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ANTIBODIES TO MICROBIOME, STRESS FACTORS AND MAST
CELL MARKERS AS DIAGNOSTIC MARKERS FOR IBS

CROSS-REFERENCES TO RELATED APPLICATIONS
186611 This apphication claims priority from ULS. Provisional Application No.
61/710,574, filed October 5, 2012 and LS. Provisional Application No. 61/871,853, filed
August 29, 2013, the disclosures of which are hereby incorporated by reference in their

entirety for all purposes.

BACKGROUND OF THE INVENTION
(8662} [Imitable bowel syndrome is a clinically heterogencous disorder with a worldwide
prevalence of 10-20% (Longstreth et al., Gastroenterology, 130:1480-1401 (20006)).
According to the Rome 1 criteria, patients with IBS can be categorized into four symptom
subtypes based on the stool consistency: diarrhea predominant (1BS-D), constipation
predominant (IBS-C), mixed subtype (IBS-M) with alternating episodes of both diarthea

and constipation, and unsubtyped IBS (IBS-U).

186831 Current rescarch has implicated the gastrointestinal microbiota and the brain-gut
axis in the pathophysiology of IBS. Abdominal pain and discomfort associated with IBS 18
connected to the brain-gut axis and the response to stress hormones. Studies have shown
that gastrointestinal microbiota of IBS patients 18 altered from that of healthy controls.
There 15 also evidence that gastrointestinal microbiota causes post-infectious [BS (PI-IBS).
IBS has been associated with aberrant gastrointestinal microbiota, and even bacterial

overgrowth (Kim ef af., Digestive Diseases and Sciences, May 2012),

18684] Flagellin, the primary structural component of bacterial flagelis, has been shown
to activate both the innate and adaptive inunune system in individuals. For example,
antibodies against bacteria flagellin (A4-Fla2 and Fla-X) have been detected more
frequently in patients with IBS than in healthy controls (p = 0.004 and p = 0.009,

respectively; Schoepter ef al., Neurogastroenterol. Motil. 2:1110-1118 (2008)).

18665} There is a growing body of evidence supporting the role of gut microbiome, stress
hormones, inflammatory cytokines, and mast cell markers in various intestinal diseases or
disorders. For instance, the antibodics to OmpC, Chirl, FlaX and FlaZ have been proven to
be valuable biomarkers of inflammatory bowel disease (IBD), Subsets of antibodies to

Escherichia coli K12 proteins {e.g., Era, FocA, FrvX, GabT, YhaN, YedG, YihgN, YedK,
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and YidX) can be used to distinguish between individuals with Crohn’s Disease (CD) and
healthy controls, and between individuals with CD and ulcerative colitis (Chen ef a/., Mol
Cell Proteomics, $:1765-1776, (2009)). Individuals with post-infectious small intestine
bacterial outgrowth {(SIBO) associated with IBS which is often caused by infection from
Campylobacter jejuni (C. jejuni, Cf), Escherichia coli (E. coli, Ec), Salmonelia enteritidis
(8. enteritidis, Se), Shigella flexneri (8. flexneri, Sf), may possess antihodies against flagellin
proteins of the infecting bacteria {Spiller R and Garsed K., Gastroenterology, 136:1979-

1988 (2009)).

180661  Interestingly, treatments that target gastrointestinal microbiota such as antibiotics,
probiotics and prebiotics appear to alleviate the symptorns of IBS. For instance, the
antibiotic rifaximin appears to affect gut bacteria and reduce bacterial products that

negatively affect the host individual.

186671 1In addition to the gat microbiome, mast cells also play an important role in the
pathogenesis of IBS, Increased mast cell infiltration and activation in distal gut segments
are associated with symptora onset and severity of IBS. These cells are also implicated in
the elevated response of visceral afferent nerves to mucosal stimulus in 1BS patients. Mast
cell hyperplasia is commonly observed following infection by these bacteria in both post-
mnfectious IBS and non-post-infectious IBS. Measurernent of mast cell markers such as §-
tryptase, histamine and prostaglandin E2 (PGE2) have important irnplications in the clinical
diagnosis of IBS. Detailed methods of using mast cell markers to aid in the diagnosis of
IBS are described in ULS. Patent No. 8,114,616 and .S, Patent Publication No.
2012/244558, the disclosures of which are hereby incorporated by reference in their

entireties for all purposes.

[B668]  IBS patients typically experience abnormal gut motility and visceral
hypersensitivity mediated by the brain-gut axis or central stress response systemn, One arm
of the brain-gut axis ts the central efferent pathway, which s formed by the sympathetic
nervous system and the hypothalamic-pituitary-adrenal axis (HPA). In stress-sensitive
disorders including IBS, stress bormones of the HPA axis, such as adrenocorticotropin
hormone (ACTH), cortisol, and catecholamine are released. Sore studies have shown that
the HPA axis response in IBS patients is caused by increased mucosal immune activation,
which in turn increases plasma cytokine levels to stinmlate the HPA axis. It has been

theorized that a blunted stress response contributes to the symptoms of IBS. Moreover,
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syraptoms of 1BS due to increased expression of mast cell markers and altered microbiota
antigen/antibody composition are thought to be exacerbated by an altered iovnune response

caused by a dysregulated brain-gut axis,

[8669)  In view of the foregoing, there is a need in the art for methods and kits that for

W

differentially diagnose IBS from non-IBS samples. The present invention satisfies this and

other needs.

BRIFF SUMMARY OF THE INVENTION
16616}  In onc aspect, the present invention provides methods for aiding in the diagnosis

ot irritable bowel syndrome (IBS) in a subject. In one instance, the method comprises:

19 measuring the level of an array of bacterial antigen antibody markers in a
biological sample taken frora the subject;
applying a statistical analysis to the measured level of the array of bacterial
antigen antibody markers to generate a bacterial antigen antibody profile; and

comparing the bacterial antigen antibody profile to a diagnostic model to

o
(3]

determine whether the individual has an increased likelibood of having IBS compared to

being a healthy control.

18811} In some embodiments, the array of bacterial antigen antibody markers is selected
form from the group consisting of antibodies against: £, coli FUC, 8. flexneri FHC, C jejuni
FlaA, C jejuni FlaB, E. coli O157:H7 FIC, £, coli FrvX, £. coli GabT, C. jejuni 81-0485, C.
20 jejuni 81-128, and C. jejuni 81-008, £. cofl Era, £, coli FocA, E. coli FrvX, £. coli GabT, £
coli YhaN, E. coli YedG, F. coli YhgN, E. coli YedK, E. coli YidX, L. acidophilus Frc, L.
acidephilus Eno, L. joknsonii EFTu, B. fragilis QmpA, Prevorella OmpA, C. perfringens
10bA, C perfringens SpA, E. faecalis Sant, L. monocytogenes Osp, and combinations

thereof,

25 {12}  In some embodiments, the antibody specifically binds to a bacterial antigen
selected from the group consisting of S/FLC, GiFlaa, GFlaB, EcOFHC, SeFB, GGT-A,
Cidmh, CiCgtA and a combination thereof.

[8813] Insome embodiments, the antibody specifically binds to a bacterial antigen

selected from the group consisting of £cFUC, EcBra, EcFocA, EcFrvX, EcGabT, EcYhaN,

308 EeYedG, EoYhgN, EcYidX, EcYedK, and combinations thereof.
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[8814]  In some embediments, the antibody specifically binds to a bacterial antigen
selected frova the group consisting of LaFre, LaEno, LjEFTy, Bf0mpA, PrOmpA, CplibA,

CpSpA, £fSant, LmOsp, and combinations thereof.

18615} In some embodiments, the step of measuring the level of an array of bacterial

antigen antibody markers comprises:

contacting the sample with at least one bacterial antigen or an antigenic
fragment thercof to transtorm the bacterial antigen antibody present in the sample into a
cormplex comprising at least one bacterial antigen or the antigenic fragment thercof and the
bacterial antigen antibody;

contacting the complex with a detection antibody under conditions suitable
to form a ternary complex comprising at least one bacterial antigen or the antigenic
fragment thereof, the bacterial antigen antibody and the detection antibody; and

detecting the ternary complex which correlates to the level of at least one

hacterial antigen antibody marker,

16616] In some ombodiments, the statistical analysis transtorms the level of the array of

antibody markers into a bacterial antigen antibody marker profile.

188171 In some embodiments, the diagnostic model comprises a bacterial antigen
antibody marker model. In some embodiments, the diagnostic model is established using a

retrospective cohort with known outcomes of a clinical subtype of IBS and healthy controls.

18618} Insome embodiments, the bacterial antigen antibody model is derived by applying
logistic regression analysis to the fevel of one or more bacterial antigen antibody marker

etermined in the retrospective cohort.
(66191  In some embodiments the method further comprises

determining the level of an array of mast cell markers 1o 2 biological sample
taken from the subject;

applying a statistical analysis to the measured level of the array of mast cell
markers to generate a mast cell marker profile; and

comparing the mast cell profile to a diagnostic model to determine whether
the individual has an increased likelihood of having 1BS compared to being a healthy

control.
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(80281  In some embodiments, the array of mast cell markers is selected from the group

consisting of B-iryptase, histamine, prostaglandin E2, and combinations thereof.

(8621} Insome embodiments, the statistical analysis transforms the level of the array of

mast cell markers into a mast cell profile.
(8622} In some embodimenis the method further comprises

determining the level of an array of stress factor markers in a biological
sample taken trom the subject;

applying a statistical analysis to the measured level of the array of stress
factor markers to generate 3 stress factor profile; and

comparing the stress factor profile to a diagnostic model to determine
whether the individual hag an increased likelthood of having IBS compared to being a

healthy control.

(66231  In some embodiments, the array of stress factors is selected from the group

consisting of cortisol, BONF, serotonin, CRF, ACTH, and combinations thergof,

186241  In some embodiments, the statistical analysis transforms the level of the array of

stress factor markers into a stress factor profile.

186251  In some embodiments, the diagnostic model s established using a retrospective
cohort with known outcomes of a clinical subtype of IBS and healthy contrels. In some
embodiments, the diagnostic model comprises a bacterial antigen antibody marker model, a

mast cell marker model and/or stress factor marker model.

18626} In some embodiments, the mast cell marker model is derived by applying logistic
regression analysis to the level of one or more mast cell marker determined in the

retrospective cohort.

186271 In some embodiments, the bacterial antigen antibody marker model is derived by

applying logistic regression analysis to the level of one or more bacterial antigen antibody

marker determined in the retrospective cohort.

[8028]  In some embodiments, the mast cell roarker model is derived by applving logistic
cgression analysis to the level of one or more mast coll marker determined i the

retrospective cohort.
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188281 In some embodiments, the stress factor marker model is derived by applying
togistic regression analysis to the level of one or more stress factor marker deterroined in the

retrospective cohort.

18638} In some embodiments, the method further comprises classifying a diagnosis of
IBS as IBS-constipation (IBS-C), IBS diarrhea (IBS-D), IBS-mixed (IBS-M), IBS-
alternating (IBS-A), or post-infectious [BS (IBS-PI),

180311  In one aspect, the present invention provides methods for aiding i the diagoosis
of IBS in g subject. In some instances, the method comprises: (a) contacting a biological
sample from the subject with a bacterial antigen antibody-binding moiety (e.g., a bacterial
antigen or antigenic fragment thereof) under conditions suitable to transform the bacterial
antigen antibody present in the sample into a complex coroprising the bacterial antigen
antibody and the bacterial antigen-binding moiety and determining the level of the complex,

thereby determining the level of the bacterial antigen antibody present in the sample.

186321  In some embodiments, the method further comprises: comparing the level of the
hacterial antigen antibody prosent in the sampie to a control level of the bacterial antigen
antibody, wherein the level of the bacterial antigen antibody is indicative of an increased

tikelihood of the subject having IBS.

188331 In some embodiments, the bacterial antigen 1s selected from the group consisting
of EcFUC, SFUC, CiFlaA, GFaB, EcOFLC, GiGT-A, Cidmh, CiCgtA, SeFLB, EcEra,
BcFocA, FoFrvX, EcGabT, FoeYbaN, EcYedG, feYheN, EcYedK, EcYidX, LaFre, LaFno,
LiEFTy, BfOmpA, PrOmpA, Cpl0bA, CpSpA, EfSant, LmOsp, and combinations thereof.

[6634] In some embodiments, the control level of the bacterial antigen antibody is the

level of the bacterial antigen antibody in a sample from a healthy control subject.

16635]  In some embodiments, the rmoethod further comprises determining the level of a
mast cell marker in a biological sample from the subject; and comparing the level of the
mast cell marker present in the sample to a control level, wherein an increased level of the
mast coll marker in the sarople from the subject is indicative of an increased likelihood of

the subject having 1BS.

18636} In some embodiments, the mast cell marker is selected from the group consisting

of §-tryptase, histamine, prostaglandin E2, and combinations thereof.
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(86371 In some embodiments, the control level of the mast cell marker is the level of the

mast coll marker in a sample from a healthy control subject.

(8038}  Insome embodiments, the method further comprises classifving a diagnosis of
IBS as IBS-constipation (IBS-C), IBS diarrhea (1BS-1), IBS-muxed (IBS-M), IBS-
alternating (TBS-A), or post-infectious 1BS (IBS-PI).

186391 In another aspect, the present invention provides methods for monitoring the

progression of uritable bowel syndrome in a subject, the method corpprising:

3} measuring the levels of an array of bacterial antibody markers, an
array of mast cell markers, and optionally an array of stress factor markers in a biological
sample taken from the subject at a plurality of time points;

b) applying a statistical analysis to the measured levels of the selected
bacterial antigen antibody markers, mast cell markers, and optionally stress factor markers
to generate a disease activity profile over time, wherein the disease activity profile
comprises a representation of the level of the selected bacterial antigen antibody markers,
mast cell markers, and optionally stress factor markers over time; and

c) determining whether the subject is undergoing IBS progression.

[8646G]  In certain embodiments, the plurality of time points comprises at least 2, 3, 4, 5, 6,
7,.8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, or more time points.
Tu other instances, the first tirae pont in the plarality of time points & during the course of
therapy. As non-limiting examples, cach of the markers can be measured prior to therapy
and/or during the course of therapy at one or more {e.g., a plurality) of the following weeks:
1,2,3,4,5,6,7,8,9, 10, 11, 12,13, 14, 15, 16, 17, 18, 19,20, 22, 24, 26, 28, 30, 32, 34,

36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 80, 90, 100, etc.
18641} In certain embodiments, the therapy is the administration of a probiotic and/or a
prebiotic.
188421 In some embodiments, the present invention provides methods for classifying a
diagnosis of IBS in a subject, said method comprising:

a} measuring the levels of an array of bacterial antigen antibody

markers, an array of mast cell markers, and optionally an array of stress factor markers ina

biological sample taken from the subject;

-3
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b) applying a statistical analysis to the measured levels of the selected
bacterial antigen antibody markers, mast cell markers, and optionally stress factor markers
to generate a disease classification profile, wherein the disease classification profile
comprises a representation of the level of the selected bacterial antigen antibody markers,
mast cell markers, and optionally stress factor markers; and

) comparing the disease classification profile of the subject to that of a
control to determine whether the subject has IBS-constipation (IBS-C), IBS diarrhea (IBS-

), IBS-mixed (IBS-M), IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI).

188431 In some embediments, the disease classification profile of the control comprises a
disease classification profile from a subject who s a healthy control, a subject withIBS ora
subtype of IBS such as IBS-constipation (IBS-C), 1BS diarrhea (IBS-D), IBS-mixed (IBS-
M), IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI). In other embodiments, the
disease classification profile of the control comprises an average of a plurality of disease
classification profiles from a plurality of subjects who represent cither healthy condrols,
subjects with IBS or subjects with a specific subtype of IBS such as IBS-C, IBS-D, 1BS-M,
IBS-A or IB5-PL

188441  In another aspect, the present invention provides methods for monttoring the

progression of IBS in a subject, the method comprising:

a) contacting a first biclogical sample taken from the subject at g first
time with a bacterial antigen antibody binding moiety (e.g., a bacterial antigen or antigenic
fragment thereot) under conditions suitable to transform the bacterial antigen antibody
present in the sample into a coraplex comprising the bacterial antigen antibody and the
bacterial antigen antibody-binding moiety;

b) determining the level of the complex, thereby determining the level
ot the bacterial antigen antibody present in the first sample;

c) contacting a second biological sample taken from the subject at a
second time with the bacterial antigen antibody-binding moicty (e.g., a bacterial antigen or
antigenic fragment thereot) under conditions suitable to transform the bacterial antigen
antibody present in the sample into a complex comprising the bacterial antigen antibody and
the bacterial antigen antibody-binding moiety;

d) determining the level of the complex, thereby determining the level

ot the bacterial antigen antibody present in the second sample; and
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&) comparing the level of the bacterial antigen antibody present in the
first sample to the level of the bacterial antigen antibody present in the second sample,
wherein the difference in the level of the bacterial antigen antibody is indicative of the

progression of IBS in the subject.

186457 In some embodiments, the bacterial antigen antibody 1s selected from the group
consisting of antibodies against: £cFhC, SFFRC, CiFlaA, GFlaB, FcOFRC, CiGT-A,

Cidmh, CiCgtA, SeFhiB, EcEra, EcFocA, EcFrvX, EcGabT, FcYbaN, EcYedG, £cYhgN,
EcYedK, £cYidX, LaFre, LaEno, LjEFTy, BfOmpA, PrOmpA, CpldbA, CpSpA, £fSant,

LmQsp, and combinations thereof,

[8846] In some embodiments, the method further comprises determining the level of &

mast cell marker present in the sample.

18647} In some embodiments, the mast cell marker is selected from the group consisting

of §-tryptase, histamine, prostaglandin E2, and combinations thereof.

18648} In some embodiments of the various methods and assays of the present invention,
thepresence or level of 1,2, 3,4, 5,6, 7, 8,9, 10, 11,12, 13, 14, 15, 16,17, 18, 19, 20, 21,
22,23,24,25, 26, 27, or more bacterial antigen antibody markers, wherein the antibody is
against a bacterial antigen shown in Tables 1, 2 or 3 is detected and used to generate a
diagnostic marker profile that is useful for predicting IBS. In certain instances, the
biomarkers described herein are analyzed using an immuunoassay such as an enzyme-linked

immunosorbent assay (ELISA) or an immumohistochemical assay.

18649} In one aspect, the present invention provides a method for classifying whether a
sample from a subject is associated with irritable bowel syndrome (IBS), the method

comprising:

a} a data acquisition module designed 1o produce a data set comprising a
diagnostic marker profile, wherein the diagnostic marker profile indicates the presence or
fevel of at least one antibody against a bacterial antigen, wherein the bacterial antigen is
selected frova the group consisting of £cFIC, SFFRC, GFlaA, (iFlaB, £FcOFRC, GGT-A,
Cidmh, CiCgtA, SeFhiB, EcEra, EcFocA, £cFrvX, EcGabT, EcYbaN, EcYedG, EcYhgN,
EoYedK, FeYidX, LaFre, LaFno, LjEFTy, Bf0mpA, PrimpA, CplObA, CoSpA, EfSant,
LmQOsp, and combinations thereof, or in combination with at least one mast cell marker

selected from the group consisting of B-tryptase, histamine, and prostaglandin E2;
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b a data processing module designed to process the data set by applying
a statistical process to the data set to produce a statistically derived decision classifying the
sample as an 1BS sample or non-1BS sample based upon the diagnostic marker profile; and

c) a treatment selection module designed to determine a treatment likely

W

to benefit the subject based upon the diagnostic marker profile.

18050]  Other objects, features, and advantages of the present invention will be apparent to
one of skill in the art from the following detailed description and figures.

BRIEF DESCRIPTION OF THE DRAWINGS
188511  FIG. 1 illustrates a dose response curve of human B-tryptase derived from one

10 cmbodiment of the present invention.

[8052]  FIG, 2 illustrates a dose response curve of human prostaglandin E2 (PGE2)

erived from one embodiment of the present invention.

(8653} FIG. 3 illustrates a dose response curve of human histamine derived from one

ernbodimnent of the present invention.

[
W

[8854] FIG. 4 illustrates the denivation of an estimated correlation coefficient of marker
value vs. sample in 2 logistic regression model. A roarker has a positive offect on the
prediction of IBS vs, healthy control when the estimate corresponds to a positive slope. A
marker has a large negative effect on predicting IBS when the estimate has a large negative
slope. When the estirpate is approximately {0, the marker provides substantially no

20 predictive contribution to the diagnosis of IBS. The estimate value is used to determine if a

specific marker is informative with predicting IBS.
18655] FIG. § illustrates a density analysis of B-tryptase data from cohorts #1-4.
186567 FIG. 6 illustrates a density analysis of histamine data from cohort #3.

186571  FIG. 7 illustrates a density analysis of prostaglandin B, data from cohorts #1-4.

[\
W

18658] FIG. 8 illustrates a ROC curve based on a logistic regression model for predicting

IBS using three mast coll markers {e.g., B-tryptase, histamine and prostaglandin E2).

186591 FIG. 9 illustrates a ROC curve based on a logistic regression model for predicting
1BS using eight bacterial antigen antibody markers {(e.g., antibodies against £, coli FiiC, S.
Fexneri FUC, O jejuni FlaA, C. jejuni F18B, E. coli Era, F. coli O157T:H7 FUC, E. coli FrvX,

30 E coli GabT, C. jejuni §1-045, C. jejuni 81-128, and C. jejuni 81-008).

10
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[80608] FIG. 10 llustrates a ROC corve based on a logistic regression mode] for
predicting IBS using a combination of eight bacterial antigen antibody rarkers (e.g.,
antibodies against £. coli FhC, 8. flexneri FRC, C jejuni FlaA, C. jejuni FlaB, E. coli Era,
E.coli O153THT FHC, E. coli FrvX, . coli GabT C jejuni 81-045, . jejuni 81-128, and C.

Jejuni R1-003) and two mast cell markers {e.g., serum B-tryptase and prostaglandin E2).

186611  FIG. 11 illustrates an amino acid sequence alignment of flagellin from IBD
bacteria, such as CBirl, Fla2 and FlaX, and flagellin from IBS bacteria such as FLiC of
Escherichia coli K12, FUC of Shigella flexneri, FlaA of Campvlobacter jejuni, FlaB of
Campylobacter jejuni, FRC of Escherichio E. coli Q157 H7, and FUB of Sa/monella
enteritidis PT4. Green, orange and red bars show similarity levels. Black regions devote

sequence similarity.

18662} FIG. 12 illustrates an amino acid sequence alignment of the amino-terminal region
of flageilin from IBD bacteria, such as CBirl, Fla2 {Lachnospiraceae bacteria A4 clone) and
FlaX, and flagellin from IBS bacteria such as FUC of Shigella flexneri, FiC of Escherichia
coli K12, FUC of Saimonelia enteritidis, FUB of Salmonella enteritidis PT4, FlaA of

Campylobacter jejuni, and FlaB of Campvlobacter jejuni.

188631  FIG. 13 illustrates an amino acid sequence alignment of the middle region of
flagellin from IBD bacteria, such as CBirl, Fla2 (Lachnospiraceac bacteria A4 clone) and
FlaX, and flagelin from IBS bacteria such as FUC of Skigella flexneri, FUC of Escherichia
coii K12, FUC of Saimonelia enteritidis, FUB of Salmonella enteritidis PT4, FlaA of

Campylobacter jejuni, and FlaB of Campylobacter jejuni.

18664] FIG. 14 1llustrates an amino acid sequence alignment of the carboxy-terminal
ternunal region of flagellin from IBD bacteria, such as CBirl, Fla2 (Lachnospiraceae
bacteria A4 clone) and FiaX, and {lagellin from IBS associated bacteria such as FHC of
Shigella flexneri, FRC of Escherichia coli K12, FRC of Salmonella enteritidis, FIiB of
Salmonella enteritidis PT4, FlaA of Campylobacter jejuni, and FlaB of Campyiobacter

Jejuni,

18665] FIG. 15 tllustrates a phylogenetic tree of flagellin proteins of IBD versus IBS

associated bacteria.

i
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(88661 FIG. 16 illustrates levels of various oytokines (e.g., TL-10, IL-12p70, 11-6, TL-8,
and TNF) and hormounes {(e.g., serotonin and corfisol) in the an. and p.mu in a retrospective

cohort of patients including healthy controls, and those with IBS-C, 1B5-D or IBS-M.

18667} FIG. 17 shows that the cortisol level in the p.m. sample was highly predictive of
healthy control versus IBS-D. FIG. 174 shows the correlation of cortisol levels between
heathy controls (HC) and patients with IBS-C, IBS-D and IBS-M in a.m. samples. FIG.
178 shows the correlation of cortisol levels between heathy controls (HC) and patients with

IBS-C, IBS-D and IBS-M in p.m. samples.

[8668] FIG. 18 illustrates the relationship between the level of cortisol and the level of
other markers {(e.g., [L-10, TL12p70, 116, TL-§, serotonin, and TNF-u 10 the data set from

the cohort. No significant associations were identified in the linear regression model.

18669} FIG. 19 shows the cortisollIL-6 ratio for healthy control (HC) patients, and those
with IBS-C, IBS-D or IBS-M,

(8676} FIG. 28 shows the relationship between cortisol and other markers {e.g., (Fla,
CiFlaB, EcEra, EcFlic, EcGabT, EcOFRC, CRP, SAA, sICAM, sVCAM, PIT, SfFhic,
GROA, PGEZ, histamine, tryptase, TWHAK and BDNF) in the data set.

16671]  FIG. 21 shows the results of multiple linear regression modeling on log-
transformed variables. In particular, the table shows the relationship of each marker to

cortisoh.

(84721  FIG. 22 shows that the ratio of cortisol 1o the antibodies against the bacterial
antigen EcOFRC is significantly different among the healthy control, IBS-C, 1BS-D and
IBS-M patients (F=3.343, p=0.020). A statistically significant difference in ratio was
determined among groups.

16673]  FIG. 23 shows the level of cortisol in the healthy control, IBS-C, IBS-D and IBS-
M patients of the cohort,

188374]  FIG. 24 shows antigenic fragment predictions (boxed) for EcEra using EMBOSS.

188751 FIG. 25 shows antigenic fragment predictions (boxed) for EcGabt using

EMBOSS.

(84761 FIG. 26 shows a phylogenetic tree based on the combined human intestinal 168

tDNA sequence data set. Each clade is labeled 1u parentheses to include the total number of

12
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recovered sequences, phylotypes, and novel phylotypes {(See, Eckburg er ¢f., Science

308:1635-1638; Jeffery ef af., Gut 61:997-1006 (2012},

184777 FIG. 27 shows the levels of antibodies against L. acidophilus Fno (FIG. 274A),

antibodies against L. acidophilus Fre (FIG. 278B) and antibodics against L. joansonii EFTu

W

(FIG. 27C) in serum samples from normal coutrol individuals and patients with IBS-D3 or

IBS-M.

18678]  FIG. 28 shows the levels of antibodies against B, fragifis OmpA (FIG. 28A) and
antibodies against Prevorella OmpA (FIG. 28B) in serum samples from normal control

individuals and patients with IBS-D or IBS-M.

18 [B879] FIG. 28 shows the levels of antibodies against O perfringens 10bA (FIG. 29A),
antibodies against C. perfringens SpA (FIG. 28B), antibodies against &, faecalis Sant (FI1G.
29C), and antibodics against L. monocyiogenes Osp (FIG. 2912) in serum samples from

normal control individuals and patients with 1BS-D or [BS-M.

(3]

DETAILED DESCRIPTION OF THE INVENTION
L Introduction
18686} Disgnosing a paticnt as having uritable bowel syndrome can be challenging due to
the stmilarity in symptoms between IBS and other intestinal discases or disorders.
Biomarker-based assays can provide rapid and accurate diagnostic methods to distinguish

20 IBS from other diseases and disorders.

18081} Although the precise pathophysiclogy of IBS remains to be chucidated. It is
believed that IBS is caused, in part, by dysregulation of the host’s microbiome in the gut
and stress hormones. Stadies have shown that the gastrointestinal microbiota can influence
the host and results in mucosal jnflammmation and immune activation, and that cortisol levels
25 can be high in women with IBS (Heitkemper ef af., Am J Gastroentero!, 91{5}:.906-13

{1996)).

180821  Observations supporting this theory include the finding that an ncreased nomber
of mast cells can be found in the gastrointestinal youcosa of patients diagnosed with IBS
(Guilarte, M. et al., Gut 56, 203-209 (2007); Walker, M. M. er ai., Pharmacel. Ther. 29,
30 765-773 (2009, Akbar, A, ef ¢f., Gur §7, 923-929 (2008); Barbara, G. et ¢/,

Gastroenterology 126, 693-702 (2004); Barbara, G. et al., Gastroenterology 132, 26-37
é")./ Ny E E X
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{2007y, Cremon, C. et al., Am. J. Gastroenterol, 104, 392-400 (2009); and O'Suliivan, M. ef
al., Neurogastroenteral. Motil., 12, 449-457 (2000)). Suunilarly, some studies have also
found that levels of mediators released from these cells, including histamine and sering
proteases {e.g., trypiase}, are found in the colonic mucosa of IBS patients (Buhner ef o/,
Gastroenterology, 137(4), (2009)); Barbara ez af., Gastroenterology, 122(4), Suppl. 1: A-

276, (2002)).

180831  The human gastrointestinal microbiota includes at least 1,000 species of bacteria,
and about 10" individual bacterial cefls from about 160 different species inhabit each
individoal’s intestine ((n, 1. e al, Noture, 464:59-65 (2010)). 1t has been theorized that
the host’s {e.g., individual’s) genetic and imemune composition as well as environmental
factors influence the gastrointestinal microbiota, which in turn shapes the host’s immunity
and physiology within the gastrointestinal system. This theory suggests that a healthy
mdividual {e.g., free of intestinal disorders or discase) maintains a symbiotic velatiouship
with the microbiota colonizing hus/her intestines, while an individual with IBS has an

imbalance in this microbiota-immune interaction.

[88384] The present invention is based, in part, upon the surprising discovery that the
tevels of antibodies against bacterial antigens {e.g., bacterial antigen antibodies), and
optionally, in combination with mast cell moarkers and/or stress factor markers roeasured 1o
a biological sample taken from an individual can accurately predict whether the individual

has IBS.

186851  In one aspect, the present invention provides methods and assays to aid in the
diagnosis of irritable bowel syndrome based on the presence or level of certain bacterial
antigen antibody markers and mast cell markers, alone or in combination. In certain
embodiments, these methods and assays are related to the detection of the presence and
fevel of various IBS biomarkers in the blood and/or seram of subjects. In preferred
embodiments, the roethod comprises the detection of at least one antthody against a
bacterial antigen (e.g., £. coli FRC, 8 flexneri FiC, O jejuni FlaA, C jejuni FlaB, E. coli
O157:H7 FOC, E. coli FrvX, E. coli GabT, C jejuni 31-0485, C. jejuni 81-128, and C. jejuni
R1-003, £. coli Era, E. coli FocA, E. coli FrvX, E. coli GabT, &, coli YbaN, E. coli YcdG,
£, cofi YhgN, £, coli Yedi, E. coli YidX, L. acidophiius Fre, L. acidophifus Eno, L.

Johnsonii EF T, B. fragilis OmpA, Prevotella OmpA, C. perfringens 10bA, C perfringens

SpA, E. faecalis Sant, and L. monocytogenes Osp), or in combination with at least one mast

14
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cell marker (e.g., B-tryptase, histamine, and prostaglandin E2) in a blood and/or seram

sample from a subject.

(8086} In one aspect, the present invention provides methods for roountioring the
progression of IBS in a subject, syndrome based on the presence or fevel of specific
bacterial antigen antibody markers, mast cell markers, or in combination thereof over
several time points. In certain embodiments, these methods and assays are related to the
detection of the presence and level of various 1BS biomarkers in the blood and/or serum of
subjects at a plurality to time points and comparing the differences in the levels of the IBS
biomarkers. In preferred embodiments, the method comprises the detection of at least one
antibody against a bacterial antigen {e.g., £, coli FIC, 8. flexneri FUC, C. jejuni FlaA, C.
Jejuni FlaB, £, coli G157:H7 FUC, £, coli FrvX, E. coli GabT, C. jejuni 81-045, C. jejuni
81-128, and C. jejuni 81-008, E. coli Exa, F. coli FocA, £, coli FrvX, F. coli GabT, £, coli
YhaM, £. coli YedG, F. coli YhgN, E. coli YedK, F. coli YidX, L. acidophilus Fre, L.
acidophiius Eno, L. joknsonii EFTu, B. fragilis OmpA, Prevotella OmpA, C. perfringens
10bA, C perfringens SpA, E. fuecalis Sant, and L, monocyiogenes Osp), of in combination
with least one mast cell marker (e.g., P-tryptase, histamine, and prostaglandin E2) in a blood
and/or serum sarople from a subject at a first time point and a second time point,
Optionally, the method also includes the detection of at least one stress factor marker (e.g.,
cortisol and BDNF). The method further comprises comparing the level(s) of the bacterial
antigen antibody (auntibodies), the combination of bacterial antigen antibody (antibodies),
mast cell marker(s), and optionally, stress factor marker(s), wherein the difterence in the

fevel(s) is indicative of the progression of IBS in the subject.

186871  In some aspects, the present invention provides methods for classifying whethera

sample from an individual is associated with IBS, the wethod comprising:

a) determining a diagnostic marker profile detecting the presence or
tevel of at least one bacterial antigen anttbody marker or in combination with at least one
mast cell marker in the sample; and

b) classifying the sample as an IBS sample or a non-IBS sample using

an algorithm based on the diagoostic marker profile.

§O881  In some aspects, the present invention uses statistical algorithis 1o aid in the
f=

classification of a sample as an IBS sample or a non-IBS sample. In other aspects, the

15
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present invention uses statistical algorithms for ruling out other intestinal disorders (e.g.,

BD).

(8089}  In one aspect, the present invention further provides methods and assays to aid in

selecting a treatment for an individual with IBS.
H R Diefinitions

[8893]  As used herein, the following terms have the meanings ascribed to them unless

specified otherwise,

16681} The terms “microbiota,” “microflora” and “microbiome” refer to the community of
fiving microorganisms that typically inhabits g bodily organ or part. Members of the
gastrointestinal microbiota inchide, but are not limited to, microorganisms of the phyla of
Firmicutes, Racteroidetes, Froteobacteria, Epsilonproteobacteria, Fusobacteria,
Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, Verrumicrobia,
Deltaprotecbacteria, Unclassified near cyanobacteria, and Actinobacteria;, microorganisms
of the Ractercides, Prevotella or Ruminococcus genera; microorganisms of the
Rifidobacteria, Enterobacteraceae, Lactobacillus, Veillonella, Bacteoides, Strepiococcus,
Aciinomycinaea, Helicobacter, Peptostreptococcus, Collinsella, Clostridium, Enterococcus,
Coprococcus, Coprobacilius, Proteobacieria, Lactobaciilus, Ruminococus, Eubacterium,
Dorea, Acinetobacter, and Escherichia coli species; microorganisms of the Ruminococcus
torgues, R, torgues-like, Collinsella aerofaciens-tike, Clostridium cocleatum, Eubacterium
rectale, Clostridium coccoides, Rhinobatos productus types. In some instances, the
gastrointestinal microbiota inchudes the mucosa-associated microbiota, which is located at
the surface or apical end of the gastrointestinal tract, and lununal-associated microbiota,

which is found in the lumen of the gastrointestinal tract.

180921 The torms “irritable bowel syndrome” and “IBS” includes a group of functional
bowel disorders characterized by one or more symptoms inclading, but not limited to,
abdominal pain, abdominal discomfort, change in bowel pattern, loose or more frequent
bowel movements, diarrhea, and constipation, typically in the absence of any apparent
structural abnormality. There are at least three forms of IBS, depending on which symptom
predominates: (1) diarrhea-predominant (IBS-D); (2) constipation-predominant (IBS-C);
and (3) IBS with altcroating stool pattern (IBS-A). IBS can also occur in the form of a
mixture of symptoms (IBS-M). There are also varicus clinical subtypes of IBS, such as

post-infectious IBS (IBS-PI).
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188931  The terms “transforming the sample” and “transforming the biomarker” inclades a
physical and/or chemical change of the sample to extract a marker or to change or modify a
marker as defined herein. An extraction, a manipulation, a chemical precipitation, an
ELISA, a complexation, an immuno-extraction, a physical or chemical modification of the
sample or marker to measure a level or concentration of a marker all constitute a
transformation. As long as the sample or marker 1 not identical before and after the

transformation step, the change or modification is a transformation.

[86%4] The term “biomarker” or “marker” includes any diagnostic marker such as a
biochemical marker, serological marker, genetic marker, microbial marker or other clinical
ot echographic characteristic that can be used to classify a sample from an individual as an
IBS sample or to rule out one or more disgases or disorders associated with 1BS-like
symptoms in a sample from an individual. The term “biomarker” or “marker” also
encompasses any classification marker such as an antibody marker, biochernical marker,
serological marker, genetic marker, hormonal marker, microbial marker, or other clinical or
echographic characteristic that can be used to classify IBS into one of its various forms or
clinical subtypes. Noun-limiting examples of diagnostic markers suitable for use in the
present invention are described below and include antibodies against bacterial antigens,
bacterial antigens, flagellins, cytokines, growth factors, stress hormones, anti-neutrophil
antibodies, anti-Saccharomyces corevisiae antibodies, antimicrobial antibodies, anti-tissue
transglutaminase {{TG) antibodies, lipocalins, matrix metalloproteinases (MMPs), tissue
inhibitor of metalioproteinases (TIMPs), alpha-globulins, actin-severing proteins, S100
proteins, fibrinopeptides, calcitonin gene-related peptide (CGRP), tachykinins, ghrelin,
neurotensing serotonin, corticotropin-releasing hormone {CRH), serine proteases {e.g., B-
tryptase, elastase), prostaglandin {e.g., PGE2), histamine, C-reactive protein {CRP),
lactoferrin, anti-lactoferrin antibodies, calprotectin, hemoglobin, NOD2/CARIDIS, serotonin
reuptake transporter (SERT), tryptophan hydroxylase-1, S-hydroxytryptamine (S-HT),
lactulose, aud the like. In preferred embodiments, diagnostic markers suitable for use in the
present mvention are described herein and include, without limitation, an antibody that
binds to a microbiota antigen selected from the group consisting of £. cofi FRC, 8. flexneri
FUC, O jejuni FlaA, C jejuni FlaB, E. coli O157:H7 FR{, E. coli FrvX, E. coli GabT, C.
Jejuni 81-045, C jefuni 31-128, and C. jejuni 81-008, E. coli Era, E. coli FocA, E. coli
FrvX, F. coli GabT, £. coli YhaN, E. coli YedG, E. coli YhgN, E. coli YedK, E. coli YidX,

L. acidophilus Frc, L. acidophifus Eno, L. johnsonii BF Ty, B. fragilis OmpA, Prevotella
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OmpA, C. perfringens 10bA, C. perfringens SpA, E. faecalis Sant, L. monocytogenes Qsp,
and mixtures thereof, Exarmples of classification markers include, without limitation, leptin,
SERT, tryptophan hydroxylase-1,5-HT, antrum mucosal protein 8, keratin-8, claudin-8,
zonulin, corticotropin releasing hormone receptor-1 (CRHR1), corticotropin releasing
hormone receptor-2 (CRHR2), B-tryptase, histamine, prostaglandin E2 (PGE2) and the like.
In some embodiments, diagnostic markers can be used to classify IBS iuto oue of its various
forms or clinical subtypes. In other embodiments, classification markers can be used o
classify a sample as an 1BS sample or to rule out one or more diseases or disorders
associated with 1BS-like syroptoms. One skilled in the art will know of additional

diagnostic and classification markers suitable for use in the present invention.

(6695} The torm “stress factor” or “stress hormone” inchudes cortisol, corticotrophin
releasing hormone, thyrotropin, corticotropin-releasing factor (CRF), brain-derived
neurotrophic factor (BDNFE), adrenocorticotrophic hormone {ACTH), serotonin, dopamine,

glutamate, norephinephrine, and the like.

18096]  The torm “estimate” refers to the estimated partial correlation coefficient ofa

fogistic regression model. (see, FIG. 4).

188971  The “biological sample” includes any biological specirnen obtained from an
mdividual. Suitable samples for use in the present invention include, without Hmitation,
whole blood, plasma, serum, saliva, urine, stool (.., feces), tears, and any other bodily
fhiid, or a tissue sample (7.e., biopsy) such as a small intestine or colon sample, and cellnlar
extracts thereot (e g., red blood cellular extract). Tu a preferred ernbodiment, the sample is a
blood, plasma, or serum sample. In a more preferred embodiment, the sample 18 a serum
sample. In certain instances, the term “sample” includes, but is not Himited to blood, body
tissue, blood serum, lymph fluid, lymph node tissue, spleen tissue, bone marrow, or an
mmunoglobulin enriched fraction derived from one or more of these tissues. The ase of
samples such as serum, saliva, and urine is well known in the art (see, e.g., Hashida et al,, J
Cilin. Lab. Anal., 11:267-86 (1997)). One skilled in the art will appreciate that samples such

as serum and blood samples can be diluted prior to the analysis of marker levels.

188881 The term “individual,” “subject,” or “patient” typically refers to humans, but also
1o other animals including, e.g., other primates, rodents, canines, felines, equines, ovines,

porcines, and the like.
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188991  The term “classifying” mehudes “to associate” or “to categorize” a sample with a
discase state. In certain instances, “classifving” is based on statistical evidence, empirical
evidence, or both, In certain embodiments, the methods and systers of classifying use a so-
called training set of samples having known discase states. Once established, the training
data set serves as a basis, model, or template against which the features of an unknown
sample are compared, in order to classify the unknown disease state of the samople. In
certain instances, classifying the sample is akin to diagnosing the discase state of the
sample. In certain other imstances, classifving the sample is akin to differentiating the

disease state of the sample from another disease state,

(8180} As used herein, the term “profile” includes any set of data that represents the
distinctive features or characteristics associated with a discase or disorder such as IBS. The
term encompasses a “diagnostic marker profile” that analyzes one or more diagnostic
markers in a sample, a “symptom profile” that identifies one or more IBS-related clinical
factors {(i.e., symptoms) an individual is expericncing or has experienced, and combinations
thereof. A “symptom profile” can include a set of data that represents the presence,
severity, frequency, and/or duration of one or more symptoms associated with IBS. For
exarople, a “diagnostic rearker profile” can include a set of data that represents the presence

or level of one or more diagnostic markers associated with {BS.

(6363} Insome embodiments, a panel for measuring one or more of the diagnostic
markers and/or diagnostic profiles described above can be constructed and used for
classifving the sample as an IBS sarmaple or non-IBS sample. One skilled in the art will
appreciate that the presence or fevel of a plurality of diagnostic markers can be determined
simultancously or sequentially, using, for example, an aliquot or dilution of the individual’s
sample. In certain instances, the level of a particular diagnostic marker in the individoal’s
sample is considered to be elevated when it 15 at least about 10%, 15%, 20%, 25%, 50%,
75%, 100%, 125%, 150%, 175%, 200%, 250%, 300%, 350%, 400%, 450%, 500%, 600%,
700%, 80{%, 900%, or 1000% greater than the level of the same marker in a comparative
sample {e.g., a normal, GI control, IBD, and/or Celiac disease sample) or population of
samples {e.g., greater than a median level of the same marker in a comparative population
of normal, GI control, IBD, and/or Celiac disease sampies). In certain other instances, the
tevel of a particular diagnostic marker in the individoal’s sample is considered to be
towered when i 18 at least about §%,10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, T0%, 75%, 80%, 85%, 80%, or 859 less than the level of the sanie marker
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i a comparative sample {e.g., a normal, GI control, IBD, and/or Celiac disease sample) or
population of samples (e.g., less than a median level of the same marker in a comparative

population of normal, GI control, IBD, and/or Celiac discase samples).

18162} As used herein, the term “substantially the same amino acid sequence” includes an
arnino acid sequence that is similar, but not wdentical to, the naturally-occurring amino acid
sequence. For exarople, an amino acid sequence that has substantially the same amino acid
sequence as a naturally-occurring peptide, polypeptide, or protein can have one or more
modifications such as amino acid additions, deletions, or substitutions relative to the amino
acid sequence of the natarally-occurring peptide, polypeptide, or protein, provided that the
maodified sequence retains substantially at least ove biological activity of the naturally-
occurring peptide, polypeptide, or protein such as inununoreactivity. Comparison for
substantial similarity between aming acid sequences s usually performed with sequences
between abowut 6 and 100 residues, preferably between about 10 and 100 residues, and more
preferably between about 25 and 35 residues. A particularly useful modification of a
peptide, polypeptide, or protein of the present invention, or a fragmoent thereod, s 8
modification that confers, for example, increased stability. Tncorporation of one or more D-
anmino acids 18 a modification useful in mcreasing stability of a polypeptide or polypeptide
fragment. Similarly, deletion or substitution of fysine residues can increase stability by

protecting the polypeptide or polypeptide fragment against degradation.

9 &y

[6163] The terms “complex,” “immuno-complex,

7 “conjugate,” and “immunoconjugate”

include, but are not limited to, peptide or antigen bound {e.g.. by non-covalent means) to an

antibody or an antibody fragment.

18184] The torm “monitoring the progression or regression of IBS” inchudes the use of the
methods, systems, and code of the present invention to determine the disease state (e.g.,
presence or severtty of IBS) of an individual, In some embodiments, the methods, systems,
and code of the present invention can be used to predict the progression of [BS, ez, by
determining a likelthood for IBS to progress either rapidly or slowly in an individual based
on an analysis of diagnostic markers and/or the identification or IBS-related symptoms. In
other embodiments, the rocthods, systems, and code of the present invention can be used 10
predict the regression of IBS, e.g., by determining a likelihood for IBS to regress either
rapidly or slowly in an individual based on an analysis of diagnostic markers and/or the

identification or IBS-related symptoms.
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(81851 The term “bacterial antigen antibody marker profile” includes 1, 2,3, 4, 5,6, 7, 8,
0,10, 11,12, 13, 14, 15, 16, 17,18, 19, 20, 21, 22, 23,24, 25, 26, 27, or more marker(s) of
an individual, wherein the marker{s) can be a bacterial antigen antibody marker, such as, but
not Hmited to, an antibody that recognizes (e.g., specifically bind to, forms a complex) with
a bacterial antigen, such as &, coll FiC, 8. flexneri FUC, C. jejuni FlaA, C jefuni FlaB, F.
coli Q157 H7 FhC, E. coli FrvX, E. coli GabT, O jejuni 81-048, C. jejuni §1-128, and C.

vy

Jejuni 81-008, £. coli Era, £, coli FocA, E. coli FrvX, £. coli GabT, £. cofi YbaN, £. coli

YedG, E. coli YhgN, E. coli YedK, E. coli YidX, L. acidophilus Fre, L. acidophilus Eno, L.

7

Jjohusonii EFTu, B. fragilis OmpA, FPrevotella OmpA, C. perfringens 10bA, C. perfringens

SpA, £. jaecalis Sant, L. monocyiogenes Osp, and the like. A statistical analysis can
transform the level of the bacterial antigen antibody marker(s) into a bacterial antigen
antibody marker profile. In some instances, a statistical analysis is a quartile score and the
quartile score for cach of the markers can be sumuned to generate a quartile sum score. o
one aspect, a statistical process conmprising a single learning statistical classifier system is
applied to the data set of the bacterial antigen antibody marker profile to produce a
statistically derived decision classifving a sample as an IBS sample or a non-1BS sample
{e.g., healthy control saraple) based upon the bacterial antigen antibody marker profile,
wherein the bacterial antigen antibody marker profile indicates the level of at least one

bacterial antigen antibody marker.

[61686] The torm “mast cel marker profile” includes 1,2, 3,4, 5,6, 7, §, 9, 10, or more
marker(s) of an individual, wherein the marker(s) can be a rast cell marker, such as, but not
fimited to B-tryptase, histamine, and prostaglandin E2. A statistical analysis transforms the
tevel of the mast cell marker(s) into a mast cell marker profile. In some instances, a
statistical analysis is a quartie score and the quartile score for cach of the markers can be
suramed to generate a quartile sum score. In one aspect, a statistical analysis comprises a
single learning statistical classifier system is applied to the data set of the mast cell marker
profile to prodace a statistically derived decision classifying a sample as an 1BS sample or a
non-IBS sample based upon the mast cell roarker wherein the mast cell marker profile

indicates the level of at least one mast cell marker.

16187]  In quartile analysis, there are three mumbers (values) that divide a range of data
mnto four equal parts. The first gquartile {also called the “lower quartile™) is the number
below which lies the 25 percent of the botiorn data. The second quartiie (the “median

quartile”™y divides the range in the middic and has 50 percent of the data below it. The third
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quartile (also called the “upper quartile”) has 75 percent of the data below it and the top 25
percent of the data above it. As a non-lumiting example, quartile analysis can be apphied to
the concentration ievel of a marker such as an a,ntibody or other protein marker described
herein, such that a marker level in the first quartile (<25%) 1s assigned a valuc of 1, 8
marker level in the second quartile (25-50%) is assigned a value of 2, a marker level in the
third quartile (51%-<75%) is assigned a value of 3, and a marker level in the fourth quartile

{75%-100%) is assigned a value of 4.

S

[3188]  As used herein, “quartile sum score” or “0Q588” includes the sum of quartile scores
for all of the markers of interest. As a non-limiting example, a quartile sum score fora

panel of 6 markers {e.g., bacterial antigen antibody roarkers and/or roast cell markers) may
range from 6-24, wherein each of the individual markers is assigned a quartife score of 1-4

based upon the presence or absence of the marker, or the level of the marker,

[6169] The terms “statistical algorithm” or “statistical analysis” include a learning
statistical classifier system. In some instances, the learning statistical classifier system s
selected from the group consisting of a random forest, classification and regression iree,
boosted tree, neural network, support vector machine, general chi-squared automatic
mteraction detector model, interactive tree, multiadaptive regression spline, machine

learning classifier, and combinations thereot. In certain instances, the statistical algorithm
compriscs a single learning statistical classifier system. In other ernbodiments, the
statistical algorithm comprises a combination of at least two learning statistical classifier
systeros. In soroe instances, the at least two learning statistical classifier systems are
applied in tandera. Non-limiting examples of statistical algorithis and analysis suitable for
use in the invention are described in International Application No. PCT/US2011/056777,
filed October 18, 2011, the disclosure of which is hereby incorporated by reference n its

entirety for all purposes.

(8118} The term “diagnostic roodel” includes a bacterial antigen antibody marker profile,
a mast cell marker profile, and a combination thereof. In a preferred aspect, a retrospective
analysis 1s done on a cohort of known disease outcomes with known complications and
surgical procedures perforraed, as well as healthy controls. In one aspect, a regression
analysis {e.g., logistic regression) can be performed on the level of one or more bacterial
antigen antibody markers and/or the level of one or more mast cell markers to develop a

diagnostic model.
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i1, Description of the Embodiments
A, Methods for Aiding in the Diagnesis of Irritable Bowel Syndrome

8111} In one aspect, the present invention provides methods of aiding in the diagnosis of

irritable bowel syndrome (IBS) in a subject. In some erobodirents, the method comprises:

a) measuring the level of an array of bacterial antigen antibody markers
in a biological sample taken from the subject;

b) applying a statistical analysis to the measured level of the array of
hacterial antigen antibody markers to generate a bacterial antigen antibody marker profile;
and

c) comparing the bacterial antigen antibody marker profile to a
diagnostic model to determine whether the individual has an increased likelihood of having

IBS compared to being a healthy control.

18112} Insome embodiments, the bacterial antigen antibody marker is an antibody against
a bacterial antigen, wherein the bacterial antigen is selected from the group consisting of
EcFuC, §FUC, CiFlaA, GiFlaB, EcOFIC, GJGT-A, Cidmh, GGCgtA, SeFIB, EcEra,
EcFocA, EcFvX, EcGabT, EcYbaN, EcYedG, EcYhgN, EeYedK, EcYidX, LaFre, LaFuo,
LjEFTu, B8f0mpA, PrOmpA, CplibA, CpSpA, £fSant, LmOsp, and combinations thereof,

181131 In some embodiments, the statistical analysis transforms the level of the array of

bacterial antigen antibody markers into a bacierial antigen antibody marker profile.
4 & 3

(8114} In some embodiments, the bacterial antigen antibody marker profile includes an
empirically derived profile that is based upon an analysis of a plurality of bacterial antigen
antibody markers, In one aspect, the concentration of markers or their measured
concentration vahues are transformed into an index by an algorithm resident on a computer,
In certain aspects, the profile is a synthetic or human derived output, score, or cut off
value(s), which expresses the biological data in numerical terms. The profile can be used to
determine or make or aid in malking a clinical decision. A bacterial antigen antibody marker
profile can be measured multiple times over the course of time. In one aspect, the algorithm

can be trained with known samples and thereafter validated with samples of known identity.

a9
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[6115]  In some embodiments, the diagnostic model compriscs 8 bacterial antigen
antibody model. In some embodiments, the diagnostic roodel is established using a

retrospective cohort with known outcomes of a clinical subtype of IBS and healthy controls.

(8116} Insome embodiments, the bacterial antigen antibody model is derived by applying
logistic regression analysis to the fevel of one or more bacterial antigen antibody markers

deterroined in the retrospective cohort,

18117]  In somoe embodiments the method further comprises, and/or alternatively

COMpPrises:

d) determining the level of an array of mast cell markers in a biological
sample taken from the subject;

¢} applying a statistical analysis to the measured level ot the array of
mast cell markers to generate a mast cell marker profife; and

) comparing the mast cell marker profile to a diagnostic model o
determine whether the individual has an increased likelibood of having 1BS compared to

being a healthy control.

18118] In some embodiments, the array of mast cell markers is selected from the group

consisting of B-tryptase, histamine, prostaglandin E2, and combinations thereof.

181E9]  In some embodiments, the statistical analysis transforms the level of the array of

mast coll markers nto a mast cell profile.

(8128}  In some embodiments the method further comprises and/or alternatively

COMpTises:

d) deternuning the level of an array of stress hormones markers in a
biological sample taken from the subject;

e} applying a statistical analysis to the measured level of the array of
stress hormones markers to generate g stress hormone marker profile; and

) comparing the stress hormone marker profile to a diagnostic model to
determine whether the individual has an increased hikelihood of having IBS compared to

being g healthy control

(6121} Insome embodiments, the array of stress hormone markers is selected from the

group consisting of cortisol, BDNF, serotonin, CRF, ACTH, and combinations thereof.
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(81221  Insome embodiments, the statistical analysis transforms the level of the array of

mast coll markers into a stress hormone profile.

(81231 Insome embodiments, the diagnostic model 1s established using a retrogpective
cohort with known outcomes of a clinical subtype of IBS and healthy controls. In some
ernbodirnents, the diagnostic model comprises a bacterial antigen antibody marker model, a

mast cell marker model, a stress hormone marker model, or combinations thereof.

16124] In some ombodiments, the bacterial antigen antibody model 18 derived by applying
fogistic regression analysis to the level of one or more bacterial antigen antibody markers

determined in the retrospective cohort,

[8125]  In some embeodiments, the mast cell marker model is derived by applying logistic
cgression analysis to the level of oue or more mast cell markers determined in the

retrospective cohort.

(8126} In some embodiments, the stress hormone model is derived by applying logistic
regression analysis {0 the level of one or more siress hormones markers determined in the

retrospective cohort.

161271 In some ombodiments, the method further comprises classifying a diagnosis of
IBS as IBS-constipation (IBS-C), IBS diarrhea (IBS-D), IBS-mixed (IBS-M}, 1BS-
alternating (IBS-A), or post-infectious IBS (IBS-PI.

181281  In one aspect, the present invention provides methods for aiding in the diagnosis
of irritable bowel syndroroe in a subject by determining the level of atleast 1, 2, 3, 4, 5, 6,
7.8,9,10, 11,12, 13, 14, 15, 16, 17, 1&, 19, 20, 21, 22, 23, 24, 25, 26, 27, or more bacterial
antigen antibody markers, wherein the bacterial antigen antibody marker(s) recognize at
least one of the bacterial antigens shown in Tables 1 and 2. In preferred ernbodirsents, the
methods provided herein rely on the detection of an antibody against a bacterial antigen
selected from the group consisting of FcFUC, SFUC, GiFlaA, GiFleB, £cOFLC, GiGT-A,
Cidmh, CiCgtA, SeFEB, EcEra, EcFocA, EcFrvX, EcGabT, EcYbaN, EcYedG, ZcYhgN,
EcYedk, EcYidX, LaFre, Latno, LjEFTu, 8 OmpA, PrOmpd, CplObA, CpSpA, £fSand,

LmQOsp, and combinations thereof.

18129} Insome embodiments, the method for aiding in the diagnosis of irritable bowel
syndrome (IBS) in a subject comprise determining the level of at least one bacterial antigen

antibody marker, wherein the bacterial antigen antibody roarker is selected from the group

25
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consisting of an antibody against EcFhC, SFFLC, CFlaA, GiFlaB, EcOFhC, CiGT-A,
Cidmhb, CCgtA, SeFUB, EcEra, EcFocA, EcFrvX, FeGabT, EcYbaN, EcYedG, EcYhgN,
EcYedK, EcYidX, LaFre, Labno, LjEF Ty, BfOmpA, FrimpA, CplObA, CpSpA, £fSant,

LmQOsp, and combinations thereof.

18138]  In some embodiments, the method for aiding in the diagnosis of IBS in a subject
comprise determining the level of at least two bacterial antigen antibody markers, wherein
the bacterial antigen antibody marker is selected from the group counsisting of antibodies
against FcFH, S/FHC, CiFlaA, GFlaB, EcOFNC, GIGT-A, Cidmh, GiCgiA, SeFIB, £cEra,
EcFoch, FEcFrvX, EeGabT, FcYbaN, EcYedG, EcYhgN, EcYedK, EcYidX, LaFre, LaEno,
LiEFTu, BOmpA, PrOmpA, CplObA, CpSpA, FfSant, LmQOsp, and corabinations thereof.
For example, the level of two bacterial antigen antibody markers can be measured, such as
bacterial antigen antibodies against: £cFhC and SFUC; EcFiC and CGFlaA; £cFhC and
CiFlaB; EcFiC and FeOFRC; EoFIC and C/GT-A; FeFIC and Cidmb; FoFhC and
CiCetA; EcFRC and SeFiB; £cFiC and EcEra; ZcFhC and EcFocA; EcFIC and EcFrvX;
FcPRC and £cGabT; FoFUC and FoYbalN; EcFHC and £cYedG; EcFEC and EcYhgN;
FeFRC and EoYedK; FeFBC and EcYidX; £cFhC and LaFre; EcFRC and LaEng; EcFh(C
and LjEFTu; EcFUC and BfOmpA; EcFIiC and PrOompA; EcFIC and CplObA; EcFIiC and
CpSpA; EcFhC and £fSant; FcFUC and LmOsp; SFHC and CFlA; SFEC and (jFiaB;
SIFRC and EcOFUC; SFEC and CGGT-A; SFEC and Cidmb; §FHC and GiCgtA; §/FLRC
and SeFLB; SAFLRC and EcBra; SFRC and EcFoca; SFNC and EcFrvX; SAFRC and
EcGabT; SFFRC and EcYbaM; SFLC and EcYedG; S/FIC and EcYhgN; SFLC and
EcYedk; SFILC and EcYidX; SFHC and LaFre; SFHC and LaBno; SFUC and LjEFTy;
SALC and BfOmpA; SFLC and PrOmpA; SFUC and Cpi0bA; SFLC and CpSpA; S/FhC
and £fant; SFUC and LmOsp; GiFlaA and CiFlaB; CiFlaA and £cOFIC; GiFlad and
CiGT-A; GiFlaA and Cidmh; GFlaA and GiCgtA; CFlaA and SeFljB; CiFlaA and FcEra;
CiFlaA and EcFocA; CiFlaA and £cFrvX; (FlaA and £cGabT; C/FlaA and FcYbaN
CiFlaA and; CjFlaA and FeYedG; COFlaA and EcYhgN; GiFlaA and EcYedK; (JFlaA and
EcYudX; GiFlaA and LaFre; GFlaA and LaBno; CiFlaA and L7EFTu; BfOmpA; GGFlaA and
FPrompA; CiFlaA and CplObA; GiFlaA and CpSpA; (GFlaA and EfSant; CjFlaA and
LmQOsp; GjFaB and EcOFLRC; CiFlaB and CGGT-A; CiFlaB and Cidmb; GFaB and
CiCgatA; CF1aB and SeFB; C/FlaB and EcBra; C7FlaB and FcFocA; EcFrvX; GiFlaB and
EcGabT; (iFlaB and EcYhaN; (F1aB and EeYedG; GiFlaB and EeYhgN; CiFlaB and
EcYedK; GiFiaB and £cYidX; CiFlaB and LaFre; (fFlaB and LaEno; (jF1aB and LjEFTu;
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CjFlaB and BfOmpA; CFlaB and PrOmpA; GFlaB and CpldbA; (F1aB and CpSpA;
CiFlaB and £fSant; CiFlaB and LmOsp; EcOFhC and C7GT-A; £cOFRC and Cidmb;
FcOFUC and GiCatA; EcOFRC and SeFUB; EcOFUC and FcEra; FcOFIC and EcFocA;
EcOFRC and EcFrvX; FcOFUC and EcGabT,; FcOFRC and FoYbalN; £cOFLC and
FeYodG; EeOFHC and EcYhgN; EeOFHC and EcYedK; FcOFRC and EoYidX;, EcOFUC
and La¥Fre; £cOFRC and LaEno; EcOFRC and LjEFTu; £cOFRC and Bf0OropA; EcOFLC
and PrOmpA; EcOFHC and CplibA; EcOFEC and CpSpA; EcOFUC and EfSant; £cOFLC
and LmQOsp; GFGT-A and Cidmhb; C/GT-A and GFOgtA; CiGT-A and SeFEB; GGGT-A and
Eckra; GGGT-A and EcFocA; GGGT-A and EcFrvX; GiGT-A and EeGabT; CGGT-A and
EcYbaN; GGGT-A and EcYcdG; G/GT-A and EcYhgN; (FGT-A and EcYedK; (jGT-A and
EcYidX; CjGT-A and LaFre; GFGT-A and LaEno; CGGT-A and LjEFTu; CjGT-A and
BfOwmpA; CiGT-A and PrOmpA; CGGT-A and Cpl0bA; CGGT-A and CpSpa; CGGT-A and
EfSant; GiGT-A and LmOsp; Cidmh and CiCgtA; SeFiB; Cidmh and EcEra; Gidmh and
FcFocA; Cjdmb and EcFrvX; Cidmb and £cGabT; Cidmhb and £cYbaN; Cidmb and
EcYed(; Cjdmb and FoYhgN; Cidmb and EcYedK; £cYidX; Cidmb and ZaFre; Cidmh
and LaEno; Cidroh and LjEFTe;, Gidmh and 3/0mpA; Cidmh and FrOmpA; Cidmh and
CplQObA; Cidmb and CpSpA; Cidmb and £fSant; Cidmb and LmOsp; CiCgtA and SeFliB;
CiCgtA and EcEra; CiCgtA and EcFocA; CiCgtA and EcFrvX; CiCgtA and EcGabT;
CiCgtA and EcYbaN; GGCgtA and EcYcdG; GGCgtA and EcYhgN; CiCgtA and FeYedK;
CiCgtA and EcYidX; CiCgtA and LaFre; CCgtA and LaEvo; CjCgtA and LEFTu; GiCgtA
and B0mpA; CiCgtA and FrOmpA; (GCgtA and CplObA; GiCgtA and CpSpa; CGCgtA
and £f5ant; C/CgtA and LmOsp; SeFUB and EcEra; SeFB and EcFocA; SeFiiB and
EcFrvX; SeFIiB and EcGabT; SeFliB and EcYbaN; SeFLB and EcYcedG; SeFIB and
EcYhgN; SeFliB and EcYedK; SeFliB and EeYid¥X; SeFliB and LaFre; SeFiB and LaEno;
SeFiiB and ZjEFTu; SeF§B and BfOmpA; SeFiiB and PrOrapA; SeFUB and Cpli0bA;
SeFUB and CpSpA; SeFIB and £/Sant; SeFUB and LmOsp; £cEra and EcFocA; £cEra and
FeFrvX; FeBra and EcGabT; EcEra and FeYbaN; FoFra and FoYed(; EcFra and EoYhgN;
EcEra and FcYedK; £cFra and EcYidX; EcEra and La¥re; EcEra and LaEno; Ecra and
LjEFTu; EcEra and BfOmpA; EcFra and PrOmpA; EcBra and CpilbA; EcEra and CpSpA;
FeEra and EfSant; EcFra and LmOsp; FcFocA and EcFrvX; EoFocA and FeGabT; EcFocA
and EcYbaN; EcFocA and EcYed(G; EcFocA and EcYhgN; £cFocA and EcYedK; EcFocA
and FeYidX; EcFocA and LaFre; FcFocA and LaFno; £cFocA and LjEFTu; £cFocA and
BfOmpA; EcFocA and PrOmpA; EcFocA and CpllbA; EcFocA and CpSpA; EcFocA and
FfSant; EcFocA and LmQOsp; EcFrvX and EcGabT; EoFrvX and EcYbaN; FcFrvX and

-
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EeYod(; EcFovX and FeYhgN, EcFroX and EcYedK; FeFrvX and FoYidX; EoFrvX and
LaFre; EcFrvX and LaFEno; EcFrvX and LEFTu; FeFrvX and Bf0mpA; EcFrvX and
PrOmpA; EcFrvX and CplObA; EcFrvX and CpSpA; EcFrvX and £fSant; FcFrvX and
LmQsp; FeGabT and EcYbaN; EcGabT and EcYedG: £cGabT and FceYhgN; EcGabT and
FeYedK; EoGabT and £0YidX; EcGabT and LaFre; FeGabT and LaBEno; £¢GabT and
LjEFTu; EcGabT and BfOmpA; FeGabT and PrOmopA; £cGabT and CplObA; FeGabT and
CpSpA; Ec(GabT and £fSant; EcGabT and LmOsp; EcYbaN and EcYcdG; EcYbaN and
EcYhgN; EcYbaN and EcYedK; FoYbaN and £¢YidX; £oYbaN and ZaFre; £cYbaN and
LaEno; EcYbaN and LjEFTy; EcYbaN and B/ 0mpA; EcYbaN and PrOmpd; FcYbaN and
CplQObA; EcYbaN and UpSpA; EcYbaN and £fSant; £cYbaN and LmOsp; £cYedG and
EcYhgN; FeYedGand EcYedi; EcYedG and EoVidX; £eYedG and LaFre; EoYedG and
LaBno; EcYedG and LjEFTw; EcYedG and 5f0mpA; FcYedG and PrOmpA; EcYedG and
CplObA; EcYedG and CpSpA; EcYedG and FfSant; EcYedG and LmOsp; EcYhgN and
FcYedK: EcYhgN and EcYidX; EcYhgN and LaFre; EcYhgN and Latno; £cYhgN and
LiEFTu; EcYhgN and Bf0mpA; EcYhgN and PrOmpA; EcYhgN and CplObA; EcYhgN
and CpSpA; EcYhgN and EfSant; EcYhgN and ZmQsp; FeYedK and £eYidX; EeYedK and
LaFre; EcYedK and LaEno; FeYedK and LjEFTu; EcYedK and BOmpA; £cYedK and
PrOmpA; EcYedK and CplibA; EcYedK and CpSpA; EcYedK and EfSant; £cYedK and
LmQGsp; FoYidX and LaFre; FeYidX and ZaEno; EoYidX and L/EFTw £FcVidX and
BfOwpA; EcYidX and PrOopA; EcYudX and Cpliba; FeYidX and CpSpA; EeYidX and
EfSant; Fc¥idX and LmOsp; LaFre and Labno; LaFre and LjEFTw; LaFre and Bf0mpA;
LaFre and PrOmpA; LaFre and CplObA; LaFre and CpSpA; LaFre and £fSant; LaFrc and
LmQsp; LaEno and LjEFTe; LaBno and BfOmpA; LaEvo and PrOmpA; LaEuo and
CpiObA; LaBno and CpSpA; Labno and EfSant; LaEno and LmOsp; LjEFTu and BOmpA;
LJEFTu and PrOmpA; LjEFTu and Cpli0bA; LjEFTu and CpSpA; [jEFTu and £fSany;
LjEFTu and LmOsp; BfOmpA and PrimpA; CplObA; CpSpA; £fSant; LmOsp; PrOmpA
and CplObA; PrOmpA and CpSpA; PrOmpA and £fSant; PrOmpA and LmOsp; Cp10bA
and CpSpA; CplObA and £/Sant; CpliObA and LmOsp; CpSpA and £fSant; CpSpA and
LmQOsp; and EfSant and LmOsp.

[8131]  In some embodiments, the methods for aiding in the diagnosis of irritable bowel
syndrome (IBS) in a subject comprise determining the tevel of three, four, five, six, seven,
cight, nine , ten | cleven, twelve, thirteen, fouricen, fifteen, sixteen, seventeen, eightoen,

nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-
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six, or all twenty-seven bacterial antigen antibody markers, wherein the bacterial antigen
antibody marker is selected from the group consisting of antibodies agaionst EcFhLC, SFIC,
CiFlaA, CiFlaB, EcOFLC, CiGT-A, (idmh, CFCtA, SeFB, fcEra, EcFocA, EcFrvX,
EoGabT, EcYbaN, EcYedG, £FcYhgN, EcYedK, EcYidX, LaFre, LaBEno, LjEFTy, 5f0mpA,
PrOmpA, CplObA, CpipA, EfSant and LnOsp.

16132]  In some ombodiments, the method comprises:

a} countacting a biological sarple from the subject with a bacterial
antigen antibody-binding moiety (e.g., 8 bacterial antigen on a multiwell plate} under
conditions suitable to transform the bacterial antigen antibody present in the sample into a
complex comprising the bacterial antigen antibody and the bacterial antigen antibody-
binding moiety; and

b} determining the level of the complex, thereby determining the level

of the bacterial antigen antibody present in the sample.

181331  In some embodiments, the method further comprises ¢ comparing the level of the
hacterial antigen antibody prosent in the sampie to a control level of the bacterial antigen
antibody, wherein the level of the bacterial antigen antibody is indicative of an increased

tikelihood of the subject having IBS.

181341 In some embodiments, the control level of the bactenal antigen antibody is the
tevel of the bacterial antigen antibody in a sample from a healthy control subject or an
average level of the bacterial antigen antibody present in a sample from a cohort of healthy
control subjects. In other embodiments, the control level of the bacterial antigen antibody is
the level of the bacterial antigen antibody in 4 sample from a non-1BS subjoct or an average
level of the bacterial antigen antibody present in 4 sample from a cohort of non-IBS
subjects. Non-Hmiting examples of disecased subjects that are usefui for determining a
control level from include subjects with a non-IBS gastrointestinal disease, subjects with
mtlamrnatory bowel disease (IBD), subjects with ulcerative colitis (UC), subjects with
Crohn's disease {CD), subjects with celiac disease, subjects with gastroesophageal reflux
disecase (GERD), subjects with cancer, subjects with a cancer of the gastrointestinal tract,
subjects with a cancer of the stomach, subjects with a cancer of the smali or large bowel,

and the like,

18135]  In some embodiments, the control fovel is measured by contacting a biological

sample from a healthy control subject with a bacterial antigen (e.g., on a multiwall plate}

29
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under conditions suitable to transtform the bacterial antigen antibody present in the
mdividual sarople 1ot a complex coruprising the hacterial antigen antibody and the
bacterial antigen; and (b) determining the level of the complex, thereby determining the
level of the bacterial antigen antibody present in the individual sample. In other instances,
the control level is the average level of the complex as measured from samples of a cohort

of healthy control subjects.

18136] In some cmbodiments, g similar level of bacterial antigen antibody in a sample
from a subject, relative to control level, is indicative of an increased likelihood of the
subject not having IBS. In some embodiments, a difference i the level of bacterial antigen
antibody in a sample from a subject, relative to control level, is indicative of an increased

likelihood of the subject having IBS.

(8137} In more preferred embodiments, the method further comprises detection of at least
one mast cell marker selected from P-tryptase, histamine, prostaglandin E, (PGE2), and a
combination thereof. Methods for detecting B-tryptase, histamine and prostaglandin £,
(PGE2) are described in detail in ULS, Patent No. 8,114,616 and U.S. Patent Application
Publication No. 2012/244558, the disclosures of which are herein incorporated by reference

in their entirety for all purposes.

[6138] Insome embodiments, the method for aiding in the diagnosis of IBS in a subject
comprises determining the level of at least one mast cell marker, wherein the mast celi
marker is selected from the group consisting of B-tryptase, histamine, prostaglandin E2, and
combinations thereof. In other embodiments, the method for aiding in the diagnosis of IBS
in a subject comprise determining the level of at Jeast two mast cell markers, wherein the
mast cell marker is selected from the group consisting of §-tryptase, histamine,
prostaglandin B2, and combinations thereof. For instance, the method includes measuring
the level of at least two mast cell markers, e.g., B-tryptase and histamine, B-tryptase and
prostaglandin E2, and B-tryptase and prostaglandin E2. In yet other embodiments, the
method for aiding in the diagnosis of IBS in a subject comprise determining the level of all

three mast cell markers as described herein.

[813%]  In certain embodiments, the methods are provided for aiding in the diagnosis of
irritable bowel syndrome in a subject by determining the level of at least one hacterial
antigen antibody marker, wherein the bacterial antigen antibody complexes with a bacterial

antigen selected from the group consisting of £cFNC, SFFIC, CiFlaA, CiF1aB, £cOFiC,
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CiGT-A, Cidmh, GiCgtA, SeFiB, EcEra, EcFocA, EcFrvX, EcGabT, EcYbaN, EcYedG,
EcYhgN, EcYedK, EcYidX, LaFre, LaFno, {7EF Ty, BfOmpA, PrOmpA, CpilbA, CpSpA,
EfSant, LmOsp, and combinations thereof, in conjunction with at least one mast cell marker

selected from B-tryptase, histamine, prostaglandin E2 (PGE2), and a combination thereof.

(61481  In some embodiments, the method for predicting a diagnosis of 1BS in a subject
comprise determining the level of at least 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17,18, 1%, 20, 21, 22, 23, 24, 25, 26 or 27 bacterial antigen antibody marker(s), wherein the
bacterial antigen antibody marker is selected from the group consisting of antibodies against
EcFhC, SFQRC, GFleA, GFlaB, EcOFhC, GGT-4, Cidmb, CiCgtA, SeFiiB, FeEra,
EcFoch, EcFrvX, EeGabT, EcYbaN, FeYodG, EcYhgN, EcYedK, EcYidX, LaFre, LaFno,
LEF Ty, B0mpA, Prompd, CplObA, CpSpA, £fSant and LmOsp, and at least 1, 2, 3 mast
cell marker(s), wherein the mast cell marker s selected from the group consisting of B-
tryptase, histamine, prostaglandin E2, and combinations thereof. Tn some instances, the
method includes determining the level of a combination of bacterial antigen antibody
marker: mast cell marker, e.g., 111 (i.e., £cFHC: B-tryptase), 12, 1:3, 211, 2:2, 2:3, 301, 3.2,
33,40, 4:2, 43,51, 8:2,5:3,6:1,6:2,6:3, 7:1, 7.2, 723, 8.1, B2, 8:3, 9014, 9:2,9:3, 10:1,
P2, 00:3, 1000, L2, 1003, 1200, 1200, 12:2, 12:3,13:0, 1301, 13:2, 13:3, 1401, 14:2, 143,
151, 15:2,15:3,6:1, 162, 16:3, 17:1, 17:2, 17:3, 18:1, 18:2, 18:3, 19:1, 19:2, 19:3, 20:1,
2002, 2003, 2101, 21:2, 21:3, 22:4, 22:2, 22:3,23:1, 23.2, 23:3, 24:1, 24:2, 24:3, 25:1, 252,
25:3,26:1,26:2, 26:3, 27:1, 27:2, and 27:3 bacterial antigen antibody marker: mast cell

marker, respectively.

18141} In another aspect, the invention provides a method of classifving a diagnosis of
1BS as IBS-constipation (IBS-C), IBS diarrhea (IBS-D), IBS-mixed {(IBS-M), IBS-
unsubtyped (IBS-13, IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI).

(61421  Insome embodiments, the method for aiding in the diagnosis of 1BS in a subject
comprises determining the level ot at least one stress factor marker, wherein the stress factor
marker is selected from the group consisting of cortisol, BONF, serotonin, CRF, ACTH,
and combinations thereof. In other embodiments, the method for aiding in the diagnosis of
IBS in a subjoct comprise determining the level of at least two stress factor markers,
wherein the stress factor marker is selected from the group consisting of cortisof, BDNF,
serotonin, CRF, ACTH, and combinations thereof. For instance, the level of two tress

factor markers, such as, cortisol and BDNF, cortisol and serotonin, cortisol and CRF,
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cortisol and ACTH, BDNFE and serotonin, BDNF and CRF, BDNF and ACTH, serotonin
and CRF, serotonin and ACTH, and CRF and ACTH, s determined. Tn yet other
cmbodiments, the method for aiding in the diagnosis of 1BS in a subject comprise
determining the level of at least three, four or all five stress factor markers, wherein the
stress factor marker is selected from the group consisting of cortisel, BDNF, serotonin,

CRF, ACTH, and combinations thereof,

18143]  In some cmbodiments, the method for predicting a diagnosis of IBS in a subject
comprise determining the level of atleast 1,2, 3,4, 5,6, 7. 8,9, 10, 11, 12, 13, 14, 15, 1§,
17,18, 19,20, 21, 22,23, 24, 25, 26 or 27 bactenial antigen antibody marker(s), wherein the
bacterial antigen antibody marker 15 selected from the group consisting of antibodies against
EcFhC, SFIRC, CiFlaA, CiFiaB, EcOFEC, GiGT-4, Cidmb, CiCgtA, SeFliB, Fcbra,
EcFoch, FcFrvX, EcGabT, FoYbaN, EcYedG, EcYhgN, FeYedX, EcYidX, LaFre, LaEno,
LiEFTy, BfOmpA, PrOwmpA, Cpl0bA, CpSpA, EfSant and LmQOsp, and at least 1, 2, 3 mast
cell marker(s), wherein the mast cell marker is selected from the group consisting of B-
tryptase, histamine, prostaglandin E2, and combinations thercof. In some instances, the
method includes determining the level of a combination of bacterial antigen antibody
marker: mast cell marker, e.g., Uil (ie., EcFUC: B-tryptase), 1:2, 1:3, 2:1, 2:2, 2:3, 3:1, 3.2,
3.3, ,4:1,4:2,4:3,5:1,5:2,5:3,6:1,6:2,6:3, 7.1, 722,73, 81, 8.2, 8:3, 91, 9:2, 9:3, 10:1,
16:2, 3:3, 1103, 1322, 18:3, 3200, 1200, 12:2, 12:3, 13:0, 13:1, 13:2, 13:3, 14:1, i4:2, 143,
15:0, 15:2, 15:3, 6:1, 16:2, 16:3, 1700, V7.2, 17:3, 18:1, 1R:2, 18:3, 19:4, 19:2, 193, 20:1,
2002, 2003, 21000, 2102, 2103, 2201, 22:2, 2223, 2311, 23:2, 23:3, 2411, 2412, 24:3, 25:1, 252,

vl

258:3,26:1, 26:2, 26:3, 27:1, 27:2, and 27:3 bacterial antigen antibody marker: mast cell

marker, reapectively.

(81441 In other embodiments, the method for predicting a diagnosis of IBS in 2 subject
comprise determining the level ofatleast 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18,19, 20, 21, 22, 23, 24, 25, 26 or 27 bacterial antigen antibody marker(s) as described
herein, at feast 1, 2, 3 mast ceil marker(s) as described herein, and optionally, atleast 1,2, 3
4, or 5 stress factor markes(s) as described herein. For instance, the method includes
determining the level of a combination of bacterial antigen antibody marker: mast coll
marker: stress cell marker, ez, , 1:1:1 (e, EcFUiC: Btryptase:cortisol}, 1:1:2,
1S, 1200, 1:2:2, 1:2:3, 1:2:4, 1:2:5, 1:3:1, 1:3:2, 1:3:3, 1:3:4, 1:3:5, 2:0:0, 2:1:2, 2:1:3
204, 2008, 220, 202, 2203, 2204, 2208, 2300, 2:3:2, 2:3:3, 2:3:4, 2:3:5, 3100, 302
3:1:3, 3:0:4, 3115, 3:200, 3:2:2, 3:2:3, 3:2:4, 3:2:5, 3:301, 3:3:2, 3:3:3, 3:3:4, 3:3:5, 4010,
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12,403, 404, 4105, 40201, 4:2:2, 4:2:3,4:2:4, 4:2:5, 4:3:1, 4:3:2, 4:3:3, 4:3:4, 4:3:5,
5:1:1, 5:1:2, 5:1:3, 5:1:4, 5:1:5, 8:2:1, 8:2:2, 8:2:3, 5:2:4, 5:2:5, 5:3:1, 5:3:2, §5:3:3, 5:3:.4,
5:3:5,6:1:1,6:1:2,6:1:3, 6:1:4, 6:1:5, 6:2:1, 6:2:2, 6:2:3, 6:2:4, 6:2:5, 6:3:1, 6:3.2, 6:3.3,
0l 702, 703, T4, T s, Ty, T2, TR T4 TS, T30, 732,
35 &0 &2, &3, &4, Q15 &2qd, 8:2:2, §:2:3, §:2:4, §:2:5, §:3:1,
333, 8:3:4, R:3:5,0: 101, 9:1:2, 9:1:3, 9004, 90105, 9020, 91202, 9:2:3, 9:2:4, 9:2:5,
9:3:1,9:3:2, $:3:3, 9:3:4, 9:3:5, 10010, 1312, 100103, 114, 100108, 100200, 10222, 10:2:3,
13:2:4, 16:2:5, 10:3:1, 16:3:2, 16:3:3, 16:3:4, 10:3:5, 110103, 110122, 11103, 1104, 11125,
PR2:0, 16:2:2, 16223, 1024, 11:2:5, 1030, 11:3:2, 11:3:3, 11234, 11:3:5, 12:1:1, 12:1:2,
12:1:3, 12:1:4, 12:1:5, 12 ,12:2:2,12:2:3,12:2:4, 12:2:5, 12:3:1, 12:3:2, 12:3:3, 12:3:4,
12:3:5, 13:1:0, 13:1:2, 13:1:3, 13:1:4, 13:1:5, 13:2:0, 13:2:2, 13:2:3, 13:2:4, 13:2:5, 13:3:1,
13:3:2, 13:3:3, 13:3:4, 13:3:5, 1S: 0.0, 1S:0:2, 1513, 1514, 15:1:5, 15:2:1, 15:2:2, 15:2:3,
15:2:4, 15:2:5, 15:3:1, 15:3:2, 15:3:3, 15:3:4, 15:3:5, 16:1:1, 16:1:2, 16:1:3, 16:1:4, 16:1:5,
16:2:1, 16:2:2, 16:2:3, 16:2:4, 16:2:5, 16:3:1, 16:3:2, 16:3:3, 16:3:4, 16:3:5, 17:1:1, 17112,
17:8:3, 1704, 17:1:5, 17:2:1, 17:2:2, 17:2:3, 17:2:4, 17:2:5, 17:3:1, 17 17:3:3, 17:3:4,
17:3:5, 18:1:1, 18:1:2, 18:1:3, 1814, I18:1:5, 1821, 18:2:2, 1R:2:3, 1R:2:4, 1R:2:5, 1R:3:1,
18:3:2, 18:3:3, 18:3:4, 18:3:5, 19:1:1, 19:1:2, 19:1:3, 19:1:4, 19:1:5, 19:2:1, 19:2:2, 19:2:3,
19:2:4, 19:2:5, 19:3:1, 19:3:2, 19:3:3, 19:3:4, 19:3:5, 200103, 20:1:2, 20:1:3, 20:1:4, 20:1:5,
20:2:0, 20:2:2, 20:2:3, 28:2:4, 20:2:5, 20:3:1, 20:3:2, 20:3:3, 20:3:4, 20:3:5, 21100, 21012,
2003, 2004, 20005, 20200, 2122, 20:2:3, 210204, 21:2:5, 210300, 21302, 21323, 2134,
21:3:5,22:1:1,22:3:2,22:1:3,22:1:4, 22: 1 22:2:3,22:2:4,22:2:5, 22:3:1,
22:3:2,22:3:3,22:3:4,22:3:5, 23:1:1, 231 :1:4,23:1:5,23:2:1,23:2:2, 23:2:3,
23:.2:4,23:2:8,23:3:1,23:3:2, 23:3:3, 23:3 1, 24:1:2,24:1:3, 24: 1.4, 24: 1.5,
24204, 2422, 24:.2:3, 24:2:4, 24:2:5, 24:3:1, 2 4:3:3, 24:3:4, 24:3:5, 25:1:1, 25:1:2,
25:1:3,25:1:4, 25:1:5, 25:2:1, 28:2:2, 25821 15, 25:3:1,25:3:2, 25:3:3, 25:3:4,
25:3:5,26:1:1, 26:1:2, 26:1:3, 26:1:4, 26:1:5, 26:2: L 26:2:3,26:2:4, 26:2:5, 26:3:1,
20032, 26:3:3, 26:3:4, 26:3:5, 270, 2702, 203, 270004, 270108, 27208, 27202, 37203,

27:2:4,27.2:5 27.3:1,27.3:.2, 27:3.3
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27:3:4, and 27:3:5 bacterial antigen antibody marker:

mast cell marker: stress cell marker, respectively.

181451  In another aspect, the present imvention provides methods for monttoring the
progression or regression of firitable bowel syndrome in a subject by a) determining the
fevelof 1,2,3,4,5,6,7,8 9, 10, 11, 12, 13, 14, 15, 16,17, 18, 19,20, 21, 22, 23, 24, 25,

26, 27 or more bacterial antigen antibody markers, wherein the bacterial antigen antibody

(OS]
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recognizes a bacterial antigen selected from the group consisting of EcFHC, SFLC, GFlaA,
CiFlaB, EcOFUC, GGGT-A, Cidmh, CiCgtA, SeFhB, Felra, EcFocA, EcFrvX, EcGabT,
FeYbhaN, EcYedG, EcYhgN, EcYedK, FeYidX, LaFre, LaFno, LjEF Ty, BfOmpA,
PrOmpA, CplibA, CpSpA, EfSant, LmOsp, and combinations thereof in a first biological
sample taken at a first time; b) determining the level of the bacterial antigen antibody
marker in a second biological sample taken at a second time; and ¢) comparing the level of
the bacterial antigen antibody marker present in the first sample to the level of the bacterial
antigen antibody present in the second sample, wherein the difference in the level of the

bacterial antigen antibody marker is indicative of the progression of IBS in the subject.

(8146}  In some embodiments, the methods for monttoring the progression or regression of
irritable bowel syndrome in g subject comprise: a) determining the level of at least one
bacterial antigen antibody marker, wherein the antibody marker complexes with a bacterial
antigen selected from the group consisting of ZcFhC, SFQLC, CiFlaA, CjFlaB, EcOFhC,
CiGT-A, Cidmh, CjCgtA, SebliB, EcEra, fcFocA, EcbrvX, EcGabT, £cYbalN, EcYcdG,
FcYhgN, EeYedK, EcYidX, faFre, LaEno, LjEFTu, BOmpA, PrompA, Cpl0bA, CpSpA,
EfSant, LmQOsp, and combinations thereof, in conjanction with at least one mast cell marker
selected from B-tryptase, histamine, prostaglandin E; (PGE2) and 2 combination thereof in a
first sample at a first time point, b} determining the levels of the bacterial antigen antibody
marker(s) and the mast cell marker(s) in a second sample at a second time point; and ¢
comparing the levels of the bacterial antigen antibody marker(s) and the mast cell
marker(s), wherein the levels in the first sample compared to the second sample are

indicative of progression or regression of IBS in the subject.

131471 In some embodiments, an increase in the level(s) of the bacierial antigen antibody
marker(s) and the mast cell marker(s) in the first sample compared to the second sample is
mdicative of the progression of IBS in the subjoct. In some embodiments, a decrease in the
level(s) of the bacterial antigen antibody marker(s) and the mast cell marker(s) in the first

sample compared to the second sample s indicative of regression of IBS in the subject.

[6148] In some embodimenis, the present invention provides methods for classifying a
diagnosis of IBS in a subject, the method coraprising:

3} measuring the levels of an array of bacterial antigen antibody markers
that recognize a bacterial antigen (e.g., £cFC, SFFEC, (FlaA, C/FaB, EcOFEC, JiGT-A,
Cidmh, CFCgtA, SeFHB, EcEra, EcFocA, EcFwX, FEcGabT, EcYbaN, EeYedG, EcYhgN,
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EcYedK, EcYidX, LaFre, LaEno, LjEFTu, B OmpA, PrOmpA, CplibA, CpSpA, EfSant,
LmQsp, and the like) and an array of mast cell moarkers e.g., serum B-tryptase, prostaglandin
E2, and the like) in a biological sample taken from the subject;

) applying a statistical analysis to the measured levels of the selected
bacterial antigen antibody markers and mast cell markers to generate a disease classification
profile, wherein the disease classification profile comprises a representation of the level of
the selected bacterial antigen antibody markers and mast cell markers; and

c) comparing the discase classification profile of the subject to that of a
control to determine whether the subject has IBS-constipation (IBS-C), IBS diarrhea (IBS-

D), IBS-mixed (IBS-M), IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI).

8149} In some embodiments, the disease classifcation profile includes an empirically
dertved profile that is based upon an analysis of a phurality of selected bacterial antigen
antibody markers and mast cell markers. In one aspect, the concentration of markers or
their measured concentration values are transformed into a profile by an algorithm resident
on a computer. In certain aspects, the profile is a synthetic or human derived output, score,
or cut off valae(s), which expresses the biological data in numerical terms. The profile can
¢ used to determine or make or aid in making a clinical decision such as a discase
classification of IBS subtypes. A discase classifcation profile can be measured multiple
times over the course of time. In one aspect, the algorithm can be trained with known

samples and thereafter validated with samples of known identity.

18150]  In somoc embodiments, the discase classification profile countrol comprises a
disease classification profile from a subject who 18 3 healthy subject, a subject with IBS ora
subtype of 1BS such as IBS-constipation (IBS-(C), IBS diarrhea (IBS-D), IBS-mixed (IBS-
M), IBS-alternating (IBS-4), or post-infectious IBS (IBS-P1). In other embodiments, the
disease classification profile of the control comprises an average of a plurality of discase
classification profiles from a plarality of subjects who represent either healthy controls,
subjects with IBS or subjects with a specific subtype of IBS such as IBS-C, IB5-B, IBS-M,
IBS-A or IBS-PL

18153} The sarople used for detecting or determuining the level of at least one bacterial
antigen antibody marker is typically whole blood, plasma, serum, saliva, urine, stool (ie.,
foces), tears, and any other bodily fluid, or a tissue sample (.2, biopsy} such as a small

mtestine or colon sample. Preferably, the sample is serum, whole blood, plasma, stool,
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urine, or a tissue biopsy. In certain instances, the methods of the present invention further
comprise obtaining the sarople from the mdividual prior to detecting or determining the
level of at least one bacterial antigen antibody in the sample. In a preferred embodinent,
the additional bacterial antigen antibody and/or mast cell markers is detected from a blood
or serum sample. In other embodiments, the additional bacterial antigen and/or mast cell

marker is detected from a stool sample or a biopsy from the bowel of the subject.

{81521 In certain other embodiments, the level of at least one bacterial antigen antibody
marker is determined using an immunoassay (2.g., ELISA) or an immumohistochemical
assay. A pon-limiting example of an immunoassay suitable for use in the methods of the
present invention includes an enzyme-linked iromunosorbent assay (ELISA). Examples of
immunochistocherical assays suitable for use in the methods of the present invention
imclade, but are not limited to, immunoffuorescence assays such as direct fluorescent
antibody assays, indirect fluorescent antibody {(IFA) assays, auticomplement
mmmunofluorescence assays, and avidin-biotin immunofiuorescence assays, Other types of
mmmunohistochemical assays inchude iranmunoperoxidase assays. Suitable ELISA kits for
determining the presence of level of a bacterial antigen in a serum, plasma, saliva, or wrine
sample, arc available from e.g., Antigenix America Toc. (Huntington station, NY), Promega
{Madison, W), R&D Systems, Inc. (Minneapolis, MN), Life Technologies (Carlsbad, CA),
CHEMICON International, Inc. {Temecula, CA}, Neogen Corp, (Lexington, KY),
PeproTech (Rocky Hill, NI}, Alpco Diagnostics {Salem, NH), Pierce Biotechnology, Inc.

{Rockford, 1L), and/or Abazyme (Needham, MA).

i. Bacterial Antigen Antibodies

18153]  Ag used herein, the term “bacterial antigen antibody” refers to an antibody that
specifically binds to a bacterial antigen or an antigenic fragment thereot, such as an anti-
bacterial antigen antibody. Without being bound to any particular theory, individuoals with
IBS or other disorders involving the gastrointestinal microbiota can develop anti-bacterial

antigen antibodies.

(8154} In one aspect, the present invention provides methods for aiding in the diagnosis

of TBS using bacterial antigen antibody markers.

(81551  In some embodiments, the method comprises measuring the level of an array of

hacterial antigen antibody markers in a biological sample taken from the subject. In some
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embodiments, the level of at least one bacterial antigen antibody marker 1s increased in an
mdividual with IBS compared to a healthy control. In other embodiments, the level of at
least one bacterial antigen antibody marker is decreased in an individual with IBS compared

to a healthy control. In some embodiments, the level of an array of bacterial antigen

W

antibody markers is dysregulated in a sample taken from an individual with IBS compared

to one from a healthy control.
18156]  In some embodiments, the method comprises:

3} contacting a biological sample from the subject with a bacterial
antigen polypeptide or an antigenic fragment thereof under conditions suitable to transform
1 the bacterial antigen antibody present in the sample into a complex comprising the bacterial
antigen antibody and the bacierial antigen polypeptide or fragment thercof, and
b} determining the level of the complex, thereby determining the level
of the bacterial antigen present in the sample. In some embodiments, the method further

COMmPrises;

[
|77

c) comparing the level of the bacterial antigen antibody present in the
sample to a control level of the bacterial antigen antibody, wherein the level of the bacterial

antigen antibody is indicative of an increased likelihood of the sebject having IBS.

{8157} The bacterial antigen polypeptide or fragment thereof selectively binds to the
bacterial antigen antibody to be measured. For example, the level of an antibody against
23 bacteria flagellin {e. g, §FIC) can be measured using the flagellin polypeptide or an

antigenic fragment thercotf,

16158] In a specific embodiment, the invention provides a method 1o aid in the diagnosis

of IBS, the method comprises:

3} contacting a sample having a bacterial antigen antibody contained
25 therein under conditions suitable to transform the bacterial antigen antibody into a complex
comprising the bacterial antigen and the captured anti-bacterial antigen antibody;
b) contacting the comaplex with an enzyme labeled ndicator antibody to
transform the complex into a labeled complex;
¢} contacting the labeled cornplex with a substrate for the enzyme; and
30 dy detecting the presence or fevel of the bacterial antigen antibody n the

sample.

s
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For example, as tllustrated in Examples 3 and 4 described herein, methods of the

present invention are used to measure the levels of bacterial antigen antibodies presentin a

sample.

[0160]

In certain ecmbodiments, g variety of bacterial antigens are particularly useful in

the methods of the present invention for aiding in the diagnosis of IBS. Non-limiting

examples of bacterial antigens jnchude flageliin polypeptides or fragments thereot, and other

polypeptides or fragments thereof that are expressed by the gastrointestinal microbiota,

Microbial flagellin is a protein found in bacterial flagelum that arrange itself in 3 hollow

cylinder to form the filament. Flagellin polypeptides or fragments thereof are typically

expressed by bacteria including Clostridium, Lacknospiraceae bacterium A4, F. coli K12,

E. coli G15T:H7, Shigella flexneri, Campylobacter jejuni, and Salmonelia enieritidis. Non-

himiting examples of flagellin polypeptides are presented in Table 1.

Table 1. Flagellin and Other Polypeptides (Bacterial Antigens)

NCBI
Namie Orig. naxae Strain GenBank Protein Fuoctien
Aceession No,
CBirl CBirl Uunkuoown, most similar to | AAT06254 fagelim
Clostridium subphylun
FlaX FlaX Unknewn, oost siiotlar o | AATO6255 flageliin
Clostridium subphylum
Fla2 Fla2 Lachnospivaceae ABE48283 fagellin
bacterium A4
EcFiC FLC Escherichia coli K12 AAAL3N0 1 flageliin
SFNC FliC Shigella flexneri BAAG4093.1 flagellin
{jFlaA FlaA Campylobacter jejuni ABC69276.1 flagellin
Ciblal3 FlaB3 Campviobacter jefuni FAQT72883.1 flagatim
FEeOFLC FliC FEscherichia coli O157:HT7 | BAB36085.1 flagellin
SeFliR FiiB Salmonella enteritidis AAC43354.1 flagellin
GGT-A 81045 Casmpylobacter jejuni AAWSE6124.1 2lycosyltransierase
Cidmh (J81-1258 Campylobacter jejuni AAWS6187 .1 mannose-heptose
CiCgtA (781008 Campyiobacter jejuni AAWS610L.1 acetylgalactos-
aminyitransferase
(8161} The term “CiFlaA” refers to a flagellin subunit of the Campvlobacter jejuni that is

immunoreactive with an anti- FlaA antibody. Suitable (jFlaA antigens useful in

determining auti- FlaA antibody levels in a sample inchude, without limitation, a FlaA
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protein, a FlaA polypeptide having substantially the same amino acid sequence as the FlaA
protein, or a fragment thereof such as an immunorcactive fragment thercof. A FlaA
polypeptide generally describes polypeptides having an amino acid sequence with greater
than about 50% identity, preferably greater than about 60% identity, more preferably greater
than about 70% identity, still more preferably greater than about 80%, 85%, 90%, 95%,
6%, 97%, 98%, or 99% amino acid sequence wentity with a FlaA protein, with the amino
acid identity determined using a sequence alignment program such as CLUSTALW. Such
antigens can be prepared, for example, by purification from enteric bacteria such as
Campylobacier jefuni, by recombinant expression of a nucleic acid encoding a FlaA peptide
such as NCBI Accession No. ABC69276.1, by synthetic means such as solution or solid

phase peptide synthesis.

18162} The term “CiFlaB” refers to a flageliin B of the Campylobacter jejuni that is
immunoreactive with an anti- FlaB auntibody. Suitable C/F1aB antigens aseful in
determining anti- FlaB antibody levels in a sample include, without limitation, a FlaB
protein, a FlaB polypeptide having substantially the same amino acid sequence as the FlaB
protein, or a fragment thereof such as an immunoreactive fragment thereof. A FlaB
polypeptide generally describes polypeptides having an amino acid sequence with greater
than about 50% idemtity, preferably greater than about 60% identity, more preforably greater
than about 70% identity, still more preferably greater than about 80%, 85%, 90%, 95%,
86%, 97%, 98%, or 99% amino acid sequence identity with a FlaB protein, with the amino
acid identity determined using a sequence alignment program such as CLUSTALW. Such
antigens can be prepared, for example, by purification from enteric bacteria such as
Campylobacter jejuni, by recombinant expression of a micleie acid encoding a FlaB peptide
such as NCBI Accession EAQ72883. 1, by synthetic means such as solution or solid phase

peptide synthesis,

(6363} The torm “FcFHC” refers to a flagellin of Escherichia coli strain K12 that is
immunoreactive with an anti- FIC antibody. Suitable EcFHC antigens useful in
determining anti- FEC antibody levels in a sample include, without limitation, a FiiC
protein of Escherichia coli strain K12, a FLiC polypeptide having substantially the same
amino acid sequence as the FIC protein of Escherichia coli strain K12, or a fragment
thereot such as an immunoreactive fragment thereot. A FHC polypeptide of Escherichia
coli strain K72 generally describes polypeptides having an amino acid sequence with greater

than about 50% idemtity, preferably greater than about 60% identity, more preforably greater

39
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than about 70% identity, still move preferably greater than about 80%, 85%, 909%, 95%,
96%, 97%, 98%, or 99% amine acid sequence identity with a FRC protein of Escherichia
colfi strain K12, with the amino acid identity determined using a sequence alignment
program such as CLUSTALW. Such antigens can be prepared, for example, by purification
from enteric bacteria such as £, cofi, by recombinant expression of a nucleic acid encoding
a FliC peptide such as NCBI Accession No. AAA23950.1, by synthetic means such as

solution or solid phase peptide synthesis.

138164} The torm "BeOFRT refers (o a flagellin of Escherichia coli strain G157:H7 that is
mmunoreactive with an anti- FRC antibody. Swuitable FUiC antigens uvseful in determining
anti- FIC antibody levels in a sample include, without lmitation, a FhiC protein, a FilC
polypeptide having substantially the same amino acid sequence as the FHC protein, or a
fragment thereof such as an immunoreactive fragment thereof. A FLiC polypeptide
generally describes polypeptides having an amino acid sequence with greater than about
S50% identity, preferably greater than about 60% identity, more preferably greater than about
709 identity, still more preferably greater than about 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% amino acid sequence identity with a FhiC protein, with the amino acid identity
determined using a sequence alignment program such as CLUSTALW. Such antigens can
be prepared, for example, by puritfication from enteric hacteria such as . cofi strain
Q157:H7, by recombinant expression of a nucleic acid encoding a FEC peptide such as
MNCBI Accession No. BAB360K3. 1, by synthetic means such as solution or solid phase

peptide synthesis,

18165]  The torm “SFIC” refers to a flagelhin of Shigella flexneri that is immunoreactive
with an anti- FHC antibody. Suitable S/FHC antigens useful in determining anti- FiiC
antibody levels in a sample inclade, without limitation, a FhC protein, a FHC polypeptide
having substantially the sare amino acid sequence as the FIC protein, or a fragment thercof
such as an immunoreactive fragment thercot. A FIC polypeptide generally describes
polypeptides having an amino acid sequence with greater than about 50% identity,
preferably greater than about 60% identity, more preferably greater than about 70% identity,
still more preferably greater than about 80%, 85%, 90%, 95%, 96%, 97%, &%, or 99%
amino acid sequence identity with a FIiC protein, with the amino acid identity determined
using a sequence alignment program such as CLUSTALW. Such antigens can be prepared,
for example, by purification from eoteric bacteria such as Shigella flexneri, by recombinant

expression of a nucleic acid encoding a FIiC peptide such as NCBI Accession No.

40
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BAAG4G93.1, by synthetic means such as solution or solid phase peptide synthesis. One
skilled in the art will appreciate that Shigella flexneri FhiC is also known as flagellar

filament structural protein, flagellin, and H-antigen.

18166} The term “C/81-045” or “CjGT-A” refers to a Campylobacter jejuni maembrane
protein that s immumoreactive with an anti- C381-045 (C/GT-A) antibody. Suntable Gig1-
045 (GFGT-A) antigens usetul in determining anti-Cj81-045 (-GGT-A)antibody levels in a
sample include, without limitation, a Cj81-045 (G/GT-A) protein, a (F81-045 (GiGT-
Apolypeptide having substantially the same amino acid sequence as the {/81-045 {(C/GT-
A) protein, or a fragroent thereof such as an immunoreactive fragment thereof. A G81-045
{CFGT-A) polypeptide generally describes polypeptides having an amino acid sequence
with greater than about 50% identity, preferably greater than abowt 609 identity, more
preferably greater than about 70% tdentity, still more preferably greater than about 80%,
R5%, 90%, 95%, 96%, 97%, 98%, or 999 aming acid sequence identity with a Cj81-045
(CFGT-A) protein, with the amino acid identity determined using a sequence alignment
program such as CLUSTALW. Such antigens can be prepared, for example, by purification
from enteric bacteria such as Campylobacter jejuni, by recombinant expression of a nucleic
acid encoding a C781-045 (T/GT-A) peptide such as NCBI Accession AAWS6124.1, by

synthetic means such as solution or solid phase peptide synthesis.

18167} The term “C/81-1287 or “Cjdmb” refers to a Campylobacier jejuni membrane
protein that s immunoreactive with an anti- Cj81-128 (-Cidmhb) antibody. Suitable C/R1-
128 (Cjdroh) antigens useful in determining anti- Gi81-128 (-Cjdmh) antibody levels in a
sample include, without limitation, a Cj81-128 (Cidmh) protein, a Cj81-12¢ ((jdmh)
polypeptide having substantially the same amino acid sequence as the C/81-128 (Cidmh)
protein, or a fragment thereof such as an immunoreactive fragment thereof. A G81-128
{Cjdmb) polypeptide generally describes polypeptides having an amino acid sequence with
greater than about 50% identity, preferably greater than about 60% identity, more preferably
greater than about 70% identity, still more preferably greater than about 80%, 83%, 90%,
85%, 96%, 97%, 98%, or 99% amino acid sequence identity with a GR1-128 (Cidmh)
protein, with the amino acid identity determined using 3 sequence alignment program such
as CLUSTALW. Such antigens can be prepared, for example, by purification from enteric
bacteria such as Campylobacier jejuni, by vecombinant expression of a nucleic acid
encoding a CjR1-128 (Cidrah) peptide such as NCBI Accession AAWSGIRT 1, by synthetic

means such as solution or solid phase peptide synthesis,
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18168 The term “Ci87-008” or “CjCged "refers to a beta-1,4-N-
acetylgalactosaminyliransforase of Campviobacter jejuni that 18 inwounoreactive with an
anti- Cf81-008 (-CiCgtd ) antibody. Suitable Cig1-008 (CiCei4) antigens useful in
determining anti- C781-008 (-(jCgrd ) antibody levels in a sample include, without
himitation, a C781-00R (CiCgid) protein, a GR1-008 (CjCgr4) polypeptide having
substantially the sarme amino acid sequence as the GG87-008 (CjCged) protein, or a fragment
thereof such as an immunoreactive fragment thereof. A C/R1-008 {(CiCge4) polypeptide
generally describes polypeptides having an amino acid sequence with greater than about
50% identity, preferably greater than about 60% identity, more preferably greater than about
70% identity, still more preferably greater than about 809, 5%, 90%, 95%, 96%, 97%,
98%, or 99% amino acid sequence identity with a C/81-008 (CjCgrd) protein, with the
arnino acid identity determined using a sequence alignment program such as CLUSTALW,
Such antigens can be prepared, for example, by purification from eoteric bacteria such as
Campylobacter jejuni, by recombinant expression of a nucleic acid encoding a C/81-008
(CjCgrd) peptide such as NCBI Accession AAWS36101.1, by synthetic means such as

solution or solid phase peptide synthesis,

18169}  In some embodiments, the method of the present jnvention includes determining
the level of an antibody against at least one polypeptide or fragment thereof expressed by
the gastrointestinal microbiota (e.g., E. coli K12). Non-limiting examples of polypeptides

expressed by £, coli of the gastrointestinal microbiota are presented in Table 2.

Table 2. &, Coli sirain K12 Polypeptides (Bacterial Antigens)

Original NeB
Name i Strain GenBank Protein function
BAME \
Accession Neo.
Eckra Fra Escherichia coli K12 {AAADQ3242 % Ras-like protein GTPase
EcFocA [FocA Escherichia coli K12 {BAA35639.1 Forrnate transporter
EcbrvX (FrvX Escherichia coli K12 {AARG3031 1 Putative aminopeptidase
EcGabT  {GabY Escherichia coli KIZ  {AAC36832.] 4-aminebutyrate arpinotransferase
EcYbaN [ YbalN Escherichia coli KIZ  {AAR40222.1 Unkoowrt inner rasrabrane protein
Ee¥YodG  [YedG Escherichia coli K12 {AACT4091 2 Unknown
EcYhgN [ YheN Escherichia coli K12 {AAAS58232.1 Unknown, predicted antibiotic transporter
EeYedK [ YedK Escherichia coli K12 |AAT48139.1 Unknown
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Original NCBI
MName & Strain GenBank Protein function
name .
Accession No.
FeYidX [YidX Fscherichia coli X312 {AATE8200.1 Unkuown; predicted lipoproteinC

16176] The torm “EcEra” refers to a Ras-like membrane-associated, ribosome-binding
GTPase of the Hscherichia cofi strain K12 that is immunoreactive with an anti- Era
antibody. Suitable EcFra antigens useful in determining anti- Era antibody levels in a
sample inchude, without limnitation, an Era protein of the Fscherichio coli strain K12, an Era
polypeptide having substantially the same amino acid sequence as the Era protein of the £.
cofi strain K12, or a fragment thercof such as an immunoreactive fragment thereof. An Era
polypeptide of the £. coli strain K12 generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than about 60% identity,
more preferably greater than about 70% identity, still more preferably greater than about
8%, 85%, 90%, 95%, 96%, 97%, 98%0, or 99% amino acid sequence identity with an Era
protein of the &, coli strain K12, with the amino acid identity determined using a sequence
aligoment program such as CLUSTALW. Such antigens can be prepared, for exarple, by
purification from enteric bacteria such as £, cofi strain K12, by recombinant expression of g
nucleic acid encoding an Era peptide such as NCBI Accession No. AAAQ3242.1, by
synthetic yoeans such as solution or solid phase peptide synthesis. One skilled in the art will
approciate that Era is also known as rocrabrane-associated 16S rRNA-binding GTPase,

B2566, SdgE and RbaA.

18171}  The term “EcFrvX” refers to a frv operon protein of the Escherichia coli strain
K12 that 1s immumoreactive with an anti- FrvX antibody. FrvX is predicted to be an endo-

i 4-beta-glucanase. Suttable FeFrvX antigens useful 1o determining anti-FrvX antibody
levels in a sample include, without limitation, a FrvX protein of the £, coli strain K12, a
FrvX polypeptide having substantially the same amino acid sequence as the FrvX protein of
the £, coli strain K12, or a fragment thereof such as an immunoreactive fragment thereof. A
FrvX polypeptide of the £, coli train K12 generally describes polypeptides having an amino
acid sequence with greater than about 50% identity, preferably greater than about 60%
identity, more pretferably greater than about 70% identity, still move preferably greater than
about R0%, 85%, 9%, 95%, 96%, 97%, 98%, or 99% amino acid sequence identity with a
FrvX protein of the £, coli strain K12, with the amino acid identity determined using a

sequence alignment program such as CLUSTALW. Such antigens can be prepared, for
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example, by purification from enteric bacteria such as Z. coli, by recombinant expression of
a nucleic acid encoding a FrvX peptide such as NCBI Accession No. AABO3031.1, by

synthetic means such as solution or solid phase peptide synthesis.

18172} The term “£cGabT” refers to a PLP-dependent 4-aminobutyrate aminotransferase
of the Fscherichia coli strain K12 that is immunoreactive with an anti-GabT antibody.
Suitable FcGabT antigens useful 1o determining anti- GabT antibody levels in a sample
include, without limitation, a GabT protein of the £, cofi strain K12, a GabT polypeptide
having substantially the same amino acid sequence as the GabT protein of the Escherichia
coli strain K12, or a fragment thereof such as an immunorecactive fragment thereot, A GabT
polypeptide generally describes polypeptides having an amino acid sequence with greater
than about 50% idemtity, preferably greater than about 60% identity, more preforably greater
than about 70% identity, still more preferably greater than about 80%, 85%, 90%, 95%,
86%, 97%, 98%, or 99% amino acid sequence identity with a GabT protein of the £ coli
strain K12, with the amino acid identity determined using 2 sequence alignment program
such as CLUSTALW. Such antigens can be prepared, for example, by purification from
enteric bacteria such as £, coll, by recombinant expression of a nucleic acid encoding a
GabT peptide such as NCBI Accession No. AAC3I6832.1, by synthetic means such as
solution or solid phase peptide synthesis, or by using phage display. One skilled in the art
will appreciate that GabT is also known as (8)-3-amino-2-methylpropionate transaminase,
GABA aminotransferase, GABA-AT, Gamma-amino-N-batyrate transaminase, and

glutamate:succinic semialdehyde transaminase L-AIBAT.

18173]  The torm “EcYhgN” refers to a Escherichia coli strain K12 membrane protein that
is predicted to function as an antibiotic transporter and that is immunoreactive with an anti-
YhgN antibedy. Suitable FcYhgN antigens useful in determining anti- YhgN antibody
tevels in a sarople include, without limitation, a YhgN protein of the E. coli strain K12, a
YheN polypeptide having substantially the same amino acid sequence as the YhgN protein
of the £. codi strain K12, or a fragment thereof such as an immunoreactive fragment thereof.
A YhgN polypeptide generally describes polypeptides having an amino acid sequence with
greater than about 50% identity, preferably greater than about 60% identity, more preferably
greater than about 70% identity, still more preferably greater than about 8%, 85%, 9(%,
85%, 96%, 97%, 98%, or 99% amino acid sequence deutity with a YhgN protein of the £,
coli strain K12, with the amino acid identity determined using a sequence alignment

program such as CLUSTALW. Such antigens can be prepared, for example, by purification
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from enteric bacteria such as £. coli, by recombinant expression of a nucleic acid encoding
a YhgN peptide such as NCBI Accession No. AAASR2Z32.1, by synthetic means such as
solution or solid phase peptide synthesis, or by using phage display. One skilled in the art

will appreciate that YhgN is also known as predicted antibiotic transporter.

18174} The term “EcYedK” refors to a Escherichia coli strain K12 predicted protein that
is that is irnmunoreactive with an anti-YedX antibody. Suttable EcYedK antigens useful in
determining anti-YedK antibody levels in a sample include, without limitation, g YedK
protein of the £, coli strain K12, a YedK polypeptide having substantially the same amino
acid sequience as the YedK protein of the . coli strain K12, or a fragment thereof such as
an imrnunoreactive fragment thereof. A YedK polypeptide generally describes polypeptides
having an amino acid sequence with greater than about 50% identity, preferably greater than
about 60% identity, more preferably greater than about 70% identity, still more preferably
greater than about R0%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% amino acid sequence
identity with a YedK protein of the £, cofi strain K12, with the amino acid identity
determined using a sequence alignment program such as CLUSTALW. Such antigens can
be prepared, for example, by purification from enteric bacteria such as £, coli, by
ccombinant expression of a nucleic acid encoding a YedK peptide such as NCBI Accession
No. AA48139, by synthetic means such as solution or solid phase peptide synthesis, or by

using phage display.

18175 The term “EcYidX” refers to a putative replicase of the Escherichia coli strain
K12 that is immunoreactive with an anti-YidX antibody., YidX is predicted tobe a
fipoprotein C. Suitable YidX antigens useful in determining anti- YidX antibody levels ina
sample include, without limitation, a YidX protein of the £. cofi strain K12, a YidX
polypeptide having substantially the same amino acid sequence as the YaidX protein, or a
fragment thereof such as an immunorcactive fragment thereof. A YudX polvpeptide
generally describes polypeptides having an amino acid sequence with greater than about
50% identity, preferably greater than about 60% identity, more preferably greater than about
70% identity, still more preferably greater than abowut 809, 85%, 90%, 95%, 96%, 97%,
98%, or 99% amino acid sequence identity with 3 YidX protein of the £, coli strain K12,
with the amino acid identity determined using a sequence alignment program such as
CLUSTALW. Such antigens can be prepared, for example, by purification from enteric
bacteria such as £, coli, by recombinant expression of a nucleie acid encoding a Yid¥X

peptide such as NCBI Accession No. AAT4R200.1, by synthetic means such as solution or
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sohid phase peptide synthesis. One skilled in the art will appreciate that YidX is also known

as predicted lipoprotein C,

(8176} Insome embodiments, the methods for atding in the diagnosis of frrttable bowel
syndrome in a subject comprise determining the level of at least one bacterial antigen
antibody, wherein the bacterial antigen is selected from the group consisting of EcFhC,
SAFRC, GFlaA, CiFlaB, EcEra, EcOFUC, EcFrvX, EcGabT, CjR1-045, CiR1-128, C81-003,

and combinations thereof.

161771 In some embodiments, the method of the present invention includes determining
the presence of level of an antibody against at least one polypeptide or fragment thereof
expressed by a commensal and/or opportunistic bacteria. Non-himiting examples of

polypeptides expressed by commensal and/or opportunistic bacteria are presented in Table

3.
Table 3. Additional Bacterial Antigens.
NCBY
Name Original Strain (Jen.Bank Protein function
name Accession N
Swisspro. Ne.
) ) Lactobacillus YP 193317, i N
LaFrc Fro acidophitus OSFLYR Formyl CoA transterase
., o Lactobacillus YP_193779; o y ) R
LaEno Hno acidophilus OSERMG Phosphopyruvate hydratase (coolase)
h F04865; o . R
LEFTa {BEFTu Laciobacillys johnsonii g%;éé 02 Elongation factor EFTu
s "P_G98863; - .
BfOmpA {OwpA Bacteroides fragilis ‘Jj—‘{ b,%m’ Outer membrane protein A
- 7 ; (_2()4“/ P7
FEX 54413, . . ey
PrOmpA {OmpA Prevotella sp g{;;f}, 481 i bomunoreactive antigen PG33 (OmpA)
Cplb4a  {10bA Clostridia perfringens i?‘j ;-5;04, 10b antigen
ToSpA ISpA Closividi Py Y 209686, Surh focti ’
20 h AaSiriaia peyrivingens o~ p DULTACO steclive oo
28D D sividia perfringen OIDWAY urface protective antiger
. . - FEU72780; .
FfSart Sant Enterococcus jaecalis g;g, 527 5 b Surface antigen
- - * (02349810, . .
Lnsp Usp Listeria monocviogenes ;’iﬁ‘i‘;(; 49810, Outer surface protein

18178] The term “LaFre” refers to a protein of the Lacrobaciilus acidophilus that is
mmunoreactive with an anfi-Fre antibody. Fre 1s predicted to be a formy! CoA transferase.

Suitable Fre antigens useful in determining anti-Fre antibody levels in a sarople inchude,
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without limitation, a Fre protein of the L. acidophilus, a Fre polypeptide having
substantially the same amino acid sequence as the Fre protein of the L. acidophilus, or a
fragment thereof such as an immunoreactive fragment thercof. A Fre polypeptide of the £,
acidophifus generally describes polypeptides having an amino acid sequence with greater
than about 50% identity, preferably greater than about 60% identity, more preferably greater
than about 70% identity, still more preferably greater than about 20%, 85%, 90%, 95%,
96%, 97%, 98%, or 99% amino acid sequence identity with a Fre protein of the L.
acidophilus, with the amino acid identity determined using a sequence alignment program
such as CLUSTALW. Such antigens can be prepared, for example, by purification from
enteric bacteria such as L. acidophilus, by recomabinant expression of a nucleic acid
encoding a Fre peptide such as NCBI Ref. Seq. No. YP_193317 or UniProt. No. QSFLYS,

by synthetic means such as solution or solid phase peptide synthesis.

[8179]  The term “LaEno” refers to a protein of the Lacrobacillus acidophilus that is
mmmunoreactive with an anti-Eno antibody. Eno is predicted to be a phosphopyruvate
hydratase (enolase). Suitable Eno antigens useful in determining anti-Eno antibody levels
in a sample inchude, without liroitation, an Eno protein of the L. acidophilus, au Eno
polypeptide having substantially the same amino acid sequence as the Eno protein of the L.
acidophilus, or 2 fragment thereof such as an immunoreactive fragment thereof. An Eno
polypeptide of the L. acidophiius generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than about 60% identity,
mote proferably greater than about 70% identity, still more preforably greater than about
8%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% amino acid sequence identity with a Eno
protein of the L. acidophilus, with the amino acid dentity determined using a sequence
aligoment program such as CLUSTALW. Such antigens can be prepared, for exarple, by
purification from enteric bacteria such as L. acidophilus, by recombinant expression of a
nucleic acid encoding an Eno peptide such as NUBI Ref. Seq. No. YP 193779 or UniProt.

MNo. Q5FEMS6, by synthetic means such as solation or solid phase peptide synthesis.

18188} The term “LjEFTu” refers to a protein of the Laciobacillus johmsonii that is
mmmunoreactive with an anti-EF Ty antibody. EFTu is predicted to be an elongation factor
Tu. Suitable EFTu antigens useful in determining anti-EFTu antibody levels in a sample
mclude, without limitation, an EFTu protein of the L. johnsonil, an EFTu polypeptide
having substantially the sare amino acid sequence as the EFTu protein of the L.

acidophilus, or 2 fragment thereof such as an immunoreactive fragment thereof. An EFTu
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polypeptide of the L. jolnsonii generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than about 60% identity,
more preferably greater than about 70% identity, still more preferably greater than about
80%, B5%, 9%, 95%, 96%., 97%, 9&%, or 99% amino acid sequence identity with an EFTu
protein of the L. johnsonii, with the aminge acid identity determined using a sequence
aligrnroent program such as CLUSTALW. Such antigens can be prepared, for example, by
purification from enteric bacteria such as L. johnsonii, by recombinant expression of a
nucleic acid encoding an EFTu peptide such as NCBI Refl Seq. No. NP_964365 or UniProt.

No. (74JU6, by synthetic means such as solution or solid phase peptide synthesis.

(8181} The term “Bf0rapA” rvefors to a protein of the Bacteroides fragilis that is
imrnunoreactive with an anti-OmpA antibody. OmpA is predicted to be a major outer
membrane protein A, Suitable OmpA antigens useful in determining anti-OmpA antibody
levels in a sample include, without limitation, an OmpA protein of the 5. fragifis, an OmpA
polypeptide having substantially the same amino acid sequence as the OmpA protein of the
B fragilis, or a fragment thereof such as an immunoreactive fragment thereof. An OmpA
polypeptide of the B. fragilis generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than about 60% dentity,
more preferably greater than about 70% identity, still more preferably greater than about
80%, 85%, 9%, 95%, 96%, 97%, 9&%, or 99% amino acid sequence identity with an
OmpA protein of the 5. fragilis, with the amino acid identity determined using a sequence
aligrnroent program such as CLUSTALW. Such antigens can be prepared, for example, by
purification from enteric bacteria such as 5. fragilis, by recombinant expression of a nucleic
acid encoding an OmpA peptide such as NCBI Ref. Seq. No. YP_098R63 or UniProt. No.

(364VP7, by synthetic means such as solution or solid phase peptide synthesis,

[6182] The term “PrOmpA” refors to a protein of the Prevorella species, e.p., Prevotella
sp. oral taxon 472 str. FO2935, that is immunoreactive with an anti-OmpA antibody. OmpA
is predicted to be a immunoreactive antigen PG33 or major outer membrane protein A,
Suitable OmpA antigens useful in determining anti-OmpA antibody levels in a sample
include, without limitation, an OmpA protein of the Prevorella sp., an OmpA polypeptide
having substantially the same amino acid sequence as the OmpA protein of the Prevorella
5p., or a fragment thereof such as an immunoreactive fragment thereof. An OmpA
polypeptide of the Prevotelia sp. gencerally describes polypeptides having an anuno acid

sequence with greater than about 50% identity, preferably greater than about 609% identity,
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maore preferably greater than about 70% identity, still more preferably greater than about
80%, 85%, 90%, 95%, 969, 97%, 98%, or 99% amino acid sequence identity with an
OmpA protein of the Prevorella sp., with the aming acid identity determined using a
sequence alignment program such as CLUSTALW. Such antigens can be prepared, for
example, by purification from enteric bacteria such as Prevorella sp., by recombinant
expression of a nucleic acid encoding an OmpA peptide such as NCBI GenBank Accession
No. EEX54413 or UniProt. No. C9PT48, by synthetic means such as solution or solid phase

peptide synthesis,

181831 The term “Cp1O0bA” refers to a protein of the Clostridia perfringens that is
wmrpunoreactive with an anti-10bA antibody. 10bA is predicted to be a 10b antigen.
Suitable 10bA antigens useful in determining anti- 10bA antibody levels in g sample inchade,
without limitation, a 10bA protein of the C. perfringens, a 10bA polypeptide having
substantially the same amino acid sequence as the 10bA protein of the C. perfringens, ora
fragment thercof such as an immunoreactive fragment thereof. A 10bA polypeptide of the
(. perfringens generally describes polypeptides having an amino acid sequence with greater
than about 50% identity, preferably greater than about 60% 1dentity, more preferably greater
than about 70% identity, still more preferably greater than about 80%, 85%, 90%, 95%,

96%, 97%, 98%, or 99% amino acid sequence identity with a2 10bA protein of the €,

perfringens, with the amino acid wdentity determined using 3 sequence alignment program

such as CLUSTALW. Such antigens can be prepared, for example, by purification from
enteric bacteria such as O perfringens, by recombinant expression of a nucleic acid
encoding a 10bA peptide such as NCBI GenBank Accession No. EDT72304 or UniProt.

No. BIV1IZ, by synthetic means such as sohution or solid phase peptide synthesis.

[8184] The term “CpSpA” refers to a protein of the Closiridia perfringens that is
anrpunoreactive with an anti-SpA antibody. SpA is predicted to be a surface protective
antigen SpA homolog. Suitable SpA antigens useful in determining anti-SpA antibody
levels in a sample include, without limitation, a SpA protein of the C. perfringens, a SpA
polypeptide having substantially the same amino acid sequence as the SpA protein of the C
perfringens, or a fragment thereof such as an imnwunoreactive fragment thereof. A SpA
polypeptide of the O perfringens generally describes polypeptides having an amino acid
sequence with greater than about 50% identity, preferably greater than abouat 60% identity,
maore preferably greater than about 70% identity, still more preferably greater than about

80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% amine acid sequence identity with a SpA
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protein of the O perfringens, with the amino acid identity determined using a sequence

aligoment program such as CLUSTALW. Such antigens can be prepared, for exarple, by
purification from enteric bacteria such as O perfringens, by recombinant expression of a
nucleic acid encoding a SpA peptide sach as NCBI Refl Seq. No. YP _2{968&6 or UniProt.

MNo. QSDWASY, by synthetic means such as solution or solid phase peptide synthesis.

18185] The term “FfSant” refers to a protein of the Enterococcus faecalis that is
imnmunoreactive with an anti-Sant antibody. Sant is predicted to be a surface antigen.
Suitable Sant antigens useful in determining anti-Sant antibody levels in a sample include,
without limitation, a Sant protein of the £, foecalis, a Sant polypeptide having substantially
the same amino acid sequence as the Sant protein of the £, faecalis, or a fragment thereof
such as an immunoreactive fragment thercof. A Sant polypeptide of the £, faecalis
generally describes polypeptides having an amino acid sequence with greater than about
50% 1deutity, preferably greater than about 60% identity, more preferably greater than about
709 identity, still more preferably greater than about 80%, 85%, 90%, 95%, 96%, 97%,
98%, or 99% amino acid sequence identity with a Sant protein of the £, faecalis, with the
amino acid identity determined using a sequence alignment program such as CLUSTALW.
Such antigens can be prepared, for example, by purification from enteric bacteria such as £,
Jaecalis, by recombinant expression of a nucleic acid encoding a Sant peptide such as NCBI
GenBank Accession No. EEU72780 or UniProt. No. C7TWS735, by synthetic means such as

solution or solid phase peptide synthesis.

18186] The term “ImOsp” refers to a protein of the Listeria monocytogenes that is
mmunoreactive with an anti-Osp antibody. Osp is predicted to be an outer surface antigen.
Suitable Osp antigens useful in determining anti-Osp antibody levels in a sample inclade,
without Hmitation, an Gsp protein of the L. monocyiogenes, an Osp polypeptide having
substantially the same amino acid sequence as the Osp protein of the L. monocyfogenes, or a
fragment thereof such as an immunoreactive fragment thercof. An Osp polypeptide of the
L. monocviogenes generally describes polypeptides having an amino acid sequence with
areater than about 50% identity, preferably greater than about 60% identity, more preferably
greater than about 70% ideatity, still more preferably greater than about 80%, 85%, 90%,
859%, 96%, 97%, 98%, or 99% amino acid sequence identity with an Osp protein of the 7.
monocyiogenes, with the amino acid identity determined using 8 sequence alignment
program such as CLUSTALW. Such antigens can be prepared, for exarople, by purification

from enteric bacteria such as L. monocviogenes, by recombinant expression of g nucleic
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acid encoding an Osp peptide such as NCBI Ret. Seq. Mo, YP_{02349%10 or UniProt. No.

BEDFK3, by synthetic means such as solution or solid phase peptide synthesis,

(8187}  In some embodiments, the method comprises determining the level of at least one
bacterial antigen antibody marker by measuring the level of antibody against the bacterial
antigen present in a sample from an individoal. In some instances, an individoal possessing
a bacterial antigen antibody is indicative of 1IBS. The presence or level of the bacterial

antigen antibody in the individual can be correlated to the level of the disease.

16188] In some embodiments, the fnvention provides a method to aid in the diagnosis of

RS, the assay comprising:

a) contacting a sample having an anti-bacterial antigen antibody
contained therein under conditions suitable to transform the anti-bacterial antigen antibody
into a complex comprising the anti-bacterial antigen antibody and a capture bacterial
antigen;

b) contacting the complex with an enzyme labeled indicator antibody to

transform the complex into a labeled complex;

c) contacting the labeled complex with a substrate for the enzyme; and
4y detecting the presence or level of the anti-bacterial antigen antibody

in the sample.

[6189] For cxample, as illustrated in Examples 4 desceribed herein, methods of the present
imvention are used to measure the levels of antibodics specific to bacterial antigens present

in a sample.

[8198]  In some embodiments, the level of at least one antibody against a bacterial antigen
in a paticnt sample indicates that the paticnt has IBS, e.g., post-infectious IBS, wherein the

bacterial antigen is selected from the group consisting of $/FHC, GiFlaA, CiF1aB, £cOFhC,
SeFliB, GiCgtA, GiGT-A, Cidmh, and combinations thereof.

13151} In some embodiments, the level of at least one antibody against a commensal
bacterial antigen in a patient sample indicates that the paticut bas IBS, wherein the
commensal bacterial antigen is selected from the group consisting of LaFre, LaEno,
LiEFTu, BfOmpA, PrOmpA, CplObA, CpSpA, EfSant, LmOsp, and combinations thereof.
If it is determined that the level of an antibody agaiust a bacterial antigen from the bacterial

class Bacteroides fragilis or Prevotella sp. 1s reduced 1o a sarople taken trom an individual,
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compared to the level from a normal control sample, then the individual is diagnosed as
having IBS. Ifit is deterroined that the level of an antibody against a bacterial antigen from
the bacterial class selected from the group consisting of Clostridia perfringens,
Enterococcus, Listeria and other Firmicutes classes is higher in an individual’s sample

compared to a normal control sample, then the individual is diagnosed as having IBS.

181921 In soroc embodiments, subjects with a tower level of antibodies against
Racteriodetes class bacteria compared to healthy controls are more likely to have IBS. In
contrast, subjects with a higher level of antibodies against Closiridia, Mollicutes and/or

Bacilli class bacteria compared to healthy control may be more likely to have IBS.

(81831  In other embodiments, the method provided herein is used to determine that a
subject with an increased level (e.g., amount, concentration, ratio) of antibodies to a
Firmicutes antigen such as 8 LaFre, LaEno, LjEfTu, Cpllba, CpSpaA, EfSant, and LmOsp
antigen, over an Bactericdetes antigen, such as a BfOmpA and PrOmpA antigen, is

predicted that the subject has an increased likelihood of having IBS.
2. Mast Cell Marker: §-Tryptase

18194}  In one aspect, a method for atding in the diagnosis of irritable bowel syndrome

(IBS) in a subject is provided, the method comprises:

4} determining the level of B-tryptase present in a sample from a
subject; and

b) comparing the level of f-tryptase present in the sample to that of a
control level, wherein an increased level of B-tryptase present in the sample from the subject

is indicative of an increase likelihood of the subjecting having 1BS.

181951  In some embodiments, the method of determining the level of B-tryptase present in

a sample from a subject corprises:

a} contacting a biological sarple from the subject with a B-tryptase
binding moiety under conditions suitable to transform P-tryptase present in the sample into
a complex comprising B-tryptase and the B-tryptase binding moiety; and

b) deternmuning the level of the complex, thereby determining the level

of B-tryptase present in the sample.
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181961  In a specific embodiments, the method of determining the level of B-tryptase
present in 4 sample from a subject coraprises: (a) contacting a sarople having B-tryptase
contained therein under conditions suitable to transform the B-tryptase into a complex
comprising B-tryptase and a captare anti-tryptase antibody; (b) contacting the complex with
an enzyme labeled indicator antibody to transform the complex into a labeled complex; (¢)
contacting the labeled coraplex with a substrate for the enzyme; and (d) detecting the

presence or level of B-tryptase in the sample.

181971 In a specific embodiment, the present invention provides an assay to aid in the

diagnosis of IBS, the assay comprising:

a) contacting a sample having B-tryptase contained therein under
conditions suitable to transform the B-tryptase into a complex comprising B-tryptase and a
capture anti-tryptase antibody;

b) contacting the complex with an enzyme labeled indicator antibody to
transform the complex into a labeled complex;

c) contacting the labeled complex with a substrate for the enzyme; and

d) detecting the presence or level of B-tryptase in the sample.

[8198]  In some aspects, the ELISA-based B-tryvptase assay comprises the following steps.
A S6-well microtiter plate 15 coated with 100 pl of 2 pg/rol of anti-hursan B-tryptase
antibody in sodium carbonate {(pH 9.6) at 4°C overnight. After washing with wash buffer
{e.g., PBST), the plate is incubated with 300 ul/well of blocking/assay buffer (e.g., 5% BSA
in PBS) at room teraperature (RT) for 30 minutes with gentle agitation. After washing, 100
ul/well of sample, calibrator or control. In some tustances, the sample, calibrator or control
ig serially diluted (1:¥ in agsay buffer) before adding to the plate. Typically, the calibrators
are serial dituted normal pooled serum spiked with a known amount of human P-tryptase.
The calibrators are used to generate a calibrator curve {e.g., standard curve) which 1s used to
determine the level of human f-tryptase in the sample. After incubating at RT for avother 2
hours, the plate is washed, and then incubated with 100 ul of alkaline phosphatase
conjugated anti-human B-tryptase at an optimized dilution in assay buffer. The plate is
incubated for 2 hours with gentle agitation and then washed. 100ul of a chromogenic
substrate {e.g. Tropix CSPD) is added to cach well and incubated in the dark for 30 minutes
before reading the luminescence with a luminescence plate reader. The Relative

Luminescent Unit (RLU) and the B-tryptase concentration are plotted using graphing
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software such as Graphpad (Prism). The levels of B-tryptase in the sample and control are
calculated by interpolation from a calibrator curve that ts performed in the same assay as the

sample.

[6199]  In an exemplary assay, the detection range was (L.019-5000 ng/ml. The BEC50 was

W

65 ng/ml and the recovery was 81.5% in a sample containing 20ng of human P-tryptase

spiked in normal pooled serum.

162661  An exemplary embodiment of @ method for determining the level of B-tryptase
present in a sample from a subject 18 described in U.S. Patent No. 8,114,616, the disclosure

of which s herein incorporated by reference in its entirety for all purposes.

10 2811 Inpreferred ersbodiments, B-tryptase, histamine, and/or PGE2 are detected from
the same samaple, although in certain instances the biomarkers may be detected in samples
taken from the same individual, for example, at the same time or at different tirnes. In
certain embodiments, the biomarkers are detected in separate assays performed with

different aliguots of a blood or serum sample from a subject. In other embodiments, the

o
(3]

hiomarkers are detected in a single multiplex detection assay, for example, in a Lurninex

xAMP assay.

3. Mast Cell Marker: Histamine

182821  In a specific embodiment, the present invention provides an assay to aid in the

diagnosis of IBS, the assay comprising:

20 a) contacting a sample having histamine contained therein vnder
conditions suitable to transform the acetylated histamine into a complex comprising
histamine and a capture anti-histamine antibody;

b) contacting the complex with an enzyme labeled indicator antibody to

transform the complex into a labeled complex;

B
(94

c) contacting the labeled complex with a substrate for the enzyme; and

d) detecting the level of histamine in the sample.

182831 An exemplary embodiment of the assay is a histamine enzyme tmmunoassay such

as the EIA Histamine Assay (Cat. No, IM2015, TnununoTech). Briefly, histamine present

in the sample, calibrator or control is acetylated by admixing 25 pl of acylation butfer, 100
30 plofsamples, calibrators or controls, and 25 pd of acylation reagent, and vortexing

immediately. 50 ul of the acylated sarmples, calibrators or controls are added to the anti-
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histamine antibody costed wells of the microtiter assay plate. Then, 200 ul of alkaline
phosphatase-histamine conjugate is added to the plate. The plate is incubated for 2 hours at
2-8°C with shaking. The wells are washed with wash solution, and 200 pl of chromogenic
substrate is added to the wells. The plate is incubated for 30 minutes at 18-25°C in the dark
with shaking. Then, 50 ul of reaction stop solution is added betore reading the
huminescence with a luminescence plate reader. The Relative Luninescent Unit (RLU) and
the histamine concentration of the calibrators are plotted using graphing software such as
Graphpad (Prism). The levels of histamine in the sarople and control are calculated by

mterpolation from a calibrator curve that is performed in the saroe assay as the sample.
4. Mast Cell Marker: Prostaglandin E2

(8264}  Ina specific embodiment, the present invention provides an assay to aid 1o the

diagnosis of IBS, the assay comprising:

a} contacting a sample having prostaglandin E2 contained therein under
conditions suitable to transform the prostaglandin E2 into a complex comprising
prostaglandin E2 and a capture anti- prostaglandin E2 antibody;

b} contacting the complex with an enzyme labeled indicator antibody to
transform the complex into a labeled complex;

c) contacting the labeled complex with a substrate for the enzyme; and

d) detecting the level of prostaglandin E2 in the sample.

18285} An exemplary embodiment of the assay is a PGE2 competitive enzyme
immunoassay such as the Prostaglandin E2 EIA Kit-Monoclonal (Cat. No. $14010, Cayman
Chemical). Briefly, 54 gl of calibrator (standard) or sample is added to wells of a precoated
goat anti-mouse 1gG roicrotiter assay plate. 50 ul of PGEZ tracer (covalently conjugated
PGE?2 and acctylcholinesterase) is added, and then S0 pl of anti-PGE2 mouse 1gG. The
plate is incubated for 18 hours at 4°C with shaking. The plate is washed § times with wash
butter. 200 ul of developing reagent {e.g., Ellman’s reagent) 1s added to the wells. The
plate is incubated for 60-90 minutes in the dark with shaking. Luminescence is read at 405
nm with a luminescence plate reader . The Relative Luminescent Unit (RLU) and the
prostaglandin B2 concentration of the calibrators are plotied using graphing software such
as GraphPad Prism (GraphPad Software, La Jolla, CA). The levels of prostaglandin E2 in
the sample and control are calculated by interpolation from a calibrator curve that is

performed in the same assay as the sample.
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5. KStress Hormones

{62861 The inventors have discovered that cortisel levels in serum can predict whether an
mdividual has IBS. Healthy control individuals have higher levels of cortisol compared to

individuals with 1BS, including IBS-C, IBS-D and IBS-M,

18287} In some embodiments of the present invention, the method comprises measuring the
level of a stress hormone in a sample taken from a subject and comparing it to that ot a
control, wherein the control is a healthy control or a non-IBS control. In some instances,
the stress hormone level is measured in a sample taken from the subject either in the
morning or the afternoon, and compared to that of a control sample taken at the
corresponding time of day. The predictive vahue of cortisol level for diagnosing 1BS varies
lepending oun the circadian rhythm cycle of the subject fror which the sample s obtained.
In some 1nstances, the predictive value of cortisol is highest for distinguishing between
healthy control and IBS-D in a sample taken in the afternoon (e.g., p.m. or post meridiem).

In preferred embodiments, the stress hormone is cortisol.

18208] Stress hormones such as cortisol, brain-derived neurotrophic factor (BONF),
ACTH, and corticotropin-releasing factor (CRF) can be measured from samples including
serum, blood, saliva, urine, etc. When measuring cortisol, it is important to recognize that
in a normal, healthy individual, the level follows a diarnal rhythm with the highest level in
the morning and lowest around mudnight. Methods of measuring cortisol levels include an
ELISA assay which is available from Arbor Assays (Ann Arbor, MI), CisBio Biocassays

N

{Bdford, MA), Enzo Life Sciences (Farmingdale, NY).

(62691  In some embodiments, the method of the invention further compriscs generating a
ratio of the level of a stress factor to the level of another stress factor, a bacterial antigen
antibody marker (e.g., EcFhC, SFFHC, (FlaA, GFlaB, £cEra, EcOFUC, EcFrvX, FcGabT,
CiR1-045, Ci81-128, j81-008), inflammatory marker, {e.g., CRP, SAA, ICAM, VCAM,
PII) or mast cell marker {e.g., PGEZ, histamine, tryptase), wherein the ratio is predictive of

IBS or an {BS subtype.

B. Methods for Monitoring Disease Progression

18218} In another aspect, the present invention provides methods for monitoring the

progression of irritable bowel syndrome in a subject, the method comprising:
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a) measuring the levels of an array of bacterial antigen antibody markers
{e.g.. EcFUC, SFUC, CFlaA, GFlaB, EcOFLC, GiGT-A, Cidmh, CiCgtA, SeFliB, EcEra,
FeFocA, EcFrvX, EeGabT, EcYbaN, £cYcdG, EcYhgN, FeYedi, EcYidX, LaFre, LaFno,
LiEFTu, BfOmpA, PriOmpA, Cpl0bA, CpSpA, EfSant, LmOsp, and mixtures thereof) and
an arvay of mast cell markers {e.g., serum P-tryptase, histarnine, and prostaglandin E2) in a
hiological saruple taken from the subject at a plurality of time points;

b) applying a statistical analysis to the measured levels of the selected
bacterial antigen antibody markers and mast cell markers to generate a disease activity
profile over time, wherein the disease activity profile comprises a representation of the level
of the selected bacterial antigen antibody markers and mast cell markers over time; and

c) determining whether the subject is undergoing IBS progression.
182111 In certain embodiments, the plurality of time points comprises at least 2, 3, 4, 5, 6,
7,8,9,10, 11, 12,13, 14, 15, 16, 17, 1R, 19, 20, 25, 30, 35, 40, 45, 50, or more time points,
In other instances, the first time point in the plurality of time points is during the course of
therapy. As non-limiting examples, each of the markers can be measuared prior to therapy
and/or during the course of therapy at oue or more {e.g,, a plurality) of the following weeks:
1,2,3,4,5,6, 7,8, 9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 22, 24, 26, 28, 30, 32, 34,

5 <y

36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 08, 70, 80, 94, 100, etc.

18212} In some embodiments, the bacterial antigen antibody marker profile includes an
eropirically derived profile that is based upon an analysis of a plurality of bactenial antigen
antibody markers. Io one aspect, the concentration of markers or their moeasured
concentration values are transformed into an index by an algorithm resident on a computer.
T certain aspects, the profile s a synthetic or human derived output, score, or cut oft
value(s), which expresses the biological data in numerical terms. The profile can be used to
determine or make or aid in making a clinical decision. A bacterial antigen antibody marker
profile can be measured multiple times over the course of time. In one aspect, the algorithm

can be trained with known samples and thereafter validated with samples of known identity.

(62131  In some embodiments, the mast cell marker profile includes an empirically derived
profile that is based upon an analysis of a plurality of mast cell markers. In one aspect, the
concentration of markers or their measured concentration values are transformed into 3
profile by an algorithm resident on a computer. In certain aspects, the profile is a synthetic
or hurnan derived output, score, or cut off value(s), which expresses the biological data 1o

numerical termas, The profile can be used to determine or make or aid in making a clinical
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decision. A mast cell marker profile can be measured roultiple times over the course of
tiroe. In one aspect, the algorithm can be trained with known samples and thereafter

validated with samples of known identity.

18214} In some embodiments, the therapy is the administration of a probiotic and/or a
prebiotic. The term “probiotic” includes micro-organisms that are beneficial to the
gastrointestinal system of the host organism when consumed. Typically, probiotics improve
the interactions between the host and its intestinal microbiota. The term “prebiotic”
includes non-digestible consumables that are able to stimulate the growth and/or activity of
the intestinal microbiota or part thereof such that the intestinal health of the host improves.
Tu some embodiments, the therapy s nutrition therapy. The torm “nutrition therapy”
includes a dietary regimen comprising foods that alleviate symptoras of IBS or are

beneficial to the health of an ndividual’s gastrointestinal system.

(62151  In some embodiments, the method for monitoring the progression or regression of

IBS 1 a subject comprises:

a) determining the levels of 1, 2, 3, 4, 5, 6, 7, 8, or more hacterial
antigen antibody marker(s) selected from the group consisting of £cFhC, §iFLC, JFlaA,
CiFlaB, EcOFUC, CIGT-A, Cidmh, GiCgtA, SeFUB, FeBra, EoFocA, EoFrvX, FeGabT,
EcYbaN, EcYedG, FeYhgN, EcYedK, EcYidX, LaFre, LaEno, LjEFTu, 80npA,
PrOmpA, CplObA, CpSpA, EfSant, LmOsp, and combinations thereof in a first biological
sampic taken at a first time; and

b) determining the level(s) of the selected bacterial antigen antibody
marker(s) in a second biological sample taken at a second time; and

) comparing the level(s) of the selected bacterial antigen antibody
marker(s} present in the first sample o the level(s) of the selected bacterial antigen antibody
marker(s) present in the secound saraple, wherein the differcnce 1o the level(s) of the selected
bacterial antigen antibody marker(s) s indicative of the progression of IBS in the subject.
18216} Insome embodiments, the method for monitoring the progression or regression of
IBS in a subject comprise:

a) determining the level of at least one bacterial antigen antibody
marker selected from the group consisting of EcFUC, $/FUC, CFlaA, GFlaB, EcOFLC,
CiGT-A, Cidmh, CjCgtA, SebliB, EcEra, fcFocA, EcbrvX, EcGabT, £cYbalN, EcYcdG,
EcYhgN, EcYedK, EcYidX, LaFre, LaEno, LjEFTu, BfOmpA, PrompA, Cpl0bA, CpSpA,
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EfSant, LmQOsp, and combinations thereof in conjunction with at least one mast cell marker
selected frora B-tryptase, histamine, prostaglandin E2 (PGE2), and a combination thercot in
a first sample at a first timoe point,

b} determining the level(s) of the selected bacterial antigen antibody
marker(s) and the selected mast cell marker(s) in a second sample at a second time point;
and

c) comparing the level{s} of the selected bacterial antigen antibody
marker(s} and the selected mast cell marker(s), wherein the level(s) in the first sample
compared to the second sample are indicative of progression or regression of IBS in the

subject.

18217} Insome embodiments, an increase in the level(s) of the sclected bacterial antigen
antibody marker(s) and the selected mast cell marker(s) in the first sample compared to the
second sarnple is indicative of the progression of IBS in the subject. In some embodiments,
g decrease in the level(s) of the sclected bacterial antigen antibody marker(s) and the
selected mast cell marker(s) in the first sample compared to the second sample is indicative

ot regression of IBS in the subject.

[6218]  In certain embodiments, the method of monitoring progression of IBS in a subject
comprises determining the level of eight bacterial antigen antibody markers and two mast
cell markers. In preferred emabodiments, the method of monitoring progression of [BS in a
subject comprises determining the level of antibodies against EcFIC, SFUC, CiFlaA,
CiFlaB, EcOFRC, GGGT-A, Cidmh, GiCgtA, SeFUB, Ecfra, EcFocA, FcFevX, EcGabT,
FcYbaN, £cYedG, EcYhgN, FoYedK, £cYidX, LaFre, LaBno, L7EFTu, Bf0mpA,
PrimpA, CplObA, CpSpA, EfSant, LmQOsp, and the level of of the mast cell markers

tryptase and PGEZ.

182181  In some embodiments, the present invention provides a method for monitoring the

progression of irritable bowel syndrome (IBS) in a subject, the method comprising:

a) contacting a first biclogical sample taken from the subject at g first
time with a bacterial antigen antibody binding moiety (e.g., bacterial antigen or capture
antigen ) under conditions suitable to transform the bactenial antigen antibody marker
present in the sample tndo a complex comprising the bacterial antigen antibody marker and

the bacterial antigen antibody binding moiety;
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b) determining the level of the complex, thereby determining the level
of the bacterial antigen antibody marker present in the fust sample;

c) contacting a second biological sample taken from the subject at a
second time with a bacterial antigen antibody binding moiety under conditions suitable to
transform the bacterial antigen antibody marker present in the sample into a complex
comprising the bacterial antigen antibody marker and the bacterial antigen antibody binding
moiety;

d) determining the level of the complex, thereby determining the level
of the bacterial antigen antibody marker present in the second sample; and

e} comparing the level of the bacterial antigen antibody marker present
in the first sample to the level of the bacterial antigen antibody marker present in the second
sample, wherein the difference in the level of the bacterial antigen antibody marker is

indicative of the progression of IBS in the subject.

182261  In some embodiments, the bacterial antigen or antibody binding moiety i selected
from the group consisting of FeFhC, §fFIC, (GFlaA, (FlaB, £cOFLC, CHGT-A, Cidmb,
CiCgtA, SeFhiB, EcEra, FeFocA, EcFrvX, FeGabT, EoYbaN, EoYedG, EcYhgN, FeYedK,
EcYidX, LaFre, LaEno, LEFTu, BfO0nmpA, PrOmpa, CpltbA, CpSpA, EfSant, LmOsp,
and combinations thereof. In certain embodiments, the method comprises determining the
level of at least one bacterial antigen antibody marker. In other embodiments, the method

comprises determining the level of an array of bacterial antigen antibody markers.

182211 In soroc embodiments, the roast cell marker s selected from the group consisting

of B-tryptase, histamine, prostaglandin E2, and combinations thereof.

182221 In some embodiment, the method further comprises determining the level of at
feast one mast cell marker present in the samnple. In other embodiment, the method further
comprising determining the level of one of a plurality of mast cell markers such as 1, 2, 3, 4,
5, 6,7, or & mast cell markers.

18223} In other embodiments, the bacterial antigen antibody binding moiety is 3 capture
antigen that is recognized by the bacterial antigen antibody to be assayed. In some instance,
the capture antigen is a bacterial antigen polypeptide or fragment thereof. Example 6
provides methods for selecting capture antigens based on their immunogenic sites.

16224} The generation and selection of antibodies not alrcady comamercially available for

analyzing or detecting the level (e.g., amount) of specific antibodies against bacterial
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antigens in accordance with the present invention can be accomplished several ways, For
exarople, one way is to express and/or purify a polypeptide of interest (7.e., antigen) using
protein expression and purification methods kanown in the art, while another way is to
synthesize the polypeptide of interest using solid phase peptide synthesis methods known in
the art. See, e.g., Guide to Protein Purification, Murray P. Deuicher, ed., Merh. Enzymol.,
Vol 1382 (1990); Solid Phase Pepride Synthesis, Greg B. Fields, ed., Meth. Enzvmaol., Vol
289 {1997y Kiso e al., Chem. Pharm. Bull., 38:1192-99 (1990}, Mostafavi et al., Biomed.
Pept. Proteins Nucleic Acids, 1:255-60, (1995); and Fujiwara es al., Chem. Pharm. Bull.,
44:1326-31 (1996). Purified or synthesized polypeptides of interest are cornmercially
available from, for example, Accelagen (San Diego, CA), Exon Biosystems (San Diego,
CA), and GenScript (Piscataw, NI). The purified or synthesized polypeptide can then be
imjected, for example, into mice or rabbits, to generate polyclonal or monoclonal antibodies.
One skilled in the art will recoguoize that many procedures are available for the production
of antibodies, for example, as described in Antibodies, A Laboratory Manual, Harlow and
Lang, Fds., Cold Spring Harbor Laboratory, Cold Spring Harbor, NUY. (1988}, One skilled
in the art will also appreciate that binding fragments or Fab fragments which mimic {(e.g.,
retain the functional binding regions of) antibodies can also be prepared from genetic
mformation by various procedures. See, e.g., Antibody Engineering: A Practical
Approach, Borrebaeck, Ed., Oxford University Press, Oxford (1995); and Husc eral, /.

Fmmunol., 149:3914-3920 (1992),

18225] The saraple used for detecting, measuring, or determining the level of at least one
bacterial antigen antibody marker and/or at least one mast cell marker is typically whole
blood, plasma, serum, saliva, uring, stool (7.e., feces), tears, and any other bodily fluid, ora
tissue sample (i.e., biopsy) such as a sroall intestine or colon sample. Preferably, the sample
is serum, whole blood, plasma, stool, urine, or a tissuc biopsy. In certain instances, the
methods of the present invention further comprise obtaining the sample from the individual
prior to detecting or determining the level of at least one bacterial antigen antibody marker
in the sample. In a preferred crobodiment, an additional bacterial antigen antibody marker
and/or mast cell markers is detected from a blood or serum sample. In other embodiments,
an additional bacterial antigen and/or mast cell marker is detected from a stool sample or a

biopsy from the bowel of the subject.
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C. Diagnostic Model

182261 In some embodiments of the present invention, a diagnostic model is established
using a retrospective cohort with known outcores of a clinical subtype of IBS and bealthy
controls. In some instances, the diagnostic profile comprises a bacterial antigen antibody
marker model and/or a mast cell marker model. The diagnostic model is generated by
applying the retrospective data on individuals with 1BS and healthy controls to statistical
algorithms. o some embodiments, the bacterial antigen antibody model is derived by
applying logistic regression analysis to the level of one or more bacterial antigen antibody
markers determoined in a retrospective cohort. In some embodiments, the mast cell marker
maodel is derived by applying logistic regression analysis to the level of one or more mast
cell markers determined in a retrospective cohort. For instance, as tHustrated in Exampie 1,
a diagnostic model was generated using retrospective data of bacterial antigen antibody

markers and mast cell markers and a logistic regression machine learning algorithm.

B. Statistical Analysis

182271 In cortain instances, the statistical algorithm or statistical analysis is a learning
statistical classifier system. As used herein, the term “learning statistical classifier system”
includes a machine learning algorithmic technique capable of adapting to complex data sets
{e.g., panel of markers of interest and/or list of IBS-related symptoms) and making
decisions based upoun such data sets. The learning statistical classifier systom can be
selected from the group consisting of a random forest (RF), classification and regression
tree {C&RT), boosted tree, neural network (NN), support vector machine (SVYM), general
chi-squared automatic interaction detector model, interactive tree, nwltiadaptive regression
spline, machine learning classifier, and combinations thercof. Preferably, the learning
statistical classifier system is a tree-based statistical algorithm {e.g., RF, C&RT, ete.) and/or
a NN (e.g., artificial NN, etc.}. Additional examples of learing statistical classifier systems
suitable for use in the present imvention are described in U.S, Patent Application Publication
Nos. 2008/0085524, 2011/0045476 and 2012/0171672. In certain embodiments, the
methods comprise classifying a sample from the subject as an IBS sample or non-IBS

sample (e.z., sample from a healthy control),
18228] In cortain instances, the statistical algorithm 1 a single learning statistical
classifier system. Preferably, the single learning statistical classifier system comprises a

tree-based statistical algorithm such as a RF or C&RT. As a non-limiting example, a single



W

10

15

WO 2014/053996 PCT/IB2013/059045

tearning statistical classifier system can be used to classify the sample as an IBS sample or
nou-1BS sample (e.g., healthy controly based upon a prediction or probability value and the
presence or fevel of at least one diagnostic marker (7.e., diagnostic marker profile
comprising a bacterial antigen antibody marker profile and/or a mast cell marker profile),
alone or in combination with the presence or severity of at least one symptom (Z.e.,
symptom profile). The use of a single learning statistical classifier systom typically
ciassifies the sample as an 1BS sample with a sensitivity, specificity, positive predictive
vahug, negative predictive value, and/or overalf accuracy of at least about 75%, 76%, 77%,
78%, 79%, 80%, 81%, 8§2%, 83%, 34%, 85%, §6%, 87%, 88%, §9%, 90%, 91%, 92%,
03%, 9490, 95%, 906%, 97%, 98%, or 99%. As such, the classification of a sample as an

IBS sample or non-IBS sample is useful for aiding in the diagnosis of IBS in a subject.

(6228} In certain other instances, the statistical algorithm is a combination of at least two
learning statistical classifier systems. Preferably, the combination of tearning statistical
classifier systems comprises 8 RF and a NN, e.g., used in tandem or parallel. As g non-
fimiting example, a RF can first be used to generate a prediction or probability value based
upon the diagnostic marker profile, alone or in combination with a symptom profile, and a
NN can then be used to classify the sanmple as an IBS sample or non-IBS sample based upon
the prediction or probability value and the same or different diagnostic marker profile or
combination of profiles. Advantageously, the hybrid RF/NN learning statistical classifier
systery of the present invention classifies the sample as an 1BS sample with a sensitivity,
specificity, positive predictive vahue, negative predictive value, and/or overall accuracy of at
feast about 75%, 76%, 77%, 78%, 79%, 80%, 81%, &2%, 3%, 84%, 85%, &6%, R7%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 965%, 97%, 98%, or 99%. In a particalarly
preferred embodiment, the statistical algorithm ts a random forest classifier ora

combination of a random forest classifier and a neural network classifier.

18238} In some instances, the data obtained from using the lcarning statistical classifier
system or systems can be processed using a processing algorithm. Such a processing
algorithm can be selected, for example, from the group consisting of a multilaver
percepiron, backpropagation network, and Levenberg-Marquardt algorithm. In other
instances, a combination of such processing algorithms can be used, such as in a parallel or

serial fashion.
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(8231} The varicus statistical methods and models described herein can be trained and
tested using a cobort of samaples from healthy individuals and IBS paticnts. For exarmple,
samples from paticnts diagnosed by a physician, and preferably by a gastroenterologist, as
having IBS or a clinical subtype thereof using a biopsy, colonoscopy, or an immunoassay as
described in, e.g., U.S. Pat. Publication No. 2018/0094569, are suttable for use in training
and festing the statistical methods and roodels of the present jovention. Samples from
patients diagnosed with IBS can also be stratified into IBS subtypes using an immunoassay
as described in, e.g., U.B. Patent No. 8,463,553 and 1.5, Pat. Publication Nos.
2010/0094560 and 2008/0085524. Samples from healthy individuals can include those that
were not identified as [BS samples. One skilled in the art will know of additional
techniques and diagnostic criteria for obtaining a cohort of patient samples that can be used

in training and testing the statistical methods and models of the present invention
E. Assays and Kifs

182321 In ovne aspect, the present invention provides an assay for the detection of a
bacterial antigen antibody marker in a sample, the method coraprising the steps of: (a)
coating a solid phase surface with a bacterial antigen or antigenic fragment thereof, (B)
contacting the solid phase surface with 8 sample under conditions suttable to transform the
bacterial antigen antibody present in the sample into 2 complex comprising the bacterial
antigen and the bacterial antigen antibody; (¢) contacting the bacterial antigen and the
bacterial antigen antibody with a detecting antibody under conditions suitable to form a
ternary complex; and {d) contacting the ternary complex with a faminescent or

chemituminescent subsirate.

162331 In onc embodiment, the detecting antibody is conjugated to alkaline phosphatase.
In other embodiments, the detecting antibody is not conjugated to an enzyme and the
method further comprises the steps of (i) contacting the ternary complex with a third
antibody conjugated to alkaline phosphatase under conditions suitable to form a quaternary
complex and (i1) contacting the quaternary complex with a luminescent or
chemituminescent substrate.

18234} Any suitable antibody pair may be used for the captare and detecting antibodies in
a sandwich ELISA. One of skill in the art will know and appreciate how 1o select an
appropriate antibody pair for the assay. Generally, two antibodies are selected that bind to

the target of interest, e.g., .beta.-trypiase, at different epitopes such that the binding of the
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first {capture) antibody does not interfere with the second {detecting) antibody. In certain
embodiments, the detecting antibody will be conjugated to an enzyme, for example, alkaline
phosphatase, to aid in the detection of the complex. In other embodiments, a secondary
antibody conjugated {0 an enzyme (e.g., alkaline phosphatase), which binds to the detecting

antibody, may be used in the assay.

18235]  Generally, the comaplex will be detected by the use of a lursinescent substrate, for
example, a luminescent substrate found in a kit such as Ultra LITE (NAG Resecarch
Laboratories); Sensobyte (AnaSpec); SuperSignal ELISA Femto Maximum Sensitivity
Substrate (Thermo Scientific); SuperSignal ELISA Pico Chemiluminescent Substrate
{Thermo Scientific); or CPSD (disodium 3-(4-raethoxyspiro{1,2-dioxetane-3,2"-(5'-

chioroMricyclo[3.3.1.13,7]decan {-4-ylpheny! phosphate; Tropix, Inc).

18236} The amino acid sequence of an antigenic fragment of a bacterial antigen can be
identified by predicting the immunogenic sttes in silico using software algorithms such as
EMBOSS. For instance, the hydrophilicity, accessibility and flexibility propertics of a
serics of peptide fragments of an antigen protein are accessed to determine the peptide
fragments that are predicted to be the most antigenic (e.g., have the highest antigenic score).

Detailed descriptions of using EMBOSS are found in Example 6.

182371 Inone ermnbodirent of an assay to aid in the diagnosis of IBS, the saraple is human

whole blood or serum.

(6238} In another embodiment of an assay 10 aid in the diagnosis of IBS, the sample is

obtained from a subject suspected of having IBS.

182391  In another embodiment of an assay to aid in the diagnosis of IBS, detecting the
presence or level of B-tryptase 1o the sample comprises the use of a detection device. In
another embodiment of an assay to aid in the diagnosis of 1BS, the detection device

comprises a luminescence plate reader. In another embodiment of an assay to aid in the

diagnosis of IBS, the detection device comprises a spectrophotometer.

(8248} In vet another embodiment, the present invention provides an assay to aid in the
diagnosis of IBS, the assay comprising: (a) contacting a sample having B-tryptase,
prostaglandin E2, and/or histamine under conditions suitable to transform P-tryptase,
prostaglandin B2, and/or histamine into a complex B-tryptase, prostaglandin E2, and/or

histarmine and a capture andi- B-tryptase, anti- prostaglandin £2, and/or anti-histamine
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antibody; (b) contacting the complex with an enzyme-labeled indicator antibody to
transform the complex into a labeled complex; {¢) contacting the labeled complex with a
substrate for the enzyme; and (d) detecting the presence or level of B-tryptase, prostaglandin

E2, and/or histamine in the sample.

182411 In certain embodiments, the assays provided comprise the detection of at least 1, 2,
3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25,26, 27, 29, 30
or more of the biomarkers described herein. In preferred embodiments, the assays provide
comprise the detection of at least one bacterial antigen antibody marker, at least one mast

cell marker, and optionally at least one stress factor marker.
i Fxamples

18242} The following exaraples are offered to dlustrate, but not to limit, the claimed

mvention.

Example 1: A Method for Aiding in the Diagnosis of IBS Using Bacterial Antigen
Antibedy Markers, and in Combination with Mast Cell Markers.

[6243] This example Hlustrates a method for aiding in the diagnosis of TBS using bacterial
antigen antibody markers. 1t further illustrates a method for diagnosing IBS using a

combination of bacterial antigen antibody markers and mast cell markers.

16244} Background: Alterations in the bacterial flora are considered to be relevant
pathogenetic factors in IBS. Flagellin, the primary structural compounent of bacterial
flagella, activates both innate and adaptive imroune systern in individuals due to recoguttion
by Toli-like receptor 5. Antibodies against A4-FlaZ and Fla-X ({bacterial flageliin proteins)
were found to be present significantly more frequently in patients with IBS compared to
healthy controls (p = 0.004 and p = 0.009, respectively; Schoepfer et al,
Nevrogastroenterol, Motil. 20:1110-1118 (2008)). The 1BS treatment rifaximin which
targets the gastrointestinal microbiota appears to affect gut bacteria and reduce bacterial
products that negatively affect the host individual. The response rate of rifaximin vs.
placebo was shown to be 40.7% vs. 31.7% at a first endpoint, and 40.2% vs, 30.3% at a key
secondary endpoint. Possible mechanisms of action of rifaximin on gastrointestinal
microbiota inchnde reduction of local mucosal engagement of bacteria such as the immune
responses of the host individual, and antibiotic alieration of both the bacterial and host

individual response.
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[8245)  Antimicrobial antibodies against bactenial flagellin (e.g., Chirl, FlaX and Fla2)
have been proven to be valuable biomarkers of inflammatory bowel discase (IBD3). It has
been described that subsets of recently discovered antibodies to Escherichia coli K12
proteins {e.g., Era, FocA, FrvX, GabT, YbaN, YedG, YhgN, and YidX} can be used o
distingoish between individuals with Crohn’s Disease {CD) and healthy controls, and
between individuals with CD and uvicerative colitis {Chen et al., Mol Cell Proteomics,
3:1765-1776, (2009)). Individuals with post-infectious small intestine bacterial outgrowth
(SIBQO) associated with IBS which is often caused by infection from Campylobacter jejuni
{(C. jejuni, Cf), Escherichia coli (E. coli, Ec), Salmonella enteritidis {S. enteritidis, Se),
Shigelia flexneri (8. flexneri, $f) may possess antibodics against flagellin proteins of the
imfecting bacteria (Spiller R and Garsed K., Gastroenterology, 136:1979-1988 (2009)). The
flagellin proteins include €. jejuni Flaa, C. jejuni FlaB, F. coli FRC, E. ¢ofi G157:H7 FiiC,
S. flexneri Flic and 8. enveritidis FUiB. Salmonelln enteriditis is a species of Safmonelia
enterica. Mast cell hyperplasia is commonly observed following infection by these bacteria

in both post-infectious IBS and non-post-infections 1BS.

182461 Mast cells play an important role in the pathogenesis of irritable bowel syndrome
(IBS). Increased mast cell infiltration and activation 1o distal gut segroents are associated
with symptom onset and severity of IBS. These cells are also implicated in the elevated
response of visceral afferent nerves to mucosal stimuhus in IBS patients. Measurement of
mast cell markers such as P-tryptase, histamine and prostaglandin E2 (PGE2) have
important tuplications in the clinical diagoosis of IBS. These markers have an important
immune-regulatory function, especially in the mucosal barrier. A large number of 1BS
patients have an increase in roast cells markers accompanied with an altered microbiota

antigen/antibody composition.

6247} Methods: Provided herein is the development and validation of 4 method 1o aid in
the diagnosis of 1BS by measuring the level of bacterial antigen antibodics and mast cell
markers in a sample from an individual, comparing the levels with control levels, and
determining whether the individual has an increased likelihood of having TBS. In this

method, the serum levels of antibodies against bacterial antigens such as £, coli FIiC, 8.

flexneri FUC, O jejuni FlaA, C. jejuni FlaB, E. coll Era, £. coli Q157:H7 FU(, . coli FrvX,

E. coli GabT, and mast cell markers such as B-tryptase, histamine and prostaglandin E2
were measured in samples from healthy controls and patients with IBS. A logistic

cgression machine learning algorithm was performed with the data to select markers that
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are informative and predictive of a sample taken from a healthy control and an individual

with IBS.

[6248] The marker values for bacterial antigen antibodies and mast cell markers for the
healthy control samples and the IBS samples were caleulated and analyzed by logistic
regression modeling. The analysis generated an estimate for cach marker which represents
whether the level of the marker can predict IBS or HC. FIG. 4 illustrates the derivation of
the estimate from marker value and sample. The estimate can have a positive value that
signifies that the marker has a positive effect on the prediction of IBS. An estimate with a
targer positive valoe has a larger effect on discriminating IBS from HC. The estimate can
have a large negative value that shows that the marker has a large negative offect on the
prediction of IBS. In this case, the marker value is lower in IBS samples than HC. An
estimate substantially close to § indicates that the marker does not contribute to the

prediction of IBS.

182491 In this study we used samples from four prospectively-collect clinical trials labeled
as cohort #1-4. The samples are from cither individuals with IBS and healthy controls. The
selection criteria for inclusion and exclusion in the four clinical trials was specific that cach

particular trial and the requiirerments are presented in Table 4-Table 7.

Table 4. Cohort #1 Selection Criteria.

General Healthy Controls IBS
Inclusion 18-75 years old 18-49 years old
Recruited from routine CRC VA/DoD eligible patients
serecning subjects referred to GI clinic

Fulfil Rome M forDor M

No pre-existing organic G
diease that could be responsibie
for IBS symptoms

Exclusion Pregrancy IBS-like sympioras Existing organic disease
responsibie for IBS-like
sympoms

Presence of “alanm featares™
Age == 50 + rectal bleeding +
unintentional weight loss (10 in
last 6 monbhis)

Nocturnal symptoms

Family history of CRC or IBD

Constipation predominant
symptoms (<3 bowel movement
i Jast week)

Previous (31 evaluation for IBS

Table 8. Cohort #2 Selection Criteria.

{>eneral Healthy Controls iIBS
Inchusion | 18-70; 50+ w/ no evidence of No repeated dyspepsia, abdemical | Dx of IBS by OF specialist within
CRC pain, constipation or diarrhea Jast year
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hernia repair)

{zeneral Healthy Controls IBS
within 12 months
Evidence of repeated abdominal
pait
Females: Pain not just during
mensiraation
Pain associated with 2 or more of
i) improvement with defecation,2)
stool frequency change, 3) change
in stool appearance
Symptoms occurred for at least 3
days in last 3 months
Fxclusion | Dx of CRC No Kx anti-intflammatory drugs in | Presence of “alarm signs” such as
last 2 weeks unintentional weight kms > 10
pounds in 3 months), freguent
awakening by symptoms, fover,
recia] bleeding or anemia.
Ulcer symptoms No NSAID use > 600 mg/day or vidence of any organic,
4+ times per week in fast 2 weeks mfgaa\, ous or siructural cause of the
Gl symptoms.
Dx of diabetes No (7 infection in last month No Rx anti-inflammatory drugs
last 2 weeks
D of HIV/AIDs or chronic viral | No injury resulting in acute No NSAILD use > 00 mg/day or
hepatitis inflammation in Jast 2 weeks 4+ times per week in last 2 weeks
Aunii-virals Rx use Dx of IBS or other functional GI Major abdominal surgery (excl.
disease/IBD/microscopic appendectormy, polyp removal or
colitis/celiac hernia repair)
Non-ambulatory ist de gree blo" iam \‘Vil}] Dix Dx of IBS or other functional Gi
of IBS/microscopic colitis/celiac disease/IBD/microscopic
colitis/celiac
D of Auto-imnwune discase No wavel outside US/Canada in ist degree blood refative with Dx
past 30 days of IRS/microscopic colitis/celiac
Pregnant or gave birth within 6 o travel outside US/Canada n
months past 60 days
Use of antibiotics in last month
Use of corticosterioids in lasi
wonth
Cancer that required treatment in
last 3 vears
GI symptoms resulting from food
intolerance
Table 6. Cshort #3 Selection Criteria.
General Healthy Controls jizN
Inclusion | 18-70 years old Rome i negative for IBS or other | Dx of IBS according o Rome i -
functional G disorders Dor Cor M
Mot pregnant No repeated instances of Active IBS symptoms >=2 days in
dyspepsta, abdominal pain fast 4 weeks
constipation or diarrhea within fast
year
Cither <50 or »50 with negative Free of any other No other functional Gl disorders
colonoscopy resuits within 5 iilness/infection/significant
years medical condition
Exclusion | Major abdominal surgery (excl. Hiness/infection/signtficant Presence of “alarm signs” such as
appendectormy, polyp removal, medical condition unintentio ndl weight loss (> 10
hiysterectomy, C-section or pounds in 3 months), L ent

awakening E;v cturnal d arrhea,
fever, rectal bleeding not due to
anal hssur es or hemorrhoids, or
anemia

HATD score > 18 for
depression/anxiety

i of IBD, microscopic colitis,

celiac, esophagitis, or evidence of
any organic disease that could
coount for IBS-like symptoms
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(reneral

Healthy Controls

{BS

{(GERD excepted)

st degree blood refative with Dx

~aE T T/, P
of IBI¥celiac

Dx of CRC

Dx of cancer

Dy of diabetes

Dx of HIV/AIDs or chronic viral
hepatitis

DX of Aufo-immune disease

Evidence {within the past §
months} of symptomatic
cholelithiasis

Bacterial/viral infection in 2 weeks
prior to blood draw

‘Treatrnent with prohibited
medication (see Section 6.2}

Pregnant/breastfeeding/gave birth
in last 6 months

Dx of co-morbid non-functional GI
discase

I of psychiatric disorder in past 2
years requiring
hospitalization/suicide atlempt

Table 7.

Cohort #4 Selection Criteria.

zeneral

Healthy Controls

IBS

Inclusion

18-85 years old

BMI <= 33

Ux by symptoms/biopsy/procedure
of [BS

Exclusion

Dx of IBD

Major chronic illness

Dx of Non-IBD inflammatory GI
disorders

Dx of auto-immune disease

Dix of Non-IBE inflammatory or

inflammatory GI disorders

16256}

To select markers that are informative for predicting IBS, data of 17 markers

including bacterial antigen antibodies and mast cell markers from samples from cohort #1-4

were apphied to a logistic regression model. The calculated estimate for each of the markers

is presented in Table 8. The Akaike information criterion (AIC) was used to reduce the

model down to the potentially informative markers. Markers with a statistically significant

estimate {p < 0.1} were determined to be potentially informative. The bacterial antigen

antibody markers deternuned to be predictive of IBS include £, coli FRC, 8 flexneri FLC,

C. jejuni FlaA, . jejuni F1aB, £, coli Era, E. coli Q157:H7 FiiC, E. coli FrvX, £, coli

GabT.

Table 8. Selecting Informative Markers For Predicting IBS.

Estimate Rtd. Error {Z-value P-value
CiFlaA -7.53E-01 4.44E-01 -1.698 0.0896
HcEra 5. 73E+00 4.06E+00 5.575 2.47E-08
BeFliC -1.47E+00 5.88E-G1 -2.764 0.00572
BeGabT -LATE+0G]  1.0BE+00 -4.618)  8.98E-06
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BcOFLC -1LOZE+G0 2.55E-01 -8.94991  O.8TE-05
SiFlic LA48T+00 B21E-01 4.616] 8.92E-06
ICAM -4 168-06 2.78E-08 -1.524 [2RE-01
VCAM -4 06E-08 2.10E-08 -1.93] 5.68E-02
T™MP1 -8.18E-08 2.18E-08 -1.484 1.52E-01
BDNF 575805 2.58E-05 2272y 2.31E-02
MMPY 5.70E-04 3.84E-04 1.484 1.38E-01
MP3B 3.54E-04 2.22¥-04 1.595 L1IE-01
TWE -8.648-04 4.63E-04 -1.8671  6IZ0OE-0Z
VEGFE -9 64E8-04 4.445-04 -2.171 9.95E-03
ANCA -6.938-02 327E-02 <2122 33BE-0Z
ASCA-A -2.86H-G2 1.658-02 -1.731 8.33E-02
ASCA-G 2.558-62 1.568-02 £.638 1.02E-01

[6251] The results of the study show that determuning the levels of bacterial antigen
antibody markers (e.g., £. coli FUC, 8. flexneri FUC, C. jejuni FlaA, C. jejuni FlaB, . coli
Hra, £, coli Q157 H7 FUC, . coli FrvX, E. coli GabT) in a sample from an individual is
useful in predicting whether the individual has IBS. The results also show that determining
the levels of bacterial antigens and mast cell markers (e.g., P-tryptase, histamine and
prostaglandin E2) positively contributes to the discrimination of IBS patients from healthy

controls.

18252} Results: The predictive capability of serum B-tryptase was analyzed using
samples from cohorts #1-4. FIG. § depicts the distribution of serum B-tryptase in samples
of healthy control versus individuals with IBS. For cohort #1, the estimate value of serum
B-tryptase was 0.375 {(p=0.000697), which indicates that the serum B-tryptase level in the
sample positively contributes to the discrimination of IBS patients from healthy controls.
The estimate value for cobort #2 was 0. 115 (p=0.0771). For cohort #3, the estimate value
was -0.031 (p=0.657) and for cohort #4, it was -0.053 (p=0.403). In a lincar mixed model
of all the data where the data is clustered by cohort, the estimate vahie was (.115
{(p=0.0166). In a linear mixed model of all the data except cobort #3, the estimate value was
0.216 (p<0.0001). The results showed that the level of serum B-tryptase can predict a

diagnosis of IBS or healthy control.

182531 Regression analysis of histamine level in samples from cohort #1-4 was

performed. The estimate value was 0.2118 (p=0.0023) for cohort #1. The result indicates
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that histamine levels can predict a diagnosis of IBS or healthy control. FIG. 6 shows the
serum histamine distribution between samples from healthy control and individuals with

IBS.

8254} The serum PGE?2 distribution in samples from healthy control and individuals with
IBS that were used in the study are shown in FIG. 7. The regression modeling of PGE2
revealed that the estimate for cohort #1 was -0.012 (p=0.920), 0.034 (p=0.788) for cohort
#2, -0.220 (p=0.029) for cohort #3, and 0.032 (p=0.0005) for cohort #4. In a lincar mixed
model of all the data and clusters by cohort, the estimate was (.0843 (p=0.1167). In a linear
mixed model of all the data but excluding cohort #3, the estimate was §.205 (p<0.00106).
The results shows that the level serura PGE2 in a sample can predict the diagnosis of IBS

and can discriminate between IBS and HC.

(8255} To determine whether the mast cell markers can be used in combination to predict
IBS, we applied data from cohort #1-4 for serum B-tryptase, serum histamine and PGE2 to a
logistic regression model. 293 saraples were analyzed and 100 train-test splits were
eraployed for mternal validation. The ROC curve with respect to sensitivity and specificity
had a ROC AUC of 0.623 {FIG. 8). The results show that a combination of serum §-
tryptase, histamine and prostaglandin E2 can positively contribute to the discrismuination of
IBS and HC.

18256} To assess the diagnostic potential of bacterial antigen antibody markers to
predicting IBS versus healthy control, we analyzed data for the bacteria antigens markers
{e.g., E. coli FRC, 8. flexneri FRC, C jejuni FlaA, C. jejuni FlaB, E. coli Bra, E. coli
O187:H7 FhC, £ coli FrvX, £. coli GabT) from cohorts #1-4 in a logistic regression
machine learning algorithm. 511 samples were evaluated and 100 train-test splits were
employed for mnternal validation. The ROC AUC was (L.813 (FIG. 9). The results indicate
that a combination of bacterial antigen antibody markers can sirongly and positively

contribute to the discrimination of HC and IBS in a machine learning algorithm,

18287} To assess the diagnostic potential of bacterial antigen antibody markers and mast
cell markers in predicting HC and IBS, the bacterial antigen antibody markers {(e.g.,
antibodies against £, coli FUC, 8 flexneri FUC, C. jejuni FlaA, C. jejuni FlaB, £. coli Exa,
£, cofi O1STHT FRC, £, coli FrvX, E. coli GabT and combinations thereot) and the mast
cell markers (e.g., PGE2 and B-tryptase) were analyzed in a single, diagnostic logistic

regression algorithm. 160 samples were tested from cohort #1-4 and 100 train-test splits
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were used for internal validation. The ROC AUC was 0.922 (FIG. 10). The data shows that
combining mast cell and bacterial antigen antibody markers provides predictive power to
discriminate HC from IBS. Mast cell markers contribute additional information, not
imparted by bacterial antigen antibody markers, and thus the combination of the two marker

sets complement cach other in a diagnostic model for predicting IBS.

18258] Conclusion: Bacterial antigen antibody markers such as antibodics against £, cofi
FUC, 8. flexneri FiC, C jejuni FlaA, C jejuni F1aB, E. coli Era, E. cofi G157T:HT FIiC, £,
coli FrvX, E. coli GabT are effective, predictive biomarkers that differentiate IBS from HC,
Bacterial antigen antibody levels can be combined with other IBS biomarkers such as mast
cell markers {e.z., serum P-tryptase, histaroine and prostaglandin E2) to tmprove the

accuracy in diagnosing IBS.
Example 2: Phylogenetic Analysis of Flagellin.

18259} Background: We studied the flagellin sequences of the IBS microbiota and
compared them to flagellin sequences of typical bacteria in individaals with IBD. The
strategy was designed to deuntify candidate IBS-specific biomarkers that can discriminate
IBS from IBD and/or healthy control. Typically, IBD microbiota have flagellin proteins
such as CBirl, Fla2 and FiaX, while IBS microbiota have flagellin proteins such as FIC of
Escherichia coli K12, FRC of Shigella flexneri, FIC of Salmonella enteritidis, FlaA of
Campylobacter jejuni, FlaB of Campvlobacter jejuni, FiC of Escherichia coli O157:H7,

and FUB of Salmonella enteritidis PT4. The causative bacteria of IBS are Campylobacter

Jejuni, Skigella flexneri, Escherichia coli O157T:H7, and Salmonella enteritidis (o order of

decreasing viralence), The flagelhin proteins from IBD and IBS associated bacteria used in

the amino acid sequence alignment are presented in Table 9.

Table 9. Flagellin from IBD and IBS Associated Bacteria
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18268  Amino acid alignments were performed using a multiple sequence alignment
algorithin, F1G. 11 shows an alignment analysis where green, orange and red bars represent
levels of similarity and the black regions represent regions of more similarity. FIG. 12
depicts an alignment of the N-terminal region. FIG. 13 shows an alignment of the middle
region and FIG. 14 shows the C-terminal region. At the C-terminal regious, the flagellins,
Ad-Fla2, FlaX and CBirl, from [BD associated bactenia are more similar 1o each than to the
flagellin from IBS bacteria, which are more similar to each other. Of the flagellin from IBS
bacteria, FlaA and FlaB of Campylobacter jejuni are more similar to each than to the other
IBS associated flagellin, FIG. 15 shows a phylogenetic tree of the alignment data. In
particular, it is an unrooted neighbor-joining tree in which CBirl was chosen as the
outgroup and branch length corresponds o distance and sequence dissimilarity. The
sequence similarity of IBD vs. IBS associated flagellin is present a percent similarity matrix

in Table 10,

Table 18. Percent Similarity Matrix of IBD and IBS Associated Flagellin

Fla2 Flad_ ifIaB FHC FEB
FiaX Lachnos- {EHC FHC Campyl {Coampyl- EooliO-  {Salmon-
CBirl |Usknown ipiracese [EcoBK12  |Shigella jobacter lobacter iserotype isile
CHRirl 10001 462 464 275 251 19.0 9.1 23.6 26.9
FiaX_Unknown 46.2 1 10090 944 26.2 25.8 19.1 19.3 252 27.6
FiaZ_ Lachnospiraceas 46 4 94 .4 100.0 26.4 263 i9.3 193 249 274
Fi( Eeoli K12 27.5 262 264 1866.0 518 234 236 49.8 4.5
F1iC_Shigelia 25.1 258 263 518 1000 214 215 54.3 44.6
FlaA_Campylobacter 19.0 19.1 193 234 211§ 1000 § 948 21.6 23.0
FiaB_Campyvlobacter i9.1 19.3 193 236 215 34.8 000 ¢ 214 223
}]L ’ ;{(_01]()55«0;\136 ’)“3 ........ /.;) .......... ) 40 ........... q(;\ ........... q 4‘ ....... )L(‘ ’)14 ........ 1 DO() ....... 444
FijB_Salmonella 26.9 27.6 27. 449 44.6 230 223 444 1 1000

Example 3; A Serological Assay for Detecting Antibodies Against a Bacterial Antigen

{Indirect Coating).

18261} This cxample describes a serology assay that is useful for detecting the presence or
level of a bacterial antigen antibody in a sample from an individual. The assay is detailed

herein.

182621  Protocol: A 96-well microtiter plate was coated with 100 pl/well of 1 pg/mi anti-
His antibody (dituted in IxPBS) at 4°C overnight to allow for antibody binding to the plate.

The plate was washed four times in PBS-T. Residual PBS-T was removed. The plates were
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coated with 100 ul His-tagged antigens at 2 pg/ml in carbonate buffer. The plates were
incubated for 1.5 hr at room tomperature. 250 ul/well of Blocking Buffer was added to the
plate and kept at room temperature for 1 hour. Standards were prepared by making 2
standard of nominal 100 EU/ml (1:50) in Dilution Buffer, and then sebsequently making six
two-fold senial dilutions with Dilution Baffer from the 1060 EU/mi Standard. The samples
and positive control were prepared by making a 1100 dilution in Dilution Bufter. After
sufficient blocking, the blocking solution was removed and 100 ul/well of the standards and
samples were added to the plate. The plate was incubated for 1 hour with gentle agitation.
Following which, it was washed four times with PBS-T and residual PBS-T was removed.
An alkaline phosphatase conjugated antibody( AP-antibody) that recognizes the bacterial
antigen antibody bound to the His-tagged antigen was diluted to 1:5000 in Dilution Buffer
and 100 yl/well of the diluted AP-antibody was added to the plate. After incubation for 1
hour at room tomperature with gentle agitation, the plate was washed four times in PBS-T
and residual PBRS-T was removed. 100 ul/well of p-Nitropheny! Phosphate was added and
the plate was incubated in the dark for about 15 minuates. The enzymatic reaction was
stopped upon the addition of 530 pl /well of 4N NaOH Stop Solution. The plate was read

using a fuminescent microplate reader at 405nm.

Example 4: A Serological Assay for Detecting Antibadies Against a Bacterial Antigen

{Dhirect Ceating),

18263} This example describes a serology assay that is useful for detecting the presence or
level of antibodies against a bacterial antigen (e.g., £. cofi FRC, 8. flexneri FRC, C. jejuni
FlaA, C jejuni FlaB, E. coli Fra, £, coli Q15T HT FRC, £, cofi FrvX, E. coli GabT C. jejuni
81-045, C. jejuni 81-128, and C. jejuni 1-008) in a saraple from an individual, The assay

is detailed herein

(82641 Protocol: A 96-well microtiter plate was coated with 100 ul/well of 1 ug/mi His-
tagged bacterial antigen polypeptide or fragment thereot {diluted in IxPRS) overnight at
4°C. The plate was washed 4 times in PBS-T. Residual PBS-T was removed. 250 uliwell
of Blocking Buffer was added to the plate and kept at room temperature for 1 hour to block
the plate. Standards were prepared by 1) making a Standard of nominal 100EU/ml (1:50)
using Dilution Bufter, and 2) making six two-fold serial dilutions from the 100EU/mi
Standard. The samples and positive control were prepared by making 8 1:10¢ dilution in

Dritation Butter. After sufficient blocking, the blocking solution was rernoved and 100
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ul/well of the standards and samples were added to the plate. The plate was ucubated for 1
hour with gentle agitation. The plate was washed 4 times with PBS-T and residual PBS-T
was removed. An alkaline phosphatase conjugated goat anti-human 1gG antibody (AP-Goat
anti-Hu IgG) was dilated to 1:5000 in Dilution Buffer and 100 ul/well of the diluted AP-
Goat anti-Ho TgG was added to the plate. After incubation for | hour at room teroperature
with geotie agitation, the plate was washed 4 times in PBS-T and residual PBS-T was
removed. 100 pl/well of p-Nitrophenyl Phosphate was added and the plate was incubated in
the dark for about 15 minutes. The reaction was stopped upon the addition of 54 ul /well of
4N NaOH Stop Solution. The plate was read using a lonunescent microplate reader at

405nm.

Example 5: Cerrelation of Cortisol Levels to 1BS Diagnosis.

18265} This cxample describes a method of determining the predictive value of cortisol
level in diagnosing IBS and IBS subtypes. It also shows that a ratio of cortisol to a cytokine

or bacterial antigen can aid in the diagnoss of IBS.

18266] FIG. 16 illustrates levels of various cytokiues (e.g., IL-10, TL-12p70, 1L-6, 1L-§,
and TNF) and hormones {e.g., serotonin and cortisol) in the a.m. and p.m. in a retrospective
cohort of patients including healthy controls, and those with IBS-C, IBS-D or IBS-M. The
data shows that the level of TL-8, cortisol, serotomn, IL-6, and TNF are variable depending
on the IBS disease state of the patient. Thus, these cyiokines and hormones can aid in
diagnosing IBS in a subject. Interestingly, the levels of the cytokines and hormones are
different depending on the time of day that sample was taken. Linear regression analysis of
cortisol levels showed that the cortisol level in a pro sarople 18 highly predictive of healthy

controf versus IBS-D (FIG. 17).

182671  The relationship between cortisol and cither hormones or cytokines was
investigated. WNo other significant associations were found between the level of cortisol and
the level of other markers in the data set from the cobort (FIG. 18). There was a non-

statistically significant association between {L-6 and cortisol {(p=0.0674).

[8268] The data was analyzed and used to generate a ratio of cortisol to 1IL-6 for cach
patient set. FIG. 19 shows the cortisolIL-6 ratio for healthy control patients, and those with

IBS-C, IBS-D or IBS-M.
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[8269] The analysis was expanded to identify an association between a stress hormone
{e.g., cortisol or BDNF) and either another stress factor, a bacterial antigen antibody marker
{e.g., EcFLC, SFFUC, CiFlaA, CiF1aB, EcEra, £cOFIC, EcFrvX, EcGabT, (G81-045, (j¥1-
128, C781-008), mflammatory cytokine marker, (e.g., CRP, SAA, ICAM, VCAM, Pl or
mast cell marker (e.g., PGE2, histamine, tryptase). FIG. 20 shows the cortisol based
analysis in graphical forra. FIG. 21 shows the results of multiple linear regression on log-
transformed variables. The method is based on evaluating the relationship of one specific
marker to cortisol while controlling for the other markers of the data set. FIG. 22 shows
that the ratio of cortisol 1o the bacterial antigen £cOFIC is significantly different among the
patient groups (F=3.343, p=0.020). Thus, the ratio of cortisol: EcOFUC is predictive of IBS
and can aid in the diagnosis of IBS and/or subtypes thereof. FIG. 23 shows the level of

cortisol in the healthy control, IBS-C, IBS-D, and TBS-M patients.
Example 6: Predicting the Immunogenic Sites of Bacterial Antigen Profeins,

18270]  Thus example llustrates a method for predicting the tmmunogenic sties {e.g.,
regions) of bacterial antigen proteins. A peptide corresponding to the immunogenic site of a
bacterial antigen protein can be gencrated and used in the methods described in, ¢.g,, to
capture antibodies against the bacterial antigen located in a sarople, such as a seram sample

from a human suspected of having or having IBS.
IR Methods

(6271}  Using EMBOSS software which is open source {(see, e.g., Kolaskar ef af. {1990}
FEBS Letters 276:172-174), it was possible to predict antigenic sites of the antigen proteins.
The software incorporated 169 antigenic determinants, which were experimentally
deterroined. Tt selected those 156 which have less than 20 anuno acids per determinant
(total 20606 residues) and calculated fAg) as frequency of occurrence of each residue in

antigenic determinants [RAgy=Epitope_occurrence/2066].

182721 Hydrophilicity, accessibility and flexibility of the protein segments was assessed
according to known roethods (see, e.g., Kolaskar ef al.; Parker JIMR, et @l (1986)
Biochemistry 25:5425-5432). In a given protein, the surm of the hydrophilicity,
accessibility, and flexibility parameters for each residue of a 7-mer was assigned to central
residue of 7-mer. A residue was considered to be on the surface if any of the 7-mer values
was above the average for the protein. These results were used 1o calculate the frequency,

(s}, of occurrence of amino acids at the surface. This method was used for the 20 paturally



WO 2014/053996 PCT/IB2013/059045

pecurring amino acids, as desenibed by Kolaskar er ¢f. Values for B, Z, X were calculated
using weighted averages frora Edayhoff.dat (Dayhott data) and were ignored when

calculating totals, Antigenic propensity, A{p), was calculated as A{p) = H{Agyf{s).
18273} Antigenic determinants were predicted using the following steps:

5 1) the average propensity for cach overlapping 7-mer was calculated and
assigned to the central residue (7e, i+3});
2} the average Alpley was calculated for the whole protein;
33 (8)  A{p)ay =1.0 for the whole protein, then ali residues having A{p) >
1.0 were considered potentially antigenic;
19 3y (b If A{p)ay < 1.0 for the whole protein, then all residues having A(p) >
Alp)ay were considered potentially antigenic;
4} 6-mers where all consecutive residues were selected by step 3 were
considered to be antigenic determinants.
16274] The parameters selected using the methods are summarized i the following Tabile

i1,

[
|77

Table 11. Parameters for predicting antigenic determinants.
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Ocourrence of amino acids in o -
AnGigenic T R Fregiu eney Fre%uency Frequency
Arning Acid Epitopes | Surface | Protem gy {5} Al
A i35 328 324 0.065 0.061 1.064
B iG7 334 410 0.052 {3,062 0.827
C 53 97 136 $.026 8.0148 1,412
D i18 352 414 0.057 .066 (0.866
E 132 401 499 0.064 8.675 (.851
F 76 180 305 0.037 0.034 1.091
G 116 343 487 0.056 0.064 (3.874
H 59 138 191 0.029 0.026 1.1035
i 26 193 437 0.042 8.036 1.152
K 158 439 523 8.076 $.082 .93
L 149 308 684 0.072 $.058 1.28
M 23 72 152 0.011 0.0613 0,826
N 94 3i3 407 {0.045 (3.058 0.776
P 135 328 411 0.065 8.061 1.064
Q 99 252 332 0.048 0.047 1.015
R 106 314 394 0.051 0.058 (3.873
S 168 429 353 0.081 .08 1.012
T i41 401 522 0.068 0.075 {.909
N 128 239 515 0.062 8.045 1.383
W 19 55 103 0.009 0.01 .893
X 11H 306 453 0.057 8.657 1,025
Y 7i 158 245 0.034 {.029 i.161
Z 119 342 433 0.05% 0.064 (.916
Total 2066 5340 7944

il Results

A, Antigenic Fragments fer fcEra

18275}  Using EMBOSS software available on-line, it was possible to predict antigenic
fragment sequences of EcEra.  The highest antigenic fragments appear in FIG. 24, The 3
g o 24 g g PF

highest antigenic scores for FcERA are as follows:

b, Score 1.213 length 13 atresidues 86->98 *

Sequence: IGDVELVIFVVEG (8EQ ID NO:D)
86 98 Max_score _pos: 92

b

Score 1.194 length 14 atresidues 116->129 %

Sequence: KAPVILAVNKVDNVY (8EQ ID NO:2)
116 129 Max_score_pos: 120

3. Score 1.166 length 15 atresidues 207->221 *

Sequence: GAEBLPYSVTVEIERF (SEQ D NO:3)
207 221 Max_score pos: 213
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[3276]

The foregoing fragments can be used alone or in combination in the mwethods

herein to bind to the autoantibodies in a sample.

B.

9277

Amntigenic Fragments for £cGabT

Using EMBOSS software as above, it was possible to predict antigenic fragroent

sequences of £cGabT. The highest antigenic fragments appear in FIG. 25, The 3 highest

antigenic scores for £cGabT are as follows:

I

g\)

C.

10278]

Score 1.201 length 16 atresidues 300->315 *

Sequence: GNPIACVAALEVLKVF (SEQ 1D NG4)
300 315 Max_score_pos: 308

Score 1.197 length 44 at residues 49->92 *

Sequence:
GIAVLNTGHLHPRKVVAAVEAQLKKLSHTCFQVLAYEPYLELCEL (SEQ ID
NO:5}

49 92 Max_score pos: 80

Score 1.194 length 25 at residues 383->4Q07 *

Sequence: KGLILLSCGPYYNVLRILVPLTIED (SEQ ID NO:6)

383 407 Max_score_pos: 399

Antigenic Fragments for £cFrvX

Using EMBOSS software as above, it was possibie to predict antigenic fragment

sequences of EcFrvX. The 3 highest antigenic scores for EcFrvX are as follows:

I

10279]

below.

Score 1.258 length 15 at residues 303->317 *

Sequence: RPYVALCLPTRYLHA (SEQ ID NO:7)
303 317 Max_score _pos: 307

Score 1.212 length 22 at residues 215->236

Sequence: SAEHIKPDVVIVLDTAVAGDVP (SEQ ID NO:8)
215 236 Max_score pos: 224

Score 1.16{ length @ at residues 54->62 *

Sequence: PKVAVVGHM {(SEQ D NO:9)
54 62 Max_score pos: 58

A sumimary of the antigenic peptides for the £ Coli K12 proteins is provided

Table 12. Antigenic peptides for £. Cofi K12 Proteins

Antigen SEQID Peptide sequence EMBOSS

80
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NQ: antigenicity score
{residue with
MBX SCRre)

SEGID  {“IGDVELVIEVVEG™ 1213 (aa 92}
NO:i
SEQID |V KAPVILAVNKVDNY' 1.194 {az 120)
FcEra NO:2
SEQ I YGAPLPYSVIVEIERF? 1.166 {22 213)
N3
SEQID | "VGNPIACVAALEVLEVE™” 1.261 (aa 308)
NG44

SEGID | YGIAVINTGHLHPKYVVAAVEAQLKKLSHTCFQVLAYE

- ; T on 1.212 (aa 80)
EcGabT | NOS  lpyLELCRr” (aa 80)

SEQID KGLILLSCGPYYNVLRILYPLTIEDY 1,194 (aa 399)
NG
SEQID  PRPVVALCLPTRYLHAY 1.258 (aa 307)
NG:T
S BGARHIKPDVVIVLETAVAGDVES® 1.212 (32 224
EoFrvX ,%Q‘ID ATAY VAGDY {aa 224)
NO:8
SEQID {MPKVAVVGHM™ 1160 (aa 58)
N{3:9

D. Antigenic Fragments {or Flagellins

182881 For flagellins the hypervariable region {approximately aa 200-500) is established
in the literature to be antigenie. The highest antigenic fragments of the flagellin peptides of

the present invention appear in FIG, 13,

Example 7: The Presence of Antibodies Against Commensal Bacterial Antigens

182811 This example illustrates that detecting the presence or level of bacterial antigen
antibody markers in a sample from a subject can be ased to determine whether the subject
has IBS, e.g., IBS-D or IBS- M {(IBS-D/M}. The study corapared the level of an array of
bacterial antigen antibodies such as antibodies against: LaFre, Lakno, LjEFTu, 8f0mpA,
PrOmpA, CplibA, CpSpA, £fSant and ZmOsp in serum samples from healthy controls and
IBS patients using the assay method described in Example 4. The results demonstrate that
individuals with IBS-D or IBS-M have a lower level {e.g., amount or concentration) of

particular bacterial antigen antibodies compared to normal, heaithy individuals.

18282} The levels of antibodies against L. acidophilus Eno, L. acidophilus Frc and L.
Johnsonii EFTu were not statistically different between the healthy contrel samples (n=295)

and the sample taken from IBS-D or IBS-M (IBS-D/M) paticats (n=229) (FIG. 27A-C).
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182831 The level of antibodics against 8. fragifis OmpA also was pot statistically different
{p-vahuic=0.0814) between the healthy controls (n=35) and the IBS-D/M individuals (n=34)
(FIG. 28A5. However, the level of antibodics against Prevorella OmpA was statistically
different (p-value={0.0377} between the healthy group (n=33) and the IBS-D/M group
{(n=29) (FIG. 28B). In particular IBS-I/M patients had a lower level of PrOmpA

{(PrevOmpA) compared to normal controls.

162841 The levels of antibodics against C. perfringens 10bA, C. perfringens SpA, E.

Sfaecadis SA (Sant) and L monocytogenes Osp were not statistically different between the

healthy control samples (n=18)} and the sample taken from IBS-D or IRS-M (IBS-D/M)
patients (n=22) (FIG. 29A-D),

[6285] The cxample illustrates that the assay method described herein can be used to

determine the level of bacterial antigen antibody markers and to aid in the diagnosis of [BS.

18286} All publications and patent applications cited in this specification are herein
imcorporated by reference as if each individual publication or patent application were
specifically and individually indicated to be incorporated by reference. Although the
foregoing invention has been described in some detail by way of illustration and example
for purposes of clarity of understanding, 1t will be readily appareut to those of ordinary skill
in the art in light of the teachings of this invention that certain changes and modifications

may be made thereto without departing from the spirit or scope of the appended claims.
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Informal Sequence Listing

SEQ 1D NO:
EcEra peptide (position 86-98)
IGDVELVIFVVEG

SEQ D NO:2
EcEra peptide {position 116-129}
KAPVILAVNKVDNY

SEQ ID NO:3
FEelra peptide (position 207-221)
GABLPYSVTVEIERF

SEQ 1D NC4
£eGabT peptide {position 300-315)
GNPIACVAALEVLKVF

SEQ ID NO:3
EcGabT peptide {position 49-92}

GIAVENTGHLHPKVVAAVEAQLKEKLSHTCFQVLAYEPYLELCE!

SEQ ID NO:6
EcGabT peptide {position 383-407)
KGLILLESCGPYYNVLRILVPLTIED

SEQ D N0
EcFrvX peptide (position 303-317)
RPVVALCLPTRYLHA

SEQ D NOS
EcFrvX peptide (position 215-236)
SAEHIKPDVVIVLDTAVAGDVP

SEQ D NO:S
EcFrvX peptide (position 54-62)
PEVAVVGHM

PCT/IB2013/059045



S P S N S

~1

o]

W B G

jorp

~3}

b

BN IS)

3 [N (e

L.

v

WO 2014/053996 PCT/IB2013/059045

WHAT IS CLAIMED i8:

i A method for aiding in the diagnosis of irritable bowel syndrome
{IBS) in a subject, said method comprising:

reasuring the level of an array of bacterial antigen antibody markers ina
biclogical sample taken from the subject;

applying a statistical analysis to the measured level of the array of bacterial
antigen antibody markers to generate a bacterial antigen antibody marker profile; and

comparing said bacterial antigen antibody marker profile to a diagnostic
model to determine whether the individual has an increased Hkelibood of having IBS

compared to being a healthy control.

2. The method of claim 1, wherein the array of bacterial antigen
antibody markers is selected from the group consisting of antibodies against: &, cofi FiC, 8
Jlexneri FUC, C. jejuni FlaA, C. jejuni FlaB, E. cofi OY5THT FUC, £, coli FrvX, E. coli
GabT, C jejuni 81-045, C. jejuni 81-128, and C. jejuni 81-008, £. coli Era, £. coli FocA, E.
coli FrvX, B coli GabT, E. coli YbaN, E. coli Yed(G, E. coli YhgN, E. coli YedK, E. coli
YidX, L. acidophilus Fre, L. acidophilus Eno, L. johusonii EFTu, B. fragilis OmpA,
Prevoteila OmpA, C. perfringens 10bA, C. perfringens SpA, E. foecalis Sant, L.

monocyiogenes Osp, and combinations thereof.

3. The method of claim 1, wherein the array of bacterial antigen
antibody markers is selected from the group consisting of antibodies against: S/FUC,

CiFlaA, CiFlaB, EcOFLC, SeFB, C/GT-A, (idmh, CCgtA and combination thereof.

4. The method of claim 1, whercin the array of bacterial antigen
antibody markers is selected from the group consisting of antibodies against: EcFHC, EcEra,
EcFocA, EoFrvX, EeGabT, EoYbaN, EcYedG, EcYVhgMN, FoYidX, EcYedK, and

combinations thereof,

5. The method of claim 1, wherein the array of bacterial antigen
antibody markers is selected from the group consisting of antibodies agaimst: LaFre, LaEno,

LiEFTu, B0OmpA, PrOmpA, CplObA, CpSpA, £fSant, LmOsp, and combinations thereof,
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6. The method of claim 1, wherein the step of measuring the level of an
array of bacterial antigen antibody markers comprises:

contacting the sample with at least one bacterial antigen or an antigenic
fragment thereof to transform the bacterial antigen antibody present in the sample into a
complex comprising the at least one bacterial antigen or the antigenic fragment thereof and
the bacterial antigen antibody;

contacting the complex with a detection antibody under conditions suitable
to form a ternary complex comprising the at least one bacterial antigen or the antigenic
fragment thereof, the bacterial antigen antibody and the detection antibody;

and detecting the ternary complex which correlates to the level of at least one

bacterial antigen antibody marker.

7. The method of claim 1, whercin the statistical analysis transforms the
level of the array of bacterial antigen antibody markers into a bacterial antigen antibody

marker profile.

8. The method of claim 1, wherein the diagnostic model comprises a

hacterial antigen antibody model.

9. The method of claim 8, wherein the diagnostic model s established
using a retrospective cohort with known outcomes of a clinical subtype of IBS and healthy

controls.

i9. The method of claim 8, wherein the bacterial antigen antibody model
is derived by applying logistic regression analysis to the level of one or more bacterial

antigen antibody markers determined in the retrospective cohort.

it The method of claim 1, wherein the method further comprises

determining the level of an array of mast cell markers in a biological sample
talen from the subject;

applying a statistical analysis to the measured level of the array of mast cell
markers to generate a mast cell marker profile; and

comparing said mast cell marker profile to a diagnostic model to determine
whether the individual hag an increased likelthood of having IBS compared to being a

healthy control.
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12 The method of claim 11, wherein the array of mast cell markers is
selected from the group consisting of B-tryptase, histamine, prostaglandin B2, and

combinations thereof,

i3 The method of claim 1, wherein the method further comprises

determining the level of an array of stress factor markers in a biological
sample taken from the subject;

applying a statistical analysis to the measured level of the array of stress
factor markers to generate 2 stress factor profile; and

comparing said stress hormone profile to a diagnostic model to determine
whether the individual has an increased likelihood of having IBS compared to being a

healthy control.

i4. The method of claim 13, wherein the arvay of stress factor markers is
selected from the group consisting of cortisol, BDNF, serotonin, CRF, ACTH, and

combinations thereof.

is The method of claims 11 or 13, wherein the diagnostic model is
established using a retrospective cohort with known outcoraes of a clinical subtype of IBS

and healthy controls.

i6. The method of claim 18, wherein the diagnostic model comprises a
bacterial antigen antibody model, a mast cell marker model, a stress factor marker model, or

combinations thereof,

i7. The method of claim 16, wherein the bacterial antigen antibody
maodel is derived by applying logistic regression analysis to the level of one or more

bacterial antigen antibody markers determined in the retrospective cohort.

18 The method of claim 16, wherein the mast cell marker model is
derived by applying logistic regression analysis to the level of one or more mast cell

markers determined in the retrospective cohort.

9. The method of claim 16, wherein the stress factor marker model s
derived by applying logistic regression analysis to the level of one or more stress factor

markers determined in the retrospective cohort.

86



3

[

WO 2014/053996 PCT/IB2013/059045

24 The method of claim 1, whergin the method further comprises
classifying a diagnosis of IBS as IBS-constipation (IBS-C), IBS diarrhea (IBS-D), IBS-
mixed (IBS-M), IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI).



