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PETITIONER FAILS FOR MULTIPLE REASONS

Common Issues — All Independent Claims

A. The Specification defines “major peaks”
B. Huang2 & Lee lack “major peaks”
C. Dr. Simpson’s testing warrants no weight

IPR2025-00248

A. Claim 2: “native triple helical form”
B. Claim 3: “residual calcium”

C. Claim 4: “average porosity”

D. Claim 12: “stem cells”

IPR2025-00249

A. Claim 1: “crosslinked fibers”
B. Claims 1 & 4-6: “to repair a tendon, a ligament or a nerve defect”
C. Claims 2-3: “sheets”
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CLAIM CONSTRUCTION - “MAJOR PEAKS”

U.S. Patent No. 10,137,223

1. A scaffold comprising one or more electrospun
fibers comprising collagen, wherein a fast
Fourier transform (FFT) analysis result of the
fibers have adjacent major peaks with about
180° apart from each other.

McGuireWoods

U.S. Patent No. 11,318,227

1. A method of treating a tissue defect in a
subject comprising|:]

implanting at the tissue defect a scaffold
comprising crosslinked fibers comprising
collagen, wherein a result of a fast Fourier
transform (FFT) analysis of the fibers
demonstrates that the fibers have major
adjacent peaks that are about 180° apart
from each other, and

applying the scaffold to the tissue defect to
repair a tendon, a ligament or a nerve defect.
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CLAIM CONSTRUCTION - “MAJOR PEAKS”
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13

The invention further relates to a scatlold comprising an
aligned fiber. The invention further relates to a scaffold
comprising one or more electrospun fibers. In some embodi-
ments, a fast Fourier transform (FFT) analysis result of the
fibers have adjacent major peaks with about 1807 apart from
each other. The “major peaks™ herein refer to peaks higher
than the average of the peaks in the result.

(¥4

Alnylam Pharms., Inc. v. Moderna, Inc.,
138 F.4th 1326, 1333 (Fed. Cir. 2025)

» “the term to be defined ... is set off in quotation
marks”

» “the sentence uses the term ‘refer to,” ... which
generally ‘conveys an intent for [that sentence] to
be definitional™

» the patentee did not use “non-limiting terms” (“for
example” or “e.g.”) that “contrast with the ‘refer to’
language”
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CLAIM CONSTRUCTION - “MAJOR PEAKS”

Petitioner accepted this definition in the Petitions:

Petition for Inter Partes Review of U.S. Patent No. 10.137.223

[1n the scaffold] have adjacent major peaks about 1807 apart from each other.”
(Id.. 13:3-6.) According to the specification, “the major peaks . . . refer to peaks

higher than the average peaks in the result.” (/d.. 13:6-7.)

Despite its obligation, Petitioner did not propose a different construction or argue this definition is
unclear or inapplicable:

VIII. CLAIM CONSTRUCTION

For purposes of this Petition. Petitioners do not believe that any claims
require construction. To the extent the Patent Owner identifies terms for

construction. Petitioners reserve the right to respond.

McGuireWoods
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CLAIM CONSTRUCTION - “MAJOR PEAKS”

Petitioner’s expert, Dr. Simpson, also accepted this definition.

Dr. David Simpson - October 07, 2025

A o i Q. Would another way to describe a major
. < e = 4 | peak be that its height is higher than the average

-
9

In the sec

-
w

paragraph starts wi

el = heights of the peaks 1n the plot?

You state

-
-

-
n

-
o

degrees of alignmen

vl e e B A. If a user so desired, vyes.

21 A Yes

22 Q. What ale is that 0.05 units reported

23 2e

24 A. That is alignment plot on Figure 1.

25 Q. And is that 0.05 -- is that an arbitrary

www_LexitasLegal.com/Premier  Lexitas 888-267-1200
LifeNet Exfibit 2017

Embody, et al v. LifeNet, IPR2025-00248, -D0240

Page 89

McGuireWoods °
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CLAIM CONSTRUCTION - “MAJOR PEAKS”

This definition is consistent with the Specification’s embodiments:

ug % Sﬂrﬁf wm,
® e\ S R ®
0 W0 B W0 TR R R w0
DEGREES PEGREES
FIG. 8A FIG. 8B
“major peaks” no “major peaks”

McGuireWoods
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CLAIM CONSTRUCTION - “MAJOR PEAKS”

Petitioner’s construction has the same effect
when applied to FFT results with a single peak.

= — A NSO
— 150
0.3 1
0.2 1
0.1
ﬂ — ]
~2RBIFBRSITTSBIBELB

McGuireWoods

Instead, the "223 patent directs a POSA to Ayres2008, which 1t incorporates
in its entirety. Ayres carries out a visual assessment of the relative sizes of the
peaks to determine which peaks are “major” and thus indicate scaffold alipnment.
Ayres2008 explains that: “The 2D FFT alignment plots generated from sample
scaffolds containing aligned elements exhibit asymmetrical peaks, two larger
peaks at 90 and 270° and two smaller peaks at 0 and 360° (Fig. 1F and I). The
degree of alignment present in the original data image 1s reflected by the height
and overall shape of the most pronunent peaks present in the alignment plot.”
(EX1010, 610 (emphasis added); see also EX1220, 76:7-12.) “The overall 2D FFT
alignment value for a scaffold is determined by visually inspecting and selecting
the maximal value from the peak of the alipnment plot.” (EX1010, 613 (emphasis
added).) This is how a POSA would understand the phrase “major peaks™ in the
context of the "223 patent and is the correct claim construction.

This understanding was confirmed by Dr. Simpson, the senior author of
Ayres2008, who testified that identifying “major peaks™ is a visual comparison of
relative peak height and that references to an “average” reflect this qualitative

assessment, not a numerical calculation. (EX2017, 88:6-89:9; EX1219, 15-10).)

_6-

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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CLAIM CONSTRUCTION - “MAJOR PEAKS™

It is undisputed that FFT peaks reflect fiber alignment; noise and artifacts do not.

EX.1010, FIG.3, 613-615 (“EDGE EFFECTS AND BACKGROUND NOISE ... OBSCURE DATA”

" AND CAN BE REMOVED WITH A I\/IASK); -248 SUR-REPLY 7-10; -248 PET. 9 11
McGuireWoods
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HUANG2: NO "MAJOR PEAKS”
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HUANG2 DOES NOT DISCLOSE “MAJOR PEAKS”

Huang2 lacks “major peaks” under either construction.

» The Specification’s definition:

» “major peaks’ herein refer to peaks higher
than the average of the peaks in the result”

> Petitioner’s construction:

= “gvisual assessment of the relative sizes of

the peaks to determine which peaks are
‘major’”

McGuireWoods
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HUANG2 DOES NOT DISCLOSE “MAJOR PEAKS”

Dr. Simpson’s testimony confirms this. | B ms. wmR:

FFT Alignment

FFT Alignment

ane

e

AR

LR

e 4

LR

L]

C —— 100 mygim| Gelatin & 200 REW

Poak FFT=0.0379

not “major peaks”

Dr. David Simpson - October 07, 2025

F w10 mgimd Gedatin @ 3000 RPM

Peak FFT=0.05%

“major peaks”

McGuireWoods

2 Q. Okay. Are you familiar with the term
3 "major peaks" in the context of a 2D FFT alignment
4 plot?
5 A, I am.
10 And at approximately -- looks like about how would you describe major peaks?
Panel C, F, and I, notice that the
11 at approximately S0 degrees in C is a peak.
little bit of wiggle to it, there are
1z I would not refer to that as a major downs in the trace.
A X at approximately -- looks like about
13 peak because all the peaks in that particular plot
tely 90 degrees in C is a peak.
14 look like they're essentially very similar in ould not refer te that as a major
o 2ll the peaks in that particular plot
15 height.
ey're essentially very similar in
16 A major peak is evident in F, in that
. lajor peak is evident in F, in that
17 the peak that is present at about 180 degrees or en e
t is presesnt at about 180 degrees or
i8 so is wery small. all.
g : th dj t 13 i th
19 And there are adjacent peaks on either STS SIS Aacjacent peaks on either
which are prcbkably on the order of two
20 side of it, which are probably on the order of LwoO (i ... taller. 2and the came description
21 and a half times taller. And the same description [°F the fimal plot, where the major
gher than the other peaks that are
22 holds true for the final plot, where the major

88

- in the plot.

25 Q. S0

in describing Figures 1-F and 1-I,

www LexitasLegal com/Premier  Lexitas

888-267-1200
LifeMet Exhibit 2017
Embody, et al. v. LifeNet, IPR2025-00248, -00242
Page 82
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DR. SIMPSON CANNOT SUPPLY HUANG2'S MISSING “MAJOR PEAKS™

Dr. Simpson’s testing is entitled to no weight — it violates Board rules.

110. Finally. I conducted my own analysis of Figure 1B using the FFT
analysis described in Huang2 and the "223 patent. I report the data from 0° to 360°

and normalized the y-axis.

McGuireWoods

37 C.F.R. § 42.65 — Expert testimony;
tests and data

(b) If a party relies on a technical test or
data from such a test, the party must
provide an affidavit explaining: ...

(2) How the test was performed and the
data was generated; ....

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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DR. SIMPSON CANNOT SUPPLY HUANG2'S MISSING “MAJOR PEAKS™

Dr. Simpson’s testing is entitled to no weight — it conflicts with Huang?2.

A. Different images
i.  Downloaded PDF vs. SEM images

B. Different FFT processes
i. n=1vs.n=5
ii. Cropped vs. not cropped
iii. Mask vs. no mask

» Dr. Simpson: “l used a circular mask because
I misread that sentence.”

C. Different FFT results despite normalization
i. 20-140° peak vs. 0-180° peak*
ii. 0.55 vs. 0.3 normalized intensity units®
iii. Minor peaks vs. no minor peaks

* These are undisputed on Reply

McGuireWoods
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DR. SIMPSON GANNOT SUPPLY HUANG2'S MISSING LIMITATION

Testimony that conflicts with the reference should be disregarded.

Homeland Housewares, LLC v. Whirlpool Corp.,
865 F.3d 1372, 1378 (Fed. Cir. 2017)

» “[W]e must disregard the testimony of an expert that is plainly inconsistent
with the record.”

Honeywell Int'l Inc. v. 3G Licensing, S.A.,
124 F.4th 1345, 1354 n.6 (Fed. Cir. 2025)

» “[W]e are not required to uncritically accept expert testimony that is flatly
contradicted by the record.”

McGuireWoods
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LEE: NO “MAJOR PEAKS”
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LEE DOES NOT DISCLOSE “MAJOR PEAKS”

Dr. Simpson agrees that Lee fails to disclose FFT at all; it necessarily lacks a FFT result with “major peaks.”

1 fashion. He just chose to use different criteria.

6 Q. I'm going to ask this one more time to

7 be sure the record's clear here.

ooooooo

- 8 Does Lee disclose using FFT to measure
N I alignment?
W4 10 A. No.

www LexitaslLegal.com/Premier  Lexitas

LifeNet Exhibit 2017
Embody, etal v LifeNet, IPR2025-D0248, -00248
Page 154

McGuireWoods "
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LEE DOES NOT DISCLOSE “MAJOR PEAKS”

The Petitions pled “aligned” fibers — which are not claimed.

degree of alignment. A POSA. however. would know that the degree of alignment
could also be determined using ImageJ software to run an “FFT analysis™ on the

images published in Lee. (EX1003, 181.) An FFT analysis also measures the

3. “wherein a result of a fast Fourier transform (FFT) analysis degree of orientation of fibers and can be used on a published SEM 1mage.
of the fibers demonstrates that the fibers have major
adjacent peaks that are about 180° apart from each other” (EX1003. 9181.) This application of ImagelJ software was well-known at the fime
Lee by itself also discloses this element of the claim by describing aligned of filing of Lee. (EX1013: EX1010: EX1003, 9q181.)
PCL/collagen fibers. (EX1003, §VIB.1.c.) Indeed, in Lee, the investigators Thus, if a POSA wanted to perform an FFT analysis on the SEM image in

Lee. a POSA could do so using the Imagel software. and would know how to
perform the straightforward analysis on the very SEM image of the electrospun
fibers shown in Lee. (EX1003, f181-87.) This would show the fibers were

oriented on the scaffold in Lee in an aligned manner.

McGuireWoods 20
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LEE DOES NOT DISCLOSE “MAJOR PEAKS”

The Petitions’ grounds based on Lee violate 35 U.S.C. § 312(a)(3) — and must fail.

With respect to these grounds, Petitioner does not clearly assert in the
Petition that the fibers taught by Lee necessarily or inherently satisfy the
FFT analysis requirement. Rather, Petitioner only asserts that “it was well
known at the time of filing that an FFT analysis could be performed to
further confirm alignment.” and ““[t]his would show the fibers were oriented
on the scaffold in Lee in an aligned manner.” Pet. 52 (emphasis added).
Petitioner’s grounds based on Lee may ultimately fail on the merits due to

this lack of specificity. See Harmonic Inc. v. Avid Tech., Inc.. 815 F.3d
1356. 1363 (Fed. Cir. 2016) (“In an IPR. the petitioner has the burden from

the onset to show with particularity why the patent it challenges 1s

unpatentable.”); 35 U.S.C. § 312(a)(3) (requiring that “the petition identifies

i writing and with particularity. each claim challenged. the grounds on

which the challenge to each claim 1s based. and the evidence that supports

the grounds for the challenge to each claim™) (emphasis added).

McGuireWoods

Dr. Simpson:

produce a scaffold of randomly oriented fibers. The same
procedure was used in an attempt to produce aligned fiber
scaffolds; however the mandrel rotational speed was
increased to 30004000 rpm. While results would indicate
that truly aligned fibers were not created, scaffolds created
with a high mandrel rotational speed were referred to as
aligned scaffolds for the sake of simplicity in reporting
results. Immediately after electrospinning, scaffolds were

19KV X1,5080 18va WD27

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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DR. SIMPSON GANNOT SUPPLY LEES MISSING LIMITATION

Dr. Simpson’s testing is entitled to no weight:
(1) it violates 37 C.F.R. § 42.65(b) and
(2) it is based on an unacceptably noisy image.

188. I conducted my own analysis on Lee’s Figure 1D using the FFT

analysis described in the "223 patent. I report the data from 0° to 360°.

McGuireWoods
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DR. SIMPSON GANNOT SUPPLY LEES MISSING LIMITATION

Dr. Simpson himself indicates this type of image is unsuitable for FFT. His testing should not be credited.

Dr. Simpson:

For routine 2D FFT analysis of scaffold structure, objective resolving power
is matched to average fiber diameter. If an objective with inadequate resolving
power is used to capture data sets, individual fibers are not detected and the
resulting image is composed largely of optical noise. In general, this type of
optical image/data set is unsuitable for analysis. We note, however, that under

begins to be incorporated into the data set. Noise from either source (optical and/or
electronic) can introduce artifacts into a data image and adversely impact the 2D
FFT process.

As noted in the previous sections, edge effects and background noise (and detector
noise) can “spill over” and obscure data in the 2D FFT frequency and alignment
plots. This noise effect is quite pronounced in a model scaffold containing aligned

(signal or noise). We conclude from these expeniments that optical (as seen in light scatter in
widefield images) and electromic detector noise can degrade the absolute alignment value
assigned to a scaffold by FFT analysis. However, the information that 1s present in a bnightfield
mmage allows the FFT approach to discern relative differences in alignment across different
samples.

McGuireWoods 2
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-248: CLAIM 2
(§102: HUANG2 OR LEE)



-248 CLAIM 2

1. A scaffold comprising one or more electrospun fibers
comprising collagen, wherein a fast Fourier transform (FFT)
analysis result of the fibers have adjacent major peaks with
about 180° apart from each other.

2. The scaffold according to claim 1, wherein the fibers
comprise type | collagen in its native triple helical
structure.

McGuireWoods
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-248 CLAIM 2

Huang2 and Lee are silent regarding native triple helical structure, and the Petition fails to show inherency:

Huang?2 also discloses the “native triple helical structure™ element of the
claim. Huang?2 discloses that “type I collagen (Coll) was obtained from Elastin
Products Inc.” (Id.) Type I collagen was well-known and generally understood in
the art to have a triple-helical form when it is in a monomer. as well as when it 1s
in a polymer. (EX1017, 1. 9: EX1003.9117.) A POSA would have understood
that, if the type 1 collagen purchased from a supplier were denatured and/or
fragmented (i.e.. not in a triple helix) it would be sold as “gelatin.” not “collagen.”

(EX1003.9117.) In addition, Huang?2 discloses that the 3:1 ratio of PCL/Collagen

McGuireWoods 26
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-248 CLAIM 2

It is undisputed that HFIP/HFP, PCL, and FBS denature collagen.

108. In my opinion, Huang2’s fibers do not necessarily possess collagen in
its native triple helical form. It is not enough that Huang2 used type I collagen in its
electrospinning process or did not use the term “gelatin.” Pet. 33: Ex. 1003 ] 117.
A POSITA would have readily understood that many compounds cause type I
collagen to denature out of its native triple helix structure. For example. collagen is
denatured out of its triple helical structure by low pH levels caused by the breakdown
of various polymers. like PCL: by exposure to various solvents. like HFIP: and by
the activity of various enzymes used for cell culture, like those present in fetal bovine

serum.

Available online at www.sciencedirect.com

ScienceDirect Biomaterials

Biomaterials 29 (2008) 22932305 _—---
www.elsevier com/locate/biomaterials

Leading Opinion
Electro-spinning of pure collagen nano-fibres — Just an expensive
way to make gelatin?™
Dimitrios 1. Zeugolis ***', Shih T. Khew 9, Elijah S.Y. Yew °, Andrew K. Ekaputra ®,

Yen W. Tong h’d, Lin-Yue L. Yung d, Dietmar W. Hutmacher h’e’z,
Colin Sheppard ®, Michael Raghunath *5%*

McGuireWoods

Freeze-dried collagen dissolved in HFP and freeze-dried again
(HFP-recovered collagen) also exhibited similar properties with
those obtained from gelatin preparations, clearly indicating that
fluoroalcohols are the major cause of denaturation. Taken to-
gether, this builds up the strongest evidence that electro-spin-
ning of collagen or co-spinning of collagen-synthetic
polymers out of fluoroalcohols results in the creation of gelatin,
a protein derived from denatured collagen and is characterised
by destroyed a-chains, disrupted triple-helical and fibrillar
structure and lacking internal structure or configurational order

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 2

It is undisputed that Huang2’'s seeded scaffolds are prepared with denaturing HFIP/HFP, PCL, FBS.

McGuireWoods

1742 €. Hummg et ol [ Biomarerials 13 (2012) 791 - 1600

showed preferred adhesion on such collagen-containing nanafibers,
comparablé to pure collagen fibers [5,2], In addition, it has been
noted thatorzanization of nanofibers in the matrices also affects the
behaviors of dermal fibroblasts and adipose stromal cells 19-13],
22, fibroblasts cultured on aligned nanofibrous substrates became
elongated with accelerated migration [12]. Although the exact
mechanisem is stillunclear, itis believed thar integrins are involved in
the electrospun nanofiber-regulated cell adhesion [14], and the
activation of various integrins during focal adhesion formarion may
influence cellular phenotype, which is eritical to determine the
functionality of tissue-engineered skin grafts in vitro and subse-
quentlyinfluence the quality of healed wounds upon in vivo grafting.
During normal wound healing the fibroblast-to-myofibroblast
differentiation can facilitate wound closure by drawing the
wound margins together, however, it would also result in scar
formation if the proper apoptosis of myofibroblasts does not accur
upon the cease of wound contraction [15-18]. Therefore, the
fibroblast-to diffe i needs to be appropri-
ately balanced for minimum scar formation during the wound
healing. It is well established that transforming growth factar-
fi (TGF-B) signaling could induce fibroblast-to-myofibroblast
differentiation [19,20]. However, it is unknown whether the cell-
growing substrate can induce this fibroblast-to-myofibroblast
differentiation independent of TGF-f signaling. A wvery recent
result thar rigid cell culture surface could promaote the fibroblast-
to-myofibroblast differentiation suggests a possible correlation
between  fibroblast. i last dif iation and  their
substrate [21). Considering that nanofiber organization could
modulate cellular morphology and migration, we therefore
hypothesize that the fiber alignment may also affect fibroblast-to-
myofibroblast differentiation and integrins may be involved as well.
To address this hypothesis together with the attempt to mech-
anistically 2 fiber duced cell migrati
normal human dermal fibroblasts (NHDFs) were seeded on
collagen-containing PCL nanofibrous matrices with either isotropic
nanofiber arrangement (Le., randomly collected nanofibers with no
i ‘ d as “Is0") or ani: ic nanofiber arrange-
ment (ie, collected nanofibers with alignment, abbreviated as
“Anisa"). The elongated cell morphology and accelerated migration
of NHDFs along the fiber orientation were observed in the aniso-
tropic fiber group. Both aining and i ion
demonstrated the enhanced activation of integrin 1 by anisotrapic
collagen-containing PCL nanofibers. Treatment of NHDFs with
invegrin i1 neutralizing antibody clearly blocked the fiber-induced
migration. Elevated expression of 2-SMA was detected in NHDFs
cultured on anisotrepic matrices by real-time PCR and immuno-
staining, di ing that fiber ali indeed
induces fibroblast-io-myofibroblast differentiation, Blocking the
cellular activity of integrin (1 also diminished this fibroblast-to-
myofibroblast differentiation, Clearly, integrin f1 signaling played
4 crucial role in regulating the response of NHDFs ta the spatial
organization of collagen-containing nanofibers, This finding would
provide a mechamistic guidance for the fabiication of funcrional
skin grafts using electrospun nanofibers.

2. Materials and methods
21. Materials

L11.3.33-hexafluaro-2-propanal (HFIF| was ablained from Oakwood products
nc (West Columbia, SC). Poly (epsilon-caprolactone) (PCL M — B0.000) war
puschased from Skgma- Aldrich (St. Louis, MO) and type | collagen [Coll) was oh-
tained from Elastin Products Inc, (Owensville, MOJ. Fetal bovine serum (FES) was
purchased from American Type Culture Collection (ATCC, Manassas, VAL All pther
reagents and solutions were obiained from invitropen (Carlsbad, CA] exeept as
indicated.

Page 7 of 15

22 Nanafibrous matrix preparation

Nanafibrous matsices of PEL and Collagen at  weight rato of 3:1 werg
cated using leetnspining &5 previously described [11]. Briefly, % [vefy) salutigy ol
prrian P b

2.2. Nanofibrous matrix preparation

Nanaofibrous matrices of PCL and Collagen at a weight ratio of 3:1 were fahe
cated using electrospinning as previousl v described [11]. Briefly, 8% (w/ ¥) Er:llutiunuf
3:1 PCL{Coll was prepared by dissolving PCL and collagen in HFIP. Then, the sojysi
was loaded into a 3 mL syringe with a 20 gauge stainless steel blunt-tip need|e and

electrospun at 15 kV using a custom electrospinning device. The polvmer caju: |

n them i
went a radial summation using the Gval Profile Plot plagin with 360 paints such that
the degree interval was 1°, The raw data were normalized to 0 and data from ail sets
were rescaled to an arbitrary range berween 0 and 0.3, The final rosults were pre-
sented by plotting this arbitrary scale versus degrees. where the beight of peaks
fepresents a greater degree of alignment at a given angle.

23, Cell seeding and culture onto amofirous marix

Normal primary human skin fibrablasts from newborn fareskin (R2F) were a glit
fraem Dr. James . Riseinwald of the Barvard MIH Skin Disease Research Cencer, The
"

(i

4 2.3. Cell seeding and culture onto nanofibrous matrix

Normal primary human skin fibroblasts from newborn foreskin (R2F) were a gift
o from Dr. James G. Rheinwald of the Harvard NIH Skin Disease Research Center. The
=| cells were grown in monolayer culture in the Dulbecco’s modified Eagle medium

pai]

(low glucose) supplemented with 10% fetal bovine serum and 1% penicillin and

wil

& streptomycin (Sigma) at 37 °C in a humidified 5% COs atmosphere. Cells were

Wing

Cell proliferation en nanofibsous matrices was determined by CyQUANT® Cell
Proliforatsan Assay Kit [Malecalar Probes, Inc. Eugene, DR} following the rotocol
suggested by the mamufactures. Briefly, A standard curve over cell number weas ARt
created [y - 1094x + 2873, B - 0.954), Samples were then harvested on day L3
o 7 (0 = 4 per group for each time poinch Afler removal of media and waching
with PBS, the camples were frozen and stored at - 70°C. Afier collecting all the time.
peint samples, the samplcs were thawed at room ternperarure and then 200 L of
CyQUANT® CR dyeicell-lysis huffer was added to each sample and incubated fo
2-5 min n the dark at room temperature. The fluorescence of cell lysates was
measured using the multi-mode BioTek microplate reader at ~480 pm excization

EMBZIM EX1005
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-248 CLAIM 2

It is undisputed that Lee’s seeded scaffolds are prepared with denaturing HFIP/HFP, PCL, FBS.
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[63]  Electrospinning.  Electrospun nanofiber meshes
were fabricated using a blend of PCL and collagen with a ratio
of 1:1 m weight. Both PCL and collagen were dissolved in

HEP at a total concentration of 5% (wi'vol). Brefly, the
PCTL/collagen blend solution was electrospun using a high

[0069] Isolated hSkMCs were grown in tissue culture
dishes with skeletal muscle growth medium (SkGM-2. Lonza
Group Lid., Basel, Switzerland ) contammng the basal medium
plus recombinant human epidermal growth factor (rhEGE),
insulin, gentamicin, amphotericin, fetuin, dexamethasone,
and bovine serum albumin supplemented with 5% fetal
hovine serum (FBS) until 7084 of the cells were contluent.
Cell tusion was induced by replacing the growth medium
with DMEM/F12 1:1 containing 2% horse serum, 1% peni-
cillin/streptomyemn. All reagents for cell culture were pur-
chased from Invitrogen.

McGuireWoods

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

29



-248 CLAIM 2

McGuireWoods

“The mere fact that a certain thing may result from a given set of

circumstances 1s not sufficient.” PAR Pharm., Inc. v. TWI Pharms., Inc.. 773 F.3d

1186. 1195 (Fed. Cir. 2014) (*probabilities or possibilities™ insufficient). Inherency

“1s appropriate only when the reference discloses prior art that must necessarily

include the unstated limitation.” Transclean Corp. v. Bridgewood Servs., Inc.. 290

F.3d 1364. 1373 (Fed. Cir. 2002). “Absent mevitability. inherency does not follow
even from a very high likelihood that a prior art method will result in the claimed

invention.” In re Monigomeryv, 677 F.3d 1375, 1384 (Fed. Cir. 2012).

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 3

McGuireWoods

1. A scaffold comprising one or more electrospun
fibers comprising collagen, wherein a fast Fourier
transform (FFT) analysis result of the fibers have
adjacent major peaks with about 180° apart from each

other.

3. The scaffold according to claim 1, wherein the fiber
has less than about 8 wt % residual calcium.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 3

Huang2 and Lee are silent regarding residual calcium levels, and the Petition fails to show inherency:

C. Claim 3: “The scaffold according to claim 1, wherein the fiber
has less than about 8 wt % residual calcium.”

Huang?2 discloses all the elements of this claim as arranged in the claim.

(EX1003, §VI.A.3.) Asdiscussed in §X.A.. supra., Huang?2 discloses all the

Huang2 describes the materials used to prepare the

nanofibers and does not indicate any calcium was used.

“mcorporate™ or otherwise use calcium in

§VI.LA.3.: EX1001, 11:2-4.) Thus, the 3:1 PCL/Coll electrospun nanofibers used in
Huang2 would contain less than about 8 wt % residual calcium. (EX1003,

§VI.A.3.) Accordingly, Huang2 plainly discloses all the elements of claim 3 and

anticipates this claim.

McGuireWoods
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-248 CLAIM 3

It is undisputed that collagen scaffolds chelate calcium from FBS.

118. In my opinion. Huang2’s fibers do not necessarily possess less than

about 8 wt % residual calcium simply because Huang2 did not use calcium in the

production of its fibers. Ex. 1003 q 121: Pet. 34. A POSITA would have readily
understood that residual calcium is necessarily imparted to electrospun fibers from
a variety of conventional sources. including compounds utilized in both
electrospmmning and cell culture. For example. residual calcium levels are driven by

the source of collagen and the presence of chemical cross-linkers. buffer solutions.

or cell culture compounds.

McGuireWoods

119. As discussed regarding claim 2. Huang?2 discloses that it utilizes fetal
bovine serum (“FBS™) in its cell culture medium. Ex. 1005, 1792. A POSITA would
have readily understood that FBS naturally contains high concentrations of calcium.,
which is necessary for growth of the cells seeded on the scaffold. When collagen
scaffolds are placed in a cell culture medium with FBS, like Huang2’s. those
scaffolds will chelate calcium present in the FBS. This will necessarily increase the
fiber’s residual calcium level. This is especially so when carboxyl terminated PCL
1s present in the scaffold. like in Huang2. Carboxyl groups are part of the aspartic
acid and glutamic acid amino acid residues in collagen. and they are located at one
end of the PCL chains. When placed in the cell culture medium containing FBS
because the carboxyl is deprotonated at physiologic pH (exists as COO-) and.
therefore. is negatively charged. That negative charge will chelate positively

charged calcium.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 3

Dr. Mikos and Dr. Simpson agree that glutaraldehyde is “implicated in the development of calcification.’

J

TISSUE ENGINEERING
Volume 13, Number 7, 2007
2 Mary Ann Licbert, Inc.
DOL: 10.1089/ten. 2006.0292

173. Unlike Huang2 above, Lee’s scaffold is also cross-linked with
. o _ Cross-Linking Electrospun Type II Collagen Tissue
glutaraldehyde solution. Ex. 1011 9 63. Glutaraldehyde is “implicated in the Enginccring Scaffolds with Carbodiimide in Ethanol
development of calcification.” Ex. 2020. 1594, Glutaraldehyde-crosslinked

) . . . . _ CATHERINE P. BARNES, M.S..' CHARLES W. PEMBLE IV, B.S..*
collagen. like Lee’s. mineralizes more effectively than un-crosslinked collagen DAVID D. BRAND, Ph.D..* DAVID G. SIMPSON, Ph.D..2 and GARY L. BOWLIN, Ph.D.!

because crosslinking enhances collagen’s mechanical stability. which is crucial for

fibrils.”" = Glutaraldehyde, in particular, ofters the advan-
tages of being less expensive, reacting relatively quickly,
seeks to minimize calcium to less than 8 wt %. cross-linking over varying distances, and reacting with a
larger number of amino groups present 1n a protein mole-
cule.”" It is the most commonly used and accepted agent for
the cross-linking of biological tissues, but it has also been
implicated 1n the development of calcification.”' =%

mineralization and calcification. This contrasts with the claimed scaffold. which

McGuireWoods
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It is undisputed that the Huang2 and Lee seeded scaffolds are prepared with calcium-contributing

compounds.

Huang2: FBS

2.3. Cell seeding and culture onto nanofibrous matrix

Normal primary human skin fibroblasts from newborn foreskin {R2F) were a gift
from Dr. James G. Rheinwald of the Harvard NIH Skin Disease Resea rch Center, The
cells were grown in monolayer culture in the Dulbecca's modified Eagle medium
{low glucose) supplemented with 10% fetal bovine serum and 1% penicillin and
streptomycin (Sigma) at 37 °C in a humidified 5% CO; atmosphere. Cells were
routinely subcultured and used at passages 5-7

McGuireWoods

L ee: FBS and glutaraldehyde

[0069]  Isolated hSKMCs were grown in tissue culture
dishes with skeletal muscle growth medium {SkiGM-2, Lonza
Grroup Litd., Basel, Switzerland ) containing the basal medium
plus recombinant human epidermal growth factor (rhEGE),
insulin, gentamicin, amphotericin, fefvuin, dexamethasone,
and bovine serum albumin supplemented with 5% fetal
bovine serum (FBS) until 7084 of the cells were confluent.
Cell fusion was induced by replacing the growth medium
with DMENM/F12 1:1 containing 2% horse serum, 1% peni-
cillin/streptomyein, All reagents for cell culture were pur-
chased from Invitrogen.

different fiber orentations. After the fabncation process, the
electrospun PCL/collagen nanofiber meshes were cross-
linked under vapor of 2.5% glutaraldehyde solution for 6 hrto
increase stability and strength of collagen. The degrees of
cross-linking were measured by Ninhvdrin assay. All electro-
spun nanofibers were stored under vacuum for 48 hr to
remove residual solvent.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE




-248: CLAIM 4
(§102: HUANG2 OR LEE)
(§103: HUANG2/KUMBAR)



-248 CLAIM 4

1. A scaffold comprising one or more electrospun fibers
comprising collagen, wherein a fast Fourier transform (FFT)
analysis result of the fibers have adjacent major peaks with
about 180° apart from each other.

4. The scaffold according to claim 1, wherein the scaffold has
an average porosity from about 60% to about 90%.

McGuireWoods

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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4:§ 102

Huang2 lacks the claimed 60% — 90% porosity range and does not anticipate.

McGuireWoods

Biomaterlats 33 (201Z) 17911800

Contents lists available at SciVerse ScienceDi
Biomaterials
journal h ge: www.alsevier.com/l bl )

‘The involvement of integrin 1 signaling in the migration and myofibroblastic
differentiation of skin fibroblasts on anisotropic collagen-containing nanofibers

Chengyang Huang®', Xiaoling Fu®', Jie Liu", Yanmei Qi", Shachua Li"**, Hongjun Wang™~

apgparrment of Chemstry. Chemical Binlngy and Siomedical Engineerirag, Stevens Instirure of Technology, Hoboken, N 07030, LSA
B epartment of SUrgery. Ruberr Wood johnsom Aectical Schuo, Mew Brunswick, N 08903, USA

ARTICLE INFO ABSTRACT

Utilization of nanofibrous matsices for skin wound repair holds great promise due to their morphological
and dimensional similarity to native extracellular matrix (ECM). It becomes highly desired to understand
how various nanofibrous matrices regulate skin cell behaviors and intracellular signaling pathways.
important to tuning the functionality of tissue-engineered skin grafts and affecting the wound healing
e — process. In this study, the phenotypic expressions of normal human dermal fibroblasts (NHDFs) on
Boywords: collagen-centaining nanofibrous matrices with either isotropic (ie., fibers collected randomly with no
Mbm"":;'m":"roﬂm':l Stniie alignment) or anisatropic [ie, fibers collected with alignment) fiber organizations were studied by
mlla;(-m.muﬁbmbusl dilferentiation immuncstaining. migration assay and malecular analyses. Rgsu_lts showed that bath _mmﬁbmus
Ttegrin 1 signaling matrices supported the attachment and growth of NHDFs similarly, while showing different cell
morphology with distinct variation in focal adhesion formation and distribution. Anisotropic nanofibers
significantly triggered the integrin i1 signaling pathway in NHDFs as evidenced by an increase of active
integrin Bl (130 kD mature form) and phosphorylation of focal adbesion kinase (EAK) at Tyr-397.
Anisotropic matrices also promoted the migration of NHDFs along the fibers, while neutralization of
the integrin f1 activity abolished this promotion. Moreover, the fibroblast-to-myofibroblast differenti-
ation was greathy enhanced for the NHDFs cultured on anisomopic nanofibrous matrices over a period of
48 h. Inhibition of eeflular integrin [l activity by i antibody elimi this
These findings suggest the important role of integrin i1 signaling pathway in regulating the nanofiber-
induced fibroblast phenotypic alteration and providing insightful understanding of the possible appli-
«cation of collage matrices for skin i

Article history:

Reveived 29 Ocmnber 2011
Apcepted 13 Nowember 2011
Availabie online 2 December 2011

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction electrospun  nanofibrous  matrices  characterized by ultrafine

continuous nanoscale fibers, high surface-to-volume ratio, high

electrospun nanofibrous matrices characterized by ultrafine
continuous nanoscale fibers, high surface-to-volume ratio, high

porosity and variable pore-size distribution have great potential to
mimic the skin ECM in both morphology and composition [2,3]. In

Tissue-engineered skin grafts have proved to be effective in
closing deep skin wounds despite their suboptimal structure,
composition and function [1]. To better support and facilitate skin
cells to form skin-like o3, it is necessary for the temporany
scaffolds not only to provide a surface for the cells to reside, but also
o define a cell-friendly microenvironment that maximally recap-
tres the native extracellular matrix (ECM). In this regard.

* Corresponding author. Department of Chemistry, Chemical Biology and
Biamedical Engineering. Stevens Instinute of Technolopy. Mclean Building Room
416, 1 Castle Point an Hudson, Hoboken, N 07030, USA, Tel: +1 200 216 5556: fax:
+1 201 216 5240,

** Corresponding authar. Department af Surgery, Robert Wood ohnson Medical
School. 125 Paterson Street, New Brunswick, N] 08903, USA. Tel: +1732 235 6164
Tax: 41732 235 9538
E-mafl addresses:
{H. Wang).
! Equal contribution,

jedu (5. 11} Hongjun! wdu

0142-9612/% — see front marter © 2011 Elsevier Led. All rights reserved.
o 104006/ bismarerials 201111025
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porosity and variable pore-size distribution have great potential to
mimic the skin ECM in both marphology and composition [23]. In
recognition of the superiority of nanofibrous matrices, increasing
affarte hava been mads tn explore the poacihilitg of creating tissue-
engineered skin grafts using electrospun fibers, Clearly, nano-
fibrous matrices support the adhesion, spreading and proliferation
of skin cells [4,5].

Collagen fibrils, a major ECM component known for their
mechanical contribution to skin integrity, provide an interactive 3D
microenvironment to skin cells and regulate their behaviors via cell-
matrix interactions. To better mimic skin ECM, electrospun collagen
fibers have been fabricated, however, the rapid degradation and
poor mechanical properties determine that either crosslinking or
combination with other materials is necessary to obtain a stable
scaffold, Electrospinning 2 blend solution of collagen and poly-
capolactone [PCL), a biocompatible and biodegradable synthetic
polyester, can yield rather stable nanofibers |6,7]. Dermal fibroblasts

EMBZIM EX1005
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-248 CLAIM 4: § 102

Lee lacks the claimed 60% — 90% porosity range and does not anticipate.

McGuireWoods
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[0055]  The nano-scaled structure of the electrospun scaf-
folds can support cell adhesion and gude their behavior,
Moreover, the composition, structure, and mechanical prop-
erties of hiomaterals can be controlled (Lee et al. (2007) In
vitro evaluation of electrospun nanofiber scaffolds for vascu-
lar graft application, J. Biowed. Mater. Res. A. in press; Stitzel
et al. (2006} Controlled tabrication of a biological vascular
substitute, Biomarerials 27, 10858-10494 ), Electrospun nanofi-
ber scaffolds according to some embodiments have a three-
dimensional architecture. high porosity with an intercon-
nected pore structure, and a high surface-to-volume ratio,
which provides a favorable environment for the cells to grow,

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 4: § 102

Mikos’ porosities of non-collagen bone/cartilage scaffolds do not anticipate.

A. Different tissue
i. Bone or cartilage vs. muscle

B. Different polymers
i. No collagen vs. collagen/PCL blend

C. Different mechanisms
i. Salt leaching vs. electrospinning
> “[S]alt leaching ... allows an artisan to selectively
and individually vary both porosity and pore size.
But these features cannot be independently
controlled through electrospinning.”

McGuireWoods

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 4: § 103

It is undisputed that porosity “greatly depend[s]” on electrospinning parameters, which
fundamentally differ for:

« Kumbar’s non-aligned, pure collagen scaffold vs.
« Huang2'’s aligned, 3:1 PCL/collagen blended scaffold.

Various parameters that potentially affect electrospinning
include polymer molecular weight, polymer solution
properties, applied electrical potential, polymer solution flow
rate, distance between spinneret and collector (working
distance). motion of the grounded target and ambient
parameters (temperature, humidity and air velocity).
Nanofiber diameter, surface morphology, mechanical
properties, porosity and pore-size distribution greatly depend
on these parameters selected for electrospinning. Various

McGuireWoods
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The Petition did not propose modifying Huang2's electrospinning parameters to adjust porosity:

McGuireWoods

Further. both references are in the same field. involving using electrospun
collagen-containing scatfolds for biomedical applications. such as in regenerative
medicine (e.g.. skin grafts). (E.g.. EX1005, 1791: EX1006, 1: EX1003. q170.)
Both note that “electrospun nanofibrous matrices . . . characterized by . . . high
porosity and variable pore-size distribution™ show morphological similarities to
natural skin ECM. (EX1005. 1791: EX1006. 1, 6, 12: EX1003. §VLB.) And
Huang2’s and Kumbar’s discussion of the benefits of mimicking the porosity of
the native skin ECM would have further motivated a POSA to combine the
teachings of Kumbar modify Huang2’s disclosed scaffolds to have porosity of 89%
or 71%. (EX1003, § VLB.: see also EX1006, 6-7.)

In addition. tailoring the porosity of electrospun fibers is well within the
knowledge of a POSA. for example by using well-known methods including
freeze-drying. salt leaching, and gas foaming. (EX1003, q171.) Such techniques

have long been used on electrospun scaffolds. are well-understood. and allow a

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

43



-248: CLAIM 12
(§102: LEE)



-248 CLAIM 12

McGuireWoods

1. A scaffold comprising one or more electrospun fibers
comprising collagen, wherein a fast Fourier transform
(FFT) analysis result of the fibers have adjacent major
peaks with about 180° apart from each other.

11. A method of cell culture comprising culturing cells on
the scaffold according to claim 1 under conditions
suitable for the cell culture.

12. The method of claim 11, wherein the cells are selected
from the group consisting of stem cells, adipose derived
stem cells, dental pulp stem cells, fibroblasts, and dorsal
root ganglia.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 12

Stem cells differentiate into different cell types.

29th

’ EDITION

DORLAND'S
Mustrated
MEDICAL

DICTIONARY

McGuireWoods

stem c., 1. any precursor cell. 2. a blood cell progenitor or mother
cell representing a slightly later stage than the blast cell; it has the
capacity for both replication and differentiation, and has pluripoten-
tiality, giving rise to precursors of various different blood cell lines,
such as the proerythrocyte and myeloblast, which cannot self-repli-
cate and must differentiate into more mature daughter cells, Called

also progenitor ¢, hematopoietic stem ¢, and colony-forming wnit-
spleen,

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-248 CLAIM 12

Lee seeds skeletal muscle cells including myoblasts.

Lee explains that myoblasts are — and remain — muscle. They do not differentiate into other cell types.

McGuireWoods

[0007]  Further provided are methods of forming an aniso-
tropic muscle implant, including the steps of: seeding skeletal
muscle cells on a scaflold having oriented fibers; and then
forming oriented myotubes from the seeded skeletal muscle
cells. In some embodiments, the skeletal muscle cells include

myohlasis. In some embodiments, fibers include natural poly-

[0030] “Myoblasts™ are a type of muscle stem cell, and are
normally closely associated with myofikers during the course
of their life cvele in the vertebrate organism, If the myofiber
15 injured, the myoblasts are capable of dividing and repopu-
lating it. Tvpically, after muscle injuries myofibers become
necrotic and are removed by macrophages (Hurme et al.
(1991) Healing of skeletal muscle injury: an ultrastructural
and immunohistochemical study, Med. Sci Sports Exerc. 23,
801-810}. This induces proliferation and fusion of myoblasts
to form multinueleated and elongated myotubes, which self-
assemble to form a more organived structure, namely muscle
fibers (Campion (1984} The muscle satellite cell: a review,
Int. Rev. Cuvtol. 87, 225-2510,

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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Petitioner’s evidence confirms that myoblasts are “committed” muscle cells.

Cdl Tramsplantation, Vel 15, pp. 455- 462, 2004 0963-EBITI06 $50.00 + 00
Frinted in the USA. All rights reserved. E-ISSN 15553892
Copyright @ 2006 Cagnizant Camem. Corp. www.cogrizanicammunication.cam

Myoblast Therapy: From Bench to Bedside
Zhongmin Liu* Yanling Wu,* and Bing-guan Chent

*Heart Center, Shanghai East Hospital, Tongji University, Shanghai 200120, China
#Research Center, Shanghai East Hospital, Tongji University, Shanghai 200120, China

Myoblasts arc defincd as stem cells containing skeletal muscle cell A decade of

work has revealed many properties of myoblasts, including the stability of resulting hybrid myofibers without
immune ion, the i < of pression, and the lack of tumorigenicity. Early phase
clinical trials also showed that my st-based therapr— — —

bath le-related and non-mi

s misee ety In conclusion, myoblasts are adult stem cells and in-

of the potential application in clinical medicine. In
possible future improvements will be addressed.

et v e | AR Skeletal muscle cell precursors. Although my-

Gene therapy

oblasts are committed myogenic cells, these cells can be

s ol et e i | INfuced to differentiate, and can stably survive in the

surrounds each myofiber, function for growth and repair
of musele (11,65). Within the last decade, many biologi-

cal characteristics of myoblasts, al th the success 'd FI}E . Af‘ r o h h 'd rb_
s e e e | fOrm of hybrid myofibers. After fusion, hybrnd myofi
Transplanted autologous myoblasts can survive and fuse

with myofibers in vivo in syngeneic hosts: however, im-

e it v ompecy e v s | 7%, TAINEAIN their muscle character and in vivo contrac-

in allogeneic hosts. Transplanted primary myoblasts.
different from the transformed myoblast cell line, do not

e e | UILY. Because we can 1solate, purify, and expand human

hybrid myofibers without immune suppression, the per-

sistence of transgene expression, and the lack of tumori- weeks among myotubes, wi sion.

McGuireWoods

genicity) inspired clinical researchers to explore the pos-
sibility of myoblast therapy for muscle diseases, based
on the concept of many similarities between smooth mus-
cle cells, cardiomyocytes, and myoblasts. Moreover, the
approach of myoblast-based gene therapy may become
an important application for additional non-muscle-related

isolation from myotubes, some of the NFMB resumed
proliferation, resulting in fusing and nonfusing my-
oblasts, with the same cytoskeletal phenotypes as the
progeny of native HMSC. Repetition of the self-renewal
cycle yielded four cohorts of myoblasts, with an appear-
ance of decrease in the yield of cells as the number of

Received November 22, 2005; final acceptance March 14, 2006,
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-249 CLAIM 1
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1. A method of treating a tissue defect in a
subject comprising]:]

implanting at the tissue defect a scaffold
comprising crosslinked fibers comprising
collagen, wherein a result of a fast Fourier
transform (FFT) analysis of the fibers
demonstrates that the fibers have major adjacent
peaks that are about 180° apart from each other,
and

applying the scaffold to the tissue defect to
repair a tendon, a ligament or a nerve defect.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

50



-249 CLAIM 1

Huang?2 discloses that it achieved stability by blending collagen with PCL, not by crosslinking.
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Biomaterials 33 (2012) 17911800

Contents lists available at SciVerse ScienceDiract
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ELSEVIER journal homepage: www.elsevier.com/locate/biomaterials

—

The involvement of integrin 1 signaling in the migration and myofibroblastic
differentiation of skin fibroblasts on anisotropic collagen-containing nanofibers

Chengyang Huang®', Xiaoling Fu®", Jie Liu®, Yanmei Qi®, Shaohua Li"™**, Hongjun Wang "

apepartment of Chemistry, Chemical Biology and Biomedical Engineering, Stevens Institute of Technology, Hoboken, Nf 07034, USA
bpepartment of Surgery, Robert Wood Johnson Medical School, New Brunswick, NJ 08903, USA

Collagen fibrils, a2 major ECM component known for their
mechanical contribution to skin integrity, provide an interactive 3D
microenvironment to skin cells and regulate their behaviors via cell-
matrix interactions. To better mimic skin ECM, electrospun collagen
fibers have been fabricated, however, the rapid degradation and
poor mechanical properties determine that either crosslinking or
combination with other materials is necessary to obtain a stable
scaffold. Electrospinning a blend solution of collagen and poly-
caprolactone (PCL), a biocompatible and biodegradable synthetic
polyester, can yield rather stable nanofibers [6,7]. Dermal fibroblasts

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-249 CLAIM 1

Huang2’'s 3:1 PCL/collagen blend is more stable than crosslinked collagen because
PCL degrades over 3-4 years while type | collagen degrades over weeks.

Contents lists available at ScienceDirect
Progress in Polymer Science
journal homepage: www.elsevier.com/locate/ppolysei Biodegradation
R
BioGide™ ~2-4  weeks
The return of a forgotten polymer—Polycaprolactone
- - (®
in the 21st century BioMend™*
BioMendExtent™™ ~4-8  wesks
Maria Ann Woodruff, Dietmar Werner Hutmacher*
Institute of Health and Biomedical Innovation, Queensland University of Technology, 60 Musk Avenue, Kelvin Grove, QLD 4059, Australia VM |:1 :| ~4-8 weeks
(w
Tutodent ~B8-16 weeks
ARTICLE INFO ABSTRACT
®
Article history: During the resorbable-polymer-boom of the 1970s and 1980s, polycaprolactone (PCL) was VN(2) ~8-16 weeks
Received 5 October 2009 used extensively in the biomaterials field and a number of drug-delivery devices. Its pop-
EEEEW::; gt;e\;:fzglfgrm 19 February 2010 ularity was soon superseded by faster resorbable polymers which had fewer perceived VN3 ~ 16 - 24 weeks
Availpable On];;e 7 April 2010 disadvantages associated with long-term degradation (up to 3—4 years) and intracellular
P resorption pathways; consequently, PCL was almost forgotten for most of two decades. )
pe = Recently, a resurgence of interest has propelled PCL back into the biomaterials-arena. The Ossix > 24 weeks
Psf;:g;rs' superior rheological and viscoelastic properties over many of its aliphatic polyester coun-
Scaffold terparts renders PCL easy to manufacture and manipulate into a large range of implants
Polycaprolactone and devices. Coupled with relatively inexpensive production routes and FDA approval, this H . H P
Tissue engineering provides a promising platform for the design and fabrication of longer term degradable EX 202 1 y Flg . 8 . com pa rl ng deg rad at|0n
Bone implants which may be manipulated physically, chemically and biologically to possess tai- .
Resorbable lorable degradation kinetics to suit a specific anatomical site. This review will discuss the rateS Of various types Of Type I COl |agen
application of PCL as a biomaterial over the last two decades focusing on the advantages
which have propagated its return into the spotlight with a particular focus on medical
devices, drug delivery and tissue engineering.
@© 2010 Elsevier Ltd. All rights reserved.
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-249 CLAIM 1

Petitioner presents insufficient reasoning why a POSITA would crosslink Huang2’s stable fibers.

Meinel, as incorporated into Kuo. discloses that although ““[c]ollagen is
frequently used as a scaffold material because it is a major component of the
cartilage matrix . . . its rapid degradation has been recognized as a limitation.”
(EX1023, 380.) Meinel explains that crosslinking collagen scaffolds can address
this issue by “decreas[ing] the rate of degradation of collagen by two orders of

magnitude.” (EX1003, §112; EX1023, 380-81. 390.) And Meinel teaches that

Accordingly. for the reasons set forth above. a skilled artisan would have
been motivated with a reasonable expectation of success to ufilize Huang2’s
aligned fibers to create a scaffold that can treat a tissue defect. and would have
been motivated to improve the stability of collagen fibers by chemically

crosslinking, as taught by both Huang?2 and Kuo.

McGuireWoods
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Meinel crosslinked pure collagen; it has no bearing on a more stable PCL/collagen blend.

McGuireWoods

Engineering Cartilage-Like Tissue Using
Human Mesenchymal Stem Cells and Silk

Protein Scaffolds

Lorenz Meinel, 12'358rlﬂl'8 Hulmam *# Vassiis K.uragaurgluu Lu:lwngﬁcl‘nef
Robert Langer,” David Kaplan,* Guldam\l'mpl( Novakovic®

" Division of Health Sciences & Technology, Massachusetts institute of
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Marienburgstrasse 2, 60528 Frankfurt, Germany

*Dapartment of Biomedical Engineenng, Tufts Uﬂwrs.rry 4 Colby Street,
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wiley.com). DOL 10.T002/bit. 20252

Abstract: Human mesenchymal stem cells (hMSC) derived
from bone e ow sspitates can lorm the basis for the
in vitro cultivation of autologous tissue grafts and help al-
leviate the problems of immunorejection and disease trans-
mission associsted with the use of allografts. We explored
the utility of hMSC cultured on protein scaffolds for tissue
engineenng of cartilage. hMSC were solated, expanded
in culture, characterized with respect to the expression of
surface markers and sbility for chondrogenic and osteo-
genic differentiation, and seeded on scallolds. Four dil-
ferent scaffolds were tested, formed as a highly porous
sponge made of: 1) collagen, 2) crosslinked collagen, 3)
silk, and 4] RGD-coup led silk. Cell-seeded scalfolds were
cultured for up to 4 weeks in ether control medium
(DMEM supplemented with 10% fetal bowvine seruml or
chondr ogenic medium (contr ol medium supplemented with
chondrogenic lactors). hMSC attachment, prolileration,
and metabolic activity were markedly better on slowly de-
grading silk than on fast-degrading collagen scaffolds. In
chondr ogenic medium, hMSC formed cartilaginous tissues
on all scallolds, but the extent of chondrogenesis was
substantially higher for hMSC cultured on silk as compared
to collagen scaffolds. The deposition of glycosaminogly-
can (GAG) and type |l collagen and the expression of type
Il collagen mRNA were all higher lor hMSC cultured on silk
than on collagen scalfolds. Taken together, these results
suggest that silk scaffolds are particularty suitable for
tissue engineering of cartilage starting from hMSC, presum-
ably due to their high porosity, slow biodegradation, and
structural integrity . & 200 4 Wiley Poriodicals, Inc.

Keywords: lisgue engineening; mesenchyma stem cells:
cartilage scal fold; silk; in vitro
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INTRODUCTION
Healthy joint cartilage can withstand an astonishing amount
of repetitive physical stress. However, once injured, articular
cartilage faik to self-repair even minor defects in its strue-
wre. At present, ostecarthritis accounts For half of all chro-
nic conditions in persons over age 65 and it affects —25%
of the population over age 60 (Bone and Joint Decade,
2000, www. boneandjointdecade. mg] Cumrent treatment
protocols are limited by i 1 jon between the
gmﬂ and host tssue and e scarcity of suitable donor ma-
enial {Britherg et al., 1994; Wakitani et al., [994). The in-
ahility of cantilage for self-repair and the lack of protocols
that can reproducibly regenerate durable anticular surface
provide the rationale for the development of new treatment
options based on tissue-engineerad cartilage repair (Loh-
mander, 2003).

Tissue engineering has a poential © provide functio nal

aubditutes of lost or damaged native tssues by an in-
egrated use of cells, biomaterial scaffolds, and biochemical
and physical regulatory factors (Langer and Vacanti, 1993).
Engineered constructs can also serve as high-fidelity tissue
mosdels for controlled quantitative studies of cell function
and tissue development (Freed and Vunjak-Novakovic,
2000). In particular, research in tisswe engineering can
help us understand the complex reguirements for regen-
eration of joint cartilage | Lohman der, 2003). The acquined
experience suggests that successful tissue engineering
involves the recapitulation of cenain embryonic events
{Caplan, 2003). Central to the regeneration of mesenchy-
mal tissues, including cartilage, i the availahility of
mesenchymal stem cells (MSCs), their recruitment into
the repair site, and directed conversion into specialized
tissues. Ideally, cartilage can be engineerad starting from

EMBZIM EX1023

Abstract: Human mesenchymal stem cells (hMSC) derived
from bone marrow aspirates can form the basis for the
in vitro cultivation of autologous tissue grafts and help al-
leviate the problems of immunorejection and disease trans-
mission associated with the use of allografts. We explored
the utility of hMSC cultured on protein scaffolds for tissue
engineering of cartilage. hMSC were isolated, expanded
in culture, characterized with respect to the expression of
surface markers and ability for chondrogenic and osteo-
genic differentiation, and seeded on scaffolds. Four dif-
ferent scaffolds were tested, formed as a highly porous
sponge made of: 1) collagen, 2) cross-linked collagen, 3)
silk, and 4) RGD-coupled silk. Cell-seeded scaffolds were
cultured for up to 4 weeks in either control medium
(DMEM supplemented with 10% fetal bovine serum) or
chondrogenic medium (control medium supplemented with
chundrogenic factors). hMSC attachment, proliferation,
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-249 CLAIM 1

Dr. Mikos explains that a POSITA would not crosslink Huang2'’s stable fibers due to, e.g.,

cost, complexity, reduced biocompatibility, and chemical toxicity.

McGuireWoods

67. Given the lower degradation rate of Huang2’s PCL/collagen blend. a
POSITA would not have further modified Huang2's blended fibers to additionally
crosslink them. Doing so would not have been necessary. given the stability already
achieved, and would not have imparted additional stability beyond that imparted by
blending PCL with collagen. In addition to being unnecessary. a POSITA would
not have crosslinked Huang2’s blend because this would have introduced to
Huang?2’s process additional cost, complexity. and the very real known drawbacks
of crosslinking.

68. For example, cross-linking can both strip away the benefits of using
collagen in the first place. such as enhanced biocompatibility and can introduce
difficulties in removing the toxic cross-linking chemicals., which pose additional
risks. Dr. Simpson himself has expressed these concerns. stating that “[c]ross-

linking ... may compromise biocompatibility™ and “be cytotoxic because of the

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-249 CLAIM 1

“To avoid” known disadvantages, Dr. Simpson’s lab “electrospun blends of collagen with synthetic polymers.”

TISSUE ENGINEERING
Volume 13, Number 7, 2007
(© Mary Ann Lichent, Inc.
DOI: 10.1089/ten.2006.0292

Cross-linking can be used to tal
biomechanical characteristics (typilmmy

Cross-Linking Electrospun Type Il Collagen Tissue
Engineering Scaffolds with Carbodiimide in Ethanol

CATHERINE P. BARNES, M.S..! CHARLES W. PEMBLE 1V, B.S.*
DAVID D. BRAND, Ph.D..* DAVID G. SIMPSON, P'l.D.,: and GARY L. BOWLIN, Ph.D.!

acteristics of the tissue designated for regeneration), but it
may compromise biocompatibility. The requirement for fis-
sue engineering scatfolds to not cause any prolonged im-
mune responses has led to research and development of
fixation technigues that may prove more biocompatible than
popular chemical cross-linking agents, including glutaral-
dehyde, formaldehyde, and epoxy compounds, which have
been shown to be cytotoxic because of the reactive moieties
that are covalently coupled between neighboring collagen
fibrils.”" = Glutaraldehyde, in particular, offers the advan-
tages of being less expensive, reacting relatively quickly,
cross-linking over varving distances, and reacting with a
larger number of amino groups present in a protein mole-
cule.*" It is the most commonly used and accepted agent tor
the cross-linking of biological tissues, but it has also been
implicated in the development of calcification.”'>**

However, typical protocols for cross-linking electrospun
collagen have used glutaraldehyde, but even then, the scaf-
folds tend to gel (unless more-severe cross-linking protocols
are followed) and lose their nanofibrous morphology, which
15 one of the most important features of the scatfold to begin
with. To avoid this, our laboratory has previously electro-
spun blends of collagen with synthetic |:u::l].fmlﬂr:~1~1"ﬁ which
has proven successful in initial cell studies, but it is desirable
to be able to work with collagen-only electrospun scaftolds
for such applications as cartilage tissue engineering. Thus, a
complementary, exogenous cross-linking agent is required it
pure collagen electrospun scatfolds are to be used as tissue-
engineering scaffolds.

McGuireWoods
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-249: CLAIM 1 AND 4-6, NO TENDON, LIGAMENT, NERVE REPAIR
(§103: HUANG2/KUO OR LEE/KUO)
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-249 CLAIMS 1 AND 4-6

1. A method of treating a tissue defect in a
subject comprising]:]

implanting at the tissue defect a scaffold 4. ... wherein the tissue defect is ... the nerve
comprising crosslinked fibers comprising defect.
collagen, wherein a result of a fast Fourier
transform (FFT) analysis of the fibers 5. ... wherein the tissue defect is ... the
demonstrates that the fibers have major adjacent ligament defect.
peaks that are about 180° apart from each other,
and 6. ... wherein the tissue defect is ... the

tendon defect.
applying the scaffold to the tissue defect
to repair a tendon, a ligament or a nerve
defect.

McGuireWoods
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-249 GLAIM 1 AND 4-6

Treatment of tendon, ligament, or nerve would not have been obvious.

1. Huang2 and Lee’s scaffolds lack the rolled structure of

Kuo that is required for tendon, ligament, or nerve repair.

2. Huang2 and Lee’s scaffolds present an inappropriate
elastic modulus for tendon, ligament, or nerve repair.

3. Huang2 and Lee’s scaffolds are seeded with cells that
are incapable of tendon, ligament, or nerve repair.

McGuireWoods
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-249 CLAIM 1 AND 4-6: ROLLED SCAFFOLDS

Kuo’s scaffold is “rolled into cylindrical form.” The Huang and Lee scaffolds are not.

[0034]. It is not clear why a POSITA would have chosen to use Huang2’s

scaffold in place of the scaffolds taught by Kuo for the repair of tendon.

Add medivim

Freparad scafolds neubate

nerve, or ligament tissue when Huang2 does not teach the same rolled
structure that mimics the natural tendon, nerve. or ligament tissue.

Petitioner does not address Kuo’s teaching regarding this rolled structure at

Add medaim

all. let alone present any rationale to modify Huang2’s scaffolds to mimic

this rolled structure of natural tendon. nerve, or ligament issue. or otherwise

explain why a POSITA would not seek to mimic that rolled structure when

developing a scaffold to repair thosk specific types of tissues. Nonetheless

McGuireWoods
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-249 CLAIM 1 AND 4-6 : ROLLED SCAFFOLDS

Dr. Simpson provides many reasons a POSITA would avoid rolling.

2y
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Other attempts at making nerve gmdes from electrospun
{and other) types of fibers generally involve rolling sheets of
material to form tubes, Unfortunately, the resulting tubes are
hollow and thus fail to mimic the architecture of natural
nerve growth. Further, a flat sheet that is rolled into a tube
must, of necessity, have “seams™ where the edges of the
rolled sheets are surface exposed, eg. on the wall of the
hollow center of the tube and/or on the surface of the tbe,
resulting in discontimuties and possible weak connective

the structure. In attempts to produce a more

McGuireWoods

position prior to wjury. In turn, this type ol regenerative
patterns 15 designed to increase the probability that the
regenerating axon retumns to the distal target tissue (sensory
and motor) that it innervated prior to injury. In addition, the
seamless nature of the guide provides a far more nmform
profile of pore spaces (1e. the channels between the indi-
vidual fibers) than a rolled sheet of matenal, reducing the
tendency, of axons to cluster and grow as a jumbled disor-
ganized mass along the seams, a pattern of growth in a
regeneraling nerve which 15 associated with reduced axon
targeting. Because the air gap electrospinning process is
very rapid it is possible to place substances of interest, e.g.
cells, therapeutic agents, gradient threads (as described
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-249 CLAIM 1 AND 4-6: ELASTIC MODULI

It is undisputed that elastic modulus must match the target tissue.
The elastic modulus of the Huang2 and Lee scaffolds are insufficient to repair tendon, ligament, or nerve.

Huanq2’s scaffold is: Tensile Elastic Modulus of Hu”l?ﬂ;ﬂﬁik'e

» 73.5 times oo compliant for tendon repair .

> 49.75 times too compliant for ligament repair P
» 472 times too stiff for nerve repair i o

Ligament

Lee’s scaffold is: -
> 687,500 times foo compliant for tendon repair  goment
» 465,625 times oo compliant for ligament repair
» 19 times foo compliant for nerve repair

Skeletal Muscle

@ skin scaffold
10° = 104 10° 10° 107 10° 107
Tensile Modulus (Pa, log scale)

McGuireWoods °2
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-249 CLAIM 1 AND 4-6: CELL SEEDING

It is undisputed that seeded cells must match the target tissue.
The cells seeded on the Huang2 and Lee scaffolds are insufficient to repair tendon, ligament, or nerve.

136. Every type of specifically differentiated cell type is associated with the
growth or repair of an associated tissue type. Alternatively, stem cells and/or
progenitor cells may be used for tissue repair of various tissue types because those
cells further differentiate into specific cell types. as determined by the appropriate
environmental conditions and the mechanical responsiveness of the scaffold
material. Regardless. in all cases. the type of cell and the scaffold environment in
which the cell is seeded dictates the precise tissue type that will be repaired or
regenerated. Kuo recognizes this, stating that different cell types will be used

“depending upon the intended function of the tissue engineered construct.” Ex. 1018

7 58.

Cells

[0058] A number of different cell types or combinations
thereol mav be employed in the methods and compositions
described herein, depending upon the intended function of the
tissue engineered construct being produced. In one embaodi-
ment, the cells are eukarvotic cells, Exemplary cell types

McGuireWoods
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-249 CLAIM 1 AND 4-6: CELL SEEDING

It is undisputed that “fibroblasts” are heterogenous.

Petitioner lacks any evidence that Huang2's NHDFs can repair tendon, ligament, or nerve.

McGuireWoods

4. Heterogeneity in Fibroblast Function
4.1. Fibroblast Heterogeneity in Skin
There 1s grc-wing evidence that fibroblasts are not one unified cell pcrpulatinn but that

there is much heterogeneity between different tissues and even within each tissue [34,42,43].

Because fibroblast heterogeneity has so far been best characterized in skin, skin fibroblasts
will be discussed first. There are several ways skin fibroblasts are classified, for example,
dermal fibroblasts are often defined as either reticular or papillary [44]. This classification
is determined partly by the anatomical location, as well as the cell morphology. Reticular
fibroblasts are typically more square shaped in contrast to papillary fibroblasts, which are
more spindle shaped [45]. There are also differences in cell expression: reticular cells contain
more & SMA-positive fibroblasts and express genes associated with cytoskeletal organization
and cell motility. Papillary fibroblasts, in contrast, are more associated with immune
system response genes [45]. Another recent discovery found that there are subpopulations
of fibroblasts that have distinctly different effects on wound healing; for example, in
the dorsal skin, paraxial mesoderm-derived E ngrailed-1 lineage negative cells have been
showed to contribute to regenerative, scarless healing, while E ngrailed-1 lineage positive
cells contribute to fibrosis [46,47].
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-249 CLAIM 1 AND 4-6: OTHER STRUCTURAL CHARACTERISTICS

It is undisputed that structural characteristics of the Huang2 and Lee scaffolds preclude

tendon, ligament, or nerve repair.

140. A POSITA would have known that skin tissue is regenerated at a
notably different rate than tendon, ligament, or nerve tissue because different tissues

secrete extracellular matrix (ECM) at different rates. Secreted ECM provides

structural support to newly formed tissue and. therefore. the scaffold degradation
rate must generally match the native rate of ECM secretion. Accordingly. a POSITA
would have expected Huang2's and Kuo’s scaffolds to employ different ratios of
polymers to appropriately control the rate of degradation to match the appropriate
rate of ECM secretion for each different tissue type. For example. a POSITA would
have understood that the tissue regeneration rate of skin is much faster than that of
muscle. nerve, ligament. or tendon because of the abundance of stem cells and the
richness of blood supply that is present in skin as compared to muscle, nerve,

ligament or tendon.

McGuireWoods

192. As also discussed above, successful tissue regeneration also requires a
scaffold matched to that of the target tissue with respect to other mechanical
properties such as degradation rate and stiffness. Here, a POSITA would not have
expected success in using Lee’s muscle scaffold to repair tendon. ligament. or nerve
tissue in the absence of the appropriately matched scaffold mechanical

characteristics. As above, a POSITA would have known that muscle tissue is

regenerated at a notably different rate than tendon. ligament. or nerve tissue because
different tissues secrete extracellular matrix (ECM) at different rates. Skeletal
muscle regenerates at a rapid rate due to its high vascularity and abundance of stem
cells. Tendons and ligaments are not as vascularized as skeletal muscle and
regenerate more slowly by fibrosis (fibroblast proliferation and extracellular matrix
deposition). Peripheral nerve regenerates the slowest by axonal sprouting.

depending on nerve length.
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-249: CLAIMS 2 AND 3
(§102: HUANG2/KUO OR LEE/KUO)
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-249 GLAIMS 2-3

McGuireWoods

1. A method of treating a tissue defect in a subject
comprising|:]

implanting at the tissue defect a scaffold comprising
crosslinked fibers comprising collagen, wherein a result of a
fast Fourier transform (FFT) analysis of the fibers
demonstrates that the fibers have major adjacent peaks that
are about 180° apart from each other, and

applying the scaffold to the tissue defect to repair a
tendon, a ligament or a nerve defect.

2. The method of claim 1, wherein the scaffold is in the
form of one or more elongated sheets.

3. The method of claim 1, wherein the scaffold is a
composite of multiple layers of one or more sheets.

DEMONSTRATIVE EXHIBIT — NOT EVIDENCE
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-249 GLAIMS 2-3

It is undisputed that Kuo teaches a scaffold that is rolled before being implanted.

Incubate Add mediuil’l

e S R T s
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DEMONSTRATIVE EXHIBIT — NOT EVIDENCE

[0034]  Described herein are novel 3-dimensional porous
scalfold compositions, that can be implanted into a subject for
tissue regeneration, tissue enhancement, or tissue repair.
Scaffold sheets comprised of fibers with diameters of
micrometer or nancmeter or other dimension and with fibers
that are oriented at random, aligned, ete. are produced by e.g..,
electrospinning. The fibrous material may be comprised of
natural materials, synthetic materials, flexible metal fibers, or
any combination thereof. The compositions are seeded with
cells and subsequently rolled into evlindrical Torm, to fom
structures e.g., that mimic that of fascicles of the muscle,
tendon, nerve, or ligament. Tn addition. a plurality of compo-
sitions can be bundled together to form fascicular-like con-
structs that when cultured in vitro or implanted in vivo will
support cell adhesion, growth, differentiation and/or regener-
ate tissues such as, for instance and without limitation
muscle, tendon, ligament, nerve or other tissue.
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