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gene is selected fromthe group consisting of those found in Table 6. In a
nore preferred enbodi nent, the gene is selected fromthe group consisting
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[0028] The figures fromUS Patent Publication No. 2008/ 0085524, filed
August 14, 2007, 5are herein incorporated by reference in their entirety
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[ .Introduction [0029] Irritable bowel disease (IBS) is a highly preval ent

funct i onghngasi el deteREbh Rakerk QatoSs RN 0SSt sinioihd Be BN RAPH: #hd ANBH
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bi osynt hesd Sirsaagd 88 séhil HOntdRESI6AleM (i) detéinifle GARhTIGALREOHroBR(HosUPP!
3):S184-93 (2005); Coates MD et al., Gastroenterol ogy 126( 7%: 1657- 64
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Neur 0gastorRHRRIRS| RBEM 14 DSy ried Graipe SR IhTeRUrsFoty B SErsioh of y.
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justify the devel opnment of a sinple but sensitive and specific assay to
assi st 10cl4big ¢i ans to nake a confident diagnosis of LBS. Towards this
goal, Prometheus Laboratories devel oped the first bl ood based test for IBS
whi ch cofj®il2} s Id fetsaother ipecrathk i sseatidvanioal [govitdéduinethbe fordskigh g ah@apy
associ ated with biochem cal or ghysi ol ogi cal pat hways that are involved in
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wi de gen‘ga%%?ﬁlngg éiCSHlPlfngPmeﬁ&g tégﬁ e%‘k%’r@%%‘inbﬁmggfbﬁﬁ RNg bigmerksge) sanpl es
taken fromapakiedis I‘Mfttﬁbécﬁxgy ifR@r ' i ' '

mucosal ti ssutgt( Sch?rul son 2 l%&%?%@ggﬁﬁﬁﬁgiﬁga%& C%O %eg&?&%%glsglgs
(199%9) ) . repongleea firdt referenemlemelvassavirehenthtiBS roe asxétd réfermmce tpakkdssociated

transcriptjonal bio 2rs.ibn peri.pheral blo cells of patients with |IBS.
A ¢ hough Lhah AausAee BBt ) Bl Bvesriat b Soni el gt kR ne

l'i t er at UleGembloy\eN@ first kdTere®d kOEISas¥BRiReHIRithUBY, Wh&BIndAE BB SRN AGicRfarker is

publ i shed inflamatory bowel disease study (Tillisch K and Chang L., Curr

Gast r oentedactsd fRrp thiy rpup aonsging 2608y fourdria TabBye Ihavethenembwtiendnt te fi r st
m croarray study to identify gene expression bionmarkers in peripheral blood
sanpl es taken from LBS patients and healthy subjects and the results are
presented in this publication. [0034] In current clinical practice,

di agnosis of IBS is based on synptons p#esented by the patients plus the
excl usion of other gastrointestinal disorders. This practice |eads
clinicians to 30order a wide variety of tests before making a confident

o o Y 1 N~ Y T o, Y " o . a a1



[ 0035] A gene expression profile study of IBS patient sanples has been
reported using signoid colon nmucosa. Although "surrogate" biomarkers in
peri pher avolzbuade458l | s in patients 15 with | BS have beeRCTA[SITHOE8099
previously, the narkers were selected by data mning froman existing

i nfl ammabQeyis BAv&Ed fhaehs gro%blé@}{mstﬁ«?g U BuERATBY G B  Abrelfireflbgcovery
of novel "surrogate bionmarkers that wll better facilitate the 'diagnosis of
I BS. | ooelﬁpomhenp tleesgant i spbested foem tluenglone corspigg of fhasé faund in Aeklefeed

t hrough the discovery of novel gene expression markers useful for the

di agnosi p0oasy 5 e§eas embodinleBs, th%ﬁne%édé@’[tﬁd Pﬁv&ﬁhdﬁl faftR& doddprisé bidysifysigng
peri pheral whol e bl ood sanples from3 | BS-D | BS-C patients and heal t hy

vol unt eep&uplppas an B@Sﬁ@@&t@ﬁtﬂ@ @Bb- %Iﬁsﬂdlﬂﬂh@@ KIBeQrDa IBﬁdnﬁééKmWoﬁﬁﬁnt eers

of tho i Bihete o, S el B IME (PR PR gl 1B PRHRE N TRenca 1™

pat i ent spettdh ﬁﬁﬂiehyomplhw’tﬂ%i’fﬁmg-ﬁhﬁmmgaﬁfpﬂ@% £l shitdinpatofy bevaf

sel ected genes was further verified by real-tinme quantitative 25pol ymer ase
chai n r edie¢358 41BN PT BRi-1RIA sepkehe sel ect ed genes was conducted in 22 1BS-C,
17 I1BS-D, 12 IBD-M and 21 healthy volunteers. The expression data was
anal yzed[0#d#hg Ivuértdipembbdigiests theReghedssiondiagmebitalitto mdnttoesg ther edi cti on.

pat | ent sPREBTRRAT FHES0BLERS A R SOEaPRLY I OBuRES FRalIeUESBPbssi on
of thpse,gengs, yas sf é&r ﬁ‘n&%rof(%%@frﬁﬁ(eksnfomg’ LETHIOQ0T 48 b ST A6 | 4n@ T3PMREE Chi ng

gut biopsy tissues. [0037] The present invention has inportant inplications
for IBS Hi etgcmnlsadnﬁomtsekamﬂ@ds furthen eomppess tthepdetedtioniofiadmmarker seleeted novel

| BS k d f
for, CandiBR CRBTYBRESFER b1t ity edrorh HE8E rar Berro SBeRkAtaoc:
these nﬁSK&hﬁmﬁ%{?_e§éHi@\h§iH@MUHoﬂ? AXdn$itnhiBRbEY ARy basadi-gisagnosi s of [BS

WO 2011/ 066458PCT/ US2010/ 058099 I n yet anot her aspect, these markers can be
used i n Bewsivamingse (T Ehaeitedy. sbpesiabini ampirirapeiaieprrisose (¥MPea campledr t he

di agnosi 0 fi i u e t he
Fol ' gt Faralh ARPEAVP P sk rn R Bl Ao ropipkiy DS o BBl o

ot herw selph{i@!)ﬁ)a]m)T ae at:ter-mveﬁh gpﬁdtélm 08 100nbidtte a fibkidopgside, @ldioniargent-0
Cat egorl ze" a sa a di sease state. In certain iInstances,

"cl assi f iflaigd p?pglds égé*&l?dfﬁ %‘F%Xkll%lf‘: gyel llé\f‘ieH@Ff’é‘ém EFRHF P RPAR T EASHEOsmORg
bot h. I n«@efl A LoROH {;lstgmt EF} I‘i‘fﬂdaé }%féﬁnn%ﬁﬁédﬁ ying use a
so-cal | ed trdining set I es havi ng novvn sease states. "Once
est abl i sbaprotdache, Iuemangh@b]g MODdé(EARgéﬁ SETVRS ramtd{ebmpqrtmn(ﬁﬂéﬂu“) or tenpl ate

agai nst which the featu an unknown a ared,.in order to
oo Mo da gt yéfﬂa&ygyatfm%%ffﬁm%?mw 2uT § SPHbITAEEn N cos.

cl assi fyjRgokhe sanple is akin to diagnosing the di sease state of the
sanple. In certain other instances, classi fyi ng the sanple is akin to
differen ' n gase st.ate of th Ie fro anot her sease state.
51 00407 AR £ & kG HREESRLSERE e matniRPR R wrRE AT AL SRRt o

f unct i onadteddeinglg @y&m&ﬁrpsofqbaxzﬁ&&@rshwntpyorﬁ @J@oﬁlé i@t Byt yOaEntifpmgudi ng,
but not limted to abdom nal pain, abdoninal disconfort, change in bowel

pat t er n, teERENEs OTrPE YTty OE AUISAY OBO RENDteBVIErraidtiadiviflual apd slassfying said
Conetd el L PRSELL by hURyROESIGE by SR PO ST ENEN B,

synpt om mafkep padiderambsad syrhdtpmdirafitehea- pr edom nant (| BS- D) ; (2)

consti pati on- predom nant (I BS- C) and (3) IBS with alternating stool
pattern A s
(155 Ny . (RGeSOl PRE P RTE fe RonfoHTRH

post - i nf tetdetailsd H8SriptiBSamk] figueOMadiollohe term "sanpl e" i ncl udes any

bi ol ogi cal speci nen obtai ned froman individual. 25Suitable sanples for use
in the present invention include, without limtation, whole blood, plasm,

serum saliva, urine, stool, sputum tears, any other bodily fluid, tissue
sanpiks (e.g., biopsy), I&RHEFCEESGMPT@N@CTH&%AWC(% g., red blood

|l ul f d h |
The use WPIZL Tidire 2 R BASEBEE A ERRSKT B or B8 Fhbfianch B e, Fhe o
art (s eeellgﬁt tghininpRSMpIRES aftbr ;ﬁrbcessﬁhg v&d the RNIARgoMIBh. Sahipled¥GBEnd 1997) ) .

300ne skilled inthe art will appreciate that sanples such as serum sanpl es
can be diluted prior to the analy5|s of marker levels. WO

2011/ 066458PCT/ US2010/ 058099 [0042] The term "bi omarker" or "marker"

i ncl udes any di agnostic marker such as & biochem cal nmarker, serol ogical

mar ker, genetic marker, or other clinical or echographic characteristic
that can be used to cIaSS|fy a sanple fron1an |nd|V|duaI as an IBS sanple

o B T T S S - .




markers (e.g., RNAs, nRNAs, m RNAs, non-coding RNAs, proteins, and the
like) in a 30 sanple taken froma subject. A "gene expression profile"

i ncl udes WoOgetl/wh45gene expressi on data that represents POE/UIRII/OKFRMNA

m RNA, and/or non-coding RNA | evel s of one or nore genes associated with

I BS, 1BD¢orPdspBniéiBePe sEﬁFIe@,quGS,LA, %ﬁ&“s%%rreﬁoo'h&wmsl@ BA®tidee7, &R i ncl ude a
set of data Fhat represents the presence, severity, frequency, and/or

dur at i oncafespoed wrheathecaympsanpleassoci ated with 1BS and/or 1BD. WO

2011/ 066458PCT/ US2010/ 058099 [ 0044] The term "individual,” "subject," or
"pati ent foougpPi FEidss ¥ i@hGEfed @nBYIBNSSE thBUdp fHFR iRy BFredBl BBl bhftel d1di Ny,
e.g., other primates, rodents, canines, felines, equines, ovines, porcines,
and the ANEYA[2p8lsE. The term "gene" includes segnents of DNA that are
transcribed into RNA, 5 including nRNA, m RNA, tRNA, rRNA, non-codi ng RNA
and the [0048] THiguresyiliusidiEsabe slus@EnE fdsaltobf UNbpdrméed Neehriticpcdieginpg a

pol ypeptide chain as well as regions preceding and foll ow ng the coding
regi on, 3tp¥sigRerfaimed ngiRg @l proby Seﬁrﬂnrtgﬁélff%ﬁtsed region (5' UTR), and 3'-
untransl ated region (3" UTR), as well as intervening sequences (introns)

| ocat ed [OR20F eFigundidvilldstadtescolian ghap ef trentlsstdrargansgilts of 0hQpédliscligerbehival
"nucleic acid" or "polynucleotjde" includes deoxyribonucl eotjdes or .

ri bonucl E¥FPHRS a%ﬁ%%%wg uﬁlﬁé@@&ﬂn}aﬁk%i Rl s %ﬁ%e-aﬂayS-o@i?gﬁleﬂxgmsgﬁaed
form UnbessisoRelhdipl dom BIhh&ls dftenda Ry AIGRERATERS RIS bBlafcBHl?s
cont ai ni ng known anal ogues of "natural nucleotides that have simlar binding
pr opk® t i 83S-% 2tIRS-C end B dndethynndlirdears weradanahydedpr Affmadtok hreycomaiainganorer
simlar to t | 'y occurrjng nucl eotides. Unless otherw se_15indj cated, a
par ti cul e dact e B b fhsaben B e e AR A 5t SOOI vel
nodi fi edyQEdmples RAPMAReE Befbs thARBLEEV AL Eref@ide o HlebSbiabtbxB&Ion iUl s,
splice variants, orthol ogs, SNPs, and conpl enmentary sequences as well as

t he sequesiess adkgxpedinenty. %«i@ﬁnclath@at.es Spesithdt @eel dogreaspsiyeliéive taethe gderage
substitugi &%k%ﬁ%h%? achi eved by generating sequences in which the third

position @ﬁ one or fore selected (or all) codons is substituted with m xed-
20base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res.,

19: 5bB1 (0084} ) Figyie iklgstertesy multilimegsignal gsalipg plop pvisedize sisogparites) ;
Rossol i nj . . 8 - nucl eic acid
s used Tons Srmpledlspd O et RS AR of (I O (e
MRNA, m tRNA, T ,. etc.). .[Q047] The term " pol rphi sot' i ude the
occurr en_@gﬁa} ﬁ\ANQIrSﬁm?téatﬁéhépflgﬂpéygoﬁ’&&%taﬂfr?ﬁé‘g r%#l’{{grﬁéfi ]iegié’l%tgébenc_es or
al l'el es kv IRAPHaAY pORentAT tR] VIRGBNES 8 &:@laihdiCh B Sorf Hendi USmPbnapl. Ch
di vergence occurs. ‘A pol ynorphic Iocus can be as small "as one base pair
(si ngl e hbelight nloie(By shyweihgseparptiar of ShiPyanaplechynthe ¢emp? psacipal dompentiton or
del etion of nultiple nucleotides. Polynorphic markers include, but are not
i mig@ed (0237 edigiret 7ANCHN@@AR NolER0 G dis BOIhY FOMphAIi SoiEhetwedni cabth aingfrber of
tandem r epeat s (VNTR's%,t hypervari abl e 30regi ons, mnisatellites,

¢

di nucl eogioyes.spgraieally. betivseit (AbBSde 2nd gBat gropps. (B IR -Eoridenirebgiaes,
si npl e s%gygpl Sgggﬁggg%yﬁggoﬁﬁsertion el ements such as Alu. The first
e I

identifie eis ar ar1-l'y designated as the reference allele and
ot her alleles ﬁge designated as alternative or "varignt alleles.” The

al l el e ot¥afti AdeuwrsSilipstederdhe repuitholba R PSRt wlidgtpripalir SHTGrentiad 88ls mes
referred t v t 7 Al kol Ol i gous
or het or ssaee s BOA TR R B ATt P S PO R e T SR OB P B
The @ar i dhtIBalT,dB8-Irpandaontrely(HiOtsupjeoduce an observabl e physi cal or

bi ochem cal characteristic ("phenotype") in an individual carrying the

variant pjoze} e Figiles 9Xa0RIRirafe hakdsaid oR4R BIPERPMidalibiebf thBQifeReM M béde
activity of a protein encoded by a gene of interest. 5[ 0048] A "single

nucl eot i ekpressiopmiithehsedentedogandigiie bigeatliess insamples frpmplBShVe 8516 IBEdupindd by
a single n¥C|gﬁ¥§de<¥hiCh is the site of variation between allelic
sequence9¥1$% 'P%J?é&usually preceded by and foll owed by highly conserved
sequences of the allele (e.g., sequences that vary in |less than 1/100 or

1/ 1000 nH036} s Figune, é%cfé) dlustrpiriby resultsapfrealdiveg quangfative $CRyealidation of the

subst i tutj f L d . r.phi | LR, 10
randd ¢ SR8 el Nl LS e FIDELS ARHBRE ALt M-

pyri mi di agIB8LDaad bettrapyHVykahjegs. A transversion is the replacenent of a
purine by a pyrimdine or vice versa. Single nucleotide pol ynorphisns can
al so arise froma deletion of a nucleotide or an insertion of a nucleotide
relative to a reference allele. [ 0049F The term "genotype" as used herein
includes to the genetic composition of an 15organi sm including, for
exanpl e, whether a diploid organismis heterozygous or honozygous for one

o, F A/~~~ - a



WO 2011/ 066458PCT/ US2010/ 058099 [ 0051] The term "nonitoring the progression
or regression of IBS" includes the use of the nethods, systens, and code of
t he presewd 20mveMsBon to deternmine the di sease state (ePGT/USPIesssIee or

severity of IBS) of an individual. In certain instances, the results of an

al gori t hppooe) 9 El%lﬁ‘elﬁeﬁlﬁ‘dtﬁga @bt behl Grlnégﬁérfdtﬁfvem %ﬂfl\@rtﬁrgﬁ@ﬂ%@ﬁ&d to
those results obtained for the 5sanme individual at an earlier time.” In sone

enbodi neEERT .t HE hdd A0S, Tb&éi@dﬁL&ﬁdn@mﬂe@fmm@Sp%;ﬂéﬁiC ilBYdatandn can be
used to g i eD rtogressron of IBS, e.g., by determning a likelihood

f or fgr%gfi‘é’ §ué her rapidly or slowy in an individual based on an
anal ysr s of diagnostic markers and/or the identification or IBS-rel ated

synpt oms [0028] otlfhe figuips SepnhEit Ratent Rublrating &% 249&/Pep024 oflgd dwgustdft 20,

pr esent L . n 10of IBS, e.g., by
deter%1n?%g%§:+ﬂﬁ ﬁ%ﬁthbfﬁ%QF%%156ﬁ§%&%gég?bfﬁﬁé ragrdly or slowy in an
i ndi vi dual based on an anal ysi s of dlagnostlc mar kers and/ or the
identification or IBS-related synptons. [0052] The term "nonitoring drug
efficacy in an indivi dﬂEﬁAﬁlﬁﬁB‘ﬂEi@RfFﬁbﬁ’@OFS\‘ﬁ g\,{,gyﬁﬁﬁatr ng | BS"

i ncludes the use of the net systens of the present invention
to 15det &r m nintroduaiobect i veness of a therapeutic agent for treating |IBS
after it has been administered. In certain instances the results of an

al gorith st Lstical, cl assi e coppared to
those. r oLuefL *giidhun Bob APteit AbR 4 e Ginkalent Bios P B B iolt “Lce of
t he {dher apsrikt srRAARY 50 Bt oﬁﬁ‘laﬁ@rﬁ i Westetr®uhftics NeftR R ghBs prsfendrahei n, a
drug useful for treating IBS is any conpound or drug used {)o i nprove t he

heal t h ofvvomﬁ:e 123@ inglavsiiedinta Hued gr@umwordmg mcdqrmmmtd:m@h symmsmdr ugs such

de
ahi or' de-anaRkGr B Rior R TEEIGRGR: B0kder BeLSRYER BEBTRIEM R gid

opi oi ds, allf@'ﬂz[tﬁ'}glyym’pt(ﬁﬁﬁ @rgﬁﬁurﬁdasand@ahstﬁjaasmg@scApr ant i choI i nergi c agents,
bel | adonna aI kal oi ds, bar bi turates, glucagon-like peptide-1 (GLP-1)

anal ogs, r EE@ cs, free
bases th reo ﬁgé%%gﬂn d?@?gl Vlfn g%gr?tag all%ﬁ% %ﬂ%?{%o lggr}lhgtéél ves

t her £of , smpatbmg $>ettvsl'aen éBS andinthec disbasasabn ahsmdeﬂse Feoéxanﬁﬂé),ﬁﬁheﬁh ehbdine

"t her apeutj cal | ff nt or. dose’. i ncl udes dose of drug t hat
5 capapitiegmmadhopeh gistine D bt Y bS GHEbi i e Cad SRR MEBAS t her oof
For exanpjogiind d‘ial?ﬁ{eﬁR%HEtE;%%hYan%fafb%ﬁﬂdé@ H‘éh&%e Hi‘fﬁ&llfj{d{ﬁsﬁ{%ﬁfs%l'frdn‘i’r

&
treati ng rBs can be the anpunt that is 38 cap ab preventl ng or
rel i evi npatents with HdY. eAsymwhrr@eass@mtmled'm@wms ba&eefrllilésendéBDach@rﬂ can be

L1 eor AP BT o0 o> BouliGuh Ao oS A% SREARAGE IR S50, &7

Sci epge anehsdechnol ogy of Pharmaceuti cal Corrpoundr ng (1999); Pickar, Dosage
Cal cul ations (1999); WD 2011/ 066458PCT/ US2010/ 058099 and Rem ngton: The

Soi . ' D4 tt,
W ams OB B ToBngN R Esigh ek i EBRELC:, ilenty HePDociy” The
present diagsssed 0 spmptontiessedRonmdaitesy, stigeisare aguhneadsbdoatinad painrat el y

5cl assi féﬁng whet her a sanple froman individual is associated with IBS. In
some enbBdFRRiPrisat leanie Br.‘/éspéﬁfnqnﬁv@ﬁfhedrrsr $ QB 3sspdrted PADI P egeRt Wikl e
from an I t a

| carn; nglar o PR R e ST OR LAty SRR oy Sy it bt

pr esEnceamroficavedn mfothaem GIB&omlﬁrk auch. as Theectionalsynpepsiay &htanoyalgis, céxmmc usef ul
for ruling out.one, or d seaﬁes or disord r% th t reserit with LBS-1ike
10 synpt BYRICAR AR | %"dsﬂ“ Fé%“{ﬁ Hteace e mati GHe S HEqrarlicales e gori t hirs
and/ or egﬁgﬁds%al data. Accordingly, the present invention provides an
accurate dragnostic pr ediction of IBS and prognostic information useful for

o esent [00G2h T REhIRESRURE o (it HET B e RobRniRte T o e B8R s '
Syndr onegydoBingl s@v@alsp%c%wb Rﬁﬁﬁath@@%l Oé dydrbgulived fRMGERNRI6tShAg: ()

i sol ating and/ or anpli froma | ogi cal sanple taken fromthe
subj ¥t ; r(ownth%m@étmﬁgbqlﬁel GCseéfrf@pé\dDadoﬂlm Gaﬁmqnfqr FRRupPl - 8d&Bect i on
r eagent t O ent into a
compl ox LSRRG MRt Bk P g LT T BRSO B )

det ect i ngliinb;e: }Plezvmkzc&fThrehe3(®§zrrpd5”e>16 (2008)) hasttetlat filicratiog (Réka Ret zile\(Eﬂn of the
20conpl ex nore closely resenbles a first reference |evel associated with

| BS or a second reference | evel associated with an absence of |IBS, thereby
di agnosing IBS in the subject, wherein he biomarker is an RNA from a gene
sel ected fromthe group consisting of those found in Table 4. In another
enbodi nent , the ‘gene |s selected fronrthe group consrstrng of those found

Y R Y o - T 1



enbodi ment, the RNA biomarker(s) are found in Table 6 such as at |east 1,
at least 2 or at least 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 2902808/06868 35, or 40. In a nore WO 2011/ 066458PTN/SRIBAOIHHID58099
preferred enbodi nent, the RNA biomarker(s) are found in Table 7 such as at
| east 1, G@zgtr)?é?ﬁé{?l ﬁeﬁdto%(Sj:?ﬁﬁB %O7§1B§b&u§’G (Zbal?Ga?ﬁroeJnQeroﬂO% 2@)6}' 13, _141

15, 16, 17, 18, 19, 20, or” 26. [(005’] I'n one enbodi nent of %)he I nventi on,

t he r Bs RNAII(Drit-KEGuikirta MieNA., bl 66(B) 208+c@80 g Barbpraobet al..,havi ng an ami no

id f Lot d 154 to 162,, | th
erbod; meRES ¢ BE) AR STAPEL1S Ok Abr ERud BB sl MoRlcl o
acid sequenrga49k7 20009 QiseéraiiPelLndiaty BirbR rdpdnsd SHATRLtekin iffeBiddnl (p6ét! ar

enbodi ment, "the | BS RNA bi omarker is an RNA nolecule transcribed froma
gene el adtatigus-IBHM. tGieey theupulgiplesposeritiagpahopbepoiegic etiphpgics offhARPhe LTIt 44A,

FOXs. | I ATEPSIPRERT b TErbedt he o biB g el Goss s At el

CCDC144 Areliabl ify bifbjadto i@ MBS Macte bR the télactamichddlihieland k@@MOsHHY OF
subtyping I BS conprises detecti ggBa@Eanel of at |east about 5 bionarkers.
In a pref¥rptem-easpdaiiternto dinprosgdBRlus the ppe degnostisciadyes oftsraurrentiyRs
CCDC144A oo ' ' . ectd ent
compr s o SR8 LS ARE hereogii B B O B R e o 0o hRRP T
conpi®x ¢knigians Wi raakter adwsitidenediagnoyis 0O MPS] Towanlsitige nud| Pometdeuk¥hbodioziat i on
(e.g., mcr oarra%/q\ér bead- based hybri di zation assays, xXMAP assay, northern
bl ot | dofetsiaed trniEEblopgbatsaiten [ By hiahaonsints 1 KeymbRmekendbiiafc aci d
anpl i ficag, , - Rh- i08IR s RORST d the
like). | ?litg)l?g?mgteﬁgermg%dalr %E%tggl,a%gt@%lto ecti g%'%rrggg%ﬁl{) gggp%a{t] ant it%%c?s@ and

t he met hooobfedde germotilitygbrainegitens| nafro) cegupdtion of @ngwne fummtisfi.ofh@at i on) in

ascay. | ENPSRIGRIeSRaNE AR FORERY  Ooaop TPiets Ui Pitarelt POt Gost R b

det ef4n npg tRgedpivegence or level of at |east one diagnostic marker is

typi cal |y whole bl odod, plasma, serum saliva, urine, stool (i.e., feces),
tears, a yother bodily fluid, or _a tissue npl | €, i ) such
ae = snal03RY ddbiRGeBntintion ot SsrpruBobh BRERAERTY frel o fonsrofBBEL Ui
whol e bl ap@nodpic assiBemEb AL a chfididge goe ctd fEbeaPiORsyapptdack as tvailas

i nstances, the nmethods of the present invention further conprise obtaining
the sanpBRIRGWHICIRENG FERIOsSHBarORHnD r GeRe Hresion MECIFnedB st U SAMREstifien
presence 2 i ol i . 61]
T oort af Sl ol B hR3REn RpBnEl AT R £ TR B Dok AR b

det e20m NMW 43d GErnRNA Are J ey KeA): poHR6$ €1998))c dhdbwavat, iion unkddwrawhether
additional protein or serological IBS hiomarker. In sone enhodinents, the
20d1 1 ondier P SUE e rRen TS ROR higmadkedup gt P el YOHEH SOt PGBt
presencer®s  haushgHfuchbeh es218 bidMkels HaBEbednQbportddiiM @he Bbaturseven,
eight, nine, ten,” or nore additional diagnostic markers selected fromthose
f ound i nhdabvee, the nanksse wemudedivel\op0dat 06645 8PCPLLIBROd O1BBE80GOrY hpwed Pat ent

Publ i ti No, 2 .0 524, . filed t 14, 2007, S 1.5 |
honl | cat (oRe3cg T isehes AgDpnae L araha e 8 R e A ¥ (BBDE etk ona
Appl pgat ix@MaReEdluciil thSh/s2Rlorddifay dthdyed i8N 8Ene3kprad 00 bidiRARek ih N sone

enbodi nents, a panel for neasuri n%one or nore of the diagnostic markers 5

descri bederatisva binpd spepées igendrare dB 3 patianseand paltey subdeots/anskihe subamgl e as
an | BS sanpl - type sanple, or a non- IBS sanple. One skilled in
the art %@?n%%%%ﬂggﬁgﬁgp%tﬁt the presence or level of a plurality of

di agnostic markers can_be determ ned sinultaneously or sequentially, using,

for exanflB4] adn grirenislinisal pactine dageasis ofdBoryPIsed 9aIsy@Ptapsresenied tydhe ai n
i nst ances,,: I : j - dj i r..kn: L PEL |'s
sampro BeerEpIb eV ox B R bief bRt SAROLBer TR pridhice Radt ERYKBAVE o
75% 301.00@&pdet 2 5igle LY ofl (@S5S beRBO)Rpkin A%GonB0EXdid3n08s oATEN/, UdbdUmatbl30 %

600% 700% 800% 900% ..or.1000% greater .than the |evel of the sane marker
in a conP&Prheh %?eé%%ﬁmtéhe@}@.s FOUTRE T, lﬁudg%f?%@l?teﬁ%é?c{ %Pt’é‘ﬁ%lﬁﬁf-fyom i ac
di sease ﬁ@%n%%m@g, RRBH Bhé A LldiS2aRd 8§80l @nipling L8 LEFy bRaNaghot&N ffesl eve
of the sane marker 1'n a conparative population of normal, G Tontrol, |BS,
| BD, andimsubets with typiia 8BS eyrmpioplsesii nolataroeicttaias (weight losn Sl @ceshe sthd,

| evel of a rticul a . agnostic marker. i.n the individual's le.is

consi der iRl Fons il R antm. FRRy b pt Al idior oS80 2504
30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% or 95%

| ess than the | evel of the same marker i8n a conparative sanple (e.g., a
normal, G control, M5, LBD, and/or Celiac disease sanple) or popul ati on of
samples (e.g., less than a nedian |evel of 20 the same marker in a

o e N - Y - . 1 N~



5from the group consisting of a randomforest (RF), classification and
regression tree (C&RT), boosted tree, neural network (NN), support vector
machi ne (WBORpP11/@gess8r al chi-squared automati c interacti orCaiaiSectvossoandel |
interactive tree, nultiadaptive regression spline, machine |earning

cl assifi e aRdofAMRLOR] ((ORE BIN& 80k meRES] %Lﬁb&zyof Gﬁﬁoér@é‘ﬂb%g@@7§£@t 2891t2L cal
classifier systemis a tree-based statistical é:Jorlt m (e

etc.) anddir(CQ0RN Petiants ar¢ @zagnpieiddiyahe thptetrtbase Boossrptqrm, wélwﬁlarm

i nstances, the statistical n tistical

cl assifi BFY Ery%tt%’f}?mﬂa P@P%?Vg Fép %‘1 F\ésé%ﬁphoé’ﬁ%{ alségpoélfhﬁsm fier
system codqpéinfedSvith ﬂrﬁ;ﬁ@vé@ﬁeﬁ@d&ﬁﬂ@fée&ﬁmﬁﬁid &lsee rasgohmesiueﬂﬁh ashangRim or C&RT.
As a non-limting exanple, a single learning statistical classifier system
can be ufeauansy oF &s8i afystache The ANRIORS aémoiit%eglamtber(ﬁl qiié‘?fd@BSu@S%Sarrpl e
based | of
a1 east T BoR SEbUA oM RRRE Bhichl pet AL BT HRARIPERINS, 45 24 Ehe"or

in conbi paidnewith IBS vhé physisRNS Roes of&ﬁl\(edirlshmeoﬁoratmdd&aabn@ﬁﬁ!d Slydaﬁgcomo(d e.
synptom profile). The use_of a si n%he | earning statistical classifier

system t919€%%ﬂ“|c>ﬁeséﬂ thas ppplBs nagients sxshnarispn MYV prEClangl-e At fHed sensitivity,
specific t g v, i | nd/ or
ovor al | A B o S R e B R B 31 D 05 B 1o
82% 1B3%2084Y Hx5¥enc8 6¥co-8vpid8R¥fu@sycotPlicatlihe dﬁlgﬁ’@siQBMS 58'49{&0195% 96%

97% 98%. or. 99% [0066]. In certai er instance he statigtical

a1 gor | ¢ e GieamEb TR 5P DRSSt BRI AP P LRV 1 e
syst ens. ofeherRRdm Mg}plm[@uryqyg@r‘(zg@;)b earning statistical classifier
syst ens corrprl ses a RF and NN g., used in tandemor parallel. As a

or obabi | 1S ‘Ang‘)’(%aé‘%dsﬂ%ﬁf?fﬁ taﬂagﬁ%%??%ﬁ’e%ﬁmpﬁ R e

combi nat kigtho EdloR o3t AMHYueh HBrogafd brori¥k € in pé}qmebﬂ blsadellPincdatissk f y
the sanple as an I BS sanple or non-IBS sanpl e based upon the prediction or

pr obkbi | it ISl haae éﬁ@ teperteskprevignsiyi the eragkrs Yriegalssted dyiaraemigg Bemiag or
conbi nat Lo r n

tati ot Sty Rafild &5 po Rl BUAGERUE. ks shOE ABDELATRAE BRBOR S nqvel,
sanpl e asurdspaBSRomarerethwl Wil eusefasilitate theydiagpesidfiBSt y, positive
predictive val ue, negative predictive value, and/or overall accuracy of at
| east byl S 108knd f¥bn R FRY%pB0% LY A2 0B (B AR 0B0%
87% 88% 91% 92% 93% 94% 95% 96% 9/% 98% or 9

2011/ 06645%!1’@@1&5@@6@1@58@9@5 uedsl7ior the dagrsisnsd arpmssis bhBYafa Pdfbtrmtned
fro sing the learning statistica | a 5|f|ers t r t . can he
pr ocds e UETOPHEY sHudy B%g%e?fh@g“ tlévg"rosetﬁ Sple T %%ggc S 6%5&%’(%%@8& be
sel ect ed3 HEQhyEYAMESs. ANAWSt e At AHP ROARSIISAritéig Ad Iealby UbluA¥ess had no

per ceptron, backprop g‘gatl on network, and Levenberg-Marquardt algorithm In
ot her mbtsmm@éIB%os mth@ P@ﬂfl@bldstlﬁéh bes@meéglﬁdqglaéyswfutbmmcr@qmm@tmsed
such as i oL S&LL3 fas 0 6 di-pents, the
nmet hods b‘% Eﬁg eetsogrlzg eIr116\:/sen |Aésr% k‘ Tﬁ({lmé ge(&ler%lssaélH ﬂ(ﬂmﬁgg? hgﬂéﬁon LBS

sanpl e aﬁll@roﬂﬁﬁﬁa}lpredsfﬁd pﬁlﬁmtdﬁrséde&t@&\@éne@ Iv&ﬁ&ﬁl@he(r IvBﬁ1)1ed By reannrﬂealaaﬁtaamee
Classification of the non-1BS sanple can be perfornmed, for exa usi ng

at | éast PohEessechendrasians Viehdahoniad the sedectad ssaes whbvndugief 0bed S & éértain
th t f

o g PRSUTR D, LS EL O Non 0521 SREBLL BRI HbIES uREP | o

gast r oenMaloplediogistioRegregsioe had Rpndeh Foreongediction. a]nahisefashmrbadummﬁ t he

met hods of the resent invention ovi de a_di gsis.in th m of a

pr obabi | PPYELP Ct?%%ﬂnieﬁéisml%lﬂ%hmglis P%@nt%?mgggm whleciievif }a‘ﬂ{}laﬁﬁ}‘é?cycan
have aboyt,s g, ﬂneﬁ%Exla%{%lollr%%hoggéeneg% R camared B wndRGIoP1s ards 60%
1565% 70% /5% 80% "85% 90% %9 or greater probability of having IBS.
In y2d anotdbeng guttbogisgremsuyest he met hods of the present invention further
provi de a prognosis of IBS in the individual. For exanple, the prognosis
can be syy@g] Y THS&APRRAIti0RAhad BASEAR iMpIatiohd o TBSiaZHENIY. PRorQxahBR
devel opnent of one or nore synptons, or recovery fromthe disease. 0670]

I n sone enbeddspesitos thetln@ermoagtrho@ rpvel IEwaeXm@ﬁsmnmkeragamhwwg foBS is

foll owed by 20adm ni.steri I Vi hera i cal ef | ve
hount - ot nGiine PRUTE ebrenisdpr abPBh S Mhe Bas 01 ARTH R EHUG T

I BS. Sui badther dspset dhek@smarkErds e corhtilﬁam%hﬁth@Qk1shhg’f‘s}hﬂ§toirpbasé@ﬂﬁgﬁkﬁb@i(§ﬂ]BS
agents, antidepressants, chloride channel activators, chloride channel

bl ockers, guanyl ate cycl ase agoni sts, a®ibiotics, opioid agonists,

neur oki ni n ant agoni sts, anti spasrmdi c or antichol i nergi c agents, beI | adonna
aI kal oi ds bar b| tur at es, GLP- anal 0gs, ZSCRF ant agonl st s, pr obi otics, free

o " ,___.: ,;____.‘..__I o v o I "



10 sanple, or non-1BS sanple. [0072] In certain enbodi nents, the nethods
further conprise sending the results fromthe classification to a

cl i ni ci arwol2o110@6458i N ot her enbodi nents , the mnet hods fmCERanpm&Mmﬁe a
diagnosis in the formof a probability that the individual has |IBS-A

LBS- C, | BSydPandthet el iRt kers-EQx’?bér%elaCiH%ox%Bmtah@n RAGIRN: séBMRMal on can
further conprise a nistering to the 15individual a therapeutically

ef fecti vmaﬂmmto“ofmahcdmm@)ruh@ﬁnagndscsrandme%nong of B3SA, I1BS-C, IBS- D, I1BS-M
or IBS-PI. Suitable drugs include, but are not limted to, tegaserod

(Zel nor my, al peghitins(Lotronex ), |ubi prostone (Amtiza), rifamxin

(Xi faxan), MD- 1100, probiotics, and a conbination thereof. In instances
where the sanple is classified as an LBS-A or IBS-C sanple and/or the

i ndi vi dub1038k " disaigedberdingtherfollaming tesps|B%e the raeanies apaiher éatheir wiesct i ve
20dosge o S r other 5-HT4 agonist (e.g., nosapride, renzapride, AG
1- oof? gmcggﬁ(ﬁ&ggégadnlnlstered to the individual. In some instances,

when t he saggle is classified as |BS-C and/or the individua

th gnosed
with | Bst@®3 tTrb@rtf‘dﬁbLP&aSéléymg wehudey |t9é55é)ﬁt§'£ﬁ1t°rof0 fAlEFOpED st Bar?éPSIB @taher

chl ori degchapngle %ﬁfﬁb%m{cbé amaggﬁ R&%& ot akiBi bﬁd&ﬁgaahﬁne&l
controlllng |ntest|na actert al ove 1100 or other guanyl ate
cycl ase agdericst or fasinnedaln ermbadumatthehe wpihoidslambgnicsts, of@tasmgym@um soar

ot her neurﬁéﬁnln ant agoni st be adm .ni stered o th ﬁﬂ%ldual I n ot her
| nst ancoSalicgyiBtninn it ol npeles Brirnkatn U as Spss. Bhan ook e idtngual i s
di ag®sedahdiietvBsah baid, RIRR SN tdnfitht ﬁgeﬁfﬁt%ﬁéﬁ’%&@éﬂ%&@& oPhn @AI@SRMr ON OF

ot her 5-HT3 antagoni st (e.g., ranopsetron, 5, etc. 3 crof el emer or

ot her chbampldere compateain medrdpt ockassify thalwmén@mm dmasotsmfro ribeipRplai BN certain

i cyel i BehfeaaBBar Mhed o P BRud PEbHREE R Ohe St e OB Sy 1
addi t i ongdr@bdei MBRhes, ¢IAKifRighRCISand]le tmupfoeﬁﬁeﬁenumgrme @Redseistakesf the
conprise ruling out intestinal inflanmation. Non- limting exanples of

i nt est i nsamplafioansrethesdiseatelstite acute inflammation, diverticulitis, ileal
pouch-anal anastonosis, mcroscopic colitis, |nfect|ous di arr hea, and
conbihat [0046] t Mk eatn “Ikmtaslerm)w}emsymho&ﬁ” ot hBS”nnﬂadldsmagrohmM fanmwdriabn WO
2011/066458PCT/U82010/058099 is ruled out based %ggn t he greSﬁ%fe or |evel
of C reabPVeielignrdere Farpeisitied HYR0e O B1s HYMIQTS At kg Put gt WRat i ons

t hereof . a@d}ﬂﬂﬂggﬁr% B8ddBRal A0 hlrohNcHANSE REovRS REGLm, bHR RNfSEMeqbdhtent i on
provi des a net moni toring the 5progression or regression of
lrritabl boﬁdvmbv@wnm dimerh¢4,B8) CDII'IISU@afSQijtEmEaHYSQIﬂ@ &b@@ﬁﬂ@d)f@tmpm@mﬁg (a)
deternlnln

fromtheS T@L%ﬁ%%n “grﬁéé%kﬁfﬂﬁgﬁhﬁ¥?w@nn§8§' 5p%1 2%I0ak§§égﬁ8&)taken

bi onpg keprepb@inad: (1 PdkAh&E dﬁ:@ﬂ&nf?ﬂa@ﬂ @RS IR} (maﬁé@am@&dbmﬂ (BssOpje€t at
a second180|nt in tine; an aring said first and said second

bi omar kef ﬁBSletfe@ltqrnat(mg)stcuépemq«m ﬁ@%o cBDramikescupinghg famefst mixture of

10r esenbl es ar th
Les (11 meBe RSN HEGHrE U vl R, BF Bt B SRRl Bttt
resenbleggg(ﬁﬁﬁpnd reference profile associated with the absence of IBS, or
(iii) determning at least two of the foregoing resenbl ances, wherein said
o1 omar kefoi P 11830 RS hAL TR g'b?cﬁo AbAbedifiEn SHRNRIH AN af nciiahgast 2
bi omar ke un &4 ere ng progressi on or regression
of |BS 1Suitatdasansedioeote inlthe grmrhmveenﬂ)mmchmm withde lipicwman keholp blxfoid) es
conprise jnformation about the ex%ression of qf@% @itﬂz blonarkeHs ound in
Tabl e 6 BEEHAGSIYR PHYGMIIge, ool gspugim,jeary any othigg bo Yid. tispye sappples .81 6,
17, 18, ila%g néoandzéﬂu?bg extiadts BeredP(d &), ﬁd@l&iﬁdecreﬂﬁﬁr 8XteRe) MRAlprefbR& DI omar ker
proflles C fise Information about”the expression of at Ieast 2 bi omarkers
f ound i neffhbdiement, $lufc$am:p§e Bta deans sar3p164 The usesof SAmpsss sgch aserur, saliga, and, 14,

15, 16, 17, 18 9 0 I n /S d n

i nvent i ol h§ {e¥ ?%%? 3&%W§?¥@re¥sﬁﬁ ?W§&b?2§‘@%ﬁnéizgzé%ggqﬁﬁh I'n
certgpn @Jﬁ@@k‘iu@@ﬁﬁ §1=e al*thﬂﬂl%%?&ibt&%ﬁ%ah&@& JubE adledredlsh@pledladbe Ha@sd ]2313010r at
| east 3, 4, 5, 6, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25,
30, 35, nnmeasdys@ofggﬂmgﬁwe65 70, or nore of the genes found in Table 4.
In anot her preferred enbodi nent, the RNA bi omarker(s) are found in Table 6
such as at least 1, at least 2 or at 25 |least 3, 4, 5, 6, 7, 8 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, or 40. In a nore preferred
enbodi nent, the RNA biomarker(s) are found in Table 7 such as at |east 1,
at least 2 or at least 3, 4, 5, 6, 7, 8109, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, or 26. [0076] In one enbodinment of the invention, the I BS RNA
blonarker i's a nRNA nmol ecul e encodlng a proteln havi ng an anlno aC|d

Y o Y A=~ 1 I~ I~~~ A M — — o P A NS . o




20t he sanple fromthe individual prior to detecting or determ ning the
presence or |evel of at |east one diagnostic marker in the sanple. [0080]
I n certaiwoenbdds4s8nt s, the net hods of the present i nveRCIIAS2E00P800%e
determ ning an RNA | BS bi omarker profile in corrbi nation with an additi onal
protei n A43p! AhefAlhidiitah oTehfler | n@m'ae OflisITE Rlasleer kite A4ddi ti onal
di agnostic nmarker profile is determ ned et ectr ng the presence or
I eveI of biathdneigsltmoker, s¢rolwgicahmerker,fgonet]c manker; os pdher sleniend or e¢hg>lgtqphm ne

re additional, di agnostic.markers_sel ect efo
Tabi o2, THGLE 5 DU ERA0 B BUDA B IO R i8) DUBaEsFan o
August Lhle 3QQhe kSRS Q¢ SbOHAdisABEYs iaSREiafd wigh IB8-1ikDs l\%ﬁétbﬁ%% §2fmpki | ed
June 25, 2009, and US Provisional Application Serial 61/ 256, 71 filed
Qct ober  Bom aGodividvel. [B@Bt@]mrhlogtari@r ePt GEITREM tads0 eaACErapRsiSess any C&ﬁéa@aaﬁmg one
or nore of .th ia ostrc e boye o ted nd
used formr‘arurt)kr?rr oc(riilrar%% eeB‘r“gan SSSR onroﬁ)§glr:aggrg%rgsr enenf%)ﬁfa%% o (% 1n1ca{ One
skilled bdho%ﬁ@hﬁr&lafwbdehst&pﬁhﬁﬁ@n&ie&;s&dlﬁiclﬁé@ﬁy MBS $ROGRe Of it eatﬁiuscféma or
plurality of diagnostic markers can be deternined simultaneous|y or
sequent i glinigal sw‘ztrprgs Nosrligitiygsrampigpod drgpedic As ket suisple (pr @e%mlebe Brgsent
al | quot _ fiveliduitht BcAbed Bkl ARl mRNSAB Grokfls 8513h AabRE bangss, the
| evel of a particula Iagnostic marker int ual s sanple’is
conslider eelotwde.lge F@)ﬁﬁtlﬁdl(ﬂheMAth@AatA(EmtASin@RZ]Z&%PASE%JAIH%lBlOO%
125% 150% % 200% 250% 300% 350% 400% 4 0% 0%.. 600%  700%
800% 90 %Kl\&lréf@eb%) Geeatamplespiisenestepatkesiingly g??ﬁ‘rl Reging S Batent
Sconpar abjpe a8 RLE240R/E85 584, HEdRLgusB4 S Ok Pr&@smhﬁg\ prRAAT s&h Nac
di sease sanpl e) or popul ation of sa%rp (e.g., greater than a nedian |evel
of the sah@2(bikdiled huna 260208¥ and U8 Pp@‘raslbaalrftpplmatmoﬁ‘smmﬂ NoGﬁl/@éhﬁ tblfﬂed BS,

| BD, d/ 0082 . t

ot or | R5PF b 0g e S M SBRuLiseaoared Y RISRe nondt Surand (e
in al§Ubp@@abseﬁoMédxﬁ@&nﬁ&ilﬁleﬁtsndxﬂgldsh@niaﬁt&i cabelised td Eagifyans ifb oxee 10
bi omarkers at a first point in tinme and a second point in tine and

conpar i ns sariaps fenpes| o cipicpk ibiypes . In eiherrantodiaentsretassifigiféananarkars candgat ed

| evel or_ e SOgI I in
o] cocBAR0 SRELAN, Ot R ATREK SR o25508 2 S Mkl Bas JOALRTRE 17
as conpansdcited Wt IBSpllessingions. Dhestbllecnartherart|vri11amsaraflaedﬂnakﬁmtatgrnemd he
subj ect at a first time, is.indicative of regression of IBS in the subject.
I'n anot h#td elsssifisgtpmanikersyiiablefonpsedn dieressnf BYBIIH expression of a

bi omarker is associated with IBS, an increase in the |evel of a bionmarker
in a2Ganlod3} aléfsmséd bereim, Ekmbj:mt‘praﬁlea imémdmdny seref das tha:mna‘emitathet he
expressi on . of t? nar ker in % ifvna fromt g a first
time, isdSHERS ?at}‘ére% 3&%?&%?‘?58 atF%§1 diRSe iy lé Uﬁ é%?é% certain
ot her i NHPNTEs terﬁqf'é%c&%}ﬂﬁses(ﬁ “Bafikiid FdHQr Pﬂifﬂ@”ﬁﬁﬁdn@ﬂﬁ@i §&J ol Mofehe

20i ndividual 's sanple is considered to be owered when it is at |east about
5% 10% dﬁ%oszg%aﬂ%%n BOWHPIB5/sydoem pedile’5he, 1dgBMies ®0%pr BB [BROMxatdb o

80% SfV 90%, 5% | ess n.the.

conpar att ai 5??8%% 9P %rnrt?o%nrra ‘V‘Jétl 18SﬁP%ﬁncmﬁ§§%Eﬁ§t8‘3“8?10&fio?“d0e| i ac
di sepse mhalor@rthda@cﬁulf@t eRdnPIE, Saipnestid atker ploiss dahancladdest andagvel of
the same marker in a conparative population of normal, G control, M, |BD,
and/ or CB¥e} iere3eRis easescsemey lexyl of poogamorediagnos e magesoersaaed WithdBSi n a

reduced | h.

| nor ease TRl G365 P Ayt SpBR RS Gk AT RERRGM PRI SRl B0,
second t pivile a®npoisiagrasdt doddtheoreespoeting antheleviehef dxpessiok @f aintarkersasgl of
taken fromthe subject at_a first tine, |s indi cative of regression of |IBS

in the sBBfiEt(ea-RMABIARNASomERYAdi RASTOdinhRINSSnPrateiisel ARt tICILEG 1N o
exprggsi %ﬂl}qﬂé tekeR! Tx%% ﬁﬁ{]ec‘t S A2 ﬁ’ecé)g;r B)W eﬁr@ﬁllgsmc%dégﬁr sEAFRehPedfbssidnvel  of

a bi omar In a sa aken at a second tinhe, as conpared
to the edsynéssrapresofits tireRNAQ mERKAr miRINA, srad#qntrmntcajdmg RN@rﬂeVdﬂeoEoﬂq @ohorat a

first tine, is indicative ror SSi 0 in the subject

2011/ 06688EPETPE20 01048, DORBIDTHF JEobUHEF™ Bt MBS PLOHE] 88 mar ker
IS consi R alser Hitlat thh&epRE M thlé prESBh&ES §@V‘én¥3h%%qﬁé}f% MR i dnto oh©92
fold change (i.e., positive or negative value) is at P]east about 0.5, 0.6,
0.7, 0. 8¢r Mo, sylnpdomslassocidte@ with IBS andpr IBD5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1,
2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0 or greater, W th respect to the
sane marker in a conparative 5population of normal, G control, IBS, 113D,
and/ or Celiac disease sanples. In a preflerred enbodi nent, the nagnitude of

a differentially expressed IBS bionmarker is at |east about 1.0, nore
pr ef erany at | east about 1. 5 and rmst pref erany at Ieast about 2 5

F AT o o N Y L o



25and the symptom profile can be determ ned sinultaneously or sequentially
in any order. [0088] In sonme enbodi nents, nonitoring the progression or
regressi onoab1V@B&s8BN a subj ect is based upon the di agno®CiraSeeokssosprofil e,
alone or in conbination with a synptomprofile, in conjunction with a

stati sti filyq térp‘m &iRidear * aéu'Bg/ defShA ‘Egmtl”té{;?%@ﬁ{a&fe% {oGRimaRb ARk hisBB 1 s a

| ear ni ng~ st a | stica aSSI er stem statistical classifier
syst em cathebaislsdatleding (4. g.ooththgrigatosipodons icsmiha:’sgfamwsa eqamdgovines.est ( RF),
classificatjon and regression tree (C&RT), boosted tree, neural network
(NN), suB%rG’r“tes'\Pé‘gtﬂ&‘i'mgFachi ne (SVM, general chi-squared autonmatic
interaction detector nodel, interactive tree, nultiadaptive regression
spline, HHYA] ndhedammigege’tinabwles segmentsnaf [ Adshatard warsctibaskief RNy ef er abl y,

t he | ear ni sta fi I 01 66458P / 10/ 058099 assifier system
is a re-gg%@@%w YO E0g! ?%F@eﬂ f%% be KI
(e.g., agddnidned GDNN in@d16ed in ﬂr@@i’c@dg ) ?ol?ﬁéﬁtiﬂle r&hmﬁeg aRUeS redibe [Htalingtangal

| C

al gorl thmi1s a single learning statis classifier system Preferably,
t he si ngfalondng Hierrgdiggaegionisuah agthapsemnoter SSystraralaieshiselonds IRk aad %as ed

osstati st| C?Ans%tgpr%g{ogg%%, §$ wall 5? m%rvgigf rﬁe\%ncaes E%ﬂoh%g&{a't&poe?\%

single | earning st assifirer an be us 0 noni tor the

pr ogr essim@ivi@tal lc8dihg SSidhtOfexbES. i N a subj ect based upon a prediction or
probability value and the presence or |evel of at |east one diagnostic

mar kF(S ( tO(ﬁ%eG&lh%g%}gFgu%%f?@{i&&r ot Q)i nlugl)eotlﬁ’é ’qgauﬁ)és deBx h@l@&t’l W th the

presence” or veri east n synpt om om pro e) The
use of aribomglletidessmi prdgyhositikdrectin eahercligdsi o‘rldeublsss&ammdtfypn .CHnlegs
classifies thes | e as a progressin re,ressin I BS sa i

Feéi@? Cg

r.
sensi ti viRSFIIGEHE terghCPmpasset g‘éﬁ?@ﬁ 59%‘?%’@ QR AP 'I°§Peeso‘? fctive

val ue, apgi,pli nAMESRes 1RE BN AGHiIRf bl‘ﬁﬁl ? er@R0M tthe/ R ¥Wre @ W cléicAcid 8% ard 9%
80% 81% 82% 83% 849% 85% 86% 87% 88% 89% 90% 91% 92% 93% 94%

95% 96%medibgizgBidna ran@e %mlar to natm@[m ©9@]rring| nu@mtiadem thnhaear Oﬁhnmi%ces t he

st at ?tICL ?I orl}thgraé ﬁa |nat|onﬁ% ﬁ | earnin S ]Eatlstlcal
cl as BRETICRAE PR %|a§ PHEES Pﬁ@?llg ygpcqné%s%slgansetr Y&vi cal

cl assi fi gfodsiwst RFBNGE GHREIILS. @eﬁ@ﬁe@d@@c@ddﬂvaﬁﬂ@tmnsNSaﬁgle!; Rpligd el
parallel. As a non-limtin 13 exanple, a RF can first be used to generate a

predi ct i @ﬁhdpg% SOB%bind ¢opn en@ieaw@e@r@%@ﬁ wba&jﬁheg%@m%e&wwéfrmweﬁ | e,
al one or ggg Lifio ég%ehgﬁte\%otdgn SRR LR g{g' cﬁrev %en%PanNg'ﬁ&gfénEmH be

used to erm he sa e correspo I essi regression
of rBs basah tuadﬁrd;heltmneﬂlo@é 0O Mo seﬂ)ﬂscméma(tmlr la]li c;odwzsast isaubniuted evithaniedr
different di agnostl c.marker profile or conbipatiaon of

files.
Adva# ag8agsm Orldﬁwhwmedemwﬁeef #i g N 416 A4 Bat- 3?%@%??%59&1)‘5‘9@%% of
the pr eS e 'J“ﬁﬁﬂtd“l&)e% ChRS R0 mgt<@@8§aﬁeéselle§ezez PARATESS PRghOT3:§ £98 €SSi ng

I BS sanple With a sensitivity, specificity, positive predictive val ue,
negat i ve(2®4)). The term nucleic acid is used interchangeably with gene, cDNA, and RNA encoded

by a gene (e.g., mnRNA, miRNA, tRNA, rRNA, eic.).

[0047] The term “polymorphism” include the occurrence of two or more genetically

25  determined alternative sequences or alleles in a population. A “polymorphic site” includes
the locus at which divergence occurs. A polymorphic locus can be as small as one base pair
(single nucleotide polymorphism, or SNP) or can comprise an insertion or deletion of
multiple nucleotides. Polymorphic markers include, but are not limited to, restriction
fragment length polymorphisms, variable number of tandem repeats (VNTR's), hypervariable

30 regions, minisatellites, dinucleotide repeats, trinucleotide repeats, tetranucleotide repeats,
simple sequence repeats, and insertion elements such as Alu. The first identified allele is
arbitrarily designated as the reference allele and other alleles are designated as alternative or
“variant alleles.” The allele occurring most frequently in a selected population is sometimes

referred to as the “wild-type” allele. Diploid organisms may be homozygous or heterozygous

12



[0091] In sone instances, the data obtained fromusing the |earning
statistical classifier systemor systens can be processed using a
processi yoabyawsh4sBm Such a processi ng 30al gorit hm canPb@/iset1enssed9 f or
exanple, fromthe group consisting of a nultilayer perceptron,

backpr opgagahi 94 %ﬁaﬂa% Tl?e’%ri'aﬁ%ﬁ%g t/%qy%gtroat&%' &beépvam@ H%"@a'i or
i nstances, a conbi nation of such processing algorithnms can 8 such as
in a par hldchd:mmal derdcadrisfia ¢’ mmmtypmrzmmﬁmwsmwmmmeg F[0@092] I n
certain other. enbodi ne t hods of the present .inve n further
conpri se SSERRENYETHE! f Etaé@g[?rrtﬁﬁ SRAYERAUCESHY Y Of { PRI F‘?ﬁogf‘éiﬁy R Y
gastroentgLliogi st or a general practitioner. In another enbodi nent, the
met hods of the present invention provide a diagnosis in the formof a

probapi | i ha .1.B ro sin ;eg in th sub c For 5
Eanpte. 0081 b els abe BER ST B 0 SR PE oo & BRYITE Siscoe ™ 200,
35% OW%C%%CI 3028inSle YucleBfide, &teh i @ sﬂ?:5>%vaﬁ@t%n l%\%engdl’%m O&afends. Theat er
probability of having |IBS that is progressing or regressugg In yet another

enbodi meste lsméaltmmemk;d@v apg éolfsreagdnthiglly sapsesyeds sernanees iribs Akrde (e-8-

r ognosi be
Prgery. SelisatSTritahoR LS00 or DRB0CHRIBLS o (R AABAGLA SRR 0P o
10 of onesmlyrmis& duenp tsabSBitution crfemewe«slyotidetfm hivehetios e@g@lyrhaPhid]sittn Asone

enbodi ments, the diagnosis of an individual] as having IBS |s folloqgg by
adni AP st SiRPYiEOR & thaEePlasamFRiRIAne RUTIAR PR ARRAIBFIGAING OF PRSI RY 1O

drug use t SU|tabIe
55 ar ag o e he ATEE B R B e B H I AR Btk fick o

ant i depr Sasgnhscleatite ol yheorphiamsehn alst xiset foo1s,a dehdtioniodle noblaotids orkBbl ocker s,

guanyl at e c Clase ts antlblo i CS i oi d agoni sts, neurokinin
antagon|é¥? t fa§ﬁg§hﬁaﬁﬁﬂ%Pwaﬂ?| ﬁ%tf%%@% f'c agents, belladonna al kal oi ds,
barbiturates, G.P-1 anal ogs, CRF antagonists, probiotics, free bases

t her eof , [qmsﬂ meldeuting agdnptypet eptisedl her@alrtc@dtehé? @lgfgenqi@rqompfsmes of pier eof |

anal ogs t her eof a |on her eef,.. Ot her. | B ude bulklng
Sgents. aimanhan g LB AR B R P of  sopam
phenyt oi homd@Ydimlféd onest@ndte Nhﬂt@;ﬁ@ﬂbleﬁdﬂin’tdr@dﬂm ly, amino acids |ike

gl ut am ne and glutanlc acid which regulate intestinal perneability by

affectin ¢ l.c o} t
ot ont o TP’ PRGhsBefiyh fhe R sBpRTA e AT TIBLILERES (hAudcr R
further ceiips acse sa;ﬂxencm thhieis smglztrpbttt Inet idaokicai thy dhe reatdrhldy- acmmm]ngahin;o acid

effective amount_of a drug useful for tre BS-C, | BS- 25D,
IBS-M orcdusace| F Oraaﬁea{ﬂ & amutfsaqc{ﬁeﬁﬁ%eatmegaﬁgswa lalt tﬁ@ﬁ@&e £8inq %&ihser od
(Zel pgr n?seq@eheé%l g Qﬂu&hgtorc&t}%g )pept débb@tt/ﬁéﬁtfa@eoﬁﬁmetd Zd)havé bhAHH bRk

(Xi faxan), , probiotics a conbi nation thereof. In instances
wher e t hmcshmﬂtlens suchl sa egiifio add a@dlahnﬂ, BSetAom}?r ot B@smusam)ﬂekatlahw e atriieo

i ndi vidual.,js diagnpsed with |BS-A or er apeyt.i cal | tive
ose of - AEgaearsae BF TRt B-prr i ther e gt LR BRI ot S

AGl- 001, n%cﬁﬁect se(«‘qaéhceeet%{?@qﬁbmrﬁtaﬁ adich otteeldm%tauadmty ofithe BQORIIyNSt ances,
when the sanple is classified as | S—C and/ or the individual is diagnosed
wi t h | BSogpursing peptidse pelypentidy, eiffretein syeh asrbumuneeagtiviy p COSIBHEOIO! ot her
chl orLde ¢ nne .ac

cont?gllln ﬁmna 3 fﬁul a&lerﬂgﬁggéegwaﬁﬁ#hpg Q%kh%ﬁ%%ﬁ% her%g%%na%ate
cycl ase Qﬁﬁt’ﬁeﬁtabo@tsfi ARCE0 e deds, pﬁeft@iibl?bbmeénag@m 1$)tandc100trahdmts antl nadre ot her
neur oki ni n antagoni st can be W) 2011/066458PCT/U82010/058099 adm ni st ered
to the i miforablydietwesn shonbsd ppkihrssiducs. wh partichirlyappiubmodificatians ok ¢ eeptide,

| BS-D an [ r I

e et | vaeaRtie. BFPlofRPlnc ReShBHRaRRE, W anicn Shorlr R BRRHLARRLK, o1,
DDP- 225, cehfers) forcixafglee inereased aathibty. dht@pomaon of oharmedke [hhmalceacidstiahnet ant
or other ney oklnln ta oni st ar edut a etc. or. an
5antﬁ9epﬁ%§%éﬁ¥“@d@ %11C@?$E%é??gqaﬂitﬂgﬁ9%%‘ﬁﬁfp@' g cI3gRPStered to
the indi wigHahy, defR8Rlor Eﬁbsﬂﬂﬁlo‘ﬁ@@ﬂﬁﬁ@gldu&k&nmf@&g sﬂcanhtﬁB?de?édtﬂg tﬁehe
progressi on or regression of y conprise nonitoring a subject who has
been admmlwbpm@doxq)cﬂmpafkyfrﬁgmemBgalnﬁtciegmdanm e a subj ect who has been
adm nistered a therapy for IBS during the intervening tine between the
collection of a first biological sanple and the collection of a second

bi ol ogi cal 10 sanple. Accordingly, in one enbodinent the nmethod for

nmoni toring the progression or regression of IBS is useful for evaluating
the clinical efficacy of a therapy for D3S. [0096] In one enbodi nent,
wherein an el evated | evel or expression of a biomarker is associated with
IBS a decrease |n the | evel of a blonarker |n a sanple taken fronta

T Y T o 1 N~ o




a biomarker in a sanple taken froma subject at a tine point after the
admnistration of a therapy for IBS, as conpared to the expression of the
bi omar kerwOnoa/®esspl e t aken fromthe 30subject at a ti mPCpAiISAA10/08800% t O
adm nistration of the therapy, is indicative of the lack of efficacy of the
t hera 8lr1Af e

subj cot . BT T S e B o g b PP APt e

t her apy, nmethadeesystase, etrialaiode bétrslpbqtsenttmvcsmlom derennine o8 RETY $982314.0/, 058099

responsive to the thera or. alter. rise dISC nt i

L L or T maPTSHIEROF SexiAhy S Ohah FURHL: 1 sV R orh Feie Ui b e e e
case thag %hgréaﬁﬁhg%ugt&amassrﬁQwaahyaek@mbaedwaroa@besm@, db‘iziihélﬂfdi\ﬂleTherapy
for IBS 099] In another aspect, the present invention provides a nethod
for a¥si g:nnmgldn\heuaapyarf orligrREng. dnasomtﬂné@rhmwtﬁéhﬂjm?ﬂhed%éystemh@nde@%@f

Caken 1 r Oireen by Bk B gl Rinigtt RReRRRLERIP S o o UG RIPRET re

with a dekeaidog ﬁormgeryrogteﬁaﬁthemgiduy ongowliihah Ilmwﬁualrba@af@r M irhaeysis of
detection reagent into a conplex conprising the detection reagent and an

LBS RNA Blaéﬂ@ﬂ@éﬁark%fé)aﬂ@'ét etidengilicatiqner [Bsviglatesksyomiony njs aher eppppediments,
determ ni |

ref er encel{%lgfg%/&e1 S(It)egﬂgtan((gj)%&e?ﬁ tﬁ%@(%e?% é@é@%ﬁ%@q‘f@f l}elsre {e ﬁocsz evgﬁeqe%g%?ﬁnat ed
W t hi@n abES)eeg. dffy deBSmising a(likklibesi fgniBR)td tegreapyitten rapid$ or Slosdy th doevel
nore closely resenbles said first ref erenie | evel assocjated w %{ﬁ%n ?S
wher ei n iVifrel braga a5 araalsts of diagapyicBaFReTs SRR EhegAeRTication Pt g ladgd

t hose fogﬁg fophsTable 4. In a preferred enmbodi nent, the RNA 15 bi omarker (s)
are foun I%Table 6 such as at least 1, at least 2 or at |least 3, 4, 5 6,
7, 8, 9

, , , 1 13, 14 7, 18, .19 0, .25, 3 In
o ore piUBR - depe iy o Rie BesY Bl haT s e R o Reerbe Y suen
as at | e%ﬁtl%[B@ ih@a&ds tRe e Hihd BBELAS sydem, anf.code oBthe Presdftinvehtiod o 13,
14, 15, 16 19, 20, or 26. [0100] In sone enbodi nents of the
i nveht i odstetrhine B fRPVErieonal & herapsutimpaeRNAT BeatiTe I&Sp%f@g #eus ket codi ng RNA.
In certain odi nts, .the nethed co t ect ast 2 or
bt | onst O BN Staid S REL N0Y 1 QTR O AERebEn L L LMY w551 0
25, 30, 3bissiftéksydfem)afd cdiparéDio thdse rgﬁr,lts@btamﬁéom‘hetshlﬁe gﬁi’lﬁsuefl(bafmlel n Tabl e
4. In a preferred enbodi nent, the nethod conprises the detection of at
| east 2 #&ntgon Qase oéthezrherspeuec agentgr aigan egglicr {ime ipghergpy. Agusefldiereig, a 17,
18, 19, f I referred
25enbodi ﬁgur%‘?sg 1%&&@58% CO gP‘g@ ’gﬁrﬁ H&pto lmp}-&g tg?Jc altgg) fgitleol east 1,
at | east itlivdudtant éadides, w14h015,hrrﬁl;at1651;1, IBS @ugs]ﬁilph 2 serd@nerk®, agkdts, 15, 16, 17,
18, 19, 20, .25, ,..or_ 40. nor e referre t he nmet hod
conpr i seéntecrr@reé%%fﬁlaﬁldsrh%ﬁne | aehizatoss, ghlokile F%%FF@O%S @uafaﬁat% CY§aseg 10,
11, 12, % @n1§t§'1an§1§xotlé§1opi101ds IRurck$hin 4Ragdfists Onti8hdsmd@icr a‘hh&uﬁh%@@c found in

Table 7. I'n one enbodi ment of thé invention, the S RNA bi omar ker
is a rrRNAgfmbft @cudl@nsﬁ)a&ﬁbm hybam@tqstQufrﬁgl@axhkng)emi\deahﬂﬁbpdéﬁnlalggquence of
any one of SE di mrent, the

| BS RNA SP%%&%P r‘?gl\llca%éﬂg ﬁ%ﬁf&f E%\%E}:fﬂj&egogbs Pfoéﬂ%bcs ta% S%% %’era?c??d sequence of
any one @harafitlRalMeecebtab shixd therdd® &QlLi{I%QHéMﬁ@Q&&é@ﬁgﬂgg [0102] In

a particular enbodi nent, the TBS RNA bi omarker is an RNA nol ecul e

transcri @e@bmﬁbﬁﬁlsdhgféﬂ% sel ected fromthe group consisting of CCDCl47,

VI PR1, LPAR5, CCDCl44A, GNG3, ACSS2, ZNF33B, PMsS2L2, RUSCl, ARHGE, ASIP,
OR2L8, Ple0s3p, EredemOXB8rapéuticallp effbatveahoarbadiose hin,chtdhea deseanfiasir@CDE1 47,

VI PR1, LPAR5, 5 CCDCl44A, or GNG3, |In another enmbodi nent, the nethod for
assi gni ngaraRls dfpghieyng aberepeuicsiisreiae suhjerbdqerd ieset. EBRHRAMS 4det ect i ng
a panel di R e

mar ker s g%eﬁ%%elu §§ %%5%??1?& a@?@@mL%%efdég%%i&%%qgﬁggﬂG%&% Olggﬁhaﬁ%
certadn enpubit asrfmw\&,ntmger chéicemigionn or emgfesr)trnpiomprassgemtealmm IBﬁ)nTrhﬂ goti de and

compr | Sea MR SEI RO I Sl gR e P (Badbnsed
hybr i di Za§dRRm &S FRYemaMREA553Y%e FOARS, RRJIY 104 8@92}1@5103191 Phe AR"\'@&%&V&WCU on

assay, and the I'ike) and/or nucfeic acid anplification (e. gqPCR,

RT- PCR, (RikieCRy afébsrspeeticaternppunding (1990)1 Rikledr, wagyﬁal@tldieqns (1999);
enbodi nents, the detection reagent is an anti body and the net hod of

determ ning the | evel of 15conmplex (e.g., via transformation) in the sanple
conpri ses an i nmunochem cal assay (i.e., immunofluorescence assay, ELI SA,

| FA, and the like). [0104] The sanple u$€d for detecting or determning the
presence or |level of at |east one diagnostic marker is typically whole

bl ood, plasma, serum saliva urlne stool (i.e., feces) tears, and any



5 about 25% 50% 75% 100% 125% 150% 175% 200% 250% 300% 350%
400% 450% 500% 600% 700% 800% 900% or 1000% greater than the | evel
of the saWwe 20mrdeess8i n a conparative sanple (e.g., a nor RET/USA10068Y ol |

I BS, }BD, and/or Celiac disease sanple) or popul ation of sanples (e.g.,

greater : L ey, : [ ol [Hela oG- \NAY opul ati on
of nor m%@%’ﬁzggﬁg r (??L,e S?llﬁéke %Hbgﬁgglg}?@wgyc 28{1152%15@ ’sarrr%ltataos’%.d lC’)I n certain
ot her 10LipimoaeWillinhe & #itldinof2083parti cul ar di agnostic marker in the
individual's sanple is considered to be |owered when it is at |east about
5% 10% §5% PRYUHARY of NYEnIRin@R% 45% 50% 55% 60% 65% 70% 75%
80% 85% 90% or 95% Il ess than the |evel of the same marker in a
conparative sanple (e.g., a normal, G control, IBS, IBD, and/or Celiac

di sease HWMP] e)Thopresepunvantion podvidssrmpétbeds systpms, prd eodetfanacsuraelyan | evel of

h . ' 15 [ . ation. of. n e |, IBS
|0, “Sna7 B ety Wi BRTRRN R dndfer PRl b Bl UL e 2 Vs

mar ker i smbedificHR! @6 pteiandinkibeiemehialtbyclexmyegsadmpiefonha indgiivtikde its
| og2 fold change (i.e., positive or negative val ue?, Is at |east about 0.5,
0.6, 0.7an BYsanplousing@ stafistical algprithm §2.g.9a learning;statstigal dlaspifier sgstem) 9 2. 0,
2.1, 2.2 ;. . . r i . ect
o the sHEOTmREr et o pSottre Bnarofin RS p ke 2 Blge b baliBER

| BS, | BDalsanstfolrfofalling@udoseasaosaliiphes.or disoadepy thheprest embdBBAkeat , t he
magni tude of a differentially expressed rBs bi,oma{ ker .is at )east . about

1. 0, 1Gror &yrppteme raG Fying:in [lea SFing gegmbinagion of glatzical Heef@msRng/caemPELat about

2.5. [01 I rg%o%b 3 TEe(al! f | BS
conpri segz%'etA g?‘?{?{rﬁ%ﬁg a i%g%@? ?%J}ﬁ%ljrgﬁ;grg Q%} %itciul?%ég% ?%bggﬁ)@li&ﬁ%c%g%isnati on
with a sympprogngstiofinfoenat®m whiid dorguidieg spapteonuqmiodnsl e i s det er mi ned by
identifying the presence or severity of at |east one synptomin the

i ndi vi dual ; and asg’igﬂogg,gtlh;gr apy for IBS using an al gorithm based upon the
di agnostic marker profile and the synptomprofile. One skilled in the art

wi || appreciate that the diagnostic marker profile and the synptom profile
can be dEI0SPhi Aeanspspast; Basessniingentpaqueyidessa mythod fardiagnogmg Irrable0108] 1n

sone, enbadi QR i S . i stic
oS oS BE A s e e R A mina atPat e e
conj unct hdloMarhplifgingtRN AStdne albicbgioalishimple thikencfesmh abhansubirst;dbhramtacting the
statistical algorithmis a learning statistical classifier system The

| ear ni ng'SetaRY Adiw ampdifigd K4 gyt SHIOR A7re6R! WPREREIqns SHEME %y oup

consi sti - (RF) b : i
(CaRTy . B e Bl o G SR ERBB TS 5858

support ReA biommelchj (o d¢tSMg, the tavel @l the himplgyzaneld dadetemening if tedewt of ha

SuEh ngclR ek O BTN G DAL AEARK) YR erGRESIN 1 BBk e
stati sti glrefidessdifak@ciatiSh R SbRntd SEBRRFRESIAIdvtingaBsah aRrdubfem, (e. 9.,

RF, C&RT, etc.) and/or a NN &\g@g artificial NN, etc.). 5[0109] In certain
i nst ancewherehreths biamarkeros hn RNy fiorhargens sglesied draan theegranmepnsisting of thost

I ifi f bl : ipal e | [ istical cl Lfi
Cyet om c SR80 4 1 afh e chadeified, EFnd PRI ARAE SR ok B by

As a nontHds@TdunBgn EXABPl €n adnst Ppedferréanbodigest, dlel @ht eeleetedSrirh i@y groyst em
can be used to assign theragygfor | BS based upon a_prediction or
é

pr obadi | Fensisjiag gé theseifaurd iplaklencach as pdgast 1ot least  enaltledshd. Hidagndst Pe

marker (hn€ 1 161 @ONPSEd G 1 Kk rofijd e), alone or in conbination with
t he presécr)fclel’(%?’ %g\%g’rllét’gaomté’ %zggt&?réé synptom (i.e., synptom profile).

The use of si.ngle learning statistical cl ifier systemtypicall
classifi &&05311? I 3orpe gmagdignetisess B PRR fh?_a@%s@gi PR 1SBERRRPT y,
posi ti Vee%ér@%?& bY-€oift R‘?\IA.nﬁg@é‘f%ﬁﬁerﬁléﬁﬁfn@%ﬂsvtﬁe YhiRe cd%fﬁiifsseg th@‘éi@fe@ﬂicl)n 0

A f
accuracy east about 75% 76% 77% 78% 79% 80% 81% 82% 83%
84% 85%t IB6YR BAVea83Ye. BINY, QB0 2183,92945,98947,98%49,29985,96945,90%

98% , or % 110] .15, certain. ot her instan he statisti.cal, al gorithm
is a on‘%gr&%g’n&oksa‘{b’lc’&ﬁ?fe? elg‘é‘éﬁsrff"ﬁrﬁf@ﬁ;?’ie_s%i ]g‘aqno e&géﬁf‘frfeélr syst ens.
Pr ef er abLyhodidRnE PR NA! biBMaer(spae Tol iHtAbISE buedlas & RaSIIf h€lbast P9 @15
conprises a RF and a NN, e.g., used in tandemor parallel. As a

non- | i mi ldasigd, dxaufpl7ed, 4 1RF1GdR, 13.r1¢t 1he bused 8t 69.gnd.atle 35, gri@dile ringaie or
probability val ue based 20 upon the diagnostic marker profile, alone or in
conbination with a synptomprofile, and a NN can then be used to assigning
therapy for |IBS based upon the prediction or probability value and the sane
or different diagnostic marker profile or conbination of profiles.

Advant ageously, the hybrid RF/ NN | earning statistical classifier system of

T S - o r o " o o o o TSN~



20conbi nati ons thereof. O her |IBS drugs include bul king agents, dopam ne
ant agoni sts, carm natives, tranquilizers, dextofisopam phenytoin, tinolol,
and diltiwoem1/osds8ti onal |y, am no acids |ike gl utam nePamdsgéinssewe aci d
which regulate intestinal perneability by affecting neuronal or glial cell
signalin S her
crbodi mopre NI A E AT B EAL R IR e Ry LB e L gl

25cl assi Ryr agleb 8, 4556sa,rﬁ)l9e1®,sllam2IIBSMolrﬁstlﬁp]a?t,ﬂ&nl% PBrQY, I BS- d| arrhea
(IBS-D), IBS-nmixed (IBS-M, IBS-alternating (1BS-A), or post-infectious |IBS
(I BS-P) [G037P! &n ohOehbbdiftleh SNBE HVeRSon, HRETEY R hibmaikePR HhrRNMEmbRRuRAND! €
into a cat egory, form or clinical subtype of IBS is based upon the

pr esenceemrodingvaeprowin Jaavnhgas amproacid segpertchoé eny piopf SE@ Ve N@5 ot to Jovndg,

I T S A

of | BS i goMlpsdihgubabRtcld Riudice beass oener SHhen Nos:msef 158S based upon the
presence or |level of leptin. In certain instances, the nethods of the

oo A anlfio | i8S BaBF B8l e IR BbBoPBa by ARG 20 havi ng

| BS. I n gefidesibed ﬁbﬁnef gdn@SEléé‘t@&fr,orﬁthe gmatﬁmﬂtsls@ﬁg btt(ecpcnaen‘tfmmventAMn can
be used to cl aSSIf a sar’ré) m_an 1/ 066458PCT/ US2010/ 058099
i ndi vi du&Ch{ot448y ENGHAGSHE- W&PMS%% B§S§‘s1 ARHEE. ASE, i1 4.8, BB 24,

sanpi g ?@%Mh% rprgfrerrgc? @gbg(ﬁnﬁ gen{qu'é?bd [A7C QPR 113?}"1@5)(3“ nents, the

rrethods I'se sending t ere romthe cldssificdation to a
cl i ni ci a@CD@14ele, baGNGﬁ hiaranetheo einbedihent, thdmethod Ifmdhagmsmger syingpingl 8%

5di agnosis in the form of bability that the_indivi BS- A,
e &} mpiiscs ACadiint panehel NIPROARLS HBKFRe dhb PISIE STBr BRI () her

conpri Senﬁﬂ@r@&cﬁﬁ?ﬂiés@b@lﬁ’h@]ﬁ[’ﬁd' EPﬂR%' C@ﬂd’l@fﬁ %GN@ZJ y effective anmount
of a drug useful for treating | BSA | BS- IBS—M or 1BS-PI.

Sui t abl e s ;i ncl ude e e to, aser Z
 oset r oftEPD: db G Empfiimsils f*t%n(%tefkﬂv ) opleF s 1 RS P the
MD- 1190, stgp ebtébitig thd Rvansf the @&lelefa@é %o nlatttmmtlaudrn cbﬂf@h@@Qﬂ ontt@écmdtehe
sanple is classified as an | BS-A or C sanple and/or the individual is
di agnosely®idipatipBSe. &, HICIORLAYCOT lapaerteﬁetbléxhrtdeanpy 2y sMAR apgyenqsthern
tegasero r r i 001,
>y oot b R R HBARM bt e R AR el AR BB o e e
sanpl e | PCR, gBER{ REPER, JIBISPCRanthsopeictromictrdl] aniddhkalikd)s Inlyegniesed wi t h

| BS-C, a therapeutically effective amoynt of 15| ubj prostone or ot her

chi or | decBHaAE SR SICHPT ISAEFt 49 FIIS ARSCAREO OF tﬁf‘éereablas (tee lgyel of
contsel | g 1esat<@§t tidfo da?aqtoﬁt rfthe QR ercemgttses'\ét} tﬁq%oeﬁerﬁtcaearssagw@@yl ate
cycl ase ago i st, “asi madol 1 ne” or oth e agoni st, or talnetant or other
neur oki nimmanoﬁtgumcsmce@amybéllmlﬁ%staedédltk@)t he individual. In other

i nstances, when the sanple is classified as IBS-D and/or the individual is
di agnoseghoot h THBSakpletisbi iraRRetihe 8 dotediihB tthé/ eadﬁ@yat 1981 FHa0RQErR 200r
ot her 5-HT3 antagonist (e.g., ranosetron, etc.), crofel ener or

ot her chiBghessicanrkerds typicsdlvarhole blloné,ttslaﬂm@rser@trheall\taeumms@ph(zantfe@@hu st
(e.g., s redut n_antjdepress a

ant| depr 86 %%Vnmg Cbé)&‘m‘/ g{ué &F 84SE %%ng)?e ﬁél v?o gg)l S%%‘babgé m(rg%%ﬁ%st 61" of a
Synprpm Bsieh lshlﬁpl[eo Pidtrablie i waniptns RE@hi, Mholsblby@iptahlay stdel, afing,ned thue

i denti fy| ng the presence or severity 250f at |east one synptom sel ected

f r om t hebigpaxplucssHaingnstarresfthe meghods of Hhe Rrpssst ingeionFPEhe¢r CoOppase phiaRIng
unconf or L o]

i sh gl RgnliRal Bt REUCRAEENE BheThiafle P BgrercBBPIEF of &

const i patdam‘onediu@nbkt&amarﬂxbnmtthagamp\lbdorri nal d| st ensi on, negative thoughts
or feelings associated with having pain or disconfort, and conbi nations

t her eof . [ﬁd&hgltx Leddin eﬁt%atﬂe%@s SRR GRS She bRSRTRREASE cHipS@URIdrnifg 1
2, 3, 4,5 O, or nore of the synptons descrlbed herein 13

i den30 f | edRM @e&brom.afka psgﬁdphmnmrpbmﬁildxewtthan afditins@ fpadteinorr scickggicd By | BS,

ruling i l'in D, predictin BS, rmnltorln t he, progr ion
or regreB SI(‘ltff Lf‘i‘E%g h@/‘?meﬂﬁ‘ g’e&dg gllcgagr’(%uc( Barken py lé‘?ﬁsrtiﬁpetrwg}eggv f or
I BS, WOu2Rdidd 86 HRIFUCE/FRARLEY A38RDEnaRdo thRe] foke ﬁvlens&esrewat RidnAshid)ces, a
questionnaire or other formof witten, verbal, or iep one survey is used
to produtm, bheomyaaditmabdiegidstc nmhleerasféeqt%ﬁﬂml thesecfpurshlrnvwlet%ﬁhwlfm}nd
conpri ses a standardi zed set of questions and answers for the purpose of
gathering information fromrespondents gg@garding their current and/or

recent 1BS-related synptons. 5 For instance, Exanple 13 from US Pat ent

PubI | catl on No 2008/ 0085524 pr OVI des exerrpl ary questl ons that can be

. . r o - o Y o



[0119] As provided herein, 66 genes were identified with transcripts
detected as present in at |east 20% of the sanples that varied greater than
2-fol d beveeen/dsBS8and nor mal subj ects. 20Anong t he nosPCIiUFRHMI058009 | y

el evated transcripts in IBS were pain, inflamuation, and gut perneability
rel at ed ' e A 3 T:d . \M: TACR2 is a
recept or g]fel?ﬁ%ﬁé&%@%ﬁﬁ&mﬁﬁgﬁoﬂ@gg%zlée%%sg#é’ezla%?’(%%E F%O&%?%arl] A. It is
associ at agplédtion GefinldVei G1£22006215, filediJuad 25,20pNasd 28 Payisioras Applicatiahci um
second messenger _system | bodut ant i tachyki nin NK2 receptor (TACR2)

ant agoni SEAHYF 8M2PG T Addrd Piieber $9. 2§9§-I inical trials forlBS. Serotonin
triggers contractions in the rabbit ileum by nedi ate neuronal excitation.
Ant agoni 062F oiln saue ekbodimeqiNKd pared fddk@asurgepieorrsngrarof ihel diggniobtockerketshe

serotponin re se. VIPRL is a receptor _ for VLP. The activit f this

" ecept or G5 ETHETLRY B OB B T TGP ST AP B TRGRRp A ByBS gaPlevim
concent r g84 Qibthse ShI@LRY noh- B M. OBSsIaAEd BIThS art ANNTaPSkciaRltRAgRE | Ng DEG
is MCALL1, which is a cytoskeletal regulator binding to 30 Rab13.

M CALL1/ Rebtr@eionterchbefta arahigsofibegnosepoatksts ¢ao tgalelammplodstmilipnpernsigen n
trafficking to.cell suyrface. .Integrin is..an i rtant. iLator i ukocyt e
1t r ato R e w8 Th St Pt SRGC LRGSR Lo Bl

| eukocyt misiantdsl theatvedBf hpsrtibelandiabs®tiv ethrkdt iRtteUbgieiduals JaBDldiaicoadiliaed Wi | e
t hose above genes may have bi ol ogg rel evance to IBS, other DEGs with WD

20111®66 AP Ehay 10560 dsUaieHbA e bt GP o0 £ 19Ci 18A%, WeP%B, 1 Pénti00Ped, for
exanpl e, $EgD()31(ﬂ)| o] - $94d, &34 Hopbn oL&d A |

bi olrrggi c% funct f’o%g:%’élbﬁ%égﬁjé’ I's 3@9%?3@%?@%@3@%3&'?? gd%t%? %lt%gflan
remai n t theeved ef theadme suekerge aconpyraviae sanple (414.ua @oshalgGesorfuet, IBS3HBD,

research. The unchanged | evels of nmany other genes in the sane fam|
suggest eBd/pratelpciease saEpie) o ﬁ@?ulf“]*%{h‘)fgslag’r?éﬁsgﬁgc EISALEE g ao‘flgﬁ%gé( elp%ft hway's

const it ufied, @ﬂlﬂp&riﬁa%n@afa&ive oplIfidH FERRaRS CIRBASICTHY) BBSaRes ehifkal
bl ood. [0I20] I'BS i's not associated with any definitive bi ochem cal,
st rutf ur dissasesamples). dgicertaibmdremiisianicess theHavel dé h ippgicitas dperestingearkefhe the

hal | mark, feature of |IBS is. abdom nal pain,or.disconfort | a i.; h

ot ered BURBRS T piGRAdR e TRt Bofh i SR b iR L0 SR Mk <o
seek nmedpsal 3GRI $5% BawRUSE) L 08, RIS 659, 183, A5%, SONBIVE Q0R, SHIFIETesHf
other G conditions, IBS was |ong considered a "diagnosis of exclusion,"

| eadi ng thendéhecleseliaf she wane merker ingfeqomparaivigisamplet a8a etneringl, (G4 centglt Bivs .

For t unat , V i.n | nc r i BS
pat hophy 121 BB CHRAE Al aRley e PGl A ARBE O OO ReT M e 0

bi on®y ket samd nidikerdevebapariite bpul siwestaiosmgly Gl ebntnelsTBR] IBDahidigr @eliac
15positive diagnosis of |IBS based primril gton t he pathways invglved in the
di sease gisepse sanBiSH) b Yl etepambastingnts.Bg FSmakests copddgrebioherditsienan Yo
gene exp i I r i ! i =] JACRZ R1
kR R e N e G ey et AV A
The bi omabbdog 05, Prp0i7dead, 68y eonl.1j Hent.Bfi.4d .5.rlotmlperli§HHer, 210, Bllodad, 28124, do

not 20over.l| ith t bl i shed biomarkers identified.usin ut. bi opsy
(ssues. Snebgtrierdi 2P by ChERGIRS BT FPST Ky 6 ERe SFOILE SOBRILHS nt o a
put a4 ve psuliARIAsSIokRal 08 cBReS! Y, TR, ld/bAckiRikhl Qetal 15 ehevanse of
"surrogape mar kers". AS an exanpl e, change in expression of TA In

per i pher anbbdiowdt, ¢led lggmule wbn diftarens|adly expiesseddBargemakema@RRasepowslsd.on i n
gut tissue, especi.al in.enteric . neuron.cel.ls ere t pai n response is
Pt 1 at ol o et dSIsAr RO BGH! BEAERUY B URBRE  PT ng' et ng
intestinal tissues is a better measurenent forgfredi cting IBS, it is not a
f easi bl e[@0831 flppsoms amhedimentst thepmthed el ubing iyl e sliagnpsing EBHex ChsHbANg o
conpar e [ I l. i rat chi rl .00d and
nt oot | i B apusP BeniBuRE] SRR IR Moo bARN AR L ARRL L 18 ¥

| BS- §b angyth@bnipipéite, eitresatiplsesipwed profigenr dnhmedmylide)ying e [gedencs ed
genes were validated in I BS-M patient. sanpl es using qPCR (Exanpl e 5). The
rel ati veS@&RpRedsit deasone syqpiem i fhedadiskiugh and glassifyinebe samplpey pesBdf | BS,

t he over i : j t ; .

Simce. ol R BEESS SR hing ol L e S e B e A E

synpt ons thefsydipasm Ipefile.c Ons skiflad irothe agrwill\Wpp0ihld (664HS 8 RSO USIMREIGH 869

m xed types, the focus of this study js to identif enes, whi ch e

i ver saPd the eampPLTRBrarile sin bt Sirbugegtmt Reneo Syl ks iFRETTE a6 aikgnost i ¢
chal | enge because synptons overlap with those of other G disorders such as
i nfl ammat ory bowel disease, Celiac disegse, biliary tract disease, peptic
5ul cer di sease, colorectal carcinoma. Co-norbidities further conplicate the
di agnosis. Lack of "Gold Standard" has made it very difficult for



because bl ood circul ates throughout the body, their expression profile may
serve as a sensitive indicator and physiol ogi cal nonitor of disease and
heal t h. AVORMNA/MdSRer s [ 0126] A variety of diagnostic mrCEAIS2018/08808Ui t abl e
for use in the nethods, systens, and 30 code of the present invention for
cl assi fyi [ f out
o251 YIWRAR, SATOAE LR 0L Bl IR B AT Oor(8s diliod o
sanpl e f basedanpon Heki dxatgmathc mEpkanptogide, afond |oagrmmb1natmrq<leln 8 sympdouﬁwoflm, trhout
limtation, of. the gene ressed RNAs un. .

differ enf?‘HPW%&i’BF%% %té‘g“’icﬁls %1%“8 f crigan m%c‘“zse @“f/sé%’éﬁ ?%Pf 61/ 058099
subt ype, jda@fing¥anRical dAQFRr ERUAH. The kaRlifg diatistRBI @asdific 8ié 2an Jali@t&l or
Table 7. In a particul ar enbodi nent, a diagnostic marker useful in the

met holls, frgystthe IREQUPaNedsisideofof randem é@réstéRﬁ ickassificitam 4nd ragrgesien tren(§réd¥ Ekd

f ef
mar ker uBBTAE Pt PR AP RINGy surbfl S BREREUTES (RS FaL o BRTCN

i's a gengutof%At ag&actidiNAtectr sd ehlrdcavdded, Muladlaptie regfessiomoplenepr ef err ed
enbodi ment, a diagnostic_nmarker useful in the met hods, systens, and code of

the pres@kehinglesmingslapsifier, gacheomtunaions shegeqinRretesablyy Bleé?%nlﬁlééms‘il% Tabl e

7. In ong ?ﬁﬁ&ds' Q@ 1s91 trek tﬂ)ﬁséd@fﬁﬁh&ﬁ glggtﬂ%ng ”R'Fk &R’Is e §E%{I?%§
encodi ng a pr ot aving an am no acid seq e ce o any one of

to 750andrtifﬁ»£blﬁ\mje6c2). In a related enbodi nrent, the 10 bi omarker is an RNA
nol ecul e conprising a nucleic acid sequence of any one of SEQ ID NOS: 76 to
153. [01%des) N 17 cBffh ?I{S'Ea%gese RaidYREk aigorlrtlﬁﬁ id a{'é’lﬁgﬁ 1 Qftming QtafiSfcalRMassifier

bi omar ker conprises an RNA (e.g., nRNA)” expressed from a gene selected from
CCDC147, s¥4tdeR]1 Prefe2AB5, th@@iﬁ@ﬂeﬂéﬂmr@ﬂmgstw@s@z&ﬁm&& C(FNBESI@Qa uRyBakd ARHGE,

ASI P, OR2LS, . P| 4K2A, 15 rel at.ed. enbodi bi omar ker
mmy be aSBhSieE| HEGIBETEe RIE T B de Ao HEHEESareR e a  PEBIFE e f ound
in Tabl egdyistlddl AaRifedQ44ied BRBedidmblastifethbisoiiplela€an TBY s&ﬂprl% ®heheBs or
pol ypepti de encoded by a gene selected fromthose found in Table 6. In a
nor el pr ebample basadvipen pwnedictianeoriireiriilics valyapnd theprerepeerewt opal lppepne de
encoded ene eI ect d fromt hose

enbod: merERpRE TR, §F  He LATAREHo L ek of B0y Sufinal h G Bgeh
V1PR1, L BARyerity(@Xal #hdk, oreNGipthCES2 s ydiNkahd BrofIRYBAh2 ,usRUISCing AR ing ASI P,
OR2L8, PI4K2A, and FOXD3. 0128 In a nost preferred enbodi nent, a

bi omar keptaBstigahelassifies system ty&w@ %Péﬂleweasaawﬂfeaw 1BS eprls WH ecersitivity,

VI PRL, L [ t

nvent | oo eicior Byt pro@i ik, ok Ry QR ERIRE AR, pndi S FRANREG S, pf 17
CCDC1417, ledsiRRbut TFARE %, CUBC 844, 7960 GOENEB%, BR%c 83 Toad4toctioBavRrit7s,, S3fe

o STt kelol 5, S0 485 S I Bl Ve SRS o B oreriker 1o

coi l ed-coil domain containing 147 (CCDC147) [0129] CCDC147 is a 104 kDa
prot ei n (#8600 1008748 OlGE@staDcdiOthe stpAlslicad alzodEun by ¢hebiBgia@CHEL FAsigene

b
Cho bt o1 SN BE Sl ass D By e o e IR otdile st 2001

sanpl es Ua@sﬁﬁ&gs PR tnls @BEnprivéstd RF BR1 h BN, Gad. eustat tablddebd farBelhig don-
predictive of IBS, and in W) 2011/ 066458PCT/ US2010/ 058099 part| cul ar of

t he PBS- Dmititg sasenieediipran Hst bg wsed ép genomate Apedli¢Hontas praebity valye hmﬁi an
MRNA k |
"ot ancelro fhe SRl Béfet BEb, RO R inflor i (it s EEHAY

det ect ed NN cztrht(heﬂl by adedad crﬁEMy ¥ pareplsiagan B barapleas SaIy{—IBS sgnple\ba@ed upon
transformation) such as, ., a hybr| di zation assay

anpl i fi ce RBAdIBERLeS pagéaéyhtyaable [P REEL, lfﬁéremdﬂzaéa@étas/maﬁ?er ROt er

spectro r |evel
of “copc1 i UERT L ARARK, AR ARREG RS, o BFand RIS I ik SR ERgng
t r an36 or spdté oy thegiresgnt @ventionantassifies theaasale {sendBS skmpBAYith amensitivity,

of 25

i mmunohi st ochem cal. .assa rrass spectronetr bas d ass
102, Vas o3RI AOHEYS HATIcHEnYA i TRGH BB REdia eV Sy oy Tl iceRsncy ef o 7
t r ansmeniprang, 4o, mmwmem d;@% RO R, %@%t 8B BARCES%VRED, $798 88%,

vasoative Intesti na’l peptide (VIP).” VIPRL i's found in a nunber of tissues

i ncl udi n§9%r, a0%, 9er 93 ed 3, %%;ﬁ;ﬁ% %I%)&]Vee%%md%%al | intestine. Notably,
VI P i nduces snooth nuscle rel axation, causes inhibition of gastric acids
secretion and absorption fromthe intestinal 15lunen, and stinulates the
secretion of water into pancreatic juice and bile. VIPRL is a 48.5 kDa
transmenbrane protein encoded by the vasdactive intestinal peptide receptor
1 gene (Entrez GenelD: 7433; NWD04624 (SEQ ID NO 58)) and is produced-after
pr oce55| ng of t he vasoactive |nt estl nal pept| de recept or 1 precursor

RIS A A SA ™ S N~ 1 I~ A N\ | peeny— g e pe— o Y L 4



[0132] In certain instances, the presence or level of VIPRL is detected at
the I evel of nMRNA expression (e.g., via transformation) with an assay such
as, e.g.,wa2amhshb4Bzati on assay, 25an anplification-bas@dTAS3I@Y/05899Yy. qPCR
assay, RT-PCR assay, or a mass spectronetry based assay. |In certain other
i nst ancegpoeyhe IREGRE HeBneLs, [1RVBa taidtPRIm RinAnPIREHES MaridRGr @sifiek S
detected at the level of protein expression using, e.g., an inmunoassay
(e.g., EkysBA) or systenmaandlipseassiedvisngla osasing elgodthras Sudpeptoresmigr y based
assay. Sujtabhle ELISA kits.for determ njing the presence or .|evel of VIPRL
o ser HEPIRIBSHRDS CIEIayaror SFaipieniO D PR AR e Ay Lo cpistg,
Si gma- Al ghdkphodashtionl iRk Srk, M@)Lex‘éﬁb&%iﬂfﬂg\;ﬁﬂk alo M SEQ¥ther iMMnceand Novus
Bi ol ogicals (Littleton, CO. WO 20I1/066458PCT/US2010/ 058099 3. i

Lys op%os phrabindiien efciugh peasessingr alor{tamRgan be pERsyuches 383 prpAER risgrial fashion.
transmenbr ane domai n G protein-coupled receptor that transmts

extracel [0068] Ihgaddis efnbodinieyisoMHeasfheds dithe presaht inveatdd Sirthbr cimgdrise
heterotrineric G proteins. LPARS interacts wth a nunber of signalin

nol ecul e§lapApiighaop-dBnsappless agorBalp Hilaamsptenymoweldispass KIRIBM P Pt EB1Re

(NAG, a S - | OH | [ tein
(Np_bo5 13 S SRR e A5y Eble o B oG AR e IR IR G O
aci d recem of thé dygnestickndrkez d&amibe@ab®#121; NM 020400 (SEQ I D NG 9);

NM 001142961 (SEQ ID NO 10)). gRT-PCR validation studies of peripheral

bl oog SayGe9s fih @8R oRRE LABEAMh LN M dtRHs R kiR I\}%rjéébtnt loRARRod SirthbOprise
predictive of IBS, and 1 n particular 10 of the -D subtype (Exanple 4). In
certain esrlot tredBS clas@ARBioandyudls taa chiibianeng odigagroeMaRBogisteorrsgeheral

bi omarkers f.or |BS. 134] .In. certain i.nstapces, the presence .or |evel of

LPAR5S or p%f‘cb?%rbeﬁr ﬁb?I[#}P?é rﬁgﬂ')’f} ?mi“?t’c}g? glc?fk?gis Sfﬁ’fai?éesle@\}gf’)erglfo n 8%9<pr essi on

(e. 9., Vipghsahmfas Bkl &M probidiligRhaIeendsE@iil 88s IBS. For eRampR! ihdiiZ@vidas

assay, an anplification-based assa%,%gj(s% _gPCR assa assay, or 15
(4 el

" RT-P
A mass spetkiembove MAssl. Hebalsy Yot 40Hs 43 8%, 63, B0%Bs ence

or |eyel IS t t | ev I Si ng.

o o B o SRl BAL TP 5 Lol Rl O BIRLE RSBSOS UG
spect r oneinbydipasedhamsyds Suht phdsenthveBfiok iflirshel provilit epmvinosigolt IBS iprtiesence
or level .of LPARS in a serum plasnma, saliva, or urine sanple are avail able
from e. dividpyndoneHmnle: thesprogpesis ean horspreeah dsisIPPRAH A dgalesRiy) of R Aovus

from e ot . o S’ il
(CCDCI %Zﬁi@l{%%‘%s tSC:CDch@‘Iel inAeqi?ls)f oft i t‘lﬁgg,???@tﬂési’ %P%El%tﬁi% 55;1%&%%%#% NO. 103))

encoded e .CCDC147 gene (Entrez Genel.D:.9720Q; NVMD1469 SEQ.ID NO 28)) .
et SR T SBaRE TEHE b By GG MR Qe SPOR DREP SR PURVES T b
of peyi phensisthhNo® Bamal8su22 ther@sBullBalBAFRAVS aMbikt IVl drineliealigot fding
CCDC144A is highly predictive of I'BS, and in particular of the IBS-D

subt ype OExearpbee mptems asspeiaied vaiblBd. nariable I%@[d@;gmnclad@l/b@t argrmofraied
encodi ng, CCDC144A .are usef.u i rkers .f I . 6], taLn

i nst anceg‘f’ S?rﬁeonﬁgés%%e@gs’ %?tl4eg€eg a%g C@&%&igﬁ%n(%?acgb%g)gscE}rﬂggflg? aé]r%gof , IS

det ect edbRickéRegdagylale Gt1aHRNANEXNLASEI0AES, Opiol]l agdists tHearskiah ARfagodi3tsW t h an
assay such as, 30e.g., a hybridization assay, an anplification-based assay,
e.g. qPCRItispesmodiRpr meRRhakicigic agents, heiadonyg aliicite brpityEdesd ChEshgnaless,

certain i :

2011706650 PeH RSB BB iloe RAERE Pl ehEfElee Mipal Sscrpls s Gresfiog ei
expr essi deriusivagtheeof].analegs ihemafcmsisaynbimatigns thetdoBAPtheadiBS drugs include

i mrunohi st ochem cal S assay, or a. mass spectronetry. based say. 5. @uani ne
nucl eot | QBHIERECAY PPSTRRTANEREOR S S?W@}Veédbﬂﬁlﬂflﬁlz n%d“%? @K@a?he@ﬁ[‘)@fw?]
ONG3 S FnRAMEnSHURMRED. QiR ShmAht WORY like SubiAhehit oIfNEAC REQYIHGS
specificity for the interaction between the heterotrinmeric G protein and
the G pr atgmiate inecstipslgreraGRi)ty beNERciisg snronk dr plralichl sgnalngeanrhec| eot i de
bi nding protein (G protei.n 3 gene (Entrez Cenel D: 2785; NM 012202
( SE (Ir)]D %@m&%?r)eﬁé%geq@aﬁ?%%wgtggggfter processi ng of the guani ne nucl eoti de
binding protein (G protein), gama 3 precursor polypeptide 10 (NP_036334
( SEQ | D K97d1) )In offRY ORIt sd thei ragthedsuafites prgseny érviepherr Birther ewapsgnpl es

from 98 ti.ents W | BS i ndi e that .GNG3 J Lghl. red, etV f .M,
and in pgﬁﬁlg’dﬁ’%ﬁhegﬁ §tsﬂrggjle§§-a Clgtgjbctoi)%g) afl g%pq'é)’tp)g 8'41%“}%5? ag'ﬁlj)e%)%%x%nt s,
GNG3, a @MY BBRhIsRhatRel (IBSPY)] apostndié@iona B ANA-rleatpRrg I6DEGiar e usef ul
bi omarkers for IBS. [0138] In certain instances, the presence or |evel of
GNG3 is detected at the Ievel of nMRNA 15 expression (e.g., via
transformation) with an assay such as, #4g., a hybridization assay, an
anplification-based assay, e.g. qPCR assay, RT-PCR assay, or a nass
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G protein %ﬁold%% the gs'e%% glrvgntmn can %e used to differentiate an IBS-C sample from an IBS-A

and/or IBS-D sample in an individual previously identified as having IBS. In certain other
instances, the methods of the present invention can be used to classify a sample from an
individual not previously diagnosed with IBS as an IBS-A sample, IBS-C sample, IBS-D

10 sample, or non-IBS sample.

[0072] In certain embodiments, the methods further comprise sending the results from the
classification to a clinician. In certain other embodiments , the methods further provide a
diagnosis in the form of a probability that the individual has IBS-A, IBS-C, IBS-D, IBS-M,
or IBS-PI. The methods of the present invention can further comprise administering to the

15  individual a therapeutically effective amount of a drug useful for treating IBS-A, IBS-C, IBS-
D, IBS-M, or IBS-PI. Suitable drugs include, but are not limited to, tegaserod (Zelnorm),

alosetron (Lotronex®), lubiprostone (Amitiza), rifamixin (Xifaxan), MD-1100, probiotics,

and a combination thereof. In instances where the sample is classified as an IBS-A or IBS-C

sample and/or the individual is diagnosed with IBS-A or IBS-C, a therapeutically effective
20  dose of tegaserod or other 5-HT, agonist (e.g., mosapride, renzapride, AG1-001, efc .) can be

administered to the individual. In some instances, when the sample is classified as IBS-C
and/or the individual is diagnosed with IBS-C, a therapeutically effective amount of
lubiprostone or other chloride channel activator, rifamixin or other antibiotic capable of
controlling intestinal bacterial overgrowth, MD-1100 or other guanylate cyclase agonist,

25  asimadoline or other opioid agonist, or talnetant or other neurokinin antagonist can be
administered to the individual. In other instances, when the sample is classified as IBS-D
and/or the individual is diagnosed with IBS-D, a therapeutically effective amount of alosetron

or other 5 —HT3 antagonist (e.g., ramosetron, DDP-225, etc.), crofelemer or other chloride

channel blocker, talnetant or other neurokinin antagonist (e.g., saredutant, efc.), or an

30 antidepressant such as a tricyclic antidepressant can be administered to the individual.

[0073] In additional embodiments, the methods of the present invention further comprise
ruling out intestinal inflammation. Non-limiting examples of intestinal inflammation include
acute inflammation, diverticulitis, ileal pouch-anal anastomosis, microscopic colitis,

infectious diarrhea, and combinations thereof. In some instances, the intestinal inflammation

20
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HSOZSJ 96%r0g%e]ég'10n or regression of Irritable Bowel Syndrome (IBS) in a subject, said method
comprising: (a) determining a first biomarker profile from a first biological sample taken
from the subject at a first point in time; (b) determining a second biomarker profile from a
second biological sample taken from the subject at a second point in time; and (c) comparing
said first and said second biomarker profiles to (i) determine which biomarker profile most

10  resembles or least resembles a first reference profile associated with IBS, (ii) determine
which biomarker profile least resembles or most resembles a second reference profile
associated with the absence of IBS, or (iii) determining at least two of the foregoing
resemblances, wherein said biomarker profiles comprise information about the expression of
at least 2 biomarkers found in Table 4, thereby monitoring progression or regression of IBS

15  in said subject. In another embodiment, the biomarker profiles comprise information about
the expression of at least 2 biomarkers found in Table 6 such as at least 3,4, 5,6, 7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, or 40 In a preferred embodiment, the
biomarker profiles comprise information about the expression of at least 2 biomarkers found

in Table 7 such as at least 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 26.

20 [0075] In some embodiments of the invention, the IBS RNA biomarker is an mRNA or
expressed non-coding RNA. In certain embodiments, the method comprises the detection of
at least 2 or at least 3,4, 5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, or more of the genes found in Table 4. In another preferred
embodiment, the RNA biomarker(s) are found in Table 6 such as at least 1, at least 2 or at

25 least3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, or 40. In a more
preferred embodiment, the RNA biomarker(s) are found in Table 7 such as at least 1, at least

2oratleast3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or 26.

[0076] In one embodiment of the invention, the IBS RNA biomarker is a mRNA molecule
encoding a protein having an amino acid sequence of any one of SEQ ID NOS:1 to 75 and

30 154 to 162. In another embodiment, the IBS RNA biomarker is an RNA molecule
comprising a nucleic acid sequence of any one of SEQ ID NOS:76 to 153.

[0077] In a particular embodiment, the IBS RNA biomarker is an RNA molecule
transcribed from a gene selected from the group consisting of CCDC147, VIPR1, LPARS,

21
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and GNG3.

[0078] 1In certain embodiments, the detection reagent comprises an oligonucleotide and the
step of detecting the level of the complex (e.g., via transformation) comprises oligonucleotide
hybridization (e.g., microarray or bead-based hybridization assays, XM AP assay, northern

10  blot, dot blot, RNase protection assay, and the like) and/or nucleic acid amplification (e.g.,
PCR, gPCR, RT-PCR, qRT-PCR, mass spectrometry, and the like). In yet other
embodiments, the detection reagent is an antibody and the method of determining the level of
complex (e.g., via transformation) in the sample comprises an immunochemical assay (i.e.,

immunofluorescence assay, ELISA, IFA, and the like).

15 [0079] The sample used for detecting or determining the presence or level of at least one
diagnostic marker is typically whole blood, plasma, serum, saliva, urine, stool (i.e., feces),
tears, and any other bodily fluid, or a tissue sample (i.e., biopsy) such as a small intestine or
colon sample. Preferably, the sample is serum, whole blood, plasma, stool, urine, or a tissue
biopsy. In certain instances, the methods of the present invention further comprise obtaining

20  the sample from the individual prior to detecting or determining the presence or level of at

least one diagnostic marker in the sample.

[0080] In certain embodiments, the methods of the present invention comprise determining
an RNA IBS biomarker profile in combination with an additional protein or serological IBS
biomarker. In some embodiments, the additional diagnostic marker profile is determined by

25  detecting the presence or level of at least one, two, three, four, five, six, seven, eight, nine,
ten, or more additional diagnostic markers selected from those found in Table 2, those found
in US Patent Publication No. 2008/0085524, filed August 14, 2007, US Provisional
Application Serial No. 61/220,525, filed June 25, 2009, and US Provisional Application
Serial No. 61/256,717, filed October 30, 2009.

30 [0081] Insome embodiments, a panel for measuring one or more of the diagnostic markers
described above may be constructed and used for monitoring the progression or regression of
IBS in a subject. One skilled in the art will appreciate that the presence or level of a plurality

of diagnostic markers can be determined simultaneously or sequentially, using, for example,
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population of samples (e g greater than a median level of the same marker in a comparative

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

[0082] In one aspect, a method for monitoring the progression or regression of Irritable
Bowel Syndrome (IBS) in a subject comprises determining the level or profile of one or more

10 biomarkers at a first point in time and a second point in time and comparing said levels or
profiles. In one embodiment, wherein an elevated level or expression of a biomarker is
associated with IBS, a decrease in the level of a biomarker in a sample taken from a subject at
a second time, as compared to the expression of the biomarker in a sample taken from the
subject at a first time, is indicative of regression of IBS in the subject. In another

15  embodiment, wherein an elevated level or expression of a biomarker is associated with IBS,
an increase in the level of a biomarker in a sample taken from a subject at a second time, as
compared to the expression of the biomarker in a sample taken from the subject at a first

time, is indicative of progression of IBS in the subject.

[0083] In certain other instances, the level of a particular diagnostic marker in the

20  individual's sample is considered to be lowered when it is at least about 5%,10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% less
than the level of the same marker in a comparative sample (e.g., a normal, GI control, IBS,
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, IBS, IBD, and/or Celiac

25  disease samples).

[0084] In another embodiment, wherein a reduced level or expression of a biomarker is
associated with IBS, an increase in the level of a biomarker in a sample taken from a subject
at a second time, as compared to the expression of the biomarker in a sample taken from the
subject at a first time, is indicative of regression of IBS in the subject. In another

30 embodiment, wherein a reduced level or expression of a biomarker is associated with IBS, a
decrease in the level of a biomarker in a sample taken from a subject at a second time, as
compared to the expression of the biomarker in a sample taken from the subject at a first

time, is indicative of progression of IBS in the subject.
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machine learning classifier, and combinations thereof. Preferably, the learning statistical
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ASCAs AS%Sb?ﬁl certain instances, the statistical algorithm is a single learning statistical classifier
system. Preferably, the single learning statistical classifier system comprises a tree-based
5  statistical algorithm such as a RF or C&RT. As a non-limiting example, a single learning
statistical classifier system can be used to monitor the progression or regression of IBS in a
subject based upon a prediction or probability value and the presence or level of at least one
diagnostic marker (i.e., diagnostic marker profile), alone or in combination with the presence
or severity of at least one symptom (i.e., symptom profile). The use of a single learning
10  statistical classifier system typically classifies the sample as a progressing or regressing IBS
sample with a sensitivity, specificity, positive predictive value, negative predictive value,
and/or overall accuracy of at least about 75%, 76%, 77%, 18%, 19%, 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%.

15 [0090] In certain other instances, the statistical algorithm is a combination of at least two
learning statistical classifier systems. Preferably, the combination of learning statistical
classifier systems comprises a RF and a NN, e.g., used in tandem or parallel. As a non-
limiting 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

20 NN can then be used to determine if the sample corresponds to a progression or regression of
IBS 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 system of the present invention classifies the sample as a progressing or
regressing IBS sample with a sensitivity, specificity, positive predictive value, negative

25  predictive value, and/or overall accuracy of at least about 75%, 76%, 77%, 718%, 719%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 871%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99%.

[0091] In some instances, the data obtained from using the learning statistical classifier
system or systems can be processed using a processing algorithm. Such a processing

30  algorithm can be selected, for example, from the group consisting of a multilayer perceptron,
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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diagnosis in the form of a probability that IBS is progressing or regressing in the subject. For
5  example, the individual can have about a 0%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 15%, 80%, 85%, 90%, 95%, or greater probability of
having IBS that is progressing or regressing. In yet another embodiment, the methods of the
present invention further provide a prognosis of IBS in the individual. For example, the
prognosis can be surgery, development of a category or clinic al subtype of IBS, development

10 of one or more symptoms, or recovery from the disease.

[0093] In some embodiments, the diagnosis of an individual as having IBS is followed by
administering to the individual a therapeutically effective amount of a drug useful for treating
one or more symptoms associated with IBS. Suitable IBS drugs include, but are not limited
to, serotonergic agents, antidepressants, chloride channel activators, chloride channel

15  blockers, guanylate cyclase agonists, antibiotics, opioid agonists, neurokinin antagonists,
antispasmodic or anticholinergic agents, belladonna alkaloids, barbiturates, GLP-1 analogs,
CRF antagonists, probiotics, free bases thereof, pharmaceutically acceptable salts thereof,
derivatives thereof, analogs thereof, and combinations thereof. Other IBS drugs include
bulking agents, dopamine antagonists, carminatives, tranquilizers, dextofisopam, phenytoin,

20  timolol, and diltiazem. Additionally, amino acids like glutamine and glutamic acid which
regulate intestinal permeability by affecting neuronal or glial cell signaling can be

administered to treat patients with IBS.

[0094] The methods of the present invention can further comprise administering to the
individual a therapeutically effective amount of a drug useful for treating IBS-A, IBS-C, IBS-
25 D, IBS-M, or IBS-PI. Suitable drugs include, but are not limited to, tegaserod (Zelnorm),

®

alosetron (Lotronex ), lubiprostone (Amitiza), rifamixin (Xifaxan), MD-1100, probiotics,
and a combination thereof. In instances where the sample is classified as an IBS-A or IBS-C
sample and/or the individual is diagnosed with IBS-A or IBS-C, a therapeutically effective

dose of tegaserod or other 5-HT 4 agonist (e.g., mosapride, renzapride, AG1-001, efc .) can be

30  administered to the individual. In some instances, when the sample is classified as IBS-C
and/or the individual is diagnosed with IBS-C, a therapeutically effective amount of
lubiprostone or other chloride channel activator, rifamixin or other antibiotic capable of

| controlling intestinal bacterial overgrowth, MD-1100 or other guanylate cyclase agonist,

asimadoline or other opioid agonist, or talnetant or other neurokinin antagonist can be
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channel blocker, talnetant or other neurokinin antagonist (e.g., saredutant, efc.), or an

5  antidepressant such as a tricyclic antidepressant can be administered to the individual.

[0095] In one embodiment, the method for monitoring the progression or regression of IBS

may comprise monitoring a subject who has been administered a therapy for IBS, for

example a subject who has been administered a therapy for IBS during the intervening time

between the collection of a first biological sample and the collection of a second biological
10  sample. Accordingly, in one embodiment the method for monitoring the progression or

regression of IBS is useful for evaluating the clinical efficacy of a therapy for IBS.

[0096] In one embodiment, wherein an elevated level or expression of a biomarker is
associated with IBS, a decrease in the level of a biomarker in a sample taken from a subject at
a time point after the administration of a therapy for IBS, as compared to the expression of

15  the biomarker in a sample taken from the subject at a time point prior to administration of the
therapy, is indicative of the efficacy of the therapy. In another embodiment, wherein an
elevated level or expression of a biomarker is associated with IBS, an increase in the level of
a biomarker in a sample taken from a subject at a time point after the administration of a
therapy for IBS, as compared to the expression of the biomarker in a sample taken from the

20  subject at a time point prior to administration of the therapy, is indicative of the lack of

efficacy of the therapy.

[0097] In another embodiment, wherein a reduced level or expression of a biomarker is
associated with IBS, an increase in the level of a biomarker in a sample taken from a subject
at a time point after the administration of a therapy for IBS, as compared to the expression of
25  the biomarker in a sample taken from the subject at a time point prior to administration of the
therapy, is indicative of the efficacy of the therapy. In yet another embodiment, wherein a
reduced level or expression of a biomarker is associated with IBS, a reduction in the level of
a biomarker in a sample taken from a subject at a time point after the administration of a
therapy for IBS, as compared to the expression of the biomarker in a sample taken from the
30  subject at a time point prior to administration of the therapy, is indicative of the lack of

efficacy of the therapy.

[0098] After determining the efficacy of an IBS therapy in a subject, the method may

further comprise continued administration of the therapy, in the case that the subject is
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V. Assays Any of a variety of assays, techniques, and kits known in
the EYt biamapeer(ssext foundBdRabés friwnh ashlegstels ahlsastgroriagleast Bt drie 7%, hdPe

W0 2011/ Obasipchy be2015/0e00 aadf il 10 AlBaTor RART ARGt the B

part, onRue{ BioMafted@) hﬂeefo@fﬁceﬁlemwe Phudheret leadt [kt leeaStoranRaste, Kes, 6, 1, §
sanpl e obtained froman individual. As used herein, the term' ‘deter m ni ng
the pres@nit 1df1%1t3] Badb. kﬁaéﬂrﬁ& K8r20.j08€Pudes det ermi ning the presence of
each marker of interest by using any quantitative or qualitative assay
known t o[01:00] hi sosie drhbadimeifte oAtte.invemtiboaht #8H Rﬂ\hﬁs brncelss iguamRNA bve ass ays
that _determ ne t he presen e ﬁ{) absence of a p uI ar trait, vari abl(ef,

Ag

bi ocHeni BxressFd 8eh-694iRE @i Enqigents; omprighgahe dPigeqn

anti body), @i o3t RRLS, 105, et gaf 'lﬂglle@thmﬂkﬁff 1@1‘17 NBerLsh; 29,308, 4o n
other instances, quantitative assays that deternine the presence or absence

of RNA, p5.d10e55, 60a0b] %bdymom ofabe gqu)fOIardenﬂabteaﬁbl ko f efedet epboaignesache
k f t t t t | of
T R B RSl B 25 S35 Bl e oyt ©

i nterest 1HY164$7NR, 20Y200026 30, 38 or 4VULTRE ber@y BdtindtiatTa¥R A8 a)preaun to one of
skill in the art. In certain instances, quantitative assays that deternine,

for 2% anpllnbodmhtet ithed &Nﬁv@omﬂr@%b@rﬁtﬁ@l%m@bleﬁ SURRIAS atiRpeh, L, #1RA9A2 OpRlot ei n,
anti body, Qs ackigbly QN8 PHiibap] Qaf £ (@I LI 001G bR s¥el 48! 1£aGHIBr ker

i nter int e dart” wi’'l I appreéci ‘hat "any assay usef ul

f or det epwfarmmmlmeweihe@ﬁetﬁomm:ses ﬂleaje&ﬁtldﬁ ef atlledso odetﬂe:lidter r5g 61 he
presence or absence mar ker %0144% Anal ysi s of marker IeveI S

usi ng ro8t9-rée ﬂbclﬂnﬂ%ydésléd@nla’slglxlé e 2rr bl 3psqidhe EWéf%‘%‘dthér r'i pt ase

pol ymerase chain reaction (e.g., gRT-PCR, RT-PCR), mcroarray analysis,
Lum nex M0 Adaby¢ emPodifrieht m@hé xivieRjiort, elechBH R biorrmdgcr d:stetle\IZ()n@ﬂdcruhl:s

based on hybridi zation to a nucleic¢, acid sequence t i | e ry to
a pof?i oﬁn‘%?ﬂ“’c%l’rﬁ%ﬁ”kg?"l&%d‘? AGINOASESFABCNCE . 03 any QP%?P@TI:(BtIBH&(ggﬂ taP n) are
wi thin the, geape @ ngéﬂer BRESERkn], LRS00 A HhnRhiEARI:E R?@Bn%muué i cation

techni ques are described in, e.g., Ausubel et al., Current Protocols in
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25Humana Press, (2002); and Innis et al., PCR Protocols, San D ego,
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described in Anderson, "Nucleic Acid Hybgidization,"” BICOS Scientific
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10 marker can al so be suitable for use in the present invention. A
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sanpl e, I GRPALE S LA/E SN (LANGACRANRANSNA, - and/ or
SAPPA stalnéﬁg % ?ﬁ rne%;$ﬁ2 conceﬁt?at?%nao?J% |ﬁ”a sangfy can be
quantjta t hr ou int titration or .t r

Ui oual | HIBRLF Shrain ibtss BERGESEuhpla B § s Hetb A T SPGee SR o
25] 0158] nﬁltén?r p?ktfér‘éﬁgr)/the %ﬂ%l&%@t%ﬁ%%@at&ﬁcél%‘i’a%hﬁ@f sy%teﬁ’ﬁié rts‘é§ altREBRESt can
be deter detécting or quantifying the ambunt of the purified

mar ker . stumtfqat:@tgmmthrmefuch laga ﬂﬁfrck”é?&Bé"n Peea ewhliiténg, expoplee R aingleelcamginghi gh

pressure |]. chr aph ne or nat i on Ss
spect ron‘éttap%cflgd@w %%PI@%’%R/& 0-?6‘2% Cragg gy ﬂa%%% 8% ah g\r([#cf\?g? ggt C.

. Qual i Pﬁﬂalayﬂlt}%al%lﬁm the %fds&tﬂ:edﬁﬂ@%ﬂ bPat 16st Bnd @ik KEIstiO tnarkel € £Sdiagastial so
be 30 determ ned nown nethods including, without limtation,

Br adi®r dmsléﬁa;?gofﬂ@@émg §F & gmfrinagion Wlﬂhéle PEFSCNES OTSERGTHY R 2t 1§88 89% f or

radi ol abel e r te|n d

pIuralltSym]?t081 Sghggﬁlrgﬁ% rrleg‘E &5 8}%£&?gk%gag?ﬁ§?%§%%§ %y W th
one test t@aamlyelasEﬁEas gepampletas@n IBSquﬁn@tel \ﬁith asemytiaty, mi«fetty pitivieabl e 51
WO 2011/ 066458PCT/ US201Q/ 058099 appar at uses i ncl ude C|Inlf IabQ{ ory
anal yzer gredigéive yalue e worsgdiclipg ¥4ag. anfios oysrall aequAMY ) leaptpbon s
(Beckmanygal Aﬁ%}’d/ NDALREY), 48RS, 86%”'@7%*1@8%' S 50%, 91%,
ADVANT A %)b?% ofﬁg%%§§%¥§£%5 I Munoassay systens. Preferred aSpargtuses
or ptHt eD2%c b3 s 9B P nd&h Mil% g us 9Q9says of a plurality of markers on a
single surface. Particularly 5Suseful physical formats conprise surfaces
havi ng ar@ite] &l édrdaiPbinel in6thfdes; tha d@fiSEeaRIBrilhaCRtd PRfhidMlontoiar Bediewbi on of
a pIurallty of different markers. Such formats include protein mcroarrays,
or "prot @ammgstpssnc(als@essﬁeergystem@ Brefeghbly, the caabinaipn of lkpaing $atzpoal340
(2002)) a ertain capil.l ar (see 019, 944).
In these® %ﬁ%ﬁﬁr Sr¥§tﬁfn§ 0 lﬁes I'scr e(tl Uref%CuSeﬁérggatndéfn%r EI% lel IX)S a[%

ant i bodi ggitifg EXERINE, |l RE cQNBrsObe tR¥eo FBIidRE S ﬁr@hcti(ﬁd&tmcttabﬂhy azhluea)@ah:d

| ocation. Surfaces may alternatively conprise one or nore discr
part?@legp@eﬂﬁCh%ﬁ®8ﬁdﬁ@$FT@P@§’@Pnﬁ§ﬁ6b%F@W8we§9Wﬁ%ﬁﬁﬂ?ﬁ@?&ﬂ”& SP%%rete

| ocati on ggg{ &i@ gyt o

i mobi | i ?ﬁ%%@hgggzﬁg%g t(r)r\ggkﬁ rsé P%{E{B g?gé‘ﬁ fééﬁs.%hgg an éﬁer 1 s&srtﬂg e f}er mat
for perf®Mmemgdﬂkﬂuhmamddﬁsmasﬁaymsmﬁnunhptpmﬁmd®@nmﬁbmmmdheﬁ$nﬁﬁeshe Lum nex
Mul ti Anal yte Profllln% E ﬁchnolo ,_Frev §Wﬁiknown as Fl owet ri x
and 15 La&WivApageuskyathehygn ﬂg%@§ lograme Stagishieal clasylip, §ysiept ¥ BE S Hased 1 ow
cytometr HE bdrhAie s Qtptwtatﬁ B& t0RY, BEARLRY, Pomi@ke Y dyed

W th dlf?gfgﬁ§@¥ﬁ%§%%ﬁtleslg ?e d and |§hr$red mdor%pgores@§$ﬁe beads can
be b2find phdiatarivelrs, waptive prede:agenabe,samdhr@yelaﬂtapmmye@ at ddastgahoucT ot i des,

A i AR 7Bt indo % 1Bk SRR O S 5 1847 Ol B0E o
2006; 20 9blg) 8n%2049,Masdly96B006%, 98BN 99%.2000; Ray et al, 2005). [0160]
Several markers of interest may be conbi ned into one test for efficient

processi E(glglﬁf] }Igscfn%e fr{/t%rtceso%tfes {Ep b?z?lhe(i H‘P{%qg} tBQ leaﬁﬁﬁg %ngt cgldcl{isrgtf lf'e art

would re I'’ng mu successi ve

time poi R{siem® Systerhd @mﬁd’}ﬁo&%ﬁ@i Wty zepﬁoceSSmgmlgc&Ethﬂnn Guok apesdesdinganpl es
can allow the identification of changes in marker | evels over tine.

| ncr 8@s e glgopithrs caybe sedeciess fonexampite frobiig |ZEOUPLONGSHNE fsa MHKIlAYSE BRCEPLEAN.

R B T S

synpt ons comBitfadibn Af pehelodessingrelastithinmycanrbe weed, soeteasah atmmllehokmisl faelsion.i bed
above may be constructed to provide relevant information related to the
approach of the present invention 30for classifying a sanple as being
associated wth IBS. Such a panel may be constructed to determ ne the
presence or level of 1, 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, 3%5, 60, 65, 70, 75, 80, 85, 90, 95,
100 or nore individual markers. The analysis of a single marker or subsets
of narkers can also be carrled out by one skllled in the art |n varlous

4 —yr - L 1 I T



statistical analyses used to determi ne rel ati onships between variables. In
the present invention, the variables are the presence or |evel of at |east
one mar kewoabi/meb4s8est and/ or the presence or severity @®CTAIS201045809Dne

| BS-rel ated synptom Any nunber of markers and/or synptons can be anal yzed

5o 6o 7, WffahH o fin hoghnddiThaf thy BRAUSELR ok FHATE Tyer cgmpdR 0
45, 50, 5§}d1r§%ﬁhe 655.1%n}1@ent 6Ba t10apydb a HRiciAS ¢. g1 AGzastroamprelopisoomd genesml and/ or
synmptonms can be included in a statistical algorithm. |In one emhodinent,

| ogi st i cPrasytierssi dhanathaisebodimentriBe MSHdRBbEICHRERCNL INYHLLN HeYfessi on is
used. | nthe? eﬁh@ aésgg%%?e'ﬂ?sqﬁ thd fEmTrd éﬁréﬁdbﬁﬂy i %lh&@mﬁaﬁmﬂ fé@pcﬁfdQ§@tﬂ:t

i nvent i on cal ant1 | e measur a particular marker within a
gi vens popwnamaemea@y&@agm i Faolp legam £ Athe uriceﬂdaale:aa hget abolit 4 8%t SfoilBfes" t hat

nunber s o 0Bt 93 ge: »Por Bhabir o0 huarti s e I 1o2 S SHRVIGE S
sanpl e Ob?% Eﬁé 1eBep Fo%%lll%(gfl{ggpoﬁgﬂltg% '&&e‘”lﬁeﬁaﬁ? fréyet aBotROSThBY detheR OB

nunbers o rvat ons wer quartile 1s the data val ue a quarter way
up t hr ougtettidds of WO eskh! DEEAEBATTheIS201i0E 058QI9sio O éxeeapydatde@ igégviduahdFaipper

quartile is the data val ue throu 0 set.
Qui nt i | e§XyrRiehF Qé%gﬂpﬁéfﬁfﬂ??,gﬁgefg ieé’\féf\%%gmf}}mfaaa?aéegoﬁ o fn\}ceglgsr%ég'g g URIES,
cont gh i AGvdIGSmERof Bfc BEMSIINyRIpt&ifislaberouidies RG] pRREstivALE IBS, or @ vayesent
i nvention can al so include the use of percentil e ranges of marker |evels

(e.g., tdmomntheglisegseartile, quintiles, etc.), or their 5cunmul ative indices
(e.g., quartile suns of marker Ievels, etc.) as variables in the algorithns
(j ust as [§9 13 1€ thé HUBsEmMEars] @Blaesinmdr b6 hdramef ie falbdwed Hyheinsinatering ite tie

al gorithnms of the present inyvention conprise one é’ nore | earni (%5

stati sti éedividpalsstheiapeutipply gifgctivaamesatolfedye fsefphior (reptRe T AR
statisti | as t n I al c
Feonn qued BRfH R AL SHRIRSIG LPEHERT o FRE R, RS pRATALANY) 2 ARt Do
mar kess diugsriheués buaanel/nor lninltsdl tapherbBBergid ageath, amrq@pmmptsanmoné«chﬁgnel

d based h t mb
St at i st asih dacdfmis chaya Bifekdensey B RALSF rramranpeas Pug! Gepiiiom

forest) inguMbREfn aﬁt@g&ﬁﬂ@ ranﬁ%@ﬂﬂom%mr%nu@ho‘h‘ﬁ@f%ﬁd‘@éeh@,nb&fad@mna%lka‘loldé, 6, 7,

8, 9, 10, or nore learning statistical classifier systens are used,
pr ef er ablbgrhiterdtesn G3M-1 Exdog, éBFcﬁfnta@arSm pEpbsatiesi foee eags Bpreskifier systens

15i ncl ud b
151 nol ude, DUt aF 0L L IL €0, L0 e HDOSRHOLIALIDAUEHL eyl BE Do, (e 0

ran orest assitication and
regregsi eBubiReiond GERDY. OH@@@Sdrdgrseﬁﬁudeﬁilﬂklhg ag’ém@albbalmﬁpphmgbmaﬂs,el y
Correct (PAC) |earning, connectionist |earning séwor ks (NN),
artifici arrmiaatieds, HeraNgizees. @WNR@SOPI%@UPB@TTYH%EWIH%@MPQQIIFW@ HoRALY»

structures, 18(9 g& & Hﬁe{(gﬂ% %‘rcﬁglu{&“& beilianetn R Pﬁl?eqthfegﬂﬁal pE‘Hﬁéabﬂ tA¥§T

f eed- f or war 1ons of neur net wo Bayesi an” | ear ni ng
in beli efafﬂ&elﬁﬂg)ﬁé(ﬁonaebﬁgl)al ceisigholirgermrite ddednisiengl tOeregt patlpasgvltkeIESear ni ng
in a known environnent such as nave | earning, adaptive dynam c | earning,
and tenpngbﬂ4]th otrfel ﬁﬂﬁsdlhﬁzﬁfsniﬂagnetl?@(ﬁ%f\fﬁe DRHMRENGntich RMNENKRGWMLe

envi ron active learning I n an unknown environnent, | earning

act i @§- valassiffinp ctid BSssanpppas aalBSecmsisopationi (B ehsndiaitber ABAd)), #B%-myixedind

it sti QS DhndES efigi Sl AT A Podd R RHETE s ) sl od el

Kernel nephads), th@kﬂlaﬁs‘ﬂ@ahbﬁb?t&@@tsia}fﬁe e £88¢ &y SBhh & <linldARSbtype of
Levenber gMar quar dt al gorithns, Gauss wton al gorithms, m xtures of

Gaussi andBSgs hakied miponl dsqmatened g@ﬁif‘tlhﬁﬁt leasi®np claion Higp. et e, Gifaprvicnfign

(LVQ . [0166] Random f.or re leargin 3

t hat arend%%i?}’ﬁ{:fné)&e ﬁlg?sﬁzcagﬁ MRS rgolglo %rr%§l é/é’? I]Plpg1 %J %fcél §§fc§ﬁ(§{%§}r@gnd
Adel goCutd&lescRBEIBILROPRSERLIS et 1Radt dhg CorALIGIBS iOistin g.llvhedlfﬁdm deleas ione
trees and decide the class by choosing the node (i.e., nost freq tly
occur ri ngthasffomhef Bihbased upan Q@t@%‘?ﬂ??e‘éf Ipyeliof eptifd iy FRitAan InSHABESS, ¢ li’F@!andom
forest anal S ﬁa@@o t r

v 1 abi arp s T RS RN G tho e feg s BifRGHNG FAMEOCTORGR Rl ah R ne
Lear ni ng,andkr IBSD 62A0PIE )in a@ﬁdhw&l\ﬁl 25&1/1051&6561@5%@@ ageﬁem@/mssa@ @ertain other
http://stat-ww. berkel ey. edu/ user s/ brej man/ Rand%{TForests/cc hlgge htm for a
descri pt |léﬁaiéﬁesf%ﬁquéf’egie@es[e()ﬁ]@ﬁm@nafé‘glbﬁué oS ‘rﬁ}ﬁlals%‘&? KA t r ees
represent a conputer intensive alternative to fitting classical regression
nodel s and are typically used to determ3pe the best possible nodel 5for a
categorical or continuous response of interest based upon one or nore

predi ct or S. CI assification and regr e55| on tree anal y5| s can be perfor med,

- APAAPNT 1 o o ~ 1 r ~ o



30 Dordrecht, London (1992); and Hassoun, "Fundanentals of Artificial

Neural Networks," MT Press, Canbridge, Massachusetts, London (1995), for a
descri pt iwo 20f1/mee458al net wor ks. [0169] Support vector nRCHIUSRGL0As89R set oOf
rel ated supervised | earning techniques used for classification and

t o suppof UG B CRERT L SR Ena e thicy IS S TR Ap B I Sl Ss T et o
Canbr i dgempl®) 2@ba/1B864HERCT/ US2010/ 058099 Uni versity Press (2000). Support
ve](c:t or machi ne anal ysi:slaacan be e|cJ)erfo_r rred,gg.g. ’II uzi ng th_etlgght SVM .
sof t war e ORe Eblisc ShNRE el uiRTroiSIrad ¢ he
LI BSVM s ?mned%gel\?e obpegﬁﬁrg/tg’%hl ﬁ‘-%%%gglr&ang rllsc? Chilhg\]eenr Lul n %Nati onal

Tai wan Urlasstficitiby Yo a Blifitid0] InMtxetaireathen engbstimentst theahetbdddaithérgrowgss ens

d i bed h i be trai .and tested. usj t .g.,
er o1 b SaPas I BepreTS oy st yitel TessR it ot BT E en: o
and/ or Cgl j3Cpli BIRASEHBAL AL PresER inRXATPLS fuSRBPE R8sk QBRALEERYE & the

di agnosed by a physician, and preferably by a gastroenterol ogi st as having
| BD usi nipdavithiad pshyerapationysafastive amownt of adnegyaseéalyoriseagiag dPSifedBSH;, 1BSg. |,

Che 1 ear Fir T S 1G5 o dlE B AR p R b R oo Btk RN ' "
S | i ®di H 1. . q . | . . . y
S ohn' s PRl §IaAPARRTs Ml hEBRR ERabE) TR0, Bigeldhhed

assay a$ descri’bed in,
e. g. 10 U. fnd Padebihatastherzof S, idsiane@n ovhbre3BO sfitfle iSaapifed SroiBpaA eSS C
di agnosed with | BS can_be stratified into |BS %ggs(gei pgti on i(('l Egegf
| BS- di ar favepic er@er thpyndipdualds degnesed 36th\WBS-Aps IBp(e aiberapryticalBeiictsxs | or
pOSt - i nf GGl G SAMRlsEse. §.1 fde RN Saphia NG M1 Wit ) BRH
using a gﬁ%l(}?lsﬂ%ggg?crl F)% grﬁflg&g{t?dh asksf(F Eeeé I\/glgknaﬁ%tgh Rong I, Rone Il,t grc Ro(r?re
11 di agp@atnidertd td BE idiRd8als Uh k&rhé thsiaAtesy Sieh thelsadiplt 8 @laddifled &5IBIQ t he
| earning statistical classifier systems of the present invention, Sanples
f r om heahndigr thaddividuallis diegrosed MithdB St Gosberapaticaly sffeeitveiaganet ¢f ed as 1 BD
and/ | BS. s | es. e.skiil ' rtewl. - i 1l I
tec hﬁélr quglé% ! péﬁsgg%gdri (%igenrocé1 Oﬁ:decC rﬁlgl%dg ? ?‘gp\/ 60?’ %%mé%lhiogg%\a% g%thbg(?t?e %a%‘r)gggto;fent
sanpl es thatole@Ninkstibd @dctefialtovaidrbwh, MI0- 11168 bi et Henkrar dyichge sgaitistst i cal
classifier sgst_ems of th_e.(fr esent invention. [0171]. As used,herl?eT'én, t he
term " seAdmadQlinaLr oy pOIY BEQIHS Cﬁﬁ%‘ﬁ%i‘q ‘?r_t%‘/hetrﬁlﬁ’t‘m g} BYABYLS €2 et hod,
Syst em  Qdmfée8lo iR ARAN n bIHEP AR LNER 1Rt BABIL I KRAARHLIBRN the
sanple is positive, e.g., having IBS. Sensitivity 1s calculated as the
nunber ofind/onke probvitliiales diegubsed wAGdiBSHded theyapehigcadly eifeftierenauntief gositionves

‘and fal se negatiyes. Sensitivity essential IS sure of. how, we] |l a
met ht'd, Qﬂ/%tgg‘n#"ﬁ ApBgRNSY etghéa%‘P%eéré)ﬁt bb%\?%%ti%ﬁifg%%%’tef Q}r(?ta%rn*{il?r}dgs t hose
with IBS from.thgse wthout the di .statisti a rit.hns can be
sel ect ed%ﬂ’f@ﬁl tflﬂ% T RGN ?t??}fint%%]f%%ﬁ‘ %g F%l%gcﬁll)%l(%é ?%lg&@éma%tg?’e%s about

60% andagarRphesant Sichexanmtglicaintidbresshadan®e hdmirtdifiered e tetindiv idyalof

cl assi fying FBS is at | east about 90% when a conbi nati on of |earning
statistical ckassify . i Exanpl e 10 from US Pat ent

Publ i cation I\Io![f 20gjg%gﬁé%%m%?gﬁi’?%ni(fﬁrggkpor ated herein by reference in
its entirety for all purposes) or at |east about 85% when a single |earning
st ati sti fHI16t| Adeishimptons psifidensi tgpivsgdddtseanedixaitphtefying@he presence or severity

2011/g664gspcw US2010/ 0580[%2 ér]f frg]m US Pat ent. PUEI i cation No..
2008#D088584°a\AN% W IROWREREISH s e PnSUPE PEFISARAT FhP SISSRP Yt y £ or
all pur pﬁéﬁﬁ%m,[u‘%lé%r%}onﬁb@ fBAESs 'éﬁ&glﬁvfr%gci fepulaF-6fz8d feh0idabRitPtPR@bh hi ty that

a diagnostic nmethod, system or code of the present invention gives a

negat i veragabuisizedinenal, tahdorsiamappain abdpminagh discern{ast, censgipations diashag bieptings.
Specificity i.s calculated as the nber .of true. at.ive.resul di vi ded by
the sum 8}?3/0["?11 alt‘ﬁﬂﬁ“ﬁ%&?%%@’& tl&?%)(?ﬂ#éﬁrg%ellﬁlg%? Sf)?/lél%%gxgéhe%e}vﬁgcﬁ lr;IIE)Izssenti ally
i's a nmeagueemedrt, RAWcyvBbinaBod¥Bh&ledf. system or code of the present invention
excl udes those who do not have IBS fromthose who have the di sease. The

statisti cal. -al gori I egid iCh tey o0

ol asty 1y 7T bl SRR, RERAReRTR iy b R BPE L ot 10y,
80% 10 8hfe oBh¥esyBpiamsSi%eritidd%erd) ¥ id&itMed I8 YenBa sYafond bl Q6 is97%
98% or 99% In preferred enbodinents, the specificity of classifying IBS
is at | edstfuldiondraseednsdith ralingoindPRatiliag o8t IR rriingn S TBY, maniteane Hieassi f i er
systens | | | i.cat.i

2008/ oos?@fﬁ%ﬁg f"?ﬁ%f%@"ﬁ%%éf £ gf eﬁogﬁﬁﬁpﬁoé?g!?’eéﬁ%gmin%Q]i“ét}%yefr?tr B3ty for
all purposes) or at |east about 84% whegza single |learning statistical
classifier systemis used 15(see, Exanple 11 from US Patent Publication No.
2008/ 0085524, which is incorporated herein by reference in its entirety for

o NA N - a .



The statistical algorithns can be selected such that the positive

predi ctive value in a popul ation having a di sease prevalence is in the
range of wibaotl/@est o about 99% and can be, for exanpl epPCatUsSk@a®ssoabout
80% 85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98%
or 99% r{e ' t - Ny Pl e of

5cl assi f%/@ntgg ﬁE@ |fnsé%5tt€l Hﬁg%é@&gbaz%etsg%%%\%g8%&‘{;1‘31&%%@?65;%%%, %%Hldé?ir?ni ng

st ati st i eiphohassvdyiieussiystpesdiice shelsyaptds eeofilEx @hpleesfiOndaiemr iSvPat ent

Publ i cati on No. 2008/ 0085524, which is jncorporated herein by reference in
its entiPeplly spmarises 3ptandaneaed Sfmfﬂsfstﬁnéail@mwgr%/%nr thesPurpasE |Oﬁaﬁt§5rmg
negat i veahithRes o I%S%fn%g{ltgtrééé?dﬁf {HéESour@h Canldftr  MERF Bk -RYark & RS HR! ence
of the disease I n the population analyzed. In the nethods, systens, and
10code oFottihgapreeEratple 19 druin 619, Patdng Pebladaiist INva ROGH/QRES5EH povedes epemplelect ed

to produce a desired,clinical. paraneter. for. céj.ni al population.with a
par L1 cul Gtesies Brieeabeiadidedin d Gelignativg B5idinfiy i G pcthes T er Glur bl or

systens ganyhgokebsatrtd«9mpiiind Behdmanaemce of up to about 1% 2% 3%
4% 5% 6% 7% 8% 9% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55%

60% 65% 70% ni ch, can be seen. e.0.. ~inh a clinigcian s..0ffi such as
a 15gast 19ERY ¢ %%%)64’1%?‘“20 BReRG e SmpGuparohle s o) 6 Bngigh bhder [0176]
As used Qhelgiidy all Hiea §udken of Aweiivkrsag HIReRBionsGEt foeveh ld quasiannaiey or r ef ers

to the accura(S:]ggl wi th which a nmethod, system or code of the present
i nveHl i osPrEgyasEiceiteig oshegeabadianeissthe sympia profe surradyred basediupan fited as t he

sum of the.t Lt (P (YA t nunmber of
cample RO RaBbie (ARl RuAGRAL LGP ol Mty Rhob ety 1 ITPEL
popul at i gyinmomkyz @te syraptoax@afilesgentheedsh atdsddncalvidl et dithesecarbodanents

sel ected such that the overal]l accuracy inp a pati.ent popul ati on having a

di sease FAPERFAISEA HBCqTRDIRRLqNEKILh aé%ﬂ?s%é%rﬂ%ﬁﬁigggﬁna&ﬂg‘g‘FtL%hﬁFg, at gI east
about  65x.h0Q%%esCRBRd HEh td [Hprot8 We al Etc B AiaSiin88%) nBid%in $8Sorufngs 86%

87% 88% 89% 90% 91% 92% 93% 94% 9%% 96% 97% 98% or 99% Tn
pr ef &7 r edutdBbYy gravisning , [BS heooneig the pogmesaioy oofegrésamsiof yBAgprbBEirigs at | east

25 about 80% when conbinatjon o rni tatistical classifier systens

i s used (’ré’éa?sht_g’ér‘}%?easilé?‘ﬁ%fﬁﬁr {Qéﬁﬁ’tanﬁggﬁﬁ‘éeation No. 2008/ 0085524, whi ch
is incorporated herein by reference inits entirety for all purposes). VII.
Di sease YassDiagngstioMaglkenrsem [0177] Figure 2 from US Patent Publication
No. 2008/0085524, which is incorporated 30herein by reference inits
entirety al | . i : i S f 4 i

(0cs) - (I Lt R B e b B R BBl BRI PP,
t her ei n, adefCI0VondlthedesnhesDES vanité kidage nee Noddbawe20HS asdicdries swebjects.
conputer, having a procﬁssor 215), and _mermrlﬁ nodul e (2%10%@ The

i nt efd | gAMABEHHLPE silicanHy elfyalsd YamRimI AL PS Y Gib atin e taggation, and gut

2011/ 066?&%@%&;&%&%&1 28098c16aE TGS HIRILS, MRTALL 1, Fnang, VEsal vi ng
informatfon over one of nore diréct connections (e.g., USB, Firewire, or

ot her i nTACRcie ) reqegtonrier tbe tacbylanimetewmpkpiedenmvdstianeent§ (fexrekinini A |l ng a
nodem or ot her ne rk interface device). .The nenpry .nodul e i ncl ude
oo nal “erigiey S obueih feb Aol E ik Frd o rerioy tor LRYsseRis

i ntel i ggREen. "ARUhENEL 3PYRBIVNRS BedptsiRITAC R dHiaBodid 2Rl reny GRded phase 1T

moni tor or printer. In one aspect, the intelligence nodul e receives data
such2as platicantials EyiBY.eSuptonirf iriggera canractique B¢ rabbe ilepaudemediats ngyrogak est
system (250),. either t.hrough a.di.r C [ [ (240).
For exanpiantpfieh EEp iy R R b IRk RGN R P RERPERE 1oty on
one or nedrétoRRt e §Jtins& aVTHREIS]s (a3b&eptaaior W, Ot dctialty Wi iorecelfolt B enddeséd by
results to the intelligence nodule, The data may. al so be 10 provided to the
i nt el | i gErRrateisathieh ytiyaigiaderylyl qislase by Rconseptragion;is cleygted i $HMRIOERIRA f r om
a portabl e. nedi > . I 1Sk r Wel! i sk
(VD) . - ThaiefBs MR IeRS % SRIAINCAIEEL. S e ik b PlogtBlor i e

di r e30 | yRablp| MACADLTRabil hiretdatganics beaditpertedto betinnslyedm ineguit edaffickingpl ed
with the intelljgence nodul e over the net Wof;ek' The, intel ligence npdul e may

al so contAsAlSHFacy dnieers InryimRRRNbRediaior fbleakeqyienfilahondatheipgsynergoy er
the netwgy hlfﬁﬁlmagowohdi%egwmcr&@éd ﬁﬁﬁéq%t@mﬁ?tritﬁﬂ%% bl IRBYed &l ABuRE: of
heal t hcare provider nay obtain and view a report fromthe intelligence
nodul e, WS pitiemesy While doscdamtveigenes thablbavattorlpgpreltasps todBS, ahengE&sotitkent
system (230). [0178] The network can be a LAN (local area network), WAN

(wi de area network), w reless network, point-to-point network, star

network, token ring network, hub networdq or 20 other configuration. As the
nost comon type of network in current use is a TCP/IP (Transfer Control
Protocol and Internet Protocol) network such as the gl obal internetwork of

. o Y Y v o

own



interface (GUI) provided by the browser on a display (e.g., nonitor screen,
LCD display, 5etc.) (235) in conjunction with pages, forns, and ot her

i nf or mat IO 2pr1066458d by the intelligence nodul e. As di sCOTASA1Q058009 t he
present invention is suitable for use with the Internet, which refers to a

speci fic, gl a0a brbl@éﬁdh‘%& el fadiieeR! ?a}gd?ﬁ’;ﬁ@v pcilh7 sheybd c&?c&{i%f@t ood

t hat ot hér networ can use I NSt ea nternet, such as

i nt r anet proadin e»(mnmﬂeﬁmedammbgicu}aﬂunmomaSmcaé;Bﬁm & criplslk dlsaasecadet@I@ﬁbJngaas ed
network, any LAN or. WAN, 10or the |ike. éﬁlBO&.Af g B ﬁﬂ nt,
each cl i EMARIRtRAAd SyFh 2gte e vaBRT dHRE: Sudies %3% &E5ABorff yor

usi ng applLicdk LNy oth%i"g ﬁfletl:ﬁﬁi\éff%ﬁﬂy's il B § QPRI E ratfOAGar g'erMS' ng a
central processing unit such as an Intel Pentium processor or the ke.

Simlarl yqnvtahen phthesd pagiengs copsgithted andmpditand pait 0§ theshysoseengmture g‘nIBSoe

oper at or co fi ?'E![ﬂpgl e using 15application(s) including conputer code run
using a tessing unit (215) such as an Intel Pentium processor or
t he Irke or mul tiple processor units. Conputer code for operating and
confi gur [01@01 hdB§ ng rdtlapspeiatast \rvmlmamwdqultpvqiee@@ndaalast@ﬁwrale@t serdegiFt s as
descri be here [ r fer abI 0 or QN S but
the_ent: tuepmgiaiiaBEhe e BidetPonte BBt RebriP s 3 gAY any

ot her vo{i@&mhamoxsscrwaned/@itatauaedmsaweryawrechddUan devab@emasal PRinipgompts|  known,
such as a ROM or RAM or provided on any other_conputer readable nedi um

(26030 capatisnts tofscak Bedipy) careogﬁe&ﬁr&@daresyremews SE1BS é@rﬁ&ﬁ&@om‘i%ﬁ@l{f@f ofredi um
digital [ k L i i ke.
[0181] Tﬁ‘i“’%@i % ét?dngo#SD}\”/()@rl rﬁﬁgpfﬁ%ﬁ £ 8}18 Crs%u(gfi%ggl ects an n%é{:j%lrgr%]ht S

of the preesends pam\zerﬁtwmrbmmatebeuc smhlamt edrtumatelyyaqyamrsamrmwagclh hmguage

that can_ be execut ed on 25a em s for ex le, i C,
C++. nrme@e oy ygdergiapdiag P?ﬁ@ abré ?%rew qna?rﬂglq %ﬂ%g@ntﬁch as
VBSC“ pt piofibed 12951@%&( blaﬁeekaetaha aerereoa ng,%mqeonerls ggt' Hidedinss AhREaRfs a MY

be enbodi ed as carrier signal, which be transmtted and downl oaded
fronifa spéditivar dagwaiscd B8 bgsed pmnaxéy pn olwepatln\hefsum@verrem thodiseaserndny ot her

conventional .network c cti.on r anet LAN,
coo S L PSR S bp RIS Bhtal, P Renticaicn Pl ek SrBrepaSh bRy Mt rrp
HTTPS, EbResdi@ll rel®fagied sikb TAECRMahd VEPRW1] FGEB2 EniE6O b6k iHlletstan@iM of the
enbodi ment, the intelligence nodule inplenents a disease classification

process P@h%ﬁm&&&@fﬁﬁSpatrent test results and/or questionnaire responses
to WO 2011/ 066458PCT/ US2010/ 058099 det erm ne whether a patient sanple is
associ at g2y t IThe Bomakkers gadvaddiehyerdie, idemtfed from paepleral idowl it alombl es or
other logical data structures in rrermri( 210) or in a separate storage or

dat abfhs ey penilicha preksha DrPmRatkers idesfifip @ﬁ&%gmgrsa tisgyfs- dihe gppegal
statisti C I t est
data for QsBORGESSIOn et SRR oM pBRR K Bl ARAE Ind RESHIPY | e
di agnost lackmgrbkcdoglpaﬂoéheiJmcewiﬁf mhrqgawpnmkers” das anierathplat ¢haggd imeexpressienoé or

| evel of at | east .one n a sa le fromthe The test data
moht ol TAGRE e acrel e bir s 1 Burieten el Bt THAR? Sttt g he
presence e Sé%g@crlélhymcefnte@itc deﬁﬁﬁtceﬁgE{V}%Yérﬁfe%rﬁ%%'s@keigltﬂetdrhnh%%n&ﬂﬁtredt he

patient s experiencing or has recently experienced. In one aspect, a
stat2sti eérhongmwsexpueemmce@ﬁangmamgsmtrasmlal iysste is wdg ttefepbasirsment ki f yi ng

0 agnost PEURRPRIFoD) BT a Maibror S CgRaRaR T a1 oo TR ANBIR AR ds parrmdr

first stgficpipfabxRERQRATT sPledd gesesasinl rrﬁétclﬁh?béﬁﬁhe@;ﬂ|bﬂc)bdchﬁhﬂllﬂte§hrﬁ130l si on
classifying the patient sanple as an | D sanpl e or non-E3D sanpl e based

upon thebmpaﬁgﬂw% c marker profile and/or synptomprofile. If the patient
sanple is classified as a non-1BD sanple, a second statistical process is
appl i ed fo22he Is @rEnitfabgene diiff {tedg ohlyd@SaCaat IBS-Ippaibne earaplsewerRchsed

statistically derived decision classifying the non- |IBD sanple as_an [BS

sanpP@ ofExminle ErTheasiscied gepes rvr:rregvrahéfﬁad Br B RadieBihsaresysing ¢4 y
derived I or
Cou od PESRTISS) T 200 SRhYah My FREPLA CRYLRRSACS BN oot
and dis pt}&mdraaltpaaemepameDEﬁstammomls@nt aiaond therdt subjypeenbip23dinicalhe

di spl ayed results ow a hysr Cl to ke a reasoneg 20di agnosi s .or

pr ognosi dssigpprent oﬁ%si b IR RSO it 0 PEDIPIRE é&i‘ﬁ‘g EHHEDSIPRES], OA
variety of structural or netabolic diseases and di sorders can cause signs
or synptons that are simlar to IBS. As non-limting exanples, patients

wi th di seases and di sorders such as inf3ammatory bowel disease (IBD),
Celiac disease (CD), acute 25inflammation, diverticulitis, ileal pouch-anal
anast ormsr s, m cr oscopr C coI | tr s, chr onr c | nf ectr ous dr arr hea, | actase

I Y o o o v I T Y



[0184] Most I1BD patients can be classified into one of two distinct
clinical subtypes, Crohn's disease and ulcerative colitis. Crohn's disease
is an i nfwarmnttwe4s8di sease affecting the | ower part of wPhE/tUsk@umssny of t en
i nvol ving the colon and other regions of the intestinal tract. U cerative
colitis hﬁx&i@ﬁ@s@tﬁ@b&%%f@%s afhay N doadmisl ?Ehés%ﬁéﬂ #8GnRakly rég%lété’!ﬁin%cosa
5and subnucosa of the large intestine. Patients suffering fromthese

cl i ni cal 3sulnypgses of |1BD typically have LBS-1ike synptons such as, for
exanpl e, abdom nal pain, chronic diarrhea, weight |oss, and cr arrpi ng.

[0185] The2eii r[Bsfplreseﬁt@%Qm bktﬂhlﬁﬁer%'ﬂe@ﬁus@'s?ﬁ@ﬁﬁ)sl cﬁ/eﬂhﬁﬁqtﬁm&’ds@@ﬁf@ﬂlbied by
| BS-1i ke synptons such as a dom nal disconfort associated with chronic

di ar r heaGlésogders $ush @5 infhenm@abdunyah discaics Celiasi dseasaobiliage trat slesgase, peptign

d di f.th | |
assocfat gf(jfl aﬁalt%‘has :ﬁ% Oeusract%{;%%%g,lgt es%r&ﬁb%?%@%éfég&?ﬁ&%% t&{%nﬁg }i *on of

t he mucosplGbld¥taglanl’ HabenaBo®d Jery BifBalL foe devdlopifigh diaghodtie t&dt]elmmbabsor ption
of nutrients, individuals with Celiac di sease are at risk for mneral_ .

def i ci ene¥amplps Biovided deiea), dicspmniest e sPiested bydgadne i RBY Hsiaksaweeializeddn

|t est! Niss AR SRR Suhénd ot&émtws?d é&ﬁ&ﬂld@@%@a&emhmtgl Bsbet hought
that exposure“to proteins su uten utenin an rol am ne

pr ot ei ns awbtiatedavieh @r-awebidities pahaak whoyhaye bthet @Y disodes, andipsyadiiatrit distaseal e,
spelt, and kanut), in the approprjate tic and environnent context, is
respbhsi BICE § ‘%ngf“héal@%lle A€ vy égég Stﬁgig@j‘* HerOgPegRles t’(fi‘f‘tsor ders
char act eE) ]rg]lﬁ%l(ﬁ.y intestinal inflammtion that present 20with I BS-1i ke

synpt ons” | for exanple, acute inflammation, diverticulitis, ileal

ouch- a m croscopic colitis andc c |nfect|ous
B nealPlzaf 138 AR Rl fPEaR] St try hrad HRRtant IREt | testi nal
tract. Pabinfidnpla8& REMIn®AE trivs, 8k mtn?t y AGdne tHah frli @61 yis @lcdritPbaiF dsyd have

el evated C-reactive protein (CRP | evel's in addition to I BS-Iike synptons.
CRP is pﬁ%)d@g@@tlbylet’lh@s | Qreeol tbmmpfg“tamhelsawetomﬁ%@sfm rigpioup ﬁmd BYFREIGHY

i | Smabiry BB Rnoly EERRE PAR S AT o BRBh (R SRRy 1 11

pouch- anaésodAasItrofRScs ranrgt:cfamﬁgthmtemcl@lcattulatedand refoited] i omf @ntiodiment, the
diarrhea typically have elevated fecal |actoferrin and/or cal protectin

| evel s i WepitRd Y@Remeethesmay Re ussrhipcoHRDse CRREST@} PSR ESBItyiroma Pyt asnes
secreted, ORIAPL AR ondary

ar anul s "5p A Eo R ARAP{AEENANColS ORI ol llEL I B L§BeRS

i nfl ammpmdwtszetsﬁrsngﬁheme tihdiyataveenfaled ¢onditdenke mletheamdmgtogrfenmlcbpam elt to

t he rrou6nfd area. T |s(}érocess iﬁgcre se}; t he l3oncentra ion ,Ctll

I act er H uf”ﬁ FFE8E Biidencs £89FS £l HIOEREE BRUAREPAOEPATEEIY obser ved
in pati eata'gnwetﬂpahtrﬁ@tncp&ﬁ@aﬂ?ttehdlag@%t@ag@as@ fhde i8dividBall @YEIA beSakuRAEd

foll owi ng conpl ete resection of colon in severe cases of Crohn's di sease)
when conpad edefersnot ege nbveligstibathrmrdioplas predictive gsnafet dhgnpsbigdh quéstike, WO
2011/ 06645ﬁP [ US2010/ 058099 irritable pouch syndrome. Elevated |evels of

I actoferF? FERITEE observed in patients with diverticulitis, a condition
in which bul ging pouches (i.-e., diverticula) in the dlgestlve tract becone
i nfl amed [%Hé? orAg chbcm@@e cahadimagt.d be BicscT HHGRI R esFRAishes the\ibtre e¥itifsea, and
a mayked

of | 2o B oo s Ak st Sin N BHORE BT oERAS birnlsS 1Pis TG
| act of er beshuk€vebs cirddiateogeophouctk ibbi g, thar é:hﬁéﬁﬁtrﬁfrbﬂlednd)ysen&rz&ast ent
watery diarr heaﬁé‘gon bl oody), abdom nal a| n usu % associ ated wi th wei ght
| 0ss, a RESHHIC ] @géaltijtﬂhyﬁ’gjﬂ%?%ﬁ?%@@b? prise &kfl B1888i cal exami nation, and
very specific histopathol ogi cal changes. M croscopic colitis consists of
two di seases, Aol | ReAdMarkeots i tis and | ynphocytic colitis. Col |l agenous
colitis is of unknown etiology and is found in patients 10 with long-term

t di d | col . i nat i. h Nl
col 111 s SheTy o RBeT B dResc RS GREUENRTIRG 1B b B S T boy t es
in the |icpader @e Ptéa@mqmeeﬂon f&lct@gﬁﬁ@?%sgﬂbletﬁ&n I iddiviihAras GhaB s gimplezed by

a thickening of the sub-epithelial | agen | ayer of the colon. Chronic
i nf ecti odier wling Dh&afalelog nzge dispanes or dlh@tﬁetssaseqcsaéech\ygbéﬁ%%théq syinpienisie teased

f |1 f dj db
" 1abact ovrale, gt ARy B B0 oF BB LT AUt R SRRl R

I BS-1i ke &W% eﬁp&@heamﬁu bﬂﬂetahfbuabdqteraﬁtaupa:kpresdeﬂaﬁ EBS eflan IBS-
| actoferrin levels are al so observed in patients with IBD. [0188] In

addition to determning CRP and/or lact@&berrin and/or cal protectin |evels,
di seases and di sorders associated with intestinal inflammuation can al so be
ruI ed out by 20det ectl ng the presence of bI ood |n the stool such as fecal

o, . B - o



10exanpl e, a conbi nation of statistical algorithnms. | X Therapy and
Therapeutic Mnitoring [0191] Once a sanple froman individual has been

cl assi f i adoas11awedsBS sanpl e, the nethods, systens, and @®cuased1ose9pr esent
i nvention can furt her conprise administering to the individual a

t her apeu el I t J o] or nore
15synpt otrsrlhsbqgéési )(g%rl At al%g M?ﬁ? [(.n @Jb.l ?1 dﬁa%%BﬁgS%frotég%’ T’I%E_lg r6r’ tg ﬁ:ﬁ%@%gu?’? %

appl i cat pamisulat bebbdBHedr, uglianstiemadter wiefit] éi ed radthos, Ofstedss; a:dhz‘tdaie&tf dreed in
conbination with one or nore additjonal |BS drugs .and o ne or e drugs
Chat T edBESCHIHBVESTIAR ik £t S PASSHH: R ¢r RO fRd ipda nP(Pi%f?’]fe BS drugs
can be agmbeaﬁﬁe%g %{gntogmamame} a8 iR Y MBREM ke mERRA ea&rﬁfteégﬂa%essary
and can be carrie via any of the accepted nodes of adm nistration
Thus, 5 adiivenson sta @me&&@m&sd@leRNf\oor mwmpfcmpd imfTakle éndus mare piefated

subcut aneo S, tra ut aneous, ansdermal , intramuscul ar, . or buccal ,

subl i ngu&™ % odimi lagnﬁétllca?’ﬁTker P?‘f?‘ién 5 W?thoﬁ%?%sﬁ?%ﬁ”éFgC‘i’qﬁﬁ%Prtﬁ%%?ol e,

i ntrader 'iH%Jenubﬂi‘Israagé%gtéxbi’édée%rRNAan ﬁ%fe%ﬂf(ﬁhd ih Th¥1@penh bAh@abodiment of the

| ntral esional, intranasal, rectal, vaginal, or by inhalation. By

"co- adm mivenger, the blpmad@arstarntthNﬁamo}elee@mqghn&a ami¢iniheyieg ed aming ¢ved same
tinme, rior.to, t IS t secoend d ug
(e.qg., ﬁ%({“%g?e %ffﬂnﬁ@nﬁ P Bgﬁéamg&ﬁg ]ué)te]fs uﬁn%nfg At é%c#nnagm?%%&%rfl%oe&élfz ¥ {es of
the IBS didihrk&tiad RNAOKDIEcuR dohgmmgtatn@eéld 3101@f;efq©6ﬁde\/cﬁ“ agffeuabf 9EQAD | BS
drug may be adm ni stered repeat edl e.g., at least 2, 3, 4, 5, 6, 7, 8, or
more ti m¥OS:36 ta kB.dose may be adm ni stered by continuous i nfusi on. The
dose may take the formof solid, sem-solid, |yophilized powder, or liquid
dosage f @o129] duaipréired emb@dﬁﬁmpt@f thé &bileﬁtﬁm apilBS RN példnetriser compsisdses,

powders, sol utions, 30suspensjons, emnul sion ari s ntion
enenas, &NAMBE M%"rﬁpéess?dofr?@ﬁsgenﬁé?IECtC%gp%éeg%lﬁ 2P R1pEP gﬁg li ke,
pref er abloth@; 4N 1G96S ages §or B s PARA X RUSHITARHGETASIS Ordlis0PI2A,

preci se dosages. = WD 2011 066458PCT/ US2010/ 058099 [0194] AS used herein,
the 12r rmﬁdlﬁDtXIdbsIagaerefamdrﬂmb@Iﬁmcm the bpdmpakerahhybaa poten er prliypeptidlai t abl e as
unitary dos for n e nd ot mal s ch.unit containing
a predet 8??9%8@3’3’&@5% ?fir'{?/c“bcfgﬁ‘l’?? tﬁ ’%%i%mpeadprpgnﬁﬁgml?ggnqwg E%si red
onset, t@l@haRe hiybe @?M@ﬁ of ﬁ@&?@m& leficqfel %Ztasgené Bel&SsPEbAlthR Mhidina

Sui tabl e pharmaceuti cal excipien anpoule). In addition, nore
concent r diablg degaxg@omcprepfgrrq:ﬁaymb@hme@tp omﬁrrkgmmmb@h proteings pelygeptifiee uni t
dosage forns t hen he nge 0 t hus
w1 ocont iy Fied Y e iF relfo S a0 SR TR SIEP REDMRG A8 ARGRATAEER 17
8, 92010 prcﬂélnﬁpélﬁ:oﬁbmﬁﬁatg&& @mwmtfr@ﬁ thtmcmsvdpng LME.QE(IC]MEUMSGN@B
preparin such dosage forns are known to those_s inthe art (see, 10
e.g., RE %AW&@E@HR@& séRﬁ(Ic%S\SIfs@ﬁZEﬁ) PIW%W%E@P@% ng Co.,
Easton, PA (1990)) The dosage fornms typically include a conventional

phar mace (012831 Iearmos prederrakanipidimentantiomeaykeadd itte ionaitioy i3 ercodetebyt pere

ohancor sciggd tiom CEDIuT Syt LERRS cClo PaN, R BNITE ol EE Bou g the
tailored Iﬁe%dg%fmrlhb&w Alco %@fg&efd@fe@hé’ﬁlgfét%ﬂs?t\xﬂf ﬂﬁ@léﬂf&hssmr bon by

met hods well known in the art 15 (see, e.g. NGTON'S PHARMACEUTI CAL
Scl EIBEESC@@I%?) VIPR1IFARS ABHEDES 464, adi GHBBe Im@tqm emb@dlmmmm but are

R TROREN A e e I PR

silicate o%gﬁw&gé@édluyn@mlmpmqg@mamf yvi nyl pyrrolidone, cellul ose
wat er, sallne syrup, nethylcellul ose, ethylcellul ose,

hydroxypropylnethylcell 0 r bopol s,
e.g., Carbopol 941 " Car Lb&o(g@ﬁlég %le@‘é&%ﬁ&&ﬁk%ﬁ?ﬁﬁn%ﬁ?ﬁﬁ o@gg@f orms can
additionally include lubricating agents such as talc, magnesium stearate,

and m nef@d299i ICCM@HM;] isch H)glel{ﬁr)]asproeaimtrﬁ]’fqﬂmgS”?@e(ﬂEQ IlljsNQplelmdj mgoa@blm the
preserw n ents such as_nethy et - ... an ropyl. - y enzoat es
"a50" L RETAa Bbesne ) Ertgts %}e&@t ﬁ?@sgg@%{m RSB S td brgan <
aC' ds an%@@ﬁ%ﬁwﬁm@% fgmptk%% h ﬁ%@éfpe??ﬁex%ﬁﬂ8§@ge
forms may al so conpri s egradab pol yner beads, dextra and
cycl odexsamples frohu3 pmlentsrvpﬂeﬂﬁmd[cﬁwﬁ}u EObCo#als laghty prestictaeiof iBS tdnd in
t herapeutically effective dose can be in the formof tablets, capsules,
enul si ons, suspensions, solutions, syrups, sprays, |ozenges, powders, and
sust ai ned-rel ease fornul ati ons. Suitable excipients for oral adm nistration
i ncl ude 30pharmaceuti cal grades of manngyol, |actose, starch, nagnesium
stearate, sodium saccharine, talcum cellul ose, glucose, gelatin, sucrose,
magne5| um car bonate and the i ke. [0198] In sonme enbodi nents, the

T . B Y I M "




exanpl e, aqueous saline (e.g., 0.9%w v sodiumchloride), agqueous dextrose,

gl ycerol, ethanol, and the like, to forma solution or suspension, e.g.,

for oral ,woapilgmb4s8or intravenous 10 adm ni stration. AnPCBESArHs89aNn al so

be fornulated into a retention enema. [0200] For topical admnistration,

the ther ap@idhiaf af iy [stfl‘j*g&ﬂégﬁe @9ape). B cdrihit BELEARMAT Cemd 137 ARF/or an

| otions, gels, foans, creant, jeIIPes, sol ut1ons, suspensions, ointnents,

and t r ansad¥ Aencphtg KEDCHEGraradseifdibsemakemobiBS. nhal ati on, an |1 BS drug can

be delivered as a dry powder or in liquid formvia a nebulizer. For

par ent er a13@4 MRicekiiatineihced, AR frh@haPULl Q) IOCHERIf Gt prvQirdRsrEaMisbe in

the formof sterile injectable solutions and steril e packaged powders.

Pr ef er abldgtectedjabde ddyicboSoRINA exwesioa Widh auisee - &it via tipksfofmatioonsedhass 4. 5

to abput 7.5., [0201]. The therapeutical] ffective e ca be

or ovi Bed “tén SotgieT soa ro AR R AT T AT RIS ER i Fepr

e.g., bi aanlesgicaomkay ba@EUQRSy. Thitér@din PlhcPnstadcddMepré&kbh@l drdvel Of t he

buf f er mg?lc be 1 ncluded in the |yophilized dosage formfor 20reconstitution
e. &Y

With, Dt Teis detepied jp(/ s Agvel 2leproldsaguession it gay 14 s fsmadompisingee.4-

sui tabl e | gt or Ag- ' ' . i) form
can be pra1 }c{)\é};ﬁ 5“2’&8?3%1&%‘%&%13?9’ %npﬁ}gna 336%3%%2%35?’%9%5}%5%% tcggﬁl%& th the
buf f er f basedesaystitution, such that the reconstituted dosage formcan be
i mredi ately adm nistered to an individual. [0202] In therapeutic use for
the fgeatment of IBS, arJBRtflelddtcSBRalerfddBcehera yhe 25 initial
dosage of from about O. (F)‘i)lS ngﬂlr?g teo a%outqu%ooo cng/ ﬁgqﬁ?f‘y? A daily dose
range of from about 0.01 ng/kg to about 500 ng/kg, fromabout 0.1 ng/kg to
about 2000%3d1 k gV IPRr dsra das memhphik domeinaisurapepOde regéiker, thatrinferastn witlotite 10

ng/ kg to_about 5 [kg,..ca . The dosage h ver e varied
dapendi narunbhe PeRaGErraaRAPE YR PRl O R PRUSUE e Pl
synpt ons pe@;il%iréll‘lﬁodda_&@’cy@s,%h%ﬂiajﬁﬁﬁﬂe@&%d Ndtahly EXBpligses @RDagaaukd be
30enpirically determ ned considering the severity of IBS synptons in an

i ndi vi du&tlaxdtigns¢aupesdniiditioadf ggstrinaride sesralionging bsptiqrelrep dac weastipilbped

her e Q. Nl st e . i.ndj. vi - t of .t
restn: Tahens sRdeRe TAERUGE P RalcP it pltRaaic Bl B B0 FIEROR 4% e o
r esponsekiDa ttahemembifave griadin @uesdet! byehe Vdseasive éntoftinhhpepdids ecceptor &lgsne be
determ ne WD 2011/ 066458PCT/ US2010/ 05809 y the exi stence, nature, and
extont. ofEaiFey GeIPly st s NOL AL Shih 3 NAZoBIbany: RROSHAR SoraemSntor
parti cul 3 L3 indh Vd ! We? t osage
o o par o g K 1 e P B e AR PEL0 1B

CGener al | WO:12'@at nRHtPGR vilidatipasediegiof hergpheldl dlocdssmgles from 28 patieaatd wigls t han

t he ti . dps f BS.drug. 5 .The ter, th 0S IS LOcreased by
el 201 ndb SiEe Bt Vi b Tu Ristat SIS i pfetiAce e TS TS pEiknea.
For convemiense 4).t iecctainadmitaihintdosees, IBYPRE pehcvisdestotis aadisk Bh siravgd i n
portions during the day, if desired. [0203] As used herein, the term"IBS
drug" i nenepdess ¥R prguaefekbiomeriersfoatd®pt abl e forms of a drug that is
useful for treating one or nore synptons associated with IBS. For exanple,
10- t he | B33 udneaiaibénstahces, HACHBIBCcObr leSAENIPRMiXddiERed & tholelvel sronpl ex
bound to an_ion exchange resin, or the like. In addition, the |BS drug can
be in a SHINAtCEAPHPH{C FhEatBAHOIMANY Midan;agsay) s¥eh phegnddiybrigizatien agay-al |
phar gaceyt i L C [Vt , d drug
Der ng- dodn L R R Ry 0 PR R ROk s B A A B p oty b
phar maceutsagali yeratcethtailnbtencsa) the pakerme or BSetofUgIRRIG otid @recuisbhihigteof, is
limtati (F)}n, t he artrgtqe, 15succinate, . tartarate, bitartarat

di hydr ocHFtSFiFtiat the dgyel i BOEIN FraesSIvRdiSHS: &8 @N tPEMBOASHRY KoL LISA), an
hydrochl %hﬁ‘ﬁohi@t%&?@ﬁ‘i@&le@ssa%%xf Ahss %b&th%@try BRdd Q%_Qi.o%i?ab'f@iihsﬂ@kﬁ@for
thereof, as well as combinations thereof and the l1ke. Any formof an IBS
drug i s detetmaipling tho pragsmeeion levieboimBIHRdin aoferurheplpines ealtval omveintei sampleearg. , a

phar gaceut i. | y accept.abl e | f.an. | d .afr base o n.lB

B uos0r Spifle B ¢ RE s RarCABRIch 80 0 ity W hiabei i anse ol ¥4,
treati ngNoREs BioldREAs BYifREGHE@ssoci ated with rBs include, but are not
limted to, serotonergic agents, antidepressants, chloride channel
activators, chloride channel blockers, guanylate cycl ase agoni sts,

anti biotics, opioids, neurokinin antagonists, antispasnodic or
anticholinergi c agents, bell adonna al kal oi ds, barbiturates, glucagon-I|ike
peptide-1 (G.P-1) anal ogs, corticotropin releasing factor (CRF)

25ant agoni sts, probiotics, free bases t3&reof, pharnmaceutically acceptable
salts thereof, derivatives thereof, analogs thereof, and conbi nations
thereof. O her IBS drugs include bul king agents, dopam ne antagoni sts,

. - o N Y e



15trim pram ne, maprotiline, anoxapine, clom pram ne, free bases thereof,
phar maceutical |y acceptable salts thereof, derivatives thereof, anal ogs

t her eof , WOQRItAwHSRat i ons t hereof. [0207] Chl ori de chanREIl/Usee10ws8009 s ar e
useful for the treatnent of |IBS synptons such as constipation. A
non-limting exanpke of | ory . ' 1 pplawad pr ost one
(Amtiza), a free base {‘ seoﬁgxg?ﬁﬁagﬁaﬁggﬁggée t?%EX?gﬁggtgngzﬁ)e salt thereof,
a derivative thereof, 20or an analog thereof. In addition, chloride channel
bl ocker s[(d88h &P ARXGE al7/aresmambransefulaif Grprotm-taupitdrecHptafthdt B8nsynpt ons

such as di arrhea.  GQuanyl ate cycl ase_agoni sts. such MD-110Q e useful for
Uhe t 1 eabHEREIgR LTl palrsRhasiaeiared heek hisef degrogmgnc CHpplR. o
al ., CGasf paRBLREAts wili8 nfimBaofZRRRNS mofRbiRiRik&ERg BMER YRSy dtd) can

al so be suitable fcor use In treating constipation associated with IBS (see,
e. g.,5 Pa(iPPet NalrachidGaglghware @FAG), and BBoph@asBatRi¢ 20051 ARNea4di3ddrdhabl e

antibiotics like rifaxim i Lt ab reat |1, bowel
bact er i aft® Ykt HOSHY r—%glg(% ﬁ%ﬁ@%g%é?%g@éﬂﬁg fshenlc%%ra?) & e g,
Sharara ghoHosphdidic atid fR&HHOS BERS @ntrez EAc1B267 883 NMOGHEMDO ($03ABINGI0i ds
such as Kappa opi ods égdg] ,_asi'madol i ne) nmay be useful for treating pain
and/ or cOM:100pa43%61 (8 HO)wi aRI-PEE validatiek sthiligs pRporirhetahblont semplstich

as tal netant,, 30. sare t..a t . LOr.. I: . be
usef ul f%PmtgrSe%a?lleﬂtgs W syl%{cg{r%ghés)[t}cqﬁp[%és\l@\}%}g ggggsdimlt}g\gl io? ?/LL’ %19& ?ltigi ﬁ%%%ﬁlg@%%s in
t he pwl 0Bf the IBSID Pty Examglecs). G aértdie ambéditricapabRARSandlor amtiRNAl i ner gi ¢
agents such as dicyclomne may be useful for treating |IBS synptons such as
spasns iﬁﬂqoﬁélgrh})s@:%%éfedfseﬁuhElog%ﬁfkedhﬁ)rﬂB§dder. Ct her antispasnmodic or WO
2011/ 066458PCT/ US2010/ 058099 anti chol i nergi c agents such as bel | adonna

al kal oi dp0134] g.In cataiopistacess depotentae, levyl of CYARS®,a peawdorclameddeisused i n
conbi nation with barbjturates such as phenobarbital. to reduce bowel spasns

Bvelgtpnl (s idfig.

associ at gelesird At thes t Nﬁ’n%ﬁpéﬁsémﬁ‘dﬁ'lgfé@a %T@“W%arhgsé?mu
treating,LBS S¥ABL A RGN aAAnHARSid dRekdseassiife. ARPEROALS), RISPCR By, or
astressin~and 5 probiotics such as VSL#3 nmay be useful for treati nIg one or
mor el BSa syaspsmensomOne baded labsay. ilmcertren ather imstahcdontw podseactdirtlevehafl LPBBSdr ugs

ror o oymie S dia BuaT AR TRR s oSbufE A hoU fpaf e (L ER BB
noni t or edn@tindastbedinficdl bRyl it LR spedtfortOsSed hRapf ShicatyEDIS Aakieeot ai n
t herapeutic regi men once a sarrPI e fromthe individual has been classified
as an 10d¢tgigigpheprepeince ok tave! of LRARS ey srameplagmptsglive. wh PRES sraHaAge

based on_tl peut § f i -relgfdt'ye .a.d ok tient
i's nmoni t%‘?aé b{egf? %@seég‘ssfgéngp%ﬁlglghg%tdﬁaltillla’er S ’a}r%gcat?ﬁg@ae@é%e’s%’ %%ﬁgﬁ% dr ugs

or tr@at Benbgiciln (lanldadiGO)dual i zed approach. Additionally, patients nmay not
respond to a drug, but the markers nay change, suggesting that these
patients belong to4a SpeGhiRd-ARPMEhInQodtdfting $3PL0ECIRV144R51 can be
identified by 15their rra%ﬁer (F}gv%k} S. '?'cg%se &ﬁi ent rsaécan be gi sconti nued on
their current therapy and alternative treatnents prescribed. X Exanples

A. Exanpl 80185] 0ZXUPCTHEA preelenk Depmigh ENAH0a$0 (HA@ DN QdaA3 b anpided bylthect i on

and RNA | i_on there f riefly, . re collected from
Fhreo | BRIt DE e OB 7aH, B ol SEL IR S e ikt ) | e
pati ent s jpi; (1RBTBIoLY bf CODEI4a,. 8ch11‘|9€§& Vdiatied $t0diee6SpdiptieAObIdLE b@hMeof | BS
or other active co-norbidities. In this case, agg}rom rratqi!éyslBZA nm of whole

bl 002 wafon?d paticats WitholB emdiraqn ibpieC DCTARA by igalysuegirtey & Wdiad i nto

two aliquot.s,,.an [ 0C C i u r

descri bal 0 RTFS Rt R R RS S bR M R CRR S4B QhRF

( PreAnal wRNA ehiesdiiectDdian A Suitofelrdiamndkeastdr BHicessed accordingly. [0211]
Because the principal difference between the two techniques is the

inclusio Lagt Jr@md | ' et her
an over abaGhnah coF AR B UKL ol R I EEDE P25 PEER LRI

expr essi deetred weths lavebbfemBINYo elx i3 e lge vk yiséorgenien awehl ag asspy esch as,

Addi tional RNA was isol ated fromwhol e bl pod from heal bj ects

usi nd0 t h&SPARYEH PBYGOESED N e oStk ke aﬁ@&r%a}tﬁ?ﬁ%awy’ﬁ?% sy, or
herog! obl, iy ARNACKBACHTaldd 406, SRIBLES MRS iREHOIDHIshedntsongydRiRse H and
specifically 20117 066458PCT/ US2010/ 058099 desi gned prinmers for nine
common henogl obi n genes (Feezor RJ et al., Physiol Genom cs 19:247-254
(2004)) on four donor sanples. Briefly, 5 p,g of total cellular RNA was

i ncubated in 10 MM Tris-HC1, pH 7.6, 20 MM KCL with 1011M of

ol i gonucl eotide prinmers at 70C for 5 mg The sanples were cooled to 4C and
2 U of RNase H (New England 5 Biol abs), along with 20 U of SUPERase

I nhi bitor (Anbion), was added. The buffer conditions were adjusted to 55 nM
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20synt hesis was then used to direct cRNA synthesis, which was | abeled with
bi oti nyl at ed deoxynucl eoti de tri phosphate, follow ng the manufacturer's
prot ocol Wef2bymae4s8x, San Diego, California). After fra@gGEAISa010068092 he
bi oti nyl ated cRNA was hybridized to the gene chip array at 45C for 16 h.

The chi p &ﬁ: \Q%%hig Qge&%@ 'apt‘ﬁg (%VS; &A@?%éﬁpg{ﬁiﬁﬁﬁ' Ui ptaﬁ‘thHhH@as@é}ﬁ(eic anned

with the canner groun rectlon pre€limnary
dat a 25aBBISss), an wamm@maoa:m:rrtihﬂ abayr oer mass. sSmttceneEiryG)asod tssay.e (MAS 5.0,
Stratagene, La Jolla, CA). For primary analysis PLIER was used as

recommended in thegwor kGUaﬂmeq{ucT&;tfdéﬁ{lﬁdﬁ%Eﬁ'O% G/ GHEG @) saBLhR N

Technol ogies, Santa. Cara). Exanple 3 [0 The present exanpl e descri bes
the data anal ysis of t hgamigr-3 86N&HD perforned as 30 described in the
previ ous exanples. The RNA integrity nurrber(RI N) of each sanple and

e TSy BT G811 AL R BB tBA GBI BTl 1Y concr

2011/ 06645R8fPfely 15204 MBS0 ctablitthd he RNAiSRIP Eprdttth MAChO@ prayeittiabptdy
control matrix. Array # Di seaseRIN Arraé data QC Hybridi zation control

Overal | (@FRs GRE3|igenaoded bpihesgupging npgl @tlmnqhaspc%em (Paystepysganprad HE3
| BS-D7. 1, Pasenhas &bt 2763 NS0 2502 (§BESDRRES dhfs SR LB Hler hrddassndrass

of the guanine nucleotide binding protein (G protein), gamma 3 precursor polypeptide

10  (NP_036334 (SEQ ID NO:91)). qRT-PCR validation studies of peripheral blood samples
from 98 patients with IBS indicate that GNG3 is highly predictive of IBS, and in particular of
the IBS-D subtype (Example 4). In certain embodiments, GNG3, a GNG3 precursor
polypeptide, and/or an mRNA encoding GNG3 are useful biomarkers for IBS.

[0138] In certain instances, the presence or level of GNG3 is detected at the level of mRNA

15  expression (e.g., via transformation) with an assay such as, e.g., a hybridization assay, an
amplification-based assay, e.g. gPCR assay, RT-PCR assay, or a mass spectrometry based
assay. In certain other instances, the presence or level of GNG3, or a precursor thereof, is
detected at the level of protein expression using, e.g., an immunoassay (e.g., ELISA), an
immunohistochemical assay, or a mass spectrometry based assay. Suitable ELISA kits for

20  determining the presence or level of GNG3 in a serum, plasma, saliva, or urine sample are
available from, e.g., Sigma-Aldrich (St. Louis, MO), Abcam (Cambridge, MA), and Novus
Biologicals (Littleton, CO).

Table 1. Differentially expressed genes selected for validation via qRT-PCR.

Gene
Category/Gene group Gene Name Symbol Assay ID

Transcription factor forkhead box D3 FOXD3 Hs00255287_s1

Molecular function unclassified phosphatidylinositol 4-kinase type 2 | PI4K2A Hs00218300_m1
alpha

Synthase and synthetase acyl-CoA synthetase short-chain ACSS2 Hs00218766_m1
family member 2

Signaling molecule agouti signaling protein, nonagouti ASITP Hs00181770_m1
homolog (mouse)

G-protein coupled receptor olfactory receptor, family 2, OR2L8 Hs02338632_gl
subfamily L, member 8

G-protein coupled receptor lysophosphatidic acid receptor 5 LPARS Hs01051307_m1

Zinc finger transcription factor jumonji, AT rich interactive domain | JARID1B Hs00981910_m!1
1B
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Pass HG HV7.9 Pass Pass Pass HG/ HV7.1 Pass Pass Pass HG HV8. 3 Pass Pass

Pass [0215] Fluorescence intensities for each probe set were uploaded to
t he Arraywp=8i1gte6485 and Gene Spring GX10.0 (Agil ent Te®hmalsogiomsgossant a
Clara) software. Data was nornalized by quantitative normalization, and
then trangfar keiAgari thm cal|l yoif, Qbpchdthiit: iBana! ySichibacdet aiogiAsschanges
in a parjticular gene in I BS pantgﬂﬁsKmbn order to cagnpare the changes I n
gene ex MRS R undiBEu eS| HdHIGT d AR AR 4Py Wit TERRfoiRe mi
e LGB AL e T 0T éﬂuc?eo&de ldfn%PﬁJotefﬁ” fod™ STPMGTskobdt A
changes 5@ e p 0.05)(Gp kers [that were identified
using 2 l“"2 ‘G'd.cha."c“a" a t-of DlLWW H—tabte A tPFabhl g4 The
MdA&ular tuniction un Hs&tﬁe(? . LRho guani cleot&ie Fxcfxeglg ARHUGEF |]£O" Hshg7 267;_ﬁ1
top 72 gﬁne rkers rdentrtied d %4@g¥%1 changes ntrez Genel D
N2 Noan Cronun—2 | oa?2 o) val e
Mean G arbohydrate transporter . o | chromosome ?O &'ben readmg frame C2O f7 1‘“‘"’ HSOY)EQOXS“_S _mE
71
Carbohydrate transporter chromosome 20 open reading frame | C20o0rfl114 | Hs01113243_ml
114
Molecular function unclassified sushi domain containing 4 SUSD4 Hs00215864_m1
Zinc finger transcription factor zinc finger protein 33B ZNF33B Hs00300609_s1
G-protein coupled receptor olfactory receptor, family 10, OR10W1 Hs01398519_s1
subfamily W, member 1
Molecular function unclassified RCSD domain containing 1 RCSD1 Hs00364590_m1
Transcription factor coiled-coil domain containing 144 CCDC144A | Hs00417617_ml1
family
Molecular function unclassified postmeiotic segregation increased 2- | PMS2L2 Hs02379621_ul
like 2 pseudogene
Signaling molecule attractin-like 1 ATRNL1 Hs00390459_m1
Receptor/ G-protein coupled olfactory receptor, family 51, ORS51E1 Hs00379183_ml
receptor subfamily E, member 1
Signaling molecule/ Peptide islet amyloid polypeptide IAPP Hs00169095_m1
hormone
Molecular function unclassified leucine rich repeat containing 18 LRRC18 Hs00736427_ml
Molecular function unclassified lysophosphatidylglycerol SNORD77 Hs00360353_ml
acyltransferase 1
Molecular function unclassified ring finger protein 26 RNF26 Hs00259249 sl
Cell junction protein gap junction protein, alpha 8, 50kDa | GJAS8 Hs01102028_m1
Extracellular matrix glycoprotein glypican 2 GPC2 Hs00415099_m1
Select regulatory molecule/ angiotensinogen (serpin peptidase AGT Hs00174854_m1
Protease inhibitor inhibitor, clade A,member 8)
Select regulatory molecule/ G- dynamin 3 DNM3 Hs00399015_m]1
protein
Molecular function unclassified ribosomal RNA processing 7 RRP7A Hs00414229_m1
homolog A (S. cerevisiae)
Calmodulin related protein ankyrin repeat domain 5 ANKRD35 Hs00223080_m1
Receptor glycoprotein A33 (transmembrane) | GPA33 Hs00170690_m1
Molecular function unclassified RUN and SH3 domain containing I | RUSCI1 Hs00204904_m1
Molecular function unclassified cell division cycle 123 homolog (S. | CDC123 Hs00195709_m]1
cerevisiae)
Receptor/ G-protein coupled vasoactive intestinal peptide VIPRI1 Hs00270351_m1
receptor receptor 1
Transcription factor/ Zinc finger metastasis associated 1 family, MTA2 Hs00191018_ml
transcription factor member 2
Molecular function unclassified ring finger and CCCH-type zinc RC3H1 Hs02577215_ml
finger domains 1
Molecular function unclassified KIAA0090 KIAA0090 | Hs01076375_ml
Receptor/ G-protein coupled G protein-coupled receptor 87 GPR87 Hs00225057_ml
receptor
Molecular function unclassified MAPG domain containing 1 MAPGD1 Hs00227533_m1
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adj usted p-val ue Gene Synbol Gene Descriptions 27022 6.71 3.98 -2.73 -8.51
0. 00105 0. 205 FOXD3 forkhead box D3 55361 6.63 4.06 -2.57 -6.63 0.00268
0. 246 Pl AKQApWos45Rat i dyl i nositol 4-Kkinase type 2 al phaP82852018/09809%. 44
-2.48 -10.8 0.00041 7 0.198 MAPI LC3A microtubul e-associated protein 1 |ight

chain 3 al phags5903 8928 tdericdtié arkdr O- 00041

[0139] In certain embodiments, the methods of the present invention comprise determining
an RNA IBS biomarker profile in combination with an additional protein or serological IBS
biomarker. In some embodiments, the additional diagnostic marker profile is determined by
5  detecting the presence or level of at least one, two, three, four, five, six, seven, eight, nine,
ten, or more diagnostic markers selected from the group consisting of a cytokine (e.g., IL-8,
IL-1B, TWEAK, leptin, OPG, MIP-33, GROa, CXCLA/PF-4, and/or CXCL7/NAP-2), growth
factor (e.g., EGF, VEGF, PEDF, BDNF, and/or SDGF), anti-neutrophil antibody (e.g.,
ANCA, pANCA, cANCA, NSNA, and/or SAPPA), ASCA (e.g., ASCA-IgA, ASCA-IgG,

10 and/or ASCA-IgM), antimicrobial antibody (e.g., anti-OmpC antibody, anti-flagellin
antibody, and/or anti-12 antibody), mast cell marker (e.g., tryptase, histamine, and/or
prostaglandin E2 (PGE2)), stress marker (e.g., Urocortin (Ucn), Corticotropin-releasing
hormone-binding protein (CRFBP), Cortisol, and/or Adrenocorticotropic hormone (ACTH,
corticotrophin)), gastrointestinal hormone (e.g., Calcitonin gene-related peptide (CGRP),

15  Substance P, Nerve Growth Factor (NGF), Neurokinin A, Neurokinin B, Vasoactive
Intestinal Peptide (VI P), Glucagon-Like Peptide 2 (GLP-2), Motilin, and/or Pituitary
Adenylate Cyclase-Activating Peptide (PACAP)), serotonin metabolite (e.g., tryptophan, 5-
HT-o-sulfate, serotonin O-sulfate (5-Hydroxytryptamine O-sulfate; 5-HT-o-sulfate), 5-
Hydroxyindoleacetic acid (5-HIAA), 5-HT glucuronide (5-HT-GA), or 5-hydroxytrytophol

20  (5-HTOL)), serotonin pathway marker (e.g., UDP-glucuronosyltransferase 1-6 (UGT1A6),
serotonin reuptake transporter (SERT), Tryptophan hydroxylase 1 (TPHI), Monoamine
oxidase A (MAO-A), Monoamine oxidase B (MAO-B), or Hydroxytryptamine (serotonin)
receptor 3A (5-HT3A; 5-HT3R)), carbohydrate deficient transferrin (CDT), lactoferrin, an
anti-tissue transglutaminase (tTG) antibody, lipocalin (e.g., NGAL, NGAL/MMP-9

25  complex), a matrix metalloproteinase (MMP; e.g., MMP-9), a complex of lipocalin and
MMP, a tissue inhibitor of metalloproteinases (TIMPs; e.g., TIMP-1), a globulin (e.g., an
alpha-globulin, alpha-2-macroglobulin, haptoglobin, and/or orosomucoid), an actin-severing
protein (e.g., gelsolin), an S100 protein (e.g., calgranulin), a fibrinopeptide (i.e., FIBA),
calcitonin gene-related peptide (CGRP), a tachykinin (e.g., Substance P), ghrelin,

30 neurotensin, corticotropin-releasing hormone (CRH), elastase, C-reactive protein (CRP),
lactoferrin, an anti-lactoferrin antibody, calprotectin, hemoglobin, NOD2/CARD135, serotonin
reuptake transporter (SERT), tryptophan hydroxylase-1, 5-hydroxytryptamine (5-HT),

lactulose, a serine protease (e.g., tryptase such as B-tryptase), prostaglandin (e.g., PGE,),

histamine, and a combination thereof. In certain embodiments, the additional biomarker is
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7 0.198 ACSS2 acyl - CoA synthetase short-chain famly nmenber 2 434 6.65 4.22
-2.43 -6.66 0.00264 0.246 ASIP agouti signaling protein; nonagouti honol og

(rmouse) 390290/B648 8.47 2.34 6.56 0.00279 0.248 OR2L8 @CrasSRa0psserept or ;

famly 2; subfamly L; nmenber 8 57121 9.07 6.74 -2.33 -7.9 0.00139 0. 216

IiEA?g7|6g§§.9§§§ g@%hgéf“fggﬁd g: %a%‘fegﬁ’g@ggag nb#TRihg eAfILEE ditth &AL LN S dpFRi n
use in the methods of the present invention include those found in US Patent Publication No.
2008/0085524, filed August 14, 2007, US Provisional Application Serial No. 61/220,525,
filed June 25, 2009, and US Provisional Application Serial No. 61/256,717, filed October 30,

5  2009. In one embodiment of the invention, the novel RNA IBS biomarkers of the invention
may be combined with a diagnostic marker found in Table 2. One skilled in the art will also
know of other diagnostic markers suitable for use in the present invention.

Table 2. Exemplary diagnostic markers suitable for use in IBS diagnosis, prognosis, and
classification.

Family Biomarker

CXCL8/IL-8
IL-1p

'TNF-related weak inducer of apoptosis (TWEAK)

Leptin

Osteoprotegerin (OPG)
CCL19/MIP-3p

Cytokines CXCL1/GRO1/GROw

CXCL4/PF-4

CXCL7/NAP-2

INFB2/IL-6

IL-12
CSIF/IL-10

Tumor necrosis factor-alpha (TNF-a)

Epidermal growth factor (EGF)

Vascular endothelial growth factor (VEGF)

Growth Factors Pigment epithelium-derived factor (PEDF)

Brain-derived neurotrophic factor (BDNF)

Schwannoma-derived growth factor (SDGF)/amphiregulin

Anti-neutrophil cytoplasmic antibody (ANCA)

Anti-neutrophil antibodies  |Perinuclear anti-neutrophil cytoplasmic antibody (pANCA)

Anti-I2 antibody
ASCA-IgA
IASCA-IgG

ASCAs

Anti-outer membrane protein C (OmpC) antibody
Antimicrobial antibodies

/Anti-Cbir-1 flagellin antibody
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0.203 JARID I B 1028 6.34 4.07 -2.27 -7.21 0.00196 0.232 CDKNLC
cycl i n-dependent kinase inhibitor 1C (p57; Kip2) *8137081 7.61 5.53 -2.08
-6.49 0. 0922011062458 NA NA 159686 5.39 7.32 1.93 9. 63 0. ¢00AS20009ICCDCL47

coil ed-coil domain containing 147 *8121330 5.52 7.43 1.91 6.64 0.00267
0.246 NA Lipocalin Neutrophil gelatinase-associated lipocalin (NGAL)

MMP MMP-9

TIMP TIMP-1

Alpha-globulins

Alpha-2-macroglobulin (a-MG)

Haptoglobin precursor alpha-2 (Hpo?2)

Orosomucoid

Actin-severing protein

Gelsolin

S100 protein

Calgranulin A/S100A8/MRP-8

Fibrinopeptide Fibrinopeptide A (FIBA)
Lactoferrin
Others IAnti-tissue transglutaminase (ITG) antibody

Carbohydrate Deficient Transferrin (CDT)

Stress Markers

Urocortin (Ucn)

Corticotropin-releasing hormone-binding protein (CRFBP)

Cortisol

Adrenocorticotropic hormone (ACTH, corticotrophin)

Mast Cell Markers

Tryptase

Histamine

Prostaglandin E2 (PGE2)

Gastrointestinal hormones

Calcitonin gene-related peptide (CGRP)

Substance P

Nerve Growth Factor (NGF)

Neurokinin A

Neurokinin B

Vasoactive Intestinal Peptide (VIP)

Glucagon-Like Peptide 2 (GLP-2)

Motilin

Pituitary Adenylate Cyclase-Activating Peptide (PACAP)

Serotonin Metabolites

Serotonin

Tryptophan

Serotonin O-sulfate (5-Hydroxytryptamine O-sulfate; 5-HT-o-
sulfate)

5-Hydroxyindoleacetic acid (5-HIAA)

5-HT glucuronide (5-HT-GA)

Serotonin Pathway Markers

UDP-glucuronosyltransferase 1-6 (UGT1A6)
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Tryptophan hydroxylase 1 (TPH1)

Monoamine oxidase A (MAO-A)

Monoamine oxidase B (MAO-B)

Hydroxytryptamine (serotonin) receptor 3A (5-HT3A; 5-
HT3R)

C. Classification Markers

[0140] A variety of classification markers are suitable for use in the methods, systems, and
code of the present invention for classifying IBS into a category, form, or clinical subtype
such as, for example, IBS-constipation (IBS-C), IBS-diarrhea (IBS-D), IBS-mixed (IBS-M),
5  IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI). Examples of classification markers
include, without limitation, any of the diagnostic mRNA markers described above, as well as
e.g., leptin, serotonin reuptake transporter (SERT), tryptophan hydroxylase-1, 5-
hydroxytryptamine (5-HT), tryptase, PGE,, histamine, mucosal protein 8, keratin-8, claudin-

8, zonulin, corticotropin-releasing hormone receptor-1 (CRHR1), corticotropin-releasing

10 hormone receptor-2 (CRHR?2), and the like.

[0141] For instance, Examples 1 and 2 from US Provisional Application Serial No.
61/220,525, filed June 25, 2009, which is herein incorporated by reference in its entirety for
all purposes, illustrate that measuring a-tryptase levels is particularly useful for
distinguishing IBS-C patient samples from IBS-A and IBS-D patient samples. Similarly,

15 Example 1 from US Patent Publication No. 2008/0085524, filed August 14, 2007, which is
herein incorporated by reference in its entirety for all purposes, illustrates that measuring
leptin levels is particularly useful for distinguishing IBS-C patient samples from IBS-A and
IBS-D patient samples. In addition, mucosal SERT and tryptophan hydroxylase-1 expression
have been shown to be decreased in IBS-C and IBS-D (see, e.g., Gershon, J. Clin.

20  Gastroenterol., 39(5 Suppl):S184-193 (2005)). Furthermore, IBS-C patients show impaired
postprandial 5-HT release, whereas IBS-PI patients have higher peak levels of 5S-HT (see,
e.g., Dunlop, Clin Gastroenterol Hepatol., 3:349-357 (2005)).

V. Assays

[0142] Any of a variety of assays, techniques, and kits known in the art can be used to
25  determine the presence or level of one or more markers in a sample to classify whether the

sample is associated with IBS.
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one marker in a sample obtained from an individual. As used herein, the term “determining
the presence of at least one marker” includes determining the presence of each marker of
interest by using any quantitative or qualitative assay known to one of skill in the art. In
5  certain instances, qualitative assays that determine the presence or absence of a particular

trait, variable, or biochemical or serological substance (e.g., RNA, mRNA, miRNA, protein,
or antibody) are suitable for detecting each marker of interest. In certain other instances,
quantitative assays that determine the presence or absence of RNA, protein, antibody, or
activity are suitable for detecting each marker of interest. As used herein, the term

10  “determining the level of at least one marker” includes determining the level of each marker
of interest by using any direct or indirect quantitative assay known to one of skill in the art.
In certain instances, quantitative assays that determine, for example, the relative or absolute
amount of RNA, mRNA, miRNA, protein, antibody, or activity are suitable for determining
the level of each marker of interest. One skilled in the art will appreciate that any assay

15  useful for determining the level of a marker is also useful for determining the presence or

absence of the marker.

[0144] Analysis of marker mRNA levels using routine techniques such as Northern
analysis, reverse-transcriptase polymerase chain reaction (e.g., gRT-PCR, RT-PCR),
microarray analysis, Luminex MultiAnalyte Profiling (xMAP) technology or any other

20  methods based on hybridization to a nucleic acid sequence that is complementary to a portion
of the marker coding sequence (e.g., slot blot hybridization) are within the scope of the
present invention. Applicable PCR amplification techniques are described in, e.g., Ausubel
et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. New York (1999),
Chapter 7 and Supplement 47; Theophilus et al., “PCR Mutation Detection Protocols,”

25  Humana Press, (2002); and Innis et al., PCR Protocols, San Diego, Academic Press, Inc.
(1990). General nucleic acid hybridization methods are described in Anderson, “Nucleic
Acid Hybridization,” BIOS Scientific Publishers, 1999. Amplification or hybridization of a
plurality of transcribed nucleic acid sequences (e.g., mRNA or cDNA) can also be performed
from mRNA or cDNA sequences arranged in a microarray. Microarray methods are

30  generally described in Hardiman, “Microarrays Methods and Applications: Nuts & Bolts,”
DNA Press, 2003; and Baldi et al., “DNA Microarrays and Gene Expression: From
Experiments to Data Analysis and Modeling,” Cambridge University Press, 2002.

[0145] Analysis of the genotype of a marker such as a genetic marker can be performed

using techniques known in the art including, without limitation, polymerase chain reaction
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example of a PCR-based analysis includes a Taqman® allelic discrimination assay available
from Applied Biosystems. Non-limiting examples of sequence analysis include Maxam-
Gilbert sequencing, Sanger sequencing, capillary array DNA sequencing, thermal cycle

5  sequencing (Sears et al., Biotechniques, 13:626-633 (1992)), solid-phase sequencing
(Zimmerman et al., Methods Mol. Cell Biol., 3:39-42 (1992)), sequencing with mass
spectrometry such as matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF/MS; Fu et al., Nature Biotech., 16:381-384 (1998)), and
sequencing by hybridization (Chee et al., Science, 274:610-614 (1996); Drmanac et al.,

10  Science, 260:1649-1652 (1993); Drmanac et al., Nature Biotech., 16:54-58 (1998)). Non-

limiting examples of electrophoretic analysis include slab gel electrophoresis such as agarose
or polyacrylamide gel electrophoresis, capillary electrophoresis, and denaturing gradient gel

electrophoresis. Other methods for genotyping an individual at a polymorphic site in a

®
marker include, e.g., the INVADER assay from Third Wave Technologies, Inc., restriction
15 fragment length polymorphism (RFLP) analysis, allele-specific oligonucleotide
hybridization, a heteroduplex mobility assay, and single strand conformational polymorphism

(SSCP) analysis.

[0146] As used herein, the term “antibody” includes a population of immunoglobulin
molecules, which can be polyclonal or monoclonal and of any isotype, or an immunologically
20  active fragment of an immunoglobulin molecule. Such an immunologically active fragment
contains the heavy and light chain variable regions, which make up the portion of the
antibody molecule that specifically binds an antigen. For example, an immunologically

active fragment of an immunoglobulin molecule known in the art as Fab, Fab' or F(ab')2 1S

included within the meaning of the term antibody.

25 [0147] Flow cytometry can be used to determine the presence or level of one or more
markers in a sample. Such flow cytometric assays, including bead based immunoassays, can
be used to determine, e.g., antibody marker levels in the same manner as described for
detecting serum antibodies to Candida albicans and HIV proteins (see, e.g., Bishop and
Davis, J. Immunol. Methods, 210:79-87 (1997); McHugh et al., J. Immunol. Methods,

30  116:213 (1989); Scillian et al., Blood, 73:2041 (1989)).

[0148] Phage display technology for expressing a recombinant antigen specific for a
marker can also be used to determine the presence or level of one or more markers in a

sample. Phage particles expressing an antigen specific for, e.g., an antibody marker can be
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monoclonal antibody (Felici et al., “Phage-Displayed Peptides as Tools for Characterization
of Human Sera” in Abelson.(Ed.), Methods in Enzymol., 267, San Diego: Academic Press,
Inc. (1996)).

[0149] A variety of immunoassay techniques, including competitive and non-competitive
immunoassays, can be used to determine the presence or level of one or more markers in a
sample (see, e.g., Self and Cook, Curr. Opin. Biotechnol., 7:60-65 (1996)). The term
immunoassay encompasses techniques including, without limitation, enzyme immunoassays
(EIA) such as enzyme multiplied immunoassay technique (EMIT), enzyme-linked
immunosorbent assay (ELISA), antigen capture ELISA, sandwich ELISA, IgM antibody
capture ELISA (MAC ELISA), and microparticle enzyme immunoassay (MEIA); capillary
electrophoresis immunoassays (CEIA); radioimmunoassays (RIA); immunoradiometric
assays (IRMA); fluorescence polarization immunoassays (FPIA); and chemiluminescence
assays (CL). If desired, such immunoassays can be automated. Immunoassays can also be
used in conjunction with laser induced fluorescence (see, e.g., Schmalzing and Nashabeh,
Electrophoresis, 18:2184-2193 (1997); Bao, J. Chromatogr. B. Biomed. Sci., 699:463-430
(1997)). Liposome immunoassays, such as flow-injection liposome immunoassays and
liposome immunosensors, are also suitable for use in the present invention (see, e.g., Rongen
et al., J. Immunol. Methods, 204:105-133 (1997)). In addition, nephelometry assays, in
which the formation of protein/antibody complexes results in increased light scatter that is
converted to a peak rate signal as a function of the marker concentration, are suitable for use
in the present invention. Nephelometry assays are commercially available from Beckman
Coulter (Brea, CA; Kit #449430) and can be performed using a Behring Nephelometer
Analyzer (Fink et al., J. Clin. Chem. Clin. Biol. Chem., 27:261-276 (1989)).

[0150] Antigen capture ELISA can be useful for determining the presence or level of one
or more markers in a sample. For example, in an antigen capture ELISA, an antibody
directed to a marker of interest is bound to a solid phase and sample is added such that the
marker is bound by the antibody. After unbound proteins are removed by washing, the
amount of bound marker can be quantitated using, e.g., a radioimmunoassay (see, e.g.,
Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, New
York, 1988)). Sandwich ELISA can also be suitable for use in the present invention. For
example, in a two-antibody sandwich assay, a first antibody is bound to a solid support, and
the marker of interest is allowed to bind to the first antibody. The amount of the marker is

quantitated by measuring the amount of a second antibody that binds the marker. The
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chromatographic matrix particles, the surface of an assay plate (e.g., microtiter wells), pieces
of a solid substrate material or membrane (e.g., plastic, nylon, paper), and the like. An assay
strip can be prepared by coating the antibody or a plurality of antibodies in an array on a solid
support. This strip can then be dipped into the test sample and processed quickly through

washes and detection steps to generate a measurable signal, such as a colored spot.

[0151] A radioimmunoassay using, for example, an iodine-125 (1251) labeled secondary
antibody (Harlow and Lane, supra) is also suitable for determining the presence or level of
one or more markers in a sample. A secondary antibody labeled with a chemiluminescent
marker can also be suitable for use in the present invention. A chemiluminescence assay
using a chemiluminescent secondary antibody is suitable for sensitive, non-radioactive
detection of marker levels. Such secondary antibodies can be obtained commercially from

various sources, e.g., Amersham Lifesciences, Inc. (Arlington Heights, IL).

[0152] The immunoassays described above are particularly useful for determining the
presence or level of one or more markers in a sample. As a non-limiting example, an ELISA
using an IL-8-binding molecule such as an anti-IL-8 antibody or an extracellular IL-8-binding
protein (e.g., IL-8 receptor) is useful for determining whether a sample is positive for IL-8
protein or for determining IL-8 protein levels in a sample. A fixed neutrophil ELISA is
useful for determining whether a sample is positive for ANCA or for determining ANCA
levels in a sample. Similarly, an ELISA using yeast cell wall phosphopeptidomannan is
useful for determining whether a sample is positive for ASCA-IgA and/or ASCA-IgG, or for
determining ASCA-IgA and/or ASCA-IgG levels in a sample. An ELISA using OmpC
protein or a fragment thereof is useful for determining whether a sample is positive for anti-
OmpC antibodies, or for determining anti-OmpC antibody levels in a sample. An ELISA
using 12 protein or a fragment thereof is useful for determining whether a sample is positive
for anti-I2 antibodies, or for determining anti-I2 antibody levels in a sample. An ELISA
using flagellin protein (e.g., Cbir-1 flagellin) or a fragment thereof is useful for determining
whether a sample is positive for anti-flagellin antibodies, or for determining anti-flagellin
antibody levels in a sample. In addition, the immunoassays described above are particularly

useful for determining the presence or level of other diagnostic markers in a sample.

[0153] Specific immunological binding of the antibody to the marker of interest can be
detected directly or indirectly. Direct labels include fluorescent or luminescent tags, metals,

dyes, radionuclides, and the like, attached to the antibody. An antibody labeled with iodine-
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125 (IZSI) can be used for determining the levels of one or more markers in a sample. A
chemiluminescence assay using a chemiluminescent antibody specific for the marker is
suitable for sensitive, non-radioactive detection of marker levels. An antibody labeled with
fluorochrome is also suitable for determining the levels of one or more markers in a sample.
5  Examples of fluorochromes include, without limitation, DAPI, fluorescein, Hoechst 33253,
R-phycocyanin, B-phycoerythrin, R-phycoerythrin, rhodamine, Texas red, and lissamine.
Secondary antibodies linked to fluorochromes can be obtained commercially, e.g., goat

F(ab"), anti-human IgG-FITC is available from Tago Immunologicals (Burlingame, CA).

[0154] Indirect labels include various enzymes well-known in the art, such as horseradish
10  peroxidase (HRP), alkaline phosphatase (AP), B-galactosidase, urease, and the like. A
horseradish-peroxidase detection system can be used, for example, with the chromogenic
substrate tetramethylbenzidine (TMB), which yields a soluble product in the presence of
hydrogen peroxide that is detectable at 450 nm. An alkaline phosphatase detection system
can be used with the chromogenic substrate p-nitrophenyl phosphate, for example, which
15  yields a soluble product readily detectable at 405 nm. Similarly, a B-galactosidase detection
system can be used with the chromogenic substrate o-nitrophenyl-p-D-galactopyranoside
(ONPG), which yields a soluble product detectable at 410 nm. An urease detection system
can be used with a substrate such as urea-bromocresol purple (Sigma Immunochemicals; St.
Louis, MO). A useful secondary antibody linked to an enzyme can be obtained from a

20  number of commercial sources, e.g., goat F(ab"), anti-human IgG-alkaline phosphatase can be

purchased from Jackson ImmunoResearch (West Grove, PA.).

[0155] A signal from the direct or indirect label can be analyzed, for example, using a

spectrophotometer to detect color from a chromogenic substrate; a radiation counter to detect

radiation such as a gamma counter for detection of 12SI; or a fluorometer to detect

25 fluorescence in the presence of light of a certain wavelength. For detection of enzyme-linked
antibodies, a quantitative analysis of the amount of marker levels can be made using a
spectrophotometer such as an EMAX Microplate Reader (Molecular Devices; Menlo Park,
CA) in accordance with the manufacturer's instructions. If desired, the assays of the present
invention can be automated or performed robotically, and the signal from multiple samples

30 can be detected simultaneously.

[0156] Quantitative western blotting can also be used to detect or determine the presence or
level of one or more markers in a sample. Western blots can be quantitated by well-known

methods such as scanning densitometry or phosphorimaging. As a non-limiting example,
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0.198 N'Apx%léin samples are electrophoresed on 10% SDS-PAGE Laemmli gels. Primary murine
monoclonal antibodies are reacted with the blot, and antibody binding can be confirmed to be
linear using a preliminary slot blot experiment. Goat anti-mouse horseradish peroxidase-
coupled antibodies (BioRad) are used as the secondary antibody, and signal detection

5  performed using chemiluminescence, for example, with the Renaissance chemiluminescence
kit (New England Nuclear; Boston, MA) according to the manufacturer's instructions.
Autoradiographs of the blots are analyzed using a scanning densitometer (Molecular
Dynamics; Sunnyvale, CA) and normalized to a positive control. Values are reported, for
example, as a ratio between the actual value to the positive control (densitometric index).

10  Such methods are well known in the art as described, for example, in Parra et al., J. Vasc.

Surg., 28:669-675 (1998).

[0157] Alternatively, a variety of immunohistochemical assay techniques can be used to
determine the presence or level of one or more markers in a sample. The term
immunohistochemical assay encompasses techniques that utilize the visual detection of

15  fluorescent dyes or enzymes coupled (i.e., conjugated) to antibodies that react with the
marker of interest using fluorescent microscopy or light microscopy and includes, without
limitation, direct fluorescent antibody assay, indirect fluorescent antibody (IFA) assay,
anticomplement immunofluorescence, avidin-biotin immunofluorescence, and
immunoperoxidase assays. An IFA assay, for example, is useful for determining whether a

20  sample is positive for ANCA, the level of ANCA in a sample, whether a sample is positive
for pANCA, the level of pANCA in a sample, and/or an ANCA staining pattern (e.g.,
cANCA, pANCA, NSNA, and/or SAPPA staining pattern). The concentration of ANCA ina
sample can be quantitated, e.g., through endpoint titration or through measuring the visual

intensity of fluorescence compared to a known reference standard.

25 [0158] Alternatively, the presence or level of a marker of interest can be determined by
detecting or quantifying the amount of the purified marker. Purification of the marker can be
achieved, for example, by high pressure liquid chromatography (HPLC), alone or in
combination with mass spectrometry (e.g., MALDI/MS, MALDI-TOF/MS, SELDI-TOF/MS,
tandem MS, efc. ). Qualitative or quantitative detection of a marker of interest can also be

30  determined by well-known methods including, without limitation, Bradford assays,
Coomassie blue staining, silver staining, assays for radiolabeled protein, and mass

spectrometry.

[0159] The analysis of a plurality of markers may be carried out separately or

simultaneously with one test sample. For separate or sequential assay of markers, suitable
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(trans m%&?ﬂ@es H LU nR Al laboratory analyzers such as the ElecSys (Roche), the AxSym
(Abbott), the Access (Beckman), the ADVIA®, the CENTAUR® (Bayer), and the NICHOLS

ADVANTAGE® (Nichols Institute) immunoassay systems. Preferred apparatuses or protein
chips perform simultaneous assays of a plurality of markers on a single surface. Particularly
5  useful physical formats comprise surfaces having a plurality of discrete, addressable locations

for the detection of a plurality of different markers. Such formats include protein
microarrays, or “protein chips” (see, e.g., Ng et al., J. Cell Mol. Med., 6:329-340 (2002)) and
certain capillary devices (see, e.g., U.S. Pat. No. 6,019,944). In these embodiments, each
discrete surface location may comprise antibodies to immobilize one or more markers for

10  detection at each location. Surfaces may alternatively comprise one or more discrete particles
(e.g., microparticles or nanoparticles) immobilized at discrete locations of a surface, where
the microparticles comprise antibodies to immobilize one or more markers for detection. Yet
another suitable format for performing simultaneous assays of a plurality of markers is the
Luminex MultiAnalyte Profiling (xMAP) technology, previously known as FlowMetrix and

15 LabMAP (Elshal and McCoy, 2006). This is a multiplex bead-based flow cytometric assay
that utilizes polystyrene beads that are internally dyed with different intensities of red and
infrared fluorophores. The beads can be bound by various capture reagents such as
antibodies, oligonucleotides, and peptides, therefore facilitating the quantification of various
RNA, mRNA, miRNA, proteins, ligands, and DNA (Fulton et al, 1997; Kingsmore, 2006;

20  Nolan and Mandy, 2006, Vignali, 2000; Ray et al, 2005).

[0160] Several markers of interest may be combined into one test for efficient processing of
a multiple of samples. In addition, one skilled in the art would recognize the value of testing
multiple samples (e.g., at successive time points, efc.) from the same subject. Such testing of
serial samples can allow the identification of changes in marker levels over time. Increases
25 or decreases in marker levels, as well as the absence of change in marker levels, can also
provide useful information to classify IBS or to rule out diseases and disorders associated

with IBS-like symptoms.

[0161] A panel for measuring one or more of the markers described above may be
constructed to provide relevant information related to the approach of the present invention
30 for classifying a sample as being associated with IBS. Such a panel may be constructed to
determine the presence or level of 1, 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, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 or more individual markers.
The analysis of a single marker or subsets of markers can also be carried out by one skilled in

the art in various clinical settings. These include, but are not limited to, ambulatory, urgent
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medical clinic, and health screening settings.

[0162] The analysis of markers could be carried out in a variety of physical formats as well.
For example, the use of microtiter plates or automation could be used to facilitate the
5  processing of large numbers of test samples. Alternatively, single sample formats could be

developed to facilitate treatment and diagnosis in a timely fashion.

VI.  Statistical Algorithms

[0163] In some aspects, the present invention provides methods, systems, and code for
classifying whether a sample is associated with IBS using a statistical algorithm or process to
10 classify the sample as an IBS sample or non-IBS sample. In other aspects, the present
invention provides methods, systems, and code for classifying whether a sample is associated
with IBS using a first statistical algorithm or process to classify the sample as a non-IBD
sample or IBD sample (i.e., IBD rule-out step), followed by a second statistical algorithm or
process to classify the non-IBD sample as an IBS sample or non-IBS sample (i.e., IBS rule-in
15  step). Preferably, the statistical algorithms or processes independently comprise one or more
learning statistical classifier systems. As described herein, a combination of learning
statistical classifier systems advantageously provides improved sensitivity, specificity,
negative predictive value, positive predictive value, and/or overall accuracy for classifying

whether a sample is associated with IBS.

20 [0164] The term “statistical algorithm” or “statistical process” includes any of a variety of
statistical analyses used to determine relationships between variables. In the present
invention, the variables are the presence or level of at least one marker of interest and/or the
presence or severity of at least one IBS-related symptom. Any number of markers and/or
symptoms can be analyzed using a statistical algorithm described herein. For example, 1, 2,

25 3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70,75, 80, 85, 90, 95, 100 or more biomarkers and/or symptoms can be included in a
statistical algorithm. In one embodiment, logistic regression is used. In another embodiment,
linear regression is used. In certain instances, the statistical algorithms of the present
invention can use a quantile measurement of a particular marker within a given population as

30  avariable. Quantiles are a set of “cut points” that divide a sample of data into groups
containing (as far as possible) equal numbers of observations. For example, quartiles are
values that divide a sample of data into four groups containing (as far as possible) equal

numbers of observations. The lower quartile is the data value a quarter way up through the
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»-data set. Quintiles are values that divide a sample of data into five groups containing (as far
as possible) equal numbers of observations. The present invention can also include the use
of percentile ranges of marker levels (e.g., tertiles, quartile, quintiles, efc.), or their

5  cumulative indices (e.g., quartile sums of marker levels, efc.) as variables in the algorithms

(just as with continuous variables).

[0165] Preferably, the statistical algorithms of the present invention comprise one or more
learning statistical classifier systems. As used herein, the term “learning statistical classifier
system” includes a machine learning algorithmic technique capable of adapting to complex
10  data sets (e.g., panel of markers of interest and/or list of IBS-related symptoms) and making
decisions based upon such data sets. In some embodiments, a single learning statistical
classifier system such as a classification tree (e.g., random forest) is used. In other
embodiments, a combination of 2, 3, 4, 5, 6, 7, 8,9, 10, or more learning statistical classifier
systems are used, preferably in tandem. Examples of learning statistical classifier systems
15  include, but are not limited to, those using inductive learning (e.g., decision/classification
trees such as random forests, classification and regression trees (C&RT), boosted trees, efc.),
Probably Approximately Correct (PAC) learning, connectionist learning (e.g., neural
networks (NN), artificial neural networks (ANN), neuro fuzzy networks (NFN), network
structures, perceptrons such as multi-layer perceptrons, multi-layer feed-forward networks,
20  applications of neural networks, Bayesian learning in belief networks, etc.), reinforcement
learning (e.g., passive learning in a known environment such as naive learning, adaptive
dynamic learning, and temporal difference learning, passive learning in an unknown
environment, active learning in an unknown environment, learning action-value functions,
applications of reinforcement learning, efc.), and genetic algorithms and evolutionary
25  programming. Other learning statistical classifier systems include support vector machines
(e.g., Kernel methods), multivariate adaptive regression splines (MARS), Levenberg-
Marquardt algorithms, Gauss-Newton algorithms, mixtures of Gaussians, gradient descent

algorithms, and learning vector quantization (LVQ).

[0166] Random forests are learning statistical classifier systems that are constructed using
30  an algorithm developed by Leo Breiman and Adele Cutler. Random forests use a large
number of individual decision trees and decide the class by choosing the mode (i.e., most
frequently occurring) of the classes as determined by the individual trees. Random forest
analysis can be performed, e.g., using the RandomForests software available from Salford

Systems (San Diego, CA). See, e.g., Breiman, Machine Learning, 45:5-32 (2001); and
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6.16 7. 2ﬁttp://stat—www.berkeley.edu/usefs/breiman/RandomForests/cc_home.htrn, for a description

of random forests.

[0167] Classification and regression trees represent a computer intensive alternative to
fitting classical regression models and are typically used to determine the best possible model
5  for a categorical or continuous response of interest based upon one or more predictors.

Classification and regression tree analysis can be performed, e.g., using the CART software
available from Salford Systems or the Statistical data analysis software available from
StatSoft, Inc. (Tulsa, OK). A description of classification and regression trees is found, e.g.,
in Breiman et al. “Classification and Regression Trees,” Chapman and Hall, New York

10 (1984); and Steinberg et al., “CART: Tree-Structured Non-Parametric Data Analysis,”
Salford Systems, San Diego, (1995).

[0168] Neural networks are interconnected groups of artificial neurons that use a
mathematical or computational model for information processing based on a connectionist
approach to computation. Typically, neural networks are adaptive systems that change their
15  structure based on external or internal information that flows through the network. Specific
examples of neural networks include feed-forward neural networks such as perceptrons,
single-layer perceptrons, multi-layer perceptrons, backpropagation networks, ADALINE
networks, MADALINE networks, Learnmatrix networks, radial basis function (RBF)
networks, and self-organizing maps or Kohonen self-organizing networks; recurrent neural
20  networks such as simple recurrent networks and Hopfield networks; stochastic neural
networks such as Boltzmann machines; modular neural networks such as committee of
machines and associative neural networks; and other types of networks such as
instantaneously trained neural networks, spiking neural networks, dynamic neural networks,
and cascading neural networks. Neural network analysis can be performed, e.g., using the
25  Statistical data analysis software available from StatSoft, Inc. See, e.g., Freeman et al., In
“Neural Networks: Algorithms, Applications and Progrémming Techniques,” Addison-
Wesley Publishing Company (1991); Zadeh, Information and Control, 8:338-353 (1965);
Zadeh, “IEEE Trans. on Systems, Man and Cybernetics,” 3:28-44 (1973); Gersho et al., In
“Vector Quantization and Signal Compression,” Kluywer Academic Publishers, Boston,
30  Dordrecht, London (1992); and Hassoun, “Fundamentals of Artificial Neural Networks,”

MIT Press, Cambridge, Massachusetts, London (1995), for a description of neural networks.

[0169] Support vector machines are a set of related supervised learning techniques used for
classification and regression and are described, e.g., in Cristianini ef al., “An Introduction to

Support Vector Machines and Other Kernel-Based Learning Methods,” Cambridge
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11.9 10. ziJniversity Press (2000). Support vector machine analysis can be performed, e.g., using the

SVMﬁght software developed by Thorsten Joachims (Cornell University) or using the
LIBSVM software developed by Chih-Chung Chang and Chih-Jen Lin (National Taiwan

University).

5 [0170] The learning statistical classifier systems described herein can be trained and tested

using a cohort of samples (e.g., serological samples) from healthy individuals, IBS patients,
IBD patients, and/or Celiac disease patients. For example, samples from patients diagnosed
by a physician, and preferably by a gastroenterologist as having IBD using a biopsy,
colonoscopy, or an immunoassay as described in, e.g., U.S. Patent No. 6,218,129, are suitable

10  for use in training and testing the learning statistical classifier systems of the present
invention. Samples from patients diagnosed with IBD can also be stratified into Crohn's
disease or ulcerative colitis using an immunoassay as described in, e.g., U.S. Patent Nos.
5,750,355 and 5,830,675. Samples from patients diagnosed with IBS can be stratified into
IBS-constipation (IBS-C), IBS-diarrhea (IBS-D), IBS-mixed (IBS-M), IBS-alternating (IBS-

15  A), or post-infectious IBS (IBS-PI). Samples from patients diagnosed with IBS using a
published criteria such as the Manning, Rome I, Rome I, or Rome III diagnostic criteria are
suitable for use in training and testing the learning statistical classifier systems of the present
invention. Samples from healthy individuals can include those that were not identified as
IBD and/or IBS samples. One skilled in the art will know of additional techniques and

20  diagnostic criteria for obtaining a cohort of patient samples that can be used in training and

testing the learning statistical classifier systems of the present invention.

[0171] As used herein, the term “sensitivity” refers to the probability that a diagnostic
method, system, or code of the present invention gives a positive result when the sample is
positive, e.g., having IBS. Sensitivity is calculated as the number of true positive results

25  divided by the sum of the true positives and false negatives. Sensitivity essentially is a
measure of how well a method, system, or code of the present invention correctly identifies
those with IBS from those without the disease. The statistical algorithms can be selected
such that the sensitivity of classifying IBS is at least about 60%, and can be, for example, at
least about 65%, 70%, 75%, 76%, 77%, 78%, 19%, 80%, 81%, 82%, 83%, 84%, 85%, 86%,

30 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 91%, 98%, or 99%. In preferred
embodiments, the sensitivity of classifying IBS is at least about 90% when a combination of
learning statistical classifier systems is used (see, Example 10 from US Patent Publication
No. 2008/0085524, which is incorporated herein by reference in its entirety for all purposes)

or at least about 85% when a single learning statistical classifier system is used (see, Example
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11 from US Patent Publication No. 2008/0085524, which is incorporated herein by reference

in its entirety for all purposes).

[0172] The term “specificity” refers to the probability that a diagnostic method, system, or
code of the present invention gives a negative result when the sample is not positive, e.g., not
5 having IBS. Specificity is calculated as the number of true negative results divided by the
sum of the true negatives and false positives. Specificity essentially is a measure of how well
a method, system, or code of the present invention excludes those who do not have IBS from
those who have the disease. The statistical algorithms can be selected such that the
specificity of classifying IBS is at least about 70%, for example, at least about 75%, 80%,

10 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%. In
preferred embodiments, the specificity of classifying IBS is at least about 86% when a
combination of learning statistical classifier systems is used (see, Example 10 from US Patent
Publication No. 2008/0085524, which is incorporated herein by reference in its entirety for
all purposes) or at least about 84% when a single learning statistical classifier system is used

15  (see, Example 11 from US Patent Publication No. 2008/0085524, which is incorporated

herein by reference in its entirety for all purposes).

[0173] As used herein, the term “negative predictive value” or “NPV” refers to the
probability that an individual identified as not having IBS actually does not have the disease.
Negative predictive value can be calculated as the number of true negatives divided by the
20  sum of the true negatives and false negatives. Negative predictive value is determined by the
characteristics of the diagnostic method, system, or code as well as the prevalence of the
disease in the population analyzed. The statistical algorithms can be selected such that the
negative predictive value in a population having a disease prevalence is in the range of about
70% to about 99% and can be, for example, at least about 70%, 75%, 76%, 77%, 78%, 719%,
25  80%, 81%, 82%, 83%, 84%, 85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99%. In preferred embodiments, the negative predictive value of
classifying IBS is at least about 87% when a combination of learning statistical classifier
systems is used (see, Example 10 from US Patent Publication No. 2008/0085524, which is

incorporated herein by reference in its entirety for all purposes).

30 [0174] The term “positive predictive value” or “PPV” refers to the probability that an
individual identified as having IBS actually has the disease. Positive predictive value can be
calculated as the number of true positives divided by the sum of the true positives and false
positives. Positive predictive value is determined by the characteristics of the diagnostic

method, system, or code as well as the prevalence of the disease in the population analyzed.
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6.68 0. 0’9}%e6sjtat(?s'ti%§l6algorithms can be selected such that the positive predictive value in a
population having a disease prevalence is in the range of about 80% to about 99%:and can be,
for example, at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%., 93%, 94%,
95%, 96%, 97%, 98%, or 99%. In preferred embodiments, the positive predictive value of
5  classifying IBS is at least about 90% when a combination of learning statistical classifier
systems is used (see, Example 10 from US Patent Publication No. 2008/0085524, which is

incorporated herein by reference in its entirety for all purposes).

[0175] Predictive values, including negative and positive predictive values, are influenced
by the prevalence of the disease in the population analyzed. In the methods, systems, and

10 code of the present invention, the statistical algorithms can be selected to produce a desired
clinical parameter for a clinical population with a particular IBS prevalence. For example,
Jearning statistical classifier systems can be selected for an IBS prevalence of up to about 1%,
2%, 3%, 4%, 5%, 6%, 1%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, or 70%, which can be seen, e.g., in a clinician's office such as a

15  gastroenterologist's office or a general practitioner's office.

[0176] As used herein, the term “overall agreement” or “overall accuracy” refers to the
accuracy with which a method, system, or code of the present invention classifies a disease
state. Overall accuracy is calculated as the sum of the true positives and true negatives
divided by the total number of sample results and is affected by the prevalence of the disease
20 in the population analyzed. For example, the statistical algorithms can be selected such that
the overall accuracy in a patient population having a disease prevalence is at least about 60%,
and can be, for example, at least about 65%, 70%, 75%, 76%, 11%, 718%, 19%, 30%, 1%,
82%, 83%, 84%, 85%, 6%, 871%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99%. In preferred embodiments, the overall accuracy of classifying IBS 1s at least
25  about 80% when a combination of learning statistical classifier systems is used (see, Example
10 from US Patent Publication No. 2008/0085524, which is incorporated herein by reference

in its entirety for all purposes).

VII. Disease Classification System

[0177] Figure 2 from US Patent Publication No. 2008/0085524, which is incorporated

30  herein by reference in its entirety for all purposes, illustrates a disease classification system
(DCS) (200) according to one embodiment of the present invention. As shown therein, a
DCS includes a DCS intelligence module (205), such as a computer, having a processor (215)

and memory module (210). The intelligence module also includes communication modules
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test system may be configured to run multianalyte tests on one or more patient samples (255)
and automatically provide the test results to the intelligence module. The data may also be
10 provided to the intelligence module via direct input by a user or it may be downloaded from a
portable medium such as a compact disk (CD) or a digital versatile disk (DVD). The test
system may be integrated with the intelligence module, directly coupled to the intelligence
module, or it may be remotely coupled with the intelligence module over the network. The
intelligence module may also communicate data to and from one or more client systems (230)
15  over the network as is well known. For example, a requesting physician or healthcare

provider may obtain and view a report from the intelligence module, which may be resident

in a laboratory or hospital, using a client system (230).

[0178] The network can be a LAN (local area network), WAN (wide area network),
wireless network, point-to-point network, star network, token ring network, hub network, or
20  other configuration. As the most common type of network in current use is a TCP/IP
(Transfer Control Protocol and Internet Protocol) network such as the global internetwork of
networks often referred to as the “Internet” with a capital “I,” that will be used in many of the
examples herein, but it should be understood that the networks that the present invention

might use are not so limited, although TCP/IP is the currently preferred protocol.

25 [0179] Several elements in the system shown in Figure 2 from US Patent Publication No.
2008/0085524 may include conventional, well-known elements that need not be explained in
detail here. For example, the intelligence module could be implemented as a desktop
personal computer, workstation, mainframe, laptop, etc. Each client system could include a
desktop personal computer, workstation, laptop, PDA, cell phone, or any WAP-enabled

30 device or any other computing device capable of interfacing directly or indirectly to the
Internet or other network connection. A client system typically runs an HTTP client, e.g., a
browsing program, such as Microsoft's Internet Explorer browser, Netscape's Navigator
browser, Opera's browser, or a WAP-enabled browser in the case of a cell phone, PDA or

other wireless device, or the like, allowing a user of the client system to access, process, and
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[0231] To further validate the utility of the novel gene expression LBS
markers identified above, the expression levels of 14 of the top 72

di scovery phase genes, as determ ned by
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deficiency, osteoporosis, autoimmune diseases, and intestinal malignancies (e.g., lymphoma
15  and carcinoma). It is thought that exposure to proteins such as gluten (e.g., glutenin and

prolamine proteins which are present in wheat, rye, barley, oats, millet, triticale, spelt, and

kamut), in the appropriate genetic and environmental context, is responsible for causing

Celiac disease.

[0186] Other diseases and disorders characterized by intestinal inflammation that present
20  with IBS-like symptoms include, for example, acute inflammation, diverticulitis, ileal pouch-
anal anastomosis, microscopic colitis, and chronic infectious diarrhea, as well as unidentified
inflammatory disorders of the intestinal tract. Patients experiencing episodes of acute
inflammation typically have elevated C-reactive protein (CRP) levels in addition to IBS-like
symptoms. CRP is produced by the liver during the acute phase of the inflammatory process
25  and is usually released about 24 hours post-commencement of the inflammatory process.
Patients suffering from diverticulitis, ileal pouch-anal anastomosis, microscopic colitis, and
chronic infectious diarrhea typically have elevated fecal lactoferrin and/or calprotectin levels
in addition to IBS-like symptoms. Lactoferrin is a glycoprotein secreted by mucosal
membranes and is the major protein in the secondary granules of leukocytes. Leukocytes are
30 commonly recruited to inflammatory sites where they are activated, releasing granule content

to the surrounding area. This process increases the concentration of lactoferrin in the stool.

[0187] Increased lactoferrin levels are observed in patients with ileal pouch-anal
anastomosis (i.e., a pouch is created following complete resection of colon in severe cases of

Crohn's disease) when compared to other non-inflammatory conditions of the pouch, like
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f r on2@ he d&edtympgethe presedvief $tasdyin the stool, such as fecal hemoglobin. Intestinal bleeding
that occurs without the patient's knowledge is called occult or hidden bleeding. The presence
of occult bleeding (e.g., fecal hemoglobin) is typically observed in a stool sample from the
patient. Other conditions such as ulcers (e.g., gastric, duodenal), cancer (e.g., stomach

cancer, colorectal cancer), and hemorrhoids can also present with IBS-like symptoms

25  including abdominal pain and a change in the consistency and/or frequency of stools.

[0189] In addition, fecal calprotectin levels can also be assessed. Calprotectin is a calcium
binding protein with antimicrobial activity derived predominantly from neutrophils and
monocytes. Calprotectin has been found to have clinical relevance in cystic fibrosis,
rheumatoid arthritis, IBD, colorectal cancer, HIV, and other inflammatory diseases. Its level
30  has been measured in serum, plasma, oral, cerebrospinal and synovial fluids, urine, and feces.
Advantages of fecal calprotectin in GI disorders have been recognized: stable for 3-7 days at
room temperature enabling sample shipping through regular mail ; correlated to fecal alpha 1-
antitrypsin in patients with Crohn's disease; and elevated in a great majority of patients with

gastrointestinal carcinomas and IBD. It was found that fecal calprotectin correlates well with
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vaginal, or by inhalation. By “co-administer” it is meant that an IBS drug is administered at

the same time, just prior to, or just after the administration of a second drug (e.g., another

25  IBS drug, a drug useful for reducing the side-effects of the IBS drug, ezc.).

[0193] A therapeutically effective amount of an IBS drug may be administered repeatedly,
e.g., atleast2,3,4,5, 6,7, 8, or more times, or the dose may be administered by continuous
infusion. The dose may take the form of solid, semi-solid, lyophilized powder, or liquid
dosage forms, such as, for example, tablets, pills, pellets, capsules, powders, solutions,

30 suspensions, emulsions, suppositories, retention enemas, creams, ointments, lotions, gels,
aerosols, foams, or the like, preferably in unit dosage forms suitable for simple administration

of precise dosages.
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suitable as unitary dosages for human subjects and other mammals, each unit containing a
predetermined quantity of an IBS drug calculated to produce the desired onset, tolerability,
and/or therapeutic effects, in association with a suitable pharmaceutical excipient {e.g., an
5 ampoule). In addition, more concentrated dosage forms may be prepared, from which the
more dilute unit dosage forms may then be produced. The more concentrated dosage forms

thus will contain substantially more than, e.g., at least 1,2, 3,4, 5,6, 7, 8, 9, 10, or more

times the amount of the IBS drug.

[0195] Methods for preparing such dosage forms are known to those skilled in the art (see,

10 e.g., REMINGTON'S PHARMACEUTICAL SCIENCES, 18TH ED., Mack Publishing Co., Easton, PA
(1990)). The dosage forms typically include a conventional pharmaceutical carrier or
excipient and may additionally include other medicinal agents, carriers, adjuvants, diluents,
tissue permeation enhancers, solubilizers, and the like. Appropriate excipients can be tailored
to the particular dosage form and route of administration by methods well known in the art

15  (see, e.g., REMINGTON'S PHARMACEUTICAL SCIENCES, supra).

[0196] Examples of suitable excipients include, but are not limited to, lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth,
gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone, cellulose, water,
saline, syrup, methylcellulose, ethylcellulose, hydroxypropylmethylcellulose, and polyacrylic

20 acids such as Carbopols, e.g., Carbopol 941, Carbopol 980, Carbopol 981, etc. The dosage
forms can additionally include lubricating agents such as talc, magnesium stearate, and
mineral oil; wetting agents; emulsifying agents; suspending agents; preserving agents such as
methyl-, ethyl-, and propyl-hydroxy-benzoates (i.e., the parabens); pH adjusting agents such
as inorganic and organic acids and bases; sweetening agents; and flavoring agents. The

25  dosage forms may also comprise biodegradable polymer beads, dextran, and cyclodextrin

inclusion complexes.

[0197] For oral administration, the therapeutically effective dose can be in the form of
tablets, capsules, emulsions, suspensions, solutions, syrups, sprays, lozenges, powders, and
sustained-release formulations. Suitable excipients for oral administration include

30  pharmaceutical grades of mannitol, lactose, starch, magnesium stearate, sodium saccharine,

talcum, cellulose, glucose, gelatin, sucrose, magnesium carbonate, and the like.

[0198] Insome embodiments, the therapeutically effective dose takes the form of a pill,

tablet, or capsule, and thus, the dosage form can contain, along with an IBS drug, any of the
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the like; and a binder such a starch, gum acacia, polyvinylpyrrolidone, gelatin, cellulose and
derivatives thereof. An IBS drug can also be formulated into a suppository disposed, for

example, in a polyethylene glycol (PEG) carrier.

[0199] Liquid dosage forms can be prepared by dissolving or dispersing an IBS drug and
optionally one or more pharmaceutically acceptable adjuvants in a carrier such as, for
example, aqueous saline (e.g., 0.9% w/v sodium chloride), aqueous dextrose, glycerol,
ethanol, and the like, to form a solution or suspension, e.g., for oral, topical, or intravenous

administration. An IBS drug can also be formulated into a retention enema.

[0200] For topical administration, the therapeutically effective dose can be in the form of
emulsions, lotions, gels, foams, creams, jellies, solutions, suspensions, ointments, and
transdermal patches. For administration by inhalation, an IBS drug can be delivered as a dry
powder or in liquid form via a nebulizer. For parenteral administration, the therapeutically
effective dose can be in the form of sterile injectable solutions and sterile packaged powders.

Preferably, injectable solutions are formulated at a pH of from about 4.5 to about 7.5.

[0201] The therapeutically effective dose can also be provided in a lyophilized form. Such
dosage forms may include a buffer, e.g., bicarbonate, for reconstitution prior to
administration, or the buffer may be included in the lyophilized dosage form for
reconstitution with, e.g., water. The lyophilized dosage form may further comprise a suitable
vasoconstrictor, e.g., epinephrine. The lyophilized dosage form can be provided in a syringe,
optionally packaged in combination with the buffer for reconstitution, such that the

reconstituted dosage form can be immediately administered to an individual.

[0202] In therapeutic use for the treatment of IBS, an IBS drug can be administered at the
initial dosage of from about 0.001 mg/kg to about 1000 mg/kg daily. A daily dose range of
from about 0.01 mg/kg to about 500 mg/kg, from about 0.1 mg/kg to about 200 mg/kg, from
about 1 mg/kg to about 100 mg/kg, or from about 10 mg/kg to about 50 mg/kg, can be used.
The dosages, however, may be varied depending upon the requirements of the individual, the
severity of IBS symptoms, and the IBS drug being employed. For example, dosages can be
empirically determined considering the severity of IBS symptoms in an individual classified
as having IBS according to the methods described herein. The dose administered to an
individual, in the context of the present invention, should be sufficient to affect a beneficial

therapeutic response in the individual over time. The size of the dose can also be determined

66

g3



9.78 8 5.9299 -7.16 0.0020 Rho guani ne nucl eoti de exchange factor (GEF) 10L
MAP1LC3C 10.4 8.71 5.4195 -7.98 0.0013 m crotubul e-associ ated protein 1
| i ght chawo 2811gmmsa C20orf 71 6. 38 4.69 5.4195 -6.4 0. 00BCTAlse@mdStnE 20
open reading frame 71 C20orf114 6.38 4.69 5.4195 -6.4 0.0031 chronosone 20

d ggﬁt”alr ﬁ?ﬁgﬂ% %@g%&ﬁ@%x@n@é fa&e%@%ﬁie%f%ts%&%gmﬁﬁé%p'théjoma' n

administration of a particular IBS drug in an individual. Determination of the proper dosage
for a particular situation is within the skill of the practitioner. Generally, treatment is
initiated with smaller dosages which are less than the optimum dose of the IBS drug.

5  Thereafter, the dosage is increased by small increments until the optimum effect under
circumstances is reached. For convenience, the total daily dosage may be divided and

administered in portions during the day, if desired.

[0203] As used herein, the term “IBS drug” includes all pharmaceutically acceptable forms
of a drug that is useful for treating one or more symptoms associated with IBS. For example,

10 the IBS drug can be in a racemic or isomeric mixture, a solid complex bound to an ion
exchange resin, or the like. In addition, the IBS drug can be in a solvated form. The term
“IBS drug” is also intended to include all pharmaceutically acceptable salts, derivatives, and
analogs of the IBS drug being described, as well as combinations thereof. For example, the
pharmaceutically acceptable salts of an IBS drug include, without limitation, the tartrate,

15  succinate, tartarate, bitartarate, dihydrochloride, salicylate, hemisuccinate, citrate, maleate,
hydrochloride, carbamate, sulfate, nitrate, and benzoate salt forms thereof, as well as
combinations thereof and the like. Any form of an IBS drug is suitable for use in the
methods of the present invention, e.g., a pharmaceutically acceptable salt of an IBS drug, a

free base of an IBS drug, or a mixture thereof.

20  [0204] Suitable drugs that are useful for treating one or more symptoms associated with
IBS include, but are not limited to, serotonergic agents, antidepressants, chloride channel
activators, chloride channel blockers, guanylate cyclase agonists, antibiotics, opioids,
neurokinin antagonists, antispasmodic or anticholinergic agents, belladonna alkaloids,
barbiturates, glucagon-like peptide-1 (GLP-1) analogs, corticotropin releasing factor (CRF)

25  antagonists, probiotics, free bases thereof, pharmaceutically acceptable salts thereof,
derivatives thereof, analogs thereof, and combinations thereof. Other IBS drugs include
bulking agents, dopamine antagonists, carminatives, tranquilizers, dextofisopam, phenytoin,

timolol, and diltiazem.

[0205] Serotonergic agents are useful for the treatment of IBS symptoms such as

30  constipation, diarrhea, and/or alternating constipation and diarrhea. Non-limiting examples
of serotonergic agents are described in Cash et al., Aliment. Pharmacol. Ther., 22:1047-1060
(2005), and include 5-HT, receptor agonists (e.g., MKC-733, etc.), 5-HT  receptor agonists

(e.g., tegaserod (Zelnorm), prucalopride, AG1-001, ezc.), 5-HT, receptor antagonists (e.g.,
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palonosetron, E-3620, DDP-225, DDP-733, etc.), mixed 5—HT3 receptor antagonists/5-HT 4

receptor agonists (e.g., cisapride, mosapride, renzapride, efc.), free bases thereof,
pharmaceutically acceptable salts thereof, derivatives thereof, analogs thereof, and

5  combinations thereof. Additionally, amino acids like glutamine and glutamic acid which
regulate intestinal permeability by affecting neuronal or glial cell signaling can be

administered to treat patients with IBS.

[0206] Antidepressants such as selective serotonin reuptake inhibitor (SSRI) or tricyclic
antidepressants are particularly useful for the treatment of IBS symptoms such as abdominal
10  pain, constipation, and/or diarrhea. Non-limiting examples of SSRI antidepressants include
citalopram, fluvoxamine, paroxetine, fluoxetine, sertraline, free bases thereof,
pharmaceutically acceptable salts thereof, derivatives thereof, analogs thereof, and
combinations thereof. Examples of tricyclic antidepressants include, but are not limited to,
desipramine, nortriptyline, protriptyline, amitriptyline, clomipramine, doxepin, imipramine ,
15 trimipramine, maprotiline, amoxapine, clomipramine, free bases thereof, pharmaceutically

acceptable salts thereof, derivatives thereof, analogs thereof, and combinations thereof.

[0207] Chloride channel activators are useful for the treatment of IBS symptoms such as
constipation. A non-limiting example of a chloride channel activator is lubiprostone
(Amitiza), a free base thereof, a pharmaceutically acceptable salt thereof, a derivative thereof,
20  or an analog thereof. In addition, chloride channel blockers such as crofelemer are useful for
the treatment of IBS symptoms such as diarrhea. Guanylate cyclase agonists such as MD-
1100 are useful for the treatment of constipation associated with IBS (see, e.g., Bryant et al.,
Gastroenterol., 128:A-257 (2005)). Antibiotics such as neomycin can also be suitable for use
in treating constipation associated with IBS (see, e.g., Park et al., Gastroenterol., 128:A-258
25  (2005)). Non-absorbable antibiotics like rifaximin (Xifaxan) are suitable to treat small
bowel bacterial overgrowth and/or constipation associated with IBS (see, e.g., Sharara et al.,

Am. J. Gastroenterol., 101:326-333 (2006)).

[0208] Opioids such as kappa opiods (e.g., asimadoline) may be useful for treating pain
and/or constipation associated with IBS. Neurokinin (NK) antagonists such as talnetant,

30 saredutant, and other NK2 and/or NK3 antagonists may be useful for treating IBS symptoms
such as oversensitivity of the muscles in the colon, constipation, and/or diarrhea.
Antispasmodic or anticholinergic agents such as dicyclomine may be useful for treating IBS

symptoms such as spasms in the muscles of the gut and bladder. Other antispasmodic or
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hyoscyamine, efc.) can be used in combination with barbiturates such as phenobarbital to
reduce bowel spasms associated with IBS. GLP-1 analogs such as GTP-010 may be useful

for treating IBS symptoms such as constipation. CRF antagonists such as astressin and

5  probiotics such as VSL#3® may be useful for treating one or more IBS symptoms. One
skilled in the art will know of additional IBS drugs currently in use or in development that are

suitable for treating one or more symptoms associated with IBS.

[0209] An individual can also be monitored at periodic time intervals to assess the efficacy

of a certain therapeutic regimen once a sample from the individual has been classified as an
10  IBS sample. For example, the levels of certain markers change based on the therapeutic

effect of a treatment such as a drug. The patient is monitored to assess response and

understand the effects of certain drugs or treatments in an individualized approach.

Additionally, patients may not respond to a drug, but the markers may change, suggesting

that these patients belong to a special population (not responsive) that can be identified by
15  their marker levels. These patients can be discontinued on their current therapy and

alternative treatments prescribed.

X. Examples
A. Example 1

[0210] The present example demonstrates blood sample collection and RNA isolation there
20 from. Briefly, blood samples were collected from three IBS-D patients, two IBS-C patients,
and 3 healthy volunteers. All IBS patients met Rome III criteria and healthy volunteers had
no history of IBS or other active co-morbidities. In this case, approximately 2.4 ml of whole
blood was collected from each subject. The blood sample was divided into two aliquots, and
one was processed according to the leukocyte protocol described above, while the other was
25  collected in the PAXgene system (PreAnalytiX; Hombrechtikon, Switzerland) and processed

accordingly.

[0211] Because the principal difference between the two techniques is the inclusion of
RNA from the erythrocyte fraction, it was investigated whether an overabundance of
hemoglobin mRNA might explain the differences in expression between whole blood and
30 leukocyte generated samples. Additional RNA was isolated from whole blood from the
healthy subjects using the PAXgene blood collection scheme. Degradation of multiple

hemoglobin mRNA species in the samples was accomplished using RNase H and specifically
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19:247-254 (2004)) on four donor samples. Briefly, 5 ug of total cellular RNA was
incubated in 10 mM Tris-HCI, pH 7.6, 20 mM KCl with 10 uM of oligonucleotide primers at
70°C for 5 min. The samples were cooled to 4°C and 2 U of RNase H (New England

5  Biolabs), along with 20 U of SUPERase Inhibitor (Ambion), was added. The buffer
conditions were adjusted to 55 mM Tris-HCl, 85 mM KCI, 3 mM MgCl,, and 10 mM
dithiothreitol, and the samples were incubated at 37°C for 15 min. Immediately following
the incubation, the samples were again cooled to 4°C and 1 pl of 0.5 M EDTA was added to
stop the RNase H digestion. The samples were then repurified using the RNeasy Mini

10 Protocol for RNA Cleanup (Qiagen), according to the manufacturer’s specifications and

including the optional DNase treatment.

B. Example 2

[0212] The present example demonstrates hybridization of the extracted mRNA samples to
an oligonucleotide array. For analysis of the IBD and control serum RNA samples,

15  Affymetric human Gene 1.0 ST arrays (Affymatrix, Santa Clara, CA) were used. These
arrays are an oligonucleotide-probe based gene array chip containing ~35,000 transcripts,

which provides a comprehensive coverage of the whole human genome.

[0213] To prepare the RNA samples for hybridization, eight micrograms of total RNA was
used to synthesize cDNA. A T7 promoter sequence introduced during the first strand

20  synthesis was then used to direct cRNA synthesis, which was labeled with biotinylated
deoxynucleotide triphosphate, following the manufacturer's protocol (Affymatrix, San Diego,
California). After fragmentation, the biotinylated cRNA was hybridized to the gene chip
array at 45°C for 16 h. The chip was washed, stained with phycoerytherin-streptavidin, and
scanned with the Gene Chip Scanner 3000. After background correction, preliminary data

25  analysis was done in the Microarray Suite 5.0 software (MAS 5.0, Stratagene, La Jolla, CA).
For primary analysis PLIER was used as recommended in the work flow of software Gene

Spring GX10.0 (Agilent Technologies, Santa. Clara).
Example 3

[0214] The present example describes the data analysis of the microarrays performed, as
30 described in the previous examples. The RNA integrity number(RIN) of each sample and
performance of each microarray experiment were analyzed for quality control purposes. The

results are given in Table 3.
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Array # | Disease RIN | Array Hybridization Overall
data QC control Notes
HG1 IBS-C 7.1 Pass Pass Pass
HG2 IBS-C 5.7 Pass Pass Pass
HG3 IBS-D 7.1 Pass | Pass Pass
HG4 IBS-D 7.1 Pass Pass Pass
HGS IBS-D 7.4 Pass Pass Pass
HG6 HV 7.9 Pass Pass Pass
HG7 HV 7.1 Pass Pass Pass
HGS HV 8.3 Pass Pass Pass

[0215] Fluorescence intensities for each probe set were uploaded to the Array Assist 6.5
and Gene Spring GX10.0 (Agilent Technologies, Santa Clara) software. Data was
normalized by quantitative normalization, and then transferred logarithmically for further

5 analysis to determine changes in a particular gene in IBS patients. In order to compare the
changes in gene expression, the data was further normalized by using the 50 RFU
fluorescence value as threshold, and statistical analysis showing fold changes was determined
(p £0.05). The top 72 markers that were identified using 2 log?2 fold change as a cutoff are

shown in Table 4.

10 Table 4. The top 72 gene markers identified using 2 log2 fold changes.

Entrez Mean Mean Log2 t- Raw FDR Gene
Group | Group Fold statisti adjusted | Gene Symbol o
GenelD p-value Descriptions
2 3 Change [ p-value
27022 6.71 3.98 273 851 | 0.00105 | 0.205 FOXD3 forkhead box D3
55361 663 | 406 | 257 | 663 | 000268 | 0246 PIK2A gﬂ)(;]sfha“dy“"°s“°‘ 4-kinase type 2
84557 392 6.44 248 108 0.0004 1 0.198 MAPILC3A microtubule-associated protein 1
) ’ ) ) 7 ) ) light chain 3 alpha
55002 8.92 6.44 248 -10.8 0.00041 0.198 ACSS?2 acyl-CoA synthetase short-chain
) ) ) ) 7 ) family member 2
434 665 | 422 | 243 | -666 | 000264 | 0246 ASIP agouti signaling protein; nonagouti
. ) i ) . ) homolog (mouse)
391190 613 | 847 | 234 | 656 | 000279 | 0248 OR2LS olfactory receptor; family 2;
subfamily L; member 8
57121 9.07 6.74 -2.33 79 | 000139 | 0216 LPARS lysophosphatidic acid receptor 5
10765 548 | 319 | 220 | 901 | 000084 | 0203 JARIDIB | Jomoniis AT rich interactive domain
} g cyclin-dependent kinase inhibitor
1028 6.34 4.07 2.27 7.21 0.00196 0.232 CDKNIC 1C (p57; Kip2)
*8137081 7.61 5.53 -2.08 -6.49 0.00291 0.248 NA NA
159686 5.39 7.32 1.93 9.63 0.00065 0.198 CCDC147 coiled-coil domain containing 147
*8121330 5.52 7.43 1.91 6.64 0.00267 0.246 NA NA
441871 8.06 6.22 -1.84 -8.15 | 000123 | 0216 PRAMEF7 | PRAME family member 7
2785 1 917 1.83 0.66 0.00064 0.198 GNG3 guanine nucleotide binding protein
) ) ) 2 ) (G protein); gamma 3
Rho guanine nucleotide exchange
55160 9.78 8 -1.78 -7.16 0.00201 0.232 ARHGEF10L factor (GEF) 10-like
440738 104 | 871 | -169 | 798 | 000134 | 0216 | MAPiLc3c | Microbule-associated protein 1
light chain 3 gamma
128861 638 | 469 | -1.69 | -64 | 000306 | 0248 Covorf71 | Shromosome 20 open reading frame
92747 638 | 469 | -1.69 | -64 | 000306 | 0248 C0orf114 | Shromosome 20 open reading frame
55061 5.82 75 1.68 6.91 0.0023 0.235 SUSD4 sushi domain containing 4
7582 7.23 8.91 1.68 7.49 0.0017 0.223 ZNF33B zinc finger protein 33B
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Table 7. 26 genes which are up regulated in both groups (IBS-C and |BS-D)
based on fold changes and P val ues. Log2 fold change t statistic
p-val ue v&one11Bpmsél |1 BS-C | BS-D HV | BS-C vs HV | BS- D v®CHUSRB80E309% HV
IBS-D vs HV IBS-C vs HV IBS-D vs HV Gene Descriptions L0OC399898 9.79 10.6

7.91 6555, 14778 4. PY -6 3Z,0.]019 0.6 hypaf het i gal,, g€ REcEURROF el 1Dy
AK128188 2 subfamily W; member 1
92241 109 | 932 158 | 854 | 000103 | 0205 RCSDI RCSD domain containing 1
9720 9.27 7.69 -1.58 -6.75 0.00251 0.244 CCDCl144A coiled-coil domain containing 144A
5380 506 | 752 156 181 | 548B-05 | 0152 PMS2L2 postmeiotic segregation increased 2-
like 2 pseudogene
26033 109 | 937 153 | -173 | 655605 | 0152 ATRNLI | artractinfike 1
143503 743 | 896 1.53 821 | 00012 | 0216 ORSIEI olfactory receptor; family 51;
subfamily E; member 1
- 0.00072
8161024 103 | 877 153 | -935 . 02 NA NA
391112 7.18 8.7 152 ges | 009098 | 4004 OR6Y! olfactory receptor; family 6;
3 subfamily Y; member 1
3375 498 3.47 -1.51 -6.86 0.00236 0.24 IAPP islet amyloid polypeptide
8110666 894 | 745 149 | 695 | 000225 | 0235 NA NA
474354 14 | 992 148 | 856 | 000102 | 0205 LRRCIE | feucine rich repeat containing 18
0.00089
692197 108 | 933 147 | 886 p 0.204 SNORDTT | 1 eolar RNA: C/D box 77
9926 837 | 983 146 651 | 000287 | 0248 LPGATI lysophosphatidylglycerol
acyltransferase 1
79102 712 | 858 146 102 | 000052 1 4 0g RNE26 . .
1 ring finger protein 26
2703 9.34 791 -1.43 -6.43 0.00301 0.248 GIA8 gap junction protein; alpha 8; 50kDa
8086148 988 | 846 142 | 149 | 0000IL |4 eg NA
8 NA
221914 755 | 895 14 642 | 000303 | 0248 GPC2 elypican 2
) ) angiotensinogen (serpin peptidase
183 1 9.63 137 696 | 000224 | 0235 AGT A SN
26052 4.04 27 134 64 | 000306 | 0248 DNM3 dynamin 3
644083 122 | 109 13 693 | 000228 | 0235 LOC644083 | hypothetical LOC644083
8133215 677 | 548 129 | 133 0'02018 0.198 NA A
27341 651 | 779 1.28 jo.1 | 000054 ) 4198 RRP7A ribosomal RNA processing 7
1 homolog A (S. cerevisiae)
63926 903 | 103 127 683 | 00024 0.24 ANKRDS | ankyrin repeat domain 5
8102619 907 | 103 123 752 | 000167 | 0223 NA NA
0.00021
10223 919 | 104 121 12.8 ) 0.198 GPA33 elycoprotein A33 (iansmembrane)
0.00098 LOCI0012945
100120455 | 9.14 | 7.93 a21 | 865 ) 0.204 ] hypothetical LOCI00129455
23623 9.7 10.9 1.2 7.38 0.0018 0.226 RUSCI RUN and SH3 domain containing 1
8872 878 | 9.98 12 712 | 000206 | 0232 CDC123 cell division cycle 123 homolog (S.
cerevisiae)
. 0.00048
£ -12 -
8164100 117 10.5 12 104 ; 0.198 NA A
387695 838 | 749 | -119 | -103 | %990 00 Cloorgg | oromosome 10 open reading frame
7433 428 | 3.09 -1.19 72 | 000197 | 0232 VIPRI vasoactive intestinal peptide
receptor |
55747 982 1 118 10.7 0.00043 0.198 FAM21B family with sequence similarity 21;
2 member B
#8125835 109 | 972 18 | -10.1 0'0?054 0.198 NA A
9219 8.87 77 a7 | 789 | ooo14 | 0216 MTA2 metastasis associated 1 family;
member 2
8084945 8.6 7.44 216 | -106 | 000034 508 NA
8 NA
8180355 107 | 955 15| -102 0'0(:052 0.198 NA A
149041 956 | 107 114 731 | 000186 | 0229 RC3HI ring finger and CCCH-type zinc
finger domains 1
23065 616 | 728 112 748 | 000171 | 0223 KIAAGO9 | KIAAOGS0
0.00037 eukaryotic translation initiation
8894 107 | 958 12 | -1t ) 0.198 EIF2S2 o
8163629 887 | 775 12 | 795 | 000136 | 0216 NA NA
0.00030
79929 572 | 461 | -7 . 0.198 MAPSD! |\ 1 b6 domain containing |
391196 119 | 108 11 764 | 000158 | 022 OR2M7 olfactory receptor; family 2;
subfamily M; member 7
728118 102 | 113 11 654 | 000282 | 0248 FAM22A | family with sequence similarity 22;
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C200rf70 7.67 7.64 5.81 6.42 6.23 -8.94 -6.06 0.003 0.004 chronosone 20
open reading frame 70 CHRNB2 8.37 8.73 7.06 3.71 5.31 -4.3 -5.7 0.023 0.005
chol i ner gwo 20H0®8p458r ; ni cotinic; beta 2 (neuronal) WD PCT/US2010/058099

2011/ 066458PCT/ US2010/ 058099 OR51B4 8.13 8.91 6.3 6.23 13.6 -4.71 -5.57

0.018 Q7005 offactory receptor; famty 5L, subfam 'y B[aNmaZd6 11. -1 I1.2
9. 64 8178811 8.6 9.7 1.1 718 | 000199 | 0232 NA NA
153836 116 10.5 -1.1 1756 | 000164 | 0222 GPRS7 G protein-coupled receptor 87
8180003 8.48 9.58 1.1 722 | 000195 | 0232 NA NA
55720 117 | 106 11 702 | 000217 | 0234 TSR1 TSR1; 208 rRNA accumulation;
homolog (S. cerevisiae)
8756 5.69 6.75 1.06 6.45 0.00297 0.248 ADAM7 ADAM metallopeptidase domain 7
3735 6.15 7.21 1.06 668 | 000261 | 0246 KARS lysyl-tRNA synthetase
339390 g12 | 7.1 102 | 735 | ooots2 | 0227 CLEcag | Ctype lectin superfamily 4; member
5314 7.5 6.49 101 | 922 | 000076 0.2 PKHD1 polycystic kidney and hepatic
9 disease 1 (autosomal recessive)
8118824 7.64 6.63 -1.01 759 | 000162 | 0222 NA NA
*ProbeSet ID number; refers to the identity of the probe used in the Affymetric human Gene
1.0 ST array.

[0216] Genes, which qualified in the stringent statistical tests, were used for gene ontology
and pathway analysis. Expression data sets containing gene identifier and their
5  corresponding expression values, as fold-changes, were uploaded as a tab-delimited text file

to the Ingenuity pathway Analysis (IPA) software (Ingenuity systems, Mountain view, CA).
Genes, which mapped to the ingenuity pathway database, were categorized based on
molecular functions, gene ontology and biological processes. Each class was grouped based
on their p-value. The identified genes named as focused genes were also mapped to genetic

10  networks in the IPA database and ranked by score. The calculated probability score

represented whether a collection of genes in a network could be found by chance alone.

MASS Algorithm
[0217] Microarray Analysis Suite 5.0 (MAS 5.0) algorithm was developed by Affymetrix
to measure the relative intensities from microarray experiments using the Affymetrix

15  GeneChip arrays. The signal is calculated using the One-Step Tukey’s Biweight Estimate,
which yields a robust weighted mean that is relatively insensitive to outliers. The Tukey’s
Biweight method gives an estimate of the amount of variation in the data, exactly as standard
deviation measures the amount of variation for an average. MAS 5.0 subtracts a “stray
signal” estimate from the PM signal that is based on the intensity of the MM signal.

20  However, in cases where the MM signal outweighs the PM signal, an adjusted value is used.

These adjustments will eliminate negative values.
RMA Algorithm

[0218] The data from the eight microarrays was also pre-processed using the RMA
Algorithm (Irizarry,RA et al., Biostatistics, 4, 249-264 (2003)). The output of the algorithm
25  israw gene expression intensities expressed in log2 scale. A plot of the intensities of all of

the samples is shown in Figure 1.
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al pha subWOi2011264458€R2 11.7 12 10.2 4.48 6.05 -4.25 -5. 1BCOUB26100550Y
tachykinin receptor 2 OR4C6 8.23 8.19 6.22 7.46 7.17 -4.29 -4.09 0.023

0.015  ANOVA Test
[0219] Analysis of variance (ANOVA) is a collection of statistical models, and their
associated procedures, in which the observed variance is partitioned into components due to
different explanatory variables. ANOVA is commonly used to compare the means of more

5  than 2 groups.

[0220] An analysis of variance (ANOV A) was preformed on each probe set. The test is
designed to detect differentially expressed genes (DEGs) between any pair of groups. The p-
values were adjusted to control the false discovery rate (FDR) in multiple hypothesis tests
(Benjamini & Hochberg, 1995). Table 4 shows a number of DEGs at various raw p-value

10  and FDR-adjusted p-value thresholds. Using a threshold of p.fdr < 0.25, there are 228
differentially expressed genes (DEGs) cumulatively. The gene expression levels of the top 5

DEGs are plotted in Figure 2.

Multiple Hypothesis Test
[0221] In a hypothesis test, an acceptable maximum probability of rejecting the null
15  hypothesis when it is true, thus committing a Type I error, is typically specified. In a
microarray study, a large number of hypothesis tests are performed. When many hypotheses
are tested, and each test has a specified Type I error probability, the probability that at least
some Type I errors are committed increase, often sharply, with the number of hypotheses. To
control the overall Type I error, an adjustment on statistical test p-values is applied to control
20  the overall false discovery rate or FDR (Benjamini & Hochberg, 1995). Other available
multiple hypothesis correction methods include Bonferroni correction in which the p-values
are multiplied by the number of comparisons, Holm correction (Holm, 1979), Hochberg

correction (Hochberg, 1988), and Hommel correction (Hommel, 1988).

Hierarchical Clustering Analysis ;
25 [0222] Hierarchical clustering analysis is a statistical method for finding relatively
homogeneous clusters of cases based on measured characteristics. It starts with each case in
a separate cluster and then combines the clusters sequentially, reducing the number of
clusters at each step until only one cluster is left. When there are N cases, this involves N-1
clustering steps, or fusions. A heatmap with two dimension hierarchical clustering results are
30  frequently used in the microarray analysis to demonstrate the sample and gene clustering

structure based on gene expression profiles.

[0223] Hierarchical clustering analysis was performed to explore whether the gene

expression profiles of the DEGs can separate the IBS and control samples into distinct
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results and Figure 4 provides a heatmap illustrating the differential expression-of a set of
genes the include the selected 72-gene subset shown in Table 4. The IBS-C (group 1; HG1
and 2), IBS-D (group 2; HG3, 4, and 5), and control (group 3; HG6, 7, and &) groups are

5  completely separated by the gene expression profiles of the DGEs, which are indicated by the

color panel on the top of the heatmap.

Multidimensional Scaling
[0224] Multidimensional scaling (MDS) is a set of related statistical techniques often used
in information visualization for exploring similarities or dissimilarities in data. MDS is a

10 special case of ordination. An MDS algorithm starts with a matrix of item-item similarities,
then assigns a location of each item in a low-dimensional space, suitable for 2D or 3D
visualization. A plot of the separation among samples based on the gene expression profiles

of all unmasked probe sets is shown in Figure 5.

Principal Component Analysis

15 [0225] Principal component analysis (PCA) involves a mathematical procedure that
transforms a number of (possibly) correlated variables into a (smaller) number of
uncorrelated variables called principal components. The first principal component accounts
for as much of the variability in the data as possible, and each succeeding component
accounts for as much of the remaining variability as possible. Figure 6A illustrates the

20  variation that can be explained by each of the top principal components. Figure 6B illustrates

the separation of the samples by the top 2 principal components.

T-test
[0226] The t-test assesses whether the means of two groups are statistically different from
each other. This analysis allows for comparison of the means of two groups. A pair-wise t-
25  test was performed between each pair of groups. Fold change, p-value and FDR-adjusted p-
value (Benjamini & Hochberg, 1995) were computed for each probe set on the array in each
comparison. Differentially expressed genes (DEGs) were defined as those genes that have a
FDR-adjusted p-value < 0.25 and a 2 log2 fold change > 2. For example, Table 4 shows 72
DEGs between Group 2 and Group 3 ordered by fold change.

30 Volcano Plot
[0227] Volcano plot arranges genes along dimensions of biological and statistical
significance. The first (horizontal) dimension is the fold change between the two groups (on

a log scale, so that up and down regulation appear symmetric), and the second (vertical) axis
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negative log scale, such that smaller p-vatues appear higher up). The first axis indicates
biological impact of the change; the second indicates the statistical evidence, or reliability of

the change.

[0228] Volcano plots show the relationship between biological significance (fold change)
and statistical significance (p-value). Figures 7A-C show volcano plots of the comparison
between each pair of groups ((A) IBS-C vs IBS-D groups, (B) IBS-C vs control groups, and
(C) IBS-D vs control groups). Although the raw p-values are plotted on Y-axis, DEGs were
determined by a threshold of FDR-adjusted p-value < 0.25 and fold change > 2, the
boundaries of which are marked with a dashed line in Figure 7C. DEGs are highlighted in

red color.

Fisher exact test

[0229] The Fisher exact test is a statistical test used to determine if there are nonrandom
associations between two categorical variables. The Fisher Exact Test looks at a contingency
table which displays how the first variable affects the second variable or in reverse. Its null

hypothesis is that the two are independent.

C. Example 3

[0230] In order to verify the utility of the IBS markers identified by the microarray
experiments, the mRNA expression levels of five identified genes were validated using
quantitative reverse transcript-polymerase chain reaction (QRT-PCR) analysis. Briefly,
cDNA was synthesized from RNA samples from 12 IBS-M, 22 IBS-C, 12 IBS-D, and 21
control subjects by PCR RNA core kit (Applied Biosystems, Bedford, MA). Real time
quantitative reverse transcript-polymerase chain reaction (QRT-PCR) with SYBER Green,
using gene-specific PCR primers, was performed to verify the microarray data. Five genes
(FOXD3, PI4K2A, ACSS2, ASIP, and OR2LS), having Log2 fold changes > 2 and FDR
adjusted p—values < 0.25, were selected and primers used to amplify each gene were
generated. Samples were run in triplicate, and PCR was performed by an ABI 7700
thermocycler (Applied Biosystems, Bedford, MA). Results of the gRT-PCR analysis is

shown in Figure 8.

D. Example 4

[0231] To further validate the utility of the novel gene expression IBS markers identified

above, the expression levels of 14 of the top 72 discovery phase genes, as determined by
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consecutively enrolled, prospective cohorts of 98 patients with IBS. Each patient:was
diagnosed by a board-certified gastroenterologist; IBS was confirmed by biopsy and IBS met
Rome III criteria. All protocols were IRB approved; informed consent was obtained and
peripheral blood samples and clinical data were collected from all patients. Expression data
was obtained from peripheral whole blood samples by isolating total mRNAs, synthesizing
cDNAs, and performing real-time quantitative PCR. Expression levels of the candidate
biomarker genes were assayed on each patient specimen and normalized to a within-patient

reference gene. The expression levels of the selected biomarkers is shown in Figures 9A-C.

[0232] cDNA was synthesized from RNA samples by PCR RNA core kit (Applied
Biosystems, Bedford, MA). Real time quantitative reverse transcript-polymerase chain
reaction (QRT-PCR) with SYBER Green, using gene-specific PCR primers, was performed to
verify the microarray data. Samples were run in triplicate, and PCR was performed by an
ABI 7700 thermocycler (Applied Biosystems, Bedford, MA). Expression of the house
keeping gene B-actin was determined for normalization, following the geNorm method. A
linear regression analysis was performed and the coefficient of variation was calculated to
assess a correlation between the RT-PCR and gene array results of these selected genes.

Log2-fold changes and p-values for the expression of the candidate genes is shown in Table

5.

Table 5. Log2-fold changes and calculated p-values for the 14 selected candidate IBS marker
genes validated by gRT-PCR.

GENE SCORE P

VALUE
CCDC147 6.425 0.011
VIPR1 4.818 0.028

LPARS 3.881 0.049

CCDCI44A | 2944 0.086

GNG3 2.901 0.089

ACSS2 2.516 0.113

ZNF33B 1.902 0.168

PMS2L2 1.629 0.202

RUSC1 1.384 0.239
ARHGE 1.226 0.268
ASIP 1.119 0.29

OR2LS8 1.094 0.296

PI4K2A 0.578 0.447

FOXD3 0.553 0.457
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E. Example 5

[0233] In order to further determine the ge;ﬁ; expression patterns most predictive of IBS,
the raw gene expression data obtained in Example 2 was analyzed by using analysis of
variance (ANOVA) to compare the means of hybridization signals in all three groups. IBS-D
5 and healthy volunteer groups were compared using t-test. Genes that are statistically
different in the two groups were assesed. The analysis software used are Affymetrix

Command Console, Affymetrix Expression Console, and R.
Network, gene ontology and canonical pathways analysis

[0234] Genes, which qualified in the stringent statistical tests, were used for gene ontology
10 and pathway analysis. Expression data sets containing gene identifier and their
corresponding expression values, as fold-changes, were uploaded as a tab-delimited text file
to the Ingenuity pathway Analysis (IPA) software (Ingenuity systems, Mountain view, CA).
Genes, which mapped to the ingenuity pathway database, were categorized based on
molecular functions, gene ontology and biological processes. Each class was grouped based
15  ontheir p-value. The identified genes named as focused genes were also mapped to genetic
networks in the IPA database and ranked by score. The calculated probability score

represented whether a collection of genes in a network could be found by chance alone.

mRNA expression assay by quantitative reverse transcript-polymerase chain reaction

(qRT-PCR)

20  [0235] 66 selected genes were further validated by qRT-PCR. ¢cDNA was synthesized from
RNA samples by PCR RNA core kit (Applied Biosystems, Bedford, MA). Real time
quantitative reverse transcript-polymerase chain reaction (QRT-PCR) with SYBER Green,
using gene-specific PCR primers, was performed to verify the microarray data. Eleven genes
were selected randomly and the primers used to amplify each gene are listed in the Additional

25  File-1. Samples were run in triplicate, and PCR was performed by an ABI 7700
thermocycler (Applied Biosystems, Bedford, MA). Expression of multiple house keeping
genes (GNB, B-actin, GAPDH and tubulin) were simultaneously determined for
normalization, following the geNorm method. A linear regression analysis was performed
and the coefficient of variation was calculated to assess a correlation between the RT-PCR

30 and gene array results of these 11 randomly selected genes.

Identification of differential expressed genes from the Affymetrix chip study.
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test is designed to detect differentially expressed genes between any pair of groups::The p-
values were adjusted to control the false discovery rate (FDR) in multiple hypothesis tests
(Benjamini & Hochberg, 1995). Using a threshold of p.fdr < 0.25, 228 differentially

5 expressed genes (DEGs) were identified cumulatively. A hierarchical clustering analysis was
then performed to explore whether the gene expression profiles of the DEGs can separate
samples into distinct classes. All unmasked probe sets were used in this analysis. Figure 4
shows the clustering results. Three groups are completely separated by the gene expression
profiles of the DGEs, which indicated by the color panel on the top of the heatmap (Figure 4).

10  The separation among samples was further visualized based on the gene expression profiles

of all unmasked probe sets using a multidimensional scaling plot. (Figure 5).

[0237] In order to select differentially expressed genes, a pair-wise t-test was performed
between each pair of groups. Fold change, p value and FDR-adjusted p-value (Benjamini &
Hochberg, 1995) were computed for each probe set on the array in each comparison.

15  Differentially expressed genes (DEGs) were defined as those genes that have a FDR-adjusted
p-value <0.25 and a fold change > 2. For example, Table 6 shows 40 DEGs between IBS-D
and healthy volunteers ordered by fold change. Complete list of t-test DEGs between each
pair of groups are conducted. In order to identify genes which can be used for both IBS-C
and IBS-D subgroup diagnosis, selected 26 genes were further selected which are up

20  regulated in both groups based on fold changes and P values (Table 7).

[0238] Real time quantitative PCR validation of selected differently expressed genes
(DEGs). The 66 selected genes that identified from the microarray data analysis were further
validated by g-PCR using the probes purchased from Applied Biosystems (Table 8). Relative
expression of the selected genes were measured by standardizing expression of each gene

25  with beta-actin in Paxgene blood samples from 27 healthy volunteers, 19 IBS-C, 22 IBS-D,
and 17 IBS-M patients. Among the 66 selected genes, 16 genes were not detectable by RT g-
PCR. The relative expression in the remaining 50 genes largely confirmed the microarray
results with reference to fold change levels of individual IBS patients. Data for 36 of these g-
PCR reactions is shown in Figure 10. In addition, qRT-PCR data was also obtained for 5

30 targeted genes (SERT, TPH1, MAO-A, TLR2, and TLR4), which were not differentially
expressed in IBS-C, IBS-D, and IBS-M patients (Figure 11).

Table 6. Top 40 genes that differentially expressed in IBS-D vs. healthy volunteers.

Gene IBS-D{HV |Fold t P value|Gene Descriptions
Change [statistic
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CDKNIC 6.34 14.07 [9.6794 |-7.21 }0.0020 |cyclin-dependent kinase inhibitor 1C (p57; Kip2)
MAPILC3A 892 (644 |11.941 |-10.8 |0.0004 imicrotubule-associated protein 1 light chain 3 alpha
FOXD3 6.71 |3.98 115333 |-8.51 |0.0011 |forkhead box D3
MAPILC3A |[8.92 [6.44 [11.941 |-10.8 10.0004 |microtubule-associated protein 1 light chain 3 alpha
PRAMEF7 8.06 [6.22 |6.2965 |-8.15 [0.0012 IPRAME family member 7
GNG3 11 9.17 16.2339 |-9.66 [0.0006 {guanine nucleotide binding protein (G protein); g3
ARHGEFIOL |9.78 |8 5.9299 |-7.16 [0.0020 |Rho guanine nucleotide exchange factor (GEF) 10L
MAPILC3C [104 (8.71 |5.4195 {-7.98 |0.0013 [microtubule-associated protein 1 light chain 3
gamma
C200rf71 6.38 14.69 |5.4195 |-6.4 0.0031 |chromosome 20 open reading frame 71
C20orfl114 638 [4.69 |5.4195 |-64 0.0031 |{chromosome 20 open reading frame 114
SUSD4 5.82 |7.5 [5.3656 [6.91 0.0023 |sushi domain containing 4
ZNF33B 723 1891 153656 |7.49 |0.0017 |zinc finger protein 33B
OR10W1 235 |3.96 1(5.0028 {8.77 0.0009 |olfactory receptor; family 10; subfamily W; member
1
RCSD1 10.9 [9.32 [4.855 |-8.54 [0.0010 |RCSD domain containing 1
CCDCl144A 9.27 |7.69 [4.855 |-6.75 0.0025 |coiled-coil domain containing 144A
PMS2L2 5.96 |7.52 |4.7588 |18.1 0.0001 |postmeictic segregation increased 2-like 2
ATRNL1 109 937 |4.6182 |-17.3 ]0.0001 |attractin-like 1
ORS51E1 743 |8.96 14.6182 [8.21 0.0012 |olfactory receptor; family 51; subfamily E; member
1
OR6Y1 7.18 |87 |4.5722 |8.65 0.0010 |olfactory receptor; family 6; subfamily Y; member 1
IAPP 498 1347 |4.5267 |-6.86 [0.0024 [islet amyloid polypeptide
LRRC18 114 1992 [4.3929 |-8.56 [0.0010 [leucine rich repeat containing 18
SNORD77 10.8 [9.33 14.3492 |[-8.86 10.0009 |small nucleolar RNA; C/D box 77
LPGATI1 837 19.83 14306 |6.51 0.0029 |lysophosphatidylglycerol acyltransferase 1
RNE26 7.12 |8.58 |4.306 [10.2 0.0005 |ring finger protein 26
GJA8 9.34 |7.91 |4.1787 |-6.43 0.0030 |gap junction protein; alpha 8; 50kDa
GPC2 7.55 [8.95 14.0552 642 |0.0030 |glypican 2
AGT 11 9.63 (3.9354 |-6.96 ]0.0022 |angiotensinogen (serpin peptidase inhibitor)
DNM3 404 |27 |3.819 |-64 0.0031 |dynamin 3
LOC644083 122 110.9 (3.6693 |-6.93 [0.0023 |hypothetical LOC644083
RRP7A 6.51 |7.79 |3.5966 |[10.1 0.0005 |ribosomal RNA processing 7 homolog A (S.
cerevisiae)
ANKRDS 9.03 [10.3 |3.5609 [6.83 0.0024 |ankyrin repeat domain 5
GPA33 9.19 (104 |3.3535 |12.8 0.0002 |glycoprotein A33 (transmembrane)
LOC100129455/9.14 17.93 [3.3535 |-8.65 |0.0010 ihypothetical LOC100129455
RUSC1 9.7 10.9 {3.3201 {7.38 10.0018 |RUN and SH3 domain containing 1

Table 7. 26 genes which are up regulated in both groups (IBS-C and IBS-D) based on fold

changes and P values.

Log2 fold
change t statistic p-value
Gene IBS-C (IBS-D HV IBS-C |[IBS-D [IBS-C {IBS-D |IBS-C |IBS-D {Gene Descriptions
Symbol vs HV |vs HV |vs HV |vs HV |vs HV (vs HV
LOC399898 (9.79 110.6 |7.91 655 |14.73 |-4.59 |-6.32 10.019 |0.003 |hypothetical gene supported
by AK128188
C200rf70 [7.67 [7.64 |581 (642 623 [-8.94 |-6.06 [0.003 [0.004 ichromosome 20 open
reading frame 70
CHRNB2 (8.37 |8.73 |7.06 {371 |531 (43 |-5.7 [0.023 [0.005 |cholinergic receptor;
nicotinic; beta 2 (neuronal)
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recept oriTa€em 1 y1151, [1subflam | 448, mw@pbert.2d Hs.0D3P91830.047 |tARPRiisleepoadry| oild
pol ypept[OReceHs 0IBO0BEY mi |6 LRROA®S |7.17 |-4.29 |-4.09 [0.023 0.015 |olfactory receptor; family 4;
subfamily C; member 6
MYBPC3 [7.98 |7.87 |6.44 466 [4.18 |-4.88 |-3.67 [0.017 |0.021 |myosin binding protein C;
cardiac
SCGBIC1 [6.42 [5.05 1[3.81 [13.6 [3.46 [-3.69 |3.19 [0.035 [0.033 |secretoglobin; family 1C;
member 1
HSD17B11 18.17 829 [6.79 |3.97 |4.48 497 |-3.07 [0.016 [0.037 |hydroxysteroid (17-beta)
dehydrogenase 11
SLC33A1 [8.17 829 [6.79 [3.97 [4.48 |-4.97 |-3.07 [0.016 [0.037 |solute carrier family 33
(acetyl-CoA transporter);
ABCG2 817 [829 1679 [3.97 [448 [-4.97 |-3.07 [0.016 |0.037 |ATP-binding cassette; sub-
family G (WHITE);
HSD17B13 [8.17 829 (679 {3.97 1448 |-4.97 |-3.07 |0.016 [0.037 |hydroxysteroid (17-beta)
dehydrogenase 13
PLCH1 8.17 [8.29 1679 |3.97 448 |-4.97 |-3.07 [0.016 |0.037 |phospholipase C; eta 1
LSP1 1.1 |11.2 (952 485 {537 279 |3 0.068 10.04 |lymphocyte-specific protein
1

MBL2 684 [7.19 1501 [6.23 (885 |-3.35 |-2.97 |0.044 |0.041 |mannose-binding lectin
(protein C) 2; soluble
CCDC65 105 (959 826 (939 |3.78 |-7.64 |-2.95 |0.005 |0.042 |coiled-coil domain
containing 65

NES 6.8 6.12 |4.64 [8.67 (439 |-548 |-2.94 |0.012 |0.042 |nestin

MICALL1 [8.28 (8.09 (658 |[547 (453 |-3.01 |-29 10.057 |0.044 |MICAL-like 1

WBP2NL 9.7 923 18.03 |[5.31 [332 |-6.87 |-2.75 [0.006 [0.051 |[WBP2 N-terminal like
TRIM48 496 [5.08 [3.64 (374 (422 |-4.45 |-2775 [0.021 |0.051 |tripartite motif-containing
48

SH3BGRL3 [6.76 |[5.59 |[3.31 [31.5 [9.78 [|-8.61 |-2.63 |0.003 |0.058 |SH3 domain binding
glutamic acid-rich protein
like 3

LDLR 923 19.04 [735 655 (542 |-3.04 |-2.63 |0.056 |0.058 |low density lipoprotein
receptor

RAB7L1 5.88 143 2.48 12996 16.17 |-8.88 {-2.54 10.003 [0.064 |RAB7; member RAS
oncogene family-like 1
WEEI 6.69 (487 |3.71 19.69 [3.19 |-3.01 |-2.36 |0.057 0.078 [|WEEI] homolog (S. pombe)

Table 8. 66 differentially expressed genes selected for gRT-PCR validation.

Gene Symbol | Gene Name Assay ID
FOXD3 forkhead box D3 Hs00255287_s1
PI4K2A phosphatidylinositol 4-kinase type 2 alpha Hs00218300_m1
ACSS2 acyl-CoA synthetase short-chain family member 2 Hs00218766_m!
ASIP agouti signaling protein, nonagouti homolog (mouse) Hs00181770_m1
OR2L3 olfactory receptor, family 2, subfamily L, member 8 Hs02338632_gl
LPARS lysophosphatidic acid receptor 5 Hs01051307_m1
JARID1B jumonji, AT rich interactive domain 1B Hs00981910_m1
CDKNI1C cyclin-dependent kinase inhibitor 1C (p57, Kip2) Hs00175938_ml
CCDC147 coiled-coil domain containing 147 Hs01001247_m1
GNG3 guanine nucleotide binding protein (G protein), gamma | Hs00360009_g1
3

ARHGEF10 Rho guanine nucleotide exchange factor (GEF) 10 Hs00744267_s1
C20o0rf71 chromosome 20 open reading frame 71 Hs00420455_m1
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MTIA2 CCDC144A coiled-coil domain containing 144 family Hs00417617_ml
PMS2L2 postmeiotic segregation increased 2-like 2 pseudogene | Hs02379621_ul
ATRNL1 attractin-like 1 Hs00390459_ml
ORS1E1 olfactory receptor, family 51, subfamily E, member 1 Hs00379183_m1
1IAPP islet amyloid polypeptide Hs00169095_m1
LRRC18 leucine rich repeat containing 18 Hs00736427_ml
SNORD77 lysophosphatidylglycerol acyltransferase 1 Hs00360353_m1
RNF26 ring finger protein 26 Hs00259249 _s1
GJAS gap junction protein, alpha 8, 50kDa Hs01102028_ml
GPC2 glypican 2 Hs00415099_m1
AGT angiotensinogen (serpin peptidase inhibitor) Hs00174854_m1
DNM3 dynamin 3 Hs00399015_m1
RRP7A ribosomal RNA processing 7 homolog A (S. cerevisiae) | Hs00414229_m1
ANKRDS ankyrin repeat domain 5 Hs00223080_m1
GPA33 glycoprotein A33 (transmembrane) Hs00170690_m1
RUSCI1 RUN and SH3 domain containing 1 Hs00204904_m1
CDC123 cell division cycle 123 homolog (S. cerevisiae) Hs00195709_m1
VIPR1 vasoactive intestinal peptide receptor 1 Hs00270351_m1
MTA?2 metastasis associated 1 family, member 2 Hs00191018_m1
RC3H1 ring finger and CCCH-type zinc finger domains 1 Hs02577215_m1
KIAA0090 KIAA0090 Hs01076375_m1
GPR&7 G protein-coupled receptor 87 Hs00225057_m1
MAP6D1 MAP6 domain containing 1 Hs00227533_ml
LOC399898 hypothetical gene supported by AK128188 Hs02385591_s1
c200rf70 chromosome 20 open reading frame 70 Hs00395980_m1
CHRNB?2 cholinergic receptor, nicotinic, beta 2 (neuronal) Hs00181267_m1
OR51B4 olfactory receptor, family 51, subfamily B, member 4 Hs00264159_s1
ZNF326 zinc finger protein 326 Hs00299025_m1
CBFA2T2 core-binding factor, runt domain, alpha subunit 2; Hs00955778_ml
translocated to, 2
TACR2 tachykinin receptor 2 Hs00169052_m1
OR4C6 olfactory receptor, family 4, subfamily C, member 6 Hs01943294 sl
MYBPC3 myosin binding protein C, cardiac Hs00165232_m1
SCGB1C1 secretoglobin, family 1C, member 1;secretoglobin, Hs00377337_ml
family 1C, member 1-like
HSD17B11 hydroxysteroid (17-beta) dehydrogenase 11 Hs00212226_ml
SLC33A1 solute carrier family 33 (acetyl-CoA transporter), Hs00270469_m1
member 1
ABCG2 ATP-binding cassette, sub-family G (WHITE), member | Hs01053790_m1
2
HSD17B13 hydroxysteroid (17-beta) dehydrogenase 13 Hs00418210_ml
PLCH!1 phospholipase C, eta 1 Hs00324566_m1
LSP1 lymphocyte-specific protein 1 Hs00158885_m1
MBL2 mannose-binding lectin (protein C) 2, soluble Hs00175093_m1
CCDC65 coiled-coil domain containing 65 Hs00276995_ml1
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netastasis associated 1 famly, nmenber 2 Hs00191018 m RC3HL ring finger
and CCCHtype zinc finger domains 1 Hs02577215 nml Kl AAD090 KI AA0090
Hs010763 80N 11BBRGE G pr ot ei n- coupl ed receptor 87 Hs002PERAR2010/0MAPEDL MAPE
domai n containing 1 Hs00227533_m LOC399898 hypot heti cal gene supported by

AK12818| 591 200170 chronmosone 20 open readi ng
Hs00395 Wlm oy §é5t1ﬁ Hs8R071% _s1,

|_l800181 CI ILI_:ISL—\1 DL} %1_] bllg I C 1 UL.U[JL Ul , I]I L.ULI III U, UEL d.. ﬁ§b@ﬁl{m& 11

J

rocont nr | il | hf o

00264 L BBLING NP3 oW Nytelghl et of 5 526, 1500269025, ot | EBRUCIRISE Tl |-
cor e- bi ndRBY4Bact or | tripaite Wﬁﬁﬁﬁmaﬁlﬂfkﬂﬂﬁ subunit 2: transl o¢As82530896.21
Hs 009557 $B3BIGRIACR?| S$H8 lipkiain indiag gpitamicacids ol pooselike 3 0RISO0G67a31adr y
receptof LDiRm |y 4, | kwbdawity Yip&hrowianteeeptér H501943294 sl MYBPISB0181192_ml
RAB7L1 RAB7, member RAS oncogene family-like 1 Hs00187510_ml1

WEE1 WEE]1 homolog (S. pombe) Hs00268721_ml

N

F. Example 6

Classification of IBS and normal status using patterns of expression in peripheral blood.

[0239] The results found in Example 5 were then applied to determine the ability of
minimal gene sets to classfy IBS verse normal status using expression patterns in peripheral
5 blood. All data analysis was performed using R version 2.7.2. Raw data was log transformed

to achieve a distribution closer to Gaussian distribution. The 0 value was replaced by 50% of
the minimum of detected values for each gene. After removing one sample (#3) due to
missing values, a 62-by-28 data matrix was formed. IBS patient samples were combined
together as label “1” and healthy volunteers were labeled of “0”. A standard t-test was

10  performed between disease and healthy stages for each gene and the p-value and difference
between means are listed in Table 7. Genes were selected based on a combined criteria of
p.value < 0.01 and abs(difference.mean) > 0.5. Prediction was performed in R using 4
different machine learning algorithms were tested to build a model to predict disease stage
from healthy stage. Table 9 shows the accuracy of prediction of IBS when different models

15  were established.

Table 9. Prediction of IBS by gene expression analysis using four different prediction

models.

Prediction Models All genes Selected genes
Shrunken Centroid (PAM) 79%

Random Forest 80% 82%
Support Vector Machine Model 4% 82%
Neural Network model 71% 1%

Shrunken Centroid (PAM) Model

[0240] The Shrunken Centroid (PAM) model was built based on shrunken centroid
20  algorithm implemented in the “pamr” package in R. The model is consisted of 24 genes and

the leave-one-out accuracy was 79%.

Random Forest Model
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Support Vector Machine Model:

[0242]

Two models were built based on the support vector machine algorithm implemented

in the “svmm” package in R. The first model was based on the entire gene set and the second

model was based on the 7 genes selected from the t-test. The leave-one-out accuracies of the

two models are 74% and 82% respectively.

Neural Network Model:

[0243]

Two models were built based on the neural network algorithm implemented in the

“nnet” package in R. The first model was based on the entire gene set and the second model

was based on the 7 genes selected from the t-test. The leave-one-out accuracies of the two

models are 71% and 77% respectively.

[0244]

As shown in Table 10, gene ontology analysis of the 66 DEGs identified in Example

5 reveal that 6 gene ontologies are significantly associated with the DEGs between IBS-D

and healthy volunteers, including ribosome, protein biosynthesis, RNA binding, intracellular,

signal transduction, and protein binding ontologies. The biological functions of 7 particularly

useful genes for the diagnosis and prognosis of IBS are outlined in Table 11.

Table 10. Gene ontology enrichment analysis of 66 DEGs. 6 gene ontologies are

significantly associated with the DEGs between IBS-D and healthy volunteers.

i DB_category p_value odds_ratic  95%CI
ribosome cellular_component 2 70E-07 4952 | 13.31-158.96
protein biosynthesis | biological process 2 D0E-06 32.69 | 8.83-103.07
RNA binding molecular function 5 40E-08 18.88 | 5.62-57.69
intracelhilar cellular_component £.0062 469 | 1.40-14 27
signal transduction biological process 0.02 3921 1.07-12.2%
protein binding molecular_function 0.021 3.33 | 1.10-10.52

Table 11. Biological functions of selected genes and their biological relevance to IBS.

Gene

Function

Biological role

TACR2 (NK2)

receptor for the tachykinin
neuropeptide substance K (neurokinin
A). It is associated with G proteins
that activate a phosphatidylinositol-

Mediate pain response, an
antagonist of this receptor is
under development for treating
IBS, which is in phase Il clinical
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appreciate that certain changes and modifications may be practiced within the scope of the

appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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71% 77% Shrunken Centroid (PAM Model [0240] The Shrunken Centroid (PAM
nodel was built based on shrunken centroid 20 algorithminplenmented in the
"panr" pawRaga/iemsSR. The nodel is consisted of 24 genesPamaiseé16/058099

| eave- one-out accuracy was 79% Random Forest Mdel WO

2011/ 0664paRGTIWS20MREPS8099 [ 0241] The second prediction nodel we used was
based on"The randomforest algorithminplenented in the "randonforest™

~~: package in R The -first nodel was based on the entire gene set and the

secontl nodel was badsed ¢nmethed forybiagnosingl lagrlld BowehSykdromet(HB3Y). in Tisabject
| eaveone- out a%ﬁcurfaﬁliﬁesﬁ\%f the two nodels are 80% and 82% respectively. 5
Suppoft %Eetegr Ve ™ %?lefrﬁﬂ%] Two nodel s were built based on the

suppogt vector maclud)nsolai@odndidirppyie SRN £ tohia bid®gi&Y Fimplacdagronithe.  The
first nodel was based on the entire gene set and the second nodel was based
on thé 7s¢ue@ds sel ected fromthe t-test. The | eave-one-out accuracies of

oy ol A PR AE ) 5 oy I

[ 0243] Two nodel s ase ural ‘networ

i mpl esrentugdericondikiens' sui@ble tp aakdgen il dteclibe rdaigemtintordeimplascdamesinget he
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t he t7t edgtectpirepgent aubably RNACBIGRREEeEs of the two nodels are 71% and 77%

respegtively. 15[ O%C%Adetééﬁﬁgpg%él gfgfgtyoﬁw}%; %g@ne ont ol ogy anal ysis of the
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66 DEGs identified I'n e 5 reveal tha ene ontol ogi es are
signi9icantly assocd)atecatmmitfifithelePBGH thetomplnx hBEe Elosaiy résembids first

vol unteers, inc]uding riboso protei n biosynthesjs, F bi ndi ng,
ot Mool FabpCleigratooachE RO TR BRS schindd gt BRbr IR Bh U dgr Biencerap
bi ol @gi C@Sjtﬁaggj,gﬁgn&ﬁn TH¥hithe WiAkdty useful genes for the diagnosis and

prognosis of IBS are outlined in Table 11. 20 Table 10. Gene ontol ogy
enri thnent anal ysi svhefeisGebE@sarker iganRMoHtfioinogigess staste fyom thecgmup y

jated with Gs b | BS- D, | thy vol unt . DB Term |
DB, o3t ogar Y HGA U B RIR S Al FBeO D FESCHE | Ul ar conponeni 210E- 07

49.52 13. 31-156. 96 protein biosynthesis biological_process 2. 00E-06 32.69 8

83-108. 07 RNA bi ndiong naiheendtlesd dflotgiin DRvierd EaienctiBoBébnipris Baotedithg the
intracel lular_ cellular_conponent 0,0062 o )
2 level of at least two IBS biomarkers selected from the group consisting of those found in

3 Table 4 such as CCDC147 and VIPRI.

1 3. The method of claim 2, wherein said method comprises detecting the
2 level of at least five IBS biomarkers selected from the group consisting of those found in

3 Table4.

1 4. The method of claim 3, wherein the biomarkers are CCDC147, VIPR1,
2  LPARS5, CCDC144A, and GNG3.

1 5. The method of any one of claims 1 to 3, wherein the biomarkers are

2 selected from those found in Table 1.

1 6. The method of claim 1, wherein the biomarker is selected from the
2 group consisting of CCDC147, VIPR1, LPARS, CCDC144A, GNG3, ACSS2, ZNF33B,
3  PMS2L2, RUSCI1, ARHGE, ASIP, OR2LS, PI4K2A, and FOXD3.

1 7. The method of claim 6, wherein the biomarker is CCDC147.
1 8. The method of claim 6, wherein the biomarker is VIPR1.
1 9. The method of claim 6, wherein the biomarker is LPARS.
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4.69 1A0-14.27 signal transduction biological process 0.02 3.92 1.07-12_25
protein binding nolecular function 0.021 3.33 1.10-10.52 Table 11. B
Bi ol ogi cavof2onates438s of sel ect ed genes and their bi ol ogiPCaIUS2@EOTOLE t O
| BS. Gene Function Biological role TACR2 (NK2) receptor for the tachykinin
neur opepti de substance K (neurokinin A). It is associated wwth G proteins

that activate a phpgphaihdyliaitRim o/ RbRILHBdnLRIACTRHE AR ANt agoni St

of this receptor is ‘under developrment for treating , ich is in phase
Il clinical WD 2011/ 066458PCT/ US2010/ 058099 cal ci um second nessenger
system trial VIPRLLrec&h orthodrof VlaBp 6 et theibigmarkente iNEdd by G
proteins which activate adenylyl cyclase VIP is a gut hornone which has

been reported to be_ assqciated wi.th.rBs CALL1.a cytoskel l, & tor,
bi nds! 0 Rab 13 It par t 1 f paied qfﬁpaffﬁg’&ygfe% e Sl GSEHUE] oh
j uncty ongycolaR A drofehTh iR emiAb kRl s8q¥érich ofl: FSHQY D WOS:nvelyesd i n
protein binding SH3BGRL Belongs to the SH3BGR fam |y, binds to SH3 donain

and Has BMBIoI2. adapt or activity GPC 2 Cell surface proteoglycan that
bears heparan sulfate, belongs to the glypican famly

13. The method of claim 1, wherein the biomarker is an RNA molecule

2 comprising a nucleic acid sequence of any one of SEQ ID NOS:76 to 162.

1 14. The method of claim 1, wherein said detection reagent comprises an

2 oligonucleotide.

1 15. The method of claim 14, wherein the step of detecting the level of the

2 complex comprises oligonucleotide hybridization.

1 16. The method of claim 15, wherein the method comprises microarray or

2  bead-based hybridization.

1 17. The method of claim 14, wherein the step of detecting the level of the

2 complex comprises nucleic acid amplification.

1 18. The method of claim 17, wherein the method comprises qPCR or mass

2 spectrometry.

1 19. The method of claim 2 or 3, wherein the step of detecting the level of
2 the complexes comprises quantitating the levels of a plurality of biomarkers, thereby

determining a biomarker profile.

1 20.  The method of claim 18, wherein the step of determining if the level of
2 the complex more closely resembles a first or second reference level comprises the use of an
3 algorithm to determine if the biomarker profile more closely resembles a first reference

4  profile associated with IBS or a second reference profile associated with the absence of IBS.

1 21. The method of claim 20, wherein the algorithm comprises a learning

2 statistical classifier system.
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CCDC147 unknown uncl ear [0245] Although the foregoing invention has been
described in sone detail by way of illustration and exanple for purposes of
clarity ovoundersssandi ng, one of skill in the art will &pprseo1anssmwhat
certain changes and nodifications nay be practiced within the scope of the
appended claims. In addition, each reference provided herein is

I ncorppor at ed by r.ejfrenF% fnPthol LB it b1 S dertil shi¥e AR sEAkAM cRSsifiér €ach
reference was individually 1 ncorporated by reference. ™ WO

2011/206 6458RGF /618264 BroabiBe 2eoupvtansikE gBbiA feEdyrh Sorest] dlaghifatihmdnd wegression

di agnosing |rritable Bowel Syndrone (113S) in a subject 2in need thereof,
o ot W bR E5en e Tl eV oR RO S RBGE AP - SARGRE] FORTALS

bi ol ogi c@lers3idRIdereb @K BIbAEL, R ABEARKDI R adaB R re SREEGLETIRG, thidhincSiohmigd
and/or anplified RNA with a detection reagent 6under conditions suitable to
t r ans or chatsHeer datdleombaratioesaitpersof.i nt o a conpl ex conprising the 7 detection
reagent and an M5 RNA bi omarker; 8(c) detecting the |level of the conplex;
and 9(d) determni if-the |e e pl I YV S a
fi rsts'.91 10r ef erence %vel T 53 écfﬁoég%iaﬁ\fbn?ﬁ’ W%‘%Q@rsgiaa Sgge%{csgﬁ a?%?%l?néﬁglzﬁﬂ%\?g

assoq at gflglwidamiag sabseargasifickty#&n. t her eby di agnosing nms in the subject,
12wherein the biomarker is an RNA froma gene selected fromthe group
13consisting of those found in Table 4 such as CCDCl47. 12.The net hod of
claimh 1, wherein s#-d mEbhegthodebriune! grherein;salft faistiopl leorityp coPPiEEsdt t wo

| BS bj ongy, seleftsd (. ko ER0SHstdvagmQf those found in 3 Table
4 such as WTZ‘? and %I %&? r&%@‘?%el met hod éf Séll afnni 2, wherein said nethod
conprises detecting the 2l evel of at least five |IBS bi omarkers sel ected
fromlt he group con2j.st i fibe wkthodof elaim Unwheneiatha biadogical sampleds sadediesbiron

claim 3, wherein the biomarkers are 147, VIPR1, 2 LPAR5, CCDCl144A, and
GI\IGBTB 15 PO ORY S Ofggﬁf}ngﬁéas@?a’ (‘Evlhgieggoci(zta{}é/?},oo erein the biomarkers are

2sel ected fromthose found in Table 1. 16. The nethod of claim 1, wherein

the bj omarker is sgéectere fe@ivdidieladndl GtpredOims insdthaigfuethe@OXpLkds thyl PRL,
LPAR5, CCDC144A, GNG3, ACSS2, ZNF33B, 3 PMS2L2, RUSCL, ARHGE, AS|P, OR2LS,
Pl 4KZA, deiertioaxbs biamarkeescistaddepre fhecaravmemisisiing PER Rytekige? grvwik Bctorsan

CCDC]ifj ' a&ﬁn&ﬂﬁpﬁﬁﬁﬁ%&f arlf grﬁi—%c@ha%fcgj Rerb§ab hrﬁ%ﬁ§ %AS.C%),\QnPRl-

4  antimicrobial antibody, mast cell marker, stress marker, gastrointestinal hormone, serotonin
5  metabolite, serotonin pathway marker, carbohydrate deficient transferrin (CDT), lactoferrin,
6  an anti-tissue transglutaminase (tTG) antibody, a lipocalin, a matrix metalloproteinase
7  (MMP), a complex of lipocalin and MMP, a tissue inhibitor of metalloproteinases (TIMPs), a
8  globulin (e.g., an alpha-globulin), an actin-severing protein, an S100 protein, a fibrinopeptide,
9  calcitonin gene-related peptide (CGRP), a tachykinin, ghrelin, neurotensin, corticotropin-
10  releasing hormone (CRH), elastase, C-reactive protein (CRP), lactoferrin, an anti-lactoferrin
11 antibody, calprotectin, hemoglobin, NOD2/CARD15, serotonin reuptake transporter (SERT),
12 tryptophan hydroxylase-1, 5-hydroxytryptamine (5-HT), lactulose, serine protease,

13 prostaglandin, histamine, and a combination thereof.

1 27. The method of claim 26, wherein said cytokine is selected from the
group consisting of IL-8, IL-1PB, TNF-related weak inducer of apoptosis (TWEAK), leptin,
osteoprotegerin (OPG), MIP-3f3, GROa, CXCL4/PF-4, CXCL7/NAP-2, and combinations

W

thereof.

p—t

28. The method of claim 26, wherein said growth factor is selected from

2 the group consisting of epidermal growth factor (EGF), vascular endothelial growth factor
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19. The nethod of claim®6, wherein the biomarker is LPARS. WO

2011/ 066458PCT/ US2010/ 058099 110. The nethod of claim®6, wherein the

bi omar kerwp=2000bGHE44A. 111. The net hod of claim 6, whereiPaTiuseo1oiossone ker i s
GNG3. 112. The nethod of claim 1, wherein the biomarker is a nRNA nol ecule 2

encodj ng I | 1 ] i € | D NCS: 1
fo 75 ant HOER DRl B A B A e O R [y cer 1
an RNA nBBeNB)endhaegpin (SDEF)aamaindicateos theseduence of any one of SEQID -
NCS: 76 to 162. 114. The nethod of claim 1, wherein said detection reagent

conprjses an 2oligonucl eptide. 115 The nethod of, claim 14, . rein the step
of detecting the | ggel @ efnr‘?glog OiSWbT?)@’ %’h%ﬁ?’is édsa%ll'}ileélér Bglil\é\%ﬂeqogg s

hybrigi zatii ek frdh@hd Boupebiodinglof Gh ahilndropMieseiplashlie a9 AL | ses

m croarray or 2bead-based hybridization. 117.The method of claim 14,

wher €1 n phrensteapawi-nelgtopbil ichigplaseid anibbdppANEA2cafdsPaRinebapt thewst.nucl ei c
acid anplification. 118. The nmethod of claim 17, wherein the nethod

compr{ ses dPCR or pes JRPRELATR Ly 2K19,T0F OR! Re8 0L GLALTIButh, 2

wherelin the step of "dete the e conpl exes conpri ses

quanti t agioag cohgstln@usl ASOA-TgA pABCal-ighy and chinbimandsrtseredfher eby 3det er mi ni ng
a biomarker profile. 120. The nethod of claim 18, wherein the step of
determining if the |level of 2 the conplex nore closely resenmhles .a first or
second reference | ébel gB?rE}th:?é'sOftcf?émL?éeWBPreH’nsa T“ﬁ’é?‘ﬁoﬁ?iﬁ?taﬁu étmne if
the bjo fil BnGLt RS Yn WBE SR S nthrhde bt B @hRNOBHADr Of i | €
aSSOEZI a'?g%&\?\n&% ﬁgﬁégé grroqgcg?acon re?grence pr of irl e pZsseoci St ed vmpt@r? t he
absermte afitilddy, ant2flagihien aeibldyl, anfi-12 laafipod¥0 andremighatiank ¢hes¢afor i t hm conpri ses
a learning 2statistical classifier system WD 2011/ 066458PCT/ US2010/ 058099

122. The met hod of ai 1 rein.sajd | earning.statistica (fier
2systemis sel ect ec%'f rgbfjﬁ? Hée%o%p??aé’g?sﬁr g’k‘f”ﬁbﬂ Soaf(glziporcgfﬁgtl)sn’sle egﬁegsfo,%%e
cl assi fi gRlupQBnafthe FRHeEESHHRNcHtinASs-ad30€18tce tipbd e, (NTRAUL A hn NS ATOMYIPSQPPOT t
vector machi ne, general chi-squared automatic 4interaction detector nodel,
i nt erfict cvmplereand qeiibinagigaptheedtr egr essi on spline, machine |earning
5classifier, and conbinations thereof. 123. The nethod of claim 21, wherein
said statistical akgori g]_]%gqﬁir' S RSB Lsdi ERINIP NV st cal
cl ass}sfi er system %%24. %[ﬂe met odc{ %ﬁmgzl aim 21, > \}\ﬁer el rll said statistical
al gorithm conprises a

34, The method of claim 26, wherein said TIMP is TIMP-1.

1 35. The method of claim 26, wherein said alpha-globulin is selected from

2 the group consisting of alpha-2-macroglobulin, haptoglobin, orosomucoid, and combinations

3 thereof.

1 36.  The method of claim 26, wherein said actin-severing protein is

2 gelsolin.

1 37. The method of claim 26, wherein said S100 protein is calgranulin.

1 38.  The method of claim 26, wherein said fibrinopeptide is fibrinopeptide
2 A (FIBA).

1 39.  The method of claim 1, wherein the method further comprises

2 determining a symptom profile, wherein said symptom profile is determined by identifying
3 the presence or severity of at least one symptom in said individual; and classifying said

4  sample as an IBS sample or non-IBS sample using an algorithm based upon said diagnostic
5  marker profile and said symptom profile.
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2conbi nation of at least two |earning statistical classifier systens.

125. The nmethod of claim 1, wherein the biological sanple is selected from
2t he gr owpocongics4s8Bng of serum plasma, whol e bl ood, an®#C3tused10/038069 The

met hod of claim 1, wherein the nethod further conprises the 2detection of a
bi omar ker sel ected fromthe group consisting of a cytokine, a growh
factoy, an 3anti-ngytrophi hhefdal PRMAYm 38BNwaABlr ARFANSHOBNCEIFEN Y bt ARl
antibody (ASCA), an 4antimcrobial antibody, mast cell marker, stress

mar ked , frastthegrupsosistinghdchen ains ehest dintamBne hedsdhim, encaefogablaifwlleas hway

mar key, carhohydrate deficjent tr fergi. CDT) . lactofen 6an_ .
oot 11 <8 T e e HbEoY s TRnE it A gt sisBE hitaf R,
met alJ opgicpiRASEscO D) con@ifaBR] BXrief, blopoea hbdoraing] did@asieh, nbgaiie

i nhi bitor of metall oproteinases (TIMPs), a 8globulin (e.g., an

al phas gl tlouglta pr feghingscassoriaied withihgvine pew) qf,dlwnéqmnérc@ﬂ%m@,twas thereof.
fibrinopeptide, 9calcitonin gene-rel ated peptide (CGRP), a tachykinin,

ghrelf' n, neurotensi4{|, C%éki;égiord%icﬁim%@r%%%ﬁi@Pg@f{gé@%sémofﬁﬁ t ase,

C-reactive protein {CRP), oferrin, "an anti rrin 1llant Y,
cal prot eihittone RepPEINOBiidentNED2GARDLGEstiG@ane.oni n reupt ake transporter
(SERT), 12tryptophan hydroxyl ase-1, 5-hydroxytryptam ne (5-HT), |actul ose,

i t , 1 | andi n,. hi.st am ne, . and nbi nat.i h f.
157 The ot hod of - dra miBamenmd g g Bgieiti St RE S TR
2gr OU:E) Cﬁ{é}ér&ﬁﬂ &leﬁfin% bt Bset bk ydesfions': Mﬁi’ct;ggeéa&i %_ﬁé\f\:{‘%ﬁh( ab el WeSireRhcANORY Q%S

( TVEA pti'n, 3 osteoprotegerin (OP \ 313, GROoc, CXCL4/ PF-4,
CXCL 73 NAPE @iid airidast ond$ ywagitpmns skt @nestions ask@ngrined imdividiehl epoud the presedce aher ei n

said growth factor is selected . from2 th r consj.sti of . epi_der mal
orowh T Hoeen T R A e gy S PR PRBIE - eSSt AT

2011/ 966458 &41141404:046058099 3(VEGF), pignent epitheliumderived factor
(PEDF), brain-derived neurotrophic factor 4 (BDNF), anphiregulin (SDGF),
and conbi nations thereof. 129.The nmethod of c¢laim 26, wherein s?i d

anti - heut rophi | antbodyhe grethas) claim 3% gherepthg DB IO SPYItHGT 1d ah
anti -pneut rophil 1, G i : : | AN, il
vt opt astsre ey BEA R ARty R AP B S P S R A
cl ai N3 26expifiieneing aspbynAS@A i s sel ected fromthe 2 group consisting of
ASCA- 1 gA, ASCA-19gG and conbi nations thereof. 131. The nethod of claim 26,

wherejn said antimcrobial anti 1S elected fromthe.gr.o consi sting
of ani anti-outer né rahge B?eg]?@ib(ﬁd%l?ﬁ?? iw_%wm%wgﬁggwpﬁ%ﬁf :dgtﬁ%lﬁg lin
ant i bpdy py afdntityide aRtjrLede ox%:aderﬁ%bm@&ét@m thher oef, five3&: stheymmbhed of

claim 26, wherein said |lipocalin is selected fromthe 2 group consisting of
neut rophi | gel ati nase-associ ated |ipocalin (NGAL), an NGAL/ MWP-9 3conpl ex,

and cbnbi nati ons t Hér eoflhe 1Bshopef dhadmnb vhsrein paifl mepipnd HHEPGORREBEY! Pi s

Lo e kB0 G TN 3 T S

1 46, The method of claim 1, wherein said method further comprises
2 classifying a sample as an IBS-constipation (IBS-C), IBS-diarrhea (IBS-D), IBS-mixed (IBS-
3 M), IBS-alternating (IBS-A), or post-infectious IBS (IBS-PI) sample.

1 " 47.  The method of claim 1, wherein said method further comprises
2 classifying a non-IBS sample as a normal, inflammatory bowel disease (IBD), or non-IBD

3 sample.

1 48. The method of claim 1, wherein said method further comprises ruling

2 out intestinal inflammation.

1 49. A method for monitoring the progression or regression of Irritable

2 Bowel Syndrome (IBS) in a subject, said method comprising:
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2t he group consisting of al pha-2-nmacrogl obulin, haptogl obin, orosonucoid,
and conbi nations 3thereof. 136. The nmethod of claim 26, wherein said

acti n- sewspi20/qo6458ei n i s 2gel solin. 137. The net hod of @CAIURPO/058b%Er ei n
said S100 protein is calgranulin. 138. The nmethod of claim26, wherein said
fibrifopeptide is I 1,
mheré?n t he nethodi¥uFkﬁggﬁg%%ggfégﬁmgﬁg'gﬁ%ﬁﬁ%ﬁﬁaTgﬁggﬁ% %ﬂf%&o?ﬁg&m
wher ed n faitthe yulgeam pifiodtipoat irsticket er mi ned by identifying 3the presence or

ity of at |east t d i nd |; and f d 4
ol 1a"an’) e SBhgPTaR e el b s R b GO RO
sai d ¢li agnes ke BERAEE: Phbdon8 pald is@ind; sapt om profile.

2011/ 066458PCT/ US2010/ 058099 40. The met hod of claim 39, vvherel n said at
| east7 one synpt om {(® cowlpedngshi@ firsand baid gecoup bmk@tnrﬁ@le@fo @hdsternpeg n,

chest di sconf.ort ear unc ortab e fu S h

regul%r ?‘icéldm%%kerf’ ggﬁ@ R AR r%%as a" ey {Ej ag?lgsltze }e% Ia¥laen%8&lateﬁl
pai n, 9 4abganBeatii)eee@idearhich BRAGkd Pid B ,lea@! REdrhigas oxhh@ﬁtrd:slagl,ble’sb(iemnalal
di st ensi on, negative b5t ho@ﬁghts or feeli n%% associated wth having pain or
di scHf orqferewmpréabtﬂsmat with kg gencerf IBFher (Hiprdetramying pElpast 39T thgher ei n

t he es of said at 2l east one synptomis identified using
a qug£t| gér%%gqlg‘gére%g%gfalﬁ%e met hod of claim4l, wherein said questionnaire is
sel eczed from 2t he whemipsaid biinsirkér@rofileacanprisefinfpuastionauatdiciergressaomof

i ndi vi dual_ about the presence or severity 3of said at | east one synptom a
set b?r qé%@ﬁta&o%%qkf’*ﬁ&%%’é?w&ﬁ% dual about the presence or 4severity of

negagjve thoughts bg)erkzxrﬁ ifR3R05eal %ﬂaéﬂ&ybmmlad%b gsconfort,
and corrbl nations t b hegﬂamstcﬁpodr % % I ai m 39, v%/hlereljg the presence
or severity of said at 2l east one synptomis identified by asking said

i ndi vl dual whet her 58ai d Thadievhaile claim 4 mherdit thediempiei iencleeigd &y the

ot or B BByt RG 1 e RS ER AR EL B U RS L AR o e,
four,3fipgIsSn, RUSCY ARIGE; ASHL ORME JeI410MA ohd HOXDB. 1, wherein said nethod

further conprises the step 2of providing to the subject a diagnhosis in the
forn1of a probability that said subject has fl3S. 146.The nethod of clalm

1, wherein said method fliempehodelmiimsds “éﬁ%%%hefky‘?rﬁ@rkﬁrssaé%p@
I BS— | BS-D B3S- d (IBS- 3
ot o R PRI R AREAZE, L ts 1BS (185 Pl) st !

| BS- or post-infectious IBS (IBS-Pl) sanple. 147.The
met hod of claim 1, wherein said nmethod further conprises 2 classifying a
non- | BS sanpl e as a2nor ik mdtidd efroianotdy wheweh sadil segse i 4dBDnistased atherdpBD
35arrp£e.

for IBS during the period of time between when said first biological sample was taken and

3 when said second biological sample was taken.

1 53.  The method of claim 52, wherein said therapy is a drug is selected
2 from the group consisting of a serotonergic agent, an antidepressant, a chloride channel

3 activator, a guanylate cyclase agonist, an antibiotic, an opioid, a neurokinin antagonist, an
4  antispasmodic or anticholinergic agent, a belladonna alkaloid, a barbiturate, a free base

5 thereof, a pharmaceutically acceptable salt thereof, a derivative thereof, an analog thereof,
6 and a combination thereof.
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148. The nmet hod of claim 1, wherein said nethod further conprises ruling
2out intestinal inflammuation. 149. A nmethod for nonitoring the progression
or regreswpantigfedssritabl e 2 Bowel Syndronme (IBS) in a ®abjusearo/ossewy net hod
conprising: WO 2011/ 066458PCT/ US2010/ 058099 3(a) determining a first

bi omarker profile froma first biological sanple taken 4fromthe subject at
a first point in time;, 5(b) determ ning a second bi omarker profile froma
second:bi ol ogi cal sganplsenktHodkenaskigainetthaasuhiréBS t@h sbjs@ e Aekdabemdt, i n
time; and 7(c) conparing said first and said second bi omarker profiles to
(i) det &innplod@AMBHsIBE'omar ker profile nost resenbles or |east resenbles a

first reference prof.ilie: i : ; i )oi 1 i

bi omar ker profil e( elgéslgm?rgse%@?n%rfae lggmﬁﬁll){tsh?Agﬁégleﬁgde%gl%?ég{é%g& fgﬁrﬁeo etrhgnce
profil esalgsaci ated with the absence of IBS, or (iii) determ ning at |east 2
of the 11foregoing, resenmhl ances, 12wherein sai iomarker profiles conprise
i nf or mati on about%yﬁémEWBP%§§P8ﬂm6§a& QfmP@&%@qygﬁﬂgﬁ%?E@F&“ﬁﬁﬁ%&nfn Tabl e
4, 14th ' is ' ; i fe . | bj ect ..
TS0, The o A B o o e o
group cdnscsdn rggof aGQCDCIBY RNALPRinartkePARS, CCDCLl44A, GNG3, ACSS2, ZNF33B, 3
PMS2L2, RUSC1, ARH AS1P G%RQ 8. Pl 4K2A and FOXD3. 151. The nethod of

clai m 50, wherei n QS STBRINIUEYL Afe BB 47, 2 VI PRL, LPAR5, CCDCL44A, and
GNG3. 152. The net Q?ﬁe@émﬁﬁiﬁg'i@tﬁgglev‘éh@ﬂtﬁé Borfipled nf3tPLRESy rSseaB¥s RifRter ed a
therapy 2 for IBS during the period of tine between when said first

bi ol ogi eeferesesisivel asersiatedkwithdBE oBatsespnd agigrenee el aspesliased with as ahgsinee ofas

t aken. iég,T e met hod of claimb52, wherein said therapy is a drug is

sel ect ed”2f#6m t he group consisting of a serotonergic agent, an
antidepressant, a(ehsSighidg tediapyer IBS 6 Jaithle 0l mére GLiREly I radetnttasGh@istrsagoni st ,
an antibiotic, an opioid, a neurokinin antagpnist, an 4anti spasnodi c or

pI C : ! :
ant i cholrefaspes levalgssnciated weh B owherei ha By BN xbiomapker iy wlested{ramde base
5t her eof ] i ble salt thereof, a derivative thereof,
an ana|§§“@ﬁ§?§% , @Hggﬁﬂgh%%ﬁgﬁﬁg%?bn thereof. WO
2011/ 066458PCT/ US2010/ 058099 54. A nethod for assigning therapy for IBS to a
subj ect in need t36r eofThetrhethokohdadncHhprliesiimgaid method compriseq dotedtmgltiat i ng
and/ or i fying R om a bi ol ogi c S | e taken from.the_suhj.ect;
(by Conteill Pl 1EReOT S, OB ety et irort e R S SE ARB T cagent

under cangdjet4 ons suitable to transformthe detection reagent into a conpl ex

conprising the detection reagent and an | BS RNA bi omar ker; (c)
detecting the | evel of the cogglex; ~_(d) determning if the
| evel of the conpl3x nome nedtbakpiclpiasaithesein saif mathqdeaspsiserdgtessimg the

gfs S f‘é‘s,aﬁ%%ééﬁ\f etlt qee!s%%ve? B Sabi%?n%ﬁ)lge(ils Ee%c%c?ﬂ&% tflee é’l%hp %éﬁs(?ﬁfn%to?(?ho% rf&nﬂ@n absence

Table 4.

57. The method of claim 54, wherein the biomarkers are CCDC147,
VIPR1, LPARS, CCDCI144A, and GNG3.

58. The method of any one of claims 54 to 56, wherein the biomarkers are

selected from those found in Table 1.

59. The method of claim 54, wherein the biomarker is selected from the
group consisting of CCDC147, VIPR1, LPARS, CCDC144A, GNG3, ACSS2, ZNF33B,
PMS21.2, RUSCI1, ARHGE, ASIP, OR2L.8, PI4K2A, and FOXD3.
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(e) assigning therapy for IBSif said |evel nore closely resenbles said
first reference | evel associated with IBS, wherein the | BS RNA bi omarker is
sel ect ed wpam1deessgr oup consi sting of those found in TalpC@&/U$20198580be net hod
of claimb54, wherein said nmethod conprises detecting the |evel of at |east
two | BS bi omarkers selected fromthe group consisting of those found in
Tabl e 4. 56. The nmethod of claim54, wherein said nethod conprises detecting
the level of at |e@ast ThygelhBd dpclirmiskewhersial teeb@thaikepis ﬁhﬁ{l‘gﬁxmchule
consisting of those found in Table 4. 57.The nethod of n154 wherein
the bi ofrsPRiBgs RiPEINAEDTEAR, anynPRAId SERIRSE OIRICIEAA 5%@% S8 4k et hod
of any PHE, quclalns 54 to 56, wherein the blonarkers are selected from

t hose foun8 Table 1. 59. The method of claim 54, wherein the biomarker is
sel ected fron1the group consi sting of CCDC147, VIPR1l, LPAR5, CCDCl44A,

GNG3, ACSS2, ZNF38B, Pmmthoﬂuﬁﬂhjmémkmremsh@bimﬂzkﬂ,is a1 RNMHO@Q@IEFOXDB.

WO 2011/ 066458PCT/ S2010/ 058099 ] od of claim 54,
wher ei nCYPRIISRHAANRF 2F1d SEAYRRRACTYENGIE S&%ﬁ%ﬁ@g& gﬁ) ein having an anino
acid sequence of any one of SEQID NOCS:1 to 75 and 154 to 162.

61. The nethod of ggl ai Th&heth¥dQN RiaintshewhéeBh aletics fafrhéNSnipaisecul e
conprising a nucleic acid sequence of any one of SEQ ID NOCS: 76 to 162.

62. Theadmeinkstatingfa beapyf@4BSyipsridispbiette met hod further conpri ses

adm nistering a therapy for IBS to said subject. 63. The net hod
of claimb2, whergin sa,d hekaRtiGRTR! LRGN Mbablabhkofll a drug

sel ected fromthe group consisting of a serotonergi age

ant i depsa@ssaftatiofofs gl sdl%c(ebammethe@@@up/@dns]lsnn@o@mmyﬂoamglccagchlaae agoni st
an antibiotic, an opioid, a neurokinin antf on| an .antis tﬁl)élrmdl or

anti choﬁlit]rdép@@anag@mondg ‘channel AGHRLT 6 BUANY > CYe aa«a,ag?rpﬂr an O, % pase
t her eof C t . thereof
an anal 8%18{0?')&%@‘5@& %&Qﬁdd nbaa:}lnagl{ﬁ:'sgﬁhﬁdﬁzadr anﬁ@%ﬂffn@lfglc BB lal BERhARa

ereo t her eof
alkaloid, a barbiturate, a free base thereof, a pharmaceutlcally acceptable salt thereof, a

derivative thereof, an analog thereof, and a combination thereof.
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