 hours to
about 9 hours, about 2 hours to about 8 hours, about 2 hours
to about 7 hours, about 2 hours to about 6 hours, about 2
hours to about 5 hours, about 2 hours to about 4.5 hours,
about 2 hours to about 4 hours, about 2 hours to about 3.5
hours, about 2 hours to about 3 hours, about 2 hours to about
2.5 hours, about 2.5 hours to about 10 hours, about 2.5 hours
to about 9 hours, about 2.5 hours to about 8 hours, about 2.5
hours to about 7 hours, about 2.5 hours to about 6 hours,
about 2.5 hours to about 5 hours, about 2.5 hours to about
4.5 hours, about 2.5 hours to about 4 hours, about 2.5 hours
to about 3.5 hours, about 2.5 hours to about 3 hours, about
3 hours to about 10 hours, about 3 hours to about 9 hours,
about 3 hours to about 8 hours, about 3 hours to about 7
hours, about 3 hours to about 6 hours, about 3 hours to about
5 hours, about 3 hours to about 4.5 hours, about 3 hours to
about 4 hours, about 3 hours to about 3.5 hours, about 3.5
hours to about 10 hours, about 3.5 hours to about 9 hours,
about 3.5 hours to about 8 hours, about 3.5 hours to about
7 hours, about 3.5 hours to about 6 hours, about 3.5 hours to
about 5 hours, about 3.5 hours to about 4.5 hours, about 3.5
hours to about 4 hours, about 4 hours to about 10 hours,
about 4 hours to about 9 hours, about 4 hours to about 8
hours, about 4 hours to about 7 hours, about 4 hours to about
6 hours, about 4 hours to about 5 hours, about 4 hours to
about 4.5 hours, about 4.5 hours to about 10 hours, about 4.5
hours to about 9 hours, about 4.5 hours to about 8 hours,
about 4.5 hours to about 7 hours, about 4.5 hours to about
6 hours, about 4.5 hours to about 5 hours, about 5 hours to
about 10 hours, about 5 hours to about 9 hours, about 5 hours
to about 8 hours, about 5 hours to about 7 hours, about 5
hours to about 6 hours, about 6 hours to about 10 hours,
about 6 hours to about 9 hours, about 6 hours to about 8
hours, about 6 hours to about 7 hours, about 7 hours to about
10 hours, about 7 hours to about 9 hours, about 7 hours to
about 8 hours, about 8 hours to about 10 hours, about 8 hours
to about 9 hours, or about 9 hours to about 10 hours.
Penetration of GI tissue by an antibody or an antigen-
binding antibody fragment can be detected by administering
a labeled antibody or labeled antigen-binding antibody frag-
ment, and performing imaging on the subject (e.g., ultra-
sound, computed tomography, or magnetic resonance imag-
ing). For example, the label can be a radioisotope, a heavy
metal, a fluorophore, or a luminescent agent (e.g., any
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suitable radioisotopes, heavy metals, fluorophores, or lumi-
nescent agents used for imaging known in the art).

[0933] While not wishing to be bound to a particular
theory, the inventors contemplate that at or near the site of
release a concentration gradient of the 11.-12/11-23 inhibitor
is generated in the mucosa, and that administration of an
IL-12/IL-23 inhibitor using a device as described herein
advantageously results in a “reverse” concentration gradient
when compared to the concentration gradient resulting from
systemic administration. In such “reverse” concentration
gradient, the drug concentration is highest from superficial
to deep with respect to the mucosal surface. Systemic
administration instead typically results in concentrations of
the drug being highest from deep to superficial. A “reverse”
concentration gradient as described above aligns more
favorably with the pathophysiology of IBD.

[0934] In some embodiments, administration of an anti-
body or an antigen-binding antibody fragment can provide
for treatment (e.g., a reduction in the number, severity,
and/or duration of one or more symptoms of any of the
disorders described herein in a subject) for a time period of
between about 1 hour to about 30 days, about 1 hour to about
28 days, about 1 hour to about 26 days, about 1 hour to about
24 days, about 1 hour to about 22 days, about 1 hour to about
20 days, about 1 hour to about 18 days, about 1 hour to about
16 days, about 1 hour to about 14 days, about 1 hour to about
12 days, about 1 hour to about 10 days, about 1 hour to about
8 days, about 1 hour to about 6 days, about 1 hour to about
5 days, about 1 hour to about 4 days, about 1 hour to about
3 days, about 1 hour to about 2 days, about 1 hour to about
1 day, about 1 hour to about 12 hours, about 1 hour to about
6 hours, about 1 hour to about 3 hours, about 3 hours to
about 30 days, about 3 hours to about 28 days, about 3 hours
to about 26 days, about 3 hours to about 24 days, about 3
hours to about 22 days, about 3 hours to about 20 days, about
3 hours to about 18 days, about 3 hours to about 16 days,
about 3 hours to about 14 days, about 3 hours to about 12
days, about 3 hours to about 10 days, about 3 hours to about
8 days, about 3 hours to about 6 days, about 3 hours to about
5 days, about 3 hours to about 4 days, about 3 hours to about
3 days, about 3 hours to about 2 days, about 3 hours to about
1 day, about 3 hours to about 12 hours, about 3 hours to
about 6 hours, about 6 hours to about 30 days, about 6 hours
to about 28 days, about 6 hours to about 26 days, about 6
hours to about 24 days, about 6 hours to about 22 days, about
6 hours to about 20 days, about 6 hours to about 18 days,
about 6 hours to about 16 days, about 6 hours to about 14
days, about 6 hours to about 12 days, about 6 hours to about
10 days, about 6 hours to about 8 days, about 6 hours to
about 6 days, about 6 hours to about 5 days, about 6 hours
to about 4 days, about 6 hours to about 3 days, about 6 hours
to about 2 days, about 6 hours to about 1 day, about 6 hours
to about 12 hours, about 12 hours to about 30 days, about 12
hours to about 28 days, about 12 hours to about 26 days,
about 12 hours to about 24 days, about 12 hours to about 22
days, about 12 hours to about 20 days, about 12 hours to
about 18 days, about 12 hours to about 16 days, about 12
hours to about 14 days, about 12 hours to about 12 days,
about 12 hours to about 10 days, about 12 hours to about 8
days, about 12 hours to about 6 days, about 12 hours to about
5 days, about 12 hours to about 4 days, about 12 hours to
about 3 days, about 12 hours to about 2 days, about 12 hours
to about 1 day, about 1 day to about 30 days, about 1 day to
about 28 days, about 1 day to about 26 days, about 1 day to
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about 24 days, about 1 day to about 22 days, about 1 day to
about 20 days, about 1 day to about 18 days, about 1 day to
about 16 days, about 1 day to about 14 days, about 1 day to
about 12 days, about 1 day to about 10 days, about 1 day to
about 8 days, about 1 day to about 6 days, about 1 day to
about 5 days, about 1 day to about 4 days, about 1 day to
about 3 days, about 1 day to about 2 days, about 2 days to
about 30 days, about 2 days to about 28 days, about 2 days
to about 26 days, about 2 days to about 24 days, about 2 days
to about 22 days, about 2 days to about 20 days, about 2 days
to about 18 days, about 2 days to about 16 days, about 2 days
to about 14 days, about 2 days to about 12 days, about 2 days
to about 10 days, about 2 days to about 8 days, about 2 days
to about 6 days, about 2 days to about 5 days, about 2 days
to about 4 days, about 2 days to about 3 days, about 3 days
to about 30 days, about 3 days to about 28 days, about 3 days
to about 26 days, about 3 days to about 24 days, about 3 days
to about 22 days, about 3 days to about 20 days, about 3 days
to about 18 days, about 3 days to about 16 days, about 3 days
to about 14 days, about 3 days to about 12 days, about 3 days
to about 10 days, about 3 days to about 8 days, about 3 days
to about 6 days, about 3 days to about 5 days, about 3 days
to about 4 days, about 4 days to about 30 days, about 4 days
to about 28 days, about 4 days to about 26 days, about 4 days
to about 24 days, about 4 days to about 22 days, about 4 days
to about 20 days, about 4 days to about 18 days, about 4 days
to about 16 days, about 4 days to about 14 days, about 4 days
to about 12 days, about 4 days to about 10 days, about 4 days
to about 8 days, about 4 days to about 6 days, about 4 days
to about 5 days, about 5 days to about 30 days, about 5 days
to about 28 days, about 5 days to about 26 days, about 5 days
to about 24 days, about 5 days to about 22 days, about 5 days
to about 20 days, about 5 days to about 18 days, about 5 days
to about 16 days, about 5 days to about 14 days, about 5 days
to about 12 days, about 5 days to about 10 days, about 5 days
to about 8 days, about 5 days to about 6 days, about 6 days
to about 30 days, about 6 days to about 28 days, about 6 days
to about 26 days, about 6 days to about 24 days, about 6 days
to about 22 days, about 6 days to about 20 days, about 6 days
to about 18 days, about 6 days to about 16 days, about 6 days
to about 14 days, about 6 days to about 12 days, about 6 days
to about 10 days, about 6 days to about 8 days, about 8 days
to about 30 days, about 8 days to about 28 days, about 8 days
to about 26 days, about 8 days to about 24 days, about 8 days
to about 22 days, about 8 days to about 20 days, about 8 days
to about 18 days, about 8 days to about 16 days, about 8 days
to about 14 days, about 8 days to about 12 days, about 8 days
to about 10 days, about 10 days to about 30 days, about 10
days to about 28 days, about 10 days to about 26 days, about
10 days to about 24 days, about 10 days to about 22 days,
about 10 days to about 20 days, about 10 days to about 18
days, about 10 days to about 16 days, about 10 days to about
14 days, about 10 days to about 12 days, about 12 days to
about 30 days, about 12 days to about 28 days, about 12 days
to about 26 days, about 12 days to about 24 days, about 12
days to about 22 days, about 12 days to about 20 days, about
12 days to about 18 days, about 12 days to about 16 days,
about 12 days to about 14 days, about 14 days to about 30
days, about 14 days to about 28 days, about 14 days to about
26 days, about 14 days to about 24 days, about 14 days to
about 22 days, about 14 days to about 20 days, about 14 days
to about 18 days, about 14 days to about 16 days, about 16
days to about 30 days, about 16 days to about 28 days, about
16 days to about 26 days, about 16 days to about 24 days,
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about 16 days to about 22 days, about 16 days to about 20
days, about 16 days to about 18 days, about 18 days to about
30 days, about 18 days to about 28 days, about 18 days to
about 26 days, about 18 days to about 24 days, about 18 days
to about 22 days, about 18 days to about 20 days, about 20
days to about 30 days, about 20 days to about 28 days, about
20 days to about 26 days, about 20 days to about 24 days,
about 20 days to about 22 days, about 22 days to about 30
days, about 22 days to about 28 days, about 22 days to about
26 days, about 22 days to about 24 days, about 24 days to
about 30 days, about 24 days to about 28 days, about 24 days
to about 26 days, about 26 days to about 30 days, about 26
days to about 28 days, or about 28 days to about 30 days in
a subject following first administration of an antibody or
antigen-binding antibody fragment using any of the com-
positions or devices described herein. Non-limiting
examples of symptoms of a disease described herein are
described below.

[0935] For example, treatment can result in a decrease
(e.g., about 1% to about 99% decrease, about 1% to about
95% decrease, about 1% to about 90% decrease, about 1%
to about 85% decrease, about 1% to about 80% decrease,
about 1% to about 75% decrease, about 1% to about 70%
decrease, about 1% to about 65% decrease, about 1% to
about 60% decrease, about 1% to about 55% decrease, about
1% to about 50% decrease, about 1% to about 45% decrease,
about 1% to about 40% decrease, about 1% to about 35%
decrease, about 1% to about 30% decrease, about 1% to
about 25% decrease, about 1% to about 20% decrease, about
1% to about 15% decrease, about 1% to about 10% decrease,
about 1% to about 5% decrease, about 5% to about 99%
decrease, about 5% to about 95% decrease, about 5% to
about 90% decrease, about 5% to about 85% decrease, about
5% to about 80% decrease, about 5% to about 75% decrease,
about 5% to about 70% decrease, about 5% to about 65%
decrease, about 5% to about 60% decrease, about 5% to
about 55% decrease, about 5% to about 50% decrease, about
5% to about 45% decrease, about 5% to about 40% decrease,
about 5% to about 35% decrease, about 5% to about 30%
decrease, about 5% to about 25% decrease, about 5% to
about 20% decrease, about 5% to about 15% decrease, about
5% to about 10% decrease, about 10% to about 99%
decrease, about 10% to about 95% decrease, about 10% to
about 90% decrease, about 10% to about 85% decrease,
about 10% to about 80% decrease, about 10% to about 75%
decrease, about 10% to about 70% decrease, about 10% to
about 65% decrease, about 10% to about 60% decrease,
about 10% to about 55% decrease, about 10% to about 50%
decrease, about 10% to about 45% decrease, about 10% to
about 40% decrease, about 10% to about 35% decrease,
about 10% to about 30% decrease, about 10% to about 25%
decrease, about 10% to about 20% decrease, about 10% to
about 15% decrease, about 15% to about 99% decrease,
about 15% to about 95% decrease, about 15% to about 90%
decrease, about 15% to about 85% decrease, about 15% to
about 80% decrease, about 15% to about 75% decrease,
about 15% to about 70% decrease, about 15% to about 65%
decrease, about 15% to about 60% decrease, about 15% to
about 55% decrease, about 15% to about 50% decrease,
about 15% to about 45% decrease, about 15% to about 40%
decrease, about 15% to about 35% decrease, about 15% to
about 30% decrease, about 15% to about 25% decrease,
about 15% to about 20% decrease, about 20% to about 99%
decrease, about 20% to about 95% decrease, about 20% to
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about 90% decrease, about 20% to about 85% decrease,
about 20% to about 80% decrease, about 20% to about 75%
decrease, about 20% to about 70% decrease, about 20% to
about 65% decrease, about 20% to about 60% decrease,
about 20% to about 55% decrease, about 20% to about 50%
decrease, about 20% to about 45% decrease, about 20% to
about 40% decrease, about 20% to about 35% decrease,
about 20% to about 30% decrease, about 20% to about 25%
decrease, about 25% to about 99% decrease, about 25% to
about 95% decrease, about 25% to about 90% decrease,
about 25% to about 85% decrease, about 25% to about 80%
decrease, about 25% to about 75% decrease, about 25% to
about 70% decrease, about 25% to about 65% decrease,
about 25% to about 60% decrease, about 25% to about 55%
decrease, about 25% to about 50% decrease, about 25% to
about 45% decrease, about 25% to about 40% decrease,
about 25% to about 35% decrease, about 25% to about 30%
decrease, about 30% to about 99% decrease, about 30% to
about 95% decrease, about 30% to about 90% decrease,
about 30% to about 85% decrease, about 30% to about 80%
decrease, about 30% to about 75% decrease, about 30% to
about 70% decrease, about 30% to about 65% decrease,
about 30% to about 60% decrease, about 30% to about 55%
decrease, about 30% to about 50% decrease, about 30% to
about 45% decrease, about 30% to about 40% decrease,
about 30% to about 35% decrease, about 35% to about 99%
decrease, about 35% to about 95% decrease, about 35% to
about 90% decrease, about 35% to about 85% decrease,
about 35% to about 80% decrease, about 35% to about 75%
decrease, about 35% to about 70% decrease, about 35% to
about 65% decrease, about 35% to about 60% decrease,
about 35% to about 55% decrease, about 35% to about 50%
decrease, about 35% to about 45% decrease, about 35% to
about 40% decrease, about 40% to about 99% decrease,
about 40% to about 95% decrease, about 40% to about 90%
decrease, about 40% to about 85% decrease, about 40% to
about 80% decrease, about 40% to about 75% decrease,
about 40% to about 70% decrease, about 40% to about 65%
decrease, about 40% to about 60% decrease, about 40% to
about 55% decrease, about 40% to about 50% decrease,
about 40% to about 45% decrease, about 45% to about 99%
decrease, about 45% to about 95% decrease, about 45% to
about 90% decrease, about 45% to about 85% decrease,
about 45% to about 80% decrease, about 45% to about 75%
decrease, about 45% to about 70% decrease, about 45% to
about 65% decrease, about 45% to about 60% decrease,
about 45% to about 55% decrease, about 45% to about 50%
decrease, about 50% to about 99% decrease, about 50% to
about 95% decrease, about 50% to about 90% decrease,
about 50% to about 85% decrease, about 50% to about 80%
decrease, about 50% to about 75% decrease, about 50% to
about 70% decrease, about 50% to about 65% decrease,
about 50% to about 60% decrease, about 50% to about 55%
decrease, about 55% to about 99% decrease, about 55% to
about 95% decrease, about 55% to about 90% decrease,
about 55% to about 85% decrease, about 55% to about 80%
decrease, about 55% to about 75% decrease, about 55% to
about 70% decrease, about 55% to about 65% decrease,
about 55% to about 60% decrease, about 60% to about 99%
decrease, about 60% to about 95% decrease, about 60% to
about 90% decrease, about 60% to about 85% decrease,
about 60% to about 80% decrease, about 60% to about 75%
decrease, about 60% to about 70% decrease, about 60% to
about 65% decrease, about 65% to about 99% decrease,
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about 65% to about 95% decrease, about 65% to about 90%
decrease, about 65% to about 85% decrease, about 65% to
about 80% decrease, about 65% to about 75% decrease,
about 65% to about 70% decrease, about 70% to about 99%
decrease, about 70% to about 95% decrease, about 70% to
about 90% decrease, about 70% to about 85% decrease,
about 70% to about 80% decrease, about 70% to about 75%
decrease, about 75% to about 99% decrease, about 75% to
about 95% decrease, about 75% to about 90% decrease,
about 75% to about 85% decrease, about 75% to about 80%
decrease, about 80% to about 99% decrease, about 80% to
about 95% decrease, about 80% to about 90% decrease,
about 80% to about 85% decrease, about 85% to about 99%
decrease, about 85% to about 95% decrease, about 85% to
about 90% decrease, about 90% to about 99% decrease,
about 90% to about 95% decrease, or about 95% to about
99% decrease) in one or more (e.g., two, three, four, five, six,
seven, eight, or nine) of: the level of interferon-y in GI
tissue, the level of IL-1f in GI tissue, the level of IL-6 in GI
tissue, the level of IL-22 in GI tissue, the level of IL-17A in
the GI tissue, the level of TNFa in GI tissue, the level of
1L-2 in GI tissue, and endoscopy score in a subject (e.g., as
compared to the level in the subject prior to treatment or
compared to a subject or population of subjects having a
similar disease but receiving a placebo or a different treat-
ment) (e.g., for a time period of between about 1 hour to
about 30 days (e.g., or any of the subranges herein) follow-
ing the first administration of an antibody or antigen-binding
antibody fragment using any of the compositions or devices
described herein. Exemplary methods for determining the
endoscopy score are described herein and other methods for
determining the endoscopy score are known in the art.
Exemplary methods for determining the levels of interferon-
v, IL-1B, IL-6, IL-22, IL-17A, TNFa., and IL-2 are described
herein. Additional methods for determining the levels of
these cytokines are known in the art.

[0936] In some examples, treatment can result in an
increase (e.g., about 1% to about 500% increase, about 1%
to about 400% increase, about 1% to about 300% increase,
about 1% to about 200% increase, about 1% to about 150%
increase, about 1% to about 100% increase, about 1% to
about 90% increase, about 1% to about 80% increase, about
1% to about 70% increase, about 1% to about 60% increase,
about 1% to about 50% increase, about 1% to about 40%
increase, about 1% to about 30% increase, about 1% to about
20% increase, about 1% to about 10% increase, a 10% to
about 500% increase, about 10% to about 400% increase,
about 10% to about 300% increase, about 10% to about
200% increase, about 10% to about 150% increase, about
10% to about 100% increase, about 10% to about 90%
increase, about 10% to about 80% increase, about 10% to
about 70% increase, about 10% to about 60% increase,
about 10% to about 50% increase, about 10% to about 40%
increase, about 10% to about 30% increase, about 10% to
about 20% increase, about 20% to about 500% increase,
about 20% to about 400% increase, about 20% to about
300% increase, about 20% to about 200% increase, about
20% to about 150% increase, about 20% to about 100%
increase, about 20% to about 90% increase, about 20% to
about 80% increase, about 20% to about 70% increase,
about 20% to about 60% increase, about 20% to about 50%
increase, about 20% to about 40% increase, about 20% to
about 30% increase, about 30% to about 500% increase,
about 30% to about 400% increase, about 30% to about
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300% increase, about 30% to about 200% increase, about
30% to about 150% increase, about 30% to about 100%
increase, about 30% to about 90% increase, about 30% to
about 80% increase, about 30% to about 70% increase,
about 30% to about 60% increase, about 30% to about 50%
increase, about 30% to about 40% increase, about 40% to
about 500% increase, about 40% to about 400% increase,
about 40% to about 300% increase, about 40% to about
200% increase, about 40% to about 150% increase, about
40% to about 100% increase, about 40% to about 90%
increase, about 40% to about 80% increase, about 40% to
about 70% increase, about 40% to about 60% increase,
about 40% to about 50% increase, about 50% to about 500%
increase, about 50% to about 400% increase, about 50% to
about 300% increase, about 50% to about 200% increase,
about 50% to about 150% increase, about 50% to about
100% increase, about 50% to about 90% increase, about
50% to about 80% increase, about 50% to about 70%
increase, about 50% to about 60% increase, about 60% to
about 500% increase, about 60% to about 400% increase,
about 60% to about 300% increase, about 60% to about
200% increase, about 60% to about 150% increase, about
60% to about 100% increase, about 60% to about 90%
increase, about 60% to about 80% increase, about 60% to
about 70% increase, about 70% to about 500% increase,
about 70% to about 400% increase, about 70% to about
300% increase, about 70% to about 200% increase, about
70% to about 150% increase, about 70% to about 100%
increase, about 70% to about 90% increase, about 70% to
about 80% increase, about 80% to about 500% increase,
about 80% to about 400% increase, about 80% to about
300% increase, about 80% to about 200% increase, about
80% to about 150% increase, about 80% to about 100%
increase, about 80% to about 90% increase, about 90% to
about 500% increase, about 90% to about 400% increase,
about 90% to about 300% increase, about 90% to about
200% increase, about 90% to about 150% increase, about
90% to about 100% increase, about 100% to about 500%
increase, about 100% to about 400% increase, about 100%
to about 300% increase, about 100% to about 200%
increase, about 100% to about 150% increase, about 150%
to about 500% increase, about 150% to about 400%
increase, about 150% to about 300% increase, about 150%
to about 200% increase, about 200% to about 500%
increase, about 200% to about 400% increase, about 200%
to about 300% increase, about 300% to about 500%
increase, about 300% to about 400% increase, or about
400% to about 500% increase) in one or both of stool
consistency score and weight of a subject (e.g., as compared
to the level in the subject prior to treatment or compared to
a subject or population of subjects having a similar disease
but receiving a placebo or a different treatment) (e.g., for a
time period of between about 1 hour to about 30 days (e.g.,
or any of the subranges herein) following the first adminis-
tration of an antibody or antigen-binding antibody fragment
using any of the compositions or devices described herein.
Exemplary methods for determining stool consistency score
are described herein. Additional methods for determining a
stool consistency score are known in the art.

[0937] Insome examples, administration of an antibody or
an antigen-binding antibody fragment using any of the
devices or compositions described herein can result in a ratio
of GI tissue concentration of the antibody or the antigen-
binding antibody fragment to the blood, serum, or plasma
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concentration of the antibody or the antigen-binding anti-
body fragment of, e.g., about 2.8 to about 6.0, about 2.8 to
about 5.8, about 2.8 to about 5.6, about 2.8 to about 5.4,
about 2.8 to about 5.2, about 2.8 to about 5.0, about 2.8 to
about 4.8, about 2.8 to about 4.6, about 2.8 to about 4.4,
about 2.8 to about 4.2, about 2.8 to about 4.0, about 2.8 to
about 3.8, about 2.8 to about 3.6, about 2.8 to about 3.4,
about 2.8 to about 3.2, about 2.8 to about 3.0, about 3.0 to
about 6.0, about 3.0 to about 5.8, about 3.0 to about 5.6,
about 3.0 to about 5.4, about 3.0 to about 5.2, about 3.0 to
about 5.0, about 3.0 to about 4.8, about 3.0 to about 4.6,
about 3.0 to about 4.4, about 3.0 to about 4.2, about 3.0 to
about 4.0, about 3.0 to about 3.8, about 3.0 to about 3.6,
about 3.0 to about 3.4, about 3.0 to about 3.2, about 3.2 to
about 6.0, about 3.2 to about 5.8, about 3.2 to about 5.6,
about 3.2 to about 5.4, about 3.2 to about 5.2, about 3.2 to
about 5.0, about 3.2 to about 4.8, about 3.2 to about 4.6,
about 3.2 to about 4.4, about 3.2 to about 4.2, about 3.2 to
about 4.0, about 3.2 to about 3.8, about 3.2 to about 3.6,
about 3.2 to about 3.4, about 3.4 to about 6.0, about 3.4 to
about 5.8, about 3.4 to about 5.6, about 3.4 to about 5.4,
about 3.4 to about 5.2, about 3.4 to about 5.0, about 3.4 to
about 4.8, about 3.4 to about 4.6, about 3.4 to about 4.4,
about 3.4 to about 4.2, about 3.4 to about 4.0, about 3.4 to
about 3.8, about 3.4 to about 3.6, about 3.6 to about 6.0,
about 3.6 to about 5.8, about 3.6 to about 5.6, about 3.6 to
about 5.4, about 3.6 to about 5.2, about 3.6 to about 5.0,
about 3.6 to about 4.8, about 3.6 to about 4.6, about 3.6 to
about 4.4, about 3.6 to about 4.2, about 3.6 to about 4.0,
about 3.6 to about 3.8, about 3.8 to about 6.0, about 3.8 to
about 5.8, about 3.8 to about 5.6, about 3.8 to about 5.4,
about 3.8 to about 5.2, about 3.8 to about 5.0, about 3.8 to
about 4.8, about 3.8 to about 4.6, about 3.8 to about 4.4,
about 3.8 to about 4.2, about 3.8 to about 4.0, about 4.0 to
about 6.0, about 4.0 to about 5.8, about 4.0 to about 5.6,
about 4.0 to about 5.4, about 4.0 to about 5.2, about 4.0 to
about 5.0, about 4.0 to about 4.8, about 4.0 to about 4.6,
about 4.0 to about 4.4, about 4.0 to about 4.2, about 4.2 to
about 6.0, about 4.2 to about 5.8, about 4.2 to about 5.6,
about 4.2 to about 5.4, about 4.2 to about 5.2, about 4.2 to
about 5.0, about 4.2 to about 4.8, about 4.2 to about 4.6,
about 4.2 to about 4.4, about 4.4 to about 6.0, about 4.4 to
about 5.8, about 4.4 to about 5.6, about 4.4 to about 5.4,
about 4.4 to about 5.2, about 4.4 to about 5.0, about 4.4 to
about 4.8, about 4.4 to about 4.6, about 4.6 to about 6.0,
about 4.6 to about 5.8, about 4.6 to about 5.6, about 4.6 to
about 5.4, about 4.6 to about 5.2, about 4.6 to about 5.0,
about 4.6 to about 4.8, about 4.8 to about 6.0, about 4.8 to
about 5.8, about 4.8 to about 5.6, about 4.8 to about 5.4,
about 4.8 to about 5.2, about 4.8 to about 5.0, about 5.0 to
about 6.0, about 5.0 to about 5.8, about 5.0 to about 5.6,
about 5.0 to about 5.4, about 5.0 to about 5.2, about 5.2 to
about 6.0, about 5.2 to about 5.8, about 5.2 to about 5.6,
about 5.2 to about 5.4, about 5.4 to about 6.0, about 5.4 to
about 5.8, about 5.4 to about 5.6, about 5.6 to about 6.0,
about 5.6 to about 5.8, or about 5.8 to about 6.0. Accord-
ingly, in some embodiments, a method of treatment dis-
closed herein can include determining the ratio of the level
of the I1.-12/IL.-23 inhibitor in the GI tissue to the level of
the IL.-12/IL.-23 inhibitor in the blood, serum, or plasma of
a subject at substantially the same time point following
administration of the device is about 2.8 to about 6.0.
Exemplary methods for measuring the concentration of an
antibody or an antigen-binding antibody fragment in the
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plasma or the GI tissue of a subject are described herein.
Additional methods for measuring the concentration of an
antibody or an antigen-binding antibody fragment in the
plasma or the GI tissue of a subject are known in the art.

[0938] Accordingly, in some embodiments, a method of
treatment disclosed herein includes determining the level of
the 1L.-12/1L.-23 inhibitor in the GI tissue (e.g., one or more
of any of the exemplary GI tissues described herein). In
some embodiments, a method of treatment disclosed herein
can include determining the level of IL-12/IL.-23 inhibitor in
one or more (e.g., two, three, or four) of the lumen/
superficial mucosa, the lamina propria, the submucosa, and
the tunica muscularis/serosa.

[0939] In some embodiments, a method of treatment dis-
closed herein includes determining that the level of the
IL-12/1L-23 inhibitor in the GI tissue (e.g., one or more of
any of the exemplary types of GI tissues described herein)
at a time point following administration of the device is
higher than the level of the IL.-12/I1.-23 inhibitor in the GI
tissue at substantially the same time point following sys-
temic administration of an equal amount of the 11.-12/1L.-23
inhibitor. In some embodiments, a method of treatment
disclosed herein can include determining that the level of the
IL-12/1L-23 inhibitor in one or more (e.g., two, three, or
four) of the lumen/superficial mucosa, the lamina propria,
the submucosa, and the tunica muscularis/serosa at a time
point following administration of the device is higher than
the level of the IL-12/IL.-23 inhibitor in one or more (e.g.,
two, three, or four) of the lumen/superficial mucosa, the
lamina propria, the submucosa, and the tunica muscularis/
serosa at substantially the same time point following sys-
temic administration of an equal amount of the 11.-12/1L.-23
inhibitor.

[0940] In some embodiments, a method of treatment dis-
closed herein includes determining the level of 1L.-12/1[.-23
inhibitor in the feces of the subject. In some embodiments,
a method of treatment disclosed herein includes determining
the level of IL-12/1L.-23 inhibitor in the GI tissue, e.g., in one
or more (e.g., two, three, or four) of the lumen/superficial
mucosa, the lamina propria, the submucosa, and the tunica
muscularis/serosa within a time period of about 10 minutes
to about 10 hours following administration of the device.

[0941] In some embodiments, a method of treatment as
disclosed herein comprises determining the level of the
IL-12/1L-23 inhibitor at the location of disease following
administration of the device.

[0942] In some embodiments, a method of treatment as
disclosed herein comprises determining that the level of
IL-12/IL-23 inhibitor at the location of disease at a time
point following administration of the device is higher than
the level of the IL-12/IL-23 inhibitor at the same location of
disease at substantially the same time point following sys-
temic administration of an equal amount of the 1L.-12/1L.-23
inhibitor.

[0943] In some embodiments, a method of treatment as
disclosed herein comprises determining that the level of
IL-12/IL-23 inhibitor in plasma in a subject at a time point
following administration of the device is lower than the level
of the IL-12/IL-23 inhibitor in plasma in a subject at
substantially the same time point following systemic admin-
istration of an equal amount of the IL.-12/IL-23 inhibitor.

[0944] In some embodiments, a method of treatment as
disclosed herein comprises determining the level of the
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IL-12/1L-23 inhibitor in the tissue of the subject within a
time period of about 10 minutes to 10 hours following
administration of the device.

[0945] Some examples of any of the methods described
herein can, e.g., result in a selective suppression of a local
inflammatory response (e.g., an inflammatory response in
local GI tissue), while maintaining the systemic immune
response (e.g., blood). The GI tissue may be, for example,
GI tissue proximate to one or more sites of disease. FAs used
herein, “GI content” refers to the content of the gastroin-
testinal (GI) tract, such as the content of one or more of
duodenum, jejunum, ileum, cecum, ascending colon, trans-
verse colon, descending colon, sigmoid colon, and rectum,
more particularly of the proximal portion of one or more of
duodenum, jejunum, ileum, cecum, ascending colon, trans-
verse colon, descending colon, and sigmoid colon, or of the
distal portion of one or more of duodenum, jejunum, ileum,
cecum, ascending colon, transverse colon, descending
colon, and sigmoid colon. Accordingly, in some embodi-
ments, the methods described herein can result in a selective
suppression of the inflammatory response in the dudodenum
tissue proximate to one or more sites of disease, while
maintaining the systemic immune response. In some
embodiments, the methods described herein can result in a
selective suppression of the inflammatory response in the
jejunum tissue proximate to one or more sites of disease,
while maintaining the systemic immune response. In some
embodiments, the methods described herein can result in a
selective suppression of the inflammatory response in the
ileum tissue proximate to one or more sites of disease, while
maintaining the systemic immune response. In some
embodiments, the methods described herein can result in a
selective suppression of the inflammatory response in the
cecum tissue proximate to one or more sites of disease,
while maintaining the systemic immune response. In some
embodiments, the methods described herein can result in a
selective suppression of the inflammatory response in the
ascending colon tissue proximate to one or more sites of
disease, while maintaining the systemic immune response.
In some embodiments, the methods described herein can
result in a selective suppression of the inflammatory
response in the transverse colon tissue proximate to one or
more sites of disease, while maintaining the systemic
immune response. In some embodiments, the methods
described herein can result in a selective suppression of the
inflammatory response in the descending colon tissue proxi-
mate to one or more sites of disease, while maintaining the
systemic immune response. In some embodiments, the
methods described herein can result in a selective suppres-
sion of the inflammatory response in the sigmoid colon
tissue proximate to one or more sites of disease, while
maintaining the systemic immune response. In some
examples, the methods described herein can result in a 1%
increase to 500% increase (e.g., a 1% increase to 450%
increase, a 1% increase to 400% increase, a 1% increase to
350% increase, a 1% increase to 300% increase, a 1%
increase to 250% increase, a 1% increase to 200% increase,
a 1% increase to 190% increase, a 1% increase to 180%
increase, a 1% increase to 170% increase, a 1% increase to
160% increase, a 1% increase to 150% increase, a 1%
increase to 140% increase, a 1% increase to 130% increase,
a 1% increase to 120% increase, a 1% increase to 110%
increase, a 1% increase to 100% increase, a 1% increase to
90% increase, a 1% increase to 80% increase, a 1% increase
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to 70% increase, a 1% increase to 60% increase, a 1%
increase to 50% increase, a 1% increase to 40% increase, a
1% increase to 30% increase, a 1% increase to 25% increase,
a 1% increase to 20% increase, a 1% increase to 15%
increase, a 1% increase to 10% increase, a 1% increase to
5% increase, a 5% increase to 500% increase, a 5% increase
to 450% increase, a 5% increase to 400% increase, a 5%
increase to 350% increase, a 5% increase to 300% increase,
a 5% increase to 250% increase, a 5% increase to 200%
increase, a 5% increase to 190% increase, a 5% increase to
180% increase, a 5% increase to 170% increase, a 5%
increase to 160% increase, a 5% increase to 150% increase,
a 5% increase to 140% increase, a 5% increase to 130%
increase, a 5% increase to 120% increase, a 5% increase to
110% increase, a 5% increase to 100% increase, a 5%
increase to 90% increase, a 5% increase to 80% increase, a
5% increase to 70% increase, a 5% increase to 60% increase,
a 5% increase to 50% increase, a 5% increase to 40%
increase, a 5% increase to 30% increase, a 5% increase to
25% increase, a 5% increase to 20% increase, a 5% increase
to 15% increase, a 5% increase to 10% increase, a 10%
increase to 500% increase, a 10% increase to 450% increase,
a 10% increase to 400% increase, a 10% increase to 350%
increase, a 10% increase to 300% increase, a 10% increase
to 250% increase, a 10% increase to 200% increase, a 10%
increase to 190% increase, a 10% increase to 180% increase,
a 10% increase to 170% increase, a 10% increase to 160%
increase, a 10% increase to 150% increase, a 10% increase
to 140% increase, a 10% increase to 130% increase, a 10%
increase to 120% increase, a 10% increase to 110% increase,
a 10% increase to 100% increase, a 10% increase to 90%
increase, a 10% increase to 80% increase, a 10% increase to
70% increase, a 10% increase to 60% increase, a 10%
increase to 50% increase, a 10% increase to 40% increase,
a 10% increase to 30% increase, a 10% increase to 25%
increase, a 10% increase to 20% increase, a 10% increase to
15% increase, a 15% increase to 500% increase, a 15%
increase to 450% increase, a 15% increase to 400% increase,
a 15% increase to 350% increase, a 15% increase to 300%
increase, a 15% increase to 250% increase, a 15% increase
to 200% increase, a 15% increase to 190% increase, a 15%
increase to 180% increase, a 15% increase to 170% increase,
a 15% increase to 160% increase, a 15% increase to 150%
increase, a 15% increase to 140% increase, a 15% increase
to 130% increase, a 15% increase to 120% increase, a 15%
increase to 110% increase, a 15% increase to 100% increase,
a 15% increase to 90% increase, a 15% increase to 80%
increase, a 15% increase to 70% increase, a 15% increase to
60% increase, a 15% increase to 50% increase, a 15%
increase to 40% increase, a 15% increase to 30% increase,
a 15% increase to 25% increase, a 15% increase to 20%
increase, a 20% increase to 500% increase, a 20% increase
to 450% increase, a 20% increase to 400% increase, a 20%
increase to 350% increase, a 20% increase to 300% increase,
a 20% increase to 250% increase, a 20% increase to 200%
increase, a 20% increase to 190% increase, a 20% increase
to 180% increase, a 20% increase to 170% increase, a 20%
increase to 160% increase, a 20% increase to 150% increase,
a 20% increase to 140% increase, a 20% increase to 130%
increase, a 20% increase to 120% increase, a 20% increase
to 110% increase, a 20% increase to 100% increase, a 20%
increase to 90% increase, a 20% increase to 80% increase,
a 20% increase to 70% increase, a 20% increase to 60%
increase, a 20% increase to 50% increase, a 20% increase to
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40% increase, a 20% increase to 30% increase, a 20%
increase to 25% increase, a 25% increase to 500% increase,
a 25% increase to 450% increase, a 25% increase to 400%
increase, a 25% increase to 350% increase, a 25% increase
to 300% increase, a 25% increase to 250% increase, a 25%
increase to 200% increase, a 25% increase to 190% increase,
a 25% increase to 180% increase, a 25% increase to 170%
increase, a 25% increase to 160% increase, a 25% increase
to 150% increase, a 25% increase to 140% increase, a 25%
increase to 130% increase, a 25% increase to 120% increase,
a 25% increase to 110% increase, a 25% increase to 100%
increase, a 25% increase to 90% increase, a 25% increase to
80% increase, a 25% increase to 70% increase, a 25%
increase to 60% increase, a 25% increase to 50% increase,
a 25% increase to 40% increase, a 25% increase to 30%
increase, a 30% increase to 500% increase, a 30% increase
to 450% increase, a 30% increase to 400% increase, a 30%
increase to 350% increase, a 30% increase to 300% increase,
a 30% increase to 250% increase, a 30% increase to 200%
increase, a 30% increase to 190% increase, a 30% increase
to 180% increase, a 30% increase to 170% increase, a 30%
increase to 160% increase, a 30% increase to 150% increase,
a 30% increase to 140% increase, a 30% increase to 130%
increase, a 30% increase to 120% increase, a 30% increase
to 110% increase, a 30% increase to 100% increase, a 30%
increase to 90% increase, a 30% increase to 80% increase,
a 30% increase to 70% increase, a 30% increase to 60%
increase, a 30% increase to 50% increase, a 30% increase to
40% increase, a 40% increase to 500% increase, a 40%
increase to 450% increase, a 40% increase to 400% increase,
a 40% increase to 350% increase, a 40% increase to 300%
increase, a 40% increase to 250% increase, a 40% increase
to 200% increase, a 40% increase to 190% increase, a 40%
increase to 180% increase, a 40% increase to 170% increase,
a 40% increase to 160% increase, a 40% increase to 150%
increase, a 40% increase to 140% increase, a 40% increase
to 130% increase, a 40% increase to 120% increase, a 40%
increase to 110% increase, a 40% increase to 100% increase,
a 40% increase to 90% increase, a 40% increase to 80%
increase, a 40% increase to 70% increase, a 40% increase to
60% increase, a 40% increase to 50% increase, a 50%
increase to 500% increase, a 50% increase to 450% increase,
a 50% increase to 400% increase, a 50% increase to 350%
increase, a 50% increase to 300% increase, a 50% increase
to 250% increase, a 50% increase to 200% increase, a 50%
increase to 190% increase, a 50% increase to 180% increase,
a 50% increase to 170% increase, a 50% increase to 160%
increase, a 50% increase to 150% increase, a 50% increase
to 140% increase, a 50% increase to 130% increase, a 50%
increase to 120% increase, a 50% increase to 110% increase,
a 50% increase to 100% increase, a 50% increase to 90%
increase, a 50% increase to 80% increase, a 50% increase to
70% increase, a 50% increase to 60% increase, a 60%
increase to 500% increase, a 60% increase to 450% increase,
a 60% increase to 400% increase, a 60% increase to 350%
increase, a 60% increase to 300% increase, a 60% increase
to 250% increase, a 60% increase to 200% increase, a 60%
increase to 190% increase, a 60% increase to 180% increase,
a 60% increase to 170% increase, a 60% increase to 160%
increase, a 60% increase to 150% increase, a 60% increase
to 140% increase, a 60% increase to 130% increase, a 60%
increase to 120% increase, a 60% increase to 110% increase,
a 60% increase to 100% increase, a 60% increase to 90%
increase, a 60% increase to 80% increase, a 60% increase to
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70% increase, a 70% increase to 500% increase, a 70%
increase to 450% increase, a 70% increase to 400% increase,
a 70% increase to 350% increase, a 70% increase to 300%
increase, a 70% increase to 250% increase, a 70% increase
to 200% increase, a 70% increase to 190% increase, a 70%
increase to 180% increase, a 70% increase to 170% increase,
a 70% increase to 160% increase, a 70% increase to 150%
increase, a 70% increase to 140% increase, a 70% increase
to 130% increase, a 70% increase to 120% increase, a 70%
increase to 110% increase, a 70% increase to 100% increase,
a 70% increase to 90% increase, a 70% increase to 80%
increase, a 80% increase to 500% increase, a 80% increase
to 450% increase, a 80% increase to 400% increase, a 80%
increase to 350% increase, a 80% increase to 300% increase,
a 80% increase to 250% increase, a 80% increase to 200%
increase, a 80% increase to 190% increase, a 80% increase
to 180% increase, a 80% increase to 170% increase, a 80%
increase to 160% increase, a 80% increase to 150% increase,
a 80% increase to 140% increase, a 80% increase to 130%
increase, a 80% increase to 120% increase, a 80% increase
to 110% increase, a 80% increase to 100% increase, a 80%
increase to 90% increase, a 90% increase to 500% increase,
a 90% increase to 450% increase, a 90% increase to 400%
increase, a 90% increase to 350% increase, a 90% increase
to 300% increase, a 90% increase to 250% increase, a 90%
increase to 200% increase, a 90% increase to 190% increase,
a 90% increase to 180% increase, a 90% increase to 170%
increase, a 90% increase to 160% increase, a 90% increase
to 150% increase, a 90% increase to 140% increase, a 90%
increase to 130% increase, a 90% increase to 120% increase,
a 90% increase to 110% increase, a 90% increase to 100%
increase, a 100% increase to 500% increase, a 100%
increase to 450% increase, a 100% increase to 400%
increase, a 100% increase to 350% increase, a 100%
increase to 300% increase, a 100% increase to 250%
increase, a 100% increase to 200% increase, a 100%
increase to 190% increase, a 100% increase to 180%
increase, a 100% increase to 170% increase, a 100%
increase to 160% increase, a 100% increase to 150%
increase, a 100% increase to 140% increase, a 100%
increase to 130% increase, a 100% increase to 120%
increase, a 100% increase to 110% increase, a 110% increase
to 500% increase, a 110% increase to 450% increase, a
110% increase to 400% increase, a 110% increase to 350%
increase, a 110% increase to 300% increase, a 110% increase
to 250% increase, a 110% increase to 200% increase, a
110% increase to 190% increase, a 110% increase to 180%
increase, a 110% increase to 170% increase, a 110% increase
to 160% increase, a 110% increase to 150% increase, a
110% increase to 140% increase, a 110% increase to 130%
increase, a 110% increase to 120% increase, a 120%
increase to 500% increase, a 120% increase to 450%
increase, a 120% increase to 400% increase, a 120%
increase to 350% increase, a 120% increase to 300%
increase, a 120% increase to 250% increase, a 120%
increase to 200% increase, a 120% increase to 190%
increase, a 120% increase to 180% increase, a 120%
increase to 170% increase, a 120% increase to 160%
increase, a 120% increase to 150% increase, a 120%
increase to 140% increase, a 120% increase to 130%
increase, a 130% increase to 500% increase, a 130%
increase to 450% increase, a 130% increase to 400%
increase, a 130% increase to 350% increase, a 130%
increase to 300% increase, a 130% increase to 250%
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increase, a 130% increase to 200% increase, a 130%
increase to 190% increase, a 130% increase to 180%
increase, a 130% increase to 170% increase, a 130%
increase to 160% increase, a 130% increase to 150%
increase, a 130% increase to 140% increase, a 140%
increase to 500% increase, a 140% increase to 450%
increase, a 140% increase to 400% increase, a 140%
increase to 350% increase, a 140% increase to 300%
increase, a 140% increase to 250% increase, a 140%
increase to 200% increase, a 140% increase to 190%
increase, a 140% increase to 180% increase, a 140%
increase to 170% increase, a 140% increase to 160%
increase, a 140% increase to 150% increase, a 150%
increase to 500% increase, a 150% increase to 450%
increase, a 150% increase to 400% increase, a 150%
increase to 350% increase, a 150% increase to 300%
increase, a 150% increase to 250% increase, a 150%
increase to 200% increase, a 150% increase to 190%
increase, a 150% increase to 180% increase, a 150%
increase to 170% increase, a 150% increase to 160%
increase, a 160% increase to 500% increase, a 160%
increase to 450% increase, a 160% increase to 400%
increase, a 160% increase to 350% increase, a 160%
increase to 300% increase, a 160% increase to 250%
increase, a 160% increase to 200% increase, a 160%
increase to 190% increase, a 160% increase to 180%
increase, a 160% increase to 170% increase, a 170%
increase to 500% increase, a 170% increase to 450%
increase, a 170% increase to 400% increase, a 170%
increase to 350% increase, a 170% increase to 300%
increase, a 170% increase to 250% increase, a 170%
increase to 200% increase, a 170% increase to 190%
increase, a 170% increase to 180% increase, a 180%
increase to 500% increase, a 180% increase to 450%
increase, a 180% increase to 400% increase, a 180%
increase to 350% increase, a 180% increase to 300%
increase, a 180% increase to 250% increase, a 180%
increase to 200% increase, a 180% increase to 190%
increase, a 190% increase to 500% increase, a 190%
increase to 450% increase, a 190% increase to 400%
increase, a 190% increase to 350% increase, a 190%
increase to 300% increase, a 190% increase to 250%
increase, a 190% increase to 200% increase, a 200%
increase to 500% increase, a 200% increase to 450%
increase, a 200% increase to 400% increase, a 200%
increase to 350% increase, a 200% increase to 300%
increase, a 200% increase to 250% increase, a 250%
increase to 500% increase, a 250% increase to 450%
increase, a 250% increase to 400% increase, a 250%
increase to 350% increase, a 250% increase to 300%
increase, a 300% increase to 500% increase, a 300%
increase to 450% increase, a 300% increase to 400%
increase, a 300% increase to 350% increase, a 350%
increase to 500% increase, a 350% increase to 450%
increase, a 350% increase to 400% increase, a 400%
increase to 500% increase, a 400% increase to 450%
increase, or a 450% increase to 500% increase) in one or
more (e.g., two, three, four, five, six, seven, eight, nine, or
ten) of: the plasma, serum, or blood level of IL-6; the
plasma, serum, or blood level of IL-2; the plasma, serum, or
blood level of IL-1f; the plasma, serum, or blood level of
TNFa; the plasma, serum, or blood level of IL-17A; the
plasma, serum, or blood level of IL-22; the plasma, serum,
or blood level of interferon-y; the level of blood Th memory
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cells (CD44*CD45RB~CD4* cells); and the level of o437
expression in blood cells; e.g., each as compared to the
corresponding level in a subject systemically administered
the same dose of the same IL.-12/I1.-23 inhibitor. Methods
for determining the plasma, serum, or blood level of 1L-6;
the plasma, serum, or blood level of IL-2; the plasma, serum,
or blood level of IL-1f; the plasma, serum, or blood level of
TNFa; the plasma, serum, or blood level of IL-17A; the
plasma, serum, or blood level of IL-22; the plasma, serum,
or blood level of interferon-vy; the level of blood Th memory
cells (CD44*CD45RB~CD4* cells); and the level of a4f7
expression in blood cells are known in the art.

[0946] In some examples of any of the methods described
herein can result, e.g., in a 1% to 99% decrease (or any of
the subranges of this range described herein) in one or more
(e.g., two, three, four, five, six, or seven) of: the level of
interferon-y in GI tissue or GI content; the level of IL-1f in
GI tissue or GI content; the level of IL-6 in GI tissue or GI
content; the level of IL-22 in GI tissue or GI content; the
level of IL-17A in GI tissue or GI content; the level of TNFa.
in GI tissue or GI content; and the level of IL-2 in GI tissue
or GI content, e.g., as compared to the corresponding level
in a subject not administered a treatment, or not adminis-
tered a IL-12/11.-23 inhibitor locally as disclosed herein.
Accordingly, in some embodiments, the methods described
herein can result, e.g., in a 1% to 99% decrease (or any of
the subranges of this range described herein) in one or more
(e.g., two, three, four, five, six, or seven) of the level of
interferon-y; the level of IL-1p3; the level of IL-6; the level
of IL-22; the level of IL-17A; the level of TNFa; and the
level of 1L-2, in the duodenum tissue proximate to one or
more sites of disease. Accordingly, in some embodiments,
the methods described herein can result, e.g., in a 1% to 99%
decrease (or any of the subranges of this range described
herein) in one or more (e.g., two, three, four, five, six, or
seven) of the level of interferon-y; the level of IL-1f; the
level of IL-6; the level of IL-22; the level of IL-17A; the
level of TNFa.,; and the level of IL-2, in the ileum tissue
proximate to one or more sites of disease. Accordingly, in
some embodiments, the methods described herein can result,
e.g.,ina 1% to 99% decrease (or any of the subranges of this
range described herein) in one or more (e.g., two, three, four,
five, six, or seven) of the level of interferon-y; the level of
IL-1f; the level of 1L-6; the level of 1L.-22; the level of
IL-17A; the level of TNFa,; and the level of IL-2, in the
jejunum tissue proximate to one or more sites of disease.
Accordingly, in some embodiments, the methods described
herein can result, e.g., in a 1% to 99% decrease (or any of
the subranges of this range described herein) in one or more
(e.g., two, three, four, five, six, or seven) of the level of
interferon-y; the level of IL-1p3; the level of IL-6; the level
of IL-22; the level of IL-17A; the level of TNFa; and the
level of IL-2, in the cecum tissue proximate to one or more
sites of disease. Accordingly, in some embodiments, the
methods described herein can result, e.g., in a 1% to 99%
decrease (or any of the subranges of this range described
herein) in one or more (e.g., two, three, four, five, six, or
seven) of the level of interferon-y; the level of IL-1f; the
level of IL-6; the level of IL-22; the level of IL-17A; the
level of TNFa; and the level of IL-2, in the ascending colon
tissue proximate to one or more sites of disease. Accord-
ingly, in some embodiments, the methods described herein
can result, e.g., in a 1% to 99% decrease (or any of the
subranges of this range described herein) in one or more
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(e.g., two, three, four, five, six, or seven) of the level of
interferon-y; the level of IL-1f3; the level of IL-6; the level
of IL-22; the level of IL-17A; the level of TNFa.; and the
level of IL-2, in the transverse colon tissue proximate to one
or more sites of disease. Accordingly, in some embodiments,
the methods described herein can result, e.g., ina 1% to 99%
decrease (or any of the subranges of this range described
herein) in one or more (e.g., two, three, four, five, six, or
seven) of the level of interferon-y; the level of IL-1f; the
level of IL-6; the level of IL-22; the level of IL-17A; the
level of TNFa; and the level of IL-2, in the decending colon
tissue proximate to one or more sites of disease. Accord-
ingly, in some embodiments, the methods described herein
can result, e.g., in a 1% to 99% decrease (or any of the
subranges of this range described herein) in one or more
(e.g., two, three, four, five, six, or seven) of the level of
interferon-y; the level of IL-1f3; the level of IL-6; the level
of 1L-22; the level of IL-17A; the level of TNFa.; and the
level of IL-2, in the sigmoid colon tissue proximate to one
or more sites of disease.

[0947] In some embodiments, the I1.-12/11.-23 inhibitor is
delivered to the location by a process that does not comprise
systemic transport of the IL-12/IL.-23 inhibitor.

[0948] In some embodiments, the amount of the IL-12/
IL-23 inhibitor that is administered is from about 1 mg to
about 650 mg. In some embodiments, the amount of the
IL-12/1L-23 inhibitor that is administered is from about 1
mg to about 600 mg. In some embodiments, the amount of
the IL-12/IL-23 inhibitor that is administered is from about
1 mg to about 500 mg. In some embodiments, the amount of
the IL-12/IL-23 inhibitor that is administered is from about
1 mg to about 100 mg. In some embodiments, the amount of
the IL-12/IL-23 inhibitor that is administered is from about
5 mg to about 40 mg.

[0949] In some embodiments, the amount of the IL-12/
IL-23 inhibitor that is administered is less than an amount
that is effective when the 1L-12/IL-23 inhibitor is delivered
systemically.

[0950] In some embodiments, the amount of the IL-12/
1L-23 inhibitor that is administered is an induction dose. In
some embodiments, such induction dose is effective to
induce remission of the TNF and cytokine storm and healing
of acute inflammation and lesions. In some embodiments,
the induction dose is administered once a day. In some
embodiments, the induction dose is administered once every
three days. In some embodiments, the induction dose is
administered once a week. In some embodiments, the induc-
tion dose is administered once a day, once every three days,
or once a week, over a period of about 6-8 weeks.

[0951] In some embodiments, the method comprises
administering (i) an amount of the I1.-12/I1.-23 inhibitor that
is an induction dose, and (ii) an amount of the 1L.-12/1L-23
inhibitor that is a maintenance dose, in this order. In some
embodiments, step (ii) is repeated one or more times. In
some embodiments, the induction dose is equal to the
maintenance dose. In some embodiments, the induction dose
is greater than the maintenance dose. In some embodiments,
the induction dose is five times greater than the maintenance
dose. In some embodiments, the induction dose is two times
greater than the maintenance dose.

[0952] In some embodiments, the induction dose is the
same as or higher than an induction dose administered
systemically for treatment of the same disorder to a subject.
In more particular embodiments, the induction dose is the
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same as or higher than an induction dose administered
systemically for treatment of the same disorder to a subject,
and the maintenance dose is lower than the maintenance
dose administered systemically for treatment of the same
disorder to a subject. In some embodiments, the induction
dose is the same as or higher than an induction dose
administered systemically for treatment of the same disorder
to a subject, and the maintenance dose is higher than the
maintenance dose administered systemically for treatment
of the same disorder to a subject.

[0953] In some embodiments an induction dose of 11.-12/
IL-23 inhibitor and a maintenance dose of IL-12/IL-23
inhibitor are each administered to the subject by adminis-
tering a pharmaceutical composition comprising a therapeu-
tically effective amount of the IL-12/IL-23 inhibitor,
wherein the pharmaceutical composition is a device. In
some embodiments an induction dose of IL.-12/IL.-23 inhibi-
tor is administered to the subject in a different manner from
the maintenance dose. As an example, the induction dose
may be administered systemically. In some embodiments,
the induction dose may be administered other than orally. As
an example, the induction dose may be administered rec-
tally. As an example, the induction dose may be adminis-
tered intravenously. As an example, the induction dose may
be administered subcutaneously. In some embodiments, the
induction dose may be administered by spray catheter.
[0954] In some embodiments, the concentration of the
IL-12/1L-23 inhibitor delivered at the location in the gas-
trointestinal tract is 10%, 25%, 50%, 75%, 100%, 200%,
300%, 400%, 500%, 1000%, 2000% greater than the con-
centration of 1L-12/1L.-23 inhibitor in plasma.

[0955] In some embodiments, the method provides a con-
centration of the IL.-12/1L-23 inhibitor at a location that is a
site of disease or proximate to a site of disease that is 2-100
times greater than at a location that is not a site of disease
or proximate to a site of disease.

[0956] In some embodiments, the method comprises
delivering the IL-12/IL.-23 inhibitor at the location in the
gastrointestinal tract as a single bolus.

[0957] In some embodiments, the method comprises
delivering the IL-12/IL.-23 inhibitor at the location in the
gastrointestinal tract as more than one bolus.

[0958] In some embodiments, the method comprises
delivering the IL-12/IL.-23 inhibitor at the location in the
gastrointestinal tract in a continuous manner.

[0959] In some embodiments, the method comprises
delivering the IL-12/IL.-23 inhibitor at the location in the
gastrointestinal tract over a time period of 20 or more
minutes.

[0960] In some embodiments, the method provides a con-
centration of the 11.-12/IL.-23 inhibitor in the plasma of the
subject that is less than 10 pg/ml. In some embodiments, the
method provides a concentration of the I1L.-12/I[.-23 inhibi-
tor in the plasma of the subject that is less than 3 pg/ml. In
some embodiments, the method provides a concentration of
the IL-12/1L-23 inhibitor in the plasma of the subject that is
less than 1 pg/ml. In some embodiments, the method pro-
vides a concentration of the 1L-12/IL-23 inhibitor in the
plasma of the subject that is less than 0.3 pg/ml. In some
embodiments, the method provides a concentration of the
IL-12/1L-23 inhibitor in the plasma of the subject that is less
than 0.1 pg/ml. In some embodiments, the method provides
a concentration of the IL-12/1L.-23 inhibitor in the plasma of
the subject that is less than 0.01 pg/ml. In some embodi-
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ments, the values of the concentration of the IL-12/1.-23
inhibitor in the plasma of the subject provided herein refer
10 Cppgn» that is, the lowest value of the concentration prior
to administration of the next dose.

[0961] In some embodiments, the method provides a con-
centration C,, . of the IL-12/IL.-23 inhibitor in the plasma of
the subject that is less than 10 pg/ml. In some embodiments,
the method provides a concentration C,,, ., of the IL-12/1L-23
inhibitor in the plasma of the subject that is less than 3
pg/ml. In some embodiments, the method provides a con-
centration C,,,, of the IL-12/IL-23 inhibitor in the plasma of
the subject that is less than 1 pg/ml. In some embodiments,
the method provides a concentration C,,,, of the IL-12/1L-23
inhibitor in the plasma of the subject that is less than 0.3
pg/ml. In some embodiments, the method provides a con-
centration C,,, of the IL-12/IL.-23 inhibitor in the plasma of
the subject that is less than 0.1 pg/ml. In some embodiments,
the method provides a concentration C,,,_ of the IL-12/1L-23
inhibitor in the plasma of the subject that is less than 0.01
pg/ml.

[0962] In some embodiments, the method does not com-
prise delivering an IL-12/IL-23 inhibitor rectally to the
subject.

[0963] In some embodiments, the method does not com-
prise delivering an 11.-12/1L.-23 inhibitor via an enema to the
subject.

[0964] In some embodiments, the method does not com-
prise delivering an I[.-12/I[.-23 inhibitor via suppository to
the subject.

[0965] In some embodiments, the method does not com-
prise delivering an IL-12/IL-23 inhibitor via instillation to
the rectum of a subject.

[0966] In some embodiments, the methods disclosed
herein comprise producing a therapeutically effective deg-
radation product of the IL-12/IL-23 inhibitor in the gastro-
intestinal tract. In some embodiments, the degradation prod-
uct is a therapeutic antibody fragment. In some
embodiments, a therapeutically effective amount of the
degradation product is produced.

[0967] In some embodiments, the antibody can be a
humanized antibody, a chimeric antibody, a multivalent
antibody, or a fragment thereof. In some embodiments, an
antibody can be a scFv-Fc (Sokolowska-Wedzina et al., Mol.
Cancer Res. 15(8):1040-1050, 2017), a VHH domain (Li et
al., Immunol. Lett. 188:89-95, 2017), a VNAR domain
(Hasler et al., Mol. Immunol. 75:28-37, 2016), a (scFv),, a
minibody (Kim et al., PLoS One 10(1):e113442, 2014), or a
BiTE. In some embodiments, an antibody can be a DVD-Ig
(Wu et al., Nat. Biotechnol. 25(11): 1290-1297, 2007; WO
08/024188; WO 07/024715), and a dual-affinity re-targeting
antibody (DART) (Tsai et al., Mol. Ther. Oncolytics
3:15024, 2016), a triomab (Chelius et al., MAbs 2(3):309-
319, 2010), kih IgG with a common LC (Kontermann et al.,
Drug Discovery Today 20(7):838-847, 2015), a crossmab
(Regula et al., EMBO Mol. Med. 9(7):985, 2017), an ortho-
Fab IgG (Kontermann et al., Drug Discovery Today 20(7):
838-847, 2015), a 2-in-1-IgG (Kontermann et al., Drug
Discovery Today 20(7):838-847, 2015), IgG-scFv (Cheal et
al., Mol. Cancer Ther 13(7):1803-1812, 2014), scFv2-Fc¢
(Natsume et al., J. Biochem. 140(3):359-368, 2006), a
bi-nanobody (Kontermann et al., Drug Discovery Today
20(7):838-847, 2015), tanden antibody (Kontermann et al.,
Drug Discovery Today 20(7):838-847, 2015), a DART-Fc
(Kontermann et al., Drug Discovery Today 20(7):838-847,
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2015), a scFv-HSA-scFv (Kontermann et al., Drug Discov-
ery Today 20(7):838-847,2015), DNL-Fab3 (Kontermann et
al., Drug Discovery Today 20(7):838-847, 2015), DAF (two-
in-one or four-in-one), DutaMab, DT-IgG, knobs-in-holes
common LC, knobs-in-holes assembly, charge pair antibody,
Fab-arm exchange antibody, SEEDbody, Triomab, LUZ-Y,
Fcab, kh-body, orthogonal Fab, DVD-IgG, IgG(H)-scFv,
scFv-(H)IgG, IgG(L)-scFv, scFv-(L)-1gG, 1gG (L,H)-Fc,
IgG(H)-V, VH)—IgG, IgG(L)-V, V(L)-IgG, KIH IgG-sc-
Fab, 2scFv-1gG, IgG-2scFv, scFv4-Ig, Zybody, DVI-IgG,
nanobody (e.g., antibodies derived from Camelus bactria-
mus, Calelus dromaderius, or Lama paccos) (U.S. Pat. No.
5,759,808; Stijlemans et al., J. Biol. Chem. 279:1256-1261,
2004; Dumoulin et al., Nature 424:783-788, 2003; and
Pleschberger et al., Bioconjugate Chem. 14:440-448, 2003),
nanobody-HSA, a diabody (e.g., Poljak, Structure 2(12):
1121-1123, 1994; Hudson et al., J. Immunol. Methods 23(1-
2):177-189, 1999), a TandAb (Reusch et al., mAbs 6(3):727-
738, 2014), scDiabody (Cuesta et al., Trends in Biotechnol.
28(7):355-362, 2010), scDiabody-CH3 (Sanz et al., Trends
in Immunol. 25(2):85-91, 2004), Diabody-CH3 (Guo et al.,
Triple Body, miniantibody, minibody, TriBi minibody, scFv-
CH3 KIH, Fab-scFv, scFv-CH-CL-scFv, F(ab")2-scFV2,
scFv-KIH, Fab-scFv-Fc, tetravalent HCADb, scDiabody-Fc,
diabody-Fc, tandem scFv-Fc, intrabody (Huston et al.,
Human Antibodies 10(3-4): 127-142, 2001; Wheeler et al.,
Mol. Ther. 8(3):355-366, 2003; Stocks, Drug Discov. Today
9(22):960-966, 2004), dock and lock bispecific antibody,
ImmTAC, HSAbody, scDiabody-HSA, tandem scFv, IgG-
IgG, Cov-X-Body, and scFv1-PEG-scFv2.

[0968] Non-limiting examples of an antigen-binding frag-
ment of an antibody include an Fv fragment, a Fab fragment,
a F(ab"), fragment, and a Fab' fragment. Additional
examples of an antigen-binding fragment of an antibody is
an antigen-binding fragment of an IgG (e.g., an antigen-
binding fragment of IgG1, 1gG2, IgG3, or IgG4) (e.g., an
antigen-binding fragment of a human or humanized IgG,
e.g., human or humanized 1gG1, IgG2, IgG3, or 1gG4); an
antigen-binding fragment of an IgA (e.g., an antigen-binding
fragment of IgAl or IgA2) (e.g., an antigen-binding frag-
ment of a human or humanized IgA, e.g., a human or
humanized IgAl or IgA2); an antigen-binding fragment of
an IgD (e.g., an antigen-binding fragment of a human or
humanized IgD); an antigen-binding fragment of an IgE
(e.g., an antigen-binding fragment of a human or humanized
IgE); or an antigen-binding fragment of an IgM (e.g., an
antigen-binding fragment of a human or humanized IgM).
[0969] In some embodiments, an antibody can be an
IgNAR, a bispecific antibody (Milstein and Cuello, Nature
305:537-539, 1983; Suresh et al., Methods in Enzymology
121:210, 1986; WO 96/27011; Brennan et al., Science
229:81, 1985; Shalaby et al., J. Exp. Med. 175:217-225,
1992; Kolstelny et al., J. Immunol. 148(5):1547-1553, 1992;
Hollinger et al., Proc. Natl. Acad. Sci. U.S.4. 90:6444-6448,
1993; Gruber et al., J. Immunol. 152:5368, 1994; Tutt et al.,
J. Immunol. 147:60, 1991), a bispecific diabody, a triabody
(Schoonooghe et al., BMC Biotechnol. 9:70, 2009), a tetra-
body, scFv-Fc knobs-into-holes, a scFv-Fc-scFv, a (Fab-
'scFv),, a V-IgG, a IvG-V, a dual V domain IgG, a heavy
chain immunoglobulin or a camelid (Holt et al., Trends
Biotechnol. 21(11):484-490, 2003), an intrabody, a mono-
clonal antibody (e.g., a human or humanized monoclonal
antibody), a heteroconjugate antibody (e.g., U.S. Pat. No.
4,676,980), a linear antibody (Zapata et al., Protein Eng.
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8(10:1057-1062, 1995), a trispecific antibody (Tutt et al., J.
Immunol. 147:60, 1991), a Fabs-in-Tandem immunoglobu-
lin (WO 15/103072), or a humanized camelid antibody.
[0970] In some embodiments, the methods comprising
administering the 11.-12/IL-23 inhibitor in the manner dis-
closed herein disclosed herein result in a reduced immuno-
suppressive properties relative to methods of administration
of the IL.-12/IL.-23 inhibitor systemically.

[0971] In some embodiments, the methods comprising
administering the 11.-12/IL-23 inhibitor in the manner dis-
closed herein disclosed herein result in reduced immunoge-
nicity relative to methods of administration of the IL.-12/IL-
23 inhibitor systemically.
Methods for Treating Colitis in
Immune-Oncology Therapy

[0972] Insome embodiments, provided herein is a method
for treating colitis as disclosed herein in a subject, compris-
ing releasing a I1L-12/IL-23 inhibitor at a location in the
gastrointestinal tract of the subject that is proximate to one
or more sites of disease, wherein the method comprises
administering to the subject a pharmaceutical composition
comprising a therapeutically effective amount of the 11.-12/
IL-23 inhibitor, wherein the colitis is associated with treat-
ment of the subject with one or more immuno-oncology
agents. In some embodiments, the pharmaceutical compo-
sition is an ingestible device. In some embodiments, the
pharmaceutical composition is an ingestible device and the
method comprises administering orally to the subject the
pharmaceutical composition.

[0973] In some embodiments, at least one of the one or
more immuno-oncology agents is a chemotherapeutic agent.
In some embodiments, the chemotherapeutic agent is a
chemotherapeutic immunomodulator. In some embodi-
ments, the chemotherapeutic immunomodulator is an
immune checkpoint inhibitor.

[0974] In some embodiments, the immune checkpoint
inhibitor targets an immune checkpoint protein or decreases
an activity of an immune checkpoint protein selected from
the group of CTLA-4, PD-1, PD-L1, PD-1-PD-L1, PD-1-
PD-L2, interleukin 2 (IL 2), indoleamine 2,3-dioxygenase
(IDO), IL 10, transforming growth factor-f (TGFp), T cell
immunoglobulin and mucin 3 (TIM3 or HAVCR?2), Galectin
9-TIM3, Phosphatidylserine-TIM3, lymphocyte activation
gene 3 protein (LAG3), MHC class 1I-LAG3, 4 1BB-4 1BB
ligand, OX40-0X40 ligand, GITR, GITR ligand-GITR,
CD27, CD70-CD27, TNFRSF25, TNFRSF25-TL1A,
CD40L, CD40-CD40 ligand, HVEM-LIGHT-LTA, HVEM,
HVEM-BTLA, HVEM-CD160, HVEM-LIGHT, HVEM-
BTLA-CD160, CD80, CD80-PDL-1, PDL2-CD80, CD244,
CD48-CD244, CD244, ICOS, ICOS-ICOS ligand, B7 H3,
B7 H4, VISTA, TMIGD2, HHLA2-TMIGD2, Butyrophi-
lins, including BTNL2, Siglec family, TIGIT and PVR
family members, KIRs, ILTs and LIRs, NKG2D and
NKG2A, MICA and MICB, CD244, CD28, CD86-CD28,
CD86-CTLA, CDS80-CD28, CD39, CD73 Adenosine-
CD39-CD73, CXCR4-CXCL 12, Phosphatidylserine, TIM3,
Phosphatidylserine-TIM3, SIRPA-CD47, VEGF, Neuropi-
lin, CD160, CD30, and CD155.

[0975] In some examples, the immune checkpoint inhibi-
tor is selected from the group consisting of: Urelumab, PF
05082566, MEDI6469, TRX518, Varlilumab, CP 870893,
Pembrolizumab (PD1), Nivolumab (PD1), Atezolizumab
(formerly MPDL3280A) (PDL1), MEDI4736 (PD-L1),
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Avelumab (PD-L1), PDR0O01 (PD1), BMS 986016,
MGA271, Lirilumab, IPH2201, Emactuzumab,
INCB024360, Galunisertib, Ulocuplumab, BKT140, Bavi-
tuximab, CC 90002, Bevacizumab, and MNRP1685A, and
MGA271.

[0976] In some examples, the immune checkpoint inhibi-
tor targets or decreases an activity of CTLA-4. In some
embodiments, the immune checkpoint inhibitor is an anti-
body. In some embodiments, the antibody is ipilimumab or
tremelimumab.

[0977] In some examples, the immune checkpoint inhibi-
tor targets PD1 or PD-L1. In some examples, the immune
checkpoint inhibitor is selected from nivolumab, lambroi-
zumab, and BMS-936559.

[0978] In some embodiments, at least one of the one or
more immuno-oncology agents is a T-cell capable of
expressing a chimeric antigen receptor (CAR). In some
embodiments, at least one of the one or more immuno-
oncology agents is a PI-3-kinase inhibitor.

[0979] In some embodiments, the treatment of the subject
with one or more immuno-oncology agents further com-
prises treatment of the subject with an immunosuppressant.
[0980] In some embodiments, provided herein is a method
for reducing the development of colitis in a subject admin-
istered an immuno-oncology agent, comprising releasing a
IL-12/1L-23 inhibitor at a location in the gastrointestinal
tract of the subject that is proximate to one or more sites of
disease, wherein the method comprises administering to the
subject a pharmaceutical composition comprising a thera-
peutically effective amount of the 11.-12/I1.-23 inhibitor. In
some embodiments, the pharmaceutical composition is an
ingestible device. In some embodiments, the pharmaceutical
composition is an ingestible device and the method com-
prises administering orally to the subject the pharmaceutical
composition.

[0981] In some embodiments of these methods, a subject
is administered at least one dose of an immuno-oncology
agent prior to administering a pharmaceutical composition
comprising any of the devices described herein as described
herein to the subject. In some embodiments of these meth-
ods, a subject is first administered any of the devices as
described herein, prior to administration of the first dose of
the immuno-oncology agent. In some embodiments of these
methods, the immuno-oncology agent is administered at
substantially the same time as the device described herein.
[0982] Also provided herein are methods of treating a
subject having a cancer that include: administering a first
dose of an immuno-oncology agent to the subject; monitor-
ing one or more biomarkers, markers, or symptoms of colitis
(e.g., any of the biomarkers, markers, or symptoms of colitis
described herein or known in the art); identifying a subject
having a level of a biomarker or marker, or having a
symptom of colitis; and releasing a I[.-12/I[.-23 inhibitor at
a location in the gastrointestinal tract of the subject that is
proximate to one or more sites of disease, wherein the
method comprises administering to the subject a pharma-
ceutical composition comprising a therapeutically effective
amount of the IL-12/IL-23 inhibitor. In some embodiments,
the pharmaceutical composition is an ingestible device. In
some embodiments, the pharmaceutical composition is an
ingestible device and the method comprises administering
orally to the subject the pharmaceutical composition.
[0983] Also provided herein are methods of reducing the
severity of colitis in a subject having a cancer and admin-
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istered an immuno-oncology agent that include administer-
ing to the subject any of the devices described herein.
[0984] In some embodiments, provided herein is a method
for treating colitis in a subject comprising:

[0985] determining that the subject has colitis associated
with treatment of the subject with one or more immuno-
oncology agents; and

[0986] releasing a I[.-12/1L.-23 inhibitor at a location in the
gastrointestinal tract of the subject that is proximate to one
or more sites of colitis, wherein the method comprises
administering to the subject a pharmaceutical composition
comprising a therapeutically effective amount of the 11.-12/
IL-23 inhibitor. In some embodiments, the pharmaceutical
composition is an ingestible device. In some embodiments,
the pharmaceutical composition is an ingestible device and
the method comprises administering orally to the subject the
pharmaceutical composition.

[0987] In some embodiments, provided herein is a method
for treating colitis in a subject comprising:

[0988] determining that the subject has colitis associated
with treatment of the subject with one or more immuno-
oncology agents; and

[0989] administering to the subject an ingestible device
comprising any of the IL-12/IL-23 inhibitors described
herein, to treat the colitis.

[0990] Insome embodiments, provided herein is a method
for treating colitis,

[0991] comprising releasing a 11.-12/IL.-23 inhibitor at a
location in the gastrointestinal tract of a subject who has
been determined to have colitis associated with treatment of
the subject with one or more immuno-oncology agents,
wherein the location is proximate to one or more sites of
colitis, wherein the method comprises administering to the
subject a pharmaceutical composition comprising a thera-
peutically effective amount of the 1L-12/IL-23 inhibitor. In
some embodiments, the pharmaceutical composition is an
ingestible device. In some embodiments, the pharmaceutical
composition is an ingestible device and the method com-
prises administering orally to the subject the pharmaceutical
composition.

[0992] Insome embodiments, provided herein is a method
for treating colitis, comprising administering an ingestible
device comprising any of the IL-12/IL-23 inhibitors
described herein to a subject who has been determined to
have colitis associated with treatment of the subject with one
or more immuno-oncology agents.

[0993] In some embodiments, provided herein is an
ingestible device comprising any of the I1[.-12/IL.-23 inhibi-
tors described herein for treating colitis associated with
treatment of a subject with one or more immuno-oncology
agents.

Monitoring Progress of Disease

[0994] In some embodiments, the methods provided
herein comprise monitoring the progress of the disease. In
some embodiments, monitoring the progress of the disease
comprises measuring the levels of IBD serological markers.
In some embodiments, monitoring the progress of the dis-
ease comprises determining mucosal healing at the location
of release. In some embodiments, monitoring the progress of
the disease comprises determining the Crohn’s Disease
Activity Index (CDAI) over a period of about 6-8 weeks, or
over a period of about 52 weeks, following administration of
the IL-12/1L.-23 inhibitor. In some embodiments, monitoring
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the progress of the disease comprises determining the Har-
vey-Bradshaw Index (HBI) following administration of the
IL-12/1L-23 inhibitor. Possible markers may include the
following: anti-glycan antibodies: anti-Saccharomices cer-
evisiae (ASCA); anti-laminaribioside (ALCA); anti-chito-
bioside (ACCA); anti-mannobioside (AMCA); anti-lami-
narin (anti-L); anti-chitin (anti-C) antibodies: anti-outer
membrane porin C (anti-OmpC), anti-Cbirl flagellin; anti-
12 antibody; autoantibodies targeting the exocrine pancreas
(PAB); perinuclear anti-neutrophil antibody (pANCA). In
some embodiments, monitoring the progress of the disease
comprises measuring 1L.-12/IL.-23 inhibitor levels in serum
over a period of about 1-14 weeks, such as about 6-8 weeks
following administration of the IL-12/IL-23 inhibitor,
including at the 6-8 week time point. In some embodiments,
monitoring the progress of the disease comprises measuring
1L-12/1L-23 inhibitor levels in serum over a period of about
52 weeks following administration of the IL-12/IL-23
inhibitor, including at the 52 week time point.

Patients Condition, Diagnosis and Treatment

[0995] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises one or more of the following:

[0996] a) identifying a subject having a disease of the
gastrointestinal tract, for example by endoscopy or
colonoscopy;

[0997] b) determination of the severity of the disease,
for example with reference to the Mayo Clinic Score,
the Crohn’s Disease Activity Index (CDAI), the Har-
vey-Bradshaw Index (HBI), or a combination of the
above;

[0998] c) determination of the location of the disease,
for example as determined by the presence of lesions
indicative of the disease;

[0999] d) evaluating the subject for suitability to treat-
ment, for example by determining the patency of the
subject’s GI tract, for example if the indication is small
intestinal diseases, pancolitis, Crohn’s disease, or if the
patients has strictures or fistulae;

[1000] e) administration of an induction dose or of a
maintenance dose of a drug, such as the 1L-12/IL.-23
inhibitor or such as another drug that is effective in the
treatment of IBD conditions;

[1001] f) monitoring the progress of the disease, for
example with reference to the Mayo Clinic Score, the
Crohn’s Disease Activity Index (CDAI), the Harvey-
Bradshaw Index (HBI), the PRO, PRO2 or PRO3 tools,
or a combination of the above; and/or

[1002] g) optionally repeating steps e) and f) one or
more times, for example over a period of about 1-14
weeks, such as about 6-8 weeks following administra-
tion of the IL-12/IL-23 inhibitor, including at the 6-8
week time point, or over a period of about 52 weeks
following administration of the 1[.-12/1L-23 inhibitor,
including at the 52 week time point.

[1003] As used herein, an induction dose is a dose of drug
that may be administered, for example, at the beginning of
a course of treatment, and that is higher than the mainte-
nance dose administered during treatment. An induction
dose may also be administered during treatment, for
example if the condition of the patients becomes worse.
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[1004] As used herein, a maintenance dose is a dose of
drug that is provided on a repetitive basis, for example at
regular dosing intervals.

[1005] In some embodiments the I1.-12/I.-23 inhibitor is
released from an ingestible device.

[1006] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises a) hereinabove.

[1007] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an I[-12/I[.-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises b) hereinabove.

[1008] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/1[.-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises ¢) hereinabove.

[1009] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises d) hereinabove.

[1010] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an I[-12/I[.-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises e) hereinabove.

[1011] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises f) hereinabove.

[1012] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an I[.-12/I[.-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises g) hereinabove.

[1013] In some embodiments herein, the method of treat-
ing a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises a) and b) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an IL-12/IL-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises a) and
¢) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises a) and d) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an IL-12/IL-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises a) and
e) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/I[.-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises a) and f) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
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gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises a) and
g) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/1L-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises b) and c) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises b) and
d) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises b) and e) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an IL-12/IL-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises b) and
f) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/1L-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises b) and g) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises ¢) and
d) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I1[-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises ¢) and e) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises ¢) and
f) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises ¢) and g) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises d) and
e) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an I[-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises d) and f) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an 1L-12/1L-
23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises d) and
g) hereinabove. In some embodiments herein, the method of
treating a disease of the gastrointestinal tract that comprises
releasing an IL-12/IL-23 inhibitor at a location in the
gastrointestinal tract that is proximate to one or more sites of
disease comprises e) and f) hereinabove. In some embodi-
ments herein, the method of treating a disease of the
gastrointestinal tract that comprises releasing an IL-12/1L-
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23 inhibitor at a location in the gastrointestinal tract that is
proximate to one or more sites of disease comprises g)
hereinabove.

[1014] In some embodiments, one or more steps a) to e)
herein comprise endoscopy of the gastrointestinal tract. In
some embodiments, one or more steps a) to e) herein
comprise colonoscopy of the gastrointestinal tract. In some
embodiments, one or more steps a) to e) herein is performed
one or more times. In some embodiments, such one or more
of such one or more steps a) to e) is performed after releasing
the IL-12/1L-23 inhibitor at the location in the gastrointes-
tinal tract that is proximate to one or more sites of disease.
[1015] In some embodiments, the method comprises
administering one or more maintenance doses following
administration of the induction dose in step e). In some
embodiments an induction dose of IL-12/IL-23 inhibitor and
a maintenance dose of IL-12/I1.-23 inhibitor are each admin-
istered to the subject by administering a pharmaceutical
composition comprising a therapeutically effective amount
of the IL-12/IL.-23 inhibitor. In some embodiments an induc-
tion dose of IL-12/IL-23 inhibitor is administered to the
subject in a different manner from the maintenance dose. As
an example, the maintenance dose may be administered
systemically, while the maintenance dose is administered
locally using a device. In one embodiment, a maintenance
dose is administered systemically, and an induction dose is
administered using a device every 1, 2,3, 4, 5, 6,7, 10, 15,
20, 25, 30, 35, 40, or 45 days. In another embodiment, a
maintenance dose is administered systemically, and an
induction dose is administered when a disease flare up is
detected or suspected.

[1016] In some embodiments, the induction dose is a dose
of the IL-12/IL-23 inhibitor administered in an ingestible
device as disclosed herein. In some embodiments, the main-
tenance dose is a dose of the IL-12/IL.-23 inhibitor admin-
istered in an ingestible device as disclosed herein.

[1017] In some embodiments, the induction dose is a dose
of the IL-12/IL-23 inhibitor administered in an ingestible
device as disclosed herein. In some embodiments, the main-
tenance dose is a dose of the IL-12/IL-23 inhibitor delivered
systemically, such as orally with a tablet or capsule, or
subcutaneously, or intravenously.

[1018] In some embodiments, the induction dose is a dose
of the IL-12/1L.-23 inhibitor delivered systemically, such as
orally with a tablet or capsule, or subcutaneously, or intra-
venously. In some embodiments, the maintenance dose is a
dose of the 1L.-12/IL-23 inhibitor administered in an ingest-
ible device as disclosed herein.

[1019] In some embodiments, the induction dose is a dose
of the IL-12/IL-23 inhibitor administered in an ingestible
device as disclosed herein. In some embodiments, the main-
tenance dose is a dose of a second agent as disclosed herein
delivered systemically, such as orally with a tablet or cap-
sule, or subcutaneously, or intravenously.

[1020] In some embodiments, the induction dose is a dose
of a second agent as disclosed herein delivered systemically,
such as orally with a tablet or capsule, or subcutaneously, or
intravenously. In some embodiments, the maintenance dose
is a dose of the IL-12/IL-23 inhibitor administered in an
ingestible device as disclosed herein.

[1021] In one embodiment of the methods provided
herein, the patient is not previously treated with an IL-12/
IL-23 inhibitor. In one embodiment, the gastrointestinal
inflammatory disorder is an inflammatory bowel disease. In
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one embodiment, the inflammatory bowel disease is ulcer-
ative colitis or Crohn’s disease. In one embodiment, the
inflammatory bowel disease is ulcerative colitis and the
response is selected from clinical response, mucosal healing
and remission. In certain embodiments, remission in the
patient is determined to be induced when the Mayo Clinic
Score <2 and no individual subscore >1, which is also
referred to as clinical remission. In certain embodiments,
mucosal healing is determined to have occurred when the
patient is determined to have an endoscopy subscore of 0 or
1 as assessed by flexible sigmoidoscopy. In certain such
embodiments, patients who experience mucosal healing are
determined to have an endoscopy subscore of 0. In certain
embodiments, clinical response is determined to have
occurred when the patient experiences a 3-point decrease
and 30% reduction from baseline in MCS and >1-point
decrease in rectal bleeding subscore or absolute rectal bleed-
ing score of O or 1.

[1022] Insome embodiments, the method comprises iden-
tifying the disease site substantially at the same time as
releasing the IL-12/IL-23 inhibitor.

[1023] In some embodiments, the method comprises
monitoring the progress of the disease. In some embodi-
ments, monitoring the progress of the disease comprises
measuring the weight of the subject over a period of about
1-14 weeks, such as about 6-8 weeks following administra-
tion of the IL-12/IL-23 inhibitor, including at the 6-8 week
time point, or over a period of about 52 weeks following
administration of the 1L.-12/IL.-23 inhibitor, including at the
52 week time point. In some embodiments, monitoring the
progress of the disease comprises measuring the food intake
of the subject; measuring the level of blood in the feces of
the subject; measuring the level of abdominal pain of the
subject; and/or a combination of the above, for example over
a period of about 1-14 weeks, such as about 6-8 weeks
following administration of the IL-12/IL-23 inhibitor,
including at the 6-8 week time point, or over a period of
about 52 weeks following administration of the IL.-12/IL.-23
inhibitor, including at the 52 week time point.

[1024] In some embodiments, the method comprises
administering an IL.-12/I1.-23 inhibitor with a spray catheter.
For example, administering an IL.-12/IL.-23 inhibitor with a
spray catheter may be performed in step (e) hereinabove.
[1025] In some embodiments, the method does not com-
prise administering an I[.-12/I[.-23 inhibitor with a spray
catheter.

[1026] In some embodiments, data obtained from cell
culture assays and animal studies can be used in formulating
an appropriate dosage of any given I1.-12/1L.-23 inhibitor.
The effectiveness and dosing of any IL.-12/IL-23 inhibitor
can be determined by a health care professional or veterinary
professional using methods known in the art, as well as by
the observation of one or more disease symptoms in a
subject (e.g., a human). Certain factors may influence the
dosage and timing required to effectively treat a subject
(e.g., the severity of the disease or disorder, previous treat-
ments, the general health and/or age of the subject, and the
presence of other diseases).

[1027] Insome embodiments, the subject is further admin-
istered an additional therapeutic agent (e.g., any of the
additional therapeutic agents described herein). The addi-
tional therapeutic agent can be administered to the subject at
substantially the same time as the 1L-12/IL.-23 inhibitor or
pharmaceutical composition comprising it is administered
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and/or at one or more other time points. In some embodi-
ments, the additional therapeutic agent is formulated
together with the IL-12/IL-23 inhibitor (e.g., using any of
the examples of formulations described herein).

[1028] In some embodiments, the subject is administered
a dose of the IL-12/IL-23 inhibitor at least once a month
(e.g., at least twice a month, at least three times a month, at
least four times a month, at least once a week, at least twice
a week, three times a week, once a day, or twice a day). The
IL-12/IL-23 inhibitor may be administered to a subject
chronically. Chronic treatments include any form of
repeated administration for an extended period of time, such
as repeated administrations for one or more months,
between a month and a year, one or more years, more than
five years, more than 10 years, more than 15 years, more
than 20 years, more than 25 years, more than 30 years, more
than 35 years, more than 40 years, more than 45 years, or
longer. Alternatively, or in addition, chronic treatments may
be administered. Chronic treatments can involve regular
administrations, for example one or more times a day, one or
more times a week, or one or more times a month. For
example, chronic treatment can include administration (e.g.,
intravenous administration) about every two weeks (e.g.,
between about every 10 to 18 days).

[1029] A suitable dose may be the amount that is the
lowest dose effective to produce a desired therapeutic effect.
Such an effective dose will generally depend upon the
factors described herein. If desired, an effective daily dose of
1L-12/IL-23 inhibitor can be administered as two, three,
four, five, or six or more sub-doses administered separately
at appropriate intervals throughout the day, optionally, in
unit dosage forms.

[1030] In some examples, administration of an IL.-12/1L-
23 inhibitor using any of the compositions or devices
described herein can result in the onset of treatment (e.g., a
reduction in the number, severity, or duration of one or more
symptoms and/or markers of any of the diseases described
herein) or drug-target engagement in a subject within a time
period of about 10 minutes to about 10 hours, about 10
minutes to about 9 hours, about 10 minutes to about 8 hours,
about 10 minutes to about 7 hours, about 10 minutes to about
6 hours, about 10 minutes to about 5 hours, about 10 minutes
to about 4.5 hours, about 10 minutes to about 4 hours, about
10 minutes to about 3.5 hours, about 10 minutes to about 3
hours, about 10 minutes to about 2.5 hours, about 10 minutes
to about 2 hours, about 10 minutes to about 1.5 hours, about
10 minutes to about 1 hour, about 10 minutes to about 55
minutes, about 10 minutes to about 50 minutes, about 10
minutes to about 45 minutes, about 10 minutes to about 40
minutes, about 10 minutes to about 35 minutes, about 10
minutes to about 30 minutes, about 10 minutes to about 25
minutes, about 10 minutes to about 20 minutes, about 10
minutes to about 15 minutes, about 15 minutes to about 10
hours, about 15 minutes to about 9 hours, about 15 minutes
to about 8 hours, about 15 minutes to about 7 hours, about
15 minutes to about 6 hours, about 15 minutes to about 5
hours, about 15 minutes to about 4.5 hours, about 15 minutes
to about 4 hours, about 15 minutes to about 3.5 hours, about
15 minutes to about 3 hours, about 15 minutes to about 2.5
hours, about 15 minutes to about 2 hours, about 15 minutes
to about 1.5 hours, about 15 minutes to about 1 hour, about
15 minutes to about 55 minutes, about 15 minutes to about
50 minutes, about 15 minutes to about 45 minutes, about 15
minutes to about 40 minutes, about 15 minutes to about 35
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minutes, about 15 minutes to about 30 minutes, about 15
minutes to about 25 minutes, about 15 minutes to about 20
minutes, about 20 minutes to about 10 hours, about 20
minutes to about 9 hours, about 20 minutes to about 8 hours,
about 20 minutes to about 7 hours, about 20 minutes to about
6 hours, about 20 minutes to about 5 hours, about 20 minutes
to about 4.5 hours, about 20 minutes to about 4 hours, about
20 minutes to about 3.5 hours, about 20 minutes to about 3
hours, about 20 minutes to about 2.5 hours, about 20 minutes
to about 2 hours, about 20 minutes to about 1.5 hours, about
20 minutes to about 1 hour, about 20 minutes to about 55
minutes, about 20 minutes to about 50 minutes, about 20
minutes to about 45 minutes, about 20 minutes to about 40
minutes, about 20 minutes to about 35 minutes, about 20
minutes to about 30 minutes, about 20 minutes to about 25
minutes, about 25 minutes to about 10 hours, about 25
minutes to about 9 hours, about 25 minutes to about 8 hours,
about 25 minutes to about 7 hours, about 25 minutes to about
6 hours, about 25 minutes to about 5 hours, about 25 minutes
to about 4.5 hours, about 25 minutes to about 4 hours, about
25 minutes to about 3.5 hours, about 25 minutes to about 3
hours, about 25 minutes to about 2.5 hours, about 25 minutes
to about 2 hours, about 25 minutes to about 1.5 hours, about
25 minutes to about 1 hour, about 25 minutes to about 55
minutes, about 25 minutes to about 50 minutes, about 25
minutes to about 45 minutes, about 25 minutes to about 40
minutes, about 25 minutes to about 35 minutes, about 25
minutes to about 30 minutes, about 30 minutes to about 10
hours, about 30 minutes to about 9 hours, about 30 minutes
to about 8 hours, about 30 minutes to about 7 hours, about
30 minutes to about 6 hours, about 30 minutes to about 5
hours, about 30 minutes to about 4.5 hours, about 30 minutes
to about 4 hours, about 30 minutes to about 3.5 hours, about
30 minutes to about 3 hours, about 30 minutes to about 2.5
hours, about 30 minutes to about 2 hours, about 30 minutes
to about 1.5 hours, about 30 minutes to about 1 hour, about
30 minutes to about 55 minutes, about 30 minutes to about
50 minutes, about 30 minutes to about 45 minutes, about 30
minutes to about 40 minutes, about 30 minutes to about 35
minutes, about 35 minutes to about 10 hours, about 35
minutes to about 9 hours, about 35 minutes to about 8 hours,
about 35 minutes to about 7 hours, about 35 minutes to about
6 hours, about 35 minutes to about 5 hours, about 35 minutes
to about 4.5 hours, about 35 minutes to about 4 hours, about
35 minutes to about 3.5 hours, about 35 minutes to about 3
hours, about 35 minutes to about 2.5 hours, about 35 minutes
to about 2 hours, about 35 minutes to about 1.5 hours, about
35 minutes to about 1 hour, about 35 minutes to about 55
minutes, about 35 minutes to about 50 minutes, about 35
minutes to about 45 minutes, about 35 minutes to about 40
minutes, about 40 minutes to about 10 hours, about 40
minutes to about 9 hours, about 40 minutes to about 8 hours,
about 40 minutes to about 7 hours, about 40 minutes to about
6 hours, about 40 minutes to about 5 hours, about 40 minutes
to about 4.5 hours, about 40 minutes to about 4 hours, about
40 minutes to about 3.5 hours, about 40 minutes to about 3
hours, about 40 minutes to about 2.5 hours, about 40 minutes
to about 2 hours, about 40 minutes to about 1.5 hours, about
40 minutes to about 1 hour, about 40 minutes to about 55
minutes, about 40 minutes to about 50 minutes, about 40
minutes to about 45 minutes, about 45 minutes to about 10
hours, about 45 minutes to about 9 hours, about 45 minutes
to about 8 hours, about 45 minutes to about 7 hours, about
45 minutes to about 6 hours, about 45 minutes to about 5
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hours, about 45 minutes to about 4.5 hours, about 45 minutes
to about 4 hours, about 45 minutes to about 3.5 hours, about
45 minutes to about 3 hours, about 45 minutes to about 2.5
hours, about 45 minutes to about 2 hours, about 45 minutes
to about 1.5 hours, about 45 minutes to about 1 hour, about
45 minutes to about 55 minutes, about 45 minutes to about
50 minutes, about 50 minutes to about 10 hours, about 50
minutes to about 9 hours, about 50 minutes to about 8 hours,
about 50 minutes to about 7 hours, about 50 minutes to about
6 hours, about 50 minutes to about 5 hours, about 50 minutes
to about 4.5 hours, about 50 minutes to about 4 hours, about
50 minutes to about 3.5 hours, about 50 minutes to about 3
hours, about 50 minutes to about 2.5 hours, about 50 minutes
to about 2 hours, about 50 minutes to about 1.5 hours, about
50 minutes to about 1 hour, about 50 minutes to about 55
minutes, about 55 minutes to about 10 hours, about 55
minutes to about 9 hours, about 55 minutes to about 8 hours,
about 55 minutes to about 7 hours, about 55 minutes to about
6 hours, about 55 minutes to about 5 hours, about 55 minutes
to about 4.5 hours, about 55 minutes to about 4 hours, about
55 minutes to about 3.5 hours, about 55 minutes to about 3
hours, about 55 minutes to about 2.5 hours, about 55 minutes
to about 2 hours, about 55 minutes to about 1.5 hours, about
55 minutes to about 1 hour, about 1 hour to about 10 hours,
about 1 hour to about 9 hours, about 1 hour to about 8 hours,
about 1 hour to about 7 hours, about 1 hour to about 6 hours,
about 1 hour to about 5 hours, about 1 hour to about 4.5
hours, about 1 hour to about 4 hours, about 1 hour to about
3.5 hours, about 1 hour to about 3 hours, about 1 hour to
about 2.5 hours, about 1 hour to about 2 hours, about 1 hour
to about 1.5 hours, about 1.5 hours to about 10 hours, about
1.5 hours to about 9 hours, about 1.5 hours to about 8 hours,
about 1.5 hours to about 7 hours, about 1.5 hours to about
6 hours, about 1.5 hours to about 5 hours, about 1.5 hours to
about 4.5 hours, about 1.5 hours to about 4 hours, about 1.5
hours to about 3.5 hours, about 1.5 hours to about 3 hours,
about 1.5 hours to about 2.5 hours, about 1.5 hours to about
2 hours, about 2 hours to about 10 hours, about 2 hours to
about 9 hours, about 2 hours to about 8 hours, about 2 hours
to about 7 hours, about 2 hours to about 6 hours, about 2
hours to about 5 hours, about 2 hours to about 4.5 hours,
about 2 hours to about 4 hours, about 2 hours to about 3.5
hours, about 2 hours to about 3 hours, about 2 hours to about
2.5 hours, about 2.5 hours to about 10 hours, about 2.5 hours
to about 9 hours, about 2.5 hours to about 8 hours, about 2.5
hours to about 7 hours, about 2.5 hours to about 6 hours,
about 2.5 hours to about 5 hours, about 2.5 hours to about
4.5 hours, about 2.5 hours to about 4 hours, about 2.5 hours
to about 3.5 hours, about 2.5 hours to about 3 hours, about
3 hours to about 10 hours, about 3 hours to about 9 hours,
about 3 hours to about 8 hours, about 3 hours to about 7
hours, about 3 hours to about 6 hours, about 3 hours to about
5 hours, about 3 hours to about 4.5 hours, about 3 hours to
about 4 hours, about 3 hours to about 3.5 hours, about 3.5
hours to about 10 hours, about 3.5 hours to about 9 hours,
about 3.5 hours to about 8 hours, about 3.5 hours to about
7 hours, about 3.5 hours to about 6 hours, about 3.5 hours to
about 5 hours, about 3.5 hours to about 4.5 hours, about 3.5
hours to about 4 hours, about 4 hours to about 10 hours,
about 4 hours to about 9 hours, about 4 hours to about 8
hours, about 4 hours to about 7 hours, about 4 hours to about
6 hours, about 4 hours to about 5 hours, about 4 hours to
about 4.5 hours, about 4.5 hours to about 10 hours, about 4.5
hours to about 9 hours, about 4.5 hours to about 8 hours,
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about 4.5 hours to about 7 hours, about 4.5 hours to about
6 hours, about 4.5 hours to about 5 hours, about 5 hours to
about 10 hours, about 5 hours to about 9 hours, about 5 hours
to about 8 hours, about 5 hours to about 7 hours, about 5
hours to about 6 hours, about 6 hours to about 10 hours,
about 6 hours to about 9 hours, about 6 hours to about 8
hours, about 6 hours to about 7 hours, about 7 hours to about
10 hours, about 7 hours to about 9 hours, about 7 hours to
about 8 hours, about 8 hours to about 10 hours, about 8 hours
to about 9 hours, or about 9 hours to about 10 hours of
administration of a dose of an 1L-12/IL.-23 inhibitor using
any of the devices or compositions described herein. Drug-
target engagement may be determined, for example, as
disclosed in Simon G M, Niphakis M J, Cravatt B F, Nature
chemical biology. 2013; 9(4):200-205, incorporated by ref-
erence herein in its entirety.

[1031] In some embodiments, administration of an IL.-12/
1L-23 inhibitor using any of the devices or compositions
described herein can provide for treatment (e.g., a reduction
in the number, severity, and/or duration of one or more
symptoms and/or markers of any of the disorders described
herein in a subject) for a time period of between about 1 hour
to about 30 days, about 1 hour to about 28 days, about 1 hour
to about 26 days, about 1 hour to about 24 days, about 1 hour
to about 22 days, about 1 hour to about 20 days, about 1 hour
to about 18 days, about 1 hour to about 16 days, about 1 hour
to about 14 days, about 1 hour to about 12 days, about 1 hour
to about 10 days, about 1 hour to about 8 days, about 1 hour
to about 6 days, about 1 hour to about 5 days, about 1 hour
to about 4 days, about 1 hour to about 3 days, about 1 hour
to about 2 days, about 1 hour to about 1 day, about 1 hour
to about 12 hours, about 1 hour to about 6 hours, about 1
hour to about 3 hours, about 3 hours to about 30 days, about
3 hours to about 28 days, about 3 hours to about 26 days,
about 3 hours to about 24 days, about 3 hours to about 22
days, about 3 hours to about 20 days, about 3 hours to about
18 days, about 3 hours to about 16 days, about 3 hours to
about 14 days, about 3 hours to about 12 days, about 3 hours
to about 10 days, about 3 hours to about 8 days, about 3
hours to about 6 days, about 3 hours to about 5 days, about
3 hours to about 4 days, about 3 hours to about 3 days, about
3 hours to about 2 days, about 3 hours to about 1 day, about
3 hours to about 12 hours, about 3 hours to about 6 hours,
about 6 hours to about 30 days, about 6 hours to about 28
days, about 6 hours to about 26 days, about 6 hours to about
24 days, about 6 hours to about 22 days, about 6 hours to
about 20 days, about 6 hours to about 18 days, about 6 hours
to about 16 days, about 6 hours to about 14 days, about 6
hours to about 12 days, about 6 hours to about 10 days, about
6 hours to about 8 days, about 6 hours to about 6 days, about
6 hours to about 5 days, about 6 hours to about 4 days, about
6 hours to about 3 days, about 6 hours to about 2 days, about
6 hours to about 1 day, about 6 hours to about 12 hours,
about 12 hours to about 30 days, about 12 hours to about 28
days, about 12 hours to about 26 days, about 12 hours to
about 24 days, about 12 hours to about 22 days, about 12
hours to about 20 days, about 12 hours to about 18 days,
about 12 hours to about 16 days, about 12 hours to about 14
days, about 12 hours to about 12 days, about 12 hours to
about 10 days, about 12 hours to about 8 days, about 12
hours to about 6 days, about 12 hours to about 5 days, about
12 hours to about 4 days, about 12 hours to about 3 days,
about 12 hours to about 2 days, about 12 hours to about 1
day, about 1 day to about 30 days, about 1 day to about 28
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days, about 1 day to about 26 days, about 1 day to about 24
days, about 1 day to about 22 days, about 1 day to about 20
days, about 1 day to about 18 days, about 1 day to about 16
days, about 1 day to about 14 days, about 1 day to about 12
days, about 1 day to about 10 days, about 1 day to about 8
days, about 1 day to about 6 days, about 1 day to about 5
days, about 1 day to about 4 days, about 1 day to about 3
days, about 1 day to about 2 days, about 2 days to about 30
days, about 2 days to about 28 days, about 2 days to about
26 days, about 2 days to about 24 days, about 2 days to about
22 days, about 2 days to about 20 days, about 2 days to about
18 days, about 2 days to about 16 days, about 2 days to about
14 days, about 2 days to about 12 days, about 2 days to about
10 days, about 2 days to about 8 days, about 2 days to about
6 days, about 2 days to about 5 days, about 2 days to about
4 days, about 2 days to about 3 days, about 3 days to about
30 days, about 3 days to about 28 days, about 3 days to about
26 days, about 3 days to about 24 days, about 3 days to about
22 days, about 3 days to about 20 days, about 3 days to about
18 days, about 3 days to about 16 days, about 3 days to about
14 days, about 3 days to about 12 days, about 3 days to about
10 days, about 3 days to about 8 days, about 3 days to about
6 days, about 3 days to about 5 days, about 3 days to about
4 days, about 4 days to about 30 days, about 4 days to about
28 days, about 4 days to about 26 days, about 4 days to about
24 days, about 4 days to about 22 days, about 4 days to about
20 days, about 4 days to about 18 days, about 4 days to about
16 days, about 4 days to about 14 days, about 4 days to about
12 days, about 4 days to about 10 days, about 4 days to about
8 days, about 4 days to about 6 days, about 4 days to about
5 days, about 5 days to about 30 days, about 5 days to about
28 days, about 5 days to about 26 days, about 5 days to about
24 days, about 5 days to about 22 days, about 5 days to about
20 days, about 5 days to about 18 days, about 5 days to about
16 days, about 5 days to about 14 days, about 5 days to about
12 days, about 5 days to about 10 days, about 5 days to about
8 days, about 5 days to about 6 days, about 6 days to about
30 days, about 6 days to about 28 days, about 6 days to about
26 days, about 6 days to about 24 days, about 6 days to about
22 days, about 6 days to about 20 days, about 6 days to about
18 days, about 6 days to about 16 days, about 6 days to about
14 days, about 6 days to about 12 days, about 6 days to about
10 days, about 6 days to about 8 days, about 8 days to about
30 days, about 8 days to about 28 days, about 8 days to about
26 days, about 8 days to about 24 days, about 8 days to about
22 days, about 8 days to about 20 days, about 8 days to about
18 days, about 8 days to about 16 days, about 8 days to about
14 days, about 8 days to about 12 days, about 8 days to about
10 days, about 10 days to about 30 days, about 10 days to
about 28 days, about 10 days to about 26 days, about 10 days
to about 24 days, about 10 days to about 22 days, about 10
days to about 20 days, about 10 days to about 18 days, about
10 days to about 16 days, about 10 days to about 14 days,
about 10 days to about 12 days, about 12 days to about 30
days, about 12 days to about 28 days, about 12 days to about
26 days, about 12 days to about 24 days, about 12 days to
about 22 days, about 12 days to about 20 days, about 12 days
to about 18 days, about 12 days to about 16 days, about 12
days to about 14 days, about 14 days to about 30 days, about
14 days to about 28 days, about 14 days to about 26 days,
about 14 days to about 24 days, about 14 days to about 22
days, about 14 days to about 20 days, about 14 days to about
18 days, about 14 days to about 16 days, about 16 days to
about 30 days, about 16 days to about 28 days, about 16 days
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to about 26 days, about 16 days to about 24 days, about 16
days to about 22 days, about 16 days to about 20 days, about
16 days to about 18 days, about 18 days to about 30 days,
about 18 days to about 28 days, about 18 days to about 26
days, about 18 days to about 24 days, about 18 days to about
22 days, about 18 days to about 20 days, about 20 days to
about 30 days, about 20 days to about 28 days, about 20 days
to about 26 days, about 20 days to about 24 days, about 20
days to about 22 days, about 22 days to about 30 days, about
22 days to about 28 days, about 22 days to about 26 days,
about 22 days to about 24 days, about 24 days to about 30
days, about 24 days to about 28 days, about 24 days to about
26 days, about 26 days to about 30 days, about 26 days to
about 28 days, or about 28 days to about 30 days in a subject
following first administration of an IL-12/IL-23 inhibitor
using any of the compositions or devices described herein.
Non-limiting examples of symptoms and/or markers of a
disease described herein are described below.

[1032] For example, treatment can result in a decrease
(e.g., about 1% to about 99% decrease, about 1% to about
95% decrease, about 1% to about 90% decrease, about 1%
to about 85% decrease, about 1% to about 80% decrease,
about 1% to about 75% decrease, about 1% to about 70%
decrease, about 1% to about 65% decrease, about 1% to
about 60% decrease, about 1% to about 55% decrease, about
1% to about 50% decrease, about 1% to about 45% decrease,
about 1% to about 40% decrease, about 1% to about 35%
decrease, about 1% to about 30% decrease, about 1% to
about 25% decrease, about 1% to about 20% decrease, about
1% to about 15% decrease, about 1% to about 10% decrease,
about 1% to about 5% decrease, about 5% to about 99%
decrease, about 5% to about 95% decrease, about 5% to
about 90% decrease, about 5% to about 85% decrease, about
5% to about 80% decrease, about 5% to about 75% decrease,
about 5% to about 70% decrease, about 5% to about 65%
decrease, about 5% to about 60% decrease, about 5% to
about 55% decrease, about 5% to about 50% decrease, about
5% to about 45% decrease, about 5% to about 40% decrease,
about 5% to about 35% decrease, about 5% to about 30%
decrease, about 5% to about 25% decrease, about 5% to
about 20% decrease, about 5% to about 15% decrease, about
5% to about 10% decrease, about 10% to about 99%
decrease, about 10% to about 95% decrease, about 10% to
about 90% decrease, about 10% to about 85% decrease,
about 10% to about 80% decrease, about 10% to about 75%
decrease, about 10% to about 70% decrease, about 10% to
about 65% decrease, about 10% to about 60% decrease,
about 10% to about 55% decrease, about 10% to about 50%
decrease, about 10% to about 45% decrease, about 10% to
about 40% decrease, about 10% to about 35% decrease,
about 10% to about 30% decrease, about 10% to about 25%
decrease, about 10% to about 20% decrease, about 10% to
about 15% decrease, about 15% to about 99% decrease,
about 15% to about 95% decrease, about 15% to about 90%
decrease, about 15% to about 85% decrease, about 15% to
about 80% decrease, about 15% to about 75% decrease,
about 15% to about 70% decrease, about 15% to about 65%
decrease, about 15% to about 60% decrease, about 15% to
about 55% decrease, about 15% to about 50% decrease,
about 15% to about 45% decrease, about 15% to about 40%
decrease, about 15% to about 35% decrease, about 15% to
about 30% decrease, about 15% to about 25% decrease,
about 15% to about 20% decrease, about 20% to about 99%
decrease, about 20% to about 95% decrease, about 20% to
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about 90% decrease, about 20% to about 85% decrease,
about 20% to about 80% decrease, about 20% to about 75%
decrease, about 20% to about 70% decrease, about 20% to
about 65% decrease, about 20% to about 60% decrease,
about 20% to about 55% decrease, about 20% to about 50%
decrease, about 20% to about 45% decrease, about 20% to
about 40% decrease, about 20% to about 35% decrease,
about 20% to about 30% decrease, about 20% to about 25%
decrease, about 25% to about 99% decrease, about 25% to
about 95% decrease, about 25% to about 90% decrease,
about 25% to about 85% decrease, about 25% to about 80%
decrease, about 25% to about 75% decrease, about 25% to
about 70% decrease, about 25% to about 65% decrease,
about 25% to about 60% decrease, about 25% to about 55%
decrease, about 25% to about 50% decrease, about 25% to
about 45% decrease, about 25% to about 40% decrease,
about 25% to about 35% decrease, about 25% to about 30%
decrease, about 30% to about 99% decrease, about 30% to
about 95% decrease, about 30% to about 90% decrease,
about 30% to about 85% decrease, about 30% to about 80%
decrease, about 30% to about 75% decrease, about 30% to
about 70% decrease, about 30% to about 65% decrease,
about 30% to about 60% decrease, about 30% to about 55%
decrease, about 30% to about 50% decrease, about 30% to
about 45% decrease, about 30% to about 40% decrease,
about 30% to about 35% decrease, about 35% to about 99%
decrease, about 35% to about 95% decrease, about 35% to
about 90% decrease, about 35% to about 85% decrease,
about 35% to about 80% decrease, about 35% to about 75%
decrease, about 35% to about 70% decrease, about 35% to
about 65% decrease, about 35% to about 60% decrease,
about 35% to about 55% decrease, about 35% to about 50%
decrease, about 35% to about 45% decrease, about 35% to
about 40% decrease, about 40% to about 99% decrease,
about 40% to about 95% decrease, about 40% to about 90%
decrease, about 40% to about 85% decrease, about 40% to
about 80% decrease, about 40% to about 75% decrease,
about 40% to about 70% decrease, about 40% to about 65%
decrease, about 40% to about 60% decrease, about 40% to
about 55% decrease, about 40% to about 50% decrease,
about 40% to about 45% decrease, about 45% to about 99%
decrease, about 45% to about 95% decrease, about 45% to
about 90% decrease, about 45% to about 85% decrease,
about 45% to about 80% decrease, about 45% to about 75%
decrease, about 45% to about 70% decrease, about 45% to
about 65% decrease, about 45% to about 60% decrease,
about 45% to about 55% decrease, about 45% to about 50%
decrease, about 50% to about 99% decrease, about 50% to
about 95% decrease, about 50% to about 90% decrease,
about 50% to about 85% decrease, about 50% to about 80%
decrease, about 50% to about 75% decrease, about 50% to
about 70% decrease, about 50% to about 65% decrease,
about 50% to about 60% decrease, about 50% to about 55%
decrease, about 55% to about 99% decrease, about 55% to
about 95% decrease, about 55% to about 90% decrease,
about 55% to about 85% decrease, about 55% to about 80%
decrease, about 55% to about 75% decrease, about 55% to
about 70% decrease, about 55% to about 65% decrease,
about 55% to about 60% decrease, about 60% to about 99%
decrease, about 60% to about 95% decrease, about 60% to
about 90% decrease, about 60% to about 85% decrease,
about 60% to about 80% decrease, about 60% to about 75%
decrease, about 60% to about 70% decrease, about 60% to
about 65% decrease, about 65% to about 99% decrease,
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about 65% to about 95% decrease, about 65% to about 90%
decrease, about 65% to about 85% decrease, about 65% to
about 80% decrease, about 65% to about 75% decrease,
about 65% to about 70% decrease, about 70% to about 99%
decrease, about 70% to about 95% decrease, about 70% to
about 90% decrease, about 70% to about 85% decrease,
about 70% to about 80% decrease, about 70% to about 75%
decrease, about 75% to about 99% decrease, about 75% to
about 95% decrease, about 75% to about 90% decrease,
about 75% to about 85% decrease, about 75% to about 80%
decrease, about 80% to about 99% decrease, about 80% to
about 95% decrease, about 80% to about 90% decrease,
about 80% to about 85% decrease, about 85% to about 99%
decrease, about 85% to about 95% decrease, about 85% to
about 90% decrease, about 90% to about 99% decrease,
about 90% to about 95% decrease, or about 95% to about
99% decrease) in one or more (e.g., two, three, four, five, six,
seven, eight, or nine) of: the level of interferon-y in GI
tissue, the level of IL-1f in GI tissue, the level of IL-6 in GI
tissue, the level of IL-22 in GI tissue, the level of IL-17A in
the GI tissue, the level of TNFa in GI tissue, the level of
IL-2 in GI tissue, and endoscopy score in a subject (e.g., as
compared to the level in the subject prior to treatment or
compared to a subject or population of subjects having a
similar disease but receiving a placebo or a different treat-
ment) (e.g., for a time period of between about 1 hour to
about 30 days (e.g., or any of the subranges herein) follow-
ing the first administration of an IL.-12/IL.-23 inhibitor using
any of the compositions or devices described herein. As used
herein, “GI tissue” refers to tissue in the gastrointestinal (GI)
tract, such as tissue in one or more of duodenum, jejunum,
ileum, cecum, ascending colon, transverse colon, descend-
ing colon, sigmoid colon, and rectum, more particularly in
the proximal portion of one or more of duodenum, jejunum,
ileum, cecum, ascending colon, transverse colon, descend-
ing colon, and sigmoid colon, or in the distal portion of one
or more of duodenum, jejunum, ileum, cecum, ascending
colon, transverse colon, descending colon, and sigmoid
colon. The GI tissue may be, for example, GI tissue proxi-
mate to one or more sites of disease. Exemplary methods for
determining the endoscopy score are described herein and
other methods for determining the endoscopy score are
known in the art. Exemplary methods for determining the
levels of interferon-y, IL-1f, IL-6, 1L-22, IL-17A, TNFa,
and IL-2 are described herein. Additional methods for deter-
mining the levels of these cytokines are known in the art.

[1033] In some examples, treatment can result in an
increase (e.g., about 1% to about 500% increase, about 1%
to about 400% increase, about 1% to about 300% increase,
about 1% to about 200% increase, about 1% to about 150%
increase, about 1% to about 100% increase, about 1% to
about 90% increase, about 1% to about 80% increase, about
1% to about 70% increase, about 1% to about 60% increase,
about 1% to about 50% increase, about 1% to about 40%
increase, about 1% to about 30% increase, about 1% to about
20% increase, about 1% to about 10% increase, a 10% to
about 500% increase, about 10% to about 400% increase,
about 10% to about 300% increase, about 10% to about
200% increase, about 10% to about 150% increase, about
10% to about 100% increase, about 10% to about 90%
increase, about 10% to about 80% increase, about 10% to
about 70% increase, about 10% to about 60% increase,
about 10% to about 50% increase, about 10% to about 40%
increase, about 10% to about 30% increase, about 10% to
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about 20% increase, about 20% to about 500% increase,
about 20% to about 400% increase, about 20% to about
300% increase, about 20% to about 200% increase, about
20% to about 150% increase, about 20% to about 100%
increase, about 20% to about 90% increase, about 20% to
about 80% increase, about 20% to about 70% increase,
about 20% to about 60% increase, about 20% to about 50%
increase, about 20% to about 40% increase, about 20% to
about 30% increase, about 30% to about 500% increase,
about 30% to about 400% increase, about 30% to about
300% increase, about 30% to about 200% increase, about
30% to about 150% increase, about 30% to about 100%
increase, about 30% to about 90% increase, about 30% to
about 80% increase, about 30% to about 70% increase,
about 30% to about 60% increase, about 30% to about 50%
increase, about 30% to about 40% increase, about 40% to
about 500% increase, about 40% to about 400% increase,
about 40% to about 300% increase, about 40% to about
200% increase, about 40% to about 150% increase, about
40% to about 100% increase, about 40% to about 90%
increase, about 40% to about 80% increase, about 40% to
about 70% increase, about 40% to about 60% increase,
about 40% to about 50% increase, about 50% to about 500%
increase, about 50% to about 400% increase, about 50% to
about 300% increase, about 50% to about 200% increase,
about 50% to about 150% increase, about 50% to about
100% increase, about 50% to about 90% increase, about
50% to about 80% increase, about 50% to about 70%
increase, about 50% to about 60% increase, about 60% to
about 500% increase, about 60% to about 400% increase,
about 60% to about 300% increase, about 60% to about
200% increase, about 60% to about 150% increase, about
60% to about 100% increase, about 60% to about 90%
increase, about 60% to about 80% increase, about 60% to
about 70% increase, about 70% to about 500% increase,
about 70% to about 400% increase, about 70% to about
300% increase, about 70% to about 200% increase, about
70% to about 150% increase, about 70% to about 100%
increase, about 70% to about 90% increase, about 70% to
about 80% increase, about 80% to about 500% increase,
about 80% to about 400% increase, about 80% to about
300% increase, about 80% to about 200% increase, about
80% to about 150% increase, about 80% to about 100%
increase, about 80% to about 90% increase, about 90% to
about 500% increase, about 90% to about 400% increase,
about 90% to about 300% increase, about 90% to about
200% increase, about 90% to about 150% increase, about
90% to about 100% increase, about 100% to about 500%
increase, about 100% to about 400% increase, about 100%
to about 300% increase, about 100% to about 200%
increase, about 100% to about 150% increase, about 150%
to about 500% increase, about 150% to about 400%
increase, about 150% to about 300% increase, about 150%
to about 200% increase, about 200% to about 500%
increase, about 200% to about 400% increase, about 200%
to about 300% increase, about 300% to about 500%
increase, about 300% to about 400% increase, or about
400% to about 500% increase) in one or both of stool
consistency score and weight of a subject (e.g., as compared
to the level in the subject prior to treatment or compared to
a subject or population of subjects having a similar disease
but receiving a placebo or a different treatment) (e.g., for a
time period of between about 1 hour to about 30 days (e.g.,
or any of the subranges herein) following the first adminis-
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tration of an 11.-12/I1.-23 inhibitor using any of the compo-
sitions or devices described herein. Exemplary methods for
determining stool consistency score are described herein.
Additional methods for determining a stool consistency
score are known in the art.

[1034] Accordingly, in some embodiments, a method of
treatment disclosed herein includes determining the level of
a marker at the location of disease in a subject (e.g., either
before and/or after administration of the device). In some
embodiments, the marker is a biomarker and the method of
treatment disclosed herein comprises determining that the
level of a biomarker at the location of disease is a subject
following administration of the device is decreased as com-
pared to the level of the biomarker at the same location of
disease in a subject either before administration or at the
same time point following systemic administration of an
equal amount of the IL-12/IL-23 inhibitor. In some
examples, the level of the biomarker at the same location of
disease following administration of the device is 1%
decreased to 99% decreased as compared to the level of the
biomarker at the same location of disease in a subject either
before administration or at the same time point following
systemic administration of an equal amount of the IL-12/
IL-23 inhibitor. In some embodiments, the level of the
marker is one or more of: the level of interferon-y in GI
tissue, the level of IL-17A in the GI tissue, the level of TNFa
in the GI tissue, the level of IL-2 in the GI tissue, and the
endoscopy score in a subject.

[1035] In some embodiments, the method of treatment
disclosed herein includes determining that the level of a
marker at a time point following administration of a device
is lower than the level of the marker at a time point following
administration of the device is lower than the level of the
marker in a subject prior to administration of the device or
in a subject at substantially the same time point following
systemic administration of an equal amount of the IL-12/
IL-23 inhibitor. In some examples, the level of the marker
following administration of the device is 1% decreased to
99% decreased as compared to the level of the marker in a
subject prior to administration of the device or in a subject
at the same time point following systemic administration of
an equal amount of the IL-12/IL-23 inhibitor. In some
examples, a method of treatment disclosed herein includes
determining the level of the biomarker at the location of
disease in a subject within a time period of about 10 minutes
to 10 hours following administration of the device.

[1036] In some embodiments, a method of treatment
described herein includes: (i) determining the ratio R of the
level L,z of a biomarker at the location of disease at a first
time point following administration of the device and the
level L,z of the biomarker at the same location of disease in
a subject at substantially the same time point following
systemic administration of an equal amount of the 1L-12/
1L-23 inhibitor; (ii) determining the ratio of R, of the level
of L, ,, of the IL-12/IL-23 inhibitor at the same location and
the substantially the same time point as in (i) and the level
L,, of the IL-12/IL-23 inhibitor at the same location of
disease in a subject at substantially the same time point
following systemic administration of an equal amount of the
IL-12/1L-23 inhibitor; and (iii) determining the ratio of
R,/R,,.

[1037] In some embodiments, a method of treatment dis-
closed herein can include: (i) determining the ratio R of the
level L, 5 of a biomarker at the location of disease at a time
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point following administration of the device and the level
L, of the biomarker at the same location of disease in a
subject at substantially the same time point following sys-
temic administration of an equal amount of the IL-12/1L-23
inhibitor; (ii) determining the ratio R, of the level L, ,, of the
IL-12/IL-23 inhibitor at the same location and at substan-
tially the time point as in (i) and the level L,, of the
1L-12/1L-23 inhibitor in a subject at the same location of
disease at substantially the same time point following sys-
temic administration of an equal amount of the 1L-12/1[.-23
inhibitor; and (iii) determining the product RzxR,.

[1038] In some embodiments, a method of treatment dis-
closed herein can include determining that the level of a
marker in a subject at a time point following administration
of'the device is elevated as compared to a level of the marker
in a subject prior to administration of the device or a level
at substantially the same time point in a subject following
systemic administration of an equal amount of the IL.-12/
IL-23 inhibitor. In some examples, the level of the marker at
a time point following administration of the device is 1%
increased or 400% increased as compared to the level of the
marker in a subject prior to administration of the device or
a level at substantially the same time point in a subject
following systemic administration of an equal amount of the
IL-12/1L-23 inhibitor. In some examples, the level of the
marker is one or more of subject weight and stool consis-
tency (e.g., stool consistency score). In some examples, a
method of treatment disclosed herein includes determining
the level of the marker in a subject within a period of about
10 minutes to about 10 hours following administration of the
device.

[1039] In some embodiments, a method of treatment dis-
closed herein can include determining the level of a marker
in a subject’s blood, serum or plasma.

[1040] An illustrative list of examples of biomarkers for
GI disorders includes interferon-y, IL-1f3, IL-6, IL-22,
IL-17A, TNFa, IL-2, memory cells (CD44*CD45RB~CD4*
cells); a4p7; VEGF; ICAM; VCAM; SAA; Calprotectin;
lactoferrin; FGF2; TGFb; ANG-1; ANG-2; PLGF; Biologics
(Infliximab; Humira; Stelara; Vedolizumab; Simponi; Jak
inhibitors; Others); EGF; 11L.12/23p40; GMCSF; A4 B7;
AeB7; CRP; SAA; ICAM; VCAM,; AREG; EREG; HB-
EGF; HRG; BTC; TGFa; SCF; TWEAK; MMP-9; MMP-6;
Ceacam CD66; 11.10; ADA; Madcam-1; CD166 (AL CAM);
FGF2; FGF7; FGF9; FGF19; ANCA Antineutrophil cyto-
plasmic antibody; ASCAA Anti-Saccharomyces Cerevisiae
Antibody IgA; ASCAG Anti-Saccharomyces Cerevisiae
Antibody IgG; CBirl Anti-Clostridium cluster XIVa flagellin
CBirl antibody; A4-Fla2 Anti-Clostridium cluster XIVa
flagellin 2 antibody; FlaX Anti-Clostridium cluster XIVa
flagellin X antibody; OmpC Anti-Escherichia coli Outer
Membrane Protein C; ANCA Perinuclear AntiNeutrophil
Cytoplasmic Antibody; AREG Amphiregulin Protein; BTC
Betacellulin Protein; EGF Epidermal Growth Factor EREG
Epiregulin Protein; HBEGF

[1041] Heparin Binding Epidermal Growth Factors; HGF
Hepatocyte Growth Factor; HRG Neuregulin-1; TGFA
Transforming Growth Factor alpha; CRP C-Reactive Pro-
tein; SAA Serum Amyloid A; ICAM-1 Intercellular Adhe-
sion Molecule 1; VCAM-1 Vascular Cell Adhesion Mol-
ecule 1; fibroblasts underlying the intestinal epithelium; and
HGF.

[1042] In some embodiments, a marker is an IBD bio-
marker, such as, for example: anti-glycan; anti-Saccharom-
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ices cerevisiae (ASCA); anti-laminaribioside (ALCA); anti-
chitobioside (ACCA); anti-mannobioside (AMCA); anti-
laminarin (anti-L); anti-chitin (anti-C) antibodies: anti-outer
membrane porin C (anti-OmpC), anti-Cbirl flagellin; anti-
12 antibody; autoantibodies targeting the exocrine pancreas
(PAB); and perinuclear anti-neutrophil antibody (pANCA);
and calprotectin.

[1043] In some embodiments, a biomarker is associated
with membrane repair, fibrosis, angiogenesis. In certain
embodiments, a biomarker is an inflammatory biomarker, an
anti-inflammatory biomarker, an MMP biomarker, an
immune marker, or a TNF pathway biomarker. In some
embodiments, a biomarker is gut specific.

[1044] For tissue samples, HER2 can be used as a bio-
marker relating to cytotoxic T cells. Additionally, other
cytokine levels can be used as biomarkers in tissue (e.g.,
phospho STAT 1, STAT 3 and STAT 5), in plasma (e.g.,
VEGF, VCAM, ICAM, IL-6), or both.

[1045] In some embodiments, the biomarkers include one
or more immunoglobulins, such as, for example, immuno-
globulin M (IgM), immunoglobulin D (IgD), immunoglobu-
lin G (IgG), immunoglobulin E (IgE) and/or immunoglobu-
lin A (IgA). In some embodiments, IgM is a biomarker of
infection and/or inflammation. In some embodiments, IgD is
a biomarker of autoimmune disease. In some embodiments,
IgG is a biomarker of Alzheimer’s disease and/or for cancer.
In some embodiments, IgE is a biomarker of asthma and/or
allergen immunotherapy. In some embodiments, IgA is a
biomarker of kidney disease.

[1046] In some embodiments, the biomarker is High Sen-
sitivity C-reactive Protein (hsCRP); 7 a-hydroxy-4-choles-
ten-3-one (7C4); Anti-Endomysial IgA (EMA IgA); Anti-
Human Tissue Transglutaminase IgA (tTG IgA); Total
Serum IgA by Nephelometry; Fecal Calprotectin; or Fecal
Gastrointestinal Pathogens.

[1047] In some embodiments, the biomarker is

a) an anti-gliadin IgA antibody, an anti-gliadin IgG antibody,
an anti-tissue transglutaminase (tTG) antibody, an anti-
endomysial antibody;

b)i) a serological marker that is ASCA-A, ASCA-G, ANCA,
PANCA, anti-OmpC antibody, anti-CBirl antibody, anti-
FlaX antibody, or anti-A4-Fla2 antibody;

b)ii) an inflammation marker that is VEGF, ICAM, VCAM,
SAA, or CRP;

b)iii) the genotype of the genetic markers ATG16L1, ECM1,
NKX2-3, or STAT3;

c) a bacterial antigen antibody marker;

d) a mast cell marker;

e) an inflammatory cell marker;

f) a bile acid malabsorption (BAM) marker;

g) a kynurenine marker;

or

h) a serotonin marker.

[1048] In some embodiments, the bacterial antigen anti-
body marker is selected from the group consisting of an
anti-Flal antibody, anti-Fla2 antibody, anti-FlaA antibody,
anti-F1iC antibody, anti-F1iC2 antibody, anti-F1iC3 antibody,
anti-YBaN1 antibody, anti-ECFliC antibody, anti-EcOF1iC
antibody, anti-SeF]jB antibody, anti-CjFlaA antibody, anti-
CjFlaB antibody, anti-SfFliC antibody, anti-CjCgtA anti-
body, anti-Cjdmh antibody, anti-CjGT-A antibody, anti-EcY-
idX antibody, anti-EcEra antibody, anti-EcFrvX antibody,
anti-EcGabT antibody, anti-EcYedK antibody, anti-EcYbaN
antibody, anti-EcYhgN antibody, anti-RtMaga antibody,
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anti-RbCpaF antibody, anti-RgPilD antibody, anti-LaFrc
antibody, anti-LaEno antibody, anti-IjEFTu antibody, anti-
BfOmpa antibody, anti-PrOmpA antibody, anti-Cpl0bA
antibody, anti-CpSpA antibody, anti-EfSant antibody, anti-
LmOsp antibody, anti-SfET-2 antibody, anti-Cpatox anti-
body, anti-Cpbtox antibody, anti-EcSta2 antibody, anti-
EcOStx2A antibody, anti-CjcdtB/C antibody, anti-CdtcdA/B
antibody, and combinations thereof.

[1049] In some embodiments, the mast cell marker is
selected from the group consisting of beta-tryptase, hista-
mine, prostaglandin E2 (PGE2), and combinations thereof.
[1050] In some embodiments, the inflammatory marker is
selected from the group consisting of CRP, ICAM, VCAM,
SAA, GRO.alpha., and combinations thereof.

[1051] In some embodiments, the bile acid malabsorption
marker is selected from the group consisting of 7a.-hydroxy-
4-cholesten-3-one, FGF19, and a combination thereof.
[1052] In some embodiments, the kynurenine marker is
selected from the group consisting of kynurenine (K),
kynurenic acid (KyA), anthranilic acid (AA), 3-hy-
droxykynurenine  (3-HK), 3-hydroxyanthranilic acid
(3-HAA), xanthurenic acid (XA), quinolinic acid (QA),
tryptophan, 5-hydroxytryptophan (5-HTP), and combina-
tions thereof.

[1053] In some embodiments, the serotonin marker is
selected from the group consisting of serotonin (5-HT),
S-hydroxyindoleacetic acid (5-HIAA), serotonin-O-sulfate,
serotonin-O-phosphate, and combinations thereof.

[1054] In some embodiments, the biomarker is a bio-
marker as disclosed in U.S. Pat. No. 9,739,786, incorporated
by reference herein in its entirety.

[1055] The following markers can be expressed by mes-
enchymal stem cells (MSC): CD105, CD73, CD90, CD13,
CD29, CD44, CDI10, Stro-1, CD271, SSEA-4, CD146,
CD49f, CD349, GD2, 3G5, SSEA-3, SISD2, Stro-4,
MSCA-1, CD56, CD200, PODX1, Sox11, or TM4SF1 (e.g.,
2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or
more, 8 or more, 9 or more, or 10 or more of such markers),
and lack expression of one or more of CD45, CD34, CD14,
CD19, and HLA-DR (e.g., lack expression of two or more,
three or more, four or more, or five or more such markers).
In some embodiments, MSC can express CD105, CD73, and
CD90. In some embodiments, MSC can express CD105,
CD73, CD90, CD13, CD29, CD44, and CD10. In some
embodiments, MSC can express CD105, CD73, and CD90
and one or more stemness markers such as Stro-1, CD271,
SSEA-4, CD146, CD49f, CD349, GD2, 3G5, SSEA-3.
SISD2, Stro-4, MSCA-1, CD56, CD200, PODX1, Soxl11, or
TM4SF1. In some embodiments, MSC can express CD105,
CD73, CD90, CD13, CD29, CD44, and CD10 and one or
more stemness markers such as Stro-1, CD271, SSEA-4,
CD146, CD49f, CD349, GD2, 3GS5, SSEA-3. SISD2, Stro-
4, MSCA-1, CD56, CD200, PODX1, Sox11, or TM4SF1.
See, e.g., Lv, et al., Stem Cells, 2014, 32:1408-1419.
[1056] Intestinal stem cells (ISC) can be positive for one
or more markers such as Musashi-1 (Msi-1), Ascl2, Bmi-1,
Doublecortin and Ca2+/calmodulin-dependent kinase-like 1
(DCAMKIL1), and Leucin-rich repeat-containing G-protein-
coupled receptor 5 (Lgr5). See, e.g., Mohamed, et al.,
Cytotechnology, 2015 67(2): 177-189.

[1057] Any of the foregoing biomarkers can be used as a
biomarker for one or more of other conditions as appropri-
ate.
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[1058] In some embodiments of the methods herein, the
methods comprise determining the time period of onset of
treatment following administration of the device.

Combination Therapy

[1059] The IL-12/IL-23 inhibitors disclosed herein may be
optionally be used with additional agents in the treatment of
the diseases disclosed herein. Nonlimiting examples of such
agents for treating or preventing inflammatory bowel disease
in such adjunct therapy (e.g., Crohn’s disease, ulcerative
colitis) include substances that suppress cytokine produc-
tion, down-regulate or suppress self-antigen expression, or
mask the MHC antigens. Examples of such agents include
2-amino-6-aryl-5-substituted pyrimidines (see U.S. Pat. No.
4,665,077);  non-steroidal  antiinflammatory  drugs
(NSAIDs); ganciclovir; tacrolimus; lucocorticoids such as
Cortisol or aldosterone; anti-inflammatory agents such as a
cyclooxygenase inhibitor; a 5-lipoxygenase inhibitor; or a
leukotriene receptor antagonist; purine antagonists such as
azathioprine or mycophenolate mofetil (MMF); alkylating
agents such as cyclophosphamide; bromocryptine; danazol;
dapsone; glutaraldehyde (which masks the MHC antigens,
as described in U.S. Pat. No. 4,120,649); anti-idiotypic
antibodies for MHC antigens and MHC fragments;
cyclosporine; 6-mercaptopurine; steroids such as corticos-
teroids or glucocorticosteroids or glucocorticoid analogs,
e.g., prednisone, methylprednisolone, including SOLU-ME-
DROL®, methylprednisolone sodium succinate, and dex-
amethasone; dihydrofolate reductase inhibitors such as
methotrexate (oral or subcutaneous); anti-malarial agents
such as chloroquine and hydroxychloroquine; sulfasalazine;
leflunomide; cytokine or cytokine receptor antibodies or
antagonists including anti-interferon-alpha, -beta, or
-gamma antibodies, anti-tumor necrosis factor(TNF)-alpha
antibodies (infliximab (REMICADE®) or adalimumab),
anti-TNF-alpha immunoadhesin (etanercept), anti-TNF-beta
antibodies, anti-interleukin-2 (IL-2) antibodies and anti-IL.-2
receptor antibodies, and anti-interleukin-6 (IL-6) receptor
antibodies and antagonists; anti-LFA-1 antibodies, including
anti-CD 1 la and anti-CD 18 antibodies; anti-L3T4 anti-
bodies; heterologous anti-lymphocyte globulin; pan-T anti-
bodies, anti-CD3 or anti-CD4/CD4a antibodies; soluble
peptide containing a LFA-3 binding domain (WO 90/08187
published Jul. 26, 1990); streptokinase; transforming growth
factor-beta (TGF-beta); streptodomase; RNA or DNA from
the host; FK506; RS-61443; chlorambucil; deoxyspergualin;
rapamycin; T-cell receptor (Cohen et al, U.S. Pat. No.
5,114,721); T-cell receptor fragments (Offner et al, Science,
251: 430-432 (1991); WO 90/11294; Ianeway, Nature, 341:
482 (1989); and WO 91/01133); BAFF antagonists such as
BAFF or BR3 antibodies or immunoadhesins and zTNF4
antagonists (for review, see Mackay and Mackay, Trends
Immunol, 23: 113-5 (2002) and see also definition below);
biologic agents that interfere with T cell helper signals, such
as anti-CD40 receptor or anti-CD40 ligand (CD 154),
including blocking antibodies to CD40-CD40 ligand. (e.g.,
Durie et al, Science, 261: 1328-30 (1993); Mohan et al, J.
Immunol, 154: 1470-80 (1995)) and CTLA4-Ig (Finck et al,
Science, 265: 1225-7 (1994)); and T-cell receptor antibodies
(EP 340,109) such as T10B9. Non-limiting examples of
adjunct agents also include the following: budenoside; epi-
dermal growth factor; aminosalicylates; metronidazole;
mesalamine; olsalazine; balsalazide; antioxidants; throm-
boxane inhibitors; IL-1 receptor antagonists; anti-IL-1
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monoclonal antibodies; growth factors; elastase inhibitors;
pyridinyl-imidazole compounds; TNF antagonists; 1L-4,
1L-10, 1L-13 and/or TGF[ cytokines or agonists thereof
(e.g., agonist antibodies); IL-11; glucuronide- or dextran-
conjugated prodrugs of prednisolone, dexamethasone or
budesonide; ICAM-I antisense phosphorothioate oligode-
oxynucleotides (ISIS 2302; Isis Pharmaceuticals, Inc.);
soluble complement receptor 1 (TP10; T Cell Sciences,
Inc.); slow-release mesalazine; antagonists of platelet acti-
vating factor (PAF); ciprofloxacin; and lignocaine.
Examples of agents for UC are sulfasalazine and related
salicylate-containing drugs for mild cases and corticosteroid
drugs in severe cases. Topical administration of either
salicylates or corticosteroids is sometimes effective, particu-
larly when the disease is limited to the distal bowel, and is
associated with decreased side effects compared with sys-
temic use. Supportive measures such as administration of
iron and antidiarrheal agents are sometimes indicated. Aza-
thioprine, 6-mercaptopurine and methotrexate are some-
times also prescribed for use in refractory corticosteroid-
dependent cases.

[1060] In other embodiments, an IL.-12/1[.-23 inhibitor as
described herein can be administered with one or more of:
a CHST15 inhibitor, a IL-6 receptor inhibitor, a TNF inhibi-
tor, an integrin inhibitor, a JAK inhibitor, a SMAD?7 inhibi-
tor, a IL-13 inhibitor, an IL-1 receptor inhibitor, a TLR
agonist, an immunosuppressant, a live biotherapeutic such
as a stem cell, IL-10 or an IL-10 agonist, copaxone, a CD40
inhibitor, an S1P-inhibitor, or a chemokine/chemokine
receptor inhibitor. In other embodiments, an 1[-12/1[-23
inhibitor as described herein can be administered with a
vitamin C infusion, one or more corticosteroids, and option-
ally thiamine. Examples of particular combinations include
the following. Unless otherwise specified, the first compo-
nent (component (1)) is administered in an ingestible device,
while the second component (component (2)) is adminis-
tered either in an ingestible device, which may be the same
or different ingestible device as the first component, or by
another form of administration.

(1) A4 inhibitor; (2) Vedolizumab. In some embodiments,
the A4 inhibitor is Tysabri.

(1) A4 inhibitor; (2) Vedolizumab in an ingestible device. In
some embodiments, the A4 inhibitor is Tysabri.

(1) A4 inhibitor; (2) Vedolizumab subcutaneously. In some
embodiments, the A4 inhibitor is Tysabri.

(1) anti-sense VCAM inhibitor; (2) Tysabri.

(1) anti-sense VCAM inhibitor; (2) Tysabri in an ingestible
device.

(1) TNF inhibitor; (2) B7 inhibitor.

(1) B7 inhibitor; TNF inhibitor.

(1) TNF inhibitor; (2) B7 inhibitor in an ingestible device.
(1) B7 inhibitor; TNF inhibitor in an ingestible device.

(1) TNF inhibitor; (2) B7 inhibitor intravenously or subcu-
taneously.

(1) B7 inhibitor; TNF inhibitor intravenously or subcutane-
ously.

(1) Neoregulin-4; (2) Stelara®.

[1061]
device.
(1) Neoregulin-4; (2) Stelara® intravenously or subcutane-
ously.

(1) Stelara®; (2) S1P inhibitor. In some embodiments, the
S1P inhibitor is ozanimod.

(1) Neoregulin-4; (2) Stelara® in an ingestible
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(1) Stelara®; (2) S1P inhibitor orally. In some embodiments,
the S1P inhibitor is ozanimod.

[1062] In some embodiments, the methods disclosed
herein comprise administering (i) the IL-12/IL.-23 inhibitor
as disclosed herein, and (ii) a second agent orally, intrave-
nously or subcutaneously, wherein the second agent in (ii) is
the same I1.-12/11.-23 inhibitor in (i); a different IL.-12/1L.-23
inhibitor; or an agent having a different biological target
from the IL-12/IL.-23 inhibitor.

[1063] In some embodiments, the methods disclosed
herein comprise administering (i) the IL-12/IL.-23 inhibitor
in the manner disclosed herein, and (ii) a second agent
orally, intravenously or subcutaneously, wherein the second
agent in (ii) is an agent suitable for treating an inflammatory
bowel disease.

[1064] In some embodiments, the IL.-12/IL.-23 inhibitor is
administered prior to the second agent. In some embodi-
ments, the IL-12/IL-23 inhibitor is administered after the
second agent. In some embodiments, the I1.-12/11.-23 inhibi-
tor and the second agent are administered substantially at the
same time. In some embodiments, the I1.-12/1[.-23 inhibitor
is delivered prior to the second agent. In some embodiments,
the I1.-12/IL.-23 inhibitor is delivered after the second agent.
In some embodiments, the IL-12/IL-23 inhibitor and the
second agent are delivered substantially at the same time.
[1065] Insome embodiments, the second agent is an agent
suitable for the treatment of a disease of the gastrointestinal
tract. In some embodiments, the second agent is an agent
suitable for the treatment of an inflammatory bowel disease.
In some embodiments, the second agent is administered
intravenously. In some embodiments, the second agent is
administered subcutaneously. In some embodiments, the
second agent is methotrexate.

[1066] In some embodiments, delivery of the IL.-12/I[.-23
inhibitor to the location, such as delivery to the location by
mucosal contact, results in systemic immunogenicity levels
at or below systemic immunogenicity levels resulting from
administration of the I1.-12/IL.-23 inhibitor systemically. In
some embodiments comprising administering the 11.-12/I1L-
23 inhibitor in the manner disclosed herein and a second
agent systemically, delivery of the 1L.-12/IL-23 inhibitor to
the location, such as delivery to the location by mucosal
contact, results in systemic immunogenicity levels at or
below systemic immunogenicity levels resulting from
administration of the IL-12/IL.-23 inhibitor systemically and
the second agent systemically. In some embodiments, the
method comprises administering the I[.-12/I[.-23 inhibitor
in the manner disclosed herein and a second agent, wherein
the amount of the second agent is less than the amount of the
second agent when the 1L-12/1[.-23 inhibitor and the second
agent are both administered systemically. In some aspects of
these embodiments, the second agent is an I1L-12/1L.-23
inhibitor.

[1067] In some embodiments, the method comprises
administering the IL-12/IL-23 inhibitor in the manner dis-
closed herein and does not comprise administering a second
agent.

EXAMPLES
Example 1—Preclinical Murine Colitis Model

Experimental Induction of Colitis

[1068] Colitis is experimentally induced to mice via the
dextran sulfate sodium (DSS)-induced colitis model. This
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model is widely used because of its simplicity and many
similarities with human ulcerative colitis. Briefly, mice are
subjected to DSS via cecal catheterization, which is thought
to be directly toxic to colonic epithelial cells of the basal
crypts, for several days until colitis is induced.

Groups

[1069] Mice are allocated to one of seven cohorts, depend-
ing on the agent that is administered:

[1070] 1. Control (no agent)
[1071] 2. Adalimumab (2.5 mg/kg)
[1072] 3. Adalimumab (5 mg/kg)
[1073] 4. Adalimumab (10 mg/kg)
[1074] The control or agent is applied to a damaged

mucosal surface of the bowel via administration through a
cecal catheter at the dose levels described above.

[1075] Additionally, for each cohort, the animals are sepa-
rated into two groups. One group receives a single dose of
the control or agent on day 10 or 12. The other group
receives daily (or similar) dosing of the control or agent.

Analysis

[1076] For each animal, efficacy is determined (e.g., by
endoscopy, histology, etc.), and cytotoxic T-cell levels are
determined in blood, feces, and tissue (tissue levels are
determined after animal sacrifice). For tissue samples, levels
HER2 are additionally determined, and the level of cyto-
toxic T cells is normalized to the level of HER2. Addition-
ally, other cytokine levels are determined in tissue (e.g.,
phospho STAT 1, STAT 3 and STAT 5), in plasma (e.g.,
VEGF, VCAM, ICAM, IL-6), or both.

[1077] Pharmacokinetics are determined both systemi-
cally (e.g., in the plasma) and locally (e.g., in colon tissue).
For systemic pharmacokinetic analysis, blood and/or feces is
collected from the animals at one or more timepoints after
administration (e.g., plasma samples are collected at 15
minutes, 30 minutes, 1 hour, 2 hours, 4 hours, and/or 8 hours
after administration). Local/colon tissue samples are col-
lected once after animal sacrifice.

Example 2a—Development of Preclinical Porcine
Colitis Model

Experimental Induction of Colitis

[1078] Female swine weighing approximately 35 to 45 kg
at study start are fasted at least 24 hours prior to intra-rectal
administration of trinitrobenzene sulfonic acid (TNBS).
Animals are lightly anesthetized during the dosing and
endoscopy procedure. An enema to clean the colon is used,
if necessary. One animal is administered 40 ml of 100%
EtOH mixed with 5 grams of TNBS diluted in 10 ml of water
via an enema using a ball-tipped catheter. The enema is
deposited in the proximal portion of the descending colon
just past the bend of the transverse colon. The TNBS is
retained at the dose site for 12 minutes by use of two Foley
catheters with 60-ml balloons placed in the mid-section of
the descending colon below the dose site. A second animal
is similarly treated, but with a solution containing 10 grams
of TNBS. An Endoscope is employed to positively identify
the dose site in both animals prior to TNBS administration.
Dosing and endoscopy are performed by a veterinary sur-
geon
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[1079] Seven (7) days after TNBS administration, after
light anesthesia, the dose site and mucosal tissues above and
below the dose site are evaluated by the veterinary surgeon
using an endoscope. Pinch Biopsies are obtained necessary,
as determined by the surgeon. Based on the endoscopy
findings, the animals may be euthanized for tissue collection
on that day, or may proceed on study pending the results of
subsequent endoscopy exams for 1 to 4 more days. Macro-
scopic and microscopic alterations of colonic architecture,
possible necrosis, thickening of the colon, and substantial
histologic changes are observed at the proper TNBS dose.

[1080] Clinical signs (e.g., ill health, behavioral changes,
etc.) are recorded at least daily during acclimation and
throughout the study. Additional pen-side observations are
conducted twice daily (once-daily on weekends). Body
weight is measured for both animals Days 1 and 7 (and on
the day of euthanasia if after Day 7).

[1081] On the day of necropsy, the animals are euthanized
via injection of a veterinarian-approved euthanasia solution.
Immediately after euthanasia in order to avoid autolytic
changes, colon tissues are collected, opened, rinsed with
saline, and a detailed macroscopic examination of the colon
is performed to identify macroscopic finings related to
TNBS-damage. Photos are taken. Tissue samples are taken
from the proximal, mid, and distal transverse colon; the dose
site; the distal colon; the rectum; and the anal canal. Samples
are placed into NBF and evaluated by a board certified
veterinary pathologist.

Example 2b—Pharmacokinetic/Pharmacodynamic
and Bioavailability of Adalimumab after Topical
Application Groups

[1082] Sixteen (16) swine (approximately 35 to 45 kg at
study start) are allocated to one of five groups:

[1083] 1. Vehicle Control: (3.2 mL saline); intra-rectal;
@-2)
[1084] 2. Treated Control: Adalimumab (40 mg in 3.2

mL saline); subcutaneous; (n=2)

[1085] 3. Adalimumab (low): Adalimumab (40 mg in
3.2 mL saline); intra-rectal; (n=4)

[1086] 4. Adalimumab (med): Adalimumab (80 mg in
3.2 mL saline); intra-rectal; (n=4)

[1087] 5. Adalimumab (high): Adalimumab (160 mg in
3.2 mL saline); intra-rectal; (n=4)

[1088] On Day 0, the test article is applied to a damaged
mucosal surface of the bowel via intra-rectal administration
or subcutaneous injection by a veterinary surgeon at the dose
levels and volume described above.

Clinical Observations and Body Weight

[1089] Clinical observations are conducted at least once
daily. Clinical signs (e.g., ill health, behavioral changes, etc.)
are recorded on all appropriate animals at least daily prior to
the initiation of experiment and throughout the study until
termination. Additional clinical observations may be per-
formed if deemed necessary. Animals whose health condi-
tion warrants further evaluation are examined by a Clinical
Veterinarian. Body weight is measured for all animals Days
-6, 0, and after the last blood collections.
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Samples with saline, and a detailed macroscopic examination of the
[1090] Blood: colon is performed to identify macroscopic finings related to
[1091] Blood is collected (cephalic, jugular, and/or cath- TNBS-damage. Triplicate samples of normal and damaged

eter) into EDTA tubes during acclimation on Day-7, just
prior to dose on Day 0, and 0.5, 1, 2, 4, 6, 8, 12, 24, and 48
hours post-dose. The EDTA samples are split into two
aliquots and one is centrifuged for pharmacokinetic plasma
and either analyzed immediately, or stored frozen (-80° C.)
for later pharmacokinetic analyses. The remaining sample of
whole blood is used for pharmacodynamic analyses.
[1092] Feces:

[1093] Feces is collected Day -7, 0 and 0.5, 1, 2, 4, 6, 8,
12, 24 and 48 hours post-dose, and either analyzed imme-
diately, or flash-frozen on liquid nitrogen and stored frozen
at =70° C. pending later analysis of drug levels and inflam-
matory cytokines.

tissues are either analyzed immediately, or are flash-frozen
on liquid nitrogen and stored frozen at —=70° C. pending later
analysis of drug concentration, inflammatory cytokines and
histology.

[1096] Samples are analyzed for adalimumab levels (local
mucosal tissue levels and systemic circulation levels), and
for levels of inflammatory cytokines including TNF-alpha.

Terminal Procedures

[1097] Animals are euthanized as per the schedule in Table
AA, where one animal each of Vehicle and Treated Control
groups is euthanized at 6 and 48 hours post-dose, and one
animal of each the adalimumab groups are euthanized at 6,

[1094] Tissue: 12, 24 and 48 hours post-dose. Animals are discarded after
[1095] Immediately after euthanasia in order to avoid the last blood collection unless retained for a subsequent
autolytic changes, colon tissues are collected, opened, rinsed study.
TABLE AA
Sample Days Hours
size Dose Route -7 -6 -5 -4 -3 -2 -1 0 05 1
General
Fast .
Food/Water ad libidum  oral L A O R S
Observations
clinical observations e e e e e s s .
body weight . .
Treatments (groups)
TNBS (all animals) intra rectal .
1. Vehicle control n=2 1.6 mL saline intra rectal .
(vehicle)
euthanized
2. Treated control n=2 40 mgin  sub-cutaneous
1.6 mL saline
euthanized
3. Adalimumab (low) n=4 40 mg in  intra rectal .
1.6 mL saline
euthanized
4. Adalimumab (med) n=4 80 mgin  intra rectal .
1.6 mL saline
euthanized
5. Adalimumab (high) n=4 160 mg in  intra rectal .
1.6 mL saline
euthanized
Adalimumab (required) 1200
Samples
Blood cephalic, . LA
jugular or
catheter
Fecal rectal . . . .
Tissue necropsy .
Sample Hours
size Dose Route 2 4 6 8 12 24 48
General
Fast
Food/Water ad libidum oral . . . . . . .
Observations
clinical observations . .
body weight . .
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TABLE AA-continued
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Treatments (groups)

TNBS (all animals) intra rectal
1. Vehicle control n=2 1.6 mL saline intra rectal
(vehicle)

euthanized n=1 n=1
2. Treated control n=2 40 mg in sub-cutaneous

1.6 mL saline
euthanized n=1 n=1
3. Adalimumab (low) n=4 40 mg in intra rectal

1.6 mL saline
euthanized n=1 n=1 n=1 n=1
4. Adalimumab (med) n=4 80 mg in intra rectal

1.6 mL saline
euthanized n=1 n=1 n=1 n=1
5. Adalimumab (high) n=4 160 mg in intra rectal

1.6 mL saline
euthanized n=1 n=1 n=1 n=1
Adalimumab (required) 1200
Samples
Blood cephalic, . . . .

jugular or
catheter
Fecal rectal . . . .
Tissue necropsy . .
Example 2c—Pharmacokinetic/Pharmacodynamic [1106] Feces:

and Bioavailability of Adalimumab after Topical
Application

Groups

[1098] DSS-induced colitis Yorkshire-Cross Farm Swine
(approximately 5-10 kg at study start) are allocated to one of
five groups:
[1099] 1. Vehicle Control: (saline); intra-rectal;
[1100] 2. Treated Control: Adalimumab (13 mg in
saline); subcutaneous;
[1101] 3. Adalimumab: Adalimumab (13 mg in saline);
intra-rectal;
[1102] At t=0, the test article is applied to a damaged
mucosal surface of the bowel via intra-rectal administration
or subcutaneous injection by a veterinary surgeon at the dose
levels and volume described above.

Clinical Observations

[1103] Clinical signs (e.g., ill health, behavioral changes,
etc.) are recorded on all appropriate animals at least daily
prior to the initiation of experiment and throughout the study
until termination. Additional clinical observations may be
performed if deemed necessary. Animals whose health con-
dition warrants further evaluation are examined by a Clinical
Veterinarian.

Samples
[1104] Blood:
[1105] Blood is collected (cephalic, jugular, and/or cath-

eter) into EDTA tubes during acclimation on Day-7, just
prior to dose on Day 0, and 12 hours post-dose. The EDTA
samples are split into two aliquots and one is centrifuged for
pharmacokinetic plasma and either analyzed immediately, or
stored frozen (-80° C.) for later pharmacokinetic analyses.
The remaining sample of whole blood is used for pharma-
codynamic analyses.
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[1107] Feces is collected Day -7, 0 and 12 hours post-
dose, and either analyzed immediately, or flash-frozen on
liquid nitrogen and stored frozen at —70° C. pending later
analysis of drug levels and inflammatory cytokines.

[1108] Tissue:

[1109] Immediately after euthanasia (12 hours after dos-
ing) in order to avoid autolytic changes, colon tissues are
collected, opened, rinsed with saline, and a detailed macro-
scopic examination of the colon is performed to identify
macroscopic finings related to DSS-damage. Triplicate
samples of normal and damaged tissues are either analyzed
immediately, or are flash-frozen on liquid nitrogen and
stored frozen at -70° C. pending later analysis of drug
concentration, inflammatory cytokines and histology.
[1110] Samples are analyzed for adalimumab levels (local
mucosal tissue levels and systemic circulation levels), and
for levels of inflammatory cytokines including TNF-alpha.

Terminal Procedures
[1111] Animals are euthanized at 12 hours post-dose.

Example 3. Comparison of Systemic Versus
Intracecal Delivery of an Anti-IL.-12 Antibody

[1112] The objective of this study was to compare the
efficacy of an IL-12 inhibitor (anti-IL-12 p40; anti-p40
mAb; BioXCell (Cat #: BE0051)), when dosed systemically
versus intracecally, to the treat dextran sulfate sodium salt
(DSS)-induced colitis in male C57B1/6 mice.

Materials and Methods

Mice

[1113] Normal male C57B1/6 mice between the ages of
6-8 weeks old, weighing 20-24 g, were obtained from
Charles River Laboratories. The mice were randomized into
thirteen groups of twelve animals and two groups of eight
animals, and housed in groups of 6-8 per cage, and accli-

matized for at least three days prior to entering the study.
Animal rooms were set to maintain a minimum of 12 to 15
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air changes per hour, with an automatic timer for a light/dark
cycle of 12 hours on/off, and fed with Labdiet 5053 sterile
rodent chow, with water administered ad libitum.

Cecal Cannulation

[1114] Animals were placed under isoflurane anesthesia,
with the cecum exposed via a midline incision in the
abdomen. A small point incision was made in the distal
cecum where 1-2 cm of the cannula was inserted. The
incision was closed with a purse string suture using 5-0 silk.
An incision was then made in the left abdominal wall
through which the distal end of the cannula was inserted and
pushed subcutaneously to the dorsal aspect of the back. The
site was then washed copiously with warmed saline prior to
closing the abdominal wall. A small incision was also made
in the skin of the back between the shoulder blades, expos-
ing the tip of the cannula. The cannula was secured in place
using suture, wound clips, and tissue glue. All animals
received 1 mL of warm sterile saline (subcutaneous injec-
tion) and were monitored closely until recovery before
returning to their cage. All animals received 0.6 mg/kg BID
buprenorphine for the first 3 days, and Baytril® at 10 mg/Kg
every day for the first 5 days post surgery.

Induction of Colitis

[1115] Colitis was induced in male C57B1/6 mice by
exposure to 3% DSS drinking water (MP Biomedicals
#0260110) from Day 0 to Day 5. Fresh DSS/water solutions
were made again on Day 3 and any of the remaining original
DSS solution will be discarded.

Assessment of Colitis

[1116] All animals were weighed daily and visually
assessed for the presence of diarrhea and/or bloody stool at
the time of dosing. The mice underwent two video endos-
copies, one on day 10 and one on day 14, to assess colitis
severity. Images were captured from each animal at the most
severe region of disease identified during the endoscopy, and
assessed using the rubric demonstrated in Table 1.1. Addi-
tionally, stool consistency was scored during the endoscopy
using this rubric (Table 1.2) (0=Normal, well-formed pellet,
1=Loose stool, soft, staying in shape, 2=[.oose stool, abnor-
mal form with excess moisture, 3=Watery or diarrhea,
4=Bloody diarrhea). At necropsy, intestinal contents, periph-
eral blood, and tissue, and cecum/colon contents were
collected for analysis.
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TABLE 1.1

Endoscopy Scoring

Score Description of Endoscopy Score

Normal
Loss of vascularity
Loss of vascularity and friability

Friability and erosions

E v A =)

Ulcerations and bleeding

TABLE 1.2

Stool Consistency Score

Score Description of Stool Consistency

Normal, well-formed pellet
Loose stool, soft, staying in shape
Loose stool, abnormal form with excess moisture

Watery or diarrhea

T =)

Bloody diarrhea

Treatment of Colitis

[1117] Mice were treated with anti-IL-12 p40 during the
acute phase of colitis due to its efficacy in the treatment of
DSS-induced colitis. The test article was dosed at a volume
of 0.1 mL/20 g from days O to 14. Anti-IL-12 p40 was
administered intraperitoneally at a dose of 10 mg/kg every
3 days, and intracecally at a dose of 10 mg/kg, either every
3 days or every day. There was also a lower dose of 1 mg/kg
given every day intracecally. The control groups were not
administered drugs, and the vehicles (sterile PBS) were
administered the placebo drug intraperitoneally and intrac-
ecally every day. These drugs were given from days 5-14,
which is 9 days of administration. A more detailed expla-
nation of dosing and groups can be seen in Table 1.3.

TABLE 1.3

Groups_of Animal

# of Cecal Dosing
Group # Animals DSS Cannula Treatment Dose(mg/kg) Route  Schedule
1 8 males — NO — — — —
2 8 males — YES — — — —
3 12 males 3% DSS NO Vehicle — PO QD
(day 0-5) day 0-14
4 12 males 3% DSS YES Vehicle — IC QD
(day 0-5) day 0-14
5 12 males 3% DSS NO Anti-p40 10 Jig Q3
(day 0-5) 0,3,6,9,12
6 12 males 3% DSS  YES  Anti-p40 10 IC Q3
(day 0-5) 0,3,6,9,12
7 12 males 3% DSS  YES  Anti-p40 10 1C QD
(day 0-5) day 0-14
BIOCON BIOLOGICS LIMITED IPR2023-01444 Ex.
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TABLE 1.3-continued
Groups of Animal
# of Cecal Dosing
Group # Animals DSS Cannula Treatment Dose(mg/kg) Route  Schedule
8 12 males 3% DSS YES Anti-p40 1 IC QD
(day 0-5) day 0-14

Sample Collection

[1118] Intestinal contents, peripheral blood, and tissue
were collected at sacrifice on day 14, as follows: at the end
of each study period, mice were euthanized by CO, inhala-
tion immediately following endoscopy on day 14. The blood
was collected via cardiac puncture into K,EDTA-coated
tubes and centrifuged at 4000xg for 10 minutes. The blood
cell pellet was retained and snapped frozen. The resulting
plasma was then split into two separate cryotubes, with 100
pL in one tube and the remainder in the second. Plasma and
cell pellet were also collected, flash frozen, and stored at =80
degrees Celsius.

[1119] The cecum and colon were removed from each
animal and contents were collected, weighed, and snap
frozen in separate cryovials. The colon was excised, rinsed,
measured, weighed, and then trimmed to 6 cm in length and
divided into 5 pieces. The most proximal 1 cm of colon was
snapped frozen for subsequent bioanalysis of test article
levels. Of the remaining 5 cm of colon, the most distal and
proximal 1.5-cm sections was placed in formalin for 24
hours then transferred to 70% ethanol for subsequent histo-
logical evaluation. The middle 2-cm portion was bisected
longitudinally and placed into two separate cryotubes,
weighed, and snap frozen in liquid nitrogen.

Results

[1120] The data in FIG. 30 show that the DSS mice that
were intracecally administered an anti-IL-12 p40 (IgG2A)
antibody had decreased weight loss as compared to DSS
mice that were intraperitoneally administered the anti-1[.-12
p40 antibody.

[1121] The data in FIG. 31 show that the plasma concen-
tration of the anti-IL-12 p40 antibody was decreased in DSS
mice that were intracecally administered the anti-1[.-12 p40
antibody as compared to DSS mice that were intraperitone-
ally administered the anti-IL-12 p40 antibody. The data in
FIG. 32 show that the cecum and colon concentration of the
anti-IL-12 p40 antibody is increased in DSS mice that were
intracecally administered the anti-IL-12 p40 antibody as
compared to the DSS mice that were intraperitoneally
administered the anti-IL-12 p40 antibody.

[1122] The data in FIGS. 33 and 34 show that the anti-
IL-12 p40 antibody is able to penetrate colon tissues (the
lumen superficial, lamina propria, submucosa, and tunica
muscularis/serosa) in DSS mice intracecally administered
the anti-IL-12 p40 antibody, while the anti-IL-12 p40 anti-
body did not detectably penetrate the colon tissues of DSS
mice intraperitoneally administered the anti-IL.-12 p40 anti-
body. The data in FIG. 35 also show that the ratio of the
concentration of anti-IL-12 p40 antibody in colon tissue to
the concentration of the anti-IL-12 p40 antibody in plasma
is increased in DSS mice intracecally administered the
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anti-IL-12 p40 antibody as compared to the ratio in DSS
mice intraperitoneally administered the anti-IL-12 p40 anti-
body.

[1123] The data in FIG. 36 show that the concentration of
IL-1f in colon tissue is decreased in DSS mice intracecally
administered the anti-1[.-12 p40 antibody as compared to the
concentration of IL-1f in colon tissue in DSS mice intrap-
eritoneally administered the anti-IL-12 p40 antibody. The
data in FIG. 37 show that the concentration of IL-6 in colon
tissue is decreased in DSS mice intracecally administered
the anti-IL-12 p40 antibody as compared to the concentra-
tion of IL-6 in colon tissue in DSS mice intraperitoneally
administered the anti-IL.-12 p40 antibody. The data in FIG.
38 show that the concentration of IL-17A in colon tissue is
decreased in DSS mice intracecally administered the anti-
IL-12 p40 antibody as compared to the concentration of
IL-17A in colon tissue in DSS mice intraperitoneally admin-
istered the anti-IL-12 p40 antibody.

[1124] No significant differences in clinical observations
or gastrointestinal-specific adverse effects, including stool
consistency and/or bloody stool, were observed due to
cannulation or intra-cecal treatments when compared with
vehicle. No toxicity resulting from the treatments was
reported. A significant reduction in body weight-loss (AUC)
was found in groups treated with anti-IL-12 p40 antibody
(10 mg/kg and 1 mg/kg, QD) via intra-cecal delivery when
compared with vehicle control and intraperitoneal delivery
(10 mg/kg, Q3D). The immunohistochemistry staining in
anti-IL-12 p40 antibody (10 mg/kg, QD) treatment groups
showed penetration of the antibody in all layers of colon
tissue, including lumen mucosa, lamina propria, submucosa,
tunica muscularis, via intra-cecal delivery. The distribution
of anti-IL-12 p40 antibody was found in all segments of the
colon, however, higher levels were detected in the proximal
region. A significantly higher mean concentration of anti-
IL-12 p40 antibody was found in the gastrointestinal con-
tents and colon tissues when delivered via intra-cecal admin-
istration (Anti-p40: 10 mg/kg and 1 mg/kg, QD) compared
with intraperitoneal administration (anti-p40: 10 mg/kg,
Q3D). The blood level of anti-IL-12 p40 antibody was
significantly higher when delivered via intraperitoneal
administration (Q3D) as compared to intra-cecal adminis-
tration (Q3D & QD). The concentrations of inflammatory
cytokines, including IL-1p, IL-6, and 1L.-17, were signifi-
cantly reduced by anti-IL-12 p40 antibody (10 mg/kg, QD)
treatment when delivered via intra-cecal administration as
compared to vehicle controls.

[1125] In sum, these data show that the compositions and
devices provided herein can suppress the local immune
response in the intestine, while having less of a suppressive
effect on the systemic immune response of an animal. These
data also suggest that the presently claimed compositions
and devices will provide for treatment of colitis and other
pro-inflammatory disorders of the intestine.
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Example 4. Comparison of Systemic Versus
Intracecal Delivery of an Anti-Integrin a4f7
Antibody

[1126] The objective of this study was to compare the
efficacy of an integrin inhibitor (anti-integrin a4f7; anti-
LPAM1; DATK-32 mAb; BioXCell (Cat #: BE0034)) when
dosed systemically versus intracecally for treating dextran
sulfate sodium salt (DSS)-induced colitis in male C57B1/6
mice.

Materials and Methods

Mice

[1127] Normal male C57B1/6 mice between the ages of
6-8 weeks old, weighing 20-24 g, were obtained from
Charles River Laboratories. The mice were randomized into
thirteen groups of twelve animals and two groups of eight
animals, and housed in groups of 6-8 per cage, and accli-
matized for at least three days prior to entering the study.
Animal rooms were set to maintain a minimum of 12 to 15
air changes per hour, with an automatic timer for a light/dark
cycle of 12 hours on/off, and fed with Labdiet 5053 sterile
rodent chow, with water administered ad libitum.

Cecal Cannulation

[1128] The animals were placed under isoflurane anesthe-
sia, with the cecum exposed via a midline incision in the
abdomen. A small point incision was made in the distal
cecum where 1-2 cm of the cannula was inserted. The
incision was closed with a purse string suture using 5-0 silk.
An incision was then made in the left abdominal wall
through which the distal end of the cannula was inserted and
pushed subcutaneously to the dorsal aspect of the back. The
site was then washed copiously with warmed saline prior to
closing the abdominal wall. A small incision was also made
in the skin of the back between the shoulder blades, expos-
ing the tip of the cannula. The cannula was secured in place
using suture, wound clips, and tissue glue. All animals
received 1 mL of warm sterile saline (subcutaneous injec-
tion) and were monitored closely until recovery before
returning to their cage. All animals received 0.6 mg/kg BID
buprenorphine for the first 3 days, and Baytril® at 10 mg/Kg
every day for the first 5 days post-surgery.

Induction of Colitis

[1129] Colitis was induced in male C57B1/6 mice by
exposure to 3% DSS drinking water (MP Biomedicals
#0260110) from day O to day 5. Fresh DSS/water solutions
were made again on day 3 and any of the remaining original
DSS solution will be discarded.

Assessment of Colitis

[1130] All animals were weighed daily and visually
assessed for the presence of diarrhea and/or bloody stool at
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the time of dosing. Mice underwent two video endoscopies,
one on day 10 and one on day 14, to assess colitis severity.
Images were captured from each animal at the most severe
region of disease identified during the endoscopy, and
assessed using the rubric demonstrated in Table 2.1. Addi-
tionally, stool consistency was scored during the endoscopy
using this rubric (Table 2.2) (0=Normal, well-formed pellet,
1=Loose stool, soft, staying in shape, 2=[.oose stool, abnor-
mal form with excess moisture, 3=Watery or diarrhea,
4=Bloody diarrhea). At necropsy, intestinal contents, periph-
eral blood and tissue, and cecum/colon contents were col-
lected for analysis.

TABLE 2.1

Endoscopy Score

Score Description of Endoscopy Score
0 Normal
1 Loss of vascularity
2 Loss of vascularity and friability
3 Friability and erosions
4 Ulcerations and bleeding

TABLE 2.2

Stool Consistency Score

Score Description of Stool Consistency
0 Normal, well-formed pellet
1 Loose stool, soft, staying in shape
2 Loose stool, abnormal form with excess moisture
3 Watery or diarrhea
4 Bloody diarrhea

Treatment of Colitis

[1131] Mice were treated with DATK32 during the acute
phase of colitis due to its efficacy in the treatment of
DSS-induced colitis. The test article was dosed at a volume
of 0.1 mL/20 g from days 0 to 14. DATK32 was adminis-
tered intraperitoneally at a dose of 25 mg/kg every 3 days,
and intracecally at a dose of 25 mg/kg, either every 3 days
or every day. There was also a lower dose of 5 mg/kg given
every day intracecally. The control groups were not admin-
istered drugs, and the vehicle (sterile PBS) was administered
as the placebo drug intraperitoneally and intracecally every
day. These drugs were given from days 5-14, which is 9 days
of administration. A more detailed explanation of dosing and
groups can be seen in Table 2.3.

TABLE 2.3

Groups of Mice

# of Cecal Dosing
Group # Animals DSS Cannula Treatment Dose(mg/kg) Route  Schedule
1 8 males — NO — — — _
2 8 males — YES — — — —
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TABLE 2.3-continued
Groups of Mice
# of Cecal Dosing
Group # Animals DSS Cannula Treatment Dose(mg/kg) Route  Schedule
3 12 males 3% DSS NO Vehicle — PO QD
(day 0-5) day 0-14
4 12 males 3% DSS  YES Vehicle — 1C QD
(day 0-5) day 0-14
9 12 males 3% DSS NO DATK32 25 1P Q3
(day 0-5) 0,3,6,9,12
10 12 males 3% DSS YES DATK32 25 1C Q3
(day 0-5) 0,3,6,9,12
11 12 males 3% DSS YES DATK32 25 1C QD
(day 0-5) day 0-14
12 12 males 3% DSS YES DATK32 5 1C QD
(day 0-5) day 0-14

Sample Collection

[1132] Intestinal contents, peripheral blood, and tissue
were collected at sacrifice on day 14, as follows: at the end
of each study period, mice were euthanized by CO, inhala-
tion immediately following endoscopy on day 14. The blood
was collected via cardiac puncture into K,EDTA-coated
tubes and centrifuged at 4000xg for 10 minutes. The blood
cell pellet was retained and snapped frozen. The resulting
plasma was then split into two separate cryotubes, with 100
pL in one tube and the remainder in the second. Plasma and
the cell pellet were also collected, flash frozen, and stored at
-80 degrees Celsius. An ELISA was used to determine the
level of rat IgG2A.

[1133] The cecum and colon were removed from each
animal and contents were collected, weighed, and snap
frozen in separate cryovials. The colon was excised, rinsed,
measured, weighed, and then trimmed to 6 cm in length and
divided into 5 pieces. The most proximal 1 cm of colon was
snapped frozen for subsequent bioanalysis of anti-DATK32
levels. Of the remaining 5 cm of colon, the most distal and
proximal 1.5-cm sections was placed in formalin for 24
hours then transferred to 70% ethanol for subsequent histo-
logical evaluation. The middle 2-cm portion was bisected
longitudinally and placed into two separate cryotubes,
weighed, and snap frozen in liquid nitrogen.

[1134] There was an additional collection of 100 pL, of
whole blood from all animals and processed for FACS
analysis of a4 and 7 expression on T-helper memory cells.
Tissue and blood were immediately placed in FACS buffer
(Ix PBS containing 2.5% fetal calf serum) and analyzed
using the following antibody panel (Table 2.4).

TABLE 2.4

Fluorophore Labelled Antibodies Used in FACS Analysis

Antibody Target Flurochrome Purpose

CD4 APC-Vio770 Defines T-Helper
Cells

CD44 VioBlue Memory/Naive
Discrimination

CD45RB FITC Memory/Naive
Discrimination

a4 APC Defines T-helper

memory subset of
interest
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TABLE 2.4-continued

Fluorophore Labelled Antibodies Used in FACS Analysis

Antibody Target Flurochrome Purpose
p7 PE Defines T-helper
memory subset of
interest
CD16/32 — Fec Block
Results
[1135] The data in FIG. 39 show decreased weight loss in

DSS mice intracecally administered DATK antibody as
compared to DSS mice that were intraperitoneally admin-
istered the DATK antibody. The data in FIG. 40 show that
DSS mice intracecally administered DATK antibody have a
decreased plasma concentration of DATK antibody as com-
pared to DSS mice that were intraperitoneally administered
DATK antibody. The data in FIGS. 41 and 42 show that DSS
mice intracecally administered DATK antibody have an
increased concentration of DATK antibody in the cecum and
colon content as compared to DSS mice intraperitoneally
administered DATK antibody. The data in FIGS. 43 and 44
show that DSS mice intracecally administered DATK anti-
body have an increased concentration of DATK antibody in
colon tissue as compared to DSS mice intraperitoneally
administered DATK antibody. The data in FIGS. 45 and 46
show an increased level of penetration of DATK antibody
into colon tissue in DSS mice intracecally administered the
DATK antibody as compared to an intracecal vehicle control
(PBS). The data in FIG. 47 show that DSS mice intracecally
administered DATK antibody have an increased ratio of the
concentration of DATK antibody in colon tissue to the
plasma concentration of the DATK antibody, as compared to
the same ratio in DSS mice intraperitoneally administered
the DATK antibody.

[1136] The data in FIG. 48 show that DSS mice intrace-
cally administered the DATK antibody have an increased
percentage of blood Th memory cells as compared to DSS
mice intraperitoneally administered the DATK antibody.
[1137] No significant differences in clinical observations
or gastrointestinal-specific adverse effects, including stool
consistency and/or bloody stool, were observed due to
cannulation or intra-cecal treatments when compared with
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vehicle. No toxicity resulting from the treatments was
reported. A significant reduction in body weight-loss was
also found with DATK32 (5 mg/kg, QD) treatment (IC)
when compared to vehicle control at the endpoint (day 14).
The immunohistochemistry staining in DATK32 (25 mg/kg,
QD) treatment groups showed penetration of DATK?32 in all
layers of colon tissue, including lumen mucosa, lamina
propria, submucosa, tunica muscularis, via intra-cecal deliv-
ery. The distribution of DATK32 was found in all segments
of the colon, however, higher levels were detected in the
proximal region. A significantly higher mean concentration
of DATK32 was found in gastrointestinal contents and colon
tissues when delivered via intra-cecal administration
(DATK32: 25 mg/kg and 5 mg/kg, QD) as compared to
intraperitoneal administration (DATK32: 25 mg/kg, Q3D).
The blood level of DATK32 was significantly higher when
delivered via intraperitoneal administration (Q3D) as com-
pared to intra-cecal administration (Q3D & QD). The phar-
macokinetics of DATK32 (25 mg/kg, QD) showed signifi-
cantly higher mean concentrations of DATK32 when
delivered via intra-cecal administration at 1, 2, and 4 h
post-dose in the gastrointestinal contents, and 1, 2, 4 and 24
h in colon tissue as compared with the mean concentrations
of DATK32 following intraperitoneal administration. The
mean number of gut-homing T cells (Th memory cells) was
significantly higher in the blood of groups treated with
DATK32 via intra-cecal administration (QD 25 mg/kg and
QD 5 mg/kg) as compared to the groups treated with
DATK32 via intraperitoneal administration (Q3D 25
mg/kg). The mean number of Th memory cells was signifi-
cantly lower in the Peyer’s Patches of groups treated with
DATK32 via intra-cecal administration (QD 25 mg/kg and 5
mg/kg) as compared to the groups treated with DATK32 via
intraperitoneal administration (Q3D 25 mg/kg). The mean
number of Th memory cells in mesenteric lymph nodes
(MLN) was significantly lower in groups treated with
DATK32 via intra-cecal administration (QD and Q3D 25
mg/kg and QD 5 mg/kg) as compared to the groups treated
with DATK32 via intraperitoneal administration (Q3D 25
mg/kg).

[1138] In sum, these data show that the compositions and
devices provided herein can suppress the local immune
response in the intestine, while having less of a suppressive
effect on the systemic immune response of an animal. These
data also show that the release of DATK-32 antibody in the
colon can result in a suppression of leukocyte recruitment
and may provide for the treatment of colitis and other
pro-inflammatory diseases of the intestine.

Example 5. An Assessment of DATK32
Bio-Distribution Following Intracecal
Administration in Male C57B1/6 Mice

[1139] The objective of this study is to assess DATK32
bio-distribution when dosed intracecally in male C57B1/6
mice. A minimum of 10 days prior to the start of the
experiment a cohort of animals will undergo surgical
implantation of a cecal cannula. A sufficient number of
animals will undergo implantation to allow for 24 cannu-
lated animals to be enrolled in the main study (e.g., 31
animals). Animals were dosed with vehicle or test article via
intracecal injection (IC) on Day 0 as indicated in Table 3.
Animals from all groups were sacrificed for terminal sample
collection three hours following test article administration.
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Materials and Methods
Mice

[1140] Normal male C57B1/6 mice between the ages of
6-8 weeks old, weighing 20-24 g, were obtained from
Charles River Laboratories. The mice were randomized into
two groups of twelve animals, and housed in groups of 12
per cage, and acclimatized for at least three days prior to
entering the study. Animal rooms were set to maintain a
minimum of 12 to 15 air changes per hour, with an automatic
timer for a light/dark cycle of 12 hours on/off, and fed with
Labdiet 5053 sterile rodent chow, with water administered
ad libitum.

Cecal Cannulation

[1141] The animals were placed under isoflurane anesthe-
sia, with the cecum exposed via a midline incision in the
abdomen. A small point incision was made in the distal
cecum where 1-2 cm of the cannula was inserted. The
incision was closed with a purse string suture using 5-0 silk.
An incision was then made in the left abdominal wall
through which the distal end of the cannula was inserted and
pushed subcutaneously to the dorsal aspect of the back. The
site was then washed copiously with warmed saline prior to
closing the abdominal wall. A small incision was also made
in the skin of the back between the shoulder blades, expos-
ing the tip of the cannula. The cannula was secured in place
using suture, wound clips, and tissue glue. All animals
received 1 mL of warm sterile saline (subcutaneous injec-
tion) and were monitored closely until recovery before
returning to their cage. All animals received 0.6 mg/kg BID
buprenorphine for the first 3 days, and Baytril® at 10 mg/Kg
every day for the first 5 days post-surgery.

Dosing

[1142] Animals were dosed IC at a volume of 0.075
ml /animal on Days 0 as indicated in Table 3.

Sacrifice

[1143] All animals were euthanized by CO, inhalation
three hours after dosing on Day 0.

Sample Collection

[1144] Terminal blood was collected and prepared for
plasma using K,EDTA as the anti-coagulant. The plasma
will be split into two cryotubes, with 50 uL in one tube (PK
analysis) and the remainder in another (other). Both samples
were flash-frozen in liquid nitrogen. Plasma was stored at
-80° C. for downstream analysis. Mesenteric lymph nodes
(mLN) were collected, weighed, and flash-frozen in liquid
nitrogen. Mesenteric lymph nodes were stored at —80° C. for
downstream analysis. The small intestine was excised and
rinsed, and the most distal 1 cm of ilium was dissected,
weighed, and flash-frozen in liquid nitrogen. The samples
were stored at —80° C. for downstream analysis. The cecum
and colon were removed from each animal and contents
collected, weighed, and snap frozen in separate cryovials.
The samples were stored at —80° C. for downstream analy-
sis. The colon was rinsed, and the most proximal 1 cm of
colon was weighed and flash-frozen in liquid nitrogen. The
snap frozen tissues were stored at —-80° C.
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TABLE 3

Study Design

Terminal
No Collections
Group  Animals Treatment Route Schedule Day 0
1 12 Vehicle IC Day 0 ** Blood (plasma)
(PBS) Small
2 12 DATK32 intestine mLN
(625 pg)* Colon
Colon Contents
Cecum Contents
*Per mouse.

TA was administered in 0.075 ml/animal.
DATK32 was delivered in sterile PBS.
** Animals were dosed on Day 0 and collections were performed 3 hours later.

Results

[1145] The data in FIGS. 63A-F show no significant
differences in clinical observations. No gastrointestinal-
specific or adverse effects were found in the group admin-
istered DATK32 via intra-cecal administration as compared
to the group administered a vehicle control. No toxicity
resulting from the treatments was reported. The level of
DATK32 in the group intra-cecally administered DATK32
was significantly higher in cecum and colon content, and
colon tissue compared to the group administered a vehicle
control at 3h post-dose. A small amount of DATK32 was
also detected in plasma, small intestine, and mesenteric
lymph node in the group intra-cecally administered
DATK32.

Example 6. Pharmacokinectics/Pharmacodynamics
and Bioavailability of Adalimumab when Applied
to a TNBS-Damaged Mucosal Surface (Induced
Colitis) in Swine

[1146] The purpose of this non-Good Laboratory Practice
(GLP) study was to explore the PK/PD, and bioavailability
of adalimumab when applied to a TNBS-damaged mucosal
surface (induced colitis) in Yorkshire-Cross farm swine, and
to determine an appropriate dose and frequency for studies
where a drug will be delivered by the ingestible device
system. The ingestible device system will be capable of
delivering a TNF inhibitor (adalimumab) topically and
locally to damaged mucosa in human patients with inflam-
matory bowel disease (IBD). The TNBS-induced colitis
model was validated when a single administration on Day 1
of 40 mL of 100% ethanol (EtOH) mixed with 5 grams of
TNBS diluted in 10 mL of water via an enema using a rubber
catheter resulted in the intended reproducible induction of
damaged mucosal surface (induced colitis) in Yorkshire-
Cross farm swine.

[1147] This study investigated whether topical delivery of
adalimumab would result in increased local mucosal tissue
levels with limited drug reaching systemic circulation, as
compared to subcutaneous administration; whether local
mucosal tissue levels of drug would be greater in damaged
tissues when compared to normal tissues; whether increas-
ing the dose of drug would result in increased mucosal tissue
levels in local and distal TNBS-damaged tissues; and
whether topical delivery of adalimumab would result in
reductions in inflammatory cytokines such as TNF-a in
damaged tissues, feces, and possibly blood.
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[1148] All animals were subjected to intra-rectal admin-
istration of trinitrobenzene sulfonic acid (TNBS) to induce
chronic colitis on day -2. All animals were fasted prior to
colitis induction. Bedding was removed and replaced with
rubber mats on day -3 to prevent ingestion of straw bedding
material. The dose was 40 mL of 100% EtOH mixed with 5
grams of TNBS diluted in 10 mL of water, then instilled into
the colon intra-rectally using a flexible gavage tube by a
veterinary surgeon (deposited in a 10-cm portion of the
distal colon and proximal rectum, and retained for 12
minutes by use of two Foley catheters with 60-mL balloons).
Approximately 3 days after induction, macroscopic and
microscopic alterations of colonic architecture were appar-
ent: some necrosis, thickening of the colon, and substantial
histologic changes were observed (FIGS. 49 and 50). The
study employed 15 female swine (approximately 35 to 45 kg
at study start) allocated to one of five groups. Group 1
employed three animals that were the treated controls. Each
animal in Group 1 was administered adalimumab by sub-
cutaneous injection at 40 mg in 0.8 mL saline. Groups 2, 3,
4, and 5 employed 3 animals in each group. Animals in these
groups were administered intra-rectal adalimumab at 40 mg
in 0.8 mL saline. The test drug (adalimumab) was admin-
istered to all groups on study day 1. The intra-rectal admin-
istrations (Groups 2-5) were applied to damaged mucosal
surface of the bowel vial intra-rectal administration by a
veterinary surgeon. Blood (EDTA) was collected from all
animals (cephalic, jugular, or catheter) on day -3 (n=15), -1
(n=15), and 6 (n=15), 12 (n=12), 24 (n=9), and 48 (n=6)
hours post-dose (87 bleeds total). The EDTA samples were
split into two aliquots, and one was centrifuged for PK
plasma, and stored frozen (-80° C.) for PK analyses and
reporting. Fecal samples were collected for the same time-
points (87 fecal collections). Fecal samples were flash-
frozen in liquid nitrogen and then stored at -80° C. for
analysis of drug levels and inflammatory cytokines. Groups
2, 3, 4, and 5 were euthanized and subjected to gross
necropsy and tissue collection 6, 12, 24, and 48 hours
post-dose, respectively. Group 1 was similarly euthanized
and necropsied 48 hours post-dose. The animals were eutha-
nized via injection of a veterinarian-approved euthanasia
solution as per the schedule. Immediately after euthanasia in
order to avoid autolytic changes, colon tissues were col-
lected, opened, rinsed with saline, and a detailed macro-
scopic examination of the colon were performed to identify
macroscopic findings related to TNBS-damage. Tissue
samples were taken from the proximal, mid, and distal
transverse colon; the dose site; and the distal colon. Each
tissue sample was divided into two approximate halves; one
tissue section was placed into 10% neutral buffered formalin
(NBF) and evaluated by a Board certified veterinary
pathologist, and the remaining tissue section was flash
frozen in liquid nitrogen and stored frozen at —-80° C.
Clinical signs (ill health, behavioral changes, etc.) were
recorded daily beginning on day -3. Additional pen-side
observations were conducted once or twice daily. Animals
observed to be in ill health were examined by a veterinarian.
Body weight was measured for all animals on day -3, and
prior to scheduled euthanasia. Table 4.1, depicted below,
shows the study design.

Materials and Methods

Test Article

[1149] Adalimumab (EXEMPTIA™) is a Tumour Necro-
sis Factor (INF) inhibitor. A single dose was pre-filled in a
syringe (40 mg in a volume of 0.8 mL).
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TABLE 4.1

Study Design Table

Sample Days Hours
size Dose Route -3 -2 -1 1 05 1 2 4 6 8 12 24 48
General
Fast .
Food/Water ad libidum  oral L I D . . . . .
Observations
clinical observations LI I . .
body weight . . . .
Treatments (groups)
TNBS (all animals) intra rectal .
1. Treated control n=3 40 mgin  sub-cutaneous .
0.8 mL saline
euthanized n=3
2. Adalimumab n=3 40 mg in  intra rectal .
0.8 mL saline
euthanized n=3
3. Adalimumab n=3 40 mg in  intra rectal .
0.8 mL saline
euthanized n=3
4. Adalimumab n=3 40 mg in  intra rectal .
0.8 mL saline
euthanized n=3
5. Adalimumab n=3 40 mg in  intra rectal .
0.8 mL saline
euthanized n=3
Adalimumab (required) 600
Samples
PBMCs cephalic, . . . . .
jugular or
catheter
Serum cephalic, . o . . . . .
jugular or
catheter
Fecal rectal . LI . . . .
Tissue necropsy . . . .
Analysis
Histopathology 1 location 4 locations
inflammed 45 180 H&E
normal 45 180 H&E
Blood
adalimumab 57 pbl 15 15 12 9 [
TNFa 87 pbl 15 15 15 15 12 9 6
Feces
adalimumab 57 pbl 15 15 12 9 6
TNFa 87 pbl 15 15 15 15 12 9 6
Tissue
Inflammed
adalimumab 45 180 pbl 3 3 3 6
TNFa 45 180 pbl 3 3 3 6
HER2 45 180 pbl 3 3 3 6
Normal
adalimumab 45 180 pbl 3 3 3 6
TNFa 45 180 pbl 3 3 3 6
HER2 45 180 pbl 3 3 3 6
Results in colon tissue of TNBS-induced colitis animals, yet topical
delivery of adalimumab was able to achieve a greater
[1150] While subcutaneously administered adalimumab reduction in TNF-o. levels (FIGS. 53 and 54).

was detected at all times points tested in plasma, topically [1151] Either subcutaneous or intra-rectal administration

BIOCON BIOLOGICS LIMITED

administered adalimumab was barely detectable in plasma
(FIGS. 51 and 52). Both topical delivery and subcutaneous
delivery of adalimumab resulted in reduced levels of TNF-a
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of adalimumab was well tolerated and did not result in death,
morbidity, adverse clinical observations, or body weight
changes. A decreased level of total TNBS-related inflam-
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matory response was observed by adalimumab treatment via
intra-rectal administration when applied to the damaged
mucosal surface of the bowel when compared to subcuta-
neous delivery. A significantly higher concentration of adali-
mumab was measured in blood following subcutaneous
delivery as compared to the blood concentration following
intra-rectal administration. Intra-rectal administration of
adalimumab decreased the total and normalized TNFo con-
centration over time (6~48h) and was more effective at
reducing TNFa at the endpoint (48h) as compared to groups
administered adalimumab subcutaneously.

[1152] In sum, these data show that the compositions and
devices provided herein can suppress the local immune
response in the intestine, while having less of a suppressive
effect on the systemic immune response of an animal. For
example, these data show that intracecal administration of
adalimumab using a device as described herein can provide
for local delivery of adalimumab to the site of disease,
without suppressing the systemic immune response. These
data also show that local administration of adalimumab
using a device as described herein can result in a significant
reduction of the levels of TNFa in diseases animals.

Example 7. Comparison of Systemic Versus
Intracecal Delivery of Cyclosporine A

[1153] The objective of this study was to compare the
efficacy of an immunosuppressant agent (cyclosporine A;
CsA) when dosed systemically versus intracecally to treat
dextran sulfate sodium salt (DSS)-induced colitis in male
C57B1/6 mice.

Experimental Design

[1154] A minimum of 10 days prior to the start of the
experiment a cohort of animals underwent surgical implan-
tation of a cecal cannula. A sufficient number of animals
underwent implantation to allow for 44 cannulated animals
to be enrolled in the main study (e.g., 76 animals). Colitis
was induced in 60 male C5B1/6 mice by exposure to 3%
DSS-treated drinking water from day 0 to day 5. Two groups
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of eight additional animals (cannulated and non-cannulated)
served as no-disease controls (Groups 1 and 2). Animals
were dosed with cyclosporine A via intraperitoneal injection
(IP), oral gavage (PO), or intracecal injection (IC) from day
0 to 14 as indicated in Table 5.1. All animals were weighed
daily and assessed visually for the presence of diarrhea
and/or bloody stool at the time of dosing. Mice underwent
video endoscopy on days 10 and 14 to assess colitis severity.
Images were captured from each animal at the most severe
region of disease identified during endoscopy. Additionally,
stool consistency was scored during endoscopy using the
parameters defined in Table 5.2. Following endoscopy on
day 14, animals from all groups were sacrificed and under-
went terminal sample collection.

[1155] Specifically, animals in all treatment groups dosed
on day 14 were sacrificed at a pre-dosing time point, or 1, 2,
and 4 hours after dosing (n=3/group/time point). Terminal
blood was collected via cardiac puncture and prepared for
plasma using K,EDTA as the anti-coagulant. The blood cell
pellet was retained and snap frozen while the resulting
plasma was split into two separate cryotubes, with 100 ul. in
one tube and the remainder in the second. Additionally, the
cecum and colon were removed from all animals; the
contents were collected, weighed, and snap frozen in sepa-
rate cyrovials. The colon was then rinsed, measured,
weighed, and then trimmed to 6 cm in length and divided
into five pieces. The most proximal 1 cm of colon was snap
frozen for subsequent bioanalysis of cyclosporine A levels.
Of the remaining 5 cm of colon, the most distal and proximal
1.5-cm sections were each placed in formalin for 24 hours,
then transferred to 70% ethanol for subsequent histological
evaluation. The middle 2-cm portion was bisected longitu-
dinally and placed into two separate cryotubes, weighed, and
snap frozen in liquid nitrogen. All plasma and frozen colon
tissue were stored at —80° C. for selected end point analysis.
For all control animals in Groups 1-4, there was an addi-
tional collection of 100 pL of whole blood from all animals
which was then processed for FACS analysis of a4 and 7
expression on T, memory cells. The details of the study are
shown in Table 5.1.

TABLE 5.1

Study Design
Group Number 2 3 4 13 14 15
Number of Animals 8 12 12 12 12 12
Cecal Cannula NO YES NO YES NO YES YES
DSS N/A N/A 3% DSS on Day 0 to Day 5
Treatment none none  vehicle vehicle CsA CsA CsA
Dose (mg/kg) N/A N/A N/A N/A 10 10 3
Route N/A N/A N/A N/A PO 1C 1C
Dosing Schedule N/A N/A QD:Day QD:Day QD:Day QD:Day QD: Day

0to 14 0to 14 0to 14 0to 14 0to 14

Endoscopy Schedule* Days 10 and 14

Endpoints Endoscopy, Colon weight/length, stool score
Day 14 Terminal Collection (all groups): Cecal contents, colon contents, plasma, and colon tissue
FACS analysis collection of Groups 1-4:
Whole blood for the following FACS panel: CD4, CD44, CD45RB, a4, 7, CD16/32
PK N = 3/time points
Sacrifice At pre-dose and 1, 2, and 4 hours post-dosing
(Day 14)

*Animals were dosed once (QD) on Day 14 and plasma collected (K2EDTA) at pre-dosing, 1, 2, and 4 hours post-dosing from n =
3/group/time point. Each collection was terminal.
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Experimental Procedures

Cecal Cannulation

[1156] Animals were placed under isoflurance anesthesia,
and the cecum exposed via a midline incision in the abdo-
men. A small point incision was made in the distal cecum
through which 1-2 cm of the cannula was inserted. The
incision was closed with a purse-string suture using 5-0 silk.
An incision was made in the left abdominal wall through
which the distal end of the cannula was inserted and pushed
subcutaneously to the dorsal aspect of the back. The site was
washed copiously with warmed saline prior to closing the
abdominal wall. A small incision was made in the skin of the
back between the shoulder blades, exposing the tip of the
cannula. The cannula was secured in place using suture,
wound clips, and tissue glue. All animals received 1 mL of
warm sterile saline (subcutaneous injection) and were moni-
tored closely until fully recovered before returning to the
cage. All animals received buprenorphine at 0.6 mg/kg BID
for the first 3 days, and Baytril at 10 mg/kg QD for the first
5 days following surgery.

Disease Induction

[1157] Colitis was induced on day O via addition of 3%
DSS (MP Biomedicals, Cat #0260110) to the drinking water.
Fresh DSS/water solutions were made on day 3 and any of
the remaining original DSS solution was discarded.

Dosing

[1158] Animals were dosed by oral gavage (PO), intrap-
eritoneal injection (IP), or intracecal injection (IC) at a
volume of 0.1 mI./20 g on days O to 14 as indicated in Table
5.1.

Body Weight and Survival

[1159] Animals were observed daily (weight, morbidity,
survival, presence of diarrhea, and/or bloody stool) in order
to assess possible differences among treatment groups and/
or possible toxicity resulting from the treatments.

Animals Found Dead or Moribund

[1160] Animals were monitored on a daily basis and those
exhibiting weight loss greater than 30% were euthanized,
and samples were not collected from these animals.

Endoscopy

[1161] Each mouse underwent video endoscopy on days
10 and 14 using a small animal endoscope (Karl Storz
Endoskope, Germany) under isoflurane anesthesia. During
each endoscopic procedure still images as well as video
were recorded to evaluate the extent of colitis and the
response to treatment. Additionally, we attempted to capture
an image from each animal at the most severe region of
disease identified during endoscopy. Colitis severity was
scored using a 0-4 scale (O=normal; 1=loss of vascularity;
2=loss of vascularity and friability; 3=friability and ero-
sions; 4=ulcerations and bleeding). Additionally, stool con-
sistency was scored during endoscopy using the parameters
defined in Table 5.2.
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TABLE 5.2

Stool Consistency

Score Description
0 Normal, well-formed pellet
1 Loose stool, soft, staying in shape
2 Loose stool, abnormal form with excess moisture
3 Watery or diarrhea
4 Bloody diarrhea

Tissue Blood for FACS

[1162] Tissue and blood were immediately placed in
FACS buffer (1x phosphate-buffered saline (PBS) contain-
ing 2.5% fetal calf serum (FCS)) and analyzed using the
antibody panel in Table 5.3.

TABLE 5.3

FACS Antibody Panel

Antibody Target Fluorochrome Purpose
CD4 APC-Vio770 Defines Ty cells
CD44 VioBlue Memory/Naive
discrimination
CD45RB FITC Memory/Naive
discrimination
a4 APC Defines T -memory
subset of interest
p7 PE Defines Tz-memory
subset of interest
CD16/32 — Fc block
Results
[1163] The data in FIG. 55 show a decrease in weight loss

is observed in DSS mice intracecally administered
cyclosporine A as compared to DSS mice orally adminis-
tered cyclosporine A. The data in FIG. 56 show a decrease
in plasma concentration of cyclosporine A in DSS mice
intracecally administered cyclosporine A as compared to
DSS mice orally administered cyclosporine A. The data in
FIGS. 57-59 show an increased concentration of
cyclosporine A in the colon tissue of DSS mice intracecally
administered cyclosporine A as compared to the concentra-
tion of cyclosporine A in the colon tissue of DSS mice orally
administered cyclosporine A.

[1164] The data in FIG. 60 show that DSS mice intrace-
cally administered cyclosporine A have an increased con-
centration of IL-2 in colon tissue as compared to DSS mice
orally administered cyclosporine A. The data in FIG. 61
show that DSS mice intracecally administered cyclosporine
A have a decreased concentration of IL-6 in colon tissue as
compared to DSS mice orally administered cyclosporine A.
[1165] In sum, these data show that the compositions and
devices provided herein can suppress the local immune
response in the intestine, while having less of a suppressive
effect on the systemic immune response of an animal. For
example, these data demonstrate that the present composi-
tions and devices can be used to release cyclosporine A to
the intestine and that this results in a selective immune
suppression in the colon, while having less of an effect on
the immune system outside of the intestine. These data also
suggest that the present compositions and devices will
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provide for the treatment of colitis and other pro-inflamma-
tory disorders of the intestine.

Example 8. Bellows Testing: Drug Stability Bench
Test

[1166] Experiments were run to evaluate the effects that
bellows material would have on the function of a drug used
as the dispensable substance. The experiments also evalu-
ated the effects on drug function due to shelf life in the
bellows.

[1167] The adalimumab was loaded into simulated device
jigs containing either tapered silicone bellows or smooth
PVC bellows and allowed to incubate for 4, 24, or 336 hours
at room temperature while protected from light. FIG. 64
illustrates the tapered silicone bellows, and FIG. 65 illus-
trates the tapered silicone bellows in the simulated device
jig. FIG. 66 illustrates the smooth PVC bellows, and FIG. 67
illustrates the smooth PVC in the simulated device jig.
[1168] The drug was subsequently extracted using the
respective dispensing systems and tested by a competitive
inhibition assay. The test method has been developed from
the literature (Velayudhan et al., “Demonstration of func-
tional similarity of proposed biosimilar ABP501 to adalim-
umab” BioDrugs 30:339-351 (2016) and Barbeauet et al.,
“Application Note: Screening for inhibitors of TNFa/s
TNFR1 Binding using AlphaScreen™ Technology”. Perki-
nElmer Technical Note ASC-016. (2002)), as well as pre-
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[1170] The drug was extracted as follows: after comple-
tion of the incubation period; the device jig was inverted
such that the dispensing port was positioned over a sterile
collection microfuge tube and petri dish below; five cubic
centimeters of air was drawn into an appropriate syringe; the
lure lock was attached to the device jig; the syringe was used
to gently apply positive pressure to the bellow with air such
that the drug was recovered in the collection microfuge tube;
where possible, a video of drug dispensing was taken;
samples were collected from each bellows type; a control
drug sample was collected by directly dispensing 200 uL of
drug from the commercial dispensing syringe into a sterile
microfuge tube; the control drug-free sample was collected
by directly dispensing 200 pL. of PBS using a sterile pipette
into a sterile microfuge tube; the collected drug was pro-
tected from light; and the drug was diluted over the follow-
ing dilution range (250, 125, 25, 2.5, 0.25, 0.025, 0.0125,
0.0025 pg) in sterile PBS to determine the ICs, range of the
drug.

[1171] To determine any effects storage conditions may
have on drug efficacy in the device, the drug (stored either
in the syringe, silicon bellows, PVC bellows) was stored at
room temperature while protected from light for 24 hours
and 72 hours. Samples were then extracted and the steps in
the preceding paragraph were repeated.

[1172] The Alphal.ISA (LOCI™) test method was used.
Human TNFa standard dilution ranges were prepared as
described in Table 6.

TABLE 6
Vol. of Vol. of [human TNFa]

human TNFa human TNFa In standard curve
Tube (uL) (uL) (g/mL in 5 uL) (pg/mL in 5 pL)
A 10 pL of reconstituted 920 1E-07 100 000

human TNFa
B 60 pL of tube A 140 3E-08 30 000
C 60 pL of tube B 120 1E-08 10 000
D 60 pL of tube C 140 3E-09 3 000
E 60 pL of tube D 120 1E-09 1 000
F 60 pL of tube E 140 3E-10 300
G 60 pL of tube F 120 1E-10 100
H 60 pL of tube G 140 3E-11 30
1 60 pL of tube H 120 1E-11 10
J 60 pL of tube I 140 3E-12 3
K 60 pL of tube T 120 1E-12 1
L 60 pL of tube K 140 3E-13 0.3
M**(background) 0 100 0 0
N**(background) 0 100 0 0
O**(background) 0 100 0 0
P**(background) 0 100 0 0

testing development work using control drug and experi- [1173] The test was performed as follows: the above

ments using the provided Alphal.ISA test kits. FIG. 68
demonstrates the principle of the competition assay per-
formed in the experiment.

[1169] The bellows were loaded as follows: aseptically
wiped the dispensing port of the simulated ingestible device
jig with 70% ethanol; allowed to air dry for one minute; used
an adalimumab delivery syringe to load each set of bellows
with 200 plL of drug; took a photo of the loaded device;
gently rotated the device such that the drug is allowed to
come in contact with all bellows surfaces; protected the
bellows from light; and incubate at room temperature for the
predetermined time period to allow full contact of the drug
with all bellows’ surfaces.

IPR2023-01444

standard dilution ranges were in a separate 96-well plate; to
ensure consistent mixing, samples were mixed up and down
gently with a pipette five times; a 384-well test plate was
prepared according to the test layout diagram depicted Table
7; five microliters of 10,000 pg/mL. TNFa standard from the
previously made dilution plate was added to each corre-
sponding concentration as shown in Table 6; five microliters
of recovered drug (directly from the commercial syringe
(A), from the silicone bellows (B Si), from the PVC bellows
(B PVC), or from the PBS control (C) was added into the
corresponding wells described in Table 5; the test plate was
incubated for one hour at room temperature while protected
from light; 10 microliters of acceptor beads were added to
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each previously accessed well; the wells were incubated for
30 minutes at room temperature while protected from light;
10 pL of biotinylated antibody was added to each previously
accessed well; the wells were incubated for 15 minutes at
room temperature, while protected from light; the room
lights were darkened and 25 microliters of streptavidin (SA)
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donor beads were added to each previously accessed well;
the wells were incubated for 30 minutes at room temperature
while protected from light; the plate was read in Alpha
Mode; and the results were recorded. Upon addition of
reagent(s) in the various steps, each well was pipetted up and
down three times to achieve good mixing.

TABLE 7
1 2 3 4 5 6 7 8
A STD2 STD10 250 250 250 250 250
1.00E+05 10 A A A A A
B
C STD3 STD11 125 125 125 125 125
30000 3 A A A A A
D
E STD4 STD12 25 25 25 25 25
10000 1 A A A A A
F
G STD5 STD13 25 2.5 25 2.5 2.5
3000 0.333 A A A A A
H
I STD6 Blank 0.25 0.25 0.25 0.25 0.25
1000 0 A A A A A
I
K STD7 Blank 0.025 0.025 0.025 0.025 0.025
300 0 A A A A A
L
M STD8 Blank 0.013 0.013 0.013 0.013 0.013
100 0 A A A A A
N
(¢] STD9 Blank 0.003 0.003 0.003 0.003 0.003
30 0 A A A A A
P
9 10 11 12 13
A 250 250 250 250 250
B Si B Si B Si B Si B Si
B
C 125 125 125 125 125
B Si B Si B Si B Si B Si
D
E 25 25 25 25 25
B Si B Si B Si B Si B Si
F
G 2.5 2.5 2.5 2.5 2.5
B Si B Si B Si B Si B Si
H
I 0.25 0.25 0.25 0.25 0.25
B Si B Si B Si B Si B Si
I
K 0.025 0.025 0.025 0.025 0.025
B Si B Si B Si B Si B Si
L
M 0.013 0.013 0.013 0.013 0.013
B Si B Si B Si B Si B Si
N
(¢] 0.003 0.003 0.003 0.003 0.003
B Si B Si B Si B Si B Si
P
14 15 16 17 18
A 250 250 250 250 250
B PVC BPVC B PVC B PVC B PVC
B
C 125 125 125 125 125
B PVC B PVC B PVC B PVC B PVC
D
E 25 25 25 25 25
B PVC B PVC B PVC B PVC B PVC
F
G 2.5 2.5 2.5 2.5 2.5
B PVC B PVC B PVC B PVC B PVC
H
I 0.25 0.25 0.25 0.25 0.25
B PVC B PVC B PVC B PVC B PVC
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TABLE 7-continued
J
K 0.025 0.025 0.025 0.025 0.025
B PVC B PVC B PVC B PVC B PVC
L
M 0.013 0.013 0.013 0.013 0.013
B PVC B PVC B PVC B PVC B PVC
N
o) 0.003 0.003 0.003 0.003 0.003
B PVC B PVC B PVC B PVC B PVC
P
19 20 21 22 23
A 250 250 250 250 250
C C ¢ ¢ ¢
B
C 125 125 125 125 125
C C C ¢ C
D
E 25 25 25 25 25
C C C C C
F
G 25 25 25 2.5 2.5
C C C ¢ C
H
I 0.25 0.25 0.25 0.25 0.25
C C C ¢ ¢
7
K 0.025 0.025 0.025 0.025 0.025
C C C C C
L
M 0.013 0.013 0.013 0.013 0.013
¢ ¢ C ¢ ¢
N
o) 0.003 0.003 0.003 0.003 0.003
C C C C C
P
[1174] The data are shown in FIGS. 69-71. The data TABLE 9
demonstrate that the bellows do not negatively impact the
drug function after shelf lives of 4 hours, 24 hours, or 336 Statistics (Student’s Ttest, 2 tailed, non-
. pair-wise, for significance p < 0.05)
hours. The IC,, values of the drug dispensed from the
bellows were comparable to the ICy,, values of the standard Drug Needle control (A) ~ Needle control (A)  Silicone
dispensation method (Table 6). A slight right shift was noted (micrograms) vs. Silicone (B) vs. PVC vs. PVC
in the bellows curves after 24 hours (FIG. 70), but this shift 0.0001 0.911 0.008%* 0.268
was well within the error bars of the curves. Tables 8-11 0.0025 0.138 0.390 0.822
represent data of FIGS. 69-71, respectively. Of note, when 8'8%5 8'}‘25 8"11162 8'3%*
comparing mean (n=5) RFU dgta betwgen test articles over 0.25 0.591 0.984 0.350
the concentration ranges significant differences (p<0.05) 2.5 0.243 0.124 0.169
were discerned. However, these significant differences did 125 0.867 0.688 0.182
. . . . 250 0.681 0.184 0.108
not favor either test article over time, suggesting that they
were not related to the performance of the material in *p < 0.5 data set
response to the drug (FIGS. 69-71).
TABLE 8 TABLE 10
Statistics (Student’s T-test, 2 tailed, non-
Needle control  Silicone Bellows  PVC Bellows pair-wise, for significance p < 0.03)
rug eedle contro eedle contro! 1icone
A) ®) © D: Needl 1 (A)  Needl 1 (A) sili
(micrograms) vs. Silicone (B) vs. PVC vs. PVC
4 Hours 0.0174 0.0169 0.0172 0.0001 0.132 0.038% 0.292
24 Hours 0.0180 0.0180 0.0180 0.0025 0.003* 0.076 0.575
0.0125 0.161 0.022% 0.783
336 Hours 0.0144 0.0159 0.0163 0,025 0,058 0078 0.538
0.25 0.974 0.384 0.198
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TABLE 10-continued

Statistics (Student’s T-test, 2 tailed, non-
pair-wise, for significance p < 0.05)

135

Aug. 20, 2020

1-3) served as no-disease controls (Groups 1-3). All animals
were weighed daily and assessed visually for the presence of
diarrhea and/or bloody stool during this time.

[1178] Animals were dosed with test-article via oral gav-

Drug Needle control (A)  Needle control (A)  Silicone age (PO) or intracecal injection (IC) once on Day 9 as
(micrograms) vs. Silicone (B) vs. PVC vs. PVC indicated in Table 12. The animals in Group 0 were not
dosed. The animals in Groups 2 and 4 were dosed PO with
25 0.714 0.080 0.017* . . .
SMAD7 antisense. The animals in Groups 3 and 5 were
125 0.873 0.731 0.269 dosed IC with SMAD? anti
250 0.798 0956 0.903 0s& w1 antisense.
[1179] All animals were euthanized by CO, inhalation 12
"p < 05 data set hours after dosing, on Day 10. Terminal blood was collected
into two K,EDTA tubes and processed for plasma. Both
plasma and pellet samples were snap-frozen in liquid nitro-
TABLE 11 5
gen and stored at -80° C. Cecum contents were removed and
Statistics (Student’s T-test, 2 tailed, non- the contents were split into two aliquots. Both aliquots were
pair-wise, for significance p < 0.05) weighed and snap frozen in separate cryovials in liquid
. nitrogen. The cecum was excised and bisected longitudi-
Drug Needle control (A) Needle control (A)  Silicone . . . .
(micrograms) vs. Silicone (B) ve. PVC vs. PVC nally; each piece is separately weighed and flash-frozen in
liquid nitrogen. The colon contents were removed and the
8-882; 8-3;3‘3“7‘3 8-8;828‘;* 8-812‘7“6“7‘: contents were split into two aliquots. Both aliquots were
0.0125 0.469782 0057232 0117194 Welghed and snap frozen in separate cryovials in hguld
0.025 0.02758% 0.078234 0.373419 nitrogen. The colon was then rinsed, and the most proximal
0.25 0.411548 0.258928 0.400498 2 cm of colon was collected. This 2-cm portion was bisected
12?5 g-;ggiig géi 2%‘2‘ 8-223;;2* longitudinally; each piece was separately weighed and flash-
250 0.485046 0.128993 0705543 frozen in liquid nitrogen. Snap-frozen blood pellet, cecuny/
colon contents, and tissue samples were used for down-
*p < 0.5 data set stream fluorometry or RP-HPLC. The details of the study
design are shown in Table 12.
TABLE 12
Study design
Terminal
No Cecal Colitis Collections
Group Animals Cannula Induction Treatment  Route Schedule Day 10
1 6 NO — — — — Whole blood,
2 6 NO Fluorescently PO QD plasma, cecal
labeled Day 9**  contents, colon
3 6 YES SMAD7 1C contents, cecal
4 6 NO 3% DSS antisense PO tissue, colon
5 6 YES Days 0-5 50 ng* IC tissue

*Per mouse. TA is administered in 0.075 mL/animal.
**Animals are dosed on Day 9 and collections are performed 12 hours later.

Example 9. A Comparison Study of Systemic Vs
Intracecal Delivery of SMAD7 Bio-Distribution in
DSS-Induced Colitis in Male C57B1/6 Mice

[1175] The objective of this study was to compare the
efficacy of novel test articles, e.g., fluorescent SMAD7
antisense oligonucleotides (SMAD7 AS), when dosed sys-
temically versus intracecally in the treatment of DSS-in-
duced colitis, in male C57B1/6 mice.

Experimental Design

[1176] A minimum of 10 days prior to the start of the
experiment a cohort of animals underwent surgical implan-
tation of a cecal cannula. A sufficient number of animals
underwent implantation to allow for 12 cannulated animals
to be enrolled in the main study (i.e., 16 animals).

[1177] Colitis was induced in 12 male C57B1/6 mice
(Groups 4-5) by exposure to 3% DSS-treated drinking water
from Day 0 to Day 5. Three groups of six additional animals
per group (n=6 cannulated; n=12 non-cannulated; Groups

IPR2023-01444

Materials and Methods

Mice

[1180] Normal male C57B1/6 mice between the ages of
6-8 weeks old, weighing 20-24 g, were obtained from
Charles River Laboratories. The mice were randomized into
five groups of six mice each, and housed in groups of 8-15
per cage, and acclimatized for at least three days prior to
entering the study. Animal rooms were set to maintain a
minimum of 12 to 15 air changes per hour, with an automatic
timer for a light/dark cycle of 12 hours on/off, and fed with
Labdiet 5053 sterile rodent chow, with water administered
ad libitum.

Cecal Cannulation

[1181] The animals were placed under isoflurane anesthe-
sia, with the cecum exposed via a midline incision in the
abdomen. A small point incision was made in the distal
cecum, where 1-2 c¢cm of the cannula was inserted. The
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incision was closed with a purse string suture using 5-0 silk.
An incision was then made in the left abdominal wall
through which the distal end of the cannula was inserted and
pushed subcutaneously to the dorsal aspect of the back. The
site was then washed copiously with warmed saline prior to
closing the abdominal wall. A small incision was also made
in the skin of the back between the shoulder blades, expos-
ing the tip of the cannula. The cannula was secured in place
using suture, wound clips, and tissue glue. All animals were
administered 1 ml, of warm sterile saline (subcutaneous
injection) and were monitored closely until recovery before
returning to their cage. All animals were administered 0.6
mg/kg BID buprenorphine for the first 3 days, and Baytril®
at 10 mg/Kg every day for the first 5 days post-surgery.

Disease Induction

[1182] Colitis was induced on Day 0 via addition of 3%
DSS (MP Biomedicals, Cat #0260110) to the drinking water.
Fresh DSS/water solutions was provided on Day 3 and any
of the remaining original DSS solution is discarded.

Body Weight and Survival

[1183] Animals were observed daily (weight, morbidity,
survival, presence of diarrhea and/or bloody stool) in order
to assess possible differences among treatment groups and/
or possible toxicity resulting from the treatments.

Animals Found Dead or Moribund

[1184] Animals were monitored on a daily basis. Animals
exhibiting weight loss greater than 30% were euthanized,
and samples were not collected from these animals.

Dosing

[1185] Animals were dosed with test-article via oral gav-
age (PO) or intracecal injection (IC) once on Day 9 as
indicated in Table 12. Animals in Group 0 were not dosed.
Animals in Groups 2 and 4 were dosed PO with SMAD7
antisense. Animals in Groups 3 and 5 were dosed IC with
SMAD?7 antisense.

Sacrifice

[1186] All animals were euthanized by CO, inhalation 12
hours after dosing, on Day 10.

Sample Collection

[1187] Intestinal contents, peripheral blood and tissue
were collected at sacrifice on Day 10, as follows:

Blood Plasma

[1188] Terminal blood was collected into two K,EDTA
tubes and processed for plasma. The approximate volume of
each blood sample was recorded prior to centrifugation.
Both plasma and pellet samples were snap-frozen in liquid
nitrogen and stored at -80° C. The first pellet sample
(sample 1) was used for fluorometry. The second pellet
sample (sample 2) was used for RP-HPLC.

Cecum Contents

[1189] Cecum contents was removed and contents were
split into two aliquots. Both aliquots were weighed and snap
frozen in separate cryovials in liquid nitrogen. The first
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sample (sample 1) was used for fluorometry. The second
sample (sample 2) was used for RP-HPLC.

Cecum

[1190] The cecum was excised and bisected longitudi-
nally; each piece was separately weighed and snap-frozen.
The first sample (sample 1) was used for fluorometry. The
second sample (sample 2) was used for RP-HPLC.

Colon Contents

[1191] Colon contents were removed and contents were
split into two aliquots. Both aliquots were weighed and snap
frozen in separate cryovials in liquid nitrogen. The first
sample (sample 1) was used for fluorometry. The second
sample (sample 2) was used for RP-HPLC.

Colon

[1192] The colon was rinsed, and the most proximal 2 cm
of colon was collected and bisected longitudinally. Each
piece was separately weighed and flash-frozen in liquid
nitrogen. The first sample (sample 1) was used for fluorom-
etry. The second sample (sample 2) was used for RP-HPLC.

SMAD7 Antisense Bioanalysis

[1193] Samples flash-frozen for fluorometry were homog-
enized in 0.5 mL buffer RLT+(Qiagen). Homogenate was
centrifuged (4000xg; 10 minutes), and supernatant was
collected. Forty microliters of the sample was diluted 1:6 in
200 ul. of bicarbonate solution and 100 pl. of diluted
supernatant was analyzed on a fluorescent plate reader (485
excitation; 535 emission) in duplicate.

[1194] Prior to the above, assay development was per-
formed as follows. Samples (as indicated in Sample Col-
lection) were harvested from a naive animal and flash-
frozen. Samples were then homogenized in 0.5 mL buffer
RLT+, homogenate was centrifuged (4000xg; 10 minutes)
and supernatant was collected and diluted 1:6 with bicar-
bonate solution (i.e., 0.5 mL supernatant was added to 2.5
mL of PBS). An aliquot (0.200 mL (90 uL for each dupli-
cate) of each diluted sample was pipetted into 15 (14 dilution
of FAM-AS-SAMD?7+ blank control) Eppendorf tubes. One
tube was set-aside to be used as a blank sample. Ten
microliters of fluorescently-labeled SMAD?7 antisense was
then spiked into all other sample to achieve final concen-
trations of 50 pg/ml, 16.67 pg/ml, 5.56 pg/ml, 1.85
pg/ml, 0.62 pg/ml, 021 pg/ml, 0.069 pg/mL, 0.023
ng/ml., 7.6 ng/mL, 2.5 ng/ml, 0.847 ng/mL, 0.282 ng/mL,
0.094 ng/mL, and 0.024 ng/mL respectively. The fluores-
cently-labeled SMAD?7 antisense was prepared and serially
diluted such that the volume added to each organ homoge-
nate sample was the same for each of the above concentra-
tions. These samples were analyzed on a fluorescent plate
reader (485 excitation; 535 emission) in duplicate.

Processing for RP-HPLC

[1195] Samples flash-frozen for RP-HPLC were homog-
enized in buffer RLT+(Qiagen). Homogenate was centri-
fuged (4000xg; 10 minutes), and supernatant was used to
perform RP-HPLC analysis.
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Results

[1196] The data in FIGS. 73 and 74 show that significantly
more SMAD7 antisense oligonucleotide was present in
cecum tissue and colon tissue for mice with or without DSS
treatment that were intra-cecally administered the SMAD7
antisense oligonucleotide as compared to mice with or
without DSS treatment that were orally administered the
SMAD7 antisense oligonucleotide. The data in FIG. 75
show that there is about the same level of SMAD?7 antisense
oligonucleotide in the cecum contents of mice with or
without DSS treatment that were orally or intra-cecally
administered the SMAD7 antisense oligonucleotide. No
SMAD7 antisense oligonucleotide was found in the plasma
or white blood cell pellet of SMAD7 antisense oligonucle-
otide treated mice.

Example 10. Comparison of the Tissue, Plasma,

and GI Content Pharmacokinetics of Tacrolimus

Through Oral Vs. Intra-Cecal Ingestible Device
Delivery in Yorkshire-Cross Farm Swine

[1197] The primary objective of this study was to compare
the tissue, plasma, rectal sample, and GI content pharma-

cokinetics of tacrolimus through oral versus intra-cecal
ingestible device delivery in normal Yorkshire-Cross farm
swine.

[1198] This study compares the effects of administration
of: a single intra-cecal administration of an ingestible device
containing 0.8 mL sterile vehicle solution (80% alcohol,
20% castor oil (HCO-60)); a single oral dose of tacrolimus
at 4 mg/0.8 mL (in sterile vehicle solution); and a single
intra-cecal administration of an ingestible device containing
either 1 mg/0.8 mL (in sterile vehicle solution), 2 mg/0.8 mL
(in sterile vehicle solution), or 4 mg/0.8 mL (in sterile
vehicle solution).

[1199] This study employed five groups of three female
swine weighing approximately 45 to 50 kg at study start.
Swine were randomly placed into animal rooms/pens as they
are transferred from the delivery vehicle without regard to
group. Group numbers were assigned to the rooms in order
of room number. No further randomization procedure was
employed. The study design is provided in Table 13.

TABLE 13

Study Design Table

Group Days Pre-Dose Hours Post-dose
General size Dose Route -1 -10 -5 -1 1 05 1 2 3 4 6 12
Fast . .
Food/Water ad libidum . . L I D .
Observations—
clinical observations Day -10~-5 & . . L I D .
Day 1
body weight* . . . .
Treatments (Groups)
1. Vehicle control n=3 0.8 mL 1C
(20% HCO-60,
80% EtOH)
Surgical placement of IC port** .
Euthanized (1 Ingestible Device) n=3
2. Tacrolimus (PO) n=3 4mgin 0.8 mL  Oral .
Surgical placement of IC port** 0.08 mg/kg .
Euthanized (solution) n=3
3. Tacrolimus (IC) n=3 1mgin 08 mL IC .
Surgical placement of IC port** 0.02 mg/kg .
Euthanized (1 Ingestible Device) n=3
4. Tacrolimus (IC) n=3 2mgin 0.8 mL. IC .
Surgical placement of IC port** 0.04 mg/kg .
Euthanized (1 Ingestible Device) n=3
5. Tacrolimus (IC) n=3 4mgin 08 mL IC .
Surgical placement of IC port** 0.08 mg/kg .
Euthanized (1 Ingestible Device) n=3
Tacrolimus (required) 20 mg
Samples****
Plasma cephalic, . e+ o e . .
Jugular or
catheter
Rectal contents rectal . . . .
Tissue*** x5 necropsy .
Luminal contents**** x5 necropsy .
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TABLE 13-continued

Study Design Table

Group Days Pre-Dose Hours Post-dose
General size Dose Route -1 -10 -5 -1 1 05 1 2 3 4 6 12
Total
Analysis (Agrilux Charles River) Samples
Plasma
[Tacrolimus] 105 15 15 15 15 15 15 15
Rectal contents
[Tacrolimus] 60 15 15 15 15
Tissue (intact)***
[Tacrolimus] 105 105
Luminal contents
[Tacrolimus] 75 75
Tissue after removing luminal content
[Tacrolimus] 75 75

Notes:
*Animal weight was ~45-50 kg for drug doses proposed.
**Surgical placement of IC port in all animals to control.

***Tissue samples [drug] (five GI section cecum (CAC); proximal colon (PCN); transverse colon (TCN); distal colon (DCN); rectum (RTM), plus mesenteric lymph nodes and Peyer’s

Patch).

##*+Luminal contents (cecum (CAC); proximal colon (PCN); transverse colon (TCN); distal colon (DCN); rectum (RTM)).

[1200] Animals in Group 1 received an ingestible device
containing 0.8 mL of vehicle solution (80% alcohol, 20%
HCO-60). Animals in Group 2 received orally 4 mL liquid
formulation of tacrolimus at 4 mg/0.8 mL per animal (Pro-
graf: 5 mg/mL). Animals in Group 3 received intra-cecally
an ingestible device containing tacrolimus at 1 mg in 0.8 mL
per ingestible device. Animals in Group 4 received intra-
cecally an ingestible device containing tacrolimus at 2 mg in
0.8 mL per ingestible device. Animals in Group 5 received
intra-cecally an ingestible device containing tacrolimus at 4
mg in 0.8 mL per ingestible device. To control for potential
confounding effects of the surgery, all groups fast on Day
-11 at least 24 hr before being subjected to anesthesia
followed by surgical placements of a cecal port by a veteri-
nary surgeon at Day —10. All animals were fasted for at least
12 hr prior to dosing on Day 1. Animals were dosed via
either intra-cecal dosing (IC) or oral dosing (PO) at Day 1
(between 6-8 p.m.). All animals resumed feeding at approxi-
mately 4 hours after dose (11-12 p.m. after dosing).

[1201] Animals in Group 1 (Vehicle Control) were admin-
istered a single intra-cecal ingestible device containing 0.8
mlL Vehicle solution (80% alcohol, 20% castor oil (HCO-60)
on Day 1. On Day -10 the animals were anesthetized, and
a veterinary surgeon surgically placed an intra-cecal port in
each animal. On Day 1, each animal was placed into a sling
then a single intra-cecal ingestible device containing 0.8 mL
vehicle solution (80% alcohol, 20% castor oil (HCO-60)) is
introduced by the veterinary surgeon into the cecum via the
cecal port in each animal. Following ingestible device
placement, the animals were removed from the slings and
placed back into their pens with water. All animals resumed
feeding at approximately 4 hours after dose. Samples of
rectal contents were collected for pharmacokinetic analyses
from each animal at each of 1, 3, 6, and 12 hours post-
ingestible device placement using a fecal swab (rectal swab).
A total of 60 samples were collected.
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[1202] Approximately 200~400 mg of rectal content were
collected, if available, with a fecal swab (Copan Diagnostics
Nylon Flocked Dry Swabs, 502CS01). The fecal swab was
pre-weighed and weighed after collection in the collection
tube (Sterile Tube and Cap No Media, PFPM913S), and the
sample weight was recorded. The fecal swab was broken via
the breakpoint, and was stored in the collection tube, and
immediately frozen at -70° C. Whole blood (2 mL) was
collected into K,EDTA coated tubes for pharmacokinetics at
each time-point of pre-dose and 1, 2, 3, 4, 6 and 12 hours
post-dose. Immediately following euthanasia, tissue was
collected. A total of 105 samples were collected.

[1203] For tissue necropsy, small intestine fluid and cecal
fluid were collected separately from all the animals into two
separate square plastic bottles, and stored at -20° C. The
length and diameter of the cecum and the colon was mea-
sured from one animal in each group and recorded for
reference. Tissues were collected for pharmacokinetic analy-
ses and include mesenteric lymph nodes, a Peyer’s Patch,
and five gastrointestinal sections, including cecum, proximal
colon, transverse colon, distal colon, and rectum. All
samples were weighed, and the tissue sample weights were
recorded. In each of the five gastrointestinal sections, tissue
samples were collected in three different areas where the
mucosal surface was visible and not covered by luminal
content by using an 8.0-mm punch biopsy tool. Around 3
grams of the total punched sample were collected into a
pre-weighed 15-mL conical tube, and the tissue weight was
recorded. Three mesenteric lymph nodes were collected
from different areas and weighed. At least one Peyer’s Patch
was collected and weighed. Tissues were snap-frozen in
liquid nitrogen and stored frozen at approximately —70° C.
or below (total of 105 samples).

[1204] Luminal contents were collected for pharmacoki-
netic analyses from the surface of the tissue from each of
five gastrointestinal sections: cecum, proximal colon, trans-
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verse colon, distal colon, and rectum (total of 75). The
contents were collected in pre-weighed 15-mL conical tubes
and the sample weights were recorded. Samples were snap-
frozen in liquid nitrogen stored frozen at approximately
=70° C. or below.

[1205] After removing the luminal content, another set of
tissue samples from 3 different areas were collected via an
8.0-mm punch biopsy in each section of the five tissue
gastrointestinal sections described above. Around 3 grams of
the total punched sample were collected into a pre-weighed
15-mL conical tube, and the tissue weight was recorded
(total of 75). Tissues were snap-frozen in liquid nitrogen and
stored frozen at approximately —70° C. or below.

[1206] A 30-cm length of jejunum (separated into two 15
cm lengths), and the remaining distal and transverse colon
tissue sample (after tissue and luminal content were col-
lected for PK) were collected in one animal in each group of
treatment, snap-frozen in liquid nitrogen and stored frozen at
approximately —70° C. or below. All samples for pharma-
cokinetic analyses were stored on dry ice before analyses.
[1207] Group 2 animals were administered a single oral
dose of tacrolimus at 1 mg/0.8 mL (in the vehicle solution)
on Day 1. Plasma, rectal content sample, tissue collection,
GI content collection and related procedures/storage/ship-
ments was the same as those employed in Group 1.

[1208] Group 3 animals were administered a single intra-
cecal ingestible device containing tacrolimus at 0.5 mg/0.8
mL (in the vehicle solution) on Day 1 by a veterinary
surgeon. Plasma, rectal content sample, tissue collection, GI
content collection and related procedures/storage/shipments
was the same as those employed in Group 1. All samples
were analyzed for tacrolimus.

[1209] Group 4 animals were administered a single intra-
cecal ingestible device of tacrolimus at 2 mg/0.8 mL (in
sterile vehicle solution) on Day 1 by a veterinary surgeon.
Plasma, rectal content sample, tissue collection, GI content
collection and related procedures/storage/shipments were
the same as those employed in Group 1. All samples were
analyzed for tacrolimus.

[1210] Group 5 animals are administered a single intra-
cecal ingestible device containing tacrolimus at 4 mg/0.8
mL (in the vehicle solution) on Day 1 by a veterinary
surgeon. Plasma, rectal content sample, tissue collection, GI
content collection and related procedures/storage/shipments
were the same as those employed in Group 1. All samples
were analyzed for tacrolimus.

[1211] Detailed clinical observations were conducted
daily from Day -10 to -5, and on Day 1. Additional pen-side
observations were conducted at least once each day. The
animals remained under constant clinical observation for the
entire 12 hours from dose until euthanasia. Body weights
were collected on Day -10, Day -5, and pre-dose on Day 1.
Animals were euthanized via injection of a veterinarian-
approved euthanasia.

Test Article and Formulation

[1212] 1. Vehicle solution, 20 mL

[1213] Description: 80% alcohol, 20% PEG-60 castor oil
Physical characteristics: clear liquid solution.

2. Prograf (tacrolimus injection), 10 ampules

Description: A sterile solution containing the equivalent of 5
mg anhydrous tacrolimus in 1 mL. Tacrolimus is macrolide
immunosuppressant and the active ingredient of Prograf 0.8
mL of Prograf (5 mg/mL) was administrated through oral
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gavage per animal in group 2. Prograf (5 mg/ml) was
diluted 2x folds (2.5 mg/mL) and 4x folds (1.25 mg/mL) by
using vehicle solution. 0.8 mL of each concentration, 1.25
mg/mL, 2.5 mg/ml, and 5 mg/mL of Prograf, was injected
into a DSS ingestible device for group 3, 4, and 5.
Formulation: Each mL contained polyoxyl 60 hydrogenated
castor oil (HCO-60), 200 mg, and dehydrated alcohol, USP,
80.0% v/v.

Physical characteristics: clear liquid solution.

3. DDS ingestible device containing Tacrolimus
Description: Three (3) DDS ingestible devices containing
vehicle solution for Group 1, three (3) DSS ingestible
devices containing 1 mg tacrolimus for Group 3, three (3)
DDS ingestible devices containing 2 mg tacrolimus for
Group 4, and three (3) DDS ingestible devices containing 4
mg tacrolimus for Group 5.

Acclimation

[1214] Animals were acclimated prior to study initiation
for at least 7 days. Animals in obvious poor health were not
placed on study.

Concurrent Medication

[1215] Other than veterinary-approved anesthetics and
medications used during surgery to install the ileocecal
ports, or for vehicle or test article administration, and
analgesia and antibiotics post-surgery, no further medica-
tions were employed.

Feed

[1216] All swine were fasted at least 24 hours before being
anesthetized and properly medicated for surgery or over-
night before dosing. Otherwise, animals were fed ad-libi-
tum. Tap water was pressure-reduced and passed through a
particulate filter, then a carbon filter prior to supply to an
automatic watering system. Water was supplied ad libitum.
There were no known contaminants in the feed or water that
would be expected to interfere with this study.

Results

[1217] The data in FIG. 76 show that the mean concen-
tration of tacrolimus in the cecum tissue and the proximate
colon tissue were higher in swine that were inta-cecally
administered tacrolimus as compared to swine that were
orally administered tacrolimus. These data suggest that
intra-cecal administration of tacrolimus is able to locally
deliver tacrolimus to the tissues in the GI tract of a mammal,
while not decreasing the systemic immune system of a
mammal.

Example 11. Comparison of the Tissue, Plasma,
and GI Content Pharmacokinetics of Adalimumab
Through SC Vs. Intra-Cecal Ingestible Device
Delivery in Yorkshire-Cross Farm Swine in
DSS-Induced Colitis

[1218] The purpose of this non-Good Laboratory Practice
(GLP) study is to explore the PK/PD and bioavailability of
adalimumab when applied to DSS-induced colitis in York-
shire-cross farm swine. All animals are randomized into
groups of three. Animals are dosed once with adalimumab
via subcutaneous (SC), perirectal (PR), or intracecal (IC)
administration.
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[1219] The concentration of adalimumab and TNFa. is
measured in plasma at 1, 2, 3, 4, 6, and 12 hours post-dose.
The concentration of adalimumab is measured in rectal
contents at 1, 3, 6, and 12 hours post-dose and in luminal
content at 12 hours post-dose. Concentration of adalimumab
and TNFa, HER2, and total protein is measured in gastro-
intestinal tissue, e.g., cecum sample (CAC), proximal colon
sample (PCN), transverse colon sample (TCN), distal colon
sample (DCNi) inflamed, distal colon non-inflamed sample
(DCNn), and rectum sample (RTM), at 12 hours post-dose.

Example 12. Human Clinical Trial of Treatment of
Ulcerative Colitis Using Adalimumab

[1220] As a proof of concept, the patient population of this
study is patients that (1) have moderate to severe ulcerative
colitis, regardless of extent, and (2) have had an insufficient
response to a previous treatment, e.g., a conventional
therapy (e.g., 5-ASA, corticosteroid, and/or immunosup-
pressant) or a FDA-approved treatment. In this placebo-
controlled eight-week study, patients are randomized. All
patient undergo a colonoscopy at the start of the study
(baseline) and at week 8. Patients enrolled in the study are
assessed for clinical status of disease by stool frequency,
rectal bleeding, abdominal pain, physician’s global assess-
ment, and biomarker levels such as fecal calprotectin and
hsCRP. The primary endpoint is a shift in endoscopy scores
from Baseline to Week 8. Secondary and exploratory end-
points include safety and tolerability, change in rectal bleed-
ing score, change in abdominal pain score, change in stool
frequency, change in partial Mayo score, change in Mayo
score, proportion of subjects achieving endoscopy remis-
sion, proportion of subjects achieving clinical remission,
change in histology score, change in biomarkers of disease
such as fecal calprotectin and hsCRP, level of adalimumab
in the blood/tissue/stool, change in cytokine levels (e.g.,
TNFa, IL-6) in the blood and tissue.

[1221] FIG. 72 describes an exemplary process of what
would occur in clinical practice, and when, where, and how
the ingestible device will be used. Briefly, a patient displays
symptoms of ulcerative colitis, including but not limited to:
diarrhea, bloody stool, abdominal pain, high c-reactive
protein (CRP), and/or high fecal calprotectin. A patient may
or may not have undergone a colonoscopy with diagnosis of
ulcerative colitis at this time. The patient’s primary care
physician refers the patient. The patient undergoes a
colonoscopy with a biopsy, CT scan, and/or MRI. Based on
this testing, the patient is diagnosed with ulcerative colitis.
Most patients are diagnosed with ulcerative colitis by
colonoscopy with biopsy. The severity based on clinical
symptoms and endoscopic appearance, and the extent, based
on the area of involvement on colonoscopy with or without
CT/MRI is documented. Treatment is determined based on
diagnosis, severity and extent.

[1222] For example, treatment for a patient that is diag-
nosed with ulcerative colitis is an ingestible device pro-
grammed to release a single bolus of a therapeutic agent,
e.g., 40 mg adalimumab, in the cecum or proximal to the
cecum. Prior to administration of the treatment, the patient
is fasted overnight and is allowed to drink clear fluids. Four
hours after swallowing the ingestible device, the patient can
resume a normal diet. An ingestible device is swallowed at
the same time each day. The ingestible device is not recov-
ered.
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[1223] In some embodiments, there may be two different
ingestible devices: one including an induction dose (first 8 to
12 weeks) and a different ingestible device including a
different dose or a different dosing interval.

[1224] In some examples, the ingestible device can
include a mapping tool, which can be used after 8 to 12
weeks of induction therapy, to assess the response status
(e.g., based on one or more of the following: drug level, drug
antibody level, biomarker level, and mucosal healing status).
Depending on the response status determined by the map-
ping tool, a subject may continue to receive an induction
regimen or maintenance regimen of adalimumab.

[1225] In different clinical studies, the patients may be
diagnosed with Crohn’s disease and the ingestible devices
(including adalimumab) can be programmed to release
adalimumab in the cecum, or in both the cecum and trans-
verse colon.

[1226] In different clinical studies, the patients may be
diagnosed with illeocolonic Crohn’s disease and the ingest-
ible devices (including adalimumab) can be programmed to
release adalimumab in the late jejunum or in the jejunum and
transverse colon.

Example 13

[1227] An ingestible medical device according to the
disclosure (“TLC1”’) was tested on 20 subjects to investigate
its localization ability. TLC1 was a biocompatible polycar-
bonate ingestible device that contained a power supply,
electronics and software. An onboard software algorithm
used time, temperature and reflected light spectral data to
determine the location of the ingestible device as it traveled
the GI tract. The ingestible device is 0.51x1.22 inches which
is larger than a vitamin pill which is 0.4x0.85 inches. The
subjects fasted overnight before participating in the study.
Computerized tomography (“CT”) were used as a basis for
determining the accuracy of the localization data collected
with TLC1. One of the 20 subjects did not follow the fasting
rule. CT data was lacking for another one of the 20 subjects.
Thus, these two subjects were excluded from further analy-
sis. TLC1 sampled RGB data (radially transmitted) every 15
seconds for the first 14 hours after it entered the subject’s
stomach, and then samples every five minutes after that until
battery dies. TLC1 did not start to record optical data until
it reached the subject’s stomach. Thus, there was no RGB-
based data for the mouth-esophagus transition for any of the
subjects.

[1228] In addition, a PillCam® SB (Given Imaging)
device was tested on 57 subjects. The subjects fasted over-
night before joining the study. PillCam videos were recorded
within each subject. The sampling frequency of PillCam is
velocity dependent. The faster PillCam travels, the faster it
would sample data. Each video is about seven to eight hours
long, starting from when the ingestible device was admin-
istrated into the subject’s mouth. RGB optical data were
recorded in a table. A physician provided notes on where
stomach-duodenum transition and ileum-cecum transition
occurred in each video. Computerized tomography (“CT”)
was used as a basis for determining the accuracy of the
localization data collected with PillCam.

Esophagus-Stomach Transition

[1229] For TLC1, it was assumed that this transition
occurred one minute after the patient ingested the device.
For PillCam, the algorithm was as follows:
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[1230] 1. Start mouth-esophagus transition detection
after ingestible device is activated/administrated
[1231] 2. Check whether Green <102.3 and Blue <94.6
[1232] a. If yes, mark as mouth-esophagus transition
[1233] b. If no, continue to scan the data
[1234] 3. After detecting mouth-esophagus transition,
continue to monitor Green and Blue signals for another
30 seconds, in case of location reversal
[1235] a. Ifeither Green>110.1 or Blue >105.5, mark
it as mouth-esophagus location reversal
[1236] b. Reset the mouth-esophagus flag and loop
through step 2 and 3 until the confirmed mouth-
esophagus transition detected
[1237] 4. Add one minute to the confirmed mouth-
esophagus transition and mark it as esophagus-stomach
transition
[1238] For one of the PillCam subjects, there was not a
clear cut difference between the esophagus and stomach, so
this subject was excluded from future analysis of stomach
localization. Among the 56 valid subjects, 54 of them have
correct esophagus-stomach transition localization. The total
agreement is 54/56=96%. Each of the two failed cases had
prolonged esophageal of greater than one minute. Thus,
adding one minute to mouth-esophagus transition was not
enough to cover the transition in esophagus for these two
subjects.

Stomach-Duodenum

[1239] For both TLC1 and PillCam, a sliding window
analysis was used. The algorithm used a dumbbell shape
two-sliding-window approach with a two-minute gap
between the front (first) and back (second) windows. The
two-minute gap was designed, at least in part, to skip the
rapid transition from stomach to small intestine and capture
the small intestine signal after ingestible device settles down
in small intestine. The algorithm was as follows:
[1240] 1. Start to check for stomach-duodenum transi-
tion after ingestible device enters stomach
[1241] 2. Setup the two windows (front and back)
[1242] a. Time length of each window: 3 minutes for
TLC1; 30 seconds for PillCam
[1243] b. Time gap between two windows: 2 minutes
for both devices
[1244] c. Window sliding step size: 0.5 minute for
both devices
[1245] 3. Compare signals in the two sliding windows
[1246] a. If difference in mean is higher than 3 times
the standard deviation of Green/Blue signal in the
back window
[1247] 1. If this is the first time ever, record the
mean and standard deviation of signals in the back
window as stomach reference
[1248] 1ii. If mean signal in the front window is
higher than stomach reference signal by a certain
threshold (0.3 for TLC1 and 0.18 for PillCam),
mark this as a possible stomach-duodenum tran-
sition
[1249] b. If a possible pyloric transition is detected,
continue to scan for another 10 minutes in case of false
positive flag
[1250] i. If within this 10 minutes, location reversal is
detected, the previous pyloric transition flag is a false
positive flag. Clear the flag and continue to check
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[1251] ii. If no location reversal has been identified
within 10 minutes following the possible pyloric
transition flag, mark it as a confirmed pyloric tran-
sition

[1252] c. Continue monitoring Green/Blue data for
another 2 hours after the confirmed pyloric transition,
in case of location reversal

[1253] i. If a location reversal is identified, flag the
timestamp when reversal happened and then repeat
steps a-c to look for the next pyloric transition

[1254] ii. If the ingestible device has not gone back to
stomach 2 hours after previously confirmed pyloric
transition, stops location reversal monitoring and
assume the ingestible device would stay in intestinal
area

[1255] For TLC1, one of the 18 subjects had too few
samples (<3 minutes) taken in the stomach due to the
delayed esophagus-stomach transition identification by pre-
viously developed localization algorithm. Thus, this subject
was excluded from the stomach-duodenum transition algo-
rithm test. For the rest of the TLC1 subjects, CT images
confirmed that the detected pyloric transitions for all the
subjects were located somewhere between stomach and
jejunum. Two out of the 17 subjects showed that the ingest-
ible device went back to stomach after first the first stomach-
duodenum transition. The total agreement between the
TLCI1 algorithm detection and CT scans was 17/17=100%.
[1256] For one of the PillCam subjects, the ingestible
device stayed in the subject’s stomach all the time before the
video ended. For another two of the PillCam subjects, too
few samples were taken in the stomach to run the localiza-
tion algorithm. These three PillCam subjects were excluded
from the stomach-duodenum transition localization algo-
rithm performance test. The performance summary of pylo-
ric transition localization algorithm for PillCam was as
follows:
[1257] 1. Good cases (48 subjects):

[1258] a. For 25 subjects, our detection matches
exactly with the physician’s notes

[1259] b. For 19 subjects, the difference between the
two detections is less than five minutes

[1260] c. For four subjects, the difference between
the two detections is less than 10 minutes (The full
transition could take up to 10 minutes before the G/B
signal settled)

[1261] 2. Failed cases (6 subjects):
[1262] a. Four subjects had high standard deviation of

Green/Blue signal in the stomach

[1263] b. One subject had bile in the stomach, which
greatly affected Green/Blue in stomach
[1264] c. One subject had no Green/Blue change at
pyloric transition
[1265] The total agreement for the PillCam stomach-
duodenum transition localization algorithm detection and
physician’s notes was 48/54=89%.

Duodenum-Jejenum Transition

[1266] For TLC1, it was assumed that the device left the
duodenum and entered the jejenum three minutes after it was
determined that the device entered the duodenum. Of the 17
subjects noted above with respect to the TLC1 investigation
of the stomach-duodenum transition, 16 of the subjects
mentioned had CT images that confirmed that the duode-
num-jejenum transition was located somewhere between
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stomach and jejunum. One of the 17 subjects had a pro-
longed transit time in duodenum. The total agreement
between algorithm detection and CT scans was 16/17=94%.
[1267] For PillCam, the duodenum-jejenum transition was
not determined.

Jejenum-Ileum Transition

[1268] Itis to be noted that the jejunum is redder and more
vascular than ileum, and that the jejenum has a thicker
intestine wall with more mesentery fat. These differences
can cause various optical responses between jejunum and
ileum, particularly for the reflected red light signal. For both
TLC1 and PillCam, two different approaches were explored
to track the change of red signal at the jejunum-ileum
transition. The first approach was a single-sliding-window
analysis, where the window is 10 minutes long, and the
mean signal was compared with a threshold value while the
window was moving along. The second approach was a
two-sliding-window analysis, where each window was 10
minutes long with a 20 minute spacing between the two
windows. The algorithm for the jejunum-ileum transition
localization was as follows:

[1269] 1. Obtain 20 minutes of Red signal after the
duodenum-jejenum transition, average the data and
record it as the jejunum reference signal

[1270] 2. Start to check the jejunum-ileum transition 20
minutes after the device enters the jejunum
[1271] a. Normalize the newly received data by the

jejunum reference signal
[1272] b. Two approaches:
[1273] 1. Single-sliding-window analysis

[1274] Set the transition flag if the mean of
reflected red signal is less than 0.8

[1275] ii. Two-sliding-window analysis:

[1276] Set the transition flag if the mean differ-
ence in reflected red is higher than 2x the
standard deviation of the reflected red signal in
the front window

[1277] ForTLC1, 16 of the 18 subjects had CT images that
confirmed that the detected jejunum-ileum transition fell
between jejunum and cecum. The total agreement between
algorithm and CT scans was 16/18=89%. This was true for
both the single-sliding-window and double-sliding-window
approaches, and the same two subjects failed in both
approaches.

[1278] The performance summary of the jejunum-ileum
transition detection for PillCam is listed below:

[1279] 1. Single-sliding-window analysis:

[1280] a. 11 cases having jejunum-ileum transition
detected somewhere between jejunum and cecum
[1281] b. 24 cases having jejunum-ileum transition

detected after cecum
[1282] c. 19 cases having no jejunum-ileum transi-
tion detected

[1283] d. Total agreement: 11/54=20%
[1284] 2. Two-sliding-window analysis:
[1285] a. 30 cases having jejunum-ileum transition

detected somewhere between jejunum and cecum

[1286] b. 24 cases having jejunum-ileum transition
detected after cecum

[1287] c. Total agreement: 30/54=56%
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Ileum-Cecum Transition

[1288] Data demonstrated that, for TLC1, mean signal of
reflected red/green provided the most statistical difference
before and after the ileum-cecum transition. Data also dem-
onstrated that, for TLC1, the coefficient of variation of
reflected green/blue provided the most statistical contrast at
ileum-cecum transition. The analysis based on PillCam
videos showed very similar statistical trends to those results
obtained with TLC1 device. Thus, the algorithm utilized
changes in mean value of reflected red/green and the coet-
ficient of variation of reflected green/blue. The algorithm
was as follows:
[1289] 1. Start to monitor ileum-cecum transition after
the ingestible device enters the stomach
[1290] 2. Setup the two windows (front (first) and back
(second))
[1291] a. Use a five-minute time length for each
window
[1292] b. Use a 10-minute gap between the two
windows
[1293] c. Use a one-minute window sliding step size
[1294] 3. Compare signals in the two sliding windows
[1295] a. Set ileum-cecum transition flag if
[1296] i. Reflected red/green has a significant
change or is lower than a threshold
[1297] ii. Coefficient of variation of reflected
green/blue is lower than a threshold
[1298] b. If this is the first ileum-cecum transition
detected, record average reflected red/green signal in
small intestine as small intestine reference signal
[1299] c. Mark location reversal (i.e. ingestible
device returns to terminal ileum) if
[1300] i. Reflected red/green is statistically com-
parable with small intestine reference signal
[1301] ii. Coefficient of variation of reflected
green/blue is higher than a threshold
[1302] d. If a possible ileum-cecum transition is
detected, continue to scan for another 10 minutes for
TLC1 (15 minutes for PillCam) in case of false
positive flag
[1303] i. If within this time frame (10 minutes for
TLC1, 15 minutes for PillCam), location reversal
is detected, the previous ileum-cecum transition
flag is a false positive flag. Clear the flag and
continue to check
[1304] ii. If no location reversal has been identified
within this time frame (10 minutes for TLC1, 15
minutes for PillCam) following the possible
ileum-cecum transition flag, mark it as a con-
firmed ileum-cecum transition
[1305] e. Continue monitoring data for another 2
hours after the confirmed ileum-cecum transition, in
case of location reversal
[1306] 1. If a location reversal is identified, flag the
timestamp when reversal happened and then
repeat steps a-d to look for the next ileum-cecum
transition
[1307] ii. If the ingestible device has not gone back
to small intestine 2 hours after previously con-
firmed ileum-cecum transition, stop location
reversal monitoring and assume the ingestible
device would stay in large intestinal area
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[1308] The flag setting and location reversal criteria par-
ticularly designed for TLC1 device were as follows:
[1309] 1. Set ileum-cecum transition flag if

[1310] a. The average reflected red/Green in the front
window is less than 0.7 or mean difference between
the two windows is higher than 0.6

[1311] b. And the coefficient of variation of reflected
green/blue is less than 0.02

[1312] 2. Define as location reversal if

[1313] a. The average reflected red/green in the front
window is higher than small intestine reference
signal

[1314] b. And the coefficient of variation of reflected
green/blue is higher than 0.086

[1315] ForTLC1, 16 of the 18 subjects had CT images that
confirmed that the detected ileum-cecum transition fell
between terminal ileum and colon. The total agreement
between algorithm and CT scans was 16/18=89%. Regard-
ing those two subject where the ileum-cecum transition
localization algorithm failed, for one subject the ileum-
cecum transition was detected while TLC1 was still in the
subject’s terminal ileum, and for the other subject the
ileum-cecum transition was detected when the device was in
the colon.

[1316] Among the 57 available PillCam endoscopy vid-
eos, for three subjects the endoscopy video ended before
PillCam reached cecum, and another two subjects had only
very limited video data (less than five minutes) in the large
intestine. These five subjects were excluded from ileum-
cecum transition localization algorithm performance test.
The performance summary of ileum-cecum transition detec-
tion for PillCam is listed below:

[1317] 1. Good cases (39 subjects):

[1318] a. For 31 subjects, the difference between the
PillCam detection and the physician’s notes was less
than five minutes

[1319] b. For 3 subjects, the difference between the
PillCam detection and the physician’s notes was less
than 10 minutes

[1320] c. For 5 subjects, the difference between the
PillCam detection and the physician’s notes was less
than 20 minutes (the full transition can take up to 20
minutes before the signal settles)

[1321] 2. Marginal/bad cases (13 subjects):

[1322] a. Marginal cases (9 subjects)

[1323] i. The PillCam ileum-cecum transition
detection appeared in the terminal ileum or colon,
but the difference between the two detections was
within one hour

[1324] b. Failed cases (4 subjects)

[1325] i. Reasons of failure:

[1326] 1. The signal already stabilized in the
terminal ileum
[1327] 2. The signal was highly variable from
the entrance to exit
[1328] 3. There was no statistically significant
change in reflected red/green at ileum-cecum
transition
[1329] The total agreement between ileocecal transition
localization algorithm detection and the physician’s notes is
39/52=75% if considering good cases only. Total agreement
including possibly acceptable cases is 48/52=92.3%
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Cecum-Colon Transition

[1330] Data demonstrated that, for TLC1, mean signal of
reflected red/green provided the most statistical difference
before and after the cecum-colon transition. Data also dem-
onstrated that, for TLC1, the coefficient of variation of
reflected blue provided the most statistical contrast at
cecum-colon transition. The same signals were used for
PillCam. The cecum-colon transition localization algorithm
was as follows:

[1331] 1. Obtain 10 minutes of reflected red/green and
reflected blue signals after ileum-cecum transition,
average the data and record it as the cecum reference
signals

[1332] 2. Start to check cecum-colon transition after
ingestible device enters cecum (The cecum-colon tran-
sition algorithm is dependent on the ileum-cecum tran-
sition flag)

[1333] a. Normalize the newly received data by the
cecum reference signals

[1334] b. Two-sliding-window analysis:
[1335] i. Use two adjacent 10 minute windows
[1336] ii. Set the transition flag if any of the

following criteria were met
[1337] The mean difference in reflected red/
green was more than 4x the standard deviation
of reflected red/green in the back (second) win-
dow
[1338] The mean of reflected red/green in the
front (first) window was higher than 1.03
[1339] The coeflicient of variation of reflected
blue signal in the front (first) window was
greater than 0.23
[1340] The threshold values above were chosen based on
a statistical analysis of data taken by TLCI.
[1341] For TLCI, 15 of the 18 subjects had the cecum-
colon transition detected somewhere between cecum and
colon. One of the subjects had the cecum-colon transition
detected while TLC1 was still in cecum. The other two
subjects had both wrong ileum-cecum transition detection
and wrong cecum-colon transition detection. The total

agreement between algorithm and CT scans was
15/18=83%.
[1342] For PillCam, for three subjects the endoscopy

video ended before PillCam reached cecum, and for another
two subjects there was very limited video data (less than five
minutes) in the large intestine. These five subjects were
excluded from cecum-colon transition localization algo-
rithm performance test. The performance summary of
cecum-colon transition detection for PillCam is listed below:
[1343] 1. 27 cases had the cecum-colon transition
detected somewhere between the cecum and the colon
[1344] 2. one case had the cecum-colon transition
detected in the ileum

[1345] 3. 24 cases had no cecum-colon transition local-
ized
[1346] The total agreement: 27/52=52%.

[1347] The following table summarizes the localization
accuracy results.

Transition TLC1 PillCam

Stomach-Duodenum
Duodenum-Jejenum

100% (17/17) 89% (48/54)
94% (16/17) N/A
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-continued

Transition TLC1 PillCam

Ileum-Cecum
Ileum-terminal
ileum/cecum/colon

89% (16/18)
100% (18/18)

75% (39/52)
92% (48/52)

Exemplary Embodiments

[1348] The following are exemplary embodiments pro-
vided herein:

[1349] Exemplary embodiment 1. A method of treating a
disease of the gastro-intestinal tract in a subject, comprising:
[1350] delivering an IL.-12/IL.-23 inhibitor at a location in
the gastrointestinal tract of the subject,

[1351] wherein the method comprises administering orally
to the subject a pharmaceutical composition comprising a
therapeutically effective amount of the 1[.-12/1[.-23 inhibi-
tor.

[1352] Exemplary embodiment 2. The method of exem-
plary embodiment 1, wherein the disease of the GI tract is
an inflammatory bowel disease.

[1353] Exemplary embodiment 3. The method of exem-
plary embodiment 1, wherein the disease of the GI tract is
ulcerative colitis.

[1354] Exemplary embodiment 4. The method of exem-
plary embodiment 1, wherein the disease of the GI tract is
Crohn’s disease.

[1355] Exemplary embodiment 5. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/1L.-23 inhibitor is delivered at a location in the large
intestine of the subject.

[1356] Exemplary embodiment 6. The method of exem-
plary embodiment 5, wherein the location is in the proximal
portion of the large intestine.

[1357] Exemplary embodiment 7. The method of exem-
plary embodiment 5, wherein the location is in the distal
portion of the large intestine.

[1358] Exemplary embodiment 8. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
1L-12/IL-23 inhibitor is delivered at a location in the ascend-
ing colon of the subject.

[1359] Exemplary embodiment 9. The method of exem-
plary embodiment 8, wherein the location is in the proximal
portion of the ascending colon.

[1360] Exemplary embodiment 10. The method of exem-
plary embodiment 8, wherein the location is in the distal
portion of the ascending colon.

[1361] Exemplary embodiment 11. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/1L-23 inhibitor is delivered at a location in the cecum
of the subject.

[1362] Exemplary embodiment 12. The method of exem-
plary embodiment 11, wherein the location is in the proximal
portion of the cecum.

[1363] Exemplary embodiment 13. The method of exem-
plary embodiment 11, wherein the location is in the distal
portion of the cecum.

[1364] Exemplary embodiment 14. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
1L-12/IL-23 inhibitor is delivered at a location in the sig-
moid colon of the subject.
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[1365] Exemplary embodiment 15. The method of exem-
plary embodiment 14, wherein the location is in the proxi-
mal portion of the sigmoid colon.

[1366] Exemplary embodiment 16. The method of exem-
plary embodiment 14, wherein the location is in the distal
portion of the sigmoid colon.

[1367] Exemplary embodiment 17. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/1L-23 inhibitor is delivered at a location in the trans-
verse colon of the subject.

[1368] Exemplary embodiment 18. The method of exem-
plary embodiment 17, wherein the location is in the proxi-
mal portion of the transverse colon.

[1369] Exemplary embodiment 19. The method of exem-
plary embodiment 17, wherein the location is in the distal
portion of the transverse colon.

[1370] Exemplary embodiment 20. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/IL-23 inhibitor is delivered at a location in the
descending colon of the subject.

[1371] Exemplary embodiment 21. The method of exem-
plary embodiment 20, wherein the location is in the proxi-
mal portion of the descending colon.

[1372] Exemplary embodiment 22. The method of exem-
plary embodiment 20, wherein the location is in the distal
portion of the descending colon.

[1373] Exemplary embodiment 23. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
1L-12/IL-23 inhibitor is delivered at a location in the small
intestine of the subject.

[1374] Exemplary embodiment 24. The method of exem-
plary embodiment 23, wherein the location is in the proxi-
mal portion of the small intestine.

[1375] Exemplary embodiment 25. The method of exem-
plary embodiment 23, wherein the location is in the distal
portion of the small intestine.

[1376] Exemplary embodiment 26. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/1L-23 inhibitor is delivered at a location in the duo-
denum of the subject.

[1377] Exemplary embodiment 27. The method of exem-
plary embodiment 26, wherein the location is in the proxi-
mal portion of the duodenum.

[1378] Exemplary embodiment 28. The method of exem-
plary embodiment 26, wherein the location is in the distal
portion of the duodenum.

[1379] Exemplary embodiment 29. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/IL-23 inhibitor is delivered at a location in the jeju-
num of the subject.

[1380] Exemplary embodiment 30. The method of exem-
plary embodiment 29, wherein the location is in the proxi-
mal portion of the jejunum.

[1381] Exemplary embodiment 31. The method of exem-
plary embodiment 29, wherein the location is in the distal
portion of the jejunum.

[1382] Exemplary embodiment 32. The method of any one
of exemplary embodiments 1, 2, or 3, 4, wherein the
IL-12/IL-23 inhibitor is delivered at a location in the ileum
of the subject.

[1383] Exemplary embodiment 33. The method of exem-
plary embodiment 32, wherein the location is in the proxi-
mal portion of the ileum.
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[1384] Exemplary embodiment 34. The method of exem-
plary embodiment 32, wherein the location is in the distal
portion of the ileum.

[1385] Exemplary embodiment 35. The method of any one
of the preceding exemplary embodiments, wherein the loca-
tion is proximate to one or more sites of disease.

[1386] Exemplary embodiment 36. The method of exem-
plary embodiment 35, further comprising identifying the one
or more sites of disease by a method comprising imaging of
the gastrointestinal tract.

[1387] Exemplary embodiment 37. The method of any one
of the preceding exemplary embodiments, wherein the
IL-12/1L-23 inhibitor is delivered to the location by mucosal
contact.

[1388] Exemplary embodiment 38. The method of any one
of the preceding exemplary embodiments, wherein the
IL-12/IL-23 inhibitor is delivered to the location by a
process that does not comprise systemic transport of the
1L-12/IL-23 inhibitor.

[1389] Exemplary embodiment 39. The method of any one
of the preceding exemplary embodiments, wherein the
amount of the IL-12/IL.-23 inhibitor that is administered is
from about 1 mg to about 300 mg.

[1390] Exemplary embodiment 40. The method of exem-
plary embodiment 39, wherein the amount of the IL.-12/IL-
23 inhibitor that is administered is from about 1 mg to about
100 mg.

[1391] Exemplary embodiment 41. The method of exem-
plary embodiment 40, wherein the amount of the IL-12/IL-
23 inhibitor that is administered is from about 5 mg to about
40 mg.

[1392] Exemplary embodiment 42. The method of any one
of exemplary embodiments 1 to 41, wherein the amount of
the IL-12/IL-23 inhibitor is less than an amount that is
effective when the IL-12/IL-23 inhibitor is administered
systemically.

[1393] Exemplary embodiment 43. The method of any one
of the preceding exemplary embodiments, comprising
administering (i) an amount of the 11.-12/IL.-23 inhibitor that
is an induction dose.

[1394] Exemplary embodiment 44. The method of exem-
plary embodiment 43, further comprising (ii) administering
an amount of the IL-12/IL.-23 inhibitor that is a maintenance
dose following the administration of the induction dose.
[1395] Exemplary embodiment 45. The method of exem-
plary embodiment 43 or 44, wherein the induction dose is
administered once a day.

[1396] Exemplary embodiment 46. The method of exem-
plary embodiment 43 or 44, wherein the induction dose is
administered once every three days.

[1397] Exemplary embodiment 47. The method of exem-
plary embodiment 43 or 44, wherein the induction dose is
administered once a week.

[1398] Exemplary embodiment 48. The method of exem-
plary embodiment 44, wherein step (ii) is repeated one or
more times.

[1399] Exemplary embodiment 49. The method of exem-
plary embodiment 44, wherein the induction dose is equal to
the maintenance dose.

[1400] Exemplary embodiment 50. The method of exem-
plary embodiment 44, wherein the induction dose is greater
than the maintenance dose.
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[1401] Exemplary embodiment 51. The method of exem-
plary embodiment 44, wherein the induction dose is 5
greater than the maintenance dose.

[1402] Exemplary embodiment 52. The method of exem-
plary embodiment 44, wherein the induction dose is 2
greater than the maintenance dose.

[1403] Exemplary embodiment 53. The method of any one
of the preceding exemplary embodiments, wherein the
method comprises delivering the IL.-12/IL.-23 inhibitor at the
location in the gastrointestinal tract as a single bolus.
[1404] Exemplary embodiment 54. The method of any one
of exemplary embodiments 1 to 52, wherein the method
comprises delivering the IL.-12/IL-23 inhibitor at the loca-
tion in the gastrointestinal tract as more than one bolus.
[1405] Exemplary embodiment 55. The method of any one
of exemplary embodiments 1 to 52, wherein the method
comprises delivering the 1L.-12/IL-23 inhibitor at the loca-
tion in the gastrointestinal tract in a continuous manner.

[1406] Exemplary embodiment 56. The method of exem-
plary embodiment 55, wherein the method comprises deliv-
ering the 1L.-12/IL.-23 inhibitor at the location in the gastro-
intestinal tract over a time period of 20 or more minutes.

[1407] Exemplary embodiment 57. The method of any one
of the preceding exemplary embodiments, wherein the
method provides a concentration of the IL.-12/IL.-23 inhibi-
tor in the plasma of the subject that is less than 3 pug/ml.

[1408] Exemplary embodiment 58. The method of exem-
plary embodiment 57, wherein the method provides a con-
centration of the IL-12/IL.-23 inhibitor in the plasma of the
subject that is less than 0.3 pg/ml.

[1409] Exemplary embodiment 59. The method of exem-
plary embodiment 58, wherein the method provides a con-
centration of the 11.-12/IL.-23 inhibitor in the plasma of the
subject that is less than 0.01 pg/ml.

[1410] Exemplary embodiment 60. The method of any one
of exemplary embodiments 1 to 59, wherein the method
does not comprise delivering an IL.-12/IL.-23 inhibitor rec-
tally to the subject.

[1411] Exemplary embodiment 61. The method of any one
of exemplary embodiments 1 to 59, wherein the method
does not comprise delivering an I[.-12/IL-23 inhibitor via an
enema to the subject.

[1412] Exemplary embodiment 62. The method of any one
of exemplary embodiments 1 to 59, wherein the method
does not comprise delivering an 1[.-12/1L.-23 inhibitor via
suppository to the subject.

[1413] Exemplary embodiment 63. The method of any one
of exemplary embodiments 1 to 59, wherein the method
does not comprise delivering an IL-12/IL-23 inhibitor via
instillation to the rectum of the subject.

[1414] Exemplary embodiment 64. The method of exem-
plary embodiment 63, wherein the IL.-12/I[.-23 inhibitor is
selected from ustekinumab (Stelara®) and MEDI2070 (an
1L-23 monoclonal antibody); generic equivalents thereof;
modifications thereof having at least 90% sequence homol-
ogy; modifications thereof differing in the glycosylation
pattern; and modifications thereof having at least 90%
sequence homology and differing in the glycosylation pat-
tern.

[1415] Exemplary embodiment 65. The method of exem-
plary embodiment 63, wherein the IL.-12/IL-23 inhibitor is
ustekinumab (Stelara®).
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[1416] Exemplary embodiment 66. The method of any one
of the preceding exemplary embodiments, wherein the phar-
maceutical composition is an ingestible device, comprising:
[1417] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end,
[1418] a storage reservoir located within the housing and
containing the 11.-12/IL.-23 inhibitor,

[1419] wherein a first end of the storage reservoir is
connected to the first end of the housing;

[1420] a mechanism for releasing the I1L.-12/IL.-23 inhibi-
tor from the storage reservoir;

[1421] and;

[1422] an exit valve configured to allow the I11.-12/11.-23

inhibitor to be released out of the housing from the storage
reservoir.

[1423] Exemplary embodiment 67. The method of exem-
plary embodiment 66, wherein the ingestible device further
comprises:

[1424] an electronic component located within the hous-
ing; and

[1425] a gas generating cell located within the housing and
adjacent to the electronic component,

[1426] wherein the electronic component is configured to
activate the gas generating cell to generate gas.

[1427] Exemplary embodiment 68. The method of exem-
plary embodiment 66 or 67, wherein the ingestible device
further comprises:

[1428] a safety device placed within or attached to the
housing,

[1429] wherein the safety device is configured to relieve
an internal pressure within the housing when the internal
pressure exceeds a threshold level.

[1430] Exemplary embodiment 69. The method of exem-
plary embodiment 66, wherein the pharmaceutical compo-
sition is an ingestible device, comprising:

[1431] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end,

[1432] an electronic component located within the hous-
ing;
[1433] a gas generating cell located within the housing and

adjacent to the electronic component,
[1434] wherein the electronic component is configured
to activate the gas generating cell to generate gas;
[1435] a storage reservoir located within the housing,
[1436] wherein the storage reservoir stores a dispens-
able substance and a first end of the storage reservoir is
connected to the first end of the housing;
[1437] an exit valve located at the first end of the housing,
[1438] wherein the exit valve is configured to allow the
dispensable substance to be released out of the first end
of the housing from the storage reservoir; and

[1439] a safety device placed within or attached to the
housing,
[1440] wherein the safety device is configured to relieve

an internal pressure within the housing when the inter-
nal pressure exceeds a threshold level.
[1441] Exemplary embodiment 70. The method of exem-
plary embodiment 66, wherein the pharmaceutical compo-
sition is an ingestible device, comprising:
[1442] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end,
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[1443] an electronic component located within the hous-
ing,
[1444] a gas generating cell located within the housing and

adjacent to the electronic component,
[1445] wherein the electronic component is configured
to activate the gas generating cell to generate gas;
[1446] a storage reservoir located within the housing,
[1447] wherein the storage reservoir stores a dispens-
able substance and a first end of the storage reservoir is
connected to the first end of the housing;

[1448] an injection device located at the first end of the
housing,
[1449] wherein the jet injection device is configured to

inject the dispensable substance out of the housing
from the storage reservoir; and
[1450] a safety device placed within or attached to the
housing,
[1451] wherein the safety device is configured to relieve
an internal pressure within the housing.
[1452] Exemplary embodiment 71. The method of exem-
plary embodiment 66, wherein the pharmaceutical compo-
sition is an ingestible device, comprising:
[1453] a housing defined by a first end, a second end
substantially opposite from the first end, and a wall extend-
ing longitudinally from the first end to the second end;

[1454] an optical sensing unit located on a side of the
housing,
[1455] wherein the optical sensing unit is configured to

detect a reflectance from an environment external to the
housing;

[1456] an electronic component located within the hous-
ing;
[1457] a gas generating cell located within the housing and

adjacent to the electronic component,

[1458] wherein the electronic component is configured
to activate the gas generating cell to generate gas in
response to identifying a location of the ingestible
device based on the reflectance;

[1459] a storage reservoir located within the housing,

[1460] wherein the storage reservoir stores a dispens-
able substance and a first end of the storage reservoir is
connected to the first end of the housing;

[1461] a membrane in contact with the gas generating cell
and configured to move or deform into the storage reservoir
by a pressure generated by the gas generating cell; and
[1462] a dispensing outlet placed at the first end of the
housing,

[1463] wherein the dispensing outlet is configured to
deliver the dispensable substance out of the housing
from the storage reservoir.

[1464] Exemplary embodiment 72. The method of any one
of exemplary embodiments 1-71, wherein the pharmaceuti-
cal composition is an ingestible device as disclosed in U.S.
Patent Application Ser. No. 62/385,553, incorporated by
reference herein in its entirety.

[1465] Exemplary embodiment 73. The method of any one
of exemplary embodiments 1-71, wherein the pharmaceuti-
cal composition is an ingestible device comprising a local-
ization mechanism as disclosed in international patent appli-
cation PCT/US2015/052500, incorporated by reference
herein in its entirety.

[1466] Exemplary embodiment 74. The method of any one
of exemplary embodiments 1-73, wherein the pharmaceuti-
cal composition is not a dart-like dosage form.
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[1467] Exemplary embodiment 75. A method of treating a
disease of the large intestine of a subject, comprising:
[1468] delivering of an I1.-12/11.-23 inhibitor at a location
in the proximal portion of the large intestine of the subject,
[1469] wherein the method comprises administering endo-
scopically to the subject a therapeutically effective amount
of the IL-12/IL.-23 inhibitor.

[1470] Exemplary embodiment 76. The method of exem-
plary embodiment 75, wherein the disease of the large
intestine is an inflammatory bowel disease.

[1471] Exemplary embodiment 77. The method of exem-
plary embodiment 75, wherein the disease of the large
intestine is ulcerative colitis.

[1472] Exemplary embodiment 78. The method of exem-
plary embodiment 75, wherein the disease the large intestine
is Crohn’s disease.

[1473] Exemplary embodiment 79. The method of any one
of exemplary embodiments 75 to 78, wherein the IL.-12/IL-
23 inhibitor is delivered at a location in the proximal portion
of the ascending colon.

[1474] Exemplary embodiment 80. The method of any one
of exemplary embodiments 75 to 78, wherein the IL-12/IL-
23 inhibitor is delivered at a location in the proximal portion
of the cecum.

[1475] Exemplary embodiment 81. The method of any one
of exemplary embodiments 75 to 78, wherein the IL-12/IL-
23 inhibitor is delivered at a location in the proximal portion
of the sigmoid colon.

[1476] Exemplary embodiment 82. The method of any one
of exemplary embodiments 75 to 78, wherein the I1L.-12/1L-
23 inhibitor is delivered at a location in the proximal portion
of the transverse colon.

[1477] Exemplary embodiment 83. The method of any one
of exemplary embodiments 75 to 78, wherein the IL.-12/1L-
23 inhibitor is delivered at a location in the proximal portion
of the descending colon.

[1478] Exemplary embodiment 84. The method of any one
of the preceding exemplary embodiments, further compris-
ing administering a second agent orally, intravenously or
subcutaneously, wherein the second agent is the same 1L.-12/
IL-23 inhibitor as in exemplary embodiment 1 or 75; a
different IL.-12/IL-23 inhibitor; or an agent having a differ-
ent biological target from I11.-12/1L.-23.

[1479] Exemplary embodiment 85. The method of any one
of the preceding exemplary embodiments, further compris-
ing administering a second agent orally, intravenously or
subcutaneously, wherein the second agent is an agent suit-
able for treating an inflammatory bowel disease.
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[1480] Exemplary embodiment 86. The method of exem-
plary embodiment 84 or 85, wherein the IL-12/11.-23 inhibi-
tor is administered prior to the second agent.

[1481] Exemplary embodiment 87. The method of exem-
plary embodiment 84 or 85, wherein the IL.-12/11.-23 inhibi-
tor is administered after the second agent.

[1482] Exemplary embodiment 88. The method of exem-
plary embodiment 84 or 85, wherein the 1[.-12/11.-23 inhibi-
tor and the second agent are administered substantially at the
same time.

[1483] Exemplary embodiment 89. The method of any one
of exemplary embodiments 84 to 88, wherein the second
agent is administered intravenously.

[1484] Exemplary embodiment 90. The method of any one
of exemplary embodiments 84 to 88, wherein the second
agent is administered subcutaneously.

[1485] Exemplary embodiment 91. The method of any one
of exemplary embodiments 84 to 90, wherein the amount of
the second agent is less than the amount of the second agent
when the IL-12/IL-23 inhibitor and the second agent are
both administered systemically.

[1486] Exemplary embodiment 92. The method of exem-
plary embodiment 91, wherein the second agent is an
immunosuppressant.

[1487] Exemplary embodiment 93. In some aspects of
these embodiments, the second agent is methotrexate.
[1488] Exemplary embodiment 94. The method of any one
of exemplary embodiments 1 to 83, wherein the method
does not comprise administering a second agent.

Other Embodiments

[1489] The various embodiments of systems, processes
and apparatuses have been described herein by way of
example only. It is contemplated that the features and
limitations described in any one embodiment may be applied
to any other embodiment herein, and flowcharts or examples
relating to one embodiment may be combined with any other
embodiment in a suitable manner, done in different orders,
or done in parallel. It should be noted, the systems and/or
methods described above may be applied to, or used in
accordance with, other systems and/or methods. Various
modifications and variations may be made to these example
embodiments without departing from the spirit and scope of
the embodiments, and the appended listing of embodiments
should be given the broadest interpretation consistent with
the description as a whole.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12

<210> SEQ ID NO 1

<211> LENGTH: 1450

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

tttegettte attttgggece gagectggagg cggeggggece gteccggaac ggctgeggec 60
gggcaccccg ggagttaatc cgaaagcgec gcaagcccceg cgggccggec gcaccgcacyg 120
tgtcaccgag aagctgatgt agagagagac acagaaggag acagaaagca agagaccaga 180
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gtccecgggaa agtcctgceg cgeccteggga caattataaa aatgtggccce cctgggtcag 240
cctcccagece accgecctea ccotgecgegg ccacaggtcet gcatccageg getegecctg 300
tgtccctgeca gtgeeggete agecatgtgtce cagcgegcag cctectectt gtggetacce 360
tggtcctcect ggaccacctce agtttggeca gaaacctccce cgtggccact ccagacccag 420
gaatgttccc atgccttcac cactcccaaa acctgctgag ggccgtcage aacatgctcc 480
agaaggccag acaaactcta gaattttacc cttgcacttc tgaagagatt gatcatgaag 540
atatcacaaa agataaaacc agcacagtgg aggcctgttt accattggaa ttaaccaaga 600
atgagagttyg cctaaattcc agagagacct ctttcataac taatgggagt tgcctggect 660
ccagaaagac ctcttttatg atggccctgt gecttagtag tatttatgaa gacttgaaga 720
tgtaccaggt ggagttcaag accatgaatg caaagcttct gatggatcct aagaggcaga 780
tctttctaga tcaaaacatg ctggcagtta ttgatgagct gatgcaggcc ctgaatttca 840
acagtgagac tgtgccacaa aaatcctccc ttgaagaacc ggatttttat aaaactaaaa 900
tcaagctctyg catacttcett catgetttca gaattcggge agtgactatt gatagagtga 960
tgagctatct gaatgcttcce taaaaagcga ggtccctcca aaccgttgtce atttttataa 1020
aactttgaaa tgaggaaact ttgataggat gtggattaag aactagggag ggggaaagaa 1080
ggatgggact attacatcca catgatacct ctgatcaagt atttttgaca tttactgtgg 1140
ataaattgtt tttaagtttt catgaatgaa ttgctaagaa gggaaaatat ccatcctgaa 1200
ggtgtttttc attcacttta atagaagggc aaatatttat aagctatttc tgtaccaaag 1260
tgtttgtgga aacaaacatg taagcataac ttattttaaa atatttattt atataacttg 1320
gtaatcatga aagcatctga gctaacttat atttatttat gttatattta ttaaattatt 1380
tatcaagtgt atttgaaaaa tatttttaag tgttctaaaa ataaaagtat tgaattaaag 1440
tgaaaaaaaa 1450
<210> SEQ ID NO 2
<211> LENGTH: 2347
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2
ctgtttcagg gccattggac tctecgtect gecccagagca agatgtgtca ccagecagttg 60
gtcatctctt ggttttcect ggtttttctg gecatctcecce tecgtggccat atgggaactg 120
aagaaagatg tttatgtcgt agaattggat tggtatccgg atgcccctgg agaaatggtg 180
gtcctcacct gtgacacccc tgaagaagat ggtatcacct ggaccttgga ccagagcagt 240
gaggtcttag gctctggcaa aaccctgacc atccaagtca aagagtttgg agatgctgge 300
cagtacacct gtcacaaagg aggcgaggtt ctaagccatt cgctcctget gettcacaaa 360
aaggaagatg gaatttggtc cactgatatt ttaaaggacc agaaagaacc caaaaataag 420
acctttctaa gatgcgaggce caagaattat tctggacgtt tcacctgctg gtggctgacg 480
acaatcagta ctgatttgac attcagtgtc aaaagcagca gaggctcttc tgacccccaa 540
ggggtgacgt gcggagctge tacactctet gcagagagag tcagagggga caacaaggag 600
tatgagtact cagtggagtg ccaggaggac agtgcctgcc cagctgctga ggagagtctg 660
cccattgagg tcatggtgga tgccgttcac aagctcaagt atgaaaacta caccagcagce 720
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ttcttcatca gggacatcat caaacctgac ccacccaaga acttgcagct gaagccatta 780
aagaattctc ggcaggtgga ggtcagetgg gagtaccctg acacctggag tactccacat 840
tcctacttet ccctgacatt ctgegttcag gtccagggca agagcaagag agaaaagaaa 900
gatagagtct tcacggacaa gacctcagcc acggtcatct gecgcaaaaa tgccagcatt 960
agcgtgeggg cccaggaccg ctactatage tcatcttgga gcgaatggge atctgtgcecce 1020
tgcagttagyg ttctgatcca ggatgaaaat ttggaggaaa agtggaagat attaagcaaa 1080
atgtttaaag acacaacgga atagacccaa aaagataatt tctatctgat ttgctttaaa 1140
acgttttttt aggatcacaa tgatatcttt gctgtatttg tatagttaga tgctaaatgce 1200
tcattgaaac aatcagctaa tttatgtata gattttccag ctctcaagtt gccatgggec 1260
ttcatgctat ttaaatattt aagtaattta tgtatttatt agtatattac tgttatttaa 1320
cgtttgtcectg ccaggatgta tggaatgttt catactctta tgacctgatc catcaggatc 1380
agtccctatt atgcaaaatg tgaatttaat tttatttgta ctgacaactt ttcaagcaag 1440
gctgcaagta catcagtttt atgacaatca ggaagaatgc agtgttctga taccagtgec 1500
atcatacact tgtgatggat gggaacgcaa gagatactta catggaaacc tgacaatgca 1560
aacctgttga gaagatccag gagaacaaga tgctagttcc catgtctgtg aagacttcct 1620
ggagatggtg ttgataaagc aatttagggc cacttacact tctaagcaag tttaatcttt 1680
ggatgcctga attttaaaag ggctagaaaa aaatgattga ccagcctggg aaacataaca 1740
agacccecgte tctacaaaaa aaatttaaaa ttagccaggce gtggtggctce atgettgtgg 1800
tcccagetgt tcaggaggat gaggcaggag gatctcttga gceccaggagg tcaaggctat 1860
ggtgagcecgt gattgtgcca ctgcatacca gecctaggtga cagaatgaga ccctgtctca 1920
aaaaaaaaaa tgattgaaat taaaattcag ctttagcttc catggcagtc ctcaccccca 1980
cctctctaaa agacacagga ggatgacaca gaaacaccgt aagtgtctgg aaggcaaaaa 2040
gatcttaaga ttcaagagag aggacaagta gttatggcta aggacatgaa attgtcagaa 2100
tggcaggtgyg cttcttaaca gccctgtgag aagcagacag atgcaaagaa aatctggaat 2160
ccetttetca ttagcatgaa tgaacctgat acacaattat gaccagaaaa tatggctcca 2220
tgaaggtgct acttttaagt aatgtatgtg cgctctgtaa agtgattaca tttgtttect 2280
gtttgtttat ttatttattt atttttgcat tctgaggctg aactaataaa aactcttcett 2340
tgtaatc 2347
<210> SEQ ID NO 3
<211> LENGTH: 1049
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3
aaaacaacag gaagcagctt acaaactcgg tgaacaactg agggaaccaa accagagacg 60
cgctgaacag agagaatcag gctcaaagca agtggaagtyg ggcagagatt ccaccaggac 120
tggtgcaagg cgcagagcca gccagatttg agaagaaggc aaaaagatgc tggggagcag 180
agctgtaatg ctgctgttge tgetgecctg gacagcetcag ggcagagetg tgectggggyg 240
cagcagccct gectggacte agtgecagca getttcacag aagctctgca cactggectg 300
gagtgcacat ccactagtgg gacacatgga tctaagagaa gagggagatg aagagactac 360
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aaatgatgtt ccccatatcc agtgtggaga tggctgtgac ccccaaggac tcagggacaa 420
cagtcagttc tgcttgcaaa ggatccacca gggtctgatt ttttatgaga agectgetagg 480
atcggatatt ttcacagggg agecttetet getccctgat ageccctgtgg gecagettea 540
tgcctcecta ctgggecteca gecaactcct gecagectgag ggtcaccact gggagactca 600
gcagattcca agcctcagtc ccagccagcce atggcagegt ctcecttctcece gecttcaaaat 660
ccttcgcage ctceccaggect ttgtggetgt agccgcccgg gtetttgecce atggagcage 720
aaccctgagt ccctaaaggce agcagctcaa ggatggcact cagatctcca tggcccagea 780
aggccaagat aaatctacca ccccaggcac ctgtgagcca acaggttaat tagtccatta 840
attttagtgg gacctgcata tgttgaaaat taccaatact gactgacatg tgatgctgac 900
ctatgataag gttgagtatt tattagatgg gaagggaaat ttggggatta tttatcctcc 960
tggggacagt ttggggagga ttatttattg tatttatatt gaattatgta cttttttcaa 1020
taaagtctta tttttgtgge taaaaaaaa 1049
<210> SEQ ID NO 4
<211> LENGTH: 2800
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4
ctctttecact ttgacttgce ttagggatgg getgtgacac tttacttttt ttetttttte 60
ttttttttca gtcttttcecte cttgctcage ttcaatgtgt tcecggagtgg ggacggggtg 120
gctgaacctc gcaggtggca gagaggctce cctggggetg tggggctcta cgtggatccg 180
atggagccge tggtgacctg ggtggteccece ctcctettec tecttectget gtecaggeag 240
ggcgetgect gcagaaccag tgagtgctgt tttcaggacc cgccatatcc ggatgcagac 300
tcaggctcgyg cctecgggece tagggacctg agatgctatc ggatatccag tgatcgttac 360
gagtgctcct ggcagtatga gggtcccaca gectggggtca gecacttect geggtgttge 420
cttagctececg ggegetgetg ctacttegec gecggctcag ccaccaggcet gecagttctcece 480
gaccaggctg gggtgtctgt gctgtacact gtcacactct gggtggaatc ctgggccagg 540
aaccagacag agaagtctcc tgaggtgacc ctgcagctct acaactcagt taaatatgag 600
cctectetgg gagacatcaa ggtgtccaag ttggecggge agctgcegtat ggagtgggag 660
accccggata accaggttgg tgctgaggtg cagttccgge accggacacc cagcagcecca 720
tggaagttgg gcgactgegg acctcaggat gatgatactg agtcctgect ctgeeccectg 780
gagatgaatg tggcccagga attccagecte cgacgacgge agctggggag ccaaggaagt 840
tcctggagca agtggageag cecegtgtge gttccccctg aaaacccccce acagectcag 900
gtgagattct cggtggagca gctgggccag gatgggagga ggcggctgac cctgaaagag 960
cagccaacce agctggagcet tccagaagge tgtcaaggge tggegectgg cacggaggte 1020
acttaccgac tacagctcca catgctgtcc tgcccgtgta aggccaagge caccaggacce 1080
ctgcacctgyg ggaagatgcec ctatctctcg ggtgctgcect acaacgtgge tgtcatctcece 1140
tcgaaccaat ttggtcctgg cctgaaccag acgtggcaca ttcctgceccga cacccacaca 1200
gaaccagtgg ctctgaatat cagcgtcgga accaacggga ccaccatgta ttggccagec 1260
cgggctcaga gcatgacgta ttgcattgaa tggcagcctg tgggccagga cgggggectt 1320
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gccacctgca gectgactge gecgcaagac ccggatcegg ctggaatgge aacctacage 1380
tggagtcgag agtctgggge aatggggcag gaaaagtgtt actacattac catctttgec 1440
tctgcgcace ccgagaagcet caccttgtgg tctacggtcce tgtccaccta ccactttggg 1500
ggcaatgcct cagcagetgg gacaccgcac cacgtctcegg tgaagaatca tagcttggac 1560
tctgtgtetyg tggactggge accatccctg ctgagcacct gtcccggegt cctaaaggag 1620
tatgttgtcc gctgccgaga tgaagacagc aaacaggtgt cagagcatcce cgtgcagecce 1680
acagagaccc aagttaccct cagtggectg cgggctggtg tagcctacac ggtgcaggtg 1740
cgagcagaca cagcgtggcet gaggggtgtc tggagccage cccagcgctt cagcatcgaa 1800
gtgcaggttt ctgattggct catcttectte gectecectgg ggagettect gagcatccett 1860
ctegtgggeg tecttggeta cecttggectg aacagggcecg cacggcacct gtgeccgeeg 1920
ctgcccacac cctgtgecag ctecgecatt gagtteecctg gagggaagga gacttggcag 1980
tggatcaacc cagtggactt ccaggaagag gcatccctgce aggaggccct ggtggtagag 2040
atgtcctggg acaaaggcga gaggactgag cctctcgaga agacagagcet acctgagggt 2100
gcccctgage tggccctgga tacagagttg tecttggagg atggagacag gtgcaaggec 2160
aagatgtgat cgttgaggct cagagagggt gagtgactcg cccgaggcta cgtagcacac 2220
acaggagtca catttggacc caaataaccc agagctcctc caggctccag tgcacctgcec 2280
tcctectetge cecegtgectg ttgccaccca tcctgegggg gaaccctaga tgcetgccatg 2340
aaatggaagc tgctgecacce tgetgggect ggcatccegtg gggcaggage agaccctgec 2400
atttacctgt tctggcgtag aatggactgg gaatgggggc aaggggggct cagatggatce 2460
cctggaccct gggctgggea tccaccccca ggagcactgg atggggagtc tggactcaag 2520
ggctccctge agcattgcgg ggtcttgtag cttggaggat ccaggcatat agggaagggg 2580
gctgtaaact ttgtgggaaa aatgacggtc ctcccatcec accccccacce ccaccctcac 2640
ccccctataa aatgggggtyg gtgataatga ccttacacag ctgttcaaaa tcatcgtaaa 2700
tgagcctect cttgggtatt tttttectgt ttgaagecttyg aatgtectge tcaaaatcte 2760
aaaacacgag ccttggaatt caaaaaaaaa aaaaaaaaaa 2800
<210> SEQ ID NO 5
<211> LENGTH: 1997
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 5
ctctttecact ttgacttgce ttagggatgg getgtgacac tttacttttt ttetttttte 60
ttttttttca gtcttttcecte cttgctcage ttcaatgtgt tcecggagtgg ggacggggtg 120
gctgaacctce gcaggtggca gagaggctcece cctggggetg tggggcetcta cgtggatcceg 180
atggagccge tggtgacctg ggtggtecce ctectettec tcettectget gtecaggeag 240
ggcgetgect gcagaaccag tgagtgetgt tttcaggacce cgccatatcce ggatgcagac 300
tcaggctcgyg cctcgggecce tagggacctg agatgctatc ggatatccag tgatcgttac 360
gagtgctcct ggcagtatga gggtcccaca getggggtea gecacttect geggtgttge 420
cttagctccg ggegetgetg ctacttegec gecggctcag ccaccagget geagttctece 480
gaccaggctg gggtgtctgt gctgtacact gtcacactct gggtggaatc ctgggccagg 540
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aaccagacag agaagtctcc tgaggtgacc ctgcagctct acaactcagt taaatatgag 600
cctectetgg gagacatcaa ggtgtccaag ttggeccggge agctgegtat ggagtgggag 660
accccggata accaggttgg tgetgaggtg cagttccgge accggacacc cagcagcecca 720
tggaagttgg gcgactgegg acctcaggat gatgatactg agtcectgect ctgeccectyg 780
gagatgaatg tggcccagga attccagctce cgacgacggce agctggggag ccaaggaagt 840
tcctggagca agtggagcag cccegtgtge gttccccctg aaaacccccce acagectcag 900
gtgagattct cggtggagca gctgggccag gatgggagga ggcggctgac cctgaaagag 960
cagccaacce agctggagcet tccagaaggce tgtcaaggge tggegectgg cacggaggte 1020
acttaccgac tacagctcca catgctgtcc tgcccgtgta aggccaagge caccaggacce 1080
ctgcacctgg ggaagatgcee ctatctcecteg ggtgctgect acaacgtgge tgtcatctec 1140
tcgaaccaat ttggtcctgg cctgaaccag acgtggcaca ttectgecga cacccacaca 1200
gatggcatga tctcagctca ctgcaaccte cgecttcecag attcaagaga ttctectget 1260
tcagcctcee gagtagetgg gattacagge atctgccacc atacccecgget aattttgtat 1320
ttttagtaga gacggggttt caccacgttg gccaggctgg tctcgaactc ctgacctcaa 1380
gtgatccacc tgccttggece tcccaaagtg ttgggattat aggcgtgage caccatgecce 1440
agcctaattt ttgtattttt agtagagatg gagtttcacc atgttgccca ggectggtctce 1500
aaactcctge cctcaggtga tccacccacce tcagectcte aaagtgctgg gattacaggt 1560
gtgagccact gtggccgacc tactattttt attatttttg agctaggttc tcagtctgtt 1620
ggcagactgg agtgcaatca tggctcactg cagccttgaa ctcccagact caagtgatcce 1680
ttccacctca gectetggag tagctgggac tacagacatg caccaccaca cctggttaat 1740
tttttatttt tattttttgt agagacaggt gtctctctac gttgcccagg ctggtctcga 1800
actcctggge tcaagtgatc cacccatctc cacctcccaa agtgctagga ttacaggegt 1860
gagccaccgt acccagcctg gtcccatatce atagtgaaat ggtgcctgta aagctctcag 1920
cattggcttyg gcacatgcag ttggtactca ataaacggct gttgctatcc ccaaaaaaaa 1980
aaaaaaaaaa aaaaaaa 1997
<210> SEQ ID NO ¢
<211> LENGTH: 2786
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 6
ctctttecact ttgacttgce ttagggatgg getgtgacac tttacttttt ttetttttte 60
ttttttttca gtcttttcecte cttgctcage ttcaatgtgt tcecggagtgg ggacggggtg 120
gctgaacctce gcaggtggca gagaggctcece cctggggetg tggggcetcta cgtggatcceg 180
atggagccge tggtgacctg ggtggtecce ctectettec tcettectget gtecaggeag 240
ggcgetgect gcagaaccag tgagtgetgt tttcaggacce cgccatatcce ggatgcagac 300
tcaggctcgyg cctcgggecce tagggacctg agatgctatc ggatatccag tgatcgttac 360
gagtgctcct ggcagtatga gggtcccaca getggggtea gecacttect geggtgttge 420
cttagctccg ggegetgetg ctacttegec gecggctcag ccaccagget geagttctece 480
gaccaggctg gggtgtctgt gctgtacact gtcacactct gggtggaatc ctgggccagg 540
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aaccagacag agaagtctcc tgaggtgacc ctgcagctct acaactcagt taaatatgag 600
cctectetgg gagacatcaa ggtgtccaag ttggeccggge agctgegtat ggagtgggag 660
accccggata accaggttgg tgetgaggtg cagttccgge accggacacc cagcagcecca 720
tggaagttgg gcgactgegg acctcaggat gatgatactg agtcectgect ctgeccectyg 780
gagatgaatg tggcccagga attccagctce cgacgacggce agctggggag ccaaggaagt 840
tcctggagca agtggagcag cccegtgtge gttccccctg aaaacccccce acagectcag 900
gtgagattct cggtggagca gctgggccag gatgggagga ggcggctgac cctgaaagag 960
cagccaacce agctggagcet tccagaaggce tgtcaaggge tggegectgg cacggaggte 1020
acttaccgac tacagctcca catgctgtcc tgcccgtgta aggccaagge caccaggacce 1080
tgcacctggg gaagatgcece tatctcectegg gtgcetgecta caacgtgget gtcatctect 1140
cgaaccaatt tggtcctgge ctgaaccaga cgtggcacat tcctgecgac acccacacag 1200
aaccagtggc tctgaatatc agcecgtcggaa ccaacgggac caccatgtat tggccagcecc 1260
gggctcagag catgacgtat tgcattgaat ggcagcctgt gggccaggac gggggcecttg 1320
ccacctgcag cctgactgeg ccgcaagacc cggatccgge tggaatggea acctacaget 1380
ggagtcgaga gtctggggca atggggcagg aaaagtgtta ctacattacc atctttgect 1440
ctgcgcacce cgagaagctc accttgtggt ctacggtcct gtccacctac cactttgggg 1500
gcaatgccte agcagctggg acaccgcacc acgtctcggt gaagaatcat agcttggact 1560
ctgtgtctgt ggactgggca ccatccctge tgagcacctg tcceggegte ctaaaggagt 1620
atgttgtcceg ctgccgagat gaagacagca aacaggtgtc agagcatccc gtgcagccca 1680
cagagaccca agttacccte agtggcctge gggctggtgt agcctacacg gtgcaggtgce 1740
gagcagacac agcgtggctg aggggtgtct ggagccagec ccagcegcttc agcatcgaag 1800
tgcaggttte tgattggcte atcttectteg cctccctggyg gagcettectyg agcatcctte 1860
tcgtgggegt ccttggetac cttggectga acagggccge acggcacctyg tgcccgecge 1920
tgcccacace ctgtgecage tccgecattg agttccctgyg agggaaggag acttggcagt 1980
ggatcaaccc agtggacttc caggaagagg catccctgca ggaggccctg gtggtagaga 2040
tgtcctggga caaaggcgag aggactgagce ctctcgagaa gacagagcta cctgagggtg 2100
ccecctgaget ggeccctggat acagagttgt ccttggagga tggagacaga tgtgatcgtt 2160
gaggctcaga gagggtgagt gactcgcccg aggctacgta gcacacacag gagtcacatt 2220
tggacccaaa taacccagag ctcctccagg ctccagtgca cctgectect ctetgecceg 2280
tgcctgttge cacccatcct gecgggggaac cctagatgect gccatgaaat ggaagctgcet 2340
gcaccctget gggectggeca tceccgtgggge aggagcagac cctgecattt acctgttcetg 2400
gcgtagaatg gactgggaat gggggcaagg ggggctcaga tggatccctg gaccctggge 2460
tgggcatcca cccccaggag cactggatgg ggagtctgga ctcaagggct ccctgeagea 2520
ttgcggggte ttgtagettg gaggatccag gcatataggyg aagggggcetyg taaactttgt 2580
gggaaaaatg acggtcctcc catcccacce cccaccecac cctcaccccce ctataaaatg 2640
ggggtggtga taatgacctt acacagctgt tcaaaatcat cgtaaatgag cctcctcettg 2700
ggtatttttt tcctgtttga agcttgaatg tcctgctcaa aatctcaaaa cacgagectt 2760
ggaattcaaa aaaaaaaaaa aaaaaa 2786
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<210> SEQ ID NO 7
<211> LENGTH: 2791
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
agaacactcc gctgectete cagagccagg cacacagcag gcgctccata aatgttegtt 60
ggtcttttcet ccttgctcag cttcaatgtg tteccggagtg gggacggggt ggctgaacct 120
cgcaggtggce agagaggctce cecctgggget gtggggctct acgtggatcc gatggagecg 180
ctggtgacct gggtggtecee cctectette ctcttectge tgtccaggca gggegetgece 240
tgcagaacca gtgagtgctg ttttcaggac ccgccatatc cggatgcaga ctcaggcteg 300
gecctegggee ctagggacct gagatgctat cggatatcca gtgatcgtta cgagtgcetcc 360
tggcagtatg agggtcccac agctggggtc agccacttce tgeggtgttg ccttagetcc 420
gggcegetget gctacttege cgccggectca gecaccagge tgcagttcte cgaccagget 480
ggggtgtctg tgctgtacac tgtcacactc tgggtggaat cctgggccag gaaccagaca 540
gagaagtctc ctgaggtgac cctgcagctce tacaactcag ttaaatatga gcctcectcetg 600
ggagacatca aggtgtccaa gttggcecggg cagctgegta tggagtggga gaccccggat 660
aaccaggttg gtgctgaggt geagttcegg caccggacac ccagcagecc atggaagttg 720
ggcgactgeg gacctcagga tgatgatact gagtectgec tetgcccect ggagatgaat 780
gtggcccagg aattccaget ccgacgacgg cagctgggga gccaaggaag ttcctggage 840
aagtggagca gcccegtgtg cgttccccct gaaaacccce cacagcectca ggtgagatte 900
tcggtggage agctgggceca ggatgggagg aggcggctga ccctgaaaga gcagccaacce 960
cagctggage ttccagaagg ctgtcaaggg ctggcgcctg gcacggaggt cacttaccga 1020
ctacagctce acatgetgte ctgecegtgt aaggccaagg ccaccaggac cctgcacctg 1080
gggaagatgc cctatctctce gggtgctgece tacaacgtgg ctgtcatctc ctcgaaccaa 1140
tttggtcctyg gcctgaacca gacgtggcac attcctgccg acacccacac agaaccagtg 1200
gctctgaata tcagegtcegg aaccaacggg accaccatgt attggcecage ccgggctcag 1260
agcatgacgt attgcattga atggcagcct gtgggccagg acgggggcect tgccacctge 1320
agcctgactg cgccgcaaga cccggatccg getggaatgg caacctacag ctggagtcega 1380
gagtctgggg caatggggca ggaaaagtgt tactacatta ccatctttge ctctgcgceac 1440
cccgagaagce tcaccttgtg gtctacggte ctgtccacct accactttgg gggcaatgcec 1500
tcagcagctg ggacaccgca ccacgtcteg gtgaagaatc atagcttgga ctcectgtgtet 1560
gtggactggg caccatccct gctgagcacc tgtcccggeg tcctaaagga gtatgttgte 1620
cgctgccgag atgaagacag caaacaggtg tcagagcatc ccgtgcagec cacagagacc 1680
caagttaccc tcagtggcct gegggetggt gtagectaca cggtgcaggt gcgagcagac 1740
acagcgtgge tgaggggtgt ctggagccag ccccagcget tcagcatcga agtgcaggtt 1800
tctgattgge tcatcttett cgecteccctg gggagcttce tgagcatcet tetegtggge 1860
gtccttgget accttggect gaacagggcc gcacggcacce tgtgcccgec gectgcccaca 1920
ccctgtgeca getecegecat tgagttccct ggagggaagg agacttggca gtggatcaac 1980
ccagtggact tccaggaaga ggcatccctg caggaggccc tggtggtaga gatgtcctgg 2040
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gacaaaggcg agaggactga gcctctcgag aagacagagc tacctgaggg tgcccctgag 2100
ctggccctgg atacagagtt gtcecttggag gatggagaca ggtgcaaggce caagatgtga 2160
tcgttgagge tcagagaggg tgagtgactc gcccgagget acgtagcaca cacaggagtce 2220
acatttggac ccaaataacc cagagctcct ccaggctcecca gtgcacctge ctectcetetg 2280
ccecegtgect gttgeccacce atcctgeggg ggaaccctag atgctgecat gaaatggaag 2340
ctgctgcacce ctgctgggece tggcatccegt ggggcaggag cagaccctgce catttacctg 2400
ttctggcgta gaatggactg ggaatggggg caaggggggc tcagatggat ccctggacce 2460
tgggctggge atccacccece aggagcactg gatggggagt ctggactcaa gggctcectg 2520
cagcattgcyg gggtcttgta gecttggagga tccaggcata tagggaaggyg ggctgtaaac 2580
tttgtgggaa aaatgacggt cctcecccatcce caccccccac cccaccctca ceccecctata 2640
aaatgggggt ggtgataatg accttacaca gctgttcaaa atcatcgtaa atgagcctcece 2700
tcttgggtat ttttttectg tttgaagett gaatgtectg ctcaaaatct caaaacacga 2760
gccttggaat tcaaaaaaaa aaaaaaaaaa a 2791
<210> SEQ ID NO 8
<211> LENGTH: 4040
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8
tgcagagcac agagaaagga catctgcgag gaaagttccc tgatggctgt caacaaagtg 60
ccacgtctcet atggctgtga acgctgagca cacgatttta tcgcgcctat catatcttgg 120
tgcataaacg cacctcacct cggtcaaccc ttgctccgtc ttatgagaca ggctttatta 180
tccgcatttt atatgagggg aaactgacgg tggagagaga attatcttgce tcaaggcgac 240
acagcagagc ccacaggtgg cagaatccca cccgagcccg cttcgacccg cggggtggaa 300
accacgggcyg cccgeccegge tgegettcca gagctgaact gagaagegag tectctecge 360
cctgcggeca ccgeccagece ccgaccccceg ccccggeccg atcctcecacte gecgecaget 420
cccegegece accecggagt tggtggegca gaggcgggag goeggaggegy gdagggegggce 480
gctggcaccg ggaacgcceg agcgccggcea gagagcegedg agagcegcgac acgtgcggec 540
cagagcaccg gggccacceg gtcecegecag geccgggace gcegeccgetg gecaggegaca 600
cgtggaagaa tacggagttc tataccagag ttgattgttg atggcacata cttttagagg 660
atgctcattg gcatttatgt ttataatcac gtggctgttg attaaagcaa aaatagatgce 720
gtgcaagaga ggcgatgtga ctgtgaagcc ttcccatgta attttacttg gatccactgt 780
caatattaca tgctctttga agcccagaca aggctgcttt cactattcca gacgtaacaa 840
gttaatcctg tacaagtttg acagaagaat caattttcac catggccact ccctcaattce 900
tcaagtcaca ggtctteccece ttggtacaac cttgtttgtc tgcaaactgg cctgtatcaa 960
tagtgatgaa attcaaatat gtggagcaga gatcttcgtt ggtgttgctce cagaacagcc 1020
tcaaaattta tcctgcatac agaagggaga acaggggact gtggcctgca cctgggaaag 1080
aggacgagac acccacttat acactgagta tactctacag ctaagtggac caaaaaattt 1140
aacctggcag aagcaatgta aagacattta ttgtgactat ttggactttg gaatcaacct 1200
cacccctgaa tcacctgaat ccaatttcac agccaaggtt actgctgtca atagtcecttgg 1260
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aagctcctcet tcacttccat ccacattcac attcttggac atagtgaggc ctcettectcece 1320
gtgggacatt agaatcaaat ttcaaaaggc ttctgtgagc agatgtaccc tttattggag 1380
agatgaggga ctggtactgc ttaatcgact cagatatcgg cccagtaaca gcaggctctg 1440
gaatatggtt aatgttacaa aggccaaagg aagacatgat ttgctggatc tgaaaccatt 1500
tacagaatat gaatttcaga tttcctctaa gctacatctt tataagggaa gttggagtga 1560
ttggagtgaa tcattgagag cacaaacacc agaagaagag cctactggga tgttagatgt 1620
ctggtacatyg aaacggcaca ttgactacag tagacaacag atttctcttt tctggaagaa 1680
tctgagtgte tcagaggcaa gaggaaaaat tctccactat caggtgacct tgcaggagcet 1740
gacaggaggg aaagccatga cacagaacat cacaggacac acctcctgga ccacagtcat 1800
tcctagaace ggaaattggg ctgtggetgt gtctgcageca aattcaaaag gcagttcetcet 1860
gcccactegt attaacataa tgaacctgtg tgaggcaggg ttgctggcete ctcecgecaggt 1920
ctctgcaaac tcagagggca tggacaacat tctggtgact tggcagectce ccaggaaaga 1980
tcecctetget gttcaggagt acgtggtgga atggagagag ctccatccag ggggtgacac 2040
acaggtccct ctaaactggce tacggagtcg accctacaat gtgtctgctce tgatttcaga 2100
gaacataaaa tcctacatct gttatgaaat ccgtgtgtat gcactctcag gggatcaagg 2160
aggatgcagc tccatcctgg gtaactctaa gcacaaagca ccactgagtg gcccccacat 2220
taatgccatc acagaggaaa aggggagcat tttaatttca tggaacagca ttccagtcca 2280
ggagcaaatg ggctgcctece tccattatag gatatactgg aaggaacggg actccaactce 2340
ccagcctcag ctctgtgaaa ttccctacag agtctcccaa aattcacatc caataaacag 2400
cctgcageccee cgagtgacat atgtcctgtg gatgacagcet ctgacagctg ctggtgaaag 2460
ttcccacgga aatgagaggg aattttgtct gcaaggtaaa gccaattgga tggegtttgt 2520
ggcaccaagc atttgcattg ctatcatcat ggtgggcatt ttctcaacgc attacttcca 2580
gcaaaaggtg tttgttctcc tagcagccct cagacctcag tggtgtagca gagaaattcc 2640
agatccagca aatagcactt gcgctaagaa atatcccatt gcagaggaga agacacagct 2700
gceccttggac aggctectga tagactggece cacgcectgaa gatcctgaac cgcetggtceat 2760
cagtgaagtc cttcatcaag tgaccccagt tttcagacat ccccecctget ccaactggcec 2820
acaaagggaa aaaggaatcc aaggtcatca ggcctctgag aaagacatga tgcacagtgce 2880
ctcaagccca ccacctccaa gagctctecca agctgagage agacaactgg tggatctgta 2940
caaggtgctg gagagcaggg gctccgaccce aaagcccgaa aacccagect gtcectggac 3000
ggtgctccca gcaggtgacce ttcccaccca tgatggctac ttaccctcca acatagatga 3060
cctccectca catgaggcac ctctcecgetga ctctctggaa gaactggage ctcagcacat 3120
ctcecectttet gttttececcct caagttcectet tcacccactce accttectect gtggtgataa 3180
gctgactcectg gatcagttaa agatgaggtg tgactcccte atgctctgag tggtgagget 3240
tcaagcctta aagtcagtgt geccctcaacc agcacagcct gecccaatte ccccageccce 3300
tgctccagca gctgtecatet ctgggtgcca ccatcggtct ggctgcaget agaggacagg 3360
caagccagct ctgggggagt cttaggaact gggagttggt cttcactcag atgcctcatce 3420
ttgcctttec cagggcctta aaattacatc cttcactgtg tggacctaga gactccaact 3480
tgaattccta gtaactttct tggtatgectg gccagaaagg gaaatgagga ggagagtaga 3540
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aaccacagct cttagtagta atggcataca gtctagagga ccattcatgc aatgactatt 3600
tctaaagcac ctgctacaca gcaggctgta cacagcagat cagtactgtt caacagaact 3660
tcctgagatg atggaaatgt tctacctctg cactcactgt ccagtacatt agacactagg 3720
cacattggct gttaatcact tggaatgtgt ttagcttgac tgaggaatta aattttgatt 3780
gtaaatttaa atcgccacac atggctagtg gctactgtat tggagtgcac agctctagat 3840
ggctcctaga ttattgagag ccttcaaaac aaatcaacct agttctatag atgaagacat 3900
aaaagacact ggtaaacacc aaggtaaaag ggcccccaag gtggtcatga ctggtctcat 3960
ttgcagaagt ctaagaatgt acctttttct ggccgggcgt ggtagctcat gectgtaatce 4020
ccagcacttt gggaggctga 4040
<210> SEQ ID NO 9
<211> LENGTH: 4028
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
tgcagagcac agagaaagga catctgcgag gaaagttccc tgatggctgt caacaaagtg 60
ccacgtctet atggectgtga acgctgagca cacgatttta tcgegectat catatcttgg 120
tgcataaacg cacctcacct cggtcaaccc ttgctcegtc ttatgagaca ggctttatta 180
tccgcatttt atatgagggg aaactgacgg tggagagaga attatcttge tcaaggegac 240
acagcagagc ccacaggtgg cagaatccca cccgagecceg cttegacceg cggggtggaa 300
accacgggcg cccgecegge tgcegettcca gagctgaact gagaagcgag tectctecge 360
cctgcggeca ccgeccagece ccgacccccg ccccggceccg atcctcacte gecgecaget 420
cccecgegece accccggagt tggtggegca gaggcgggag gcggaggegyg gdagggeggge 480
gctggcaccg ggaacgcccg agcgccggca gagagcegedg agagcgcgac acgtgcggcec 540
cagagcaccyg gggccacceg gtcecegecag geccgggace gcgcccgetg gecaggcegaca 600
cgtggtcacg gtgatccatt tgtaaagtcg ggaataaatg acctctgaag tgttgtctgt 660
atattgatct gctaccagta aaacatatct ctgaagaata cggagttcta taccagagtt 720
gattgttgat ggcacatact tttagaggat gctcattggce atttatgttt ataatcacgt 780
ggctgttgat taaagcaaaa atagatgcgt gcaagagagg cgatgtgact gtgaagectt 840
cccatgtaat tttacttgga tccactgtca atattacatg ctctttgaag cccagacaag 900
gctgetttca ctattccaga cgtaacaagt taatcctgta caagtttgac agaagaatca 960
attttcacca tggccactcc ctcaattctc aagtcacagg tcttccecctt ggtacaacct 1020
tgtttgtctg caaactggcce tgtatcaata gtgatgaaat tcaaatatgt ggagcagaga 1080
tcttegttgg tgttgctcca gaacagecctce aaaatttatc ctgcatacag aagggagaac 1140
aggggactgt ggcctgcacce tgggaaagag gacgagacac ccacttatac actgagtata 1200
ctctacagct aagtggacca aaaaatttaa cctggcagaa gcaatgtaaa gacatttatt 1260
gtgactattt ggactttgga atcaacctca cccctgaatc acctgaatcc aatttcacag 1320
ccaaggttac tgctgtcaat agtcttggaa gctcctcecttce acttccatcc acattcacat 1380
tcttggacat agtgaggcct cttecctcegt gggacattag aatcaaattt caaaaggctt 1440
ctgtgagcag atgtaccctt tattggagag atgagggact ggtactgctt aatcgactca 1500

BIOCON BIOLOGICS LIMITED

IPR2023-01444

Ex. 1049, p. 214 of 222



US 2020/0262908 A1

158

Aug. 20, 2020

-continued
gatatcggcce cagtaacagc aggctctgga atatggttaa tgttacaaag gccaaaggaa 1560
gacatgattt gctggatctg aaaccattta cagaatatga atttcagatt tcctctaagce 1620
tacatcttta taagggaagt tggagtgatt ggagtgaatc attgagagca caaacaccag 1680
aagaagagcc tactgggatg ttagatgtct ggtacatgaa acggcacatt gactacagta 1740
gacaacagat ttctcttttc tggaagaatc tgagtgtctc agaggcaaga ggaaaaattc 1800
tccactatca ggtgaccttg caggagctga caggagggaa agccatgaca cagaacatca 1860
caggacacac ctcctggacc acagtcattc ctagaaccgg aaattggget gtggetgtgt 1920
ctgcagcaaa ttcaaaaggc agttctctgc ccactcgtat taacataatg aacctgtgtg 1980
aggcagggtt gctggetect cgccaggtct ctgcaaactc agagggcatyg gacaacattce 2040
tggtgacttg gcagcctecee aggaaagatc cctcetgetgt tcaggagtac gtggtggaat 2100
ggagagagct ccatccaggg ggtgacacac aggtccctcet aaactggcta cggagtcgac 2160
cctacaatgt gtctgctcectg atttcagaga acataaaatc ctacatctgt tatgaaatcc 2220
gtgtgtatgc actctcaggg gatcaaggag gatgcagctc catcctgggt aactctaagce 2280
acaaagcacc actgagtgge ccccacatta atgccatcac agaggaaaag gggagcattt 2340
taatttcatg gaacagcatt ccagtccagg agcaaatggg ctgcctcctce cattatagga 2400
tatactggaa ggaacgggac tccaactccc agcctcaget ctgtgaaatt ccctacagag 2460
tctcccaaaa ttcacatcca ataaacagcc tgcagccccg agtgacatat gtectgtgga 2520
tgacagctct gacagctget ggtgaaagtt cccacggaaa tgagagggaa ttttgtctgce 2580
aaggtaaagc caattggatg gecgtttgtgg caccaagcat ttgcattget atcatcatgg 2640
tgggcatttt ctcaacgcat tacttccagc aaaagagaag acacagctgc ccttggacag 2700
gctcctgata gactggccca cgcctgaaga tcctgaacceg ctggtcatca gtgaagtcect 2760
tcatcaagtyg accccagttt tcagacatcc cccctgctcc aactggccac aaagggaaaa 2820
aggaatccaa ggtcatcagg cctctgagaa agacatgatg cacagtgect caagcccacce 2880
acctccaaga gctctccaag ctgagagcag acaactggtg gatctgtaca aggtgctgga 2940
gagcaggggc tccgacccaa agcccgaaaa cccagectgt cectggacgg tgctcccage 3000
aggtgacctt cccacccatg atggctactt accctccaac atagatgacc tcccectcaca 3060
tgaggcacct ctcgctgact ctctggaaga actggagcect cagcacatct ccctttetgt 3120
tttccectca agttectette acccactcac cttctectgt ggtgataage tgactctgga 3180
tcagttaaag atgaggtgtg actccctcat gctctgagtg gtgaggcttc aagccttaaa 3240
gtcagtgtge cctcaaccag cacagcctge cccaattcee ccageccctg ctccagcage 3300
tgtcatctct gggtgccacc atcggtctgg ctgcagctag aggacaggca agccagctcet 3360
gggggagtct taggaactgg gagttggtct tcactcagat gcctcatctt gectttecca 3420
gggccttaaa attacatcct tcactgtgtg gacctagaga ctccaacttg aattcectagt 3480
aactttcttyg gtatgcetgge cagaaaggga aatgaggagg agagtagaaa ccacagctct 3540
tagtagtaat ggcatacagt ctagaggacc attcatgcaa tgactatttc taaagcacct 3600
gctacacagce aggctgtaca cagcagatca gtactgttca acagaacttc ctgagatgat 3660
ggaaatgttc tacctctgca ctcactgtcc agtacattag acactaggca cattggectgt 3720
taatcacttg gaatgtgttt agcttgactg aggaattaaa ttttgattgt aaatttaaat 3780
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cgccacacat ggctagtgge tactgtattg gagtgcacag ctctagatgg ctcctagatt 3840
attgagagcc ttcaaaacaa atcaacctag ttctatagat gaagacataa aagacactgg 3900
taaacaccaa ggtaaaaggg cccccaaggt ggtcatgact ggtctcattt gcagaagtct 3960
aagaatgtac ctttttctgg ccgggegtgg tagctcatge ctgtaatccc agcactttgg 4020
gaggctga 4028
<210> SEQ ID NO 10
<211> LENGTH: 3782
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
tgcagagcac agagaaagga catctgcgag gaaagttccc tgatggctgt caacaaagtg 60
ccacgtctcet atggetgtga acgctgagca cacgatttta tcgcgectat catatcttgg 120
tgcataaacg cacctcacct cggtcaaccc ttgctccegtc ttatgagaca ggctttatta 180
tccgcatttt atatgagggg aaactgacgg tggagagaga attatcttge tcaaggegac 240
acagcagagc ccacaggtgg cagaatccca cccgageccg cttecgacceg cggggtggaa 300
accacgggcg cccgecegge tgegettcca gagctgaact gagaagegag tectctcege 360
cctgeggeca ccgeccagece ccgaccccceg ccccggcccg atccteacte gecgecaget 420
cccegegece accccggagt tggtggegca gaggcgggag goeggaggegg gagggeggge 480
getggcacceg ggaacgcceg agcgccggea gagagegegg agagcegcegac acgtgeggec 540
cagagcaccyg gggccacceg gtcccegcag geccgggace gcgcccgcetg gcaggcegaca 600
cgtggaagaa tacggagttc tataccagag ttgattgttg atggcacata cttttagagg 660
atgctcattyg gcatttatgt ttataatcac gtggctgttyg attaaagcaa aaatagatgc 720
gtgcaagaga ggcgatgtga ctgtgaagcc ttcccatgta attttacttg gatccactgt 780
caatattaca tgctctttga agcccagaca aggctgcttt cactattcca gacgtaacaa 840
gttaatcctg tacaagtttg acagaagaat caattttcac catggccact ccctcaattc 900
tcaagtcaca ggtctteccece ttggtacaac cttgtttgtc tgcaaactgg cctgtatcaa 960
tagtgatgaa attcaaatat gtggagcaga gatcttcgtt ggtgttgctce cagaacagcc 1020
tcaaaattta tcctgcatac agaagggaga acaggggact gtggcctgca cctgggaaag 1080
aggacgagac acccacttat acactgagta tactctacag ctaagtggac caaaaaattt 1140
aacctggcag aagcaatgta aagacattta ttgtgactat ttggactttg gaatcaacct 1200
cacccctgaa tcacctgaat ccaatttcac agccaaggtt actgctgtca atagtcecttgg 1260
aagctcctcet tcacttccat ccacattcac attcttggac atagtgaggce ctcettectece 1320
gtgggacatt agaatcaaat ttcaaaaggc ttctgtgagc agatgtaccc tttattggag 1380
agatgaggga ctggtactgc ttaatcgact cagatatcgg cccagtaaca gcaggctcetg 1440
gaatatggtt aatgttacaa aggccaaagg aagacatgat ttgctggatc tgaaaccatt 1500
tacagaatat gaatttcaga tttcctctaa gctacatctt tataagggaa gttggagtga 1560
ttggagtgaa tcattgagag cacaaacacc agaagaagag cctactggga tgttagatgt 1620
ctggtacatg aaacggcaca ttgactacag tagacaacag atttctcttt tctggaagaa 1680
tctgagtgtc tcagaggcaa gaggaaaaat tctccactat caggtgacct tgcaggagct 1740
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gacaggaggg aaagccatga cacagaacat cacaggacac acctcctgga ccacagtcat 1800
tcctagaacc ggaaattggg ctgtggctgt gtctgcagca aattcaaaag gcagttctcet 1860
gcccactegt attaacataa tgaacctgtg tgaggcaggg ttgctggetce ctcecgccaggt 1920
ctctgcaaac tcagagggca tggacaacat tctggtgact tggcagectc ccaggaaaga 1980
tcecctetget gttcaggagt acgtggtgga atggagagag ctccatccag ggggtgacac 2040
acaggtccct ctaaactgge tacggagtcg accctacaat gtgtctgctce tgatttcaga 2100
aattccctac agagtctcec aaaattcaca tccaataaac agcctgcage cccgagtgac 2160
atatgtcctyg tggatgacag ctctgacagc tgctggtgaa agttcccacg gaaatgagag 2220
ggaattttgt ctgcaaggta aagccaattg gatggcgttt gtggcaccaa gcatttgcat 2280
tgctatcatce atggtgggca ttttctcaac gcattacttce cagcaaaagg tgtttgttcet 2340
cctagcagcece ctcagaccte agtggtgtag cagagaaatt ccagatccag caaatagcac 2400
ttgcgctaag aaatatccca ttgcagagga gaagacacag ctgcccttgg acaggctect 2460
gatagactgg cccacgcctg aagatcctga accgctggte atcagtgaag tccttcatca 2520
agtgacccca gttttcagac atcccccctg ctccaactgg ccacaaaggg aaaaaggaat 2580
ccaaggtcat caggcctetg agaaagacat gatgcacagt gcctcaagec caccacctcec 2640
aagagctctc caagctgaga gcagacaact ggtggatctg tacaaggtgc tggagagcag 2700
gggctccgac ccaaagcccg aaaacccage ctgtcectgg acggtgctce cagcaggtga 2760
ccttecccace catgatgget acttacccte caacatagat gacctcccct cacatgaggce 2820
acctcteget gactctctgg aagaactgga gcctcagcac atctcccttt ctgttttecce 2880
ctcaagttct cttcacccac tcaccttcte ctgtggtgat aagctgactc tggatcagtt 2940
aaagatgagyg tgtgactccc tcatgctctg agtggtgagg cttcaagcct taaagtcagt 3000
gtgccctcaa ccagcacage ctgccccaat tcccccagec cctgctccag cagctgtcat 3060
ctctgggtge caccatcggt ctggetgcag ctagaggaca ggcaagccag ctctggggga 3120
gtcttaggaa ctgggagttg gtcttcacte agatgectca tcttgecttt cccagggect 3180
taaaattaca tccttcactg tgtggaccta gagactccaa cttgaattcc tagtaacttt 3240
cttggtatgce tggccagaaa gggaaatgag gaggagagta gaaaccacag ctcttagtag 3300
taatggcata cagtctagag gaccattcat gcaatgacta tttctaaagc acctgctaca 3360
cagcaggctg tacacagcag atcagtactg ttcaacagaa cttcctgaga tgatggaaat 3420
gttctacctec tgcactcact gtccagtaca ttagacacta ggcacattgg ctgttaatca 3480
cttggaatgt gtttagcttg actgaggaat taaattttga ttgtaaattt aaatcgccac 3540
acatggctag tggctactgt attggagtgc acagctctag atggctccta gattattgag 3600
agccttcaaa acaaatcaac ctagttctat agatgaagac ataaaagaca ctggtaaaca 3660
ccaaggtaaa agggccccca aggtggtcat gactggtctce atttgcagaa gtctaagaat 3720
gtaccttttt ctggccggge gtggtagete atgectgtaa tcccagcact ttgggagget 3780
ga 3782

<210> SEQ ID NO 11
<211> LENGTH: 3849

<212> TYPE

: DNA

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 11

tgcagagcac agagaaagga catctgcgag gaaagttccc tgatggctgt caacaaagtg 60
ccacgtctet atggectgtga acgctgagca cacgatttta tcgcegectat catatcttgg 120
tgcataaacg cacctcacct cggtcaaccc ttgctccgtc ttatgagaca ggctttatta 180
tccgcatttt atatgagggg aaactgacgg tggagagaga attatcttgce tcaaggcgac 240
acagcagagc ccacaggtgg cagaatccca cccgagcccg cttcgacccg cggggtggaa 300
accacgggcyg cccgecegge tgcgettcca gagctgaact gagaagegag tectctecge 360
cctgcggeca ccgeccagece ccgaccccceg ccccggeccg atcctcacte gecgecaget 420
cccecgegece accccggagt tggtggegca gaggcgggag gceggaggegdyg gdagggeggge 480
gctggcaccg ggaacgcceg agcgccggcea gagagcegedg agagcgcgac acgtgcggec 540
cagagcaccg gggccacceg gtceccegecag geccgggace gcgeccgetg gecaggegaca 600
cgtggaagaa tacggagttc tataccagag ttgattgttg atggcacata cttttagagg 660
atgctcattg gcatttatgt ttataatcac gtggctgttg attaaagcaa aaatagatgc 720
gtgcaagaga ggcgatgtga ctgtgaagcc ttcccatgta attttacttg gatccactgt 780
caatattaca tgctctttga agcccagaca aggctgcttt cactattcca gacgtaacaa 840
gttaatcctg tacaagtttg acagaagaat caattttcac catggccact ccctcaattc 900
tcaagtcaca ggtcttecee ttggtacaac cttgtttgtc tgcaaactgg cctgtatcaa 960
tagtgatgaa attcaaatat gtggagcaga gatcttcgtt ggtgttgctc cagaacagcc 1020
tcaaaattta tcctgcatac agaagggaga acaggggact gtggcctgca cctgggaaag 1080
aggacgagac acccacttat acactgagta tactctacag ctaagtggac caaaaaattt 1140
aacctggcag aagcaatgta aagacattta ttgtgactat ttggactttg gaatcaacct 1200
cacccctgaa tcacctgaat ccaatttcac agccaaggtt actgctgtca atagtcttgg 1260
aagctcctet tcacttccat ccacattcac attcttggac atagtgagge ctcttectcece 1320
gtgggacatt agaatcaaat ttcaaaaggc ttctgtgagc agatgtaccc tttattggag 1380
agatgaggga ctggtactgc ttaatcgact cagatatcgg cccagtaaca gcaggctcetg 1440
gaatatggtt aatgttacaa aggccaaagg aagacatgat ttgctggatc tgaaaccatt 1500
tacagaatat gaatttcaga tttcctctaa gctacatctt tataagggaa gttggagtga 1560
ttggagtgaa tcattgagag cacaaacacc agaagaagag cctactggga tgttagatgt 1620
ctggtacatg aaacggcaca ttgactacag tagacaacag atttctcttt tctggaagaa 1680
tctgagtgtc tcagaggcaa gaggaaaaat tctccactat caggtgacct tgcaggagct 1740
gacaggaggg aaagccatga cacagaacat cacaggacac acctcctgga ccacagtcat 1800
tcctagaacc ggaaattggg ctgtggctgt gtctgcagca aattcaaaag gcagttctcet 1860
gcccactegt attaacataa tgaacctgtg tgaggcaggg ttgctggcte ctcecgecaggt 1920
ctctgcaaac tcagagggca tggacaacat tctggtgact tggcagcctc ccaggaaaga 1980
tccectetget gttcaggagt acgtggtgga atggagagag ctccatccag ggggtgacac 2040
acaggtccct ctaaactgge tacggagtcg accctacaat gtgtctgctce tgatttcaga 2100
gaacataaaa tcctacatct gttatgaaat ccgtgtgtat gcactctcag gggatcaagg 2160
aggatgcagc tccatcctgg gtaactctaa gcacaaagca ccactgagtg gcccccacat 2220
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taatgccatc acagaggaaa aggggagcat tttaatttca tggaacagca ttccagtcca 2280
ggagcaaatg ggctgcctece tccattatag gatatactgg aaggaacggg actccaactce 2340
ccagcctcag ctctgtgaaa ttccctacag agtctcccaa aattcacatc caataaacag 2400
cctgcagecce cgagtgacat atgtcctgtg gatgacaget ctgacagctg ctggtgaaag 2460
ttcccacgga aatgagaggg aattttgtcect gcaaggagaa gacacagctg cccttggaca 2520
ggctcctgat agactggccc acgcctgaag atcctgaacc getggtcatc agtgaagtcc 2580
ttcatcaagt gaccccagtt ttcagacatc ccccctgctc caactggcca caaagggaaa 2640
aaggaatcca aggtcatcag gcctctgaga aagacatgat gcacagtgec tcaagcccac 2700
cacctccaag agctctccaa gctgagagca gacaactggt ggatctgtac aaggtgetgg 2760
agagcagggyg ctccgaccca aagcccgaaa acccagectg tccctggacg gtgcteccag 2820
caggtgacct tcccacccat gatggctact taccctccaa catagatgac ctceccectcac 2880
atgaggcacc tctecgectgac tcectctggaag aactggagcec tcagcacatc teectttetg 2940
ttttcceccte aagttctett cacccactca ccttetectg tggtgataag ctgactctgg 3000
atcagttaaa gatgaggtgt gactccctca tgctctgagt ggtgaggctt caagccttaa 3060
agtcagtgtg ccctcaacca geacagectg ccccaattcc cccagecect getccageag 3120
ctgtcatcte tgggtgccac catcggtctg gctgcagcta gaggacaggc aagccagctce 3180
tgggggagtc ttaggaactg ggagttggtc ttcactcaga tgcctcatct tgcctttecce 3240
agggccttaa aattacatcc ttcactgtgt ggacctagag actccaactt gaattcctag 3300
taactttctt ggtatgctgg ccagaaaggg aaatgaggag gagagtagaa accacagctc 3360
ttagtagtaa tggcatacag tctagaggac cattcatgca atgactattt ctaaagcacc 3420
tgctacacag caggctgtac acagcagatc agtactgttc aacagaactt cctgagatga 3480
tggaaatgtt ctacctctge actcactgtc cagtacatta gacactaggc acattggctg 3540
ttaatcactt ggaatgtgtt tagcttgact gaggaattaa attttgattg taaatttaaa 3600
tcgccacaca tggctagtgg ctactgtatt ggagtgcaca gctctagatg getcctagat 3660
tattgagagc cttcaaaaca aatcaaccta gttctataga tgaagacata aaagacactg 3720
gtaaacacca aggtaaaagg gcccccaagg tggtcatgac tggtctcatt tgcagaagtce 3780
taagaatgta cctttttctg geccgggegtg gtagectcatg cctgtaatce cagcactttg 3840
ggaggctga 3849
<210> SEQ ID NO 12
<211> LENGTH: 2826
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
acaagggtgyg cagcctgget ctgaagtgga attatgtgcet tcaaacaggt tgaaagaggg 60
aaacagtctt ttcctgette cagacatgaa tcaggtcact attcaatggg atgcagtaat 120
agccctttac atactcttca getggtgtca tggaggaatt acaaatataa actgctcetgg 180
ccacatctgg gtagaaccag ccacaatttt taagatgggt atgaatatct ctatatattg 240
ccaagcagca attaagaact gccaaccaag gaaacttcat ttttataaaa atggcatcaa 300
agaaagattt caaatcacaa ggattaataa aacaacagct cggctttggt ataaaaactt 360
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tctggaacca catgcttcta tgtactgcac tgctgaatgt cccaaacatt ttcaagagac 420
actgatatgt ggaaaagaca tttcttctgg atatccgcca gatattectg atgaagtaac 480
ctgtgtcatt tatgaatatt caggcaacat gacttgcacc tggaatgctg ggaagctcac 540
ctacatagac acaaaatacg tggtacatgt gaagagttta gagacagaag aagagcaaca 600
gtatctcacc tcaagctata ttaacatctc cactgattca ttacaaggtg gcaagaagta 660
cttggtttgyg gtccaagcag caaacgcact aggcatggaa gagtcaaaac aactgcaaat 720
tcacctggat gatatagtga taccttctgc agccgtcatt tccagggctg agactataaa 780
tgctacagtyg cccaagacca taatttattg ggatagtcaa acaacaattg aaaaggtttc 840
ctgtgaaatg agatacaagg ctacaacaaa ccaaacttgg aatgttaaag aatttgacac 900
caattttaca tatgtgcaac agtcagaatt ctacttggag ccaaacatta agtacgtatt 960
tcaagtgaga tgtcaagaaa caggcaaaag gtactggcag ccttggagtt caccgttttt 1020
tcataaaaca cctgaaacag ttccccaggt cacatcaaaa gcattccaac atgacacatg 1080
gaattctggg ctaacagttg cttccatctc tacagggcac cttacttctg acaacagagg 1140
agacattgga cttttattgg gaatgatcgt ctttgctgtt atgttgtcaa ttctttettt 1200
gattgggata tttaacagat cattccgaac tgggattaaa agaaggatct tattgttaat 1260
accaaagtgg ctttatgaag atattcctaa tatgaaaaac agcaatgttg tgaaaatgct 1320
acaggaaaat agtgaactta tgaataataa ttccagtgag caggtcctat atgttgatcc 1380
catgattaca gagataaaag aaatcttcat cccagaacac aagcctacag actacaagaa 1440
ggagaataca ggacccctgg agacaagaga ctacccgcaa aactcgctat tcgacaatac 1500
tacagttgta tatattcctg atctcaacac tggatataaa ccccaaattt caaattttct 1560
gcctgaggga agccatctca gcaataataa tgaaattact tccttaacac ttaaaccacc 1620
agttgattcc ttagactcag gaaataatcc caggttacaa aagcatccta attttgettt 1680
ttctgtttca agtgtgaatt cactaagcaa cacaatattt cttggagaat taagcctcat 1740
attaaatcaa ggagaatgca gttctcctga catacaaaac tcagtagagg aggaaaccac 1800
catgcttttg gaaaatgatt cacccagtga aactattcca gaacagaccce tgcttectga 1860
tgaatttgtc tcctgtttgg ggatcgtgaa tgaggagttg ccatctatta atacttattt 1920
tccacaaaat attttggaaa gccacttcaa taggatttca ctcttggaaa agtagagctg 1980
tgtggtcaaa atcaatatga gaaagctgcc ttgcaatctg aacttgggtt ttccctgcaa 2040
tagaaattga attctgcctc tttttgaaaa aaatgtattc acatacaaat cttcacatgg 2100
acacatgttt tcatttccct tggataaata cctaggtagg ggattgctgg gccatatgat 2160
aagcatatgt ttcagttcta ccaatcttgt ttccagagta gtgacatttc tgtgctccta 2220
ccatcaccat gtaagaattc ccgggagctc catgcctttt taattttagce cattcttcetg 2280
cctcatttct taaaattaga gaattaaggt cccgaaggtg gaacatgcett catggtcaca 2340
catacaggca caaaaacagc attatgtgga cgcctcatgt attttttata gagtcaacta 2400
tttcctettt attttececte attgaaagat gcaaaacagc tctctattgt gtacagaaag 2460
ggtaaataat gcaaaatacc tggtagtaaa ataaatgctg aaaattttcc tttaaaatag 2520
aatcattagg ccaggcgtgg tggctcatge ttgtaatccc agcactttgg taggctgagg 2580
tgggtggatc acctgaggtc aggagttcga gtccagcctg gccaatatgce tgaaaccctg 2640
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tctctactaa aattacaaaa attagccggce catggtggca ggtgcttgta atcccagcta 2700

cttgggaggc tgaggcagga gaatcacttg aaccaggaag gcagaggttg cactgagctg 2760

agattgtgcc actgcactcc agcctgggca acaagagcaa aactctgtcet ggaaaaaaaa 2820

aaaaaa

2826

1.-383. (canceled)

384. A method of treating ulcerative colitis in a subject,
the method comprising: orally administering to the subject
an ingestible device comprising:

an ingestible housing comprising a reservoir, the reservoir
containing a pharmaceutical formulation comprising a
therapeutically effective amount of an anti-1L.-12/11.-23
antibody;

a release mechanism having a closed state wherein the
pharmaceutical formulation is retained in the reservoir
and an open state which allows for the release of the
pharmaceutical formulation from the reservoir to the
exterior of the ingestible device;

an actuator which controls the transition of the release
mechanism from the closed state to the open state;

a detector for detecting a location of the ingestible device
in the subject’s gastrointestinal (GI) tract; and

a processor coupled to the detector and to the actuator,
wherein the processor triggers the actuator to cause the
release mechanism to transition from the closed state to
the open state when the ingestible device is located in
the cecum, wherein the cecum has been predetermined
to be proximal to one or more disease sites,

thereby releasing the pharmaceutical formulation com-
prising the anti-IL.-12/11.-23 antibody from the ingest-
ible device when the ingestible device is located in the
cecum of the subject.

385. The method of claim 384, wherein the one or more
disease sites is in the colon.

386. The method of claim 384, wherein the anti-IL-12/
IL-23 antibody is selected from the group consisting of
briakinumab, guselkumab, tildrakizumab, mirikizumab,
ustekinumab, and brazikumab (MEDI2070); generic equiva-
lents thereof; modifications thereof having at least 90%
sequence homology; modifications thereof differing in gly-
cosylation pattern; and modifications thereof having at least
90% sequence homology and differing in the glycosylation
pattern.

387. The method of claim 386, wherein the anti-IL-12/
IL-23 antibody is ustekinumab or a generic equivalent
thereof.

388. The method of claim 384, wherein the ingestible
device further comprises one or more machine-readable
hardware storage devices that stores instructions that are
executable by the processor to determine that the ingestible
device is in the cecum of the subject to an accuracy of at
least 70%.

389. The method of claim 384, wherein the method
further comprises determining the location of the ingestible

device in the cecum of the subject to an accuracy of at least
85%.

IPR2023-01444

390. The method of claim 384, wherein the ingestible
device is configured to detect light reflectance from an
environment external to the housing.

391. The method of claim 390, wherein the detected
reflectance indicates that the ingestible device is located in
the cecum of the subject.

392. The method of claim 391, wherein the detected
reflectance autonomously triggers the release of the phar-
maceutical formulation comprising the anti-IL-12/1L-23
antibody from the ingestible device.

393. The method of claim 390, wherein the detected
reflectance comprises light of at least two different wave-
lengths.

394. The method of claim 390, wherein determining the
location of the ingestible device in the cecum comprises
detecting a transition of the ingestible device from the ileum
to the cecum.

395. The method of claim 394, wherein detecting the
transition of the ingestible device from the ileum to the
cecum comprises detecting a change in the ratio of reflected
red light to reflected green light.

396. The method of claim 395, wherein detecting the
transition of the ingestible device from the ileum to the
cecum further comprises detecting a change in the ratio of
reflected green light to reflected blue light.

397. The method of claim 384, wherein the ingestible
device comprises a gas generating cell located within the
housing, wherein the gas generating cell is capable of
generating a gas; and the ingestible device is configured so
that, when the gas generating cell generates the gas, the gas
creates an internal pressure that forces a release mechanism
from a closed state, which retains the anti-IL-12/1L-23
antibody in the reservoir, to an open state, thereby allowing
for the release of the anti-IL-12/IL-23 antibody from the
reservoir to the exterior of the device.

398. The method of claim 397, wherein the reservoir is
configured to attach to the housing of the ingestible device.

399. The method of claim 397, wherein the reservoir is
configured to friction fit with the ingestible device.

400. The method of claim 397, wherein the ingestible
device comprises a safety device placed within or attached
to the housing, wherein the safety device is configured to
relieve the internal pressure within the housing when the
internal pressure exceeds a threshold level.

401. The method of claim 384, further comprising releas-
ing the pharmaceutical formulation comprising the anti-1L-
12/IL.-23 antibody to the cecum as a bolus.

402. The method of claim 384, further comprising deter-
mining the level of anti-IL-12/IL.-23 antibody in the plasma
of the subject following the oral administration of the
ingestible device, wherein the level of anti-IL-12/IL.-23
antibody is lower than the level of the anti-IL-12/IL.-23
antibody in the plasma of a subject at substantially the same
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time point following systemic administration of an equal
amount of the anti-IL-12/IL.-23 antibody.

403. The method of claim 384, wherein releasing the
anti-IL-12/IL-23 antibody from the ingestible device is not
dependent on pH, enzymatic activity or bacterial activity at
or in the vicinity of the predetermined location.
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