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METHOD FOR STABILIZING BIOLOGICAL SAMPLES FOR NUCLEIC ACID
ANALYSIS

RELATED APPLICATIONS
This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional
Application Serial No. 60/571,120, entitled “Method for Stabilizing a Biological Sample for a
Nucleic Acid Integrity Assay” filed on May 14, 2004, the disclosure of which is herein

incorporated by reference in its entirety.

FIELD OF THE INVENTION
The invention relates generally to assays to detect nucleic acid markers indicative of
cancer and other diseases and more particularly to preparing nucleic acid-containing biological

samples for use in these assays.

BACKGROUND OF THE INVENTION

Tissue and body fluid samples, including stools, contain shed cellular debris. In healthy
patients, such debris is the result of apoptotic degradation as part of the normal cell cycle.
Apoptosis reduces the integrity (intactness) of nucleic acids, proteins, and other cellular
components in healthy individuals, so that only small fragments exist in the debris that results
from the apoptotic process (e.g., exfoliated cellular debris).

In diseases in which cell cycle mechanisms are destroyed or impaired, cellular debris
can include high-integrity cellular components, such as nucleic acids that have not been
degraded by apoptosis. One class of disease in which cell cycle mechanisms are disrupted is
cancer. An increased presence of high molecular weight nucleic acids in a biological sample
therefore can reveal the presence of cancer in a patient from whom the biological sample was
obtained. Disease detection assays known as nucleic acid integrity analysis assays have been
developed that are based on the increased levels of non-degraded nucleic acid in a cancerous
tissue or body fluid as compared to the level of non-degraded nucleic acid in a non-cancerous
tissue or body fluid.

Nucleic acids in patient samples tend to degrade after they have been removed from the
patient. This degradation can diminish the effectiveness of a nucleic acid integrity assay that

scores a sample as diseased (e.g., cancerous) based on the presence of intact nucleic acids; if
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the sample is excessively degraded, a sample that is actually positive may appear to be

negative.

SUMMARY OF THE INVENTION

The invention is based in part on the discovery of a method for stabilizing nucleic acids
in tissue and body fluid samples so as to facilitate analysis of the samples in a nucleic acid
integrity assay. It has been unexpectedly found that contacting a patient sample with a
stabilization solution stabilizes the DNA so that intact nucleic acids indicative of diseased cells
are more effectively detected in a nucleic acid integrity assay.

Accordingly, in one aspect, the invention provides a method for preparing a nucleic
acid sample for a nucleic acid integrity analysis assay. In one aspect, the invention provides a
method for preparing a nucleic acid sample for a nucleic acid integrity analysis assay. The
method includes providing a patient sample that includes shed cells or cellular debris and a
nucleic acid and contacting the patient sample with a stabilization solution under conditions
sufficient to stabilize the nucleic acid for nucleic acid integrity analysis. In one embodiment,
the stabilization solution includes a buffer, a salt, and a chelating agent.

In some embodiments, the conditions are sufficient to detect at least a three-fold
genomic equivalent (GE) increase in a nucleic acid integrity analysis of a patient sample
having adenoma or cancer as compared to the GE detected in a nucleic acid integrity analysis
of a sample from the patient that is not incubated with the stabilization solution. In one
embodiment, the integrity analysis is performed by determining an amount of nucleic acid
greater than about 200 bp in length using an assay that detects a nucleic acid (which can be a
wild-type or mutant nucleic acid). The nucleic acid is present in a patient sample that includes
shed cells or cellular debris. A patient is identified as having cancer or adenoma if the amount
of nucleic acid is greater than an amount of nucleic acid expected to be present in a sample
obtained from a pafient who does not have cancer or adenoma.

The patient sample can be obtained from a patient that is, e.g., a vertebrate, including a
mammal, a reptile, or an amphibian. A mammal can be, e.g., a human, a non-human primate
(such as a gorilla or monkey, including a chimpanzee), a rodent (such as a mouse, rat, guinea
pig, or gerbil) dog, cat, horse, pig, goat, sheep, or cow. The patient sample can be any body
tissue or fluid that is suspected of containing DNA from a diseased cell (such as a precancerous

or cancerous cell). In one embodiment, the patient sample is a stool sample.
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In some embodiments, the patient sample can be obtained as part of a screen for, e.g., a
disease or disease-associated condition that impairs, or could lead to impairment of, the proper
function of the gastrointestinal system. Gastrointestinal diseases can include, e.g., those
associated with the stomach, small intestine, and/or colon. The disease or condition can include
cancers or precancerous conditions such as an adenoma. Other conditions include
inflammatory bowel syndrome, inflammatory bowel disease, Crohn's disease, and others in
which a genomic instability is thought to play a role.

In some embodiments, the patient sample is frozen and thawed prior to incubation with
stabilization solution. In other embodiments, the patient sample is not frozen prior to
incubation with the stabilization solution.

In general, the stabilization solution is added to the patient sample at a ratio of about 1
ml/gram of patient sample to about 20 ml/gram of patient sample. In some embodiments, the
stabilization solution is provided at 1-15 ml/gram, 2-12 ml/gram, 3-11 ml/gram, or 4-7
ml/gram. However, higher or lower ratios may be used. When the patient sample is a stool
sarhple, and the stabilization solution is 10 mM Tris-Cl, | mM EDTA, and 150 mM NaCL, a
suitable ratio of stabilization solution to patient sample is 7 ml/gm.

In some embodiments, the patient sample and stabilization solution are incubated at
about 4 to 28 degrees Centigrade. In some embodiments the temperature is 17 to 27 degrees
Centigrade, e.g., about 20 to 25 degrees Centigrade. However, the sample and stabilization
solution may be exposed to higher or lower temperatures (e.g., the sample and stabilization
solution may be frozen). Also, a sample and buffer may be exposed to changing temperatures
during transport and/or storage.

In various embodiments, the patient sample and stabilization solution are incubated at
least 6 hours, e.g., at least 12 hours, at least 24 hours, or at least 36 hours.

In some embodiments, the buffer in the stabilization solution is 0.5 mM to 25 mM Tris,
e.g., S mM to 15 mM Tris, 8§ mM to 13 mM Tris or about 10 mM Tris. However, other buffers
and/or concentrations may be used.

In some embodiments, the chelating agent in the stabilization solution is 0.01 to 2.5
mM EDTA, e.g., 0.75-1.25 mM EDTA, or ImM EDTA. However, other chelating agents
and/or concentrations may be used.

In some embodiments, the salt in the stabilization solution is 75 mM to 225 mM NaCl, e.g.,
100 mM to 175 mM NaCl, or 150 mM NaCl. However, other salts (e.g., KCl etc.) and/or
concentrations may be used.
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In some embodiments, the stabilization solution is provided at pH 7.0 to 9.0, e.g., pH
7.5 t0 8.5, or pH 8.0. However, higher or lower pHs may be used. /

In some embodiments, the method further includes determining in the incubated patient
sample an amount of nucleic acid greater than about 200 bp in length using an assay that
detects wild-type or mutant nucleic acid, and identifying the patient as having cancer or
adenoma if the amount is greater than an amount of nucleic acid expected to be present in a
sample obtained from a patient who does not have cancer or adenoma (e.g., more than about
1.5 fold, 2 fold, 3 fold, 4 fold, 5 fold, 10 fold, 50 fold, or more greater than an amount expected
in a normal individual). In one aspect, a DNA integrity assay may include interrogating a
sample for the presence of long DNA fragments (e.g., longer than 200 nucleotides, longer than
500 nucleotides, longer than 1,000 nucleotides, etc.) at two or more different loci. In one
embodiment, a patient is identified as having cancer or adenoma if two or more loci (e.g., 3, 4,
or more loci) are positive for the presence of abnormally high levels of long DNA.

In one embodiment, the invention provides a method for preparing a nucleic acid
sample for a nucleic acid integrity and/or multiple mutation analysis assays for diagnosing a
carcinoma or adenoma. The method may include providing a patient stool sample that
includes shed cells or cellular debris and a nucleic acid, and incubating the patient sample with
a stabilization solution under conditions sufficient to stabilize the nucleic acid for nucleic acid
integrity and/or multiple mutation analysis. The stabilization solution may be about pH 7.5 to
about pH 8.5 and may include 0.5 mM to 25 mM Tris, 0.01 to 2.5 mM EDTA and 100 mM to
200 mM NaCl. For example, the stabilization solution can be 10 mM Tris-Cl pH 8.0, 1 mM
EDTA, and 150mM NaCl. In one embodiment, the conditions are sufficient to detect at least a
three-fold genomic equivalent (GE) increase in a nucleic acid integrity analysis of a patient
sample having adenoma or cancer as compared to the GE detected in a nucleic acid integrity
analysis of a sample from the patient that is not incubated with the stabilization solution.

Aspects of the invention may be used for transporting or storing biological samples
after they are obtained and before they are processed for analysis. For example, methods of the
invention may be used to stabilize nucleic acid in biological samples (e.g., stool samples) for
about 12 hours, about 24 hours, about 36 hours, or longer (e.g., 4 days, 5, days, 6 days, 1 week,
or longer), even in the absence of refrigeration or freezing.

Aspects of the invention may be particularly useful for detecting indicia of adenomas,
early stage cancers, and/or other diseases that may be characterized by very low frequencies of

mutant nucleic acid in a sample.
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Aspects of the invention may be particularly useful for preserving biological samples
for nucleic acid integrity assays or for multi-panel screens that include one or more nucleic
acid integrity assays. Aspects of the invention may be particularly useful for detecting
mutations in samples that contain very little human DNA (e.g., DIA negative samples).
According to the invention, the amount of human DNA recovered from stool from different
subjects may vary and it may be particularly important to preserve nucleic acids in samples
that contain low amounts of human DNA.

Accordingly, aspects of the invention may be useful for screening a population to
identify individuals with indicia of disease, and for avoiding or reducing the number of false
negatives (subjects with a disease but who are identified as normal or healthy) in such screens.
In one embodiment, average-risk individuals may screened for one or more indicia of a
sporadic disease (e.g., adenoma, cancer, etc.). In one embodiment, high-risk individuals may
be screened for a sporadic disease or a disease that may be inherited. In one embodiment, a
screen may be performed on a population of individuals regardless of their risk profile.

Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the invention, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned herein are
incorporated by reference in their entirety. In the case of conflict, the present Specification,
including definitions, will control. In addition, the materials, methods, and examples are
illustrative only and not intended to be limiting.

Other features and advantages of the invention will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a Table (Table 2) showing the results of DNA Integrity Assay (DIA)
analysis performed on stool samples under different experimental conditions.
Figure 2 is a Table (Table 5) showing the results of DNA Integrity Assay (DIA)

analysis performed on stool samples under different experimental conditions.
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DETAILED DESCRIPTION OF THE INVENTION

It has been unexpectedly found that a DNA integrity signal can be stabilized and/or
enhanced by mixing, or incubating, a patient sample known to or suspect of containing DNA
indicative of a disease with a stabilization solution prior to performing the DNA integrity
assay. The stabilization solution typically includes one or more buffers, and/or chelating
agents, and/or salts. Aspects of the invention are particularly useful for nucleic acid integrity
assays. However, mutation detection (for example, in a multiple mutation assay) and
hypermethylation analysis also can benefit from aspects of the invention.

According to the invention, an important challenge for colon cancer detection from
stool is to preserve the integrity of human DNA in the hostile stool environment, in order to
recover, amplify, and interrogate the DNA for known cancer related abnormalities. Nucleases
that are active in stool have the potential to rapidly degrade DNA, including the minor human

DNA component, and measures may be taken to minimize their negative impact. Typically,

clinical samples are frozen as quickly as possible after collection. However, in order to use

fecal DNA tests in population screens, it should be expected that there will be some variability
in the time between sample collection and shipping to testing labs, and furthermore, some
variability in the temperature at which stool samples are transported. In order to eliminate any
variables in sample handling that might have an impact on assay performance we have run
controlled sample incubation experiments and looked at how different markers in a multi-
target assay are affected.

Markers may be chosen that yield an acceptable clinical sensitivity for the intended
application such as screening a population for indicia of a disease. In addition, for stool
sample analysis, mutation detection methods should offer sufficient analytical sensitivity since
the human DNA recovered from stool is highly heterogeneous. Normal cells are sloughed into
the colonic lumen along with the mutant cells. Therefore, in one embodiment, analytical
methods should detect as little as 1% (or less) mutant DNA in the presence of excess wild-type
DNA. Also, certain sample preparation methodologies may be used for maximum recovery of
human DNA from samples. The vast majority of DNA recovered from stool often is bacterial
in origin, with the human DNA component repreéénting only a small minority. Certain
purification methodologies can efficiently select for the rare human component, and since the
mutant copies (when they exist) represent only a small percentage of the total human DNA
from stool it may be important to maximize the recovery of human DNA in order to maximize

the probability of amplifying mutant copies in the PCR reactions. In one embodiment, gel
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electrophoresis methods for capturing human DNA may be used. However, according to the
invention, it may be particularly important to preserve sample DNA for purification, especially
when looking for early indicia of diseases (e.g., indicia of adenomas or early stage cancers that
may be present in less than about 1%, or about 0.1% or less of human genomes isolated from a
stool sample). A common method to insure that DNA remains stable is to freeze stool samples
as quickly as possible after collection, or to receive samples in centralized testing labs as
quickly as possible. However, in order to provide the option of decentralized sample analysis
and still retain maximum sample integrity, it is desirable to use a more robust and standardized
sample handling method.

In one aspect, the invention provides methods for stabilizing biological samples (e.g.,
stool samples) by adding a stabilization solution to a sample as soon as possible after the
sample is obtained. Methods of the invention do not require refrigeration or freezing. Aspects
of the invention are based, in part, on the surprising discovery that nucleic acids in certain
biological samples are stable at room temperature for hours, and even days (e.g., 1 day, 2 days,
3 days, or longer). However, in certain embodiments, samples with stabilization solution may
be refrigerated or frozen. Aspects of the invention are particularly useful for preserving
samples for nucleic acid integrity analysis. However, methods of the invention may be used to
preserve samples for other assays including mutation detection and/or hypermethylation
assays. In certain embodiments, methods of the invention are used to preserve a sample for
analysis using a nucleic acid integrity assay along with a mutation detection assay (e.g., a
multiple mutation panel assay), a hypermethylation assay, or both.

Nucleic acid integrity assays are known in the art and are described in, e.g., US Patent
Application No. 20040043467, US Patent Application No. 20040014104, US Patent No.
6,143,529, and Boynton et al., Clin. Chem. 49:1058-65, 2003. Nucleic acid integrity assays
are based on higher levels of intact nucleic acid that appear in debris from cells that lyse non-
apoptoTically. Healthy patient generally produces cellular debris through normal apoptotic
degradation, resulting in relatively small fragments of cellular components in tissue and body
fluid samples, especially luminal samples. Patients having a disease generally produce cells
and cellular debris, a proportion of which has avoided normal cell cycle regulation, resulting in
relatively large cellular components. As a result, the disease status of a patient is determined by
analysis of patient cellular components produced in specimens obtained from the patient. The

presence of such fragments is a general diagnostic screen for disease.
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Nucleic acids in patient samples tend to degrade after they have been removed from the
patient. This degradation can diminish the effectiveness of a nucleic acid integrity assay that
scores a sample as diseased (e.g., cancerous) based on the presence of intact nucleic acids; if
the sample is excessively degraded, a sample that is actually positive may appear to be
negative. While not wishing to be bound by theory, it is postulated that the stabilization buffer
of the invention inhibits the nucleases that degrade the nucleic acids present in the diseased
patient samples.

In some aspects of the invention, the addition of a stabilization solution to a biological
sample may be used to preserve nucleic acid molecules containing one or more mutations that
may be detected in a multiple mutation analysis (e.g., an analysis that involves interrogating a
sample for the presence of a mutation at one or more loci, for example at about 2, about 3,
about 4, about 5, about 10, about 15, about 20, about 25, or more loci). In some embodiments,
the addition of a stabilization solution may be used to preserve nucleic acid for a methylation
specific analysis to detect the presence of hyper-methylated nucleic acid molecules at one or
more loci that may be indicative of cancer, adenoma, or other disease. In some embodiments,
the addition of a stabilization solution may be used to preserve nucleic acid for a combination
of a nucleic acid integrity assay and/or a multiple mutation analysis and/or a methylation
detection assay. Assays may be performed under conditions to detect a small amount of
mutant nucleic acid in a heterogeneous sample containing an excess of non-mutant nucleic acid
(e.g., where the mutant nucleic acid represents less than 10%, less than 5%, less than 1%, or
about 0.1% or less of the nucleic acid at a particular locus). In some embodiments, a digital
assay may be performed on the preserved nucleic acid in order to detect rare genetic events. In
some aspects, stabilization methods of the invention may preserve more than 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more of the nucleic acids indicative of a
disease (e.g., long nucleic acid fragments, nucleic acid molecules containing one or more
specific mutations, and/or hyper-methylated nucleic acid molecules).

In general any body organ, tissue, or fluid known to or suspected of containing nucleic
acid that can be characterized in a nucleic acid integrity analysis, multiple mutation assay, or
methylation study may be used. Suitable patient samples include those likely to contain
sloughed cellular debris. Such specimens include, but are not limited to, stool, blood serum or
plasma, sputum, pus, colostrum, and others. In diseases, such as cancer, in which genomic
instabilities or abnormalities have interfered with normal cell cycle regulation, specimens such

as those identified above contain relatively intact fragments of cellular components.
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The stabilization solution can be applied to a biological sample that is isolated directly
from a patient, i.e., a freshly isolated biological sample. Alternatively, the method can be used
on a biological sample that has been frozen (e.g., at -20 °C or -80 °C).

In aspects of the invention, stabilization solution may be added to a biological sample
at any suitable ratio of sample to buffer. Ratios may be determined as a weight to volume
(w/v) ratio. In some embodiments, the ratio may be about 1:1, about 1:2, about 1:3, about 1:4,
about 1:5, about 1:6, about 1:7, about 1:8, about 1:9 or about 1:10 (w/v) sample to stabilization
solution. However, higher or lower ratios may be used.

In aspects of the invention, a biological sample may be weighed before a buffer is
added. In some embodiments, a sample (e.g., a stool sample) may weigh about 5 g, about 10 g,
about 15 g, about 20 g, about 25 g, about 30 g, about 35 g, about 40 g, about 45 g, about 50 g,
about 55 g, about 60 g, about 65 g, about 70 g, about 75 g, about 80 g, about 85 g, about 90 g,
about 95 g, about 100 g, or more. It should be appreciated that a large amount of sample (e.g.,
over 25 g, 30 g, 50 g, 100 g, or more of stool) may be required in order to detect conditions
such as adenomas or early stage cancers where a very small amount of mutant or abnormal
nucleic acid may be present in a sample. According to the invention, it may be particularly
important to immediately stabilize biological samples with a stabilization solution when the
samples are to be interrogated for indicia of adenoma or early stage cancer. However, it also
may be useful to stabilize biological samples for detecting indicia of later stage diseases.

In general, a stabilization solution may include one or more buffers and/or one or more
chelating agents and/or one or more salts, or any combination of two or more thereof. The
choices of buffer, chelating agent, and salt can be determined by the artisan. The suitability of
a particular stabilization solution can be determined by comparing a nucleic acid integrity
assay on samples that have been incubated with the stabilization solution to a parallel
biological sample that has not been incubated with the stabilization solution. A suitable
stabilization solution is a solution that shows a significant average fold increase in genome
equivalents (GE) in a nucleic acid integrity assay compared to a GE determination made on
parallel samples that have not been treated with the stabilization solution. Methods of
calculating genome equivalents (GE) are known in the art (see, e.g., e.g., US Patent
Application No. 20040043467, US Patent Application No. 20040014104, US Patent No.
6,143,529, and Boynton et al., Clin. Chem. 49:1058-65, 2003) and are illustrated in the

Examples.
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The temperature and pH optimum can also be determined empirically and optimized
according to the combination of buffer, chelating agent and salt in the stabilization solution.
While room temperature has been found to be a suitable temperature for incubating the patient
sample and the stabilization solution, higher or lower temperatures (e.g., 4 °C to 16 °C or 25
°C to about 37 °C) can also be used, provided they do not undermine the effectiveness of the
stabilization solution. The mixed patient sample and stabilization solution is preferably
subjected to a minimum of agitation. However, according to the invention, the addition of a
stabilization solution with little or no agitation is surprisingly effective at preserving nucleic
acids for subsequent analysis.

In one aspect of the invention, a stabilization solution may be particularly useful when
samples are not refrigerated or frozen or when there is a risk that a sample may not be
maintained at a sufficiently low temperature to preserve indicia of disease. For example, a
stabilization solution may be particularly useful if a sample is obtained at a remote location and
mailed or delivered to a testing center. However, stabilization solutions also may be useful to

preserve samples that are being processed on-site at a medical center.

Buffers

Suitable buffers include, e.g. tris(hydroxymethyl)aminomethane, sodium phosphate,
sodium acetate, MOPS, and other buffering agents as long as a buffer has the capacity to resist
a 0.1 to 1 molar tris(hydroxymethyl)aminomethane or 0.1 to 1 molar phosphate ion. A
combination of buffering agents can be used, so long as the solution has the required buffering
capacity. Methods for determining the buffering capacity of a solution are well known in the
art,

The comparison of buffering capacity is preferably carried out in the presence of the
salt and chelating agent to be used in the stabilization solution, at the salt concentration to be
used, and with the solutions being compared at about the same temperature, preferably at a

temperature within the range of about 15° C to about 25° C.

Chelating Agents

Table 1 provides a representative list of chelating agents that can be used in the
stabilization solution. The list provided in Table 1 is not meant to be exhaustive. In some
embodiments, chelating agents are those which bind trace metal ions with a binding constant

ranging from 101 to 10100; in some embodiments, chelating agents bind trace metal ions with
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a binding constant ranging from 1010 to 1080 ; in some embodiments, the chelators bind trace

metal ions with a binding constant ranging from 1015 to 1060.

Table 1. Examples of Chelating Agents

CHELATORS

ABBREVIATION ' FULL NAME

EDTA free acid  {Ethylenediamine-N,N,N',N',-tetraacetic acid

EDTA 2Na Ethylenediamine-N,N,N',N',-tetraacetic acid, disodium salt, dihydrate
DTA 3Na Ethylenediamine-N,N,N',N',-tetraacetic acid, trisodium salt, trihydrate

IEDTA 4Na Ethylenediamine-N,N,N',N'-tetraacetic acid, Tetrasodium salt, tetrahydrate

EDTA 2K thylenefisminr-N,N,N',N'-tetraacetic acid, dipotassium salt, dihydrate

Ethylenefisminr-N,N,N’,N'-tetraacetic acid, dipotassium salt, dihydrate

EDTA 2Li Ethylenediamine-N,N,N',N'-tetraacetic acid, dilithium salt, monhydrate
EDTA 2NH, Ethylenediamine-N,N,N',N'-tetraacetic acid, diammonium salt
EDTA 3K thylenediamine-N,N,N",N'-tetraacetic acid, Tripotassium salt, dihydrate

Ba(l)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, barium chelate
Ca(II)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, calcium chelate
Ce(IID-EDTA thylenediamine-N,N,N',N'-tetraacetic acid, cerium chelate
Co(I)-EDTA ﬁthylenediamine-N,N,N’,N'-tetraacetic acid, cobalt chelate
Cu(11)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, copper chelate
Dy(I1)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, dysprosium chelate
Eu(Ill)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, europium chelate
Fe(III)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, iron chelate
[n(III)-EDTA thylenediamine-N,N,N',N'-tetraacetic acid, indium chelate
La(111)-EDTA FEthylenediamine-N,N,N',N'-tetraacetic acid, lanthanum chelate
Mg(ID-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, magnesium chelate

Mn( [1)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, manganese chelate
i(ID-EDTA Ethylenediamine-N,N,N,N -tetraacetic acid, nickel chelate
Sm(1I1)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, samarium chelate

Sr(11)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, strontium chelate
Zn(1)-EDTA Ethylenediamine-N,N,N',N'-tetraacetic acid, zinc chelate
CyDTA trans-1 ,2-Diaminocyclohexane-N,N,N',N'-tetraaceticacid,monohydrate
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HEG IN,N-Bis(2-hydroxyethyl)glycine
DTPA-OH 1,3-Diamino-2-hydroxypropane-N,N,N',N'-tetraacetic acid
DTPA 1,3-Di aminopropane-N,N,N',N'-tetraacetic acid
EDDA Ethylenediamine-N,N'-diacetic acid
EDDP Ethylenediamine-N,N'-dipropionic acid dihydrochioride
EDDPO Ethylenediamine-N,N'-bis(methylenephosphonic Acid), hemihydrate
EDTA-OH IN-(2-Hydroxyethyl)ethylenediamine-N,N',N'-triacetic acid
PDTPO Ethylenediamine-N,N,N',N'-tetrakis(methylenephosponic acid)
EGTA 0,0'-bis(2-aminoethyl)ethyleneglycol-N,N,N',N'-tetraacetic acid
HBED IN,N-bis(2-hydroxybenzyl)ethylenediamine- N,N-diacetic acid
HDTA 1,6-H ex am ethyl enediamine-N,N,N',N'- tetraacetic acid
HIDA N-(2-Hydroxyethyl)irninodiacetic acid
[DA Iminodiacetic acid
Methyl- EDTA 1,2-Diaminopropane-N,N,N',N'-tetraacetic acid
NTA }\Iitrilotriacetic acid
NTP Nitrilotripropionic acid
NTPO INitrilotris(methylenephosphoric acid), trisodium salt
0-Bistren 7,19,30-Trioxa-1,4,10,13,16,22,27,33 -octaabicyclo [11,11,11] pentatriacontane,
TTHA Triethylenetetramine-N,N,N"N",N"',N"'- hexaacetic acid
Salts

Candidate salts include, e.g, Nal, NaBr, NaCl, LiCl, KCI, KI, KBr, CsC1, GNHCI and
GNSCN. In some embodiments, the salt is chaotropic and has an anion such as perchlorate,
iodide, thiocyanate, acetate, trichloroacetate, hexafluorosilicate, tetrafluoroborate and the like.
Cations for a chaotropic salt can include, e.g., the elements lithium, sodium, potassium,
cesium, rubidium, guanidine and the like. More than one salt can be present in the buffered
aqueous salt solution.

Patient samples that have been treated with a stabilization solution can be subject to the
nucleic acid integrity assay. For example the treated sample can be used in method that
includes determining an amount of nucleic acid greater than about 200 bp in length using an
assay that detects wild-type or mutant nucleic acid, wherein said nucleic acid is present in a
patient sample comprising shed cells or cellular debris; and identifying the patient as having
cancer or adenoma if said amount is greater than an amount of nucleic acid expected to be

present in a sample obtained from a patient who does not have cancer or adenoma.
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Adenomas

According to aspects of the invention, stabilization solutions may be particularly useful
for preserving nucleic acids to detect one or more indicia of adenomas. Adenomas may be
early indicia of cancer, for example colon cancer. Not all adenomas become cancers.
However, many cancers (e.g., carcinomas such as colorectal carcinomas) are thought to
develop from adenomas. Indeed, a majority of colon cancers are thought to develop from
adenomas. Therefore, detecting adenomas is particularly useful for identifying early signs or
risks of colorectal cancer (e.g., cancerous and precancerous lesions or growths in the colon).

Adenomas may be invasive adenocarcinomas, significant adenomas, and low potential
polyps. Invasive adenocarcinomas may be, for example, adenocarcinomas at different TNM
stages (e.g., TNM stages 1, 2, 3, or 4). Significant adenomas may be, for example, carcinomas
in-sitw/high-grade dysplasias (CIS/HGD) having a diameter of greater than 1 cm, about 1 cm,
less than 1 cm, or of unknown size; vilous adenomas having a diameter of greater than 1 cm,
about 1 cm, less than 1 cm, or of unknown size; tubulovillous adenomas having a diameter of
greater than 1 cm, about 1 cm, less than 1 cm, or of unknown size, and low-grade dysplasias
(LGD) with a diameter of greater than or equal to 1 cm. Low potential polyps may be, for
example advanced polyps, and adenoma low-grade dysplasias (LGD) with an unknown
diameter or a diameter of less than 1 cm.

According to aspects of the invention, adenomas can be detected at different positions
in the colon and rectum (including the right and left colon and the transverse colon).

In one embodiment, the following panel may be used to detect adenomas with greater
than 60% sensitivity: assays may be performed to detect one or more genetic abnormalities
from a multiple mutation panel of genetic abnormalities at 22 loci including KRas mutations in
codon 12 (K12p.1, K12p.2) and codon 13 (K13p.2); mutations in APC codons 1309
(deletions), 1306 (mutations at position 1), 1312 (mutations at position 1), 1367 (mutations at
position 1), 1378 (mutations at position 1), 1379 (mutations at position 1), 1450 (mutations at
position 1), 1465 (deletions), 876 (mutations at position 1) and 1554 (insertions); mutations in
P53 codons 175p.2, 245p.1, 245p.2, 248p.1, 248p.2, 273p.1, 273p.2 and 282p.1; and deletions
at the BAT-26 locus. Mutations at these loci can be detected using primer extension assays
(including single base extension assays and assays designed to detect micro-satellite instability
such as BAT-26 deletions) or other assays that are useful to detect one or more of these genetic

abnormalities.
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In another embodiment, the following panel may be used to detect adenomas with
greater than 60% sensitivity: assays are performed to detect hypermethylation at one or both of
the HLTF and V29 loci. Hypermethylation at these loci can be detected using methylation
specific primer analysis (e.g., MSP amplification) or other assays that are useful to detect
hypermethylation at one or more of these genetic loci.

In one embodiment, scanning for one or more mutations at the APC-MCR may detect
adenomas with greater than 74% sensitivity.

In one embodiment, the following panel may be used to detect adenomas with greater
than 90% sensitivity: scanning for one or more mutations in the APC-MCR locus, exon 9 of
the PIK3CA locus, exon 20 of the PIK3CA locus, B-catenin (e.g., exon 5), or a mutation in
BRAF that results in a V599E amino acid change. Scanning as described herein can be used to
detect one or more mutations in the APC-MCR locus, exon 9 of the PIK3CA locus, or exon 20
of the PIK3CA locus. Mutations at the BRAF locus can be detected via primer extension or
other appropriate methodology.

In one embodiment, a combination of all of the above loci may be used to detect
adenomas with a greater than 95% sensitivity (e.g., greater than 98% sensitivity).

Any of the assays described herein may be performed in a digital format wherein a
sample is diluted into aliquots wherein each aliquot contains on average between 1 and 20
target molecules of DNA for analysis (e.g., between 1 and 10 molecules, between 1 and 5
molecules, etc.).

The invention will be further illustrated in the following non-limiting examples.
EXAMPLES

Example 1: Materials and Methods
Sample collection and incubation

Samples were collected from known CRC patients as well as patients without cancer by
a separate organization (Indivumed GmbH; Hamburg, Germany) that also managed all patient
informed consent and compliance with human subject guidelines. All stool samples were
frozen within 1 hour of defecation, and shipped to EXACT Sciences on dry ice (-78°C). Once
received, samples were subjected to prescribed room temperature incubation times as described
below. Prior to the start of the incubation time-course stool samples were thawed and one

aliquot was processed to recover DNA immediately (to). The DNA from the to-aliquot for all
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samples was analyzed and served as an incubation control. The remainder of the stool was left
to incubate at room temperature. At prescribed time points aliquots were removed from the
stool, human DNA recovered and analyzed in similar manner to the controls.

All aliquots were standardized by weight (30 g). An experiment was designed to
measure the effect of incubation time on DNA integrity, as well as the quantity of recoverable
DNA. The experiments also included an addition of stabilization buffer to stool aliquots.
Stabilization buffer consisted of 0.5M Tris, 0.15M EDTA, and 10mM NaCl (pH 9.0). In these

- experiments aliquots were stored at room temperature for 36 or 48 hours, with and without

buffer added. In the case of buffer addition, the buffer was simply added to the stool aliquot, in
a plastic container with a lid, but no effort was made to homogenize the sample. At the
prescribed time period, the aliquots with and without buffer were processed to recover human
DNA, and then analyzed by the DIA assay. An additional set of experiments was conducted to
study the effect of incubation time on specific gene mutations. In this experiment one set of
samples (6 samples) was incubated for 36, 48, or 72 hours without any stabilization buffer
added. Another set of samples (5 samples) was incubated for 36 or 48 hours, with and without
buffer added. After the prescribed incubation time all samples were processed to recover and

purify human DNA, and analyze the DNA for gene mutations as described below.

Recovery of DNA from stool

The sample preparation methodology used to recover DNA from stool was previously
reported (Ahlquist DA, Skoletsky JE, Boynton KA, et al. Colorectal cancer screening by
detection of altered human DNA in stool: Feasibility of a multi-target assay panel.
Gastroenterology 2000; 119:1219-1227; Whitney D, Skoletsky J, Moore K, et al. Enhanced
Retrieval of DNA from Human Fecal Samples Results in Improved Performance of Colorectal
Cancer Screening Assay. J Mol. Diagn. 2004; 6 (4), 386-395). Stool aliquots were weighed and
combined with Exact buffer A (1:7 (w/v) ratio), and homogenized on an Exactor (Exact
Sciences). After homogenization, a 4-g stool equivalent (-32 mls) of each sample was
centrifuged to remove all particulate matter. The supernatants were then treated with 20ul TE
buffer (0.01 mol/L Tris [pH 7.4] and 0.001 mol/L. EDTA) containing RNase A (2.5 mg/mL),
and incubated at 37°C for 1 hour. Total nucleic acid was then precipitated (first adding 1/10
volume 3 mol/L NaAc, then an equal-volume of isopropanol). Genomic DNA was pelleted by

centrifugation, the supernatant removed, and the DNA resuspended in TE.
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Human DNA Purification

Target human DNA fragments were purified from total nucleic acid preparations using
a newly developed DNA affinity electrophoresis purification methodology. This method has
recently been described in detail 9. In brief, human DNA can be separated from the excess
bacterial DNA by hybridization of the target sequences to complementary, covalently-bound
oligonucleotide capture probes in acrylamide gels membranes. Crude human DNA
preparations (2400 ul) were mixed with 960 ul formamide (Sigma), 385 ul 10x TBE, and
filtered through a 0.8 um syringe filter (Nalgene, Rochester, NY), then denatured (heated at
95C for 10 min, then cooled in ice for 5 min). The sample mix was loaded on top of the capture
membrane, and electrodes above and below the capture layer were applied. Samples were
electrophoresed (15V, 16h) using TBE in the reservoirs above and below the capture layer.
After electrophoretic capture the remaining solution was removed from the tubes, and the tube
array was separated from the capture plate. The capture membranes were then washed and
40ul of 100mM NaOH was added to the top of the capture membrane and incubated for 15
min. The capture plate placed on top of a custom molded 48-well DNA collection plate and
centrifuged briefly (1900xg) to recover the eluted DNA. Then 8ul of neutralization buffer
(500mM HCL + O.Ix TE) was added to each well of the collection plate and mixed.

Quantification of recovered human DNA by TaqMan analysis .
TagMan analysis was performed on an I-Cycler (BioRad) with primers against a 200-
bp region of the APC gene. A probe labeled with 6-carboxyfluorescein (FAM) and 6-
carboxytetramethylrhodamine (TAMRA) was used to detect PCR product. Amplification
reactions consisted of captured human stool DNA mixed with 10x PCR buffer, LATaq enzyme
(Takara), Ix PCR primers (5 uM), and Ix TagMan probe (2 pM; Biosearch Technologies). We
used 5Spl of captured DNA in the PCR reactions. TagMan reactions were performed with the

same program as described above (DIA).

Sequence-specific amplification

Polymerase chain reaction (PCR) amplifications (50 pL) were performed on MJ
Research Tetrad Cyclers (Watertown, MA) using 10 uL of purified DNA, 10x PCR buffer
(Takara Bio Inc; Madison, WI), 0.2 mmol/L. dNTPs (Promega, Madison, WI), 0.5 pmol/L
sequence-specific primers (Midland Certified Reagent Co., Midland, TX), and 2.5 U LATaq

DNA polymerase (Takara). All amplification reactions were performed under identical
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thermocycler conditions: 94°C for 5 minutes, and 40 cycles consisting of 94°C (1 min.), 60°C
(1 min.), and 72°C (1 min.), with a final extension of 5 minutes at 72°C. Thirteen separate PCR
reactions were run per sample. For analysis of each of the PCR products, 80, of each
amplification reaction was loaded and electrophoresed on a 4% ethidium bromide-stained
NuSieve 3:1 agarose gel (FMC, Rockland, ME) and visualized with a Stratagene EagleEye II
(Stratagene, La Jolla, CA) still image system.

The multi-target assay was designed to have 13 separate PCR reactions in the multiple

mutation (MuMu) panel, and 16 PCR reactions in the DIA portion of the assay.

Mutation panel analysis

The presence or absence of point mutations or Bat-26-associated deletions was
determined by using modified solid-phase single-base extension (SBE) reactions. Point
mutation targets included; codons K12p1, K12p2, and K13p2 on the K-ras gene; codons 876,
1306, 1309, 1312, 1367pl, 1378pl, 1379, 1450p1, 1465 and 1554 on the APC gene; and codons
175p2, 245pl, 245p2, 248pl, 248p2, 273pl, 2'73p2, and 282pl on the p53 gene. Including the
Bat-26 deletion marker, the panel consisted of 22 markers in total. For all gene targets, separate
wild-type and mutant specific reactions were performed. Details of the reactions and analysis
using capillary electrophoresis have been previously described (Whitney D, Skoletsky J,
Moore K, et al. Enhanced Retrieval of DNA from Human Fecal Samples Results in Improved
Performance of Colorectal Cancer Screening Assay. J Mol. Diagn. 2004; 6 (4), 386-395).

DNA integrity assay (DIA)

The DIA assay has been previously described in detail. More recently this assay has
been converted to a real-time PCR methodology. Three unique PCR reactions (in duplicate)
per loci were run on I-Cycler instruments (BioRad; Hercules, CA). The strategy was to
capture locus specific segments and perform small (-100bp) PCR amplifications remote from
the capture site as an indicators of DNA length. DNA fragments for integrity analysis were
amplified from four different loci: 17p13; 5q21; HRMT1L1; LOC91199 (named DIA-D, DIA-
E, DIA-X, and DIA-Y, respectively). PCR primer sets and associated TagMan probe for each
locus of interest are "walked" down the chromosome thereby interrogating for the presence and
quantitation of increasing length of DNA of approximately, 100bp, 1300 bp, 1800 bp and 2400
bp fragments of captured DNA. Purified DNA template (Sul) was mixed with, 5pl 10x PCR
buffer (Takara), 10111 dNTP's (2mM) (Promega), 0.25111 LATaq (5 U/pl; Takara), 24.751.11

Geneoscopy Exhibit 1009, Page 18



10

15

20

25

30

WO 2005/113769 PCT/US2005/017046

-18 -

molecular biology grade water (Sigma), Syl of a mix of PCR primers (5uM; Midland) and
TagMan dual-labeled probes (2uM; Biosearch Technologies). The I-Cycler was programmed
as follows: 94°C for 5 minutes, then 40 cycles of 94°C for 1 minute, 55°C for 1 minute, and
72°C for 1 minute. Genomic standards, prepared as 20, 100, 500, 2500, and 12500 GE/5ul

were prepared and used to generate a standard curve.

DIA data analysis

Threshold Genome Equivalents (GE) values were determined for each of 12 PCR
reactions (corresponding to the 1.3kb, 1.8kb, and 2.4kb fragments across the 4 genomic loci)
using a previously determined set of cancers and normals. We then applied a requirement that
at least 4 of the 12 PCR reactions are above the individual PCR thresholds in order to

prospectively determine cancers.

Statistical methods

The impact of sample incubation on DNA recovery, and the impact of stabilization
buffer on DNA recovery were both assessed using quantitative-PCR analysis. The data for both
comparisons were subjected to a paired-sample t-test. The effect of sample incubation on the
integrity of recoverable DNA was analyzed using DIA cut-offs. Resulting DIA scores after
incubation were analyzed by Fischer's exact test compared to controls that had been aﬁalyzed

at t0.

Example 2: The effect of stabilization buffers on DNA integrity assays

The effect of treating a stool sample with a stabilization solution on a subsequent DNA
integrity assay (DIA) was examined.

Eight stool samples were removed from a freezer (-80° C) and thawed. To be included
in the study the sample was required to contain at least 90 gm of stool. 30 gm aliquots of each
thawed sample was then treated for zero hours, 36 hours without TEN and 36 hours with TEN.
30 gm aliquots of some samples were also treated for 24 hours without TEN and 24 hours with
TEN.

The 0 hour samples were homogenized immediately with a 7X excess (i.e., ( 7ml/gm)
of TEN buffer (10 mM Tris-C1 pH 8.0, 1 mM EDTA and 150 mM NaCI). The remaining
samples were allowed to incubate for 24 hours or 36 hours in the presence or absence of TEN
buffer.
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At the designated times, 210 ml of TEN buffer was added to the samples that did not
already have buffer, and the samples were homogenized and frozen at -80° C. The samples
were then prepared and processed for DIA analysis essentially as described in US Patent
Application Nos. 20040043467 and 20040014104, and in Boynton et al., Clin. Chem. 49:1058-
65, 2003. DNA from four genes (named DIA-D, DIA-E, DIA-X, DIA-Y in Table 2) was
captured on a solid substrate using a sequence-specific probe. For each gene, interrogation was
performed at distances 0.2, 1.3, 1.8, and 2.4 kb from the capture site using real-time
polymerase chain reaction (PCR). Positives were identified by determining genomic
equivalents (GE) that were above previously determined cutoffs for the four markers.

The results of the analysis are presented in Table 2. Samples and their time points are
grouped together. 24 HR NB represents the 24 hour incubation at room temperature without
buffer and the 24 HR B represents the 24 hour incubation at room temperature with buffer. The
same is true for the 36 hour designations. The 98% specificity cutoff levels for each locus are
indicated at the top of Table 2. A DIA marker may be considered positive if the result is above
the 98% cutoff level for that marker (e.g., for one of the markers above 200 bp long). A
subject may be considered positive if 3 or more (e.g., 4 or more) DIA markers above 200 bp
long are positive (even if two or more of the positive DIA markers are at the same locus). The
first two samples 30 and 33 are samples that were negative for DIA making it uninformative
for comparing the longer DNA markers with and without buffer. However the 200 markers
show a stabilizing effect of the addition of buffer all the way through the 36 hour time point.

The next two samples 36 and 32 are those in which the 0 hour is negative for DIA and
the samples with buffer at 36 hours are positive. These are probably borderline samples in
which there is a slight difference in GE between the 30 gm aliquots causing one to be positive
and the other to be negative. However, a stabilizing effect with the addition of buffer can be
seen in the 200 markers and in the few longer markers that do have GE numbers.

The next three samples 29, 24 and 38 are those in which the 0 hour, 36 hour and 24
hour (if available) with buffer were all positive and the 36 hour and 24 hour (if available)
without buffer were negative. There is a dramatic difference in the GE numbers in both the
short 200 markers and the longer markers between those samples with and without buffer once
again demonstratiﬁg that the addition of buffer appears to be able to stabilize short and long
marker GE numbers up through at least 36 hours. The GE numbers for short and long markers

in Sample 31 were stable through 36 hours even in the absence of buffer.
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The raw GE numbers were subjected to two different comparisons. First, the GE

numbers for each of the markers for samples with buffer were compared to the GE numbers for

the same samples at 0 hours. The second comparison was between the GE numbers for each

marker for the samples with buffer incubated for 24 or 36 hours at room temperature compared

to that same samples without buffer incubated for an equivalent time at room temperature.

Before carrying out the calculations some of the GE numbers for some of the samples were

discarded because they contained a value of 0 (and so could not be used as the value was used

as a divisor in subsequent mathematical manipulations), or it appeared that the capture

efficiency was lower for that marker than it was relative to the other markers.

After discarding the 0's and outliers the following numbers for the average fold increase in GE

numbers by marker for the buffer compared to the 0 hour and the buffer compared to the no

buffer were derived.

Table 3. Average fold increase of samples with buffer compared to 0 hour samples.

DIA-D DIA-E DIA-X DIA-Y
D100 ({200{ 1.3 |1.8(241200{13| 1.8 {241200(13]1.8/241{200}13 {18124
MuMu
1.2 1616 {19)21|10(12| 1.0 |1.0]06 |09]12]0.8]|25|49 |4.1]|3.0

Table 4. Average fold increase of samples with buffer compared to no buffer samples.

DIA-D DIA-E DIA-X DIA-Y
D100 [200| 1.3 (1824 260 13 | 1.81241200|13]1.8|24|200| 13 |1.8] 24
MuMu
129 39.0|312.8|75.5|1.123.7(/200.|231.({ 0.8 | 13.8|71.|9.1 [82.5|89.4| 136.|96.6| 195.
5 0 1 9 8

If the addition of buffer was able to stabilize the GE numbers as efficiently as

immediate homogenization then the number would be 1 in the first table above. Numbers less

than 1 indicate less stability than immediate homogenization, and numbers greater than 1 show

a stabilizing effect greater than immediate homogenization. For the most part the numbers are

close to 1, indicating that the addition of buffer prior to incubating up to 36 hours has

approximately the same effect as immediate homogenization.

For the table in which the samples with buffer were compared to the samples without
buffer, the higher the GE number the greater the stabilizing effect the addition of buffer had.
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Almost all markers show a dramatic increase in GE numbers with buffer demonstrating that the
addition of buffer has a stabilizing effect on the GE numbers for short and long markers.
The above data indicate that addition of TEN buffer to stool samples stabilizes the GE numbers

for short and long DIA markers in stool samples.

Example 3: The effect of stabilization buffers on DNA integrity and multiple mutation
assays
Effect of Sample Handling Conditions on DIA

. All samples were frozen (-80°C) within an hour of collection from patients in order to
arrest any degradation of DNA in the samples. Subsequently samples were thawed, sectioned
into aliquots, and further stored under prescribed conditions. All aliquots were then processed
to recover and purify human DNA, and the DNA was analyzed using DIA to assess the impact
of the sample incubation conditions on the recovered DNA. DIA has been previously
described, and shown to detect long DNA fragments in stool as an epigenetic marker for
colorectal cancer (Boynton KA, Summerhayes IC, Ahlquist DA, et al. DNA Integrity as a
potential marker for stool-based detection of colorectal cancer. Clin. Chem 2003; 49:7 1058-
1065). The DIA analysis consists of real-time PCR reactions for 4 independent genetic loci
(designated as D, E, X, and Y), and 3 DNA size markers for each locus, corresponding to
approximately 1300, 1800, and 2400 base-pair fragments. Therefore every sample of DNA is
subjected to 12 independent analyses that yield a direct measure of the copies of DNA of a
specified length in the sample of interest. When a threshold value of copies is exceeded (which
is specific to each PCR), a marker is determined to be positive. Similarly, if a minimum of 4 of
the markers are positive, the sample is considered to be positive for DIA.

An aliquot of every sample was analyzed immediately after thawing (to). A second
aliquot from the same sample was stored at room temperature for a prescribed period of time.
Stabilization buffer (210 mins) was added to a third aliquot, and stored for the same period of
time. Room temperature incubation times were for > 36 hours. A total of 38 samples were
analyzed by DIA. Of the 38 samples, 11 were found to be DIA positive at to. Table 5 shows
the detected copy numbers of each DIA marker for these samples, at to, and extended
incubation times, with and without stabilization buffer added. The DIA score (number of
positive markers per sample) is also indicated. When no stabilization buffer is added, DNA is
significantly degraded in 9 of the 11 stool samples when stored for > 36 hours at room

temperature. However, for these same samples, addition of stabilization buffer prior to room
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temperature incubation yields significantly higher DNA copy number, for all of the DIA
markers analyzed. As a result, without addition of buffer, samples that originally were DIA-
positive (i.e., at to), become DIA-negative, and with addition of stabilization buffer, the
samples remain DIA-positive. Two of the samples (GP-031 and GP-079) yielded high
quantities of long DNA fragments even upon extended room temperature incubation without
any added stabilization buffer.

In addition, for all of the samples where DIA marker degradation was observed, a loss
in total human DNA yield was also observed based on real time quantification of a 200 bp
human target sequence (Table 5). As observed with the recovery of DIA markers with buffer
addition, total human DNA yields were also recovered by addition of buffer to the stool
samples. The remaining 27 samples that were not DIA-positive at to were also divided into
aliquots, and incubated with and without stabilization buffer. There was no significant amount
of long DNA present in these samples in order to judge the effect of incubation conditions on
DNA stability. However, by relying on real-time PCR of shorter fragments (e.g., 200 bp) for
the same loci (i.e., D, E, X, and Y) the amount of recoverable human DNA was determined. A

sampling of results from this group of specimens is shown in Table 6.

Table 6. Quantification of recoverable human DNA from selected DIA-negative samples,

incubated with and without stabilization buffer.

Sample ID | Incubation D200 E200 X200 Y200

conditions (GE/10ul) | (GE/10ul) | (GE/10ul) | (GE/10ul)

GP30 none 247 196 418 129
36h no buffer 50 27 76 0
36h with 219 216 390 172
buffer

GP96 none 129 1120 604 769
36h no buffer 63 130 100 100
36h with 34 1270 1140 1290
buffer

GP33 none 3690 13200 23300 0
36h no buffer 61 136 422 103
36h with 2220 4640 3860 2
buffer
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GP125 none 21 105 81 74
36h no buffer 47 93 68 65
36h with 38 68 25 29
buffer
LSP49-20 | OHR 359 95 91 202
48HR NB 148 204 101 188
48HR B 310 127 101 411
LSP20-21 | none 1140 ‘ 807 1500 337
36h no buffer 219 588 421 285
36h with ‘ 542 363 174 591
buffer

Similar trends were found for the DIA-negative samples as with the DIA-positive
samples. Without any buffer added, the majority of samples (16/27; 59%) stored at room
temperature (either 36 or 48 hours) prior to recovery of the DNA, showed significant decrease
in human DNA yield, as judged by a direct comparison of the copy number of short fragments
compared to the o measurement. The majority of samples (22/27; 81%) were preserved upon
addition of stabilization buffer to the stool sample (for example samples GP30 and GP96, in
Table 6). In the case of five samples, the addition of stabilization buffer did not offer any
significant advantage in recoverable DNA, compared to samples stored without buffer (see for

example, LSP20-21 in Table 6).

Effect of Sample Handling Conditions on Gene Mutation Markers

It has previously been shown that DNA recovered from stool can be interrogated for
specific mutations known to be associated with colorectal cancer (CRC) (Ahlquist DA,
Skoletsky JE, Boynton KA, et al. Colorectal cancer screening by detection of altered human
DNA in stool: Feasibility of a multi-target assay panel. Gastroenterology 2000; 119:1219-
1227; Brand RE, Ross ME, Shuber AP. Reproducibility of a Multi-Target Stool-Based Assay
for Colorectal Cancer Detection. Am J Gastroenterology (in press); Tagore KS, Lawson MJ,
Yucaitis JA, et al. Sensitivity and Specificity of a Stool DNA Multi-Target Assay Panel for the
Detection of Advanced Colorectal Neoplasia. Clinical Colorectal Cancer 2003; 3 (1), 47-53).

In the experiments described above it was shown that upon room temperature incubation of
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stool samples long fragments of DNA are degraded, significantly diminishing the usefulness of
epigenetic DIA markers. Further it was shown that human DNA yield is reduced introducing
the question of whether or not sufficient amount of DNA template molecules remain for point
mutation analysis in known CRC associated genes (e.g., Kras, APC, and p53). Stool samples
from confirmed CRC patients were collected and immediately frozen. All 11 samples were
confirmed to contain one or more point mutations, as shown in Table 7.

Table 7. Gene mutation analysis results for stool aliquots incubated at room temperature.

Sample | Incubation DNA Marker SBE SBE signal
ID time Recovery (Gene; Threshold 1 pass nd pass
(GE/10ul) Condon)

GP-003 to 2,180 Kras; kl2p2 0.400 0.445 1.290
72h 351 1.504

to p53; 273pl 0.200 0.999 2.419
72h 1.705

GP-023 to 59,800 Kras; k12p2 0.400 1.071 1.250
72h 3,250 2423
GP-024 to 509 BAT-26 0.050 0.093
48h 119 0.380
72h 217 0.092

GP-025 to 788 p33; 248p2 1.000 6.648 4.666
48h 121 1.206
72h 125 3.697

GP-026 to 458 p33; 175p2 0.400 1.459 1.459

48h 160 1.914 1.293

72h 185 0.449 1.815

GP-034 to 72,300 p53;248p2 1.000 1.505 1.296
36h 1,180 4.834

GP-029 to 10,700 p53; 175p2 0.400 1.229 1.534

36h 1,110 1.721 1.641

36h, Buffer 11,000 1.793 1.459

GP-030 to 501 Kras; k13p2 0.400 1.814 4.203
36h 135 3.650
36h, Buffer 338 2.593

GP-031 to 10,300 APC; 1309 0.055 0.219 0.169
36h 13,500 0.090
36h, Buffer 4,550 0.210
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GP-105 fo 1,540 APC; 1554 0.250 1.210 1.119
48h 78 0.049 0.010

48h, Buffer 9,140 2.392 0.466

GP-121 tfo 4,720 p53; 175p2 0.400 2.699 3.626
48h 1,500 1.601 1.181

48h, Buffer 1,040 2.329 3.628

Bold = negative mutation score

Human DNA yield in the sample is judged from the quantifiable recovery of DNA
from aliquots stored under the different conditions (Table 7). Without buffer added to the
samples, on average only 17% of the DNA in each sample (excluding sample GP-031) was
recovered after incubation of samples at room temperature for > 36 hours. The one
exception, sample GP-031, maintained high DNA yield even without addition of
stabilization buffer. Also, as with the DIA experiments, samples incubated with stabilization
buffer maintained human DNA yields similar to the #, samples.

Aliquots from all samples were analyzed for mutations initially (tO), and additional
aliquots were analyzed after prescribed room temperature incubation times. Aliquots from the
first 6 stool samples (in Table 7) were simply stored at room temperature with no buffer added,
whereas aliquots from the next set of 5 samples were stored with and without the addition of
stabilization buffer. The SBE signal values listed in Table 7 are derived from a ratio of the CE
peak intensity for a mutant specific product, to the peak intensity of an internal control (see
Materials and Methods). In this context the values are a crude measure of the percent mutant
DNA in the sample (which is typically 1-5%), and must exceed a minimum value (SBE
threshold which is specific to each marker) to be judged as positive (i.e., significantly above
background). Interestingly, although DNA was degraded for 10 of 11 samples stored at room
temperature without buffer added, mutations were reproducibly detected for 9 of the 10, as
well as for GP-031 (which did not show degradation of DNA). Sample GP-105, by contrast,
was originally shown to contain an A PC mutation (at codon 1554), and after incubation of an
aliquot for 48 hours without buffer, the mutation was no longer detectable even with repeated
analysis. This sample demonstrated a significant reduction in human DNA yield, with only 5%
of the original value recovered after room temperature incubation. However, when GP-105 was
incubated in the presence of stabilization buffer, the originally identified mutation was

detected. In addition, as we observed within the DIA marker experiments, human DNA
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recovery for all samples remained high when incubated in the presence of stabilization buffer.

Analysis of Results for DNA Integrity Assays and Gene Mutation Markers

All samples were initially frozen within 1 hour of collection, and then stored frozen
until needed. In the first set of experiments, aliquots from 38 samples were analyzed to
determine the effect of different sample handling conditions on the DIA marker. Eleven
samples were found to be DIA-positive when analyzed immediately after thawing, indicating
that long DNA fragments were recovered and amplified from the stool sample. Based on a
previously established algorithm (described above), 9 samples went from being DIA-positive
to DIA-negative when incubated at room temperature with no buffer added, due to a
significant loss of long DNA copies. The loss in long fragments was consistent for each of the
loci (D, E, X, and Y) interrogated. In addition, when analyzed for the total yield of human
DNA from these samples (i.e., including the shortest fragment size of 200bp), they all
demonstrated a significant loss in recovery. Two of the 11 samples remained DIA-positive
even after storing at room temperature > 36 hours without stabilization buffer added. When
stabilization buffer is added to samples prior to room temperature incubation all of the DIA-
positive samples (11/11; 100%) remain positive after >36 hours. We observed some degree of
variation in recovery of long fragments. However the variation is not significant with respect
to DIA scoring of DNA recovery.

Similar trends were observed relative to the reduction of recoverable human DNA for
the 27 samples that were initially DIA-negative. Human DNA recovery was significantly
reduced for the majority of samples (25/27; 93%), and only 2 were stable when incubated at
room temperature without buffer added. Upon addition of stabilization buffer to stool samples
prior to room temperature incubation, human DNA yield was maintained in 81% (22/27) of
the samples. There was no apparent benefit upon addition of buffer for 5 samples, whereas
with DIA-positive samples all (11/11) benefited, in terms of DNA integrity or human DNA
yield. This difference is likely linked to the fact that the DIA-negative samples contained less
recoverable human DNA overall. A DNA recovery value for each sample was calculated by
averaging the recovery values for all 4 loci of the 200bp PCR for each sample. The median
recovery for the DIA-negative samples was 452 genome equivalents (GE), and 8,410 for the
DIA-positive samples (P<0.0001). Overall, this suggests that DIA-positive samples have
almost 20-fold more human DNA recoverable from stool. Without addition of stabilization

buffer these samples might otherwise become false-negatives under adverse incubation
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conditions.

Results of the matched aliquots with and without stabilization buffer were first
subjected to statistical analysis without any assumptions as to the mechanism of action with
the buffer. Using a one-tailed paired t-test, we found a significant decrease (P = 0.0018) in
recovered DNA, without addition of buffer, for aliquots that had been incubated at room
temperature (control = 70). The analysis was based on quantitative PCR data for the shortest
DNA fragment size (i.e., 200bp) for all samples. Likewise the addition of buffer to samples
prior to room temperature incubation was found to yield a significant increase in DNA
recovery, relative to the matched aliquots with no buffer added (P = 0.010). Finally, in order
to determine the significance of the addition of stabilization buffer on DIA scores (and
therefore the integrity of the DNA), results were subjected to a Fischer's exact test, analyzing
the samples that-were found to be DIA positive at to (N = 11). Addition of buffer significantly
preserves DNA integrity (P = 0.0002) compared to aliquots with no buffer addition.
Therefore, whereas 9 of 11 samples became DIA-negative after incubation at room
temperature when no buffer was added, buffer addition led to a recovery of the 9 samples,
such that even after 36h incubation all of the samples (11 of 11) were positive.

In order to determine the effect of DNA degradation on stool DNA mutation detection,
analyses were performed on stool samples that were informative for specific DNA associated
point mutations. In the second set of experiments, 11 samples were determined to be positive
by at least one point mutation marker in a mutation panel, and the samples were then re-
analyzed with the mutation panel after sample aliquots had been incubated under the same
incubation conditions as described above. Without addition of stabilization buffer, the
recoverable DNA in 10 of 11 samples was significantly diminished. On average, for these
samples, 83% of the original DNA was lost. Only one sample did not demonstrate a loss in
human DNA yield upon room temperature incubation. Despite the loss of DNA, the original
mutations could be confirmed after room temperature incubation in 10 of 11 samples (91%).
As an example, one sample had 2180 GE of recoverable human DNA at 0, and was originally
found to be positive for a Kras and a p53 marker. Upon room temperature incubatioh of the
stool aliquot for 72 hours, only 351 GE of amplifiable DNA was recovered, yet the sample
remained positive for both markers. One sample, in addition to having a significant reduction
in human DNA yield, also had a loss of an 4 PC mutation originally detected at z0. However,
with stabilization buffer added, a high yield of human DNA was measured after 48 hrs of

incubation, and the sample remained positive for the APC mutation.
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Results from these experiments indicate that DIA is quite sensitive to sample
incubation conditions, and DNA degradation, whereas the mutation panel is more refractory.
In one aspect of the invention, incubation of samples at room temperature for 36 hours or more
in the absence of stabilization buffer may degrade DNA to the point that any remaining long
fragments fall below an DNA integrity assay cut-off. A point mutation assay, on the other
hand, is dependent on the detection of mutant DNA in the presence of wild-type, where the
percent mutant is often only on the order of 1% of the total human DNA, and PCR
amplification efficiency is not dependent on the size of the template molecules. Therefore
even in the case of adverse incubation conditions, as long as at least a single copy of mutant
sequence is recovered and amplified in the PCR reactions, it should be possible to detect
mutations downstream in the analytical process. Interestingly, of the mutation positive
samples that had been stored without stabilization buffer, the one where the mutation was lost
had the lowest measurable DNA, suggesting that the lack of detection was likely due to an
insufficient number of mutant molecules to yield a signal above background. In addition, even
though the remaining mutation positive samples remained positive with or without buffer, a
consistent loss of human DNA yield was observed in all samples when stabilization buffer was
not added.

According to aspects of the invention, despite the stability of a point mutation
analysis, it may be desirable to mitigate degradation of DNA, particularly when the amount
of abnormal DNA in a sample may be very low. According to the invention, in order to
maximize clinical sensitivity of fecal DNA assays it is important to maximize the recovery of
otherwise scarce amounts of human DNA. Accordingly, aspects of the invention may be
particularly useful for detecting indicia of adenoma and/or early stage cancer. In one
embodiment, the invention may be useful to avoid or reduce the number of false negative
results in a screen of a population of individuals for one or more indicia of adenoma or early
stage cancer (e.g., using a DNA integrity assay, a multiple mutation assay, a
hypermethylation assay, or any combination thereof).

In summary, under adverse sample handling conditions, 91% of samples (10/11;
95%CI: 59 - 100%) that were positive by the point mutation panel remain positive. Under the
same conditions, however, only 18% of samples (2/11; 95%CI: 2 - 52%) that were DIA-
positive when analyzed fresh, remained positive after room temperature incubation.
Transporting samples frozen is a viable means of temporarily neutralizing active nucleases and

mitigating degradation of DNA. However, insuring that samples are frozen immediately, and
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keeping samples frozen during transport to test-facilities poses challenges and risks in a
population based screening application of fecal DNA assays. According to the invention, an
alternative is to add a stabilization buffer to the sample as a way of preserving DNA such that
samples could be stored (or transported) at room temperature. The results of these
experiments show that all DIA-positive samples (11/11; 100%), and all mutation panel
positive samples (11/11; 100%) remained positive after storing for >36 hours after addition of
stabilization buffer to the stool.

In any of the aspects of the invention described herein, including the examples, a
sample (e.g., a stool sample) may be directly deposited into a container (e.g., a sealable
conatiner) that already contains stabilization solution. The amount of solution may be
sufficient to cover the sample or a portion thereof. Alternatively, stabilization solution may be
added to a container when (e.g., at the same time, immediately after, or within minutes, hours,
or a day) a biological sample (e.g., a stool sample) is deposited in the container. The amount
of solution added may be sufficient to cover the entite sample or at least a portion thereof
(e.g., 10%, 25%, 50%, or more). In one embodiment, an amount of solution sufficient to fill
the container may be added. In some embodiment, a container may be between about 25 mls
and about 1,000 mls (e.g., between about 50 mls and about 500 mls, between about 100 mls
and about 400 mls, or about 250 mls). However, smaller or larger containers may be used. A
container with sample and stabilization solution may be sealed for storage/shipping.

The foregoing written specification is considered to be sufficient to enable one skilled
in the art to practice the invention. The present invention is not to be limited in scope by
examples provided, since the examples are intended as a single illustration of one aspect of the
invention and other functionally equivalent embodiments are within the scope of the invention.
Various modifications of the invention in addition to those shown and described herein will
become apparent to those skilled in the art from the foregoing description and fall within the
scope of the appended claims. The advantages and objects of the invention are not necessarily
encompassed by each embodiment of the invention. Those skilled in the art will recognize, or
be able to ascertain using no more than routine experimentation, many equivalents to the
specific embodiments of the invention described herein. Such equivalents are intended to be
encompassed by the following claims.

All references disclosed herein are incorporated by reference in their entirety.

We claim:

Geneoscopy Exhibit 1009, Page 30



10

15

20

25

30

WO 2005/113769 PCT/US2005/017046

-30 -

CLAIMS

1. A method for preparing a nucleic acid for analysis, the method comprising:

providing a patient sample comprising a nucleic acid and shed cells or cellular
debris; and

contacting said patient sample with a stabilization solution under conditions
sufficient to stabilize said nucleic acid for nucleic acid integrity analysis and/or
multiple mutation analysis, wherein said stabilization solution comprises a buffer, a salt,
and a chelating agent, thereby preparing a nucleic acid for a nucleic acid integrity

analysis.

2. The method of claim 1, wherein the conditions are sufficient to detect at least a
three-fold genomic equivalent (GE) increase in a nucleic acid integrity analysis of a
patient sample having adenoma or cancer as compared to the GE detected in a nucleic
acid integrity analysis of a sample from said patient that is not incubated with said

stabilization solution.

3. The method of claim 1, wherein the integrity analysis is performed by
determining an amount of nucleic acid greater than about 200 nucleotides in length using
an assay that detects wild-type or mutant nucleic acid, wherein said nucleic acid is
present in a patient sample comprising shed cells or cellular debris; and identifying said
patient as having cancer or adenoma if said amount is greater than an amount of nucleic
ac‘id expected to be present in a sample obtained from a patient who does not have cancer

or adenoma.

4, The method of claim 1, wherein the patient sample is a sample from a
human.

5. The method of claim 1, wherein the patient sample is a stool sample.

6. The method of claim 3, wherein the patient sample is a stool sample.

7. The method of claim 1, wherein the patient sample is frozen and thawed

prior to incubation with stabilization solution.
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8. The method of claim 1, wherein the patient sample is not frozen prior to

incubation with said stabilization solution.

9. The method of claim 1, wherein the stabilization solution is present at 1-7 ml per

gram of patient sample.

10.  The method of claim 1, wherein the patient sample and stabilization solution

are incubated at about 17 to 28 degrees Centigrade.

11.  The method of claim I, wherein the patient sample and stabilization solution

are incubated at about 20 to 25 degrees Centigrade.

12.  The method of claim 1, wherein the patient sample and stabilization solution

are incubated at least 6 hours.

13.  The method of claim 1, wherein the patient sample and stabilization solution

are incubated at least 12 hours.

14.  The method of claim 1, wherein the patient sample and stabilization solution

are incubated at least 24 hours.

15.  The method of claim 1, wherein the patient sample and stabilization solution

are incubated at least 36 hours.

16.  The method of claim 1, wherein the buffer in said stabilization solution is 0.5 mM

to 25 mM Tris.

17.  The method of claim 1, wherein the buffer in said stabilization solution is 5 mM to

15 mM Tris.

18.  The method of claim 1, wherein the buffer in said stabilization solution is 8
mM to 13mMTris.
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19.  The method of claim 1, wherein the buffer in said stabilization solution is 10
mM Tris.

20.  The method of claim 1, wherein the chelating agent in said stabilization

solution is 0.01 to 2.5 mM EDTA.

21.  The method of claim 1, wherein the chelating agent in said stabilization solution
is .75-1.25 mM EDTA.

22.  The method of claim 1, wherein the chelating agent in said stabilization solution

is 1 mM EDTA.

23.  The method of claim 1, wherein the salt in said stabilization solution is 75
mM to 225 mM NacCl.

24.  The method of claim 1, wherein the salt in said stabilization solution

salt in stabilization solution is 100 mM to 175 mM NaCl.

25.  The method of claim 1, wherein the salt in said stabilization solution

salt in stabilization solution is 150 mM NacCl.

26.  The method of claim 1, wherein said stabilization solution is provided at pH 7.0
to 9.0.

27.  The method of claim 1, wherein said stabilization solution is provided at pH
7.5 to 8.5.

28.  The method of claim 1, wherein said stabilization solution is provided at about pH
8.0.

29.  The method of claim 1, further comprising:
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determining in said incubated patient sample an amount of nucleic acid greater
than about 200 bp in length using an assay that detects wild-type or mutant nucleic acid;
and

identifying said patient as having cancer or adenoma if said amount is greater than
an amount of nucleic acid expected to be present in a sample obtained from a patient

who does not have cancer or adenoma.

30. A method for preparing a nucleic acid for an assay for diagnosing a carcinoma
or adenoma, the method comprising:
providing a patient stool sample comprising shed cells or cellular debris and a

nucleic acid; and

contacting said patient sample with a stabilization solution under conditions
sufficient to stabilize said nucleic acid for nucleic acid integrity and/or multiple
mutation analysis, wherein said stabilization solution is about pH 7.5 to about pH 8.5
and comprises 0.5 mM to 25 mM Tris, 0.01 to 2.5 mM EDTA and 100 mM to 200 mM
NaCl, and wherein the conditions are sufficient to detect at least a three-fold genomic
equivalent (GE) increase in a nucleic acid integrity analysis of a patient sample having
adenoma or cancer as compared to the GE detected in a nucleic acid integrity analysis
of a sample from said patient that is not incubated with said stabilization solution,

thereby preparing a nucleic acid for a nucleic acid integrity analysis.
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TABLE 2

98% Specificity 0 [80[30]27] 0 [ 60 | 45 | 18 0 [27]17] 8 Jo]e0 [ 30 15
DIA-D DIA-E DIA-X DIA-Y
LcDIA
Sample | Diagnosis | Morphology | TIME POINT | D100MuMu| 200 | 1.3 /18(24]| 200 | 1.3 | 1.8 | 24 [ 200 |13{1.8} 24| 200 |1.3|1.8| 2.4 | Score
GP30A | Cancer Liquid 0 Hr 482 247 | 36 [ 47 [ 21 | 196 | 76 | 43 | 28 | 418 |4 (5| 6 129 | 6 (12| 7 3
GP30B 24 Hr NB 246 51 0 0 0 54 0 4 0 15 |1 1 | 1 1 50 1 1 3 0
GP30C 24 HrB 601 1659 | 0 0 0 | 1831 15 7 0 3512 10( 1 101 111 3 0
GP30D 36 Hr NB 118 50 0 |13 O 27 7 0 0 76 [ 3|13 2 0 041 1 0
GP30E 36 HrB 538 219 1 0 [ 23| 0 | 216 [ 20 11 0 300 {11101 12 | 172 | 2 1 8 | 1 1
GP33A | Cancer |[Semi-Liquid OHr 32000 3690 6 | 14 | O [13200| 172 | 63 [ 44 (23300{ 4 16| 3 0 01010 3
GP33D 36 HrNB 606 61 0 0 0 | 136 0 0 0 422 |00} 1 103 | 2131 3 0
GP33E 36 HrB 17100 22201 9 | 57 | 0 | 4640 43 6 0 |3860] 111 1 2 1 1 2 1
GP36A | Control Normal 0 Hr 450 118 | 0 0 0 | 180 | 28 27 0 5 (110 1 31 0! 1 1 0
GP36D 36 HrNB 212 0 0 0 0 54 0 0 0 19 [ 110 1 24 1 1 1 0
GP36E 3B HrB 988 258 | 62 | 29 | 28 | 499 | 156 | 176 | 53 6 1/0] 0 185 {61 919 4
GP32A | Cancer Liquid 0 Hr 21300 46901 151 O 0 {3830 126 | 34 | 37 |14000| 15151 18 {4040 [ 2 | 1 4 3
GP32D 36 Hr NB 4150 1160] 0 | 18 | 14 | 752 | 38 20 14 [ 309 | 110 1 1490 | 9 1 21| 6 0
GP32E 36 HrB 38700 14700) 55 | 52 | 27 {2460 | 69 16 {19 [ 7720 | 16|21 26 [ 15000 ]| 13 [ 14 [ 15 7
GP2SA | Cancer Liquid 0 Hr 7830 2120 | 394 | 522 | 150 | 3340 | 1490 | 734 | 343 | 5560 |141198 | 118 9 1 312 9
GP29B 24 Hr NB 1200 92 0 0 0 | 161 0 0 0 {505 | 1[0} O 140 | 114 8 | 17 1
47
GP29C 24 HrB 13500 2380 | 812 (1490( 603 | 3720 { 2030 { 1090 | 710 | 6230 {202{ 6 | 198 | 2890 |150(236{247; 12
GP29D 36 Hr NB 1470 131 0 0 0 | 324 |1230] O 0 |1010| 2 1] 2 8 512 ]| 8 1
GP29E 36 HrB 9410 58 10 | 28 | 21 | 2770 | 1170 { 1050 | 768 | 2750 [105] 52'| 53 11 1 213 6
GP34A | Cancer |Semi-Liquid 0 Hr 56000 15800(1180| 840 | 318 [34600| 4890 | 3160 {2180/36100(|247(387| 299 | 293 1 112 9
GP34B 24 Hr NB 2870 672 | 10 [ 13 | 0 | 951 13 11 0 |3600| 54| 6 571 6 1719 0
2451162 493
GP34C 24 HrB 111000  16820016170/3890|2230)|72700}11800] 8960 |7070{ 193 {1812 ]| 12 |[61400( O | 0 | O 10
GP34D 36 Hr NB 1570 279 | O 0 0 | 471 17 6 0 | 517 |20 2 77 2 1212 0
172

GP34E 36 Hr B 43900 29400(1250{2090| 959 |31600| 7650 | 3090 {2760]|27400)366|516| 353 | 24000 [859( 577 O 12
GPR38A | Control Normal 0 Hr 66300 35500] 735 | 598 | 202 {46400 3930 | 2300 (3000 28 |2 | 1| 1 [16700[114|103]|243| 9
GP38D 36 Hr NB 1750 103 |1 0 0 0 | 375 | 22 9 0 | 284 1121 1 47 0]01}0 0
GP38E 36HrB 13400 6320 | 88 | 81 | 35 |10300} 426 | 369 [310{7510 | 4 | 6 | 5 | 7930 | 39 | 19| 26 7
GP31A | Cancer Normal OHr 9270 4100 [ 200 | 223 | 134 [ 3290 | 992 | 493 | 250 | 5960 {230(125]{ 108 | 2510 | 47 | 36 | 44 11
GP31D 36 Hr NB 12900 7220 | 274 | 441 1205 | 6390 | 1320 | 573 [ 241 | 3060 {66 |45 111] 3230 { 52 | 79 | 41 11
GP31E 36 HrB 6800 3400 | 1291140 | 56 | 1080 [ 257 | 116 | 41 | 4990 130124 22§ ND |ND |[ND|ND 9
ND = Not Done
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TABLE 5 — Results of DNA integrity assay for DIA-positive samples incubated at room temperature for prescribed times, With and

without stabilization buffer added. ... - = DIA- positive marker; 1 = DIA-positive sample
DIA-D DIA-E DIA-X DIA-Y
SAMPLE | INCUBATION ] 200bp | 1.3k | 1.8kb | 2.4k | 200bp | 1.3%b | 1.8kb | 2.4%b | 200bp | 1.3kb | 1.8kb § 2.4kb | 200bp | 1.3kb | 1.8kb § 2.4kb | LoDIA Score
GHR 6% | 15 0 6 | 3ms0 |.1267] 34 | 37 J14000% 15 15 18 J4pa0 § 2 1 4 3
GP32 36 HR 160 | © 18 14 | 52 | 38 20 14 | 309 1 0 1 490 1 9 21 $ [
36HR,Buffer J 14706 | 55 {52 |27 | 2460 |2 60 15 1910 16 |l 26 J1soo0i 13 14 15 7
OHR 2120 | 5304 1522 |50 | 3340 | 1490 1734 |-343f 5660 § 141 ] o8 .3 s} 9 1 3 2 E
GP29 36 HR 13 [ ] ] 324 |16 o [} 1019 2 1 2 8 5 12 8 1
36 HR, Buffer 58 10 26 21 | 2770 | 13767171080 768 | 2750 {4108 o521 531 11 1 2 3 8
GHR 15800 | 1180 1, 840 | 3187] 34600 |-4890.§ 3160 | 2180 | 36100 17247 [73877] 299 | 293 i 1 2 Y
GP34 36 HR 219 o 0 ] 471 17 6 o 517 2 ] 2 71 2 2 2 [
36 HR, Buffer | 29400 | 1250- 12090 |.940 | 31600 | 7650 | 3000 | 2766 | 27400 § 366 -] 516.4.353.] 24000 1 859 | 59701 1720 L1
¢HR 35500 [* 7354 598 {202 | 46400 | 3930 | 2300 | 3000-] 28 2 1 1 p16700 114.] 10377 243 i)
GP38 36 HR 103 0 9 0 375 284 1 2 1 47 9 6 9 [
36HR,Buoffer | 6320 | 28 .81 | 35.] 10300 7510 § 4 § 5 [m30i 3 19 i 26 Ty
SHR 4100 | 200 .1 293 | 134.] 3200 2500 5960 | 230 | 125 § w8 | 2510 | 47 36 1 44 it
GP31 36 HR 7220 | 274 {441 | 205§ 6380 |.132 w1l 3060 § 66 | 45 {11 [0 2 | 79 | 41 11
36HR, Buffer | 3400 | 129 {140 | 56 | 1080 | 357 41 F 401 30 | 24 122 Fnp i Np | Np i ND 12
GHR 17900 |-6721 1310-}-:236 | 6890 | 10207 813|471 ] 14900 {7770 | 137 138 | 5970 §.1060 | 908 1 605 12
107 48 HR 23 0 0 21 5 4 ¢ 15 1 1 4 23 3 2 1720 1
48HR, Buffer | 3600 1556751 1120 L:i294 | 1860 | 647" 541 | apg 370 Pnwp | 101089} 1790 | 615 | TR | 576 12
OHR 6230 |=am7] 51905 2620 |~320°] 130 | 108 | 3340 {255 | 24 15 | 2830 § 453 | 357 | 312 12
117 48 HR 4 ] 0 0 4 [ 0 0 3 1 1 2 3 0 [ 0 o
48HR, Buffer | 12100 | 1170 § 7590 | 755 | 7120 | 3840 § 3000 | 2810 § 9020 174490 | 3790 {4860 | 3770 | 1930 | 1840 { 1540 12
¢HR 2790 | 36 1 202 | 10 | 2100 |78 33 10 | 260 15 5 4 Ja901i .79 {13 ] @ 5
97 A8 HR 16 0 90 0 12 6 3 (1] 33 2 90 3 2 1 1 9 ¢
48HR,Buffer | 1400 [ 50 fiog4 | 22 Jiigo | 116 f 63| 26 f 1920 4 45 16 1-o34-] 1690 ic141 | a2 j-o123cf g
O0HR 1690 | 71 fi233 | 47} 1420 | 258 §oi81 cf o830 1660 1 23| 38 Lo 1320 1 167 ] 120 | 313 11
105 43 HR 24 6 |6l 0 30 6 2 8 13 1 ] 1 29 1 2 9 i
A8HR, Buffer | 37 [ 20 Fus 9 sdo | 81 1 so | md 49 | 18 2 2 626 1 67 | 44 1 46 F
GHR 36000 |-460:171560 | 1672 1070 | 86 | 26 |=96:f 15900 1 942:| 65 1 51 | 9520 § 1420 | %90 ; 1380 1t
90 43 TR 175 o 0 0 w4 | 4 § 0 54 1 Q 1 198 4 2 8 ¢
AR TR, Buffer § 72900 |-1326 § #200 | 308 | 30900 | 13300:1 54870 | 400 | 22700 § 2400 | 183 | 67 § 10500 12420 | 1700 1 @270 12
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INTERNATIONAL SEARCH REPORT

Internammenal Application No

PCT7US2005/017046

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 C12N15/10 €12Q1/68

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 Cl2N Cl2Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, PAJ, WPI Data, MEDLINE, BIOSIS, EMBASE, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 00/61808 A (EXACT LABORATORIES, INC) 1-30
19 October 2000 (2000-10-19)
pages 11-15; example 1

X WO 00/50640 A (EXACT LABORATORIES, INC) 1-30
31 August 2000 (2000-08-31)
pages 15-16

A SAMBROOK J ET AL: "MOLECULAR CLONING. 1-30

LABORATORY MANUAL"

2001, COLD SPRING HARBOR, NY : CSHL
PRESS, US, PAGE A 1.22 , NEW YORK ,
XP002345193

the whole document

-/—

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Speci tegories of cited documents :
pecial categories of ¢ *T" later document published after the international filing daie
or priority date and not in conflict with the application but
cited to understand the principle or theory underiying the
invention

'A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considersd to

'L* document which may throw doubts on priorily claim(s) or involve an inventive step when the document Is taken alone
which is cited 1o eslablish the publication date of another *y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*0O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the International filing date but in the art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
19 September 2005 10/10/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk l
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Reuter, U

Form PCT/ISA/210 (second sheet) (January 2004)
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INTERNATIONAL SEARCH REPORT

Interngmmmnal Application No

PCT/US2005/017046

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A FRANTZEN M A ET AL: T"Empirical evaluation
of preservation methods for faecal DNA."
MOLECULAR ECOLOGY. OCT 1998,

vol. 7, no. 10, October 1998 (1998-10),
pages 1423-1428, XP002345189

ISSN: 0962-1083

page 1424, left-hand column

A BOYNTON KEVIN A ET AL: "DNA integrity as
a potential marker for stool-based
detection of colorectal cancer."

CLINICAL CHEMISTRY. JUL 2003,

vol. 49, no. 7, July 2003 (2003-07), pages
1058-1065, XP002345190

ISSN: 0009-9147

cited in the application

the whole document

A AHLQUIST D A ET AL: "COLORECTAL CANCER
SCREENING BY DETECTION OF ALTERED HUMAN .
DNA IN STOOL: FEASIBILITY OF A MULTITARGET
ASSAY PANEL"

GASTROENTEROLOGY, W.B.SAUNDERS COMPANY,
PHILADELPHIA, US,

vol. 119, no. 5, November 2000 (2000-11),
pages 1219-1227, XP001118414

ISSN: 0016-5085

cited in the application

the whole document

1-30

1-30

1-30

Form PCT/ISA/210 (continuation of second sheet) (January 2004)
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I'emmmanonal application No.

INTERNATIONAL SEARCH REPORT PCT/US2005/017046

Box Il Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 1-30 are directed to a diagnostic method practised on the
human/animal body, the search has been carried out and based on the part of
the method that does not comprise a step of providing a sample that is
practised on the human/animal body.

2. D Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. l:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found muliiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

P

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. I__—I As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)
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Fiformation on patent family members

Intermmmnal Application No

PC17US2005/017046

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0061808 A 19-10-2000 AU 767983 B2 27-11-2003
AU 4210500 A 14-11-2000
CA 2366778 Al 19-10-2000
EP 1169479 A2 09-01-2002
JP 2002541824 T 10-12-2002

WO 0050640 A 31-08-2000 AU 752817 B2 03-10-2002
AU 2627700 A 14-09-2000
CA 2362251 Al 31-08-2000
EP 1155147 Al 21-11-2001
JdP 2002537777 A 12-11-2002

Fomm PCT/ISA/210 (patent family annex) (January 2004)
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