
DT..OOD TRANSCRll'l'JONAL SIGNA 1'l)J~!C OF 1'fl'COJJAL'11lRJU1'1 1'URERClJJ,O,<;J,<; 
INJ'ICC'J'tON 

·rEClfNICAL FJl\l,D or1·11i: lNVI!NTJON 

The p•esent it1venlio.·1 1ela1cs in general to the ficlcl of A1;=bac/cril'lll 1u/mrc"i<'.1·i• infection, nnd n1orc. 

5 particul"rly, to a •ystc,n, n1cthod nnd appnratus for the diagno>iS, proi;nosis an~ '""nilori.ig of l•tcnt und 

nctivc Afycobacf~riu,,1 tuberc,,/0.1·1., inlCction and disease progr.:ssion before, during and nflcr ln:•l1n"nl. 

The 1ialenl applic"tion co111ains B lengthy table S<:ction. A copy of \be 1nblc ;, nvailnblc in <'loc!ronic fonn 

fi'on1 the \JSJYffi web site (http:llseqda1a.u>p!o.go,•/). An electronic COl>Y of lbc table "'ill nlso be available 

·JO fro111 \h<' lJSl'l'O upoc> rcqucit atld paynient of the fee'"'! forth in 37 CFlt !.!9(bX3). 

BACKGROlJNl) OF 1"Jll1 !NVEN1'JON 

\Vithout limiting tbc score of the ir1vell1ion, it> background is <IC$cribed in connection wilh the identificution 

l<ild 11ca\mcn\ of Mycobaclciium 1ubcrculo.>is infection. 

Pulmonary !ubcrculosi.> (l~ffl) is " 1nnjor nn<l incrcw;ing cause of tnorbldity and n1or!alily l\•orldwide cau;ed 

!.5 by Af.1'1X>bac1cr/un1 1ubcrculo,,is (J,J. tubarc11/o.<i.1). Ho1vevcr, lhe 1najority of individuals infected "'ilh M. 

111hrrculo.<i.< mn1nin nsynipt01natic, ret!Jining 1he infc<:lioJJ in n latent forin and i! is thought 11i,11 !hi' lalcnt 

stale is 1naintuined by an active im1nnnc rcsp<•nsc (\.\'1!0; Kaufin•nn, SH & McMichacl, AJ., Nat Med, 

200.\). '111i> is supp<1rlcd by rcpo11s showing that trea!Jll<'nl ofpatietllS Wi(li Crohn's l)iscasc m· Rhc1unotoid 

Arthritis \Vi th nnli-'rNr antibodies, rcst11l8 in l1nprovc1ncnt of nuloi1nniunc sy1nj>lo:n;, but on the o1hcr hand 

20 causes reactivation of 'Jll in patients previo1:sly in con\~ct with M. tubt>.rculosis (Keane). l'hc i111n11H\e 

rcsponsr.10 M. !<lbcrculo>is is n1ul1ifactorinl and inclu<les gcnctlcnlly dctcmiincd ho'1 factors, such ns 'fNF, 

and ll'N"'I' nnd JJ,. J2, of the 1111 nxis (Jlcvic\ved in Casanovn, Ann l<cv; Nc\vport). llo1vcvcr, iuununc cells 

fr"'" ndull puh110,\1Jry ·r13 patients can produce IFN-y, IL-12 nud l'Nl', nnd IJ'N·r thci'apy doc.< not help to 

nn1clioratc disea'c (Jtcvi~.1\'cd in Rclj ic, 2007, J lntcrfl'ru!I & Cy1 Iles., 27, 353·63), '"llec,ting 1ha1 a bro~d(·~ 

25 nu1nbc,. or host i1n1nunc tfictors are in\'olvr.<l in p1u1cc1ion against M. tuberculosis nnd the 1nah1tcnanrc of 

lalcnc)•. Th\ls," kno,,.,·lcdgc ofho~t factors induced in la1ent vc1s11> active ·ril 1nay provide inf(n111nlion 'vith 

rcs1JCCt lo the inunu11e responsr. 'vhicll can cont•UI infection \Villi M. !uberculo,i.<. 

'fhc diai;nosis of JYl'Jl ca11 he difficult all<l problcn1n!ic for n nunlhCf of reason•. Fir~tly dc1no1"1r"l:'ng lhc 

iucscncc oftypicnl M. tubcrc\llosis bacilli in th~- 'JlUlu1n by 1nicroscopy cxami1111!lon (sn1ear positive) has n 

30 >l'11sili"ily of only 50 . 70%, nnd positi\'C diaBnosis rcq"i'''' isolation of M. tltl>er.:uln>i' by C1>ll11rc, •vhjch 

can 1nkc up to 8 '"eeks. In nddi!ion, scn1c pa1icnls n•-c sincar J\Cf:"!ivc on sjlu\11111 or a1<i unable to produce 

.<p1:1un1, n11d 1lous additional •an1pling is required hy broncboscopy, an in\01sivc p1uccdure. l)uc to thc»c 



li1nitu1iorif in 1hc diogno.>l~ of l'l"B, srncar nct,ativc p•li<'tJts nre sctnc:itncs !c,ted f"r tubcr<'"lin (Pl'D) skin 
rcac1ivi1y (~1nn!oux). )fo\\"cver, tuberculin (!'Jll)) skin JclOclivity connot di•tinguish bc!\vecn IICG 

vaccinotio11, Intent or active l'll, Jn n:~ponsc to 1his problen1, "''"Y' have been dcvclop"'1 dcn1onstratior: 

ilnniunorcac!ivity to ;pc<'ific M. tuberculosis an1ieens, which arc ab~eitt in J>(;(;, J~cactivity lo these M. 

5 111bercu/o.<i.1 anti~c11s, as n1cas11red by pi'Oduction of IJ'N,y by blood <:<:II< in h11crfcron Gamn1a R~lc:1se 

A;;ays (JGJtA), however, docs not dif!Creininte latent fiom active discaoc, La\cnl 'f/l ;, d<<line-0 in tbc clillic 

by a dcl"ycd 1ypc li)-'pcrscn~itivi!y reaction 'vhcn the puticut is inlrader,n•ll)' ,1,,111ene<~1 1vith PPIJ, together 

wilh an JURA pmitivo. result, in 1he llbscncc of clit>ical ~y1nploms or signs, or radiology sllgge>!ivc of nclive 

disc-nse. 'J'bc JCactiva!ion of latelltldon1>11nt !ub<,rc11l(lsio (1"Jl) pr<'scnts a rnajor heallil hazard wiilt Ute risk of 

l 0 11<1nsn1iision to other individuals, nnd thus bio•nnrk~ro rcf!cc!ing dilfercnccs in latent und active 1B patients 

'''ould he of use in dil<!lnso. 1nnn•gcu1cnl, pai1icul•rly since anti·1nycobac1erial dr"t. treatment is arduous •nd 

can result in s~.rious side·cffecl>. 

SUMMAllY or "!llll INVENTION 

The l''"'ent invention includes methods and kil> for the identification of lntet\1 ve1~u.< active. tuberculosis 

15 {Tfl) patienls, os coEnparcd 10 hcul!hy control>. In o!le en1bodimcn1, 1nicrt.wray analysis of blood oi a 

distinct and reciprocal inununc sigiu11urc is used lo dctcnninc, diagnose, !nick •nd treat la1ont versus ~Clive 

tuberculosis (TB) patients, 

Jn one. c1nbodin1ont, the jl!Csct>l inv011Hoti include' 1nctbods, sys1ems and kits IPr distinf:uishing bctweei1 

active and latent Ai},:rJbac1rriu1n t11be!'c!llosis infectio11 in a paticnl suspcctOO of being infected with 

20 M.vcobm-JfriHnJ 1ubcrcu/osls, the 1nc1hod illcluding the slcps uf: ob1aini11g • Bene cxprcs•ion d"!"set fronl a 
w11olc blood sa•nplc f ron1 1hc patient; dctcnnininr: the dilfercntinl exp1css'1on of one oi· 1noi" tra11script'1o!lal 

gene cxpresoion n1o<lul~,1; tho1 distinguish bet\\'ccn infected pa\icn!s a11d nOn·infcctlll1 iJJdividuals, wherciJl !he 

dataset dc:rnons!ralcs an nggrcg:itc clta1igc in the levels of polynuclootidcs in die one or mo1c transcriptional 

eenc expression 1nodules ns coEnpllrcd to n1a1chcd non.infccl~-0 individuals, •11d dislini;uishint, bel\vcei1 

25 ac1ivc and latcnl Afycohar/CTrio11n 111bercu/osis (113) infection b-ascd on the one or n1oro transcriptioJlul t:<·.no. 

expre•,ion rnodulc.< tha1 dilfc1un1ia1c kl1vccn nc!ive nud la(cr11 inli"'HoJ\. Ju on" aspocl, the invention n1a_1• 

also in~ludc the 8!ep of using the d<1cn11inell ro'npa.,<1ivc go& prodlic( inforniation to forinula\c a dintuosi". 

Jn ano\hcr aspect, the 1ncthod 1nay also include !he step of using !he determined co:n1>ara1ivc gene pti>duct 

infOnnalion 10 fonnulate a prognosis or \lie >lep of using 1110. dc\cnnined co1npara!ive r,cnc product 

30 i11f(l1111ation to fOrn1ulatc. a 1l\'..1l•nen1 plan. In one alternative aspecl, the nlcthod ffift)-' include the step of 

distinguishing paticnls v:ith lalcn\ 'J'll fronl ar.ti\'C 'I'll pntlents. In one "'JleCT, the 1n~dule 111ay i11clltdc a 

d81asc1 of the ccne; in n1odulcs ~11.2, Ml.3, M!.4, M1.5, ~11.~, ~17..l, l\17..4, M2.8, l\13.1, 1'13.2, M3.3, 

l\13./,, M),6, M3.7, MJ.8 o• M3.9 10 dc\ect •Ctivc pulmon.1ry infection. li1 another aspect, the 1nodule 1nRy 

iucludc a d1n~set of !he ncnos in n1odulcs l\1l.'.>, M2.l, M2.6, M2.JO, M.1.2 01' M3.3 10 dolcct ~ l:<lcnt 
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i"f«cliou. Jn ye! nt1othcr aspect 1hc foli<1wing gc11cs are do\\'n-rcgulntcd in active puhnon"ry infection c:D3, 
c·fl_,A-4, C!J28, ZAl'-70, lL-'lR, (:!}2, Sl,AM, C(;l{7 •nd GA'l'A-3. ],, ouc Sf>c'<'ific aspcc1, !he exprcs,ion 
profile oft he niodnleo ;,, Figui c 9 i; indicRtivc of acli\'C pulmonary inlbctinn ar~1 lhc cxprcssi(>n proJilc of the 
•nodule; in Figure I 0 is indicative of latent infection. JI has l>ccn found tha1 the undcrexprcssion of genes frl 

5 n1odulcs M3.4, M.1.6, M3.7, M3.8 and M.>.S> i~ i11dicativc of active infection. 11 ho; nl;n l>ccn found that the 
overc~pression of tcncs in modules Ml. 1 is indicative of active infection. 

Jn yc1 1<nother aspe<:l of 1hc present invention, tllc 1ncthod nu1y ~l;o include the slcr of distingui,hing TJ~ 
,,,r.,.,:ion fiu1n other b•ct~,,-ial infections by de!cnnlni113 1he gene expression ;., 1noduhis M2.2, M2.3 und 
M3.5, whic11 are ovcrexpr~ssed by 1hc pe1 iphcrnl bl<>OO mononuclear re] ls or whole blood in infection oth~,,-

l 0 than J..fycobac1eriu111. Altc1 natively, 1hc n1cthod 1nay include the step of distinguishing the diffcren!i"I and 
reciprocal transcriptional iigna1urc1 in 1he blood of latent and active ·r13 patioi11s usinr, two or more of !be 
following 1nodules: Ml.3, M!.4, 1\1!.S, Ml.8, M2.I, M24, M2.8, M3.I, M3.2, 1\13.3, 1\1).4, M3.6, M3.7, 
M3.8 or M3.9 fbr ntliv" puln1onal)' infcciion and inodules 1\11.5, M2.l, M2.6, M2.!0, M3.2 or 1\13.3 !b1 fi 

latent i11fection. J]xnmplc~ of the genes th?.! "re upregula!cd in active puhnonnry Tll infection versuo a 
IS )1calthy patient are selected from ·rnbles 7A, 7\), 7l, 7J nnd 7K, l'urtller cx~mples of the gc,,cs that a1" 

downrer,olated in uc!ivc p!1b11011111)" "Jll infection versus a healthy patient are selctl.Cd fro1n Tables 7ll, 7C, 

71~ 7F, 7G, 711, "/L, 7M, ?N, 70 nnd /l'. ln <>llC specillc aspect, the genes that are uprcgulatcd in lalcnt 1'Jl 
infection versus" hcal!hy patient lllll.y he selected from ·rable Sil. In another 1,pcci!ic aspec1, 1he gel)es 1ba! 
are do1vnreg\datcd in Intent 1'Jl infCclion versus a henl!hy pn\icnt 1111<y be selectc<l fron1 "fables 8A, SC, 8)), 

20 SE and 81'. 

Ar101her c1nbodin1e!l\ of the preicnt invention is a method for distiuguishi11g bet"·een active. ond latc11t 
M;>cobac1e.riu111 tr1berculo.sis infeclion in n patient ~uspcctcd of L'eing in!Cctcd wilh J..f)>cobaclerlu1'1 
tuberculosis, 1hc i1,cthod inch1<ling the slcps of: oblaining a first gene expression dntasc! ol,tainc<l froin a f)1~( 
clini~,,) r:roup 1vi1h aclivc A{;>cobacleri11111 1uba1r:ulosi.1· inftttion, a occond geno expression dalusct obtained 

25 fro111 n second clinical group with a lalen! AfY<'Obacteriurn 111barcu/f!.<ix infccli<ln patii'nt and n lhird r;ene 
expr<:ssion data~et obi~l11cd froln a clinic~! giuup of lll'n-infcctcd individt1als; r;cnernting n (:enc c)u.>tc1 
dataset coniprisint: the diffcrcntinl cxpres.•ion of genes betwcc11 any t\VO of the fir.11, or-eond and rhird 
duta.\els; nnd de1el'lnining: n u11iquc potten1 of CXj>t\O.>,ioEv'1'-'Jl""""1"tion 111~! is indil'llti\"e of Intent infcction, 
aclil'e infection or being bcnl!hy. Jn one n>pcct, ""cit clink,nl grollp is separated inio a unique pn!!cn1 of 

30 ('.xprossio11/represcn1"1ion for each of the 119 gr,ncs of 1'nble 6. ln another nsprcl, values for the first and 
(}1;1d datasets are coniparcd •nd the values foJ 11ic da1nict from the third dataset are sub!rnt!cd thcrr,fron1. h1 
nnotlier opecific 11spect, the ""lues !Or 1hc scr.ond and third dnlnscl.< ""' co1np11rcd and the vnluci for the 
<latasc! fro1n lh~ thitd data He! nre 1<11b1rnclcd tllcrcfro1n. Jn one spccil1c en1bodi1ncn!, ihe mclil(~l 1nay further 
include U1c step "f colnparlng value.' for t\vo different datasets nn<l sttb!racling the v~lucs fur the 11'.Jllnininri 

35 dnlnset to di,1inguislo b"twccn a patient "'ith n la!Clll infeclion, a patien! with ~n active infection •nd n non· 
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infcclcd individual. J11 one u'1>ect, 1hc 1ncll1od n1uy fu11hcr con1prisc lhc •lep of n>ing the dc1rr1ninod 

comparative gene product infonnotion lo fo11nulutc" diniinosi> or a prognosis. Jn ycl onnthcr aspect, !he 

n1othod inclttdcs the s1cp of usinn the dc,tcnnincd ~on1J>llrn1ivc r,cac p1o<l11c1 infonnnlion to forinulatc " 

trcal1nctlt plan. 1'hc 111c1ho,11nay also include the step of di•tin3uishing patients 'vith latent 'J'll fro1n aclivc 

5 IB palicnts by 3nnly~.iog the e.~pressiocViep1esentc1ion of genes in the gene and patient cluster:;. 

ln one specific tt>peci, the 1nc1ho<l '""Y fun her include the >tcp of <lc1cnnining tho "'prr,,sion levels of the 

gcE>cs: ST3GAl4, l'ADl4, 'l'NFJ\SFl,A, VAMJ'3, ll!\13, l\GSJ9, l'UJ<A, NCFJ, LOC6526l6, 

PJ,AUR{C!)S7}, SJGJ,EC5, D3GAl,"J'.,, lllJU)C3(NKLAM), ALOX5Al'(FJ,AP), MMP9, ANPJ!l'(Al'N), 

NA!J'12, CSl'2l(A, lL6R(CD126), RASGRP4, l'NFSFl4(Cl)2SS), NCF4, 1-JK2, AR103A, 

I 0 1'0], YRJ'l (PGRP), which ""' nnd(>J'O);prcsscd/uoden·~.proscn(cd in tho blood of J-11te11t TIJ patients but not i11 

the blood of ftcalthy individuals or Active l'll patients. Jn nnother SJ>eCific aspect, the n1cthod inay f.,rther 

include the step of detern1ining tile cxpre1<,ion level; of the genes: A!IC(ll, SREl3F1, RllP7(CTtl)l'4), 

C22orf5, FA/\110113, S!OOP, LOC649377, UB1'Dl, l'S1'PlP·l, REl>'lll', l'GJ\12, SUl,F2, FAM7Al, JtOM. 

TES-10.1, Nl)UFAFl, CESJ, CYP27Al, l'Ll33&41, GPRl7'1, MlDlll'l(MlG·l2), f'S))4, SF3AI, 

J S NOV(CCN3), SGK(SGK 1), CJ)K5Rl, LOC642035, \\'hich anz ovcrcxprcss~.dlovcrrep""cn!cd in thr. blood 

of\Jcohhy control individu•ls but were undcrcxpres$cd!undctrep•cic11tcd Jn 1he blornl of J.,a1e.nl 11l patients, 

and unde1cxpressedlunderroprescntr.rl in the blornl of Active TB patients. Jn another specific as1~cl, the 

n1e1hod may further include the step of detem1lninr, the expression levels of the &nes: A!tSG, LOC2847S7, 

MDM4, Cl(NKLI, !LS, LOC389541, Cl)300J,B, NIN, l'JiKG2, JJIPI, wblch "'e 

20 ovcreXprC1<scd/overreprcscn1cd in lhc hlood ofJJ,,"llhy individ1>als, ar('. undcri:.xprosO"ndl"udcrrepresentcd in 

the blood of bolh Latent and Active 'JU potlents. Jn one specific aspect, !he n1ethod 1nny further include the 

step of detern1ining the expression le,'C!S of the genes: PSMl38(LMl'7), AP()J,6, (illP2, GBJ'.S, GJlP4, 

A'J'F3, OCiil, VAMPS, \VAl~S, JJMKl, NPC2, ll,·15, l.Ml1{2, STXll(l'l-lL4), \vhich arc 

ovrucxp.,:sse<l/ovcrrcprcsen\ed in the blood of Active 1·1~. and "ndcroxpresscd/underreprcseirtcd in the blood 

25 of J,alcnt 1'1) patienls and llealthy control individuals. Ill one spetific aspect, the nlelhod n1ay further irtcludr. 

the step of detet111ini11e th<' c>;prcssinn level~ of 111~ ecnc.,; Fl.Jll?.59(1)1\AM}, JAK2, 

GSDMJ)Cl (J)F5L)(FK SG l 0), SJPAJ!,l, fZ680400](KIAA 1632), ACl"A2(AC'l'SA), K(:NM13 l (SL()­

IJbl"A), \vhich arc ovcrcxprcsscd/overrep•cicnlcd 111 blood fronl Acli\'e TJJ patients, ;1nd 

undcrcxprc~scd/underreprc.>c11tcd in tb1' blood frnn> J,n\en( 'J"Jl patient> ~nd lfealthy conlrnl individuals. lu 

30 one specific n~pr.ct, the n1c.thod n1ny further include the step of <letcnllining Che cxprcssiou levels of the 

gen"~' SPl"AN!, KlAAl)l79(NnpJ)(Rl\Pl), FA1'1!><;)3(NSJ'2), SIJJ.,M, !l,27JlA, Mlll'S34, 

[6940246J(ll,23A), J'l(KCA(PKCA), C'CJ)C4 I, CJ)52{(:J)W52), [389024 I ](ZN404), M(:CC1 (M(~CA/R), 

$()X8, SYNJ2, FJ,J2 I l 27, F1-IJ1", ,,•hich "'" (Hid<'tcxprc~scd/Lnidcrrcprcstuled ;11 the blood of Act\% ·r11 

patiru1ls but uni in the hluo<l ofl,"tenl 'Jll 1~11icJ1ls or llcallhy Control individu•ls. ln one specific ~spec!, the 

35 1nc1hod n1ay further include the s(ep of dcte1111ining 1t1e cxprc;sion levels of the &ne>: c:DKl,l{p42), 
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M!CAL{Cl, /\1llNl,3, ll!lD, S"f7(RA YI ), PPR3R I, f360739)(l'll'5K2A), AM Fil, FIJ214 71, CllA"J'(CA'fl ), 

!'LA2G4C, ACOT7(ACT)(ACJ-I I), ltN!'l82, Kl,RC3(NKG2E), JlL.A-J>Plll, •vhich 

undcrexpre;sc>d/undcircplcScnlcd in the blood oflic"lthy (;on\r(>l indivldunls, ovoJ"\',>;pre;~cd/o\f\•rr<··P' r.scnlcd 

in tile blood of the 1...atent '1'!3 patients, and overcxpressed/overreprc;cnlcd in the Lloo<l of Active 1'Jl pa!ien10, 

5 Y.,t annth"r r,onbodimcn\ of the present invenli<>n i> a inethnd for di,tinguishing Mt11·ccn ac1ivc and latent 

mycob"t.tcriun1 lubeJ-culosis infection in a patienl su•pc<:lcd Df bclng infected 1vith l>f;y;obac1eriun1 

11'bercu/o;is, the n1e1hod including the steps of: obtaining a !JCnc cxpr<:s>inn dntilscl fro:n n whole blood 

s;unplc; sortjnp, the gc11c C1'prcssjon d~\!lsct int.o one or tnorc !rnnscriptional gene cxpressjon rnod.,tcs: ~nd 

111appiog 1hc dillOn,nti!ll e,prC.\>ion of the one nr 1norc transcrip1ion"l gene cxprcs1lon 1nodulc' 1h"t 

IO distinguish betwccti active nnd lotcnt Mycoboc1criu1n tubcrctllo>·is infcctioa, (hereby distinguislling bcl•~ccn 

nctivc an<l lalcnt A1}"Cobacleri11•11 tuberc11/osis ;,~fcc!ion. ln one nspoc1, the dataset includes J'lllM genes. In 

one aspccl, the dataset includes TilJM genes, specifiClllly, lRJM 5, 6, 19(PML), 21, 22, 25, 68 arc 

ovcrreprosented/expre.\sed in octive pul!nona1y ·rB. ln one as1)Cc1, the d"ta>el of TRl~1 genes, includes 

TRIM 28, 32, S l, 52, 6&, "'" u"dcrcprescntc<l/expt<-SSCd in ~Clive puln1ona1y "1'13. 

15 Another c1n00dilnc11t of the present invention is a incthod ofdingnosing n P"tien1 with active nnd lalent 

A1ycol1'IC/r<r·l11~' lube/'culosls infcclion in a p"tie11\ suspected of bei1ig infected "·ith n1ycohar:tc1illm 

tnhe.rculn,i.<, tho n1elhod comprisine delcctine differential cxpre.«Slon of one or more tran>eriptional gene 

expression modules that dislinguish between infeclcd and non-infc<~e.il pxticn\.\. ob\oit>ed ft<itt\ whole blood, 

wherein whole blood dcinou,tn:tles ~n aggregate change in the levels of polynucleo1idcs in the. one or ntorc 

20 transcriptional gene cxprc•sion n1odules as con1p;1rcd 10 1na!cheJ non-infected puticnts, thereby 

diotinguishinr between nelivc nnd latent 1nycolmc1cri11111 tuberculosi& infection. Jn all(l1hcr a~]l(!':t, !he 

Jnethod includes one or innre of the step of; using the dcterinincd COlllparative gene produc1infornlntion10 

formulate a diagnosis, !he slcp of using tl>e delcnniJJcd eonl!l•mtivc gene product infonnation lo formulate a 

prognosis and lhe step of 11sing th.-, dctennined 001nparativc gene pro<lucl irJfonnuti011 in formulate a 

25 !reatnleJlt plan. Jn one allernalivo asp<:ct, !he rnctliud 1nay ;.,elude the Slep of dislingul>hing pa1ict11s wilh 

la\cnt "I'll froni active Tll patients. In unc aspect, the n1odul~ n1ay inclndc it dataset of the gene• in 1nodul"~ 

Ml.2, ML3, MJ.4, 1'11.S, Ml .8, M2.l, M2.4, M2.8, M3.l, M3.2, M3.3, M3.4, M3.6, l-11.7, M3.8 or M3.9 to 

dclccl active J)\lhnon~ty infection. !n nnother aspec!, the 1nudulc inoy i11c\\1dc n dntnse! of the r,cncs in 

n1odules Ml.~, M2.1, M2.6, M2.l0, M3.2 ur M3.3 lo delcct n latent infcc!ion. Jn ye! another aspect, the 

30 following genes are down-regulated in active puln1onary infection Cll3, C1'1,A·4, (;l)28, /.Af'·70, ll,-7R, 

C:ll2, SLAM, (~CJ\7 and GA'J·A-3. Jn one .1pe,.iflc aspect, the expression profile of th~ 1nn<lule.' in Figure 9 

;, indicative of Ul'·1ive plllnionary infeclinn a11d the expn'"sinn r•rofilc of the niodulcs in Figure 10 is 

indicative of latent lnfcctio11. U llas been found that the underc~pression of (lCne• in n1nrlulcs MJ.4, M3.6, 

M3.7, M.1.8 and M3.9 is indlcativc of active infcc1ion. lt has also been found th"t th~. ovcre.Kp1cssion of 

35 genes in rnodules M3. l is indic"tive of active infetlion. 



Jn yet another ospool of !he p1<"$ent i11ve111ion, the ni~-lhod n1uy "l"" ittcludc !be st~.p of distingui1bing TI-I 
infoolio" froln other bac1crial infections by dc1cnHinin1; 1he gene expression in modlll<li. M2.2, M2.3 ond 
M3.5, "1,ich a1" overexpressed by the peripheral blood 1nonon"clenr cells or \\'hole blood in infection o!her 
1han A{ycobacteri11111. Allcrnativcly, the m~.thod 1nny include the i,\cp of di~·1inr,ui;hi11g the dilTercntin! nt>d 

5 reciprocal lt""'crip!i(lnal signattJre> in the blood of Intent and active ·fJl palicnls using !""o or more of ~1e 

follo1vinr, inodulcs: Ml.3, Ml .4, Ml.~, Ml.8, M2.l, M2.4, M2.8, M3.I, M3.2, ~13.3, M3.4, M3.6, M3,7, 
M3.8 or MJ.9 f<>r aelive pulnionary infection and JHod"les Ml.$, M2.I, M?,,6, M2.JO, M3.2 or M3.3 for a 
lnte!lt infection. Exooiples of the 1:cnc.< 1h"t are uprcr,ul"!"'I in active puhnonary ·ri~ infCction vmuo a 
henllhy r•atiC111 are.selcc1cd fi·o1n Tables /A, ID, 'II, 7J and 7K. l'1u1her cxaniplei of lhe genes thn! are 

!O downregulatcd in active puhnonn•)' 1"8 infection""~'" a healthy patic"t ~re selccle<I frunl 'J"nblcs 78, 7C, 
7Ji, 71', 70, 7ll, 7L, 7M, 7N, "JO ~t1d 7J'. In on<"· S]lccific a&l'cc1, \he £.J>lles that are upregulated in )otcrlt "fll 
infection vmus n healthy patient "'"Y be selected frl)[ll ·rable 8ll. Jn another specific aspect, the genes that 

are do1vi1rcgulutc<l in latent "l'Jl infection versus a heal!hy patient 1na}' be sclr.cied from 1'ables SA, RC, fil), 
SE and fiF, 

JS Ano1hcr c1nbC>di111ci\I of the present invention is a kit for diag>l(,li<ll\ a J>"llienl \Vilh activo and latent 
niycobac!erium tubcrcnlosi; infection in a patient SUSJ>"c!ed (lf belni;: infccti,'d with ~1ycohac1ari11111 

t<1bc/'c<1/osis, !he kit that includes a gene cxpn-.ssi(ln detoc!or for oblainit\ll a gene expression dataset from 1hc 
palicul; a11d a processor co)>ablc of con1paring 1l1c gene expression to pre-defined gene n1och1le dalaset thnt 

dis1inguish bet1vcci1 inft-cted and non-infected patients obtained froin 1vho)c blood, "'herein whole bloo<l 
20 dcn1o!ls\tales an aggregate change in the level• of plllynuclo-0tidc$ in the one or n1ore transcl iplional g= 

expression rnml11lcs ns rolnpart'<l \o malchcd non-infccicd patients, thereby di•1inguishlllg bct\veen active and 

latcnl M:mobacterlur/l /ubcrculosi•· infcetio11, 

Y r-l ollothcr c1nbodhnent hicludr.s " systc1n of diagnosing a patiCJlt "·ith nctivc and latent J,1)'Goboc{erlu111 

tubcrculcs/s infcctiou coinpl'i•ing: a gene expression dalaset frorn tho paticlll; and a Jll"OW$SOr capable of 
25 con1ra1inr, !h~ gene expression to prc-dcfn1ud gene n1cdulc dataset 1hu\ di&lingu'rsh bclwccn infr.clcd and 

non-infected pntiCllts obtained fro1n whole blood, whorein whole blood dcn1onst1atc,' an aggregate change in 

!he Jcvrls of poly11t1ck,otides in the one or 111ore 1ranscription11l gone expressioll modules as c-01npnrcd 10 

1n•tcl1ed non· infected pn1iolllS, !hereby distingnisbint b~l1vCC!l active and latent M,w:obac1~1·i11m /rJbprculosis 
infcclion, 'vlLc1"1'i11 !he nuxlllles ar~ selecied fro1n l\1 l .3, Ml .4, M 1.5, Ml .8, Mt.. l, M2.4, M2.8, M3. I, M'.l.2, 

30 MJ.3, M3.4, M3.6, M3,7, M3.S or l\13.9 for ~<=livo puhnonory infection nnd 1nt>dules Ml.5, l\1;\.!, M2.6, 
M2. I 0, M3.2 or M3.3 for n latent infection. 

lJl\ll;;F f)JlSCJl!PTIClN OF TJlfi fJl(A WJNCiS 

For a u1ore coinplctc unde.rstanding of the fcatu1es and 8dVnt>iagCll of 1hc pri,,;enl ill1"ention. reference i• now 
n1nde !o the det•ilr-d desc1 ipti<lll of tho i"vontion al<>lll: wilh chr- accon1panying figures and in \\•hich; 



Fjgure l shows !he gene array cxpre;sio" 1esult; from 42 pal'licjpan!s, genes pioscn\ in at least 2 santplcs 

(l'AL2), gl•nc' 2 folds over or t1ndcr rcp1csen\ed con1parcd "'ith n1edinn, clustered by Pcu1~on Correlation 

eocnporittll nelivc PlT.l, latent 'I'll, healthy !lCG non-vaccjnatcd concrols and healthy 13CG vaccinated 

COt1t11,<IS; 

5 Fjguro 2 &hows tl1e i;eue oiray expression 1csulls fro1n PAL2, 2 folds up or down expressed, fillcrcd for 

s!atis\ically significttnt dilTcrcncc.' iu expression bc1"'""" clinical grou;,,; using a non-pnratnctric 1~.s\ 

(Kruskal"W,,llls), P <: 0.01, ,,·ith llcnja1nini-l1ocbbc'(l corrcclio11 (!47.> !\Cttcs) •nd il•dcpcnd~utly c]u~lr.red 

usinll Pearson oorrclalion con1par1ng nctivc l'l'Jl, l•te.n! 'rJJ and he.a!!hy oonlrnls; 

Fir,ures 3A - 3]) shO\V !he gene array r.xprr.s>ion r<\lults from J' AJ,2, 2 folds up or do1vn exprcs>ed, filtered 

10 for st•ti.<licatly significant differences i'1 expression between clinical e:roups using a non·para1netric tcsl 

(Kroskol-Wallis}, P < 0.0!, with llenjamini·llochbcrg correction, and then fihcrcd for the presence of the 

gene ontology tc11u for biological process "ic11u1une rcspon,;e" in tbc gc11c annotation and independently 

clustcret! using Pc•ri.011 crnrolntion (158 B~n<:s).1'1w..c !58 geJ1co arc sh(•lvn separated into 4 fieures (3A-

3D) for lci;ibility. 

15 Fii~1ro 3A shows gene array expr~ssion results cornparing ucHvc JY!"l>, latent Tll, healthy ECG non" 

vaccinated controls and healthy IlCG vaccinnted oontro!s; 

~'igure 31l sho\vs gene an·ay copr<",<~ion ros111is co1nparing nctive P"Jll, latent Tll, healthy llCO non­

vaccinntcd oonlrols "nd hcallhy DCO vaccinated cont•ols; 

Figure 3C shows gene array expr<'!>sion results con1paring uctivo )Yfll, l~!en\ Tll, healthy llC(; non· 

20 vaccinated controls and hcallhy BCG vaccinated C011Huls; 

l'igure 3D shows gene array cxpresoion rcs\1l1s co1nparing attive PT/l, latent Tll, licalthy llCG non· 

vaccin•!cd conlrols and llcallhy llCG vaccinated controls; 

l'igurc 4 sho11•s the gene array exp1cssio11 rcsulls fron1 42 pru1icipants, genes present in al least 2 snn1plts 

(P AL2), genes 2 fol di over or under rcp:"<'$Cnlo<I cnn1p.,rcd '''ilh n1cdian, (J<>nei ;elected as l"RJM~ - clu;-1c1cd 

25 by Pc<trson Correlation con1pari11r, active l''l'J3, latent ·r13, heallhy ECG non-vaccin"ted controls and healthy 

BCG vaccinated coJJtrol;; 

Figure 5A sho1vs dc.1ail frc>m the g~ne array exprc.,sion results fro1n 42 r•rticipant•, gene.' prcscn( in a( lcusl 2 

sarnp)c,<; (J'AL2), genes 2 folds over or undc,. roJll'escnted cocuparcd '"ilh n1edinn, cluS1crcd by l'carson 

Cnrrel•lion co1npating active PTB, Intent l'll, healthy 13CG non-vaccina!cd controls and h~allhy llCG 

30 vac~inalcd controls, sho\vine !!~'! inhlbi!ory itnnu•norceulatory ligands (PDL1/CD274, l'l)L2/CD273) nn' 

ovci"XJ>l~•e<I in "c.1i,·c 1'll patients. 

Fig\iro 5ll shows 1hc 11nflltercd gene nrray cxprcH~ion results 1ha1 dcn1onstrate th"\ PDLl is only expressed in 

"cti•·c ·rll 1"1tio11ts; 



Fig11re 6 shov1s tile gc11c anlty cxprcs,lon rcsul1s fillored fnr B•ncs present in at least 2 sarnplcs, 2 folds up or 

do'''" 'teprcscll\~'(i' e(>HlP"""! le <ncdion, slotisli"ally ~ignificantly dif!O.renti•lly expressed a"'""~ group_, 
(J'<O.I, Kniskal"W"llis 11on·parnn1etric test wj(h Jlonfcrroni correction) (46 genes) indeperulcntly clustered 

usini: Pe111~011 c-0rrclation, coinparing active J>'!"IJ, lltlcnt 11), he"lthy BCG noll·voocir111tcd controls and 

S hcnl!hy llCG vacc-inated controls; 

Fig""' 7 shows Ille ~enc array e~pression 1csul!s fillc,.cd f<>r 3cnns prescn1 in 1<1 h<ast 2 sa1nplcs. 2 folds up or 
doWil 'represontcd' Cl•lnparod to incdinJl, slatis1ical1y ~ignifil,.n11y differentially expressed ncro.:.s g,.oup• 

{1'<0.05, KniskaJ .. \Vallis non-1mrlt1nc!ric tcot with Jlonfcrroni corrcciion) (18 genes) independently cllls!erod 

using Pearson correlation, con1paring activ" J'l'/3, 1ntcn1 l'B, healthy BCG non-vaccinated control~ and 

I 0 health~· llCG vaccinu1cd controls; 

Figure 8A shov:s thal the results of 1nerging different 81alistical filter:; applied to the list of genes filtered 

presen1 in a! le"ot 2 ~•Hnplco, 2 folds up or down 'reprewnted' co1nparod lo 1ncdlnn, di•crhninalcs be.tween ell 

!\)ti'.{' clinical groups. ·rhc tr~nscripls sl1own are s-ia1is1ically significa11tly differ~-nliA!!y expressed belwecn 

La1ent nnd hcallhy (J'<0.005, Wilcoxon-Mann· \Vhilney non·p11rnmetric lest with no com.ction) ph11 the 

IS transcripts statistically sig11ir.can!ly differentially expressed l>clween Active arl<l he,,lthy (P<O.S, Wilcoxon­

Mann-Whitncy n<>n·p•ra1nelric test with Jlonfcrroni C<Jrr&:1ion) -· l 19 genes in total indepcnclcnlly clustered 

u<ing PonrHOll corrclalion (clusters of patients/clinicnl group< ore presented hol'i~An1ally and clusters of ~ellils 

ure presented vertically); "Jllese 119 gene~ ""' sho,~n sep•ralcd iJJto S fl1rllu<r figures (813 -SF) for lcgibilily 

and lo show that .<ubgrou1'' of !bc'c genes may also be used to dis!i1iguish between different clini<'<ll groups 

20 (i.e. be1wec!l A<~ive, !,•lent and llealthy). 

Figure. 8B sl10\\'S the get>e array O•p•c~sion 1esulls fillen::d for genes pr~.scnt in a1 l<lllsl 2 son1ples, 2 folds up 

or down '11,prewnted' oornp•rod to median, !ranscoip!s s!otislically ;ignific.an!ly differen1ially cx[!rcssed 

bel"'Cen Ln!o•ll nnd hcnllhy (P<ll.OOS, \Vilcoxon·Mann-\\1hitney non-paran1otric 1cs1 \Vi1h no con-cclion) 

l'J,llS 1rnnscl'iJ>!s statistically significan1ly dif!Cn::n!iolly o~pl'CllsO(i [lot1v~.cn Active and hcallhy (l'<O.S, 

2S Wilcoxon-Mann-Whitney 11011-pararnotri( \<'.<! wilh Flonfen·oni correction) (clusters of pnticnlsfclinical 

groups a10 prcscn1cd horiznnlally nnd clusters of gones are J>l'Cllented verlicnlly); 

Figure 8C ohO\\'S 1hc gene array expression rcsulto fillercd for genes present h1 a! least 2 S•n1ples, 2 !Olds "l' 

or do"TI ·reJll'OSC!ltctl' cnn1p•rcd to nicdian, 1ra1iscrip1s slatis1icnlly ~i17'ificantly dilfcl'entially cxpo·es.scd 

hc!ween l.n1cnl and heallhy (l'<0.005, Wilcoxo11-Mann-Whiuicy 11011·p•ra1nc1ric. !OSI \Vith no wrrer-tion) 
."10 l'LUS tran;cri1,1s s!atistically •igi1ificanlly diff(,ren1ia!ly expressed between Active and h~"l!hy (J'<0.5, 

Wilcoxou·Ma1H•-\Vllit11cy non·pariunetric 1esl \Vilh Bonfcrroni coirec\ion); 

J'jgttr(•. SD shows the gene anay cxµ•cssioll res1il1s fi]t,,,-ed for genus present in ~t Jc,.st 2 saniples, 2 folds up 

or down 'represented' coinpa1cd 10 1n"'li•n, transcripts slatistic.ally siguificanlly dif!Crcntially cxprc•sod 

bc\\~ce11 ).>1tc11! and healthy (P<0.005, \\1ilwxon-M1111n-Whilncy no11-paran1ctdc test with no eo1r~.ction) 



Pl,lJS tt~lls~.rip1s statistically significantly <lifr.,re111iolly cxplcsscd between A<·1i,·c and b~<hhy (l'<0.5, 
Wilcoxon·/\1ann·\\lbi1ncy noti·paran1c1ric l<\Sl with Ilonfc,1roni Colr~lion) (clusle1s of palicnts/cliuic~l 

groups arc prmcnlcd horizornally and clust<'"' of genes arc p1escn!cd vertically); 

l'igure SI< sliO\VS lh~ gene •rray expression resulls filleted for genes prcscni in at least 2 satnple.1, 2 folds up 
5 or down 'rcproscnlcd' c<>n1pared to inedi~n, 1ra11scripts statistically significantly differentinlly c~presscd 

between L«lent oorl hcal1hy (P<U.005, Wilcoxon-Mann-V.'ili1ney no,,-pa1an1e11ic le.<l \Vith 110 coirection) 

PJ,LJS 1rnnscripts statistically signifiCTlntly diITerC1nially expressed between Active and hc"l1hy (l'<0.5, 
\Vilr<>xon·Mann·V.'hitney non-patn1n"tric test \Vi!h )J('llfeironi corre"lion) (clusl('rs Qf poticnt~/clinical 

gro\lps ore presented horizonlally and clusters of gcn~s nre presented vertically); 

JO Figure 8F shO\\'S 1hc gene "''"Y cxpm<sioll result' filtered for gcnr,s prcscnl in nt lr"st 2 8antplco, 2 folds up 
or do\vn 'represented' c<>tnparcd 10 1nedinn, transcripts ~tlt!is\iCTllly signifiC1ttilly difl'crc11tially expressed 
bet,,.,·een La1cn1 and hc"l!hy (J'---0.005, \Vilcoxon-Monn·V.'hitney 11011·parametric test with no correction) 

Pf..lJS 1ranscrip!s s1alis!lciolly significnnlly diITen.'<ltially <'Xpn.:.<scd !>e!WCC!l Ar.live and healthy (l'<0.5, 

Wilcoxon-Ma1111-Whi1ncy nnn·paramelric test wi!h llonfeironi correction) (clusters of pnllenl~/cliuical 

15 groups arc presc111cd horizontally and clusters of genes arc presented vc11iC1tlly): 

l'igure 9 shows 1hc gene array expression results fron1 n gene 1nodule unalysio of PTB(9) vs Conlrol(6): fmm 

5281 !)encs, fillcrcd for PAL2, statistically significantly difiCrcnlially expressed bC\\\'C~-n active l'TJ3 and 

hcallhy controls by Wilcnx"n·Mano"Whitncy·lesl, p<0.0.5, with no n1ulli-tcst coITCc.tion; and 

Figure JO s!io\vs the IJ~ne array expression rosults froJn fron1 a gcno tnodulc analysis of J;f!l(9) vs 

20 Co111rol(6): fron1 • 3137 ganes, f\Jte.rcd fo1 l'Al,2, stalls!lcally significan1ly differentially expressed bet\\'CCI! 

active PT/~ a11d healthy control• by Wilc<>xOn·Mann· \Vhitney·1esl, p<0.05, "''ilh no 1nulli-lcst correction. 

J)E"rAJIJ11) DESCl\ll'l10N OF TJ1ll lNVEl\'l'JON 

While !he mnkinr: and using of various en1bodin1e.n!s of the pniscnt invention arc discussed in dl'!nil below, it 
should be apprccin!ed that tile pn::sc11t i11V11ntinn pro\•idcs •nany npp!ir<il>ln inventive concepts that can be 

25 e1nbodicd in n wide VftriMy of specific contexts. '!'Ile sp~ific cnibo<lilncnt& discussed herein fi11' 1ncroly 

illus1ra1ive of specific. '''a;·s 10 1nnke nnd use !he i11vcn1ion and do nol dclhnil !he scope ofd1e invention. 

'fo facili!ntc the urnle1.<tnndi11g ofthi• invention," n1nnhcr of!cnns fil'(' defined bclo"'· 'J'crms de1i"OO herein 

have rncnniugs as comtncnly i1nderslood by a pnrson of ordina1;· skill in 1he areas relevan1 to the pr1'1Clll 
invention. 'fcnns such ns "a", "an" and "the" arc not intended to refer to only a singulnr Mlity, i>l>! include 

30 !lie g1rncral clnss of which a specific cxnniplc inay be used for Hlustr~1io11. 1'hc 1el'1nh1nlo1;y he• cin ;~ used 10 

describe specific cn1bm1inuonls of the, invt•n1i~n, bttl !heir usage doe.s not dclin1i1 tlle invention, exccp! as 
outlined;,, the cl~iins. Unloss defiaed othcnvisc, all ICChlliCTll and sclcnliflc tcnns use'<! he1eiri h•Vc 1hc 

n1catiinc con1rnonly unde1otond by a!'"'""" skilled in tht ~11 !O 'vhicll 1l1is invention belongs, 'fhe follo\\'i"g 



refcronc"' provide one or skill "'ith a gcnerol definition of 1nany of lhe terms used in !his i11VCJ>li'on: 

Singl"lon cl nl., J)ictionory of Microbiclogy nnd Molcculn1 !liolor,y (2d ed. 1994); "Ilic Can1bridgc 

l)iciionary of Science. and Tccl1nology (Walker ed., 1988); 1l1c Glossnry of Gone.tics, 5Tl ! ED., R. llicncr "' 

al. (eds.), Sp1 inger Verlag ( 1991 ); a11d llalc & Marha1n, The llal]icr (;ollins Dicti<>nary of !liology (l 991). 

5 Variou> i>i•whc:i1ic11I ""d '""lc.culnr blology ml'thmls are """11 krn''"'' in lh<·. ar1. Fur c~n1nplc0 n1e1hods of 

isnlation and purification ofnucle.ic acids arc dc$cribcd in dclail in WO 97/10365: WO 97t27317; Chapter 3 

of L1tl>ora1ory 1"ochniques Jn Di<1chcn1is1ry and h1olecn1Rr Diology: liybridization "'ith Nucleic Acid )'robe>, 

l'•r1 L Theory and Nucleic Acid l'rcpuration, (I'. 'J"jjsscn, ed.) l.llscvier, N.'l', (1993); San1b1wk, el al., 

Mol~.<ular Cloniug; A l.abora\ory Manual, Cold Spring 1-!orbor Ptc<s, N. Y., (l 989); orJ<! Cu•oent l'rotocols in 

l(l Molocular Biolosy, (All<,ubel, F. M. el al., eds.} Jobu \.\'ile}' & Sons, lric., Ne1v York (!987· 1999), including 

supplenients. 

l:!l01NFOllMA'l1CS !lEFINJ1"/0NS 

As used herein, an "obj eel" rofcro !o ""Y i!cn1 or informati<>n of in!oT•.>:! (generally textual, including noun, 

verb, adjective, adve1 b, phrase, sentence, syn100I, numeric chruaciers, elc.). 11ierefore, nn object is anylhine 

I S that can fonn a iolationship and anytilinr, thal cnn he nhtRincd, identified, art<J/or searched fron1 " sou• cc. 

"Oltlccts" iucludc, bul ure not limited to, an entily of interest such as gene, prolel11, disease, phc11oiype, 

•nechanis1n, drug, etc. Jn so•ne asp~cls, an object inay be data, as fur11mr <l~seribed below. 

As used heroin, n ''tt•lalionship" rcfr~s to lh~. co-<1r.curronr.c of objer~~ within tho. satllC \I nil (C.IJ., a phrase, 

S('.ntcnt:<', t\\"O or more lines of text, a paragraph, a section of~ webpago, a 1>age, a 1nag.izjne, paper, book, 

20 etc.). !t 1n~y be text, sy1nbols, nutnbc1s and oon1binnlions, thereof 

As used hc1·cin, "1ne!n data conten\" refer:s to infonnation as lo the organi<.ation oftexl in a data ~ourec. Mein 

da!a can 001np1 isc s1nndrurl 1netadnla such as Dubliti Core nic!adata or can be colleclion-.;pocific. Exanlplcs 

of n1c!adata formals include, but ~re nol liinited lo, Mnchinc Readable Catalog (MAil<:) records used for 

librnry cotnlog.~. Resource l)csr.,-iption Fonnat (J\DF) and 1hc Jb;tcn~iblc Markup !..ft"ll""ll" (XMJ,). Meta 

25 obj'"''ls 1nny be generated n1anllillly or 1brol!gh au!on1ated infonna!ion extraction algorltluns. 

As used herein. an "engine" rcft:rn !<>a prograu1 that porfon11s a core or essential function for o!hcr progranls. 

For ox1unplc, an engine n1ny be a central p1ogra1n iu an operating systctu or applicnlio!\ JHogr•1n lhal 

cooidinates the overall op~.roliOI• of other prog:r~tn•. "J'he l~nn "onginc" •nay l•lsn refer to n progrnn1 

conlaining an nlgorithin lhn1 can he changed. Fo•· cxnnlplc, a k"o•;1!cdge discove•J' engine niay be designed 

30 so 1ho! ils arproacl1 lo id~ntifying relntionships can be chalt1led to roll eel ne11• rules of idenlifring nnrl rnnking 

rclalionship.1. 

A• tlS«d herein, "scJuO•Uic analysis" rt\fc~s I<> 1he i<l"ntificntion of rol•lionshipo between ,v,,rds lh•t represent 

siinilnr tonecpli, e.g., though suffix re1novnl or s1emn1in1~ or by employi1~i a lhcsauru•. "S1a1islica! nnalysis" 



" 
refers to " 1ccltuiqt1c hasc(I on counting the nun1bcr of occu11·c1iccs of each 1crn1 (\\'OJ'd, word root, \\'Old stein, 

l!·gran1, pllrnsc, etc,)_ Jn collcc~ions >uircstriclcd as to subject, the san1c phrase use.ct in dilfcrcnt cnn1cx1s n1ay 

rcprc>cnt diflCrcn1 c(illccpts. Stotis1icol aJlalysis of phrase co-occuncncc can help 10 resolve word sc.nsc 

a1nbiguity. "Synt;oclic analysis" Ulll he u;cd to furlhcr decrease an1bigul!y by part-of-speech anal)·sis. As 

5 used hcrci11, """ or 1norc of RHch analyses arc rcfcned tu nlore J$1!Crally as ·•1cxical analy,;is." "Attifici"! 

intelligence (Al)" re.fcrs lo rncihods by \l'hich a non-·huonan device, such as a computer, pcrlOm1s tnsks 1ln1t 

lnuna"s ,,·ould clce1n noteworthy or "intelligent." Exon1plcs include identifying pictures, !lndc:~tanding 

spok~.JI 1vords 01· wril\en toxl, a11d solving problems. 

Ter1n< <uch "dato", "dotosct" and "infor1nation" 1orc often """d interchangeably, as arc "inforn1a1ion" and 

l 0 "knowledge." As USC(I herein, "da1a" is the rnost fundarnental unit 1]1at is an c1npirical n1eas!lmn1ent or set of 

n1c-asurc1ncnts. Data is contpiJcd !o contribute !o infonnuti"n, but it is fundan1cntally indcp~1<lcnt of it and 

n1ay be co1uhincd into a daIB~c!, that is, a set of data. lnfoonatiou, by contras\, is derived fl-oin intcres1s, e.fl., 

d~ta (che unil) rnay be gathered ;::,n ethnicity, gender, heigb1, weight nnd diet for tile purpose of fiBding 

variablP$ correlated 11ith risk of cardiovascular discas~.. llo1vel'cr, the J;an1c dnln could m, llSCd to develop a 

!S fonnula O• to CJC'llC "infonnalion" abo!I\ dielary preferci1ces, i.e., likelihood 1hat certain prodocts in n 

supcrn1nrket have n hir,her likelihood nf ""llinfl. 

As used he1cin, the tcnn "database" refers to rcpo;itories !Or raw or compiled data, even if vnrio11s 

inf(111unlional facets can be found withi11 !he data field<. A dnlnba.'e 1nay inCl\lde one or inure datasets. A 

dalabasc is typically organir.cd ~o its con1cn!s can be accessed, n1nnngcd, and upd•tcd (e.g., !he databllse is 

20 dyna1nic). The lenn "database" and "source" nrc also used int~Jchangcably in the present invention, l>ceau:,c 

priniary sources of duta nnd infunna1ion arc dulalmscs. l{owcvor, a "soun:c database" or "soltl'C" data" refers 

in gcncrnl 1o data, e.g., '10S!n1ctured text nnd/or struc1urcd data that am input into the systM1 for identifying 

objects and detcnnining relationships. A source database 1nay or 1nny not be a relational dalnhllse. Jlo\\'CVer, 

a 'ystcn1 dn1nbnse \lsually includeo a mlnlionnl da1ah"\'" or ;onie ('(j\liva!en1 type of databllsc \vhich stores 

25 vnlues relating 10 rcl•tionships bc1weCJ1 objects. 

As used h<lrcin, " "sys1e1n dnlnhnsc" nnd "relational da1ab";e" arc used in!crchangcnbly and refer to one or 

more collections of dnln organized as a '"'t of lftblcs con1ajnin1: datu filled i11tu pn::tlefrric(I Cll!CIJories, l'or 

"xa1uplu, a dalahllsc table 1nay co1nprjse one or 1no1~ cntcgories defined by columns (e.g. nttributcs), "'hilc 

EO\V!. nftho database 1nay coco!uin a unique object fo1 the catcgodco defined by the ccli11nns. 111\lS, an o\~~,et 

30 Sllch as 1hc identity ofa gene ntjgh\ have coluinn.< for its prcocnce,' abscitee and/or level ofexpre.•sion of the 

gene. A 1"0w ofa rclatk'nfll database n1ny al•o be referred to as a "set" and is generally defined by the velues 

of its c0Ju1nn;. A "do1nain" i11 the ton1cxt ofa 1ela1ional dalabase is a rnnge of valid values n field such ns n 

c<1h11nn 1nny include. 



/Is used herein, " "don1"in of knowledge" refers 10 atl arC11 of st.,dy over which the S.\'S!ein is opcrati,·c, foi 
cxa1npl", nit bion1cdir.al dn!n. ll sh(luld be pointed out lbnt there is "d""ntngo lo con1biriinr, dnln fro1n "cve1 al 
don1•ins, for cxarnplc, bio:nedical data and engineerit1g da1a, fi>r thi' divcroo dntn enn sn1nclin1es link things 
that cnnno! h\l pu11og1'1hor for a no:mnl person that is only fun1iliar \vi!b one area or rcseJ1-clt/s1u<ly (o"" 

5 domain). A "distributed datahllse" refero to" daloba>c tllnt ""'Y be. dispcrro:l 01· repl'1c111ed a1no,,g different 
points in a llCt,vork. 

As used l>cir:in, "informRtion" refers to a data sci that rnay inelude n\,n1hers, Jettero, sets ofnun1hcrs, O«ts of 
letters, nr conclt1sions resulting 01· derived fron1" sc! of dat~. "J)ata" is then a nieasu<c<Jlcnt 01· "lu\islic and 
1he fllndarncnl"I unit of inforn1ation. "Jnfnnnation" n1ay also inclt1dc other type~ of duta such as "'ords, 

10 symbols, text, such ao uns1ructllred free 1cx1, ~"<Xie, clc. "Kno\.\lcdge" is loooely def1nOO as " set of 
inf<,l'lll•lion that gives sufficient underst•nding of a syste1n to 1nodel rouse and effect. To extend the 

previous example, info11na1ion on dc1nographic&, gender and prior pt1rehosc~ may be u•ed to develop a 
regional 1narketinl). strategy for food sales ll'hile infonna1ion on nationality could l>e used by buyers "' a 

guideline for i1nporlation of products. ft is i111por1an1 to note th"\ there arc no strict bO\lndnries bo,11veen data, 
15 ioformalion, nnd k11owledgc; !he thrr,c. tcrn1s are, a1 !in1es, co11sidcre<11o be cqnivalent Jn ge1teral, data 

come» fron1 cxa1nining, infornialion co1nc.s fron1 r.(lJTClalinr,, and knowledge come~ from n1odclinr,. 

As usi-d herein, "a p1ngm1n" or "co1nputcr progra1n" re!Crs generally to a &)'nlul:lic unit that conforms to the 
rules of a )>llJ1ir.\ilar progran1ming language and that is com1n<OO of dcclarationi and •tatcn1~.n1s or 

instruciions, divisible into, "code seginenls" n<'l'.d~d to solve or c~ccutc a cortain function, t~sk, or problein. 
20 A progra1n1ni11r, language i• generally nn aniflci~I Janguag\l for expfC>.,lt1g proeJ'a•ns. 

As used hcr<·-in, a ''l;ys!Clll" or" "con1pu!er systen1" gcn<'l'ally 1-efers 10 one. or more COlnputoro, perjpl1crol 

cquipn1cn1, and sofi"'a•o tf\Jlt pcrforin dnta prow~ini;. /\ "user" 01· "systern ope1alor" in gCJ\(•rnl includes a 
J!CTsOl1, !11ai uso,s a co1nputcr nct11·ork accessed through a "u:;cr (ievice" (e.g., a con1p111cr, a wirel~ss device, 

cl<') for the p1u·posc of d:11a Pmcc:;sinr, and infom1ation exchange. A "r.on1puto-r" is generally a fi1nctional 
25 unit !hat can pcrfonn s\1botin1ial con1putation~ including nu1ncroll> a1ith1nclic opcrnfio11' and log"1c 

opera\ ions wilhotll hu1nan intervention. 

As used herein, "npplica1io11 >Ofl''"re" or an "a1>plication J)f0{:11ltn" refers fcnc.rally to •Ofl\\·ore or a progrnrn 
that is sp"ci!ic to the solution of nn npplica!ion prnblcrn, An "applicntion problc1n" is gcnc~'lllly a problen1 

oubn1it1ed by nn end u>cr nn<l requiring inforination processing for its solution. 

30 /\s used l1crein, a "natural lnnguage" refer;; !o a lnngLlagc whose rnles "ro based on currcn1 ll'11£C without 
being specifically prescribed, c .. g., JJnglish, S]llltlish or {;hinese. /Is t"cd he1oin, un "a11i(lcial lnnguai:;c" 

refers lo n language '''hose r11lcs ate c~plicilly c>!nblishc<I prior !o it• 11sc, e.g., 001nputer-p1ogrnn1n1inrr 
lnnguagcs s11cJ1 ~s C, (:.J-t, Jnv.1, Jl/\SJ(;, l'(lJlTJtAN, or COJ30l-



As 1>scd hc1<'in, "•tali,ticul roJ<:vanc«" rcfm; to usin(: one or 1norc of the ranking ~ch~n1cs (O/E ra\io, 

~\1-cnglh, c.lc.), wl1CJ<' a n::lation•hip is dc!r.nnin~d lo i,., stn1isliC11lly rclc.vant if it ncctor.; significontly 1norc 

frequently than \vould be expected by r.1ndon\ chance. 

As uicd herein, the tenns "cootdin•tely regulated gene;·" or '·1ra1tscdp1ionnl n1odut"'" ;ore used 

5 intCJCllilnge~bly to refer to 6<roupcd, ll""'" cxpre,sion pror.lcs (e.g., 'ignal values associated "'ilh a spccifi~ 

gene sequence) t>f specific gcnc.s. !:a(JI transc.ripljon"l mu~ule. cOITT.latc.s t'"" key pjcccs <lf <lala, a litcra!uro 

search poition and actu~l mnpjrical gene cxprcssjon value data ub1ainod fTOm a gr.nc microaroay. "Ilic set of 

genes 1lla1 i~ sc!ccled into a lmnserip1ional n1odulcs is based on the analysis of gene expression datu {1nodule 

cxtrac!inll algorithn1 described above). Addi1ional steps ate taught by Chnussabel, D. & Sher, A. Mining 

]0 nlicroorray expression da1a by literature profiling. Geno1ne lliol 3, Rf.-'.8JlAl<.C!l0055 (2002), 

(bUp:l/gcnon1cbiology.co111/2002/3/I O/resean:h/0055) relevout portion> inoorporatcd herein by refercnc~. and 

expres~ion dato obtained fro1n a dis<:asc or cundilion of inlcrc•l, e.g .. Sy.<t.e1nic l,upus crylhc1natosus, 

n11hritii, ly1npb<1in", carcinomn, melanoma, acute jnfcclion, autoi1n1nune disorders, au1oinfla1nn1ato1y 

di~ordcrs, elc.). 

l 5 TI1e Table below lists e,;nrnplc.s of keywords Iha! were used 10 develop the literature 'carch portion or 

conttlbulion to the transcription nlod11lcs, l1•e skilled artisan will rccog11ize that other tcnns may cnsily be 

selected for othor conditions, e.g., specific cancer.;, spccjftc infectious disease, 1rnnsplnntatlon, cit:. For 

~xa1nplc, genes and slgn.als for those genes nssociated with ·r cell activation arc described bereinbelow a' 

Module ID "M 2.8" in "'hicl1 ccrlain k<'yword• (c.e., J..y1npho1na, 1"-ccll, CD4, {:J)8, 'J'C)(, Thyrnus, 

20 J,yinphoid, J!,2) 11·crc used lo identify key 'f-cell associated gcues, e.g., 1'-c-ell surface markers (CDS, CJ)6, 

CJ)7, CD2G, CD28, CD96); n1o!cculr.s expressed by ly1nphold lincugc coils (ly111photoxin beta, IL2-induciblc 

T-coll kinase, TCP7; and T-oc:ll dilTc-ren!intion pro1cin ml<I, GA1'A3, S"J"A T5J3), Ncx1, the coniplelc nlodulo 

is devclopc.d by correlating da1a fmJn n p.1lionl population for tbcsc genes (rcgnrdlci.< uf platfonn, 

p1cscnce/ahsenec and/or up or du"·nregulation) 10 generate the transcoiplional module. Jn son1e cases, !ho 

25 gene profile docs not n1a1ch (al thi.< lime) any pllrticulnr cluslOling of genu;- for lhcse disease conditions and 

dotn, however, certain physiological palh1vays (e.g., cAMl' sip)1oling, zifll'·fingcr proteins, coll s11rface 

1narkers, etc.) arc found 1,·i\hjn tl1c "!Jndcrdctcnnined" ni<><lulc•-. r,, fact, the gene CX]l•'Cssion data sel niay be 

used to extrae1 gcllcs thal l•avc coordinated expression prior to 1nntching to the k('y1vord search, i.e., eilher 

data sci inay be coircla1cd pd or to cross-rcfcrcncing with tile sooornl dnla set. 

30 1'ablo I. Trnnsc1iptionai Modulr.s 
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M 1.7 

ML& 
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""' 

------ -------
ortl >clc><lion Exon1ple Ke)'W Gene P1ufilc A''"''"'"'" 

-··~~-· 

Vn>OU lar ---- 1l1cdio!m;-;;,ei-;-.-,-J>1ijij)(p11:>·plo10]ei bilSiC ptutciuf;;;;;r1>ji4 (plotcJc\"' 
fftclor 4 - ·-··------· )}.cells: lnclud"' gene• c11coding"for B-ooll ;urfocc n1a1keii(CD7i.­
CD79A/Jl, CDJ 9, CD22) •nd ulher B-ccll "''""j"tcd n1olccule." lmmuoorecepl 

coil, I Eo,-ly B·ccll foctor (Elli'). ll·cell lio~cr (Bl.NK) ond ll lyJnphoid 
_ _ __1yi~.i~f-~!!1!'_•~_{l_l,l,,"'-L _______ _._ .. __ ,_,_ ..... . 

Ropllc•tirn1, R opre.ss i on, 
Lyniphoid, 

p!1a 

\Jod~1croiincd. 'rbi• sci include> rcgulalor• ond targcls of cA~lP 
•isn•ling pa!hW•)' (11JND, A J'F4, CRJJM, l'J)Jo-1, NR4A2, VJL2), "' 
well "" 1cpre>w" of1Nl'·olphn n1cdiotcd NF-Kll uclivatioo ((:l'LI}, 

Rcpoi" (;REil, 
'!'NF-al 

---------- - -~·~.t:,_!:~.!'~l!'!J, _______________ --· . ·--·--·--· 
dritic, k1JlC, My«loid lint•agc: Include• n•olccul"" e>.]1'C8•cd b~· cell' <>fthr --i 

1uycloid lincogc (CJ)86, C'DI 63, J'(;GR?.A), soo1e of which being 
Mooocyte" J)en 

Co;1i1uul•!o 
MYJJ ~8 'l'Ll\4, ;.,volvc<l in pnthogon rcwgnition (CJ)!4, 1l,R2, MYD88)_ 'f11i' sei 

-----.. ·---_____ ~lso.; ncl udc•_fl'!!·: f~!B~X_!~'!l!!!>if.~('fl':!'.!12,_l~~_l!.l).-... ----· .J 

Zinc, l'inncr, I '.l:l,RAS 

------ ___ _. _ _. ___ 

-

ltibow>ne. Trn 
40S, (•OS, 

h1etoboliS111, Bi osynlh""i', 
lolioa•c Jtcrlica!ion, J 

....... 
NK, Kill or, Cyto lytie, CDS, 

~coll, Cf!., \Ml-111ediotcd, 1 
IFN-' 

. lJ1ulolr.rml"cd. Thi> sct inol"dos gouo; Of1''<•dit>3 fot sign, ling 
I rnoloculc" o.E., lho zinc fitlf:CI' oon!nining iuhibllor ofoclivatcd 
• S1'A"I' {l'IASI ""<l !'JASZ), or tho nuclear focio< of aori,•tcd ·r.cells 

NFATC3. 

____ ._ - ---· ·- --------------

h1 2,2 
Grnnuloc~tcs, N 
llcfco•e, My<1oi 

--

M ,; ~ '"''""""' '" ·· Globin, !Jen• 

-·---- ----·---
ltibooncleoptot 

d, Ancmlo, 
Otlobi11 

ein, 60S, RiOown>•I protoi11;: Including gone.s encoding rlbo.>D1~'.il"j;;;;1C1!,-,--
M 2A · nucleolus, A' sen1flly, (RPJ,,, RPS.,), Bukoryotlc i·ronslntio" JJl<>ngntion fac1or rn.,1ily 

___________ ,,. ____ -

M 2.> 

-- .,_. 

hl 2.6 

---- -----

M 2.1 

·-

hi 2.& 

M 2.9 ----------------·-

"' - --- Elonga!j __ 4.~ictnbets (!illf;) and Nuolcol•r prolcin; (NPhi l. NOAL2_, _ _h',O,P_l_l,1_), 
IJcido1orJni11cd This t>lOd!LIO includo< genes oucoding '"""""""'":atcd 
((;fJ40, (:1)80, <:X(J.12, IFNA.1, Jl.4R) ''well n< cytosk<l<!<>n· 
rclalod 111olowl"' (~lyosin, J)cdioator ofCy1okcno•I" Sylldocno ?., 

Adcno•na, lnl cro1i1iol, 
Xn~riio, Me•CL1Chyrne, J 

Mo1ru 
·-·· _________ .. ~ .. _Plcxio (:I ,_!!~~rob!.<_~ ·---~------- ________________ _ 

{;rnuulocytcs, M "1l0Cyl°', 

1''c-cro'i' Mycloid, ERK, 

----· ..... ··-· 

Myeloid lincor,o: Holatcd lo M I .5. Includes goJles exprc,sc<l i" 
n1ycloi<l !i11C11ge cells (l01'JJ2/C'JJ1 8, L)'11>pi1o!oxin bct• reccpto1, 
Mycloid related proieins 81!4 Fonnyl pCpll<k ''"'"J>!or l ), '"cb a• 
Monocytos ond Neutrophils: 

U;1dc1 orcniacd. Tbl , n•od ulc" is la•Jlel)-~,X;;;;p~O,cd of t,;;;;;-;rijll,-Wiiii-­
"" kno'"" funclion. ()nly 7.0 B'-rl"" "''""i"lcd with literature, 
i11cludi11& n n1eonl><I' of the cheonoki'1<-liko fnclOr supcrf•mily 

-

)\'<• ke)'l'iO•do cx!r.,c1cd. 

·-· _____ _§;KJ,FSl'fl), ---·----------· .. __ .. _. 

l.)•npho111n, ·1c,. ·r.ocll,; lncludos T·ccll ;urn.cc inarker; (C:J)5, (;/){;, (.1)1, l~IJJ.6, 
<>II, CD4, j (')Jl8, ( 1)9(,) nud ,,1010.cnlo• •-'1'''$'00 by l)"HPho1<l hnoopo cells 

CllS, 1'Cll, 11 
Lycnphoid, 

.................. 
.. _f-RK, !:O''"'"" 

'{r';"'• (ly1nphotox1n l'<IO, [!,2·i11ducJl>lc T·ccll k"'"'"· 1'CF7, 1-c~ll 
.. , _ _ -~~(f~~~tiatioo J!!:<>I"'" mol (lA 1'AJ, ~!A !'51\) _ _ • 

___ vohon, _ _l!_!!_<lc• crnu 11cd_)nch1<!o~ .(I<;~! enoo<li•Y))llOlcou 1£:1_1-!••I ~;,ooL'•'"'-,c,_c_-_i 



___ i.{~~~~~-'.~ .. ~!o -_,~--:~~~~;~~~:~;;~,-'.-°'-,,_Ii:_,. -'-~-1~-,,-;-,~-·:'::::·~:~iI~:;;;~::~i:~~~:;;~ j 
lTGA4/0)49P, ZNF!Al). "''""''---·-· ~ 

M 2.10 

- ·u;1de1orniitie<i. lnclude• genos cnoodlng ror-lntmun<>-rclalcd cell 
Mycloid, Macrophage, ,., 

>tJrfocc inol""ulo:.· (CD36, .__psG, l.lLRB), cylokine> (ILl 5) ond 
DO!ldrj1ic, lnO<n1n1nlocy, 

ln!orleukin molcr<des inYolYcd in ;lgi1nli11g po!hw•)':< (FYB, T!CAM2-'foll-like 

f------1----------- tc"<C)Jt<lr polll\voy). -·· .............. " "'"'" .......... . 
\Jndelomilncd. l"clndo• kin"-'"' (LillMKl, CSNK I u 1;C:15R6-;--­

l\cnlica1ion, l\e•>ro••, l!AS, 
~12.ll 

,. ' \l'NKI, 'f/\OK!, CALM2, PRKCJ, ll'l'Kll, SRPK2, STKl7B, 
Aulopho,phoryl•tlon, < l)YRK2, l'lKlRl, S'fK4, ;1.K4, PKN2) 011d RAS fnn1ily oncmb<:r; 

-----+----0
_-_._._,,. __ ''----+'+ •a,., .. ,"~'•''"''''''R1_~'.\:Z·.-~J>_~!_\,_!\_~(AS'. ---~····~ 

lotor1filon·induciblo: "!"his >c1 include• inle<fCl<:'ll·inducible genes: 
!SJtH, !nflucnu., Antlvi<al, 

M J.l 
•nlivirsJ n1olccnlcs (OASJ/1/311~ Gil Pl, 011'2, Ell'2AK21l'KR, 

tFN·s•nnno, ll'N·nlpho, MX I, PML), chen1okincs (CXCL.l Olll'-!0), ;lerooling n1oloool"' 
!nle<ferou f----- "'"" ..... _. .. ,.,,. ... .,, __ .__._________ .. ., .. \,'>1_'.A'.J"l.r!~.'.f/1!2, JRF7, ISOF30). _________ ,, ___ 7_~--lnfla:nniulion I: ln"lud.,, ge0t0<eacoding 1nolcrules involvod in 

lnfl•n11noto1y prooo,.,,o.< (e.g., !l.8, ICAMl, CS it I, CD44, PLA\JR, 1'GF-be1", lNF, 
Jnflommotooy, Apop101ic, 

'

, ' c ., ILIA, CXCL16), ond regulntors ofnpoplosls (MCJ,I, FOXOlA, 
.1popo Y••cc"n"~• 

Ml.2 

._ ......... ,, .. _ .. _._. _ _. _____ )~0_l0 .• __ l}£!~'){6/2A 1, GAIJD-<1Sll). • •. ,~~ 
lnllammaliuo Jl: !nclu<lc< rnolowlos inducing or lnduoible l>y 
Gmuulocyte-Macropliago ();I' (Sl'Jl, JLI 8, ALO XS, ANJ'JJP), ns 
well "' ly>oson1nl cn<.)'lnes (Pl'TI, CTSB/S, CESI, 1''EU!, ASAl-1!. 

·-·~--·-···-·-1---------C"c"'M~P?.LQl.ST)_. ---,~~~~~~c 
llndetcnniucd. lncludcs protein phosphot~• (l'Pl;I R 11.A, Flf>RC:··---

Ml.3 Grahulocyle, lnflo1ncnato1)', 
llcfcn><; ()xidi•.o. Ly>o•omal 

M3.4 Nc keywot<l extracted l'l'PI CB, PPMI BJ oad phosphoino.'-'lide 3-kinnso (l'IJK) fon1Hy 
f-----f---·--~··----... 1n<:mbc,.,;IPJKlCA l'IKJ2(\. P/.t?.!$'..~· __ 

No kc "·ord exuacled l11'dc1er1nined. C<-1~p"'ed of only" sm,11 nuonbcr oflransctipt•-
t--~-~.s ... -.~ __ ..... _. .. ,._~._._,_ ""-"---~-·--· )_~_sl,~.?:<:~.1!"'~~!\~~~'" genes (IiBAl, lIBA?.. !lllll). -------j 

!Jndotcnnincd. L•rgc •~1 lhot includes ·r-oell •urfncc 1no1kers 
Cornplcn>Co\, Ilosl, 

MJ.6 
(CDJO I, CDI OZ, (~IJJfJ_'j) as well ss molecule• ubiquit-ously 

Oxidalivc, C;1oskclctal, ·r-
ccll expressed amoog blood leukoc)'!o• {CXRCJ(l: fi·aktalkl"o rttcplcr, 

~----1-------------l~''"''~''''"'"'''"''~'"'' ~""'!"~), .-- ---- ---------------------- -"'" '""" l'ndolern1ined. lncludo.< genos encoding pmlcason•o subuni1; 
SpllWlsome, M01hyln1ion, ' M '.l.? (PSMA?JS. PSl>IBS/ll): ub quitjn protein liga;es llJP2, SlUBJ, O> 

Ubiquitin, Bcto·ca1c11i" < , .. , . .-.-.-... -.,, .. _ , __ _.__ \\'Cl~~.!i-"£!!!e?!.'.~~.t~-':' .. ub1qutio ligasc ooonp!.C2:'J!i .. (S\J(11'l). ___ _ 
---------T,c;~nde!cnnioed, !nclttdc• genes encndine for •cvoral OOZ}'lncs: 

MJ,8 C!X:. l'CR CRHU, 
Glycosylo"" 

.,,, inom oth yltransf ornsc, n rginyl trnnsfcrasc, nsparngi nos •)'n\11 ouosc, 
diaL')"lglycotol kinose, ino•ilcl phospl1ato•cs, n>clhyllnt11sfero.es, 

------------;---------,,--- ·¥J~~cc~~:;f ;1o<l. 1;;;,1;;d~, g;;;~; encoding for p1<itcin kinase:, 
Olroninlin, Chockpuinl, (l'!tKl'JR, PRKI)(\ l'RKCI) nnd phosphata•cs (c.e., Pll'LB. 

Hcpllcatlon. 1"ron<Aelivallon PPP! J\8/),(~l). Also includos HAS """'*""" fnonily 1nc1nbcr• nnd 
--~-·-·-'---- _ --~- tho l'!!Ss£!!.!!9!.i.'"'2ll4 (CD244). 

B!Ol,OGTCAT" l)JlFJNl'flONS 

/\;used herein, tbe to10n "anay" refers 10 n solid support or substrate with one or n1nrc poptides or nucleic 

acid 1>robcs atlat1111ll 10 the support Arrayo typically have one or more different nucleic acid <>r peptide 

probes that a•<: coupled (0 a ;urface of a subs1rntc ln different, known l"cationi. T11c5c arrays, also described 

5 as "1nicroo1Tay.1" or "G'·'"'·chip'" tlu<I n1ay have 10,000; 20,000, 30,000: or 40,000 difi"c1cnt idcn1i!lable 

gene; based on the kno"'' geno111c, e.g., !he hun1an ncno1nc. 11lcsc pan.-arrays n1e used to detect the cn!i1<: 

"lrnnscripto1ue" or trnnscrip!ional pool of gene& tha! ~re expressed or found iit a >a1nplc, e.g., 11ltel~Jc a<'i<ls 



"' 
that arc cxprcs'ed •> l<NA, mRNA nnd 1hc like that cn"y be subjccrcd to R'f andlor ll.T·PCR to made " 

compi<'lncntary so! of DNA mplicons. Amlys 1nny be produced using 1ncchanical oynthcsis 1nclhod~ light 

directed synthesis inetho<ls and 1h~. like tilat Incorporate a co•nbination of llOll·li!hographio lllldlor 

pho!olithogrnphic rncthods and sulid ph"se synthesis mclhods. 

5 Various techniques !br the synthesis of 1hc"" nu<.lcic. ""id nrrays hav<' been dcsc1ibe<l, e.g., fabricated on a 

surface of viltually any shape or cvctt ~ rnuhiplici1y of surfaces. Arrays may be peptide~ or nucleic acids "" 

beads, gels, polyntcric surfaces, fiber:; ~llch "'fiber oplics, glass or any other appropriate substiatc. Arrays 

n1uy he packaged in ouch a manner as 10 allow for diagnostlcs or o!her 1na<>ipulalion of an all inclusive 
<lcvicc, o<:c for c~atnplc, U.S. l'al. No. G,955,788, relevant po11io11; in~o111oratc<l heroin by reference, 

10 A• used heicin, 1hc l<llln "disORsc" refer;; ton physiological slate of an Ol1)~nis1n with nny abnonnal 
binlngicn.I ~lute of n cell. Disease h1clt1des, but is not li1nited to, nn i11teiruption, cessntion or disorder of 

<:ell$, !lsi\ios, body functions, syslcnis or oinnns 1hnt n1ny he inherent, inherited, caused by an infection, 
caused by abnonunt cell function, ahnnnnal ~.ell division nnd !he like. A disease that leads to a "disca>c 

stale" is generally <lc1ri1nental lo the. biological systeni, that is, the host of the disCf!SC. \\lith re, peel to !he 
!5 l""senl it1v~J)1ion, any biological stntc, sucl1 as RI! infection (C.fl., viral, bnclcl'inl, fungal, hchninthic, Cle.), 

h1fln1n1nation, nuloin1lao1Jnatio11, ftUtoi1nmu11ity, anaphylaKi<, allergies, pl'Cl11a!ignancy, mulignancy, surgical, 
1ransplanta1io11, physiological, and the like that is associated 1vi!h a db<lilsc or disorder is com<idcrc<l to be a 

disease state. A potholop)cal stntc is i~111lly !he equivalc11l of a diocase state. 

Disease slates u1~y also be c.11egori7.cd into dilTcrcnt levels of disease state. As used herein, !he lcv~.J of a 

20 disease or disease state is an arbitra1y n1casure reflecting !he pro!lression of a disease or dior11s" slate as 1vcll 
as the physiological response upon, dud!lg and aficr 1rcatment. Ge!lernlly, " discasc or disease s!ntc \\'ill 

progress through levels or >1agcs, wherein the affcc1s of1hc discaso br.co1uc increasingly severe. '!'he level of 

a disease slate 111ay he in1pac1c<l by 1h~ physiological state of cells in the sainple. 

As used herein, the 1cr1ns "therapy" or "t])erapeulic rcghnen" refer ln !h<>><' ln(:di(~1l Btc1~11akcn 10 alleviate or 

25 alter a dise~se s1a!e, e.g., • oours~- of1r(<"tn1cnt intended to reduce or eliminate !he affects or syn1p101ns of a 

di,ease using plinrm•r-ologieal, surgicnl, diclary and/or other techniques. A thera1icu1ic '"gi1ncn 1nay include 
"prc~cribed dosnge of one or 1norc drugs 01 surgery. 11•crapics \Viii n1os! ofici> be bw1ofioial "nd reduce the 
disease state but in ninny iEt>lances !he cll"bct of I! 1hcmpy >viii hnVI'- 11011-dcsirable or sidC"effect~. 'fl1e cffetl 

of therapy will also lie in1pactcd by the pl1ysiological state of tltc host, e.g., age, gc11dcr, nenelic.<, 1vcigh1, 

JO other dlsca~c oonditions, ele. 

Ao uor~I hc1<>ill, the \ern1 "pharmneolop,ic,1! s1a1c" or "phonnncological sta!us" refers to l.booc sun1plcs tlia1 

\viii be, are and/or were treated with ""c "' 1'10rc drufl', s11rgcry n1J<I !he like 1hat •nay afll:!r.1 th" 
pha1111ncologlcnl stale of one <>r 1non:. nucleic acids in a sa1nplc, e.g., newly 1mnscribcd, stnbllizrd and/or 
dcs!abili7.cd as ~ 1·cst1!1 of th!\ pham1acological intc1 vcn\\011, 'fhc phannacological slate of a san1plc rclalcs to 



cllangcs in the biologicnl st•tus before, dtuit1g nnd/or after drug trcatn1ent and 1nay serve" di•gno~tic or 

prognostic JUnclion, as t1tuglu hetcin. Sonic clwngcs followinl) drug 1reatn1ent or surge!)' 1nay be relevant\<> 

1h<' di"""'e slate ""d/o:· 1nay be unrelated side-effect' of the tilcrapy. Changes in the phannacological ;talc 

arc the likely results of the dur1.tion of therapy, types nnd doses of drun> prescribed, degree of C.(>!Hpliance 

5 wlth a given coum: of lhcropy, audlor un-prcserilxod drugs ingested. 

As used herein, the tcrJn "biolonical s!ate" refers to the sta1c of the transcriptoine (1bat ;, lhe entire collectio11 

of RNA trnnscrlpls) of 1he cellular san1plc isolated and purified for the oi1alysis of changes in expression. 

The binlnni~al <llllc rr.fl~.<>t& inc phy;iolop.ical state oftl1e cell" in the &~1nplc by 1neiu;uri11g tlio nbu11dancc 

and/or activity of ccllulor cons1ituM1s, charncteri7lng acoo1rling 10 n1orphological phenotype or a 

J 0 combinalinn of the n1clhods fo: !he detection oftransci·jpts. 

AB "sed herein, ll•c tcm1 "expression profile" 1~fers 10 the relative abundance of ltNA, !)NA or protein 

abundances or activity lcl'cls. ·111e expression profile can be a rt\<'asu1r:ntM1 for cxnmpl~. of lhc 

1ranscriptlrnllll st•te or the tninslation•I ~l•tc by any number of 1nethods and \\Sing any of a number of r.ene­

cl1ips, gene an-ays, OO•ds, niultiplex PCJt, qu•ntiti•1ivc. PCR, ron·O[\ 1tssays, Nonhcrn biol nna\ysis, \Vei;tcrn 

15 blot analy.<is, pro1ein cxpressioJI, Jluoresccncc nctivatOO cell sorting (FACS), en;o,yn1c linked immunosorben1 

a~says (llL!SA), chen1ilulniciesccnce studies, enzyn1atic assays, proliferation st!ldics or aciy other 1nethod, 

appanttus and •Y-<!Clll for tile dr~cnnin.atlon and/or analysis of gene expression 1ila1 arc readily con1oiercial!y 

available, 

As used l1crcin, the tcnn "!renscriptlonal state" of a sainplc includes !he i(lcn!itics and relative abundttnces of 

20 the RNA species, especially n1RNAs ptr:scnt in tile sa1nplc. '!'he entire transcriptional stale of a sample, that 

is !be co1nbin•tion of identity and abundancr. of !\NA, is also 1r:fem'd to herein as 1hc transcriplonic. 

Generally, n substantiftl fraction of nll !he rclalivc co11s1itucnt& of the entire ~cl of RNA species in the san1ple 

nre 1ncnsured. 

As usn<l h~.rein, the 1enn "'nodular transcriptional vectors" 1cfcrs to transcriptional expression dn1n that 

25 ref!cC\S tho "proport{cn of diffcrcii!lally expressed genes." For cxatnplu, for caeh n1odulc the proportion of 

t1nnscripts djffcrentially ~.xpresscd het"'CCJ\ •t l"ru;t two grou11s (e.g. hcal1hy S\lbjcets vs patients). 'Jl1is 

V"<'l<>r is durivcd from the colnpadson of t'vo groi1ps of sarnplcs. ·rhc first analytical step is used for the 

selection of discasc·spccific sc\s of 111onscrip1s within each tnodnle. Next, there is tl1c "cxprc,;sion level." 

'fhe group con1parisrn1 for a given disease prO\•ides the list of dilTcrcntially expressed 1ran>cri11ts for each 

30 1no<lulc. JI ''"'' fht1nd that dilfcrcllt diseases yield (iiffc1cnt subsels of 1nodular tr"n•cripts. Wi1h this 

expros•ion lovcl it is then possible to calc11latc vcetorn for each 1nodulc(~) for a single sa1nplc by avurllging 

expression values of disease-specific subsets of genes identified as hc.ini~ <liffcrunlially cxpn<>!;cd. 1"his 

apptuach pcnnits lhc uc11eroli<>n of l!l•P• <>f n1odulnr expression vectors for a single saniplc, e.g., !hose 

(li•scril1'•(1 in the ino<lule lnnps disclosed herein. 'J"hesc vcc.tor lll<ldlllc inaps rcprcscn\ au uvcragc<l expression 



level for cu ch n1odulc {instead of" proportion of diffcreoljally ~xprcssed genes) 1bal can be d~Jivod for each 

sa1nple. 

IJ•ing tile prescnl invention it is possible to identify ond distinguish di senses not only al tbc 1nodule·lcvek but 
olso at !ho. g~JlC·levcl; i.e., 1wo dise~ses can have the sa•ne vector (identienl proportion of differentially 

5 cxprcss,~I Ua!lscripls, identical "polarity"), but the €enc coinpo,itj(>1l of !he vector <:.1n still be disease· 
specific. Gcnc"lcvcl expression provides the distinct ad•·•ntagc of trca!ly inc.rcasing !he. rcsolt1!ion of the 
annlysis. Ruilwnnoro, the prcfient invention t><kes advantat,'<> "f r.<>mposilc \rnrncrip1ion•l markers. As used 
hcrdn, !he tcrin "con1posi!c 11auscriptional n1•rkers" r\for:; 10 1he "'"Crage expression values uf ,nul!iplo 
genes (subsets or 1nodulcs) as con1parcd to using indivi<lual genes •s 1narkers (and !he co111posilio11 of 1hcse 

I 0 inarkcrs can be discru;e.spooific), 'Ilic ~.omposi1c lransc.rip1ionnl markers "PJ>l'cach is unique becnuse 1hc usur 
~an develop rnul!ivariate 1nicroorray scores to assess discaoc severity in patients ,,·ith, e.g., SLE, or t<> dcr ive 

cxpres•lon vectors disclosed herein. Most iniportnntly, it has been found th•t u~i"g the co1upo,i1e 1nodular 
irans~~iptionnl inarkcrs of the presen1 invention !he results found herein arc rcprodllCiblc aci oss n1icroarrny 

p!~tfonn, thereby providi11g greater reliability for roi,>ula!ory approval. 

l 5 Gene expression monitoring ~ystcms for use l\•ith the present invent\on 1nay include cus!on1izcd gene array> 
with a liinitcd and/or b.-wic ntnnbcr of genes that n1c opccific and/or custon1izod for the one or n\ore 1argcl 

disease.<. Unlike !he general, pan-genome arrays that nre in custon1a•y use, the present invention provides for 
not only lhc use of !hcsc general pan-<1rrays !Or rctroo11ec!ivc gene and ccnomc unnlysis '''ithout 1hc need to 

use a specific pla1fo•n1, but tnocc hnportnnlly, it provides for 1hc dcvclopmcJl\ of custon1ized arroys 1l1a1 

20 provide "" op!hnal e"'ic sci for analysis without the nM for the thousands of other, non.11llcYRnl !:cill"S. One 
di.<tinct advru1tagc of the opti1ni~.cd an·ays and 1nodulcs of" the p•esent invention over the. existing a11 is ft 

rcductioll i11 thc f.,1ancial oos1• (c,g., Cl>St per 11ssny, n1a1crials, cquip•nen!, t'11nc, porso11ncl, traini11r,, etc.), and 
n1orc irnpo11antly, the c11viron1ncntal cost of rnanufac1uri11g pan-array' where 1he vasl majority uf1hc data is 

iriclc"'1nl. 111e ntodulcs of 1hc present invention allow fo1 the first titnc the design of sin1p!e, custunl arrays 

2.5 1hat provide op1i1nal dn!a 'vi!h the least nu111\J.nr <lf pro!x-,< 'vhilc n1nxi•nizin£ the signal 10 noise ratio. lly 
cli•ninn!lng the total n111ab(:r of J;<lncs for 1u1alysis, ii is possiNe to, e.g., eli1ninatc the need to '""nufuclurc 

thousa,,d;; of expensive pla1inun1 rna>k' for 1>hotolithog1aphy duriug the 1narn1fac1urc of pion-genetic chips 
that provide vast an1nunts ofin·clcvat>t data. \Joing lhc pIT'.S<'.nt inwontion it is possible to coinplc!cly nvoid 

the need for nlicroarrays \fthc lim\tr.d probe sel(s) of1he pw;ent invention arc uwd with, e.g., digital optl~.nl 
30 chc1ni,lry arrays, b"ll bead an·ays, !>cads (e.g., l"u1ni11cx), 1nulliplcx PC/\, ~unnlitia!ive J>cl<, run-on assays, 

Noi1hr.r11 biol analysis, ur even, for protein annlysis, e.g., \Vestern biol tcnnlysis, 2-J) and 3-l) BC! protein 
e~prcssion, MAl.lJI, MAIJ)J.'r()l', flLlorc)cencr. ac.tiVJ1lcd cell sorting (l'ACS) (cc.II •urfacc or inlracellular), 

c11zyn1e linked ;.,ununnso1bca\ l!SS•)'S (J;:J,!SA), chen1iluininesccncc s1udies, cn?.yn1atic 1issays, prolift:ratinn 
studic.' or any 01hcr mclhod, apparat11s and 'Y.<(Cl\l for !he dctcrminutinu Hnd/01 nunly•is of g<"nc cxprr.s,ioll 

35 1ha! n1'C •Clldily com•nercially available. 



"J'he "n1oleclllnr fingcq~·inling Hystcn1" of 1hc pre.<cnt itlvcii1ion '""Y be '"~'<! to f"cililatc and conduct a 

~~11np~mlive "nalyois of cxpros,ion in diffcicnt cells or 1i;suc;, diffcl"Clll sllbpopulalions of !ho ""'"" ~,ells or 

\jssue,1, different physiologlcnl slates of the sa:nc cells or tls•ue, diffcrcill dcvclopnienlnl stages of the son1e 

cells or 1is;uc, or different cell population~ of the ~·a 1nc tissue again;t other diseases and/or nt'i n\al cell 

.5 cunlrols, Jn •onic cases, the no11nal or ,vjlcl-!ypc cxprc.;·ion <lot" niay ~e fro•n snt,,plcs anuly,..,d a1 or •bout 

the same tin1c or i1 lllfl)' be expression d•lil ob1.;11cc1 or <:Ullcd fro111 cxistiug gCJie """"Y expr<·.s•ion dal"bascs, 

e.g., public dntUllll>cs such as 1hc NCU! Gene Exprcsoion Omnibus <lalabaso .. 

As used heroin, the tenn •'di1Tc1"nti~lly cxpri,,sed" refers to 1he 111\\asurcincnt of" cellular constituCJ11 (e.g., 

nucleic uci<l, prolein, cn>-y1nu1ic aC1i\•l!y nn<l 1he like) !h"t varieo in !wo or niorc sauiples, e.g., bc!"''CCn a 

JO disr<Jse sumple at1d 11 nom1ul ""'"Ille. The cellular oon>tilucnt may be on or off (proscn( or absen1), 

upregulatcd rclulivc to a reference or downregnluted relative 10 !he rcfcrcncc. For use with gene-chips or 

(:CJ\C-arrnys, differential gene exp1,,ssio" of llUClcic acids, e,g,, 1nRNA or olhe1· !lNAs (n1iRNA, ~il\NA, 

hnl\NA, rRNA, tRNA, e!c.) m~y l>-0 ITTed 10 di•1ini;uish bc1wcCJl cell types or nucleic acids. Most 001n1no11ly, 

the 1nensurcn1en! of the tmnscrip1ional s1atc of a cell is acc()Jnplished by qunntitatjve reverse lmnscrip1asc 

15 (Rl') and/or quantitative reverse lran&eriplase-polyn1ernse chain reaction (lll"-l'{CJl), ge11on1ic expression 

"""lysis, post"1ranslationn11tn•lysis, 1nodifica1iOllS to 1icno1nic J)NA, translocations, in •itu hybrid;1.11tion and 

tile like. 

}'or some disease stales it is possi~lc 10 idon(ify cellular or 1norpholoi;icnl diflbronccs, especially a! early 

levels of lhr. disease slate. 'fhe present invention avoids 1he need to Identify !hose specific inutntions or on" 

20 or mo'" genes by looking at inodulcs of genes of 1he cells thcin~<:lve.ll or, IHOl'e i1npnltan\ly, of !he cellular 

llNA ex1iression of gents fro1n im•nune effector cells that a"' acting within !heir rcgulHr physiologic contoxl, 

!ha! ls, <ill.ring innnunc ac11vation, hn1nunc toleranN or even im111une nncrgy. \Vhilc a genetic nlutation 1nlly 

result in a dran1atic change in the rJ<prcssion levels of" group of !)encs, biological systen\s often com1lC!isa1c 

for changes by allcrini; !he expression of oilier genes. As a result of these iutcrnal colnpcnsation responses, 

/.~ m"ny pcrlurbations 1nay have niini1nal clTcr.t.< on observable phenotypes of the !;)'Stem bu! profou11d r.ITecls 

to the. con1posilion of celh1l"r conslilucnls. Likewise, 1he actual oopie,o of a ecnc, trall•r.dpi inay not inc1casc 

01 decrease, however, the loll£CVi1y or half-)i fc of the transcript niay be affected leading lo greatly increases 

protein producticn, 'f"hc Jll'C.\C1il invention clin1inatcs the need of delcc!iJJg the actual 1nes,age hy, in one 

c1nbOOi1nont, looking al clTec!or eclls (e.g., leukocytes, lyniphocytcs <lltdlor ~uh-populations thereof) 1nlhcr 

30 than sin~le n1e'5agcs and/or muta1ion~. 

111c ~kiJJc<l nr!isan will appreciate readily that sa1nples 1nay be obtained froni a variety of sources including, 

e.g., single cells, a colleclion of cells, tissue, cell culture and the like. In certain cases, it n1ay even be 

pos~i~le to isolate '"fficient l~NA from r.ells f!lund in, e.g., urine, blood, sali''"• tisoue o• biopsy satuples and 

the like. In cer1ain circun1stn11ces, enough cells and/or RNA n1ny be obtained from: n1noosnl scc1"Ction, feces, 

35 IC111·s, blood plasrnu, peritoneal fluid, interstitial fluid, inllad11ral, ccrcbroipir1nl fluid, "'''Cnl or oth~r bodily 



fluids. The 11\lclcic ocid •ou1>::e, e.g., froon 1iosuc or cell sources, 1nay include a !issue biopoy ~a1nplc, one or 

inorc soriod cell p-opulotions, cell cullu1c, c~-11 clo!\e;, tran$fonno<l cells, biop;cs or a single c-cll. "111c tissue 

;our~-c 1nay include, e.g., brain, liver, heart, kidney, lull& spleen, n!tina, ~one, neurol, l)'lnph node, endocrine 

gland, rcproducliv" organ, bloOO, nerve, vascular 1is>ue, and olfactory cpithcliurn. 

5 TI1c prcscnl in•·cn!ion intlltdcs the following basic. components, which 1nay bo. "":<)alone or in con1bination, 

norncly, one or 1nore data 1nit1ing algorilluns; one or 1norc 1nodulc-lcvcl anal)1icftl processes; !he 

cbarocteri•.ation of blood leukocyte l1nnscriptio11al 1nodules; the use of agi:regatcd n1odolnr duln in 

n1ultivarjate analyse• for 1hc n1olcculnr dingnoo;ljr:lprognos!ic of hurnnn diseases; nnd/or visunliv.ation or 
1nodu\c--level dntn and 1esulls. Using the present invc.n1ion ii i.< -0100 possible to develop nnd analyze 

l 0 co1nposite transcrip1io11al nwrkcrs, which n1ay be fu11he!" nurega!ed into a iinglc 1nu\tivaria1e OC-011'-. 

An explosion in dal• acquioition rnles ho.' spurred the dev\lOp1ncnt ofniining tools ru1d nlgoriih1ns for the 

exploitotl(>n of inicroarray da1a and biornWirntl knowledge. App1oaches ai1ncd al uncovering the inod11lar 

organization and function oftranscriptionnl sys1cnts constitute promising 1nc1hods for the idrn1tification of 

robust n1oleculu1 sigr1olurcs of disease. Indeed, such annlyscs can transfonn the perception of large scale 

15 transcriptional •ludies by 1aking the ooneep1Lmlization of 1nicroarray daln pnsl the lcvc1\ of individnal genes or 

lis!S ofgrn1c:;. 

'J'hc p•mcnl inventors have recognized 1ha! cUm\nt ini~.roan<ly-IJ~~"d research is facing sip)ilficant cliallengcs 

n·ilh 1bc analysis of dnta !hat arc notorio11sly ''!Ioisy," that is, datn that is difficult 10 inlcrprct and does no! 

c-01nparc well ac10•• labornlorlcs and pl~Ubrrns. A widely accepted approach for tho analysis of 1nicroarray 

20 data bcglns \Vith the idcntiflr.a1io:i of suhsc1s c>f gene• difTcrcn1ially expressed between study g1oup<. Ncxl, 

1he u>crs t1y &ubscqucn1ly to "n1nke sense" oul ofresulling gene lists \lsinJl patlcrn discovery nlnorithms and 

c~isting scl!1nllfic knowledge. 

Rather tl1•n deal wi!h 1hc gre.ll1 varinbilily ncross pla1for111s, !he present inventors have. developed n s1rntegy 

!hal <'1nphosiv.cd the selection of biologically relevant ge.ncs ll! '"' e.rly stage of the nrialysi~. Briefly, the 

2$ niethod includes the identification of the !ranscriplio11al conlponc111s chamc1eri;clng a given biological sys1e1n 

!Or which an in1provcd dala rnining "lgoritl11n wa' developed to analyze nnd rxtracl groups of coo1dina1ely 

cxprr-.sscd i~encs, or tmnscriptional 1nodule.,, from large- <:-Ollccli<»lS of d•ta. 

P<>ln1onary !ubereulosis (Pl"ll) is a nIBjor nnd increasing cause of n1orbidity •nd 1nnrtolity 1~nrldwide cnused 

by M;>cobac/1'1·/u>n tuberculosis (A-f. /ubercu/o.rl,\_). llO\VCVCI', the inajorily of individllnls infected ••1Itl1 Af. 

30 /uber('u/os/s ren1nin a~yrnpton1ntic, "'lilining the infection inn latcn! foria and ii i~ !hough\ that 1hi• la1ent 

stn!e is in1dntnino<l by an active i1n1nunu r<<Sponsc. lllood i, the pipeline of the hn1nune syste1n, ond "' such i• 

lhr. ideal biologic inatcrinl fro1n whicl1 !he health and im1nunc slatus of lt1> individunl en11 be c:.tnblishr.d. 

Jlerc, usinr, 1nicroun·ny technology to ns.•css the activity oftltc entire gcnon1e in blood cells, we idcnlified 

di;1inc1 nnd rcciprocnl blood lransc1iplional bin:nnrkcr 'ir,naturcs in pn!icnts with nctivc puh11unu1y 



" 
1ubcrculo,is and lot"'1\ 1nbcrculosis. 'J'hcsc sig11aturcs were also distiuct frorn those in control individuals. 

'flto signature of latent tuberculosis, which sliO\\'Cd nn ove1·<cp1cscntntion of il11munc C)1oloxic gone 

expression in whole blood, inny help 10 dctcnnil•c protective icncn\lne fnclo>s ngninst Al. tuberl·u/oois 

infection, since tho.w p,11icn1s nrc it1fcctcd bul most do 1101 develop ovc11 di sense "111ls distinct 1rnnscriptional 

5 bio1narker ,;gnn1.,rn from ae~ivc and la1cnt 11! p.~tients 1nay be nlso used to <lingnnsc infection, and to 

1noni1or '""I'""'" to lrcal1ncnl "'ith anti·1nycobactefial drugs. ln nddi!ion the ,;gnature in ~r.tivc tuberculosis 

pa1icn1s will help to de1enni1>c fuctoro involved in ittunun(1patbog"''"''is ~nd possibly le•d to strategics for 
icncnune therapeutic in1c1vcn1ion. "fills invention rcla!os to ,, previous •pplic•tion 1hal claitncd the "'" nf 

blood 1r.lnscriptional ~ion1.1rkc1~ for the di•p)losis of infections. Jlo\\'CVer, 1his prc,·ious npplicntion did !\(II 

10 di•closo. the cxis1micc ofbioninrkcrs for active nnd Intent 1ubc1culosis nnd fo~uscd rather on children \Vith 

other ncu1c infections (Rn111illo, Blood, 2007}. 

The prc,col idwlifica!ion or n t1anscdpiiot1al ~ienaturc in blood froni Iatwt versus active 'J'll patients can be 
used 1o tc~t for patie11!s "'ith suspected M}'Co/mc/ct/um /ubc/'cu!osi.< in!Cction as well as for health 
sc1ecninglenrly dt'!eclion of th~ disease. 'Jl1c in,·c.nlinn also pennits the evalufllion of the response 10 

15 trcaunei11 \\'i1h anti-ruycOOacterinl drugs. Jn 11iis contc~t, a lest wot~d also 00 p•rtjcularly valuable '111 the 

contC>(t of drug !rials, and 1ia1·1icularly to as.scss dnJg treatcnents i11 Mulli"J)rug Re~islan! patients. 
Ftn1hcnnore, !he JHcscnt i11veiition may ~c used to obtain i1nn1edia\e, intennedillte and long 1em1 <lnta ft'Oln 

the immune signa1ure of latent tuberculosis to better define a protective iJllcnunc rt:!)IOl\W during vaccination 

trial•. Also, the sir.nature in active tubcrc1>losis patients wltl help 1o dc1crininc factors involved iu 
20 i1nn1unopalhogcncsis and f>OS£ibly lead to str~tegics for ininiuno therapeutic int.erven!ion. 

lllooct represents n reseivoir and a migration co1npartn1cnt for cello of the innate and the ndnptivc immune 

systcn1,, including either ne\ltrophils, de11dritic cell! and nionocy!es, or B nnd T lyniphOc)llcs, l'l'J;peclivcly, 

which durinl) infection will have been exposed!<> infectious ac0111s in 1he !is81l". f'or this renson whole blood 

fron1 infcctod lndivldnnls pr<>vidcs nn accessible 'ource of clinically relevant 1nntcrinl where nn UJlbiascd 

25 n1olecular pllcnotypc can be ob1ained using gene expres.•io11 1nieroan·nys ns l'rcviously described for tlie 
s1t1dy of '"'ncer in 1issucs (/\lir11dch All., 2000; OoltJb, Til., 1999; Bil1ncr, 2000), and a111oi1n1nunity (1lcn11e1, 

2003; llacchlcl', Bl:, 2003; B11rczynski, ME, 2005; ChaussalX'I, /)., 2005; Cobb, JP., 2005: Knizcr, EC., 200"/; 

Alla11ta7" 2005; Allnntnz, 200"1), and i11flnn11na!ion (Thach, DC,, 2005) acid infectious disease (Ra1nlJlo, 
lllood, 2007) in bloo<l 01 ti1s11c (Illel1arski, JR el aL, 2003 ). ~1icro,rrny analyse' of gene cxp1cssion in blood 

30 leucocylcs have identified dingno.•!ic und )lrognos1ic gene expression sig11att1res, l'·hich have led to« bcl1cr 

underslan<ling of niccbaniscn.• of disease onset and respon,es 10 lrent1nenl (Bennet, L 2003; !{nbins, Kil., 

2004; Baeclllcr, EC, 2003; Pascual, V,, 2005; Allan\a?~ F., 2007; A1lan1n7, }'., 2007), 'These n1icroa1Tay 
nppro•"h~" have been ntle1np!ed fn1 1hc >tudy of active und lalen1 ·rn but n; ye! !invc yielded s1nnll nun1bers 

of differentially cxp1csscd gcne1; only (Jacobsen, M .. Kauflnann, SI-!., 2006; 1-ii>lry, Jt, J,ukcy, PT, 2007), 



and in relnli\•ely &n1nll ntnnbers of potien1s {/\1is1ry, 11., 2007), which n•ay not be rohu't CllOUCh to distint(ulsh 

bel,vecn other innnn1n1n101)' nnd infectious dis~.ases. 

'fo define at1 i1nn1tu>c signatt11-., in '1')3, the blood of active nnd ln1cn! 1'1l patients and controls \Vere an•lyzc<I; 

patients \Vert'. selct!cd u~in1: very stringent clinical critcrir.. Patlcnls "'""' recruitOO frurn London, !JK, "'here 

5 nu1n\>ers of active 'fJl cases are iucrcasinJ:, and mo.•l i1nportan11y wh<ITT'· the ri•k of confounding winfcc.tions 

is n1inlntal, to }'icld n robusi sif)lature that 1nay distinguish la1en1 lfo1n acii,·c 'J"IJ. 1'1icroam<y.' 1v~rc use.zl to 

anuly?.c the 'vhole gcno1nc and subsequent dnln n1iuing rovenled n large numbc.r of gene:; found lo be 

diJfcrcntiiolly expressed "I u s!"tisticnlly signlficen1 level across all groups of P"ticnts, in<:hlding active a11d 

latent TR patients nnd henl1hy controls. Nex!, n nove! appf(>aeh ha<cd 011 a cnodulnr data mining s1rntcgy 1vas 

10 uocd, lhls approach r~·ovidcd n bs~is IOr !he selection of clinically-relevant transcriptional hio1narkers for !he 

analysis of blood n1icroarray transcriptional pr<>filcs in Sl.l\ and 01he1 diseases, and in1proved o"" 
unders1anding of disease pathogonosis (Chausoa\lcl, 2008, lmmllnity). "111e 1nodulc n1aps defh>ed in this s\\1<ly 

provide u meuns 10 organi1.c und reduce the dimension of coonplcx dul•, whilsl s1ill rotoining the large 

nurnbe1· of genes cxp1.,•sod ;,, hu1nan lilood, thus u\lowing visuulir.11tio11 of spcciflc diseru;e f1ngc1prin1s 

15 (Chal1isabcl, 2008, hn1nunity). Using this rnodu\ar app1nach clearly defined 1nodulur tr~nscriptional 

slgnnlures were ob~incd !hut urc distinct and rocipl'O<!<ll in the \Vhol~. blood of active und Intent "!"Jl patienl~. 

and wl1ieh ulso di11Cr froni healthy controls. 'fhe bio1narkcrs described herein urc in1provc the diagnosis of 

PTll, und fu11hcnnore will help lo define host filcto1~ in1portunt in the protection agains! M. 1ulierc11/osis in 

l•tont 1'B palir,,ts, ~u<l th<''" involved in the imcnunopall1ogcntolls of active 'fB, and thus br. "sed to reduce 

20 nnd man~gc TJl disease. 

l'ATlENl'S, 1'1A'J'ER1Al,S AND ME11l0DS. 

l'anicipa1)t rcoruitrncnl and l'aticnl chu1actcrir.atio11: l~rticipnn!s were I(.Cftlitt.-d froin St. Mary'; Hospital T!l 

Clinic, \lnpcrial College 1-!ealll>e•"' NHS '!'rust, London, \\•ith hcnllhy control• recruited fro1n volunteer.• nt 

!he Na1ionnl lns1itute for Medical Re•enrch (NIM!t), Mill llill, l,on<lon. "]'he study"'"' approved by the local 

25 Nf-!S ll<"-'<".llrch lOlhi~s (;(>ll>Jlliltr.c •t St Ma1)'.l l-!01-pi!al (J,JlEC), Londoll, UK. All participants (aged 18 nnd 

over) gave "'1i1tr.n informed consent, S!1ict clinical cri1cria \~Of<' s"ti.<fi(•d before 1c.c111i1ed pa11icipants hn<I 

their provisio11al s111<ly f')'O\lpine, confirnicd and were only then allocated lo !he. final group for an•lysis. 'fhe 

pa1il•J1! and control cohorts wet" "' follows; (l) Aclivc PTR based on clinical dia[:nosls subsequo11tly 

r.onfinncd by lab()f~!ory isolation of M. 1ube1"oulos/,1 <>ti n1ycobaclerial cu!lurc: (ii) Ul!cnl l'D • dcflnr.d hy n 

30 positive lubc1culin skin test (TST, !Jsi111121"\J1uberculin (Scn>1>1 Stntcns Institute, Copenhagen, Dcntnark) 

<:6n\1n if ll(:G unvnccina1cd, ;,J S1n1n if llCG ""'''iflalr.<l, 1ogc1hcr \Vitl1 u positive result "sing nn Jntcrferon 

{in11nna ltclcasc A'sny (!GltA. 'l><lcilicully 1hc Qu~11tiforon.'J'B Gold In-tube. a•say, Ccllr .. tis, Australia). 

This J(JRA •>S1>y 1ncnsllrcd reac1ivi1.v to antjgcr1s (ESAT·G/{;FP·lO/rJl 7.7. presenl in M. tubel'c11/osis [Jut 

11ot in 111ost c11vi1{)n1ncr11al 1nycobnc1cl'ia or !he A1. bovls llCG vat.cine) by JFN-y rc]cfl.<C frutn '~htik• blood. 



l_.,,!ont 111 paticnls ~lso had lo ha,·e evido.noe. of expoiurc to infectious TB cases, eilhc1 through close 

household or \\'Otkplacc cont,,cl, or a> m.en! 'new cnttauts' froin '"1dcn1lc nreas; Patients with incidental 

findings of'/ S'J' posilivity wilhout evidence of exposure to i11fcctcd pc1sons, wr.re not eligible lbr inclusk1u i•l 

the study (iii) llcalthy volunteer controls {BCCi v11ccinated and unvaccin•tcd, :0:14 mn1 or S; 1nm by ·rs·r 

5 respcclively; atid negative by JGRA). l'arlicipactts "'ho '''ere pregnnnt, known lo be irn1nunosupprcssed, 

takiag in1n1un<>suppre1<sivc tbc1apio" or h"vc diabetes, or nut<>hnmune disc~se were nlso ineligible nnd 

cxcl\lded frotn I his ini1inl olud)'. !l!V posilivc individuals (O,,ly 1 o/o of the TB patients in London present 

with previously undiagnosed JllV) were excluded from lhe sludy. Jllo(1d front active nud lntcn\ PT!l patient> 

lvss collected for 1he stndy before any anti·rnycobacterial <lrlogs \Vore administered, nnd then s1:b.,Gq\ICntly at 

10 so.t 1i111e intervals for the loneitudinal p.art ofihc study for l"tcr study. 

J)e!ailed clinical information was colleclcd prospoclivcly for every pa11icip~nt nnd hns been entered into a 

wch·RC"'.s'ible database developed by the present iuven(ors. Using this recorded clinical dn1a, and in1munc· 

h•scd assays as described above, 15 ou! of ~8 parficip.anlS were excluded fron1 the study as they did not n1c.:t 

th« standard c1itcrla for the study, TI1ls re>lll!ed in cohorts of 6 IlCG unvacclnated hcal(hy voluntcero; 6 BCG 

l 5 vaccinated beflllhy volunteers, 17 latent ·r3 patients and 14 active l'TD patients, nil of these s"mplcs ware 

then used for RNA is(l]ation. One sa1nplc fron\ an aclivc 'l'Jl patlon! did no! yield suffici~.nl globin 1cduccd 

RNA after processing to proceed and wru; therefore excluded from !he final analysis. 

RNA san1pling, cx!raclion, processing for 1nicroan:ay: \Vholc blood fron1 tho above pali«nl c<>horts was 

collcctt.d into 1"cn1pt1s lubes (Applied lliosys1cms, Poster City, CA, USA) and ilore<l \ictwc<:n ·20°C and -

20 80°C before J~NA extraction. 'fo1al RNA "'as isolated using lhc l'crfec1Pure llNA Blood ki! (5 l'll!ME Inc, 

Gaithersburg, MD, USA). Saonples \Vere homogcni7.cd 1vi1h I OOo/o (:old ethanol, vo11excd, the" centrifuged at 

4000g for 60 n1inu!~.s at O'C, nnd tho SUjl\\rn~tan( discarded, 300µ! lysis solution was then added to the pellet 

and vortcxcd. RNA binding, Dnase treat1nen1, wash and l\NA elution steps were !hen pcrlOnned according to 

the manufacturer's instructions. Isolated total llNA was then elobin reduced itsine the Gf,OB!Nclcarr" 96" 

25 well lbrn1al kit (Ainbion, A"S!in, TX, USA) accofding to the 1nanufnclurcr's instructions. ·rotal and globin· 

Mlt1eed llNA integrity was asse1;sed using an Agilent 2100 Jlioana!yzer (Agilent, Palo Allo, CA}. One 

sa1nj))C fro1n an aclive m 1>aticnt did no! yield sufficient globin fCdL!ecd RNA afier processing lo proceed 

a1Jd was therefore exCl\lded fron1 the final nnalysis. Biotinylatcd, amplified RNA tnrgels (~RNA) were then 

prc1>nred fro1n the elobi11·rcdt1CC(I l<NA using th~ lllu1nina Cus\ocnl'ocp l\NA amplificfltion kil (Aonbion, 

30 Austin, lX, USA). Lnbeled cRNA "''"' hybridized overnight to Sc11trlx !·lu1n"n·6 V2 BeadChip array 

(>48,000 piohcs, llluniino lnc, Son Di~lJO, CA, \JSA), wnshcd, blocked, stnined and scanned on an lllun1inn 

llc\JldSl•li<>n ~00 following 1hc 1nan11fac!urer's protocols. Illunoin• 's llt\lldS1udio version 2 softwa•c wo.< used 

to geJ1'"·a1c si!J)al in1ensl!y values fron\ the scans, subitmc1 l>ackgiound, and sralc cacl• microru-ray to tile 



•netlian nv~r.age intens;1~1 for all '"'nples (J>l"""hip nonnali<.atio:i}. ·111is nonnali<.ed d~!R <Vas used fo1 all 
suhscqu~.nt d.ata analysis. 

/\1ir.marrny data analysis: A gene expression analy1is soft<>'•re P'"ll"""• Gon;ospring, vcfl'ion 7. 1.3 (Agilent), 
'"'" used 10 pcrfom1 statisticnl anol)"'i• ""d hierarchical clu;1c1 ing of '""'l'lcs. Differentially expressed gene• 

5 "'ere seloc1cd and clustered as desc1 il>M in Rc.>nll., and f'ilJurc lcgcnds. 

RliSUJ,l'S AND DlSC!JSSlON. 

fllood signatu1es dis\i11guish aci\vc a11d IHtcnt Tll pat\cnlo fro1n ooch nthcr, ~nd from healthy eon11ol 
indi,·idwls: ·ro dctcnnine whether blood sa1npled from pa\icnts \.l'i1h oclive and laten1 ·rrl C•rry geno 

expression si1:nal\1res that allow discd1nin1Lt;on bcil\•ce.Jl aciivc and l•tCIJI TIJ as ooinparod to hMlthy 

lO controls, n •1Cp-wlse analy•i' was conducted. After filtering ou\ undctcc\ed 1ranscripts nnd genes wilh a 
dcl"intion fron• !lH: Jncdinn of less !han 2 fold, i.e. wi(h n flat profile, G2G9 genes were used for unsupervised 

clus1el'ing analyses by Pearson correlu1ion oflhe expression profile' nb1aincd froin the \\Tiole, blood l~NA 
samples fron1 active nnd latent m nnd healthy C\\ntrols (l'igure J). 'fhis uns!lpervised onnlysis iden1ifi<>d 

d'EStiuct siena1urcs, whicl1 were found to correspond to d"1sflnc1 cli1l1cal phenotypes: in palleins 'vith active 
l 5 puhno11111y 1'll (ac1ivo J'1'lJ): and: in individual' with l"t~.nl tuberculosis (latent TIJ). The grouping of 

sa1nples was no! perfect (10 of 13 pati~n1s with active 113, and ll of 17 patien!s 'vlth latent 'l'Tl). 
Non~~hclr.ss, the inajority of active PTB and latent I'B patients in !his i::roup fron1 the !ruining scl of patie11l< 

appeared to have clear and distiu~! 11ansr.rip!ional •iI>"atufC.5. Jniportan!ly these signatures ap1)e.red 10 be 
represented acr,>Ss \be broad number of ethnicities c-0Uceted for !he study, including White, Bl•ck African, 

20 Asi"n Jn<lian, Asian Bungludcshi, Asi"n 01her, \Vhl!e lrlsl1, Mi~ed Whilr, Jllack Cnribb~.nn (details of this 

<Ir.ta are n\\t sho\'m). 

1"his list of 6269 genes was !hell further annlysed usinr, n non-parnn1c1ric statistical group con1parisoo 

(Kruskal· Wallis test) to identify genes 1ha! were significanl)y differentially expressed bot ween groups. llsing 
a 1nnderalcly Sl<int.=1 multiple c:on1parison co1reciion for coi1t1olUng ·rypc J error (lle•tja1nini-lloch\Jerg 

25 cn1rec1ion), !473 £Cnes '\'CIC diffcrcnti"lly exp1esscd/Jep1"C<~JJ!cd 3("ro.<s the ar,ti\•c 113 an<l latent 'fl-I, and 
healthy conVols (!'< 0.01) (Figure 2; Rn,l lis1i111: of 1473 genes in LENG!l1'\' "fAllLll, filed bc1c\vi1h). 

'l'besc ch1s!c~s of geiics \Ve.re lhcn 001Tclatcd <l'i1\1 rclcVllnt fi11dinr,s in the li!c.r~1urc. Filtering of these genes 

for 1hc ontological 1cnn "lnH11unc 1osponse" gcneu1tcd a list of 15~ s11ch geilCs (l'igures 3A-1); 'fable 2). 
·r11;, pattern of exprcssionlrcprc>entation of 158 genes (Fi1~urc 3A .• 31)) allo1"s dio~.rin1inn1ion of the group 

30 of Active 'f/J patients fioin !h~ J,o\Cll1 Til pa!icnts and frn1ll !be licalti•y cnntrol lndividual;. 
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1·ublc 2. Li•I of 158 gene' atinolatcd wi!h gene ont<>logy tcnn biologicol process: i1nn1unc 1·cspon~c and 

found to b<' signiflrnnlly dilfcr~"1ially expressed (p<O.O I) between uctiv~ ·rs ond othe1 clinical groups. 
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Genes over-cxprcsscd/repreM';\100 ;,, active ·rB: Of in(crcst Is that a lame nuinbcr of IFN­

nssociatcd/inducible genes were oxpreoscd: for example interferon (lfN}-ind\1ciblc gene:;, e.g., SOCS!, 

ST A Tl, PML (1'RlM l 9), 1'J\JM22, n1any guan)·latc binding protein>, and 1nuny other !J'N-induciblc genes as 

indicated in "fable 2, as ""J"'ctcd ;,, ac1ivc 1"8, Intl illlcrcstingly these were no1 evident in lalen\ TI3 patie111s, 

5 nlthougl11hesc palicn!• rcprc•c!ltation/cxprcssion oflFN-y 1ranscripl• in \\'hole bk><XI wa' in fact higher than 

the nctivc 113 patients. ·ro foc11s in on !his, ce11ain families of genre, sonic of \l'hich are known to be 

uprcgulnled by lFNs ru1d o\hcri; nol, were ftut\lf,r s\udicd, including the TRIM fatnily, 

A subsci of 'fRlMS a•C ovc<-<ixp1essed/rcprescnled in Active TU: The Uiparti!c nlo!if (TRIM) fa1nily of 

pr01cins ru·e cl1a!1\C!CJ'i<-Cd by a discreol struCluro (Rcymond, A., IIMllO J., 2001) and havo been sho"'n 10 

lO have tnultiple functions, inclnding 83 ubiq.,itln ligascs ncli•·ity, induction of cellular proliferation, 

dilYe.renti~tio11 and apop!osis, iintnu11e cell signalling {Meroni, G., llioessays, 2lll\S). T11cir involvc•ncnt hos 

been ilnpllcated ln pmlcin-prolcin irllcrac1ion1, 3u\oitnnnu1ily illld dcvclopnicJ\l (Meroni, G., \li001>says, 

20()~). l'\Hthern1ore, a nun1ber of'J1{!M proteins have been found lo have nnti-vir~l ncii•·i1y and arc possibly 

involved in innate inununity (Ni.1olc, l', 2005, Na\. l<cv. Mierobiol.; Gack, MU., 2007, Natt,,.~-). 

15 lntcres!it1gly, 30 TRlM !ranscrip1s (sotnc overlapping probes) were shown to be cxp1csscd in •Clive 'fJl, '''ith 

•01ne also exprci;sed i11 la1en1 'Jll and hMllhy wntrol blno<l (l'i;,~iro 4; l'nblc 3). 'fbr. niajority of thcoe 

'l'J\lMs bavc bocn previously shown to he CXJH'c.>icd in bo1h hun1an 1nacrophages and lnouse 1nacrophar,es 

•nd dcfldritic cells (J(aj~baum, 2008, !lJl; Martine;,, l•'O., J. lnini., 2006) and renulatcd by IFN•, whcrca~ 

Tl<!Ms shown to be constitutively cxpre.1sed ;,, /){C oc in ·r cells (Rajsbnu1n, 2008, J'-1!) "'ere no! deter.led or 

20 were not !Ou11d 10 be difl"orcntiall)' c~prcs"cd i11 Rctivo or ln1en1 'J'll versu' bcallhy ~.onlrol blood. 

lntCJcstingly, ii '"ns fo1•nd 1hat ·rlt!1'1 5, 6, J 9(!'1'1J,), 2!, 22, 25, 68 are overrepresento.d/e~pre~sed; wliilc the 



01hers •re undcrepreres~nte<llcxprcsscd; "l'RlM 28, 32, 51, 52, 68. Of interest a group of'fRIMs wns highly 

cxpic;scd in ~cti\•e "J"B, ~ul low to undotoctablc ill latcu! "I'll a"d hc•llhy control;, nt1d four of lhese ("rlt!M S, 

6, 21, 22) h"'" been sho\\' tc chJstcr '"' bun1a!\ chrornoso1nc 11, and reported to have Un(j-virnl activity 

(Song, ll., 1005, J. Virol.); J,i, X, ViroloflY, 2007). A group of ·rJ<IMs ho1~cvor, \VCn> found lo be undcr-

5 cxpru.,scd in lhc blood of active "!"J) p~lients versus thnt of lnlcnt 1"1> and hcallhy cont!"Ols, including TRIM 

28, 32, .SJ, 52 68, nnd those have been reported to eithe• not be expressed in hu1nan blood.derived 

m1Lcrophages ("fRJM 51) or only cxp1cssed in undifferentiated "'onocylcs (l"J~JM-28, 57.) or non-aclivalcd 

1nacrophagcs or alternately nclivulcd 1nuctophagcs (TRIM-32), or only uprcgulated to a low level in •H:!ivated 

macrophages differentiated fron1 h~1tuan blood (TJ<IM-68) (Martine~, FO., J. llntn., 2006). 

!O Table J, l'J\JM genes difl"c)"(>ntially cxprcs:;cd in acti1·c pwhno11ary tul>crculosis, latent tuberculosis and 

healthy oonl!'('IS. 

f (:01n 111 on .!''.1.~""'''----_J 'G"'"'""'''''""''';",' -_,-_J· ~J;'i~;~;:Jl;;i;;~· ..... 
RNF94; STAFSO; 
GPSTilf150 

-----··--·········-
-----------

""""'""'""'···· 
RNF91; SP!tlNG; 

"flllM2,,~--JJripnrtitc molif-oonl•ining 22 

K!Ai\0282 __ J_,,,,,,,,M,oe, ____ .!:ll:•r1it'O_!!J~if·C<l•!!?.!~!!J_gJ ___________ ··-····-
M\'l.; RNF7l; PP8675; 
1'RJM19 .• ____ jjPML ·············-· J>.".>'!.\\X\'.~cylic lcuk~-mia -------..... , _ 

_ ,_N_•_'~?. .. , ________ J_•c'ru"'"'''---_JJ'ru'i""-·"'''''""""''"''"''oo"'"'"'"'';'-"~"''-------,, ___ _J 
w•c~ruw"~"e'~"~'#'J"~~~'~'~,j-IB!.M..?:I 

RNF9; lll1RI'!: RfB30; 

MGCJ4 l 9'19 ,,_,,_, ___ ,_L'''"''"""'"'----',ru'"''"'"'"'"''ru'"!'m'!''!'°m''"~";'!['!.llJ''"'-----------
rromyolooytlo loukc"tla; S)11on;·n1s' M)'),,, ltNF7!, PP8675, 
1"R1Ml9; ii;oform 7 ;, encoded by lronooripl varinnt 7; 
pron>yolocy1lo lcukon•i•, !nduoor of; 1ripnr1ito 1no11fprotoin 

PML --···- .~iL 
'J"R!M I 9; promyclocytio loukeml• prc!oin; lio1no ;npions 
•>roJn"olo Jc louk¢tnl; iPML' !mnsr~i .\.Y.!!!t~\n 7 inRNA. 

RNF.!!S; TRlM5ufil!!~ ..... _ .:!JllM5 _____ tripartito n\o!if-contoi.".~'!!lJ'•----- ···-· .. ·--- " 

.JY'F88· 1'RJ¥Sftlr.~--· •-''•"'''"''~--- !ripru1il!.l!~~!'..®.9'!•.~!!ll;,;~---- ---·- ····--------,.. 
_!l:l_~;.!~.K.F°Z:434C091 TltlM5S ·--·- ~1.~\l'!!~~~l!.!'!!.i.\:~!!~!!!!!!I\ .18,_ ...... ,_ ..... ---.. ··----

_'!):!~./.~~l_),1_4; RNl'36 :.rRl/1'"'"'---J"'"'""""'"""''"'"''"''"oo"'""'"'"'"'''''''"'----·--·---·-··-···-----J 
RNF88• TR1M5o~~~-.. -· "J"R!M5 tripartite ntOlif-oont•ini~ 5 
SSA; ROS2; SSAI; 

.f!.tll'S\ _______ JJ'''''"'°'''' ___ ,J0>•rlilc Blotif-C<lntaininc.2c•c_ __________ _j 
KIAA0l29 "l'J\lM l4 1rlpartho n1otlf·con1ainillg 14 
RNF9; llllRFl; RJiiJ.~0;·-. --·~~-'---!~====!~===--.. -............. _, __ , ___ _, 
MGl~!4 l979 ____ J_TIU,,,,M1<,oc __ ... !!ll'.a1ti!o W.~!!.f:"!:'.!ll~!'.i!!~..l.Q! ___________ , 
HFP; z147"i"i'iNrt47; 

ZNF147 ·-· .1:!\!._M2S 
JlLS5; MAIR; 

1rip>rtito motif-<:<>nlnini!'&]lj __ ,, __ ........ _, __ ,,_, 

KIAA I 09&,,M,<;<K'''""'"°''-JJ'''''M"'"' __ _ ..!'iJ>•rlilo n1olif-co.~:i!.~i.~}! .. ' ' '----------
-~~!.'!1!.l!.'!!£\i.f:Rf'!~~-i!)!.\•.t1.._,, -------- , ___ _ 



"----·-----·-.. ····_. .. _,.,._ ------·,~~~~----
_o:;:~~!!O~~-.N~~·'----------- ___ --~~'-'.£..>iJ!!!!>.~ l ll<•~,; J!li_o !' 
MR Fl; "fSIJFI: l!Nl'lM; 
'ITUM~7; MGC26631; 
MGC129S60; 

, MGCJ29861 • ""'- .. 11\.!!:l_~9. __________ !r_lp_~~1!£.!?0lif-mntaining59 
FMF; MEF; Tlt!M20; 
MG(;IJ0560; I 
,M,c,c_·_c.,,•c•c•cO ____ -j·"M"E"lc• _____ ,_M"'M~il,oCrtA~\~~!!.[<:Y.~".. _____________ , ____ _ 

.. J:Rll~)52 -·-·····---··- --· • TripJ:~ito 1_notif-oon<oining 52 
CAR; f,EU5; lU'P2; 
},!~El~;.!.'!'!!'.~"!_. __ , ___ , .!\[!'2 ~---· lripn'1;1e tnotif-<000,.ining 13 
KAP!; TFIB; RNF%; 

.. T!l'.!J};]'.1.J 7:?..l!.?,2_ __ ,, ··-· .. I!<)Ml~-- tripottho n1nti f-con~,; oing 28 
SS-5G;RNFl37; 

.!}d.1~369· MOCl],<)176 .:rRlM(>t ,,;P"!l~.!!!..."'if-oontninine 68 
lll:!A; JlllSl I; TA l'IP; 
1.0Ml)2H TRJM:\2 tri~· r1ile !~.1.\f:£!>!~~~~!Sl.~--

Sclectiw over-oxpressionlrcprcscnlation <•f specific immuno•nodulawry ligattds in Active "l"B Palienls; 

Anolysis oftlle dislin~t transcriplional profiles revcoled thal transcrip!s from the gcne.s CJJ274 (PDLJ) nnd 

PCl)J,G2 (PD! .2, Cf)2/3) nrc expressed only ln the nctivc TB patients (l•'igurcs SA nnd B). 'J'hcsc n1olccules 

hav-0 boon pre•·iously shown to be involved in th~. re.gula1ion of the itn1nunc rc•ponsc to both ooute and 

5 chronic viral in!Cclion (A Sharpe, Ann. Re\". lnnn.). "J"hese molecules aci as inhibitory co-"!hn11la1oiy 

rc(•Cplors for the molcctdc J')) I in interactions bcl•vcon T cells and Al>Cs, nnd blockade of this pnthw~y has 

been sholvn \0 restore 1he proliferative and effector functions of antiiicn specific 1· cell.> in IJlV, llcpatilis l3 

and C infection. 

Genes nndor.cxpressed/reprcsented in nciivc Tll: Strikin(lly, a n1'mhcr of genes known to IM expressed in 1· 

I 0 cells (son1c nlso on NK a11d B cells), were found to be profoundly do\vn·regulaled/undr.r-rcprcscntcd in the 

blood of ac1ivc "fll paticnls (Figure 3D), (bu! nol in la!cn\ 1·11 or hual!hy CO))ttols, including, CJ)3, C"l1,i\·4, 

CJ)28, ZAP-70 (1", NK nnd )3 cells), lL--7R, Cl)2 (also on Jl cells), SLAM (also on NK cells), CCR7, 

GA'J'A-3 (also in NK cells). "J'his could lndie11lc tha1 gc11e cxprc.ssion \Vas dnW•l·rcgula\ed in l", NK and B 

cells during active PIB, or thnt the cells had been recruited clse11·horc (e.g., the lung) as n result of infection 

) 5 \Vilh M. 111bcrcrllosis. "Il1is is currently under invcslilla!ion usi!lg flow cyto1nctric analysis of blood li·o,n the 

difforcJJt patient gloups, ns well as by tr1u1sclip!ionu\ analysis of purifie<l popul~lion1 of T c-el!s froin 1he 

dillCroat patient groll)"· 

ll'igher S1ringe11cy Statistical a11alysis of transerlptional profiles in latent and active T!l pa\icnls 1"c1~11> 

heallhy conl1ols. Sla1io1ical group coJllJIBl'ison was fulihcr perfonned ns before by identifying differentially 

20 expressed genes bctwec" the groupi u&ing the non-para1nulric Kr.,skul-Walli• lest, bu1 now using the 1nos1 

strinr,enl 1nultiplc coniparison correction for con!rollin1i 'fypc I c•oor (J3"nfcrroni corrcr.li<>n). With 1liis 

incrcnscd sll'ingency 46 gene., (P<O.l} and I & genes (P < 0.05) were identified "' diffcre.nti"lly expressed 

bct1veci1 groups (l'ig!lrCi 6 and 7; 'fables 4 and S). Of the 46 geno& a largo 11u1nl>cr of lFN-induciblc genes, 

such"' S'J"A'!"·I, (JJJP and JRF-1 were still observed to be ovcr-cxprcoscd/rcprcsc11!ed in 1h<' blood fi<'>n1 



n<'tlvc Tl1 pa!icnis, t1nd ~i!hr.r down·regulnted or tnlchangc<I ;., 1he lntcn1 patient• ur henllhy cuntrols. A 

1nnnl>er ofthcoc genes were nlsu fuund to be ovcr.cxprc<>ed/reprcseutc<l in the blou~ of ncllve 1"fl 1~~!ie11ts, 

even n·itb the highc~t slringcncy analysis \Vhich ~till c;;1ractcd genes (13onferroni con·cction, 1'<0.l'5). Only 3 

trat1>ctipl• in aclivc 1"Jl "'ere still observed to be down-<<>gulatcd/ondcr-represented ''"ithin the 46 gene group, 

5 including JI,-7R (cxprossc.d in 1· cells), lhc che1nokine 1cccptor (;XCR'.l (lost nt higher statistical stringency) 

a"d olpha Jl-spc.clrin. The undcrexprcssion/rcpre,onlRlion nf CXCR3 is of interest since this che1nokinc 

reccp!nr has boon shown lo be highly expressed in Thi e.clls rc.1uircd for pi<itcc1ion ngains1 n1yoobnctcrial 

inf•ction, "'bi ch 1nny retlec1 their suppression or 1nigration out of blood In infcc!C<l !issl!c. T~blc 5 incl11<lcs 

18 genes, with ll,7R n11d SJ'l.AN! being undcrroprcscnlcd/cxpressOO in active )'fJJ, and all o!hcr" being 

l 0 ovcrreprc.scnlc(l/cxpre.,scd nnd <lingnostic for nclivc disCllse. 

·rablc 4, Genes significantly differentially expressed bet1vecn active l"fl ""d other clinicnl groups. 

ll'l:!O 

VAMPS 
.91~1:.''" __ ... ._ __ ~~ylnlo bh>dinll prOlOin 2, intcrfcron-induoible ·-···--·-· 
_,_,_X!l.. .. ____ -~ncoxi~_tJ ____________ • __ cc~·~~~~--
SPTANl >•><Jc11ill •I ho. J>Oll·Or throe io l lol h•·fodrinl '"-·-·-·------------
l'C>.l_,!! .. _____ .• E~~orase (l)NA rliroctod). boca 
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I 
-------

_Q~-"-~-~y_1n~~I .. .1.~~-~-~r!11.u.?.~ ... --.--- ------
ll.7R _i!l<orlouki~r_occ__p_t_~c. ____ , __ ---------- ----------
APOL6 _!'J~-"1~£1lc'i1.>_l-"---~---·-·------------ -----
AiGJ _1!9}._!~~-t?;:\~~~x r~t-~!~. ~-~-°-"'-~£111 

.. ;"QRJ)l,. -------- -~~fl.~"-9!'; none rcduola•c-liko \)!nst 
PSME1 p1(110A<o1,,~o_~~'-"'-'~~·>--'"l!"_ln)_o_ 
Fl.Jl0379 " RNA hin<lin" domoin l 
WDF'l'l __!\'.!!_ r_"l'_"!'l.fl_nd _1~· \~J; _d_o1_~~i:;_e_~~'!' - -------------
TAP:l 
------~·-

J!:n'"P"'~' 2, A TP·binditlg OO•Wllc,_ 
NPC2 - ----- __ l:'ll_(!!l):'l_ll<_t_·J_'~"-~-~j'"~-~~J.)T_c_~~-----
ATI'3 aclivntinn lrOn>cripcion foccor 3 
---~------

VAMP3 
............. ------ -----------··-·-------4 

-- -~o•icl •~'••Ociatcd "'.OJ..".~~f'l<>lcin 
PSMll8 rotOo•onio ~""''""c, noncrC>J!E \!!/.!'~ - . 
'"~ ln11u• kin:u;c 2 !a rolcin 1vrosino l;il "'"'~--

Table 5. 18 L'<lnes •ignilican!ly diITorentially expressed belwccn acliv~ m nnd o1h~r clinical groups. 

'"""'""'"'"-'" ------ ·--
(;enc Svrnbol Ucscci i1ion --------·----
VAMP5 v••!C.\,_'.~~.!.o_<;l•.lf'!.!C'!':Ei!~~l\O J>r<>Ccin S (rnyob:-cv.\!!L 
GBP2 ~late bin<l!Jl!~.E~lci11 2 i n!crfOrOl\· lnduolble _ ..... 
STXll • llla,ln " - .. ... -.-----------"--·--·· 
Sl'l'A.'\'l ' n'n,allJha.non- '!£r<ic 1 (•lpltt·fu..-i") 
J'OJ.B JlOI r"'"'"'" \D N A d i••'C!_cd)_L~'.'?!~--------------------
)1.7R inlcrlcukin 7 r ru 

·-·"'"'""' --------j 
........ .. -.------

.. J.1 .. ~Q!,§_,~------ -"J>"-l_!fi~_rr:c.~•!.? __ l_,,fi _______________________ , .. -------- ----·--~----------

ATGl __ i\_):9_.1_~-"!c~h•gr rtlolcd 3 hmnoloJi (S. o::erevi•i'!O) ____ ------·-·----------
. SQ.~?!.o....._ J'!:!lfide guin~no redncloS<>-llko (ye11S1[ _______ ,_, -----------
PSME1. _ _e~"!"~-~~!!~.lf!!:.~"i'~~''<.!1!!'.crop>in) aclivalor subunit 2 (PA2 

~~--------------

,a bola) 
!1.1!0379 " RNA biudi•!£ do1nnin l -- ..... ----·--·---
\VDF'l•I WO re al and FY\'E d?.!!).~!~-.££~)ninin~ I -
'J'Al'2 lron<p<>rler 2, A 11'-binr§;r,2."~lc, >Ub·fn1nily B (/1-IDR/1' 
Nf'(.'2 . NiC'J).~\~~ di•c•lSJXP" C2 ........ ________ 

Ai:'L.----------4 

""' 1' .. 'i!lY!'.t.!~A~':<!'.~~-iJ!~C.~ foc1or 3 ---------···· ------· .... 
V/V,\P3 vp..iclc-~ci_f!!~.!!1£!1)~~~!C'U''01cin 3 (collu~rcviu) ...... ~. _.. . ___ ............ _ 
l'SM1l8 _;:,o_l_"!'~!'-"1.<:J~C~-""'~'-'"~"'-OJ~1~•.'l subunit, bota typ<, 8 {l.~! ------------- B!OJ).\~_l!i[~!1'_l~_n_!>_l~J>t!~~£1_?J __ _ 

_ !1.JS!-_______ _!•nus kinaso 2 \n prolcin tyr~~\t_.k;uo~) ________ 

l•nproved discrimin;otion bciwc<!n pation\s 1vith active and !ntc!lt ·ra and hc~l!hy control~: 1'hc npproochcs 

described above although nble lo discrin1in,tc active 'fB fro1n Int~))! TB ntld hcn!lhy controls arc less able to 

diocdoninatc bctn·cen all llucc clinical groupi. 'l'o select discriminaling gen(:> the following npp1oach was 

S used. Firsl, gen~-1; r.xprossed in bJoo.i fro1n heol!hy individuals were compared \'r.rsus latc1'! Tll Jli<lic.nls, 

using 1he Wilcoxon-Mnnn·Whi!ncy test nt a p<-0.00S, which yielded 89 discri1ninn!oiy genes. Genes 

expressed in blood fron1 hoallhy individuals vei~us aclive 1'/J patients '''Cl'C then coniparcd, again u;ing the 

\\lilooxou-Monn-Whitney test bul 1vith a p<O.~, and lho inos! s1rillg<-J11 llonferroni correction IOclor, v.·hicb 

yi~.ldcd a list <if 30 discibninatory gcn~s. 1'h!s llsl was co1nbin<:<I lo glvo ;o tot~\ Ii•! of 119 discrin1it1aline 

)0 genes (l'ablc 6). ·111is list of g<ll1cs \Vas then used to inlcnogutc lhe dataset of all clinir<ol b'TOtcps using 

nnsupcr\'i;C<J clustcrjug analysis by l'enrson c-0rroh1li<>n, l11is annlyslo generated three distinct clusters of 

clinical groups (Fig11ro.• 811 10 SF): one clllst~.r is r-0n1po><<il of l 1 nu! of l 3 of the ac!i,·c 'I'll palicti1s (Figllf<' 
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8, Clu;!erC); n second clus1c1 ;, c-0•nposcd of 16 oul of 17 ln1cnt TB pa1ient&, and l active TIJ paticn! (l'ig,,re 

8, Clus\cr 13); a !bird cluster conlains nil 12 hcallhy controls includc'<I in !he sludy, ph>i I ttctivc 'I'll and l 

Intent 1'J) oullicr (Figure 8, (:ius\cr A). !'or each of Figures 8/\ to 81', clusters of J>atic'lt&lclinical f;roups "'" 

pr"Af.nU<c1 horir-0n1a1Jy and clusters of genes are presented vertically. 1"f1i' pattcn1 of 

5 c.xpr<lSSion/rcprcwntaticn of !he whole list of 119 genes (Figu1c 8A) now nllows discriniinniion of all three 

clinical groups froni each other: i.e., allo1vs di.<crin1ination of Active TB, Latent "fB and llcallhy indivjdn•ls 

from each other, each clinical group exhibit inc • u11iqt1c pa11c1·n of expressiou/represenlatlon of these I 19 

genes or subgooups thereof. 111e .\killed arlison 1vill recocni><' 1i1a! 1, 2, 3, 4, S, 6, 7, 8, 10, 12, 1.5, 20, 2S, 30, 

35 or inore genes inny be placed in a dn1aset that represents a cluster of genes lh•t niny be con1p"rcd across 

) 0 clu.<lnrs of clinical groups A (Jlenl!hy), ll (l-A1tent), C (Active), nnd 1hat either r.lonc or in con1bina1ion wi1h 

other snch clus\o.rs, e"'ch clinical group can exhibit a unique pattern of cxp~siorv'representaHt~l obtained 

fro•n th<c<e l 19 genes. 

Specifically. l'igure 8B de1nonstrntes that the gc"""' S1"3GAI.6, PADl4, 1NFRSFl7A, VAMP3, l3!ll3, 

R<JSJ9, Pll,RA, NCFJ, LOC-652616, l'LAUl<(CD87), SIGLECS, l33GA1.T7, ll3)t\)C3(NKJ,AM), 

15 AWX5AP(FLAP), M!.11'9, ANPEl'(APN), NAf,Pl2, CSF211.A, JL6ll(CDl24), llASGRP4, 

1NFSF14(CD258), NCF4, ltK2, ARlD3A, PGL YRPl(PGRI') are underexprr.sscd/undorropresentcd in the 

blood ofU.1ant '!TI patients but not in Ll1c blood of Healthy individual.\ OI' of Active TD p1ttiC1Jts. 

1'hc genes presented in }'igurc 8C, ABCGJ, SRl3JlFI, RllP7(Cl\BP4}, C22orfS, FAM10lll, $1001', 

l.OC649377, IJBTDJ, l'STPJP.J, RlJNlll', l'GM2, SULF2, !'AM7Al, llOM·TES-103, NDUFAl'l, CESI, 

20 CYP27AI, FU3364l, (ll'Rl77, M!Dl!Pl(MJG-12), PSD4, St'3Al, NOV(CCN3), SOK(SGKl), CDKS!tl, 

LOC642035, are shown to he ovcrexprossed/ovmcprescnted in the blood of !leal1hy co!ltrol individuals but 

were undercxprcssed/undericprosented in the blood of Latent Tll pa\ients, and to a great exlent were 

undcrexprcsscd/undcrrcpresenled in the blood of Ae!ivc 'Ill p~tients. 

The pa1tem of genes in Figure 81), ARS(J, LOC284757, MJ)M4, CRNKl,J, 1L8, LOC389.54l, CD300I,ll, 

25 NIN, l'J·JKG2, ll/P1, \Vere sbown lo IX! overoxprcsscd/ovcnepl"Csented in the blood of l!ealthy indivlduAIS 

but 1.\'~.re undcrcxprcssed/unden·cpn'.!Scntcd in the blood of both J,atcnt and Active "1"1> patients. Cnnvcrwly, 

the genes in Figure SD, P.!i_M!l$f/_MP7l. APOL-0, Qlltl, GIJ1'5. G/J)'4, fill'.~, GCJil, y_~, \\1ARS, 

J,!MK I, f.'J'C), JJ,· l 5, LM'fK2 .. $1'.XlJ.(l'.JiJ.._1), 11·cre sho1vn to be ovcrcxpresscd/ovcrrcpre;cn(od i11 the 

blno<l of Ar.live 'J"ll, bu1 un<lcrcxprcsscd/llndcn"Cprescn!ed in !lie blood of l.Htcnt 'I'll patients ~ud JJcal1hy 

30 con1rol indivi(iualo. 

'll1c pauern of gene.' in Fi&\lr!' RE. of FI~fl f 259(DJ/AJ.f), JAK2, G,'>DA1J)CJ (/)/<JJ.)(fXSG' JO), ,')fl'Af/,J, 

[2680400](KJA/\ 1632), ACJ"A2(AC'I'SA.), KCNMl}l (Sl.O-llE1'A), were all overexpro.sscd/ovc1rcprcscnted 

in blood fron1 Active "f'B paticnls but no! 1c1,,·eocn!c'<l or Cl'Cll undcrcxprcsicd/unde1rcpresc11tcd in the blood 

fron1 Lntcn{ 'fl) pntienls nnd Jlcalihy con1rol indivldt1als. Convcisely, the genes SJ'J"ANJ, 



" 
KJAADl79(Nnp1)(RRPI), FAMS4B(NSl,2), SELM, lL27RA, MRl'S34, [6940246)(!L23A), 

PRKCA(PKCA), CCDC4J, CD52(CD\V52), !3&9024l](ZN404), MCCCl(l\1CCA/Il), SOX&, SYNJ2, 

FJ,121127, Fll!T, v1cre undercxprcsscd/undcrrcprescn1c<l in 1hc blood of Active 1'!l pa!ient> but not in 1ho. 

blood of J.atent 1'13 patients or Ilealthy Control individuals, "'here tbcy were ovc=prcs•cd/ovcrrcpre>cnt~.d. 

S Many of !lie genes (•vilhin these 119 genes scl<'l1ud by lhiN 1nc1hod descdbed ol>ovc) found to he 

ovcrcxprcssc<l/ovcrrcprcsontcd in 1lie blood of Acli•·e TJl potienls li>l"<I iu Fietnes SD und R!O, \Vere cotntnnn 

to those identified by the a1tcn1ative n1cthod using lligher S!rinr,enc.y Analysis of1ranscriplional profiles in 

•Clive, Jot«nt TB patients und healthy co1Ur(,]s descriJ;.ed eadier (gene.s sl1own as underlined above from 

l'igurcs 8)) and 8fL ~ie co.ntained in list of genes in l'igure 7, Table S, !8 gC11es p<0.05; genei sho•vn us 

10 italicised above from Figu1cs SD and 811 arerontaino<l in Ii>! ofne11cs iti Figure6, 1'uble4, 46 b'<lncs P<O.l). 

The panein ofgen~o shown in Figu1e 8F, CD52(CDW52), [389024l](ZNF404), MCCCl(/\1CCA/Jl), $0X8, 

SYNJ2, l'l.J21 127, Fltll·, were u1ide1<i~presst:dfunden·eprcsented in the bloOO of Active 'r!l palien1s l'tl\ not 

in the blood of Latent TB patients or 1Jeal!hy Control individuals, where they "·ere if anything 

ovcroxprossed/overre1>resen1cd. l'his ls also presented {over!op) in FiJ;ure 8E. Gones Cl)KJ,1(p42), 

l 5 MlCALCL, MBNL3, RllD, s1·1{RA Yl), rrR3RJ, [360739](l'lf'5K2A), AMl'R, Fl.J22471, CllAT{CAl"I), 

l'l..A2G4C, ACO'f7{ACfXACJ'l1), RNFJ82, Kl,ltC3(NK(J2l1), lil,A·l)l'lll, were 

\Jndercxprossed/underreprescntc<l in the blood of !1eal!hy Ct>nlrol individuals, bul were 

ovcre~prossed/ovcrrcpr=ntcd in the blood of the J_.ntcnl Tn paliunls, and ovcrcxpressedft>veirop1,-,son1ed in 

the blond of 1nosl Active ·rB plltients (Figure 81'). 'J'o wncludc, d!<l aggrog•te pa!\Crn of expression of the 

20 tolal of 119 t,'l'.neS in Fil)llr\' SA (liroken down for lonihility of genes nnd specificity l>etwecn clinical slates in 

Figures SB • 81') that disti1lgnishes between infectr.d (Active Tn and I.atont Tll) pa1icnts frorn nnn·infCctc<l 

patients (llcnlthy Controls) and additionally, dis!insuishcs bctwec" the twt> grol1ps of infected patient>, that 

i~ Active and lAl!Ml TIJ patients. Many of the nc11os ovcrcxpresscd in the blood of active ·r13 palic11\s via thio 

method wore (he sanic gc11cs as those identified 1Jsing !hr. s1riC!e1<t statistical filtering (shown in Figure 7, 

25 ·111ble 6), and 1nany were ll'N·inducible and/or in \\Jived in cndoc}1ic ccllul"r tramc and/or lipid 1ne~al:>oli.<m. 

1'ab!c 6. Genes found to be significantly diffcrtnlially cxpr<'SS(ld between lntcn! and healthy or 

between active and heRllby, which when \Jscd in co111bination differentiate bet\veen aGtive, hITT1llhy 

and latent using u11s11pe•vised pear:sor1 corrc-.ta1ion r.lustering algoritlnns (J l 9 Benes). 
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Different and reciprocal imn1une signatures in active and latent ·rB are revealed using a n1odular approach. 

To yield further infom1ation <>n P•lliog<~lesi~. th~ nonn•lisr.d per chip dnlll was then further nnnly1.ed us int~ 

recently described stable mOOulRr analysis frnme"·ork based on pre-defined clusters of genes transcripts 

shown to be coordinately expressed across a wide range of discasCll, and often reprcsenling a cluster of 

5 molecules or cells related nt ~function level (Cbnussat>e! ct nl., t,008, lm1nunity). 

As the nhn of thi~ analysio wso to yield functional infonnntion about genes contained within the 

lra<~lcriptional •it:n"lures !l>r each group, the an"lysis ""'' foct1sed on s1ihsc1S of patients found to cluster 

tightly 1ogc1hcr in our previous analyses, excluding outliers, reasoning that such groups ""ould be inorc likely 

to reveal co1nn1on pathways and proccssc; involved in the disease process. 

l 0 Nine paticn1s 1vi1h activu "l"J~, six h~.1lthy controls nnd nlne patient• \\"ilh latenl TB were selected and uw-0 in 

the modulllf analysis, Eacll co111pariso11 wa; pcrfo1m~d separotely, thus nine active 113 paticn1s were 

compared with six healthy controls in one analysis, and then nine la1en\ "J"B patients were 001uparcd with the 

•n<nc •ix hcahhy oon1rols in a separate analysis. 1"rnnscrip!s were filtcrG<l (o exclude any not detected in nl 

least tlvo individuals fro1n ei1her r,roup being conipared. Statistical comparisons belwr.cn patiun\ ""d heal(hy 

!5 control r-'ollps weic then petf"nne.d {Non l'"'~n1e1ric \Vilcoxon-Mnna-Whilney 1csl, P < 0.05), in order to 

idcnlify genes thnt '''ere differcnlially cxprcssod between the pati(<ll\ r.roup and healthy con1rols, 1"1iese 

differentially expressed genes were then separated inw 1hosc uprcgu\nted I overrepresented in disensc gi"Oup 

con1p"rcd wilh control, and those down-rcgulated/unden"Cpresentcd in disease group con1pa1"ed \l'ith conlrol. 

'l"hese lists nrc then nnnlyscd on n Jfl(>dulo. by 1nodulc ba.1is. J)ifferentially expressed genes are either 

20 pw.donlinantly over·cxp1essed or prcdo1ninan1ly under-expressed in each 1no<lule. "l'o ~J1surc vnlidily e11ch 

1nod1,lc <nus! have >25'/o of the 1otal genes change In 1hc direction rcprcscn1cd and 1hc number of genes 

changing in u pl111iculnr direction 1nus! be > 10. To i.:•nphlcnlly present the global 1ransc1ipiional changes, ill 

aclive TB versus healthy control, or latcnl "J"Jl versus healthy ~.ontrol•, 'Jlu!s are nlit:n"d on n grid, witll cacll 



position corre.<ponding !<> " di1l'e1ct1t n1odulc based 011 o,cir original dcl1ni(ion Spot inlcnsity indica1es 

proportion of diffcrenlially oxpi cs.cd 1ra,,sc1 ipts changing in the direction •hown ou1 of the total nun1ber of 

1ranscripts dclcc!cd for thnt 1ncxl"lc, 1-•1hilc spol color it1djcn1c' the polnrily of 1hc ch""L"' {red: 

overexprcsscdfrcpre,cnted, blue' t1ndcrexp1csscdlroptTSCJll~'<l)_ ln additiot>, n1odt1les' coo1dinates can be 

5 associated to fnnc.tional unuo1a1ions to facilitate data interpretation {(:haussabcl, l!nn1tt11ity, 2008; a11d 

l'lgn1cs 9 and 10). 

A 111odnlur '""l> nf~ctiw 1'Jl <:Ompared to heallhy control {Figure 9, "fable 7A ·-I'; and l"able 8) \Vlli> shown 

to be dist incl to the ml<P of!aten1 Til as con1pa1·cd 10 healthy controls (Figure 10, Table '/A - F; a•1d Table 9). 

Jn fact thc•e indcp<mdcntly derived rnndule 1naps fron1 active lll and latent "J'l3 show an invcr:;r. palten1 nf 

JO gene cxprcssion/rr.prescntatlon, in modules 11-·hich oho\\' r.hanges in both diocasc stales '''hen con1pnred \Vith 

healthy conl1ols. Genes in n1C>dule M2.l assoclutcd with cytotoxic cells were underexpresscd/rcprcscnled 

(36o/, - l 8 gones underexpressed/rcpresentcd out of 50 detected in ()lC 1nodulc, gene; I isled in Table 61') in 

activr. "JU nnd yet ovcrcxprcsS<J(Vrcprcsunted (43% . 22 genes ovcrcxpreso"'dlrcprcscntcd ot1! of S l detected 

Jn !he 1nod1tlc, genes listed in 1)lblc 713) in latent 'l"ll. On !lie other hand, a nun1ber of genes in M3.2 1111d 

l5 Ml.3 ("infla1nmation") (genes listed in ·rnhles 6J and 6K) were ovnrcxpressed/rcprescntr.d in active ·rn 
patients but underexprcsscd/reprcsenled in latent TD patien1s {genes Hs1ed in 1"able 7E and 7F). J,ikc"·isc 

gene' in Ml .S ("rnycloid lineage") were overcxpressod/rcproscnted in itc!ivc '11l (gcn<:ll !isled in Table 61)) 

wherellS !hey were undcrcxpre.ssed/re.prcscnlcd in latent Til (1Jcnes lis!cd in Table ?A). Gcn<:ll it> a 1nodulc 

M2. I 0, which cl ill not forn1 a cohcrr.nt f11nctional module bul consisted of an apparently diverse set of IJCllCO, 

20 1vcrc undcroxp1»sscd/represcntcd in Intent Til (gene.\ listed iu Table 7D) ~ut not over or 

undc1cxprr.swd/1"'prc.,entcd in active 'l"Il as compared 10 c.on1rols. One oflh~-1r. genes is the to!l-likc 1cccptor 

adaptor, 1'RAM, "·hich is do,1nst1ca1n of'J1Jl.4 (lJ'8) nnd 'J'!J(.) (dsRNA) signalling {Aki1n, Nat. Jlcv. 

hnn1.). 

For Tables 7 A lo 70, n"Jati\'C norrnali;-.ed expression for active 'JU is l)iven as cx1>rosiion in active patlen1s 

25 relntivc to control. ln l"obles SA 10 SF, rc!a1ive nonnali7.ed ""l"'C8<loH 1h1 Intent 11l is given •s c~pression in 
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Tub]~. 7 A M 1.2 PTll v, Cc'ntrol, Genes Ovc1~epresenled in Active 'I'll. 
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Sl.PZ; SOA 7lM; CllR! lSYT; 

0.631 

0.628 

0.6!S ------

_!'IAA 1.~.7.;._l:!GC!0~768 SY11.2 
tlORZ!; DKFZP5640243 ABllDl4A 
Ll'Al'; CD45·AP; 
MGC138602· MGf;l)86D3 
fKCJ,; PKC·L; PRKCL; 
MGC:5363; ~IGC26269; 

l'll'Jt(:AP 
''""'" ...... ",. .. ".- --·-

.. ~'.)~'~J~t~1-~~~!~c·li~c 2 _ ._ ... , .. _ 
abhvdrol•>e <lo"'"'" c_'~~~·.!~~J,'c""c~~; 
p101ein lyrcslno pho•ph,ta,c, receptor lype, 

C·•«ocintcd proe"c'""·-------~ 

0.~95 nl'KC·<;!~-...... , •.. "-····-· ·-·-·· PRKC!i ··-- J"otciu kinoic C, ct• 

···-·- ,:,:~,:,:+,Mc'>c~f~·:~ilj~~i.~=--f-_"_· 8.~~--·---- .;'.!~~~-~ ------------~-~-f ~,.D,',-~?,•_'_,_ .. _" __ '_~,c_',~~~.--""-~,,-_'-~":' -,., ,,-,.,.,-,-,-,-,,-,-_-_,_•-. ___ j_ 

,·-·~·-··!!:'.~~ ~!e?-; __ S!?,~l.~.cl:':l<:.Q?.Q;.!i,'"='=-0•'='="'=' i ..-!: " """ ~· •=, v - u "-'· " 



S24S9E rnombor l ·-------------- --····---· - ----·--· ----· -------· J'J,)20340 L/IXl ___ lr.fllp_l1_"')'.t_"._t_~n.snieJnb~-
" ----- !'i~mo"'c'~--

;l'70·7S -----·--·--------- JL2Rll 

FEZI 
C!'K; llYI.; °J sk;·-··---· 
K; JIJ-1,'L"fK; 
708; MGC210l; 
434N1212 MAl'K ·---·-------·------- ·-·-----·------· " _,,. 

CLJCJ 

IJ .li\];, l__,.'!'_!_!.~;,l;J.~p_!.Q. .. NCJt3 ----------
GZ~fK ----------·--·--·-·· .. ··· L __ ,0.39, "fRYP2 

; u~·12_~_k,i1~~-"-~'-l~!1l'E' 
fn•doulati-On nnd clonga1iou 

' in l --------·-

n1"fak•l}'OO~le·ossocinted l 
oliloride intra<ellular ch•nn o; 

.!)~!<!.c•I cyt<>loxi£!D: triggori• 
· ·~rfm~ .. li.(.ll>:~.io.o/!'!.~.;i_;.1 

'll re~lnr .L ___ 

~.!_e~"''---~ 
'fable 70 M2.4 P11~ v. (;onlrol, Genes Unde•rcprcscnlcd in AC1ivc TB. 

R•l•1ive 
11or11>•li•od 
ex >r<•slon (_"01nn1ou N•1nc 

··---- )'l./,_l >_PTBvCSclc<Ot_09Moy{I 
-----------·" 3 PAL2Ttc>l llOWN Mi.04 

Gcno S 111bol --~!~'!l'_~l~''--------··----1 

·-·-·-----------h,c,c,,c,-,.•,.•,,c,.c,-,c,c,c,m=o,.•,,.=,.•,,•,-, --­
ntilocho11drial Fl ccn•plcx, 0 ;ubuni! 

_{olii;<>mycln srnsitivhx confe1ring po·<>1cin) --·---~,s5g 3_~·po"'co"'''~'.,,~~~'"'-+-c1-.n:s.Q 
M9; clFJ k; ARGJJ4; PIDOO!; 
llSPC029; MSTPOOI; PLA(> 

,_,Q,!J.! __ ?::tJ'f''o""''"'~--­
{).s22 JtPJ,8 O.Sl I EF2· Ec,c,c_,~----

.MTCPl 
KL!{IJC2 
·---~-" 

r1.1>1rr --- ----~----

ouka•yotic (nl!1•loli<>11 lnhlotlon foc!or 3, 
subuoi1 12 

·---___ ,, ______ , 
zhio fin r >rot<>in 32 



.,,.,.,., ·-·-···· ------,--···--·---·· 
Rclotive 
""''""Jjsod 

.:!'.9:'!.'!'..'!:'lo>L (:0nuuou Noo'o 
JN1'U; <IF.le; JiJF3-)'48; o!l'.l· 

.. ... ............. ...... ... .... ... i 

Dcs~!~~.(iOH --"-------------.. -
cukoryutic l<•:islaliOr> inltia1io11 foc<or 3, 

1 .-.--2~~~-~- -~~~~;~;~:i;:;i~i~o;-- .. -· ... !ll!'.J,~i> ..... - ..... 

~lGCl3 l878; dA59lilS.2; 

'"huni< 6 4RkDa 

;__ __ _j)_.6S dA59lil 8.3; DKFZ ' •34no21 ! CERK cerotnido kin•so 
0.675 .. _l:llJ'ITi_f_~_c;_I::_!_:_ PRKC!:!_l_!_l _ ., lllNTJ __ ____ hi>tidioo ~~ad nuclco!i<k;__ binditol! rr<>tci11 1 

noclcolor J"'C(oin foinily A, n1on1bcr 2 
.. b'.9.1<~.?_,,_ ..... _QtlACA sm•ll n11clcolor llli!'0 ___ ,., ____ ,_ 

0.668 

l'ablc 71{ M2.8 !'I'll v. (',onirol, Genes Undcrroprc~cntcd in Active Tll. 

--··-~------~---~----·--·----' ---------·------
ltcl•tlvo 
nor1aallsod 
~l'C•>ion Couinoun N•nto Gour S'>nbol 

P22 •. l 5_PfBvCSolect_09Moy0 

I--- ..... Jl.J:'.IJ,'.f,))cs! DOWN M2.08 ·--------!·==~===~ ... ._,,_ ____ ·~-
plod>.trin hoJnology don\ain containing, 

0.732 
0.71 l ------------occ-
0.691 

i~!"!!/'_!J __ (~!"'''"') '""''"'~~·~-­
jnosi!ol polypho;phn1M·phospholose, i,VjlO, 

J\fGC'IJ2014 INPP4B JI lOSkDo 
siiI>i; Sl~Pl'2; K'i/i.A.0128: --· ---·--- .. _ __,~~~~ ·------.,··------------- ·-- -------~l 

M(l(:l6619; MG(:?.03.19; Rl'S· 

8"16A24.2 ----------------1~---~•o·'""'"'o•oPJ!.!l.L ________ . 
_QJ_L ____ ··-···----·~- AQP3 "'l!'~l"?_f!~·--~ .. (q_~I bloodoW'"'"''"'----
Fl.JJ6JR6 l,Z1'Fl,! ____ •• __ louoino zippJr tr•n•crjp\ion .f•~-t~r·liko ~--
pS2; p75; PA!!'; DPS70; 

___________ <?_-_6 1 . .J_J!!?Qt'.;_ l.'.?l!.'.?0 __ ~ __ 1_g~z~_1 _1;i ____ _ J>SU'l,_ --~·'''~C4 ""~ SFRSl iuteJ"ootin !O!oin l 
OltO; liSJ'I: (llt05; "J1Jl5; 

__________ Q_.{>_62__J\E~.:_li_ Ac.~c·c·o'~-----' AES 



no11noll•od 

Clorn81 ohromosomo 1 open rcoding llalt>c_I 

la!c"t u~nsfonlting trm,·th foctor beta 
_!;>ln~~ng J>J'()lein 3 ---··---·. ____ 

1 

0.018 -----· 
f--~0.501 



' ' . .... ''"' ----- -- ------- -- . ''-"""''''" 
Rel olive 
Jl 01'!1' A li'"'d 
e•r=•lon Conon<•n Nomo GcnoS1·n1boJ ..... P"'£!1J'110,. ···----·--·· -.---

0.488 1'1·LEUI Cl)> Cf)5 ll\olconle ..• ---- ----··-·----
0.487 MAL MAL ma] , ·1:-cel I diiTE£_nJi~,!!.~'<>IOiE_ _______ 
0.484 SbJ..!lL.___ --·· SA11ll ___ • __ SA'rll h"""'°hox J 

"'" ''''"'"' ·----·--
11.48 Ll)li·l J· '11\(J.,';: ___ JJ)HB _Joe101e dell)'~J.~-~~' n 

1\ny: f-LJ39 121; SllJ domoin conloining, Y•c84-like I (S. 
OA7J J)Kl'ZJ'St6Fl318 S!ilYLl reH\\•isi•c-) -- ·--·-· "-------·--------·-

!'19; SGRF; H.-23: 11.--l3A: 
0.466 - _l_~'.~!~~9_; _)\1_(J_(;_7~-~-8_8 __________ JL2JA in1crloukin 23.c.~!E~-~-~~'>"'it pl'?..___,_, _____ 

··----· -··---··------
KU~; J'AIJG; l!KE6; J'AllGL; 
J\lND2; l-IZ-KH6; D6S2245E; 

0.465 dJ!033BJ0.9 .!i.~p11B_i ____ hrdroxysten>i<!J!.?-l~ doh"drO"C""'" 8 
AltJl; AR1l I; ARll2; FJlCUI; 
FlfCB2; MGf:34705; lo\v dOJtslty JipoJ"<>(ein 1~coptor ad•plnr 

0.456 DKF:f!>586D0624 ··- LDLRAPl yro~e!!!.) --··· --·-.. 
MGC-454!6; 

0.453 DKF-" 6S6C03!64 OCIAl)J OCIA <!~."-'-•.i~.c."'!1~i1.!itw 2 -
CD I 72g; SJRPJ32; S!RP·B2; 

0.451 J.i.~J-~:1.!; __ ~!~£~!!!!~.!'.~.--.-- S!Rl'B2 siw10 l ·1<1gu\ot0l)' pr~!~j-~ .B•."-'-'~~--. __ 
--·-·-··-···~ 

0.435 . GP40"__TP4 l · '!:P.40.;_hl,'U-9 CD7 CJ)7 n1olorule --··-- oX'idoreductru.c NA ))·binding ·do1UOII! ····-···-· 
0.427 MGC1576J MGCl576.l CQc\tnini ' 0.4 l AS!GO; JlKFZ 1779C0666 TDCJD4 -··-····---- "J'BCl domoln fo1nily, 1ne1nbor 4 

llMJC; ~1AN1C; MANIA3; 
0.404 r£?318 _ MANtC! 1no,,nosida.o, alph,,, cl••• .!£.!'letn~-·-·-·---·--· 
0.40! .:i:1>!~;_!_".l_Q_c;_l_~!l_?~. CD" CD28 1n~lewle . ••·-'-'··----·--· ---- --------- .• ............. , ... _._, . 
0.394 FLJ!2586 ZNF329 7:~_\1.tl~.$!).[J!.i;<>lo-in .129 

___ 0,121_1_'(-l_'.:l_; M(',\;4773L__ ____ 
t'""""ription focw 1 (f -coll $pecific. liMG· 

TCF7 b<>x) ··-·-AB!.!M; l-lMABI: L!MAl'JN; 
~1GCJ224;FlJ14561; 

___ Jl.:~:~ _J:9_AAQQ~; llK~781l~l~~- AULIMI oclin bln~_!'!_g__L!M protoln I ··----·--
foniily with >C<JUOt>C< shnH•iity 84. incmbcc 

0,383 -~£~'1i~J.l.£~Pl0\ __ ·-··-··-·-· PAM8~B " ---··· ·······---------· .. -· 
0.377 '!USO FA!M3 P•• ·~onlo!ic lnhlbltoi:.i: n•olec)).I_,..,~ ............ ~ . 

EElGl; C'9oif'l J2; MGCS085l; fo1nily with <oquence •l1nilnri!y l 02, 
0.3'1 l hA203l24.'I C%:fl32 1ne1nb0< A 

RJTl; CT!P2; CTJP-2; hRl1'1· B-<eell l:LIJI).ji)f>T\~,;;;;·11 B (zinc fing<1· 
0.36 •1-h• UCLllll proloin) 

-·-· --··· ' '" "" """ .. --,.-
t;r,pi4: l'tliOS98; 

O.'.il MGCIJISf-4 Cl6orJ30 ___ 'el!.,.~!~~omc I G .'21'.~!'.£~.il.i!'" fro1no 30 
TCPJALP!-!A; 

0.315 .!L'S.\'.?,pJ86~!!!~2 .. - •. -- LEFl I ·n1 .ho id_ ruihoncer-bln.'!!!!11 f,.~~!·-·· ...... ·-···- JILR2; EBJ!; C1)197; 
0.29 CJlwl97· CMKJl)l7 C('.J\7 cl>c1nokil1"JC·{: ~101iQ re_ccplor '/ . 

STK37; PASKIN; K!AA0!3S; 
J)K FZl'434()0.l t; PAS don1ol11 oonl•lnlng sotinollh1»00i"o 

0.2~4 DK.f:?£?86P203 ! ·--··· l'ASK kiuo<e 
.-----····---' ---~~-

o.io.1 NBPJ. NEL!.2 NEL--11 kc ~J ch~o~_~;!) ___ --·--- ~ . --- ----------•--'--- ----- ----·-"-- '""·-·· ... .,--.--. -·---·--
·rahle 71 M3. l l'"rl~ v. c:onirol, Cl"""' Ovcircp1,.,,entcd in Active "J'll. 



Cl IN: Cl Nii; liAEl; llAE2; 
cMc<o'+'''"Nc>o< _____ _ 

r<>IY {AD!'•Jil>oso) 1>0ly1nor"'" fau>ily, 
)~~n!lc<!.'.i~ __ ,, •. ,,___________ --·-
poly (Al)P-rii>mo) polyn>••~•c f•noily, 

~.!'~~E-'-'-- ---·--
'.!.OJ7 -- ---
2.97'1 

-~---



J{~lati•·• 

noi·m•lisod 

.. t.~l''"''~!'-

---~---·· ------ ______ .,,._,, .. ,__,_,__, _________ _ 

C!0/11,'fl 1---'"'"'"'~ CJG/\LT; T-s"nthu;o 

~-==--=±'.~~I. ~sc:o_•1_i>_,-_---_---_--_-_-_--_--_-_-_-_-_-:'c'~,'':X,o'','c'"~c,:'NI:::_~-'"'''11'0 ___ -~--~· .... -------------------- ----------



ltol•'"'••~'­
"""n•li•od 

-- --- .. .,., .. 

.. ,,,. _"'._~!''"''!"-!!- .. f."J.'.'.".!"" I\ 
.-1334~19; .. FLJOOJ40; I 

___ J.,~,>:3- DKG~.~6E '01254 
1.41:> l'LI45064 ··-----,-------· NFTC; OEf I: OEF2; (:7orf5; 
l.J51 F!Jl.00"/J· K 

l.26 -~~l;;)!~t1[l3 

lAA2004 
---.----"·-~ 

,,. . 

6-lli;GIP3; 
!.215 111..;-16 

FAM14C; 11'16!6; 

-

Geno S_x!•!!!.".L . . .l?-~!rEJ>~!!~- ----

SPIOO -----
A<lRN -----
SAMD9 

RAB8A 

OIP.l 

--- -~~!O!J.)!~').".~! .. ~~.I 

--

uorin 

;lcrll< •lpha mot( f domain ~~!.Ol~.1.~a2__ 
B~-~-°-'!!'~one foonllt ltAc[!~A •• ~'!f!.ry~•!_ 

.!!!~!fe!_<>_<_!.~!I~ '~ ·.i. 
Table 7 J M3.2 l'l"B v. (:ontrol, GC11es Ovoncp11'sen1cd in Active TB. 

-- - ,., _____ .. 
Rolutlvc 
11or1noll•od 
oxrt"l•Lon C '!!.!!!!.!."" No1no ... 

'22 _ l 5 _l'l'll vCSeloct_09MayO ' • PAL2T1o;t UP ~1).;> 

lGC2046l 

--
.fi!~~-$.rJnlwl - Do>tijpJ.\<!'.!.-.~-

O'M onOOSJot)n M 
-- ---------, 

2.'167 - ~ 

2.207. F ,, ,, 
...... ......lJ}6 D 

.-.... 
/i1A: ll!Jl4· I lPLJl4 
l'C1\ T2: FU20-18i;····-·· 
yi;o!'AFA'J'; 
KFZpG~6l{2/.11f: _______ . _____ 
P· UP!'; UJ>ASE· ODRPAS!i ···'--' 

1.987 u 
~-"'"969 !I 
' . 

1.886 s 

~J; IL}.J~?;.Jl,J_-BETA 
AT; OC2l; Kl'SD; SSAl"; 
SAT-l 

l.862 p FK2; !PFK2 --------··--·-----·-
~:l_; __ ~:J}~~; l''.J.>S 
C!A.J._J19S~7 

1.755 J!. 
l.742 B 

.~_Mf,;_~f'°1l I 27 ---

---

l E95 K 

• 1.686 p 
Rl'SOX; (~XCLG16: Sit-,0, ----- -
~~~J:!:l'S: botal0n-T5 l.658 ll . -M LAJ; Ml!-191; LAMP·3; 

1.67. 0 MAS!J/· 'fSPAN30 
.I; C!Pl; SDI!; W AFl; '" c" PZO: C1JKN1; Mt)A-6; 
I Cl Pl 

SlXl 1 

A\'11.1 --------
UPP1 -ll.l)l 

SAT ---·---
PFKFB3 

!CAMI 
UCLJ --·---
MAFll 

CX(:L16 

B3GN1'5 ..... 
1;1){.J 

(;JJKNJA l.~62 _JJ1 
tAX I; ·rAIP-3; FA~il 308·:··· -'" l.548 DK 

-----

FZ,,5GGFI (,4 AXtJ!ll 
!lH8: fl.J42sOiJ;-KlA"/;:oii)-!): -- ---------------· 

oc:1J8418; 

.£)'.!~in ! I 

oc)!tr•n•furasoliko I 
trrjdine pho•phorylO<c I 
inl<rlouki11 !, bola -

-~pexmidin<i•l'c"nine N 1-
~-ph-Osphofruclo-2·klno 

ooclyllro11•f<""'" I 
>C/fn10to•c-2,6· .. ---

hipha>~hnta•• 3 
inloi\OCllulor ndhooion 1nol 
h"mon rhinoviruf.~.\?. '----
B.wll CJJ)J•n>nhono• 3 
V~ll•f mu,cul oopoucuro\j 
ono~enc hom'?lp~ ll jovi 

cl1c1nokinc (C-X·<_:: 1nol!. 
tlDP-GlcNAc:botoGal bcl 

~t~li_ _____ , ..... 
o·l,3·N· 

-~~_l)'ltl~!~~~."!~'!>::!~~·nsfe rase 5 
---·"·····~---

CilG3 1n~l~.!_~---····--

cyclin-dcy>ondcnt kin•So i nhlhllor l A (p7.l, 
-~~}.) _____ . ., .. , ___ .. 
AXJNI ur-t<?WIOlc.:11 

sol!ltc CllrfiOJ' f•1nily 9 (>o 
N 
M 

LS42 DK Fl'~i6i6C-0.~l37 SIA:9A8 < exohauow' n1c1nber S -·-------

l.S42 GS _i_(_;J,l:l.S_;_ Plt:'~1 ______ -----
!.504 en 87· llPAR• URK!t -------- .. ,.,__, __ 

I'll UF; N/\l>f Pl'; MG(~)-l'i25-6i"' 
" F7,Pf>661S l :J I ; "' " )003~014Rlk 

-·-·--.. --. 
DLUL 
Pi.A\)ll -.. -~------

P!lEFI 
- ·----·-

'/; FLJ2.?.1.~,8 .. - PlJlK -------------------- "'"""'"" 
l.477. 1'4 

nh1101note-am1nonl• Hi:fi;O: (gluto1niuo 
•vn!h~~~~)_ __ 

' ' .. ,,, ··---·--------------
J>l~•n1inol\!:~.?CI i ~~!~1:, .. ~! .. u_l.<£·~-'-"--roc-·1~~'-- _ 

_(1[0• [l_~!~~-~?!lY. ',!,l!.~!i· 
lcck•triu -·--·--



-- ------·---- --------------- -- -- ·--· -·-··- . - - ------------ --·-·----- .... -···------- . 
J(ol•llvo 
nc1J1nnlisod 

_QJU'llS<iO"-- -~!:'.'!'~~'!_l!_':!_•ut<:__ ________ • _f_"._~!'_.fu'.!_>_l_ ~~! .. o .. orlp!ion 
guol!ino nuOIOOi'iJO binding pro1oin (G 

1.45 GNA!G GNAIS _rro1,;_o), •tpho !S (Gg cla>_9 ___ ···-----
-

FTIJ; PL!F; PTIJL6: PJ(J 15:-··., ·--- ·-··-- ·--·-· 
~-1 .. :1;11 MOC!0442G F1lll _f~~tio, hc•"Y p~tl<l<:__L ____________ 

MGCl43'ii;; MGf149J:51; 
------

~.J>KW""-'9!"'° ~!GCl4)76 !'}'.l"'lhc1icol proteiH MOC!4376 •.. 
NBR; UNR; l.XRfJ; J,XR·h: nuclear f<XoplOI' •e>bfornHy 1, sroup lJ, 
NER-1; RIPIS I NR!l-12 nieonbcr2 -.. -, -;:_r,;c fluge~P•olcin 36, (;3JJ 1.vpo, hoinolon TfP; GOS24; GOS7.4; TIS! I; 

l.39 NlJP475; ltNFl(,2A ZFPJG .i .. ~~~-~.-- .. ----------······-·-······- "FABP4;i[il1?1;· NFIJ~JA; NJ'· 
.J~uolc>r f•c1ot .!!]10fl~!!_k;n _:l~ulaccd ______ 1.3~9 JJ.:lA NFIL:l ···-· ·-------

l ,32~ C8l'\V· 0102· SKl!'J TRI Bl -·-·-· 1 .. trihblos !oom~Mophil•I ---.. ---··-· . ~"'---'-'-'--"--· ARI; llARl; IJJJARl; ari•dne hocnolog, ubiqui1in-cc!>juga!icin 
1.7.96 UJ~:Jl7!JP AR\Hl c~n1e E2 b~~~!~.f'_~~~in l tProsonhilo\ --·----·· ........... .,, ... _ .. , .. _,.,, .............. ~.-........ 
l.272 FRA2• PLJ23306 l'OSL2 .):Q_1l·liko •uligcn 2 

~· .. .. ---·---·-· 
ltJT; Rl!Jll; ROC!; 

1.269 MGC!2S8G4; MOCl2SSGS Rl1'1 ltns·likc:fi1houtCAAX I 

1.25 R!J'J'I SERT ADJ S\l!(T A doinn;n C<'.ll\toinin~ 3 
rn lloget\·i:Ciivnte<I protein kinase·aet j\•nted 

··--·lBl MAl'KAPK2 lo.~APKAPK2 .c!.'?)•in kinase 2 
J'PG·;·i,TiG"i" l'RQ"1; MGC9289; 

1.21 7 l'LJ!2930 PR(ll ··-···ill -·-··---· 
1. !81 SHll;TRIP·Jlrl SERT ADJ SER'f A docnain oontaini" ' ··---- -------------------------- -··---· 

CM17.: KJAAOl 10; 

.~ ... -1.,!Jl, __,\jOCI !2g RP1"261G(-}j___ MADll_o_l~!~----· .. 1Y:!.'\P2Ll bindins p1otcin -
Ulll'; Sil !003; !o.!GCl2987S: ~ 

l.!69 MGC!298?9 USP.l ubi"'!i~! •pocifcc p<ptida>e 3 . 
'fable 7K M3.3 P"fl~ v. Control, Geiies Ovc1ropresented in Acijve 'fB. 

Rcl•tivc 
no1m•ll<cd 

f-!!r-'!.~~l~.~ Co!!!_.mon N••~--···-··-··-· 
P22 _ 15 _ l'TlJ,·CSol 001 _ 09M •y(i 

_J_J_' AL~'!t':1.J!_I_'_ M3.3 ------· 
3.65 l . MAYP-MOCJt,J?S 

TifTG6; MG(;l 16930; 
~1l1(;J 169.11; MGCl 1~932; 

3.2 ~1C;CJ 16933 .. 
lt•Cl'ip; llAF60C; C:RACl)3; 

i-------··-~-.60.~. MOCJ!IOIO 
ilfit l L!;fJiMll2ll;~ ......... ____ 

2.1$7 !'\JOO! 70; Fl.J90 I (,8 ------· ·-------------~--------------·-
2.091 ,f\_~_l_\1~:; .!l_~:(\~,1';1,i .!. l.~,t;..:¥ --·-·----··· p6; CAOC; CGRP; MRP6; 
2.0~7. CAAFI: liNRAC;E ----- ...... 
1.888 CG!-4t. 

l'AMl 111; l'Ll38464; 
1.819 KIAAJ608; ltl'l I -230L22.3 ---- -----·----

"'Af>Dj;-AT>G:fL·;1>C:f~96: 
I ,736 l'LJ 22 l 2 $; 1-:!Q.g ,I W 1 ;____ ____ ._. ·----
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____ _Q,87~ . .JD~·-··-- ·····----- DEF6 ____________ {.'!'~'~'!')_ .. _._ .. _ ..... ~ .. ----····,··-·-·--·-
f--~0.860•~-N~Ac>c-<,'°''"''''°'eM~•,•-----~cNAAe<c>~----+'N'-~A'>e•c"c''c'c'"="c'''~--~-~~--' 

0.857 OFOXD; OFOXl)I; Fl.120308 ALKBJ-15 -·- . .!'J~l\.~!.19:lalioo repair humolog 5 (E. co!!) ___ 

f--_,o.848 J!:!Q!:!ft;}~'.!05::?.~li. FlJ .l..J.Q~.?~ 1oc"c-'"Ac---t isooi1rato dehr.~~£e~~~~~~~?.!) . .!:<'t• __ 
____ __l'.,\l.46 PGlll; P/\Ml4 MR!'/\Pl Mof4 famil}' "'~?S!!!.1.~.d protein .. !_.,_~~~' 

NAJ)H dohydrogcn•oe (ublquinono} I o!phn 

r---c'"-'e'e'c,'"'o'''"-'c-c"''"'"'""~-----'"ND~>,•,•AC"'"'--te'c"'cwc"'!!l'1•K. 11 _ 
0.8)6 MOC! 1134 ·-···-~---+T~ru,•,T,, ----t•'•'•'•'A~p~~-11!\~!!'J.fer•";_!_ __ , __ .-., .. -

__________ {),~~?,, _} 1_:1(3lm.~:! ___ ·--·---·-· _, --·--- LJMJJ1'J,2 ____ !(:!)in bl-like 2_.(Dio•ophilnJ.... ·-
__ __QJIJ_L, Ji,!i£{!1\0; J'.lJ2S9 J 8 •.• • !i~.\':b.~Q._ .... Nlnr/\-liko faniily don>n!_l>~!!~.jui!Y;,•~-" 

/\ l"P-bin<ling c-nssctlo. sub-fon\ily P 
-· ____ ____ Q,I!_!'.[ -~_l)iC?Ji. Allo'.2.~0 ...... ~-~ ··~--.. ABC:!'! ____________ _{f~!'L~O),}))••nl>or I ·--~·-

i--__o'''c'"'iJ,!)Cl745 [?~--·--··'"-·---·-·--·- LO(:l 24.112 ~EOlhOliclLl P•O_\!'!• l..()(;)24512 ---·- ..... ., ... 
l--~0.815 .ll.~.~.9_2~·-· .. , .. t;2!.i~Jfl 12 chroo1ooomc 14 ~~-'.!-~~<l!l!il.ft~!.n,o,•,B,. __ --f 

OKO•o•n• CO!lljlOl>OCl! 1; <ynonyn•S: pl3, 
CSl.4, SK!4. ();l4p, Ski4p, bCsl4p, (;GJ-
1 Oi. J\Pl l -452KI 2.9; hoonolog of yc•s! 
cx<>so1nol core protein CSIA; 3'·5' 
exoril>onuolCll'<- C"Sl,4 ho,nolog; (;SIA 
cxo>0111•I ooto protein honiolog; !louoo 
s•plN" exo•<>n>c coo1puoc11l I (EX<JS(:I ), 

0.814 lf';'._Q~.fl _____________________ EXOSC:l •.•. _.,_,l\N_,~~~~~c~-------j 
.,.. 0.B ! !4; DOC·lR; FLJ I 0636 CDK2AP2 (;!~2.,,i;soci•lod prot~i_!1_?:._ _____ _ 

_ __ __________ Q~81_ -~-(l_f'.14~~-~G~l~~--- ______ -~~~!!_!?c~ __ .,,. .f.!!:.""'''-'OtllO G onon l'cndi"~ frou10 125 
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! _;~:::~~:-- -~:0~:1>,-:.:-~:!.: .. -:: ..... ~-~=- -~;~~~·::.::-.. -.-,--,-.-.. -.. -,.-.-,,-.----------.-... -.-.. ·---- ---l 

____ o.~~2._. _SA.t'.~-~------~-.... - SltP6S .. -~W;n>I '<C'.~Jlnhi"'lJ~•rtiolo~Sk[)~----· __ _ 
MGCJ320; FJ.Jl4?36: RP.I· PRJ'.18 pro-n1RNA pro<x:;>ing faoto' 3S 

0.805 96~L7. I -----.jc'c""'"''''''"'~-IJx<llsl) don>oin ""O!.t•ini'*.0 ___ ----" 

0.805 
u.~1)-1 --- --

1lHA!l (A•p·Glu·Al•·A&p) ~"' polypoptide 
llllP-RB· !IKVJJOd .... ,. •..••. .,.1~.;'{J,_ .. ,,,,, l•--------------·-

__ ,>\._(;_!l_!'t_FSA·l· MGC/.0134 SP/IG7 -· .;P.<rm associ•t<:d 'JlliW?i!_;c_ ____________ _ 
MD!lA; MOJ\2; 1'lPIJ·s: 

________ O.SO:l - _}~.9~i!:I!•.•c_ ______ +M~"'""'---l~"'""''''"!O <le~x~.~-'-~·.e I NAll (_~ol~£!."l_ __ ,, 
l--~00.0,01 .. M.llfill}§L~l'MS21; MRl'-S2_,, """"""''''''''--j_!>,!l).?.9!~!.1!!f.l.~!!!J!!'.!:~~~!J~~~2c''---0 

A!BP; MGCI 19143; 
1--- •Oo,.S MGCI !9!4~; M(lCl 19145 Al'OAl)l)' o >oli ,- ·rt>lcin A·l b!!).'!.)~£.m:O"!<'°'''!' ---~ 

-ER"\0.\ii'iifJ2299J; . 
_______ q~~ MGCl02c'c'''------"-''"''~"~--'-''~!.~~!-~--- .... - ... -... ____ _ 
L--""·'''"'' I MGC8_7:4 ____________ " c:xorf2G _ ch10"1oso1ne X <>P..<!! •~ding fran>c 26 

___ Q,!}'_S Fl'''''''''"''""~==-~=-+'''''''"''''"'--- ~-'""'"2'!!!\~~~,£_!_~_<>jl_<:!•.!:"'1_<l!J!lt[r_~,ne 7.G __ _ RC68; lNTl I; RC-68; lNTSJ l; 
CPSF73L; l1.J !3294; cl .. •ll.ll<- ""d t><>lyadonylallo1> •pccific facto• 

L_~0.79.1 lo''''''°''""'· ------"''"""'"n''"·--i~'-'"~kc ____ .. _______ .. ____ .. ______ . 
C--~"c'c'c'.1.'-"-"-C!.?t''----------- _J!~)~J1L,___, -~~\\!!!!£!l'l!!!?.~-"1!!f'!'°;';";';":.;;;,;;;;;:;==J 
1---'o;ro DS·I lCJ'I _ .. 1"-!t".'!1.!'':<'.£?!~~-f~(~i~.?E.:i.~ lra~s<:ri I 

SJA\lllPI; FIR; PU!'60; 
RoBPJ; PLl31379 
bMRP.16•; MGCi°"l98~---­

..... ,, .. c0IT.,n,.~_,M!<C!!C°'!'!°'!''--------L'M!~,,,u,,,,'__j mit<>eliondriol ""°'"'"nl protci•;_!~L .• _ 
L--""C·'""''J ll!'f-17 ·---------------- lllNT2 __ his1idlne 1rio<l nucleotide bln<lii\·:··-:rotcin 2 

!X:NJ, JOroolivo in oullin noddylation I. 
donoain co11Ui.inin!l 5 (S. CO!_!YiSi•c) -~?!!?_ ... ~_tq_<;'.?714: FL/32431 ____ _jjD000DoN ID~-----

0.784 WDC!.4_6_;_!~!o:!.~.!?~~---· __ ...... , __ .... \Y.t!.J!:l.~---···''W'D"-'"'"'"'"'''''"''"''""-'"'-~-~-~---J 
0.775 N27C7·4: MGC7q~.'.!! .. ___ {:z2orf,,"~-~·'°''"""'.!'--"~mo 22 open <cading f1•m.~_l~---

.. ,.~ __ 0_,_774_ _ _____ _,,w""~o"''"'"''-" ·-----
1---'"''''''C.£Gl·l~~--li"~'·i''c.'~'i'''''"m'''·'>.'C''-1'""'"'''''.''''--~·E'"!Ei1~£!.!£!.l.~.£!!!!!.'i!!~~!Ji!0~.iE"C'E'J'---1 

P54; NMT55; Nll\J54: n<on-POU do1t1•in containing, oc1nnlor· 

.••• 0.769 1'54NRB ··---···-··--- _N_O~Q·--.J'""'"'°'""'-=-===~ 
NSbl:; MMS2!; C8orf3(,; non·S~JC clo1no'1I 2. ~1~1S21 hon10iii/;{S~ .... 

1 ____ 0,.,,,.,~_!'.!:!12-.:l_'!Q,, ________ ---I-'"'''°'''"'"'--- J:!'~'""e)._ _______ ·---·-··---
0.7('4 C&o"'''"'"'----- ---------- _r_;_s_o_rr_ojp ___________ clo_r~!~l~-~~').'~ .. 8. ~!~~). ff~~illf_ f[_"'"-~-'.!~----

..... ___ _fl~-!__~J... .!'.Y.A.~!~''' ________ ... {.'CJ)C4 3 .SoJ!.~9.:£.~il.~.~~~\~!!.\.~~1aini <>.f:_4.1 _______ _ 
l __ _.!OCPcO;;"-N"'°E" ]----------------~-,"~-j~NS~l(:g,, __ µ-n<on-SMC olon1001 I h<ornol<og (S. ccre•ilil10) 

MY I 05; TIJY~.8; MllS012; 
J1Sl'(:l44: l11\'28KD; 

____ o,.,,.,"'-'·''''"''~·!?_I_~?--~--·-·-·----· ·r11v,,N~' --"'1li}:~~~~-~ycl""r pro!oin 1 .... ~-----
uu<lix (intolco•i<lo <lipho•photo linked 

____ o,1s2 .Y-~!\.l.l.!i."'''''''''""'----_JL_H'°'"'""'''-- .. l'1'!i"11'.l'J.:!rl~.;•.!~~-f.!' .. ~ .. ~--~·----
__ o.1s1 'fOK·I !ICC:!_!'___________ J!~(_t,::112 nnd C/)KN1 A in•er•o.!_ing protein -·--

-·- '""' \i'A'RSf,; V ARS2L; v•l;·l·~l\~A synthot•.o 2, mitochondrial 
L___ 0 747 _ M(iCI 38259; MGCl~2J6.I V ARScC ___ J-"'''"'"'"2'L---------
-----~:!~ .. 2 FlJ I 365'/· Rl'I !:~-~~_A_?},_\ C9orffi2 .S!"""'"'Ol!lO 9 OpO~\ re•dlng froiuo 82 ---~ .. 
_____ n. 77._8 ___ GWD2 ________ ......... Mggg ____ .. _ .m_~fur!n1alonyl Cull ~i._°"er~£ ________ __ 

(-_20-?.?JI S:_~---------.. ----· .. -----·- •He''"""''"''"--·"''"'"""'"'""""'''"'"'''"'''"''""''°"'''"''''''"''"'"''''--- _ hypotho1ical protein l.OC84792: Jlon>-0 
>"Pien• hypotholical proccin WC84792 

. , ---···---------· .. MQ_g_!?J§{• ____ .iM_(l_~:_t~?_(">.ll,), inllNA, ____ ... _ .. ----
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T 
•-"-·---·-·-··· ·-··- ·-···· ···---· ' ··-···-·--

Rol•!i'o 

;:·~::~::d (;onunon N•ono ! Clono ~ mbol l~c:;;.~!ir.!!~" 
O.T.!:I FJJJ4803 FL/!480.l h)•po!hc1itol protoin PJ}l48~}_, __ ,. ________ 

------·· ·---·-··---- -------- ---· _ ,, .. ., ....• ·····-·-
-0.717 llSPCl.15; MRP·S21 MRPS24 tnilochondriol fibo;on1ol protejn S24 

·-----.. ---·· ·-----·-· RALllPI .,;~~f~i't;{fEP, Jo1noln coatoi~i;;g·-
Q 716 RALlH'I Rlil'Sl ' -·-------- -------- (;(:R4:NOT tran•cription con1plcx, subnnit 

-

0.712 (~Fl;hCAF-1 (..'N017 ------ .? __ , .... -.------···-··-------· --------·--·· 
0. 711 .A.l._1}.; lJBI~· Clorfb ______ _Ul):QLN._1~ . ubig~ilin 4 ·---·-·-··-· ..•. ,. ,,,,.,,,_, ___ 

-0.71 CGJ-118· h1GCl332J hlRPL48 _J>!i![)!'~<e_ru.:l~~I ri ~·om~l.P .. ~~i!o.!.1~-··-·-·-_ ---·--· "" .... 
(lm8.1; llSPl:Q64; 
~lGCl26859; MGCl3S247; ' 

0.701 i)Kl'Zl'.16400463 Wl)S()l'l \VD rcpc"l> •nd S_OJJ <lo1n•iu mnt•ini<!a._ .• -----.---- ... ·--·-··~·---·----·- --------· 1ni1ochou<lri•l lncthiMyl~RNA 
0.701 FM Tl MTJ1M1' .!.:~!)!')'.llr•'~~~(!I.~!' ..... - .. - ......... , .. ,_,_, ------------ .... ------···- ••'-•--·-· 
0.697 __ !!_J;:_!';>:J>?:8_6A!_o_~o_~------ NUl)CJJ2 NurlC do,nain oonlninln° 2 

-.-,-.-.- - ---- ------------ -------- -
0.69"/ MGCl!321 MRPL4~ --- J!!!!~sJ1ondtial rib<»om~?.1£i~ IA5 

nndlx (nttC]«>.,idc diphn•pl>atc linked 
0.691 _ _,~!}.Q_!;;_M_~J(;_1 _ _!~Z?.. Nl!Dl'l6LI nloiel" :),'.>·.( · !l\Ollfl6-likc l -----·- -- - ------- -----
0.683 ' l'LJ20989 C8nrf33 chro!!'~.'-~~·-~·-~-~P-"~-~~.<Hng frame )~----

AK6; FIX; AKJLl; AKLJL; 
0.68! AKl3Ll A Kl adonyln\o kino;e 3 ----·-. ··-·---·· ···-

___ ., _____________ ----
0.671 RIP· llll.!P; MGC4189 "" . ll.J>A i1ncracting_P.ro~J!!..., ... -.-·---·--~··--·-----·- ---~------ PRPB prc·•nRNA processing factor 8 
0.6(;6 ' Plll'S; RPI!· llPll.1'8; J>JtPC8 l'Rl'FS homo!~ 'S. cor<>visioo\ 

-~------l'CMl'; l'l'~lT; PCC~fT; 
l1STEl4; MST098; MSTI'09!1; isoprcnyloystoiue oorhoxyl 

0.6('4 ~l(iC39955 )("_)\ff 1nclh· ·!trans fcrasc 
·yy1;1r;·n:11os~1; FLl12ilif;" 

0.66 FLJl2720 \VDRJ2 -~J).~l!~t dom•i!!.J.Z __ 
--~~- -····· phosph•tldylinosilol g\yoau onohor 

0.646 .. G.~!!_!.;_C,:Q_f:2!1.lJ_M"q_<.;.~9.12Q .. C1>C9ll,l blos _-·nthos~,,9.!!".£__\} ___ ·------- ·--· 
0.6!.1 MGC~248 C!OorfS8 ohron1osomo 10 open "£:!.'!int frnnto S!_ --------.-..... --····-··-·-
0.613 srn!5 Clorfl9 cluvn1oso•no I 01""' ron<li"~ fraino l 9 .............. 
0.599 MGC2404 ACBD6 -~9:'.l:S232~· A binding domain oontaining 6 

------~----~-----

1'al>Jc ?O M3.8 !"Ill v. Control, Genes Underrepresented in Active Tn. 

RcbUive 
" O!'m 0 li•NI 
.~~rcsslon 

0.841 ------------· 
0.84 .. 

--------------~ 

0.827 ·-------------
0.826 

-------~:_8J_1__ 

0.814 

I 

O.SOK ------
0.807 

·--.... .......... ---.-·-

Common Nnnlc J Gone Sy_mbul Do•ci·i >!1011_,_,. 

P22 _ _l 5 _ PTJlvCSo loot_ 09Mlly0 
8 PAL2llest l>OWN M3.8 

-MAi;;·RUS'C53;"SGs'M3i ... -.. ---
_pKFZp76lD05 ! -
FIJ13S48 ---
llHLJOS: MGC20604 
d-kd-2· lXlKdol10· J(!AAOJ45 

B!9Z-r779U:1.1~ .... . 
!IMMI!: MUlM: OG!ll; 
HOGG! 
PR09856; LAV'S3040: -
l)KJ'Zp434DO'l 1 l; 

_Q_~EZ:l'-~86f,0,,\}.2 ...... ~.,, .. ___ .. 
!lCl>I ·-·-- .............. 

····~-------

-------- -------·-- -··~·-~··---.. 
Rtl"fll(:) RUN and "fllCl <I oonain conla~~!~.2. 

>O I ] :.\Ti)'i~.~~-·~=:. __ ~_N·•C<>ly!lra"i~<:<3.'. 
llEL308 JJNA hcliCllso liE 

----------IJil~s;ilSlY~_E!_!<!_n DGKD 

·····-·----
L308 
_a_s_o_. __ d_o)_l_~_,L~g_k_IJ_a __ _ 

Sl•1\Sl4 ,,•nllo,_i_•)!l_ fn~!~r, ------· argininc/•crlnc-ri _oh '"·'----' 

OGG! 8-oxo0 uoni_nc J)N 

_JU<.!?~.- .. ----- bromodo•n•in con 
Cl4orn24 chrontosoB>~ 14 o 
----~~ 



~~----------~---~----------··-
llolo!lvo 

""'"'"li•NI 
.. t!.l~!:~.syio11 (:oinnoo" Nnn>o __ C.j'!)_~-~)'~)~~!- -'"'"'''""."'"'"'"------ ______ _ 

(ll"F21); SCA 17; TI'llD;··-----
01"1'2!)1; MOC\ 17320; 

--· ..... 0.798 MGC.JJ.?.Q_~· M(lCl260?_~----'_I['_!'__ ________ ~!:c\_I~-~-~~!!nd;nll J'!".1~;_,. ____ -----.. ·--
ZJS: ZlS!; ZIS~: 7.NF26.I; I 
FLl4 l I !9; DKFZp686Jl83 I; · ;Jno finger, J\AN-hlndi!tf domain 

f---'o.,n,,4_DKFfr.§~?.tlQ~J..!:_, _ ······---- ZNf2,,.,,> ____ ,,,,oM0o01•000oo,,~---------

0.764 -MTMR&;·a;;,:flj;r:ii>:i-;1o.;'X;_, __ SlSJ:!~------- !--------------·-··- ··-·--

-- o.?~l __ fy!_Q<~1;i_~~7.2;c_Q~l'!J.>1~~-;;_1_11 ___ 1"'.f_l;~ll.~-------
--- .• 0.76 TDP-43 TAl\J)llP 
--~o.z~ Fl'._/;'.1}15;ZK$C'.ANl2 ZN\'l~_:l_ __ 

C42; CGl·05; llSl'C!67; 
C20orf34; CDKSRAP!.l; 

0.754 CJ)K:iJ\APl.4 (;DK5RAPI 
1'50; P80;·1;AK.''f:"l;fXfl·'·---j~ ----·­
COOJ,I; P.\ODP; l'8SSPJ\; 
llETA-PlX; KIAA0142; 

_•!'Y.>'!~~~!i:i!'c~!~~~l''"'"j" 9 
TAR DNA bindillO protoill _____ _ 

_!~"" fingrrY.rotcin ?GJ ··~·· ------l 

KlAA04l 2; PS~COOJ,I; 
0.74"/ Nl~ol0314;_!?!::.\'7.1'_(§.JKI 021 

NAC; CARD7; NALPI; 
Si-UV I; DliFCAP; Pl'l!M4; 

Rho guonine nucleotide exchongo factor 
ARHOHl'I 'OU'i 7 
==~"~=~----------·-·--··--

V llM/\SI; CJ,Rl7. l; 
Kl/1110926; DJiF(:AP-lJS; 

0.74S DKF"'-58601822 _____ NALPI NLR fon1ily, pyrin <lomoin conloining !._., 
__ ,_,_,_,__!>_,'!_~~ J;l M03~----------~-- ..!'.?]!!._ .. __ _enha•>«>r of >.ooto homolog _!il)r O•ophHa) 

0.74 l MOCI 9570; cl!:),4.ll_Z_l_,:i___ <;r,~~~--:1.2 ... " .. ~ _cl;!"rimsoinc G "fl"'" "'"ding fro'C'.~ •. !:'!\!._ .. _ 
___ 0._7}1. RPI 1·336K24.l _________ Kl"'"'"'~~'-+K~!A/\0907 

LAM; TSC; KIA/10243; 

f--~00.7_32 J!i.9.986?_~.?..,._ •..••.. ___ ~ TS.f:.! ... ·---~-· -~Wo"' scler?Sjs I 
LRS; LEUS; LARSI; L!!UR.S; 
1'1044; RNJ"LS; llSl'(:l 92; 
ht(l2SCI; FLl10595; Fl,.!217&~; 

0. 725 KIAAJ 352 ~------l''o·''''"'----+''°'"'''" '·''"'N'''""''"'"''""'''''----··-~·-·· 
0.724 1-!ZFI ·-·-·--·------- --------- ------·-- ........ __ _ ZNF/.66 >.inc fiugor pl'(llcin 7.66 ·-·---

brom<>dotMln Pill) finger !ran•crip1ioi1 
0.77. PACI· FALZ· NURF301 FALZ ; focior - -----·-



1·:.~!-~:~~~;:~·-
. --·-------·--··---··-- --·-·-·-·-· -------·--·---·· 

.~:'"J'.'.!''lon <:umonon Nnonc Gene Svnol>ol .. 11~~f~iplio~-----·· 
l' AN2; hPAN2; FU:J9360; 

0.6) KIA/\0710 ' USP:>?. ubi~u itin 'e<°'".!!ls.lli'P.!!~~ ------.---- 'MSk"f;'RiPK;-,;rsPK.1;··" ' '"' -- ----------
dl>o>oonnl protein SG tin• 

• 52 •--•••m"'"'_,,_,,._, ___ _ 

'"' 90kf)o, 
0.62.l ~1G(:l91l l!J'S6KA> iol •oco!ido 5 

-svar,·v·;.,-~1r. ·i·;· 
---- _'" ___ ,, ___ 

vo>iole·n's<Oci•lrd onr<n~ 
0.612 fJK Fl'~6 Sj_J_! I })_.l_l ___________ VAMl'I ; '•"n•nlol,,-evin !' 

"'"" pr<>toin I 

cliromodoni•ln loclic•so l) h'A binding 
0.60! __ A_!,_c_;_~;_<;:l_!_l_?!,;_l~~._J-~_<;,~0 _________ 1 _f!.~!~!.ic ___ .l'.'?.\".'!.r!.!:!J~o ..... _, _____ -------
O.SS7 KJAAOJSS K!AA03SS KIAA0355 -· 
0.557 .. ~.1_1.~~~!_<; __________________ ZNF529 .~!~P.!J"""' ~1ol~in 529 

'' ''' ' .............. ----------- ------ .. 
0.554 MGC2146 ILllRA __ jn1orloukin l l roeepto•, nl ---------- .... llli'~~----· 
0.551. Rh"F&4· MGC:l978(l 1"RAFS J]'./!'.!~_JlJOr·•&>ociRletl f ---- ----· •Cl<rf 5 ,,._,, ________ _ 

!'IJ l 1795; MGCl260l 3; 
0.SS l MGCJ260J4 Fl.Jll79S onk"ri'l~ldorn~in SS - ·-·-· 
0.548 ~DKF1-Pfi:%017S8 MTXJ n1cloxln 3 ----- ------- - Tl sii(O~f;Jb"Wnin )>ronwl 
0,544 DA Bl' DJJI' bindln~ nroldn 
0,541 . J~!~!.l;_~!!}.M!t.\ ___ "_. Sll3PXJl?.A Sll.1 and PX <lo,noins 211 ------- .... ... _ _,,_, _____ ....... ,.,_, -·---------· 
0.524 Cl.AX· LL'fl• OCIL CLEC2!) C-l)J'C loctin don1ain nuni .... 

1-!PFI: Fl.JI 10!.I: FJ.J 14876: 
0.518 FLl90S8~· MGC338S3 ZNF83 ;.ln'°f.~r nrotcin 83 

ZCW4; ZCl\ICC2; PLJJ 1565; 
0.514 dl7Sl-l8.2 ~101\(:4 MORC fom~.~:-~!YJ>O ,; 

RTS: 1YMSAs;Rrib~ta:- --·---···--·-
0.512 . JISR"fSIJTITA: RTS ol '" ENOSJ'I her l """I"'"' suncrfamil"' n1om 
0.483 C'lorf32· A'fP6VOE2L All'6VOE2L _I]. TI'•••, ll<-1ran1pootlng 

Pl.Cl; PLC·!!~ PLC!48; 
0.4SS .P.!,f.aa.~!~-1~.L .......... -·-··~ ... Ptl:G1 _.I'hrapholipa•o C. son1n10 1 --------· ...... .. .. ...... _ .. 

l\LK; l'KL; Jll'KL; PI'K4; 
0.428 PSCTK5; MGC22473 TIK """ nsinc kinMo 

T!4; SIS2; Tp55; TNFRSf7; I 
0 .. 167 .MS!..~i?-P-~93" ______ ,,_ ... . J:r::l:.l\~!'..?.... CJ)27 n1oll:O<llo ·-·-.. --
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2.094 CRDJ'4; CR!)~l-~'.:_!'!i .. Q_fJ.~li'.l_! ltllP"/ rctinnl hln_i!_i_n_J;_p_rolcln '/ ccllulor -·--- . ··--------

-~;-,~----;i;~ 9 
. 

!.9 !7 ssc:i · ll•"l'l7/,87 ~-· ..... ----------- -- ---- -- '-- -- --------- ...... _____ -··--·· UMR; ('J)J 16; CSF2R; 
C!)wl 16; CSF2RX: CSF2J<Y: 
GMCSFR; CSF2RAX; 
CSl'2RAY: ~1GC-J848; colony •tion'll•tinS fnotor 2 "'cep1or, nip h•, 

1.916 M(ll'.'A83f; (lM·CSl'·R·al_ehn CSF2RA I ow -affinity (gronu locyle-ni•cropll oge) . 
l .8>3 GOS8 ltGS2 ~HI otor o!'.Q:Eroloi n ,;gno llint:_~,1;!~1 

liKH; 1ixK2:·~--~---- .. ----·- ------ ------

........ ___1:7}_4 _l_l_f(J_'7,J~_8§_h1_1_(•~?_ _ ---- llK2 hC<okio>O>O 2 _____ ,, ______ ,, __ 

.. J .734 Dlll LENG4 --- loukoc)1c r~or clu•!Of (_J.RC;J lll<llnb ______ ,__ 

CDC42 -cfr~ot pro!Oii\(R1iO-Oii>O;;:-. -UDl: CEP3; DORG2; 
1.701 l'LJ46903 CJJt:421ll'J _ hin!!i_~g)~! ________________ ,. ___ , .• . --··-·-···· ···- ...... ... --------'--
l .671 SJ>AL2· l'l,123126; FU23632; SIPAIL2 •!&;;I -; nd.,ood prcl if CJ •1i nn ·•••ociat_,~ __ \ --------- --·---~> ......... 



KlllAl389 like 2 
I-~,, - ------------- -·--·-·-···cc=c+ccc= 

1.669 STI; SYCL; ~llJA·9; 1'A£!.!'.!! .. Sl>Cl}_P __ .... -~11docon bi11di<\tP.rOl~!i!.['il':!.'(011i1\l .. _~ 
(:AN; CAJN; NZl4; D9S46ll; 

__ _J,~~9.. __ 1:1QC:!045~_.. NUl'214 nuc~CC"~rl112J,o,<'"'"~--------.. 
1.6$1 SLCl9Al 

---~"j------· ----·-- -··------.-J,l'll3; SI P-1; EIJG-3; SI PR3; ondothcliol di!To1on1huion. sphingolipid ()· 
.. ____ _l .6$ FLJ~7523; MGC7l6?_6 IlDGl __ p1<>1oin-oouplo<I r_'!_0'__n;~.S.~-···- _________ _ 

l.642 FPR;l'MLl' __ ,, ____ l'J'l\I formv] tidoL,.,<PlO< 1 __ 
Gl'CRI; GPRS6; GPR94; purinorgic reool'lor riY. <J·protoin oouplo<I, 

l.Gl P2Yl3;SPl74;l'J(S(l17 1'2R\'13 13 c----·- ·------------- --------- ---- --ATG16 •nlophagy rolaiod 16·1iko.2 (S. 

i--~l.606_1_ ll'lll\80· FLJOOOl2 ·- AT(;l0_~.'.'-~!£':!s;a_~) ..... ___ ··-·-----· .. ·-
tRNA splicing ondOJO\lcleoso 34 hoinolo~ (S. 

"""" ____ [,~.9J ... LENG.I; SEN34· SENl4L_ .. _M __ TSEN34 cerev1•~~·--·--·-------·-
FPF: pSS; p60; TDPl: TNF-R; 
1NFAll; TNPRI: pSO-R; 
CD!20•; l"NFR5S; TNl-'R60; 
TNF·R-!; TNP-RSS; (UlllOI' necrosl• f•ct<lr reooplor suporfa1nily, 

1.575 MQ!'._:_12~~~-- -------t-','~''o'•'•''•"•-- ."1.~cmc''''~"~----------~ 
l .572 PEL12 PFl.12 ncllino h01nolo~ 2 (Urosophil•' 

FLJJ3052: FLJ37724; 
1.562 dJ283E3.l; RPl-283E),6 N~''""''-·--<'''°'AD kinoso 

S-1.0; 5l.J'{]; Wi':l~~-···-

____ l.5~11_ MOCl!i_:l_!~ .. -------+'c'c.-OXS .... _, __ 01achidonnto S-ll~t\_<;))!~.o"".-·-···-=-' 
tren•me•nl"'nno protoln induced by tun1or 

1.s;~ ,"',.',',"eo~------~··™°''''''=---1-!c~~-;_!. f•s\~!:.!!!1!1.1• ____ .. 
-·-'-·~? FLJ3197S GLT!Dl I glyco>yltrntls!:_erase I don1oincontoining_l __ 

~-pl1 osphofn1010· 2-ki """"Jfn1oto••~ 2,6- , 

f---~'•'"'''<''c''''''''''-••• .. !'.!.',t:!:I_!~-----·-· hipho.pho\oso4 ---·· ' l'L/22470; KlAA"i99:ii"'"' ._ .. _,_ .. 

··--.! ... IJ 6'+CMCGCQ""'e"e"O'c~C.''c'c· •,o,o,HC>c'C.--<"w~;,a,,,<~-~·c'!!~~-[~.'1!~r.~!'.~,IJ.].:!!.!!~!!"'in rontoiu_i$.~~--.. 
1'39: \1 A'fX; \1MA6; ATP6D; A'J'Paso, ll< 1mnsporting, lysow1nal 38kDa, 

r---c' ·~'"e'"''"'"'P{;DV,; .. Y,,l_'_c'\_'l}'P ____ -~:r.r6"'.Q!~.L-1c"c"c'~"o""~"o"c''' ~~7~~~~~c-1 
_____ !:~ 73 __ !'.l_t_1_!!!:!t!'-i·"'"'"o"o"o'°;..,~~+''''A'M'~' _ -~"-' _.P..~l~.RARA rog" \al o<I •da.£.(or 1noloo" lo I 

Bl1"; MFl\; P84; Sll\P; M\'l)· 

l .471 

1.463 

1: SHPSl; CDI 72A; l'T:PNS 1; 
Si-IPS·l; 811\l'•lpho; 

-~-~l!_l_'~~ba2: S~!~~!_:!'.J.lA· 1__ J'..1'.1~!.'1§_1 _______ ~\_j)~!l_l_:!'!'.1$'~-~!~fl:2!0toin olpho --·--
M130· MMl.'10 C;JJl63 CD1631nolcrule 

·-·-··-"=~-+:'C""''"'=====___, iutetfei<Jn go•nn"· re<cplor 2 (inlotforc.1 
_________ ::_l_.4}~ _/\l,•>J_ic•FcG='•'c""''HcGc<c•~--"-''''cHcG,I~~---- ______ --~·~·-"~ _t,~~;\d!~C?:_!)_ ------­

v-ral si1nion louko1ni• vi1ol ouc'Ogono 
hou10Jog B (ros rolatod; GTI' binding 

1.405 RALi!_ _______ ,_, ,, __ --~·-·· .. - R/11,)J ---.-· .. -·--· -~~----·- ... ~-
solu!o co.nior organic ""Ion tmnspo1tC1 
frnuily. 1nou1bor JA!; •ynonyms' OA"fl'-l), 
0/l"fl'JAl, FW4047S, SU72 I A 11; •<>Iulo 
co.rrior family 21 (organic ot1lo" 
lransporlor), n1on•bor I J; llonio so pi Olis 
•ol"!o corrio• orgnnlc on;o., lr•nspotlot 

_,,_ ....... 1.-_4_0,5_,_ SLC000;o•"''rn.,-----' ,,,,.c,·o,;,'~' --J·~'!_ll_CJ!~, .. ~1''J!!boo :l/11 {S!.C03Al), niltNA. 
l'1"l'll; llP"Jl'll; 
DKFZp313Fl3l0; R-P'l"P­ protoi'1 \yrosino pho.,phntnsc, rc'<'Cplor typ<-, 

......... .,J"~-22_ _EPSl!_,_<l_~ --------· -·---........ P"J'Pl\E __________ g __ ...... ~ .. -·~-........ -·-----·-........ .. 
....... 1.:197 RCC4; FJ,)14784 ·----· l""""'"'·''~--c'e'""""~t0_!1l.'.~~~~~C<?!.~-~!!'-~-:i,_ ___ ... ~ ... -
___ 1 -~?.§_ _!~~!'_!?:_;_Ii_~~ l'l.l?!!!~ .. ----... _ _"r\' !!Q!!!~----· .]:Y..~9Y.C?.~!\\.IX'"'i nc k in• "' bi nol.~.'.!\ ..... __ .. 



____ ...__!_,_~ J'.ll.F' C2loofl: C!JorD _l_'l._1:9_1_!!'.__ 
ZFYVlll 0; FLJ32333; .... __ _ 

l.235 KIAA03'1!.i_!'.YVll·J)SPI ____ -~:r:_i:.l_IQ__ J!!)'.,0_!!~!',IOri'!_l~O!Od pro!cin"'~-
' __ cl.2!6 CFl'l;CBCPl:ClOo•l\l CIOo,-19 ovclinY ,- -- -----------·- '"'""""l"~~pp;;;;;;;,.-;,fry 4 ho1nolo111 (S. --

l.2 SPl"4!.li!~.~·PT~!_! ___________________ );lJ):!1l!!___ =evl•ioe) ·-·--- ------·--· 
l'able ED M2. l 0 J;rn v. Cor>lr(>I, Genes Underrcpresente<l in Latent Tf:l. 

nor1n•li•od 
cxnrmslon 

··-······--··~ --------------



···--·- ·--· . ·-· -· 
!lola!lvo 

;,""'"'"" '""" ·-· --1 "'"' "~""'-norrno!isod 
ox·»~••ion 

fl(:A~\·2; MOCl29876; 
MGC!29S77 

P0<orl)>11on 

-·-------···--- --~··--··----..-... ,..,____ -····~··- . 

!. ! 75 PJJ3!/.6~ ----· ·---1.17 FKlll' 133· KlAA0674 
NUl)T!6 -------------
KlAAIJ.6"14 

nudlX-(J,;;~i'Ci.S'idO ·,II ph<>sphaTcYnkcd • 

_l~_Gi'1)'. X)·IYP" 1nolif 16 -·-··-·--··­
.!:!' 5 06 \>i ndi~_IUJ_f!'_~·l~"!._?_,__l .1 lk l)!!__ 

---!-
1'al>le 810 M'.l.2 !:fll v. Co,1trul, Genes \Jndcrreprcscnted in J,aten! "!'fl. 

---------···- -------- ------·-·--·· ------· -----·------·-· .. ·-·· ---- ·-·----.. ··--
ltola!ivo 
11-0nuoll•od 

'"""'"'"'"'"''''' .J'CC"'''"'"''"'"'''"""'"'------l'G'''"'• ~XP.1!!!1. l>••<rlptlo'!._._. ________ j 
1'22 _ 15 _ L'lllvCSclccl_ 09Moy 

~---~c0!.}'AL2llc•1 DOWN ~13.2 
ln001n1no1i-0u .1.2 fold cl1ongo ;, 
heollhy rel•tive !-0 J,1'B, io 

1----.LlD'O'WN""''"''''O"'-----.l--------1----·-··-· -------­
K60; NAF; OCP!; LECT; 
Luc:r: NAP!; ~-lOC; CXC!.8; 
GCP·l; !.YNAP; MDNCF; 
MONA!'; NAl~l; SCYB8; 

1---''·'""''J'<>'§'Gc·">i"A""~'CT".""'""·'"N"A"e'__C>"G'<- .... -­
L---''·'"°''~"""''''' c,<c'A'<''·cC'"''''"'----~''''""'A\!!\_. __ 

PllBF; NAMJ>l·; J.iGCI !7256; 
l>Kf'Zl'(,66ll1 3); 

in10!loukin 8 
.rla.mlllog<>a ncti\:!'lor, urokln•sc rccopto~c 

:_·~~~_,,_,01,,~_!':.'.~_'.003~-9~B~~~-·-··_-_·====~~~:':::U~~''t'''''=====1:':":·:!~Co"':"'""'°'"'''M"'"'''"'"''~~"'"""''''''.;::.;.= 
trl!)!\onne re<.r.pwr e>:prc:;•cd ou 1nyoloi<l 

______________ _lc87 i 'fRE~l·I .. _:!:J!Ji_t1!._ ···-·"·"°"'"'' c> --------------' 
ll4Ul'4; JL3JU•!; Nl'IL3A; N!'· 

1 ___ ,1.79 IL3A --~··--··· ---+'"""'' ''''---1.""""~-~ .. f;;.ctor, in!orlo"kin 3 rogulat~---1 
1ransm<lil\brMo ond ooil«l·ooll doninln 

I 739 Kl AA! 14S _ TM= ---J'"'"''"'il~--3 ····-···- ----····------' ·-·-- -----~·--- -1>rNli;.i1J21109: FLJ2:iSoo: - -~-
cioorf11(1; dl1 JSJN3.l; 
J)Kl'Zp4)4JJ?.41 I; tutnnr protein p53 induoiblc noclcar J>TMoin 

1.728 )J~fZE~}.1QO.S_2J. -------- ·--·---- Tl'531NP2 1''-~·-~~---
·-·--''-''0;<..;.~lAD: J.iADI; MGC!046S9 -· _MXJ?J _____ -~""?f_!!~'!ori>.atk>n protein 1 -·-----1 
_____ l .. ~57 S(JK _!_____________________ ______ SGJ:; __ ... -·-------- •orucn/gluoowrtjoojd regoloted .!>i~•so 

1.654 S!.C03A1 

solU!e conior <>rtonlo nnion1r""'l"'rtcr 
fnonHy. 1no1nbor 3A !; s)1l-Ony•no; 0A'l1'·J), 
0A"fP3A I, FJ,J4047S, SL(;;! !A 11; wlulo 
cord or family 2! (~tll"nio ~ni<ln 
1ronspo1101), n1cn1bor 11; !lomo s•pions 
.olu\c corrier orr,onic •nion 1tonsportor 

__ ,_!.~_0_3!)..l ....... _!~r@)'., n\O'))~.~ 3i_l.J.~!.C,03AI mRNA>-~ 
I fotnily with scqucne< sionil•ril)-' 53. n1en>ber 

__ . .!.c6!!. --~~~g;_________ -----1-'c'A'M"-'"''~- .. 9........ _ _,_______ . ----------
-·- l .632 PQIAM7 -··· l'DLl~17 -·· .).'.l_)?_f111d L!M clon1oiH 7 ~!l'J~-----· 

-~-•·~!' .. ~ithout CAllX l -···--·· .. ···~·--­
cnyoloi.~.'.~~2"1.l!!;o!_.~_i_f_t:O!!:~.~•ti0!!.._'!'.!'1~cr 



'/(I 

-·- ~------·-- --' R<ln!i1·< ----- --- ----------- ··-·-·--··----
110rllonU,<d 

"'i''"''!on Co>uooon N••no 
l'JPI; !)KFi~>G86E22l4 ----·· -- .,.,,, .. 

------·---~-----llANGEI(; l>A 127L20; 
1.526 -~.0.811.,?.0.); J~'!J:L~ 7 1 ··-· 
1 .. 115 

11SS; JJ.J'; !lLC4; Plllll' ' 

""'"'"'__,,K,-'c'c'c"•'•'--· i:_,_,,_,,_>4__ ____ -------... 
SPAG,O __ +----------

PIG6; FJ,Jl 3450; FLJ !4 006; 
FlJ2614 l; l'lJ-14602: 
KlAAOS I U; MGCl4967; 

__ !.~~ .!10(:74461; ~10\JJ.?'1_9 Sl'A[)9 
--------.. -· ' onn ••sociBtod ontigc~9 ___ _ 

l.496 MG(:20461 --- ·------· ·- °'M onoostotin.cM~--
cyl.ijlii;~ io poly•denylati'on ole1n0cii ____ _ 

1.444 KIAAl673 ------ . 
J .433 JL- !.J!.<!.[2.i. I L 1 ·I !!1!.o'.°! .. 

CPFll4 binding prolcin 4 
u:.Jt---l-_'t~",",,""",",';,,'''-'•",.".-------------

TRJPS; FLJ14.174; Kl AA 1380; 
RI') I· lOC:!J.2; 

l.413 llKFZp76\F<Jl JS ------- -Fl.JI 1080; FLJ33%l; 
1.41 PKFZP566AIS24 - "E6Pli7 NUllEL:"M'i'l'A.!' 

' ' . }_?_!(_J'.7£45l_M03!8 

!.384 -·-·-·· 
l.379 

-- . .!~~ 
~-

L348 

l .J.12 

--- ... }.~ 
J .31 

1.301 

l.ZS5 

1.28~ 
·-"' --·----

1.272 

l .258 

1.252 
__ l:?:'l_~_ 

"-·-----~·215 

l.235 

NI-IRS: l'J.J42S(l{l; KJAA 
MGC:13S418; sohno can·icr f•n,ily 9 (sodiutnlhydrogon 
_Q_~SG(;{lJI,'.\.? .!i!-SJc\_!_ cxciiant<:!), nt"Jlb<r 8 ____ _ 

fJ.Jl4744 
J>PG; PRG; pltGI: MO 

J>PP1R!5ll 
c92S'!l;---

protein phosph•t••o 1, 1ogulnto<y (inhibhor) 
subuni1,,,,•,'~--------··-------

FLJJ2930 PRG! Sc I cin --- .............. 
6:Ifl.~.t.<;JECJ; APG81,_ _ 
Tn'; (10Sl.4; GOS24; TJS 

··------~cl ___ ,_ G~l~~~M'bl GABA( A) 1eceptor-•••<Xintccl prot<i!c!I!<~ l 
I !; 1inc flngot proc"I" 36. Clll l)'PO, homolog 

NUP47S; ll.Nl'l62A 

PFK2· IPFK2 --·-----· 
DKFZp547MO!f., ,., .... 
FL.!!3448 --·-
C'-llF~; \l).QZ' SK!PI 

l'/,J!372S• KIAAJ930 
-J,LJ46}37; J.1GCI !7i09; 
J)KFZP~-'!411137. 

All; AV1>;J>61: MWS; l' CAS: 
r:1AS I; NALPJ; Clorfl; 
CLR! .I; J>YPAF!; All/A VP; 
AG'fAYPlU, 
fll\FI; ERFi; cMGl; ERF . I: 

ZFP36 J _, J"==----j 'll..".!!!.."-'-----------~·· =---; · 6 . phosphofruc(o· 2·kino •elf tuOl05c· 2, 6 • 
PFKf1l.1 _ ~!;-iph<><phal•"° 3 

-----~--· 

flco·e:!_<i;,!IS 11 B; RNF162 tl Z!-1'36Ll __ j__?:i~1£_fc•.ct~rjlrOlci n_l.f, i;-:~1_1_1 ~pc-like l 
FRA?; FL.!23006 -·---· l'USL2 

---~---
FOS-l'cko •n\igon 2 .. , .. ., ... , , .. ,_. ______ _ 
protciJ1 phosphntose !. regulator)' (inhjbilor) 

GADD34 PPPlRlSll subunit l>A 
l~j3; 1>47; rJJiNii'i'iPiflN GIG-----
.£~.~JJ':lf~ b; p __ 4_7_1_NG J • 1No I _!nhi_b!lo_r <J_f J.l.'~'v_l_h.fom!ly. u>ocnbof I ___ _ 

1.23) j P47; FLJ27168 

--·-1_,_~J_g __ --~1~ 1~~~~?}; MG·~-1~98.~ 
J'J,HK~---; plock•!f!!J.. ____________________ ---j 



--- -..... , ''' --··--·----- ··---- -·----·--··--· ,., ... --- ---------- -------------------·-
lt~l•11•• ' norn1oliscd i 
•<Pl'<W.'!.~- C111\11non Nonoc Gene Svnit>ol -'~-··· iJ!!!~.!! 'S0;.2: l'Jt!P-llr2; M(JCI 266SS: ----·--·-------· ----·-

-··--· j ,208 M(iCl2669ll SEllTAD2 SllR'fA don>ait: containing 2 ,, _______ ,, __ ,,,,_, .. ,,. _____ ,_,_,' 

1.204 J)C'fN4 l)(:/1-l4 dynactin iif'B) ,, ___ --------- .. 
1.192 ROX· MAD6; MX!J6 MN1' MAXbindin JlJYlOi" ·----
] ,165 RJJTI SER"fAl)3 Slil!_~'.~.1P.!1!~}!!_<;".",l>i1J_~~-. -·---·-----
l, l.17 Wli'l3· WIPl-3 WJ)R45!, WJ)Jl45-Ukc .. 

F.Rl'; RF!: ERFI: TBl· l; 
D5S1995;SUP45!-I; ' 

1.156 M(lCI 11066 I 1rrr1 eukaryo!ic _10.">lat!~it>~!.!!?!l.!~9-"!. I ------- ---·---· ---· 
1.156 KIAAOllS R..\.!121 RAB21 1ne111b_!:X .. ~'6.~ .. 9.~"-?J)!!)!< fontil • -----"''' n1itogon·activntcd proloin kinasc-a01ivntc 
1.098 MAPKAPK2 MAPKAl'K2 protein kin•;o' .... ----------.. ------- --

l'nblc 81' M3.3 1"·rn v, (~ontrol, Go11~~ lJnclorrepITwnted in J,atcnt ·rn. 
_,,. 

l\o!oHvc 
Hortuoli•od 
·~DrtlSSlon Con1m-0n Noni~ GcncS>·111bol I!~~.tiJ>.tf.o_n_ ----- ---------- ,._,_, _____ ------- ---"-

!' 22 _ l 5 _ L'!1l,•CSclC<Ot _ 09Moy 
OS PAL2Tl<'St DOWN M3.3 -------
lnHommnlion 3.2 fold cltouge Is 
heallhy rel olive to J, ID, ic 
DO\VNinLTil ---------- •. ----------- ''iJfliim·inyl -pe1J1!dc ~I mr•n•fer• "' 

.... 

2.716 ~Qf;_QIT._ Ol'CT (r,1Ul!!_IJ!i!!i'I <:l'.£'1"£!'2 
-~ 

2.519 CRE-BPA CREBS cAMP 1o•~"n•iv~ elc•ne1>t blndin rolcin 5 
ol•nyl (>non1l>r•no) ••nlnop-cptidase 

Al'N; (:1)!3: LAl'I: J')l)'N; {n•ninnpcptidfl>c N, •millopcpti<la•c M, 
______ .].468 >)50 ANPEP 1nicro>01nol nmin '"" ldasc, CDI 3. nl SO\ -

2.426 l'Al>: J>l)l4; PJJl.1; !'ADI> PADJ4 ~_lj~J:!_•_'llininc dcimina•o, typ<? IV 
MRI'; \VLS; c1'!;;:flf9; .... -
FL.!23091: MGCl4t7S: 

2.245 MGC131/60 GPRl/7 G protoin-.oo~~-~--:;i>tw 117 _______ -----
......... ___ l_ _l-11~_;_!:_1~1_12;!\!~i~·-·~------ llAL _/!i~!~~i_!'_O On\tnonia-l~ase 

""' ... ,-~--
pho;plt'"yln•o, glycogrn; liver (!lorn 

!.963 PYGL PYGL <li>caso 0 1 'C?.l@Jtom&_<!J~etiS<-_ty,P.;_.Y!) __ 
L94S l',GFLS ___ , 

-------------- ..... - ----· -- --·--·--·· '" -·------- ---
· .J,...)J2; ASGP·R; CIJJC~JlJ.; 

J.935 _)ls. 1 ~~-~---~·~-- ASGR2 asioloali:£2l>rotciu "'""~'"' 2 
·~····----·· colony stlnn1ln1tng foolot 3 1·=ptor 

l.892 CD! 11; G(:Sl'I!__ ________ f:SF3lt -- JR'!'~"t\10~!9_. 
---~----

1.882 LAM I'll; CJ)J07_k!.AMl'·2C J,AMl'2 I rso•orn•l -as oooio!ed n~cn1hr•!!!'.~lci n 2 ......... 
AJ,PY; ZrYVE25; KIAA0993: 

!.813 M(J('l6461 WDFY3 V/l~!.~J~l. ""d FYV/l dou1alu "°'"'!!~~\ .. ----- ···-.. -· .. --,_. 
Sl-X3A Sl-XJA ~~'£~_•.;'!_._,_ ---.--·-----·--·-----··--·-·-·-·- co1nplcmonl ron\poncn! (3b/4b) receptor I ---· 

(Knops bloo~ group); •ynony1n.: KN, 
C3BR, CD3S: isofonn l' pr«:1ir•or is 
encoded hy tr•n•crip! \"oriBnl F; (;).binrling 
J"<J!oin; CDJS nntig<-'1; coinploo\O!O! 
compononl roocpl<>r I; C3blC4h r<=plor; 
Kuop• blood gronp nnti3<<1; llocno soplons 

1.771 c,, CR! }'2L~l~l.'i~)!C!.l\~!~!!:>!!0"! (3bJ4b) ICC'<'l~~F..! ... J . ---··---·--· -----·--------- -------------- "'"'-
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'J"hc nclive 'ffi gro11p sllowed 5281 ecncs to be differentially cxp1<is•ed ns co1nparcd to hMlthy controls, as 
co1np~r~'{J to 1he !ntelil p,roup, which showed only differen\i~I expression of 3137 !)enes as co1np11rctl to 

wntrols, possibly renectivc of a 111oro subdued, although cloa1·ly active in1111u110 response as shown by 

S ovcrexpressiow'rcprc.sen!a1ion of genes in !lie cytotox\c 1nodulc. As nn explanation, 1111d no1 n Jiniitotion of 

the present invention, tbcse •<isulls [lroOObly explain the observation that changes in additional •nodules were 

seen in active "fJ3 patients as compared to controls, but nol in Intent "fB a~ co1npared lo controls. l"licsc 
included overexpre:ssed/rcprescnlcd genes in M1.2 (platelets, genes listed in Tllblc 7A), and 

---undei.,xpresscd/reprcscn!cd·gcncs in ·M J·.3 (ll ·cells; goncs listed in Tab1C 7B), ;li>d M2,S (T cells, geneS listed 
l (} in TnbJ" 7Jl), !he Jnucr perhaps being expeclcd ~incc. in !be 'f cells respOllW to M. tuberculosis lnf1!Clio11, it is 

po~jblo thal T cells a'" recrt>itc.d 10 the site of Infection and/or arc ~upprt>.sscd durinr, cllronlc infection. 

Genes in niodulc M2.4, under-exp1"eoscd/reproscn1cd (r,.:mcs listed in Tnblc 7G) included \ranscripls encoding 

1 i00001nal prolcin ih•nily 1ne1nbe1~ \l'h~sc cx1>rcssion is altered in acute i11fccli(ln and sepsis (<:alv10110, 20i)S; 

1'h•ch, 2005). nnd IJOllCS in 1bis 1nodule llnvc also been sh<>"'ll lo be undcrexpw;scd in Sl"l>, lil'cr transplant 

!5 palicnls and 1ho~c infected witb .\'11c1;/o<~K:r:r1s (.\). p11e11111onlae (Chftussabcl, lmmunity, 2005). l'hc large~[ 

sc( of Ol'Crexpresscd gene.' (66 Ge.11cs oul of 90 detected, l'ablc 71) in nclive l'll "'hs observed in n1odulc, 

M3. l, (ll'N·ind11ciblc), nnd Is in keeping with a rok' of IFN·y in pro1cction, ho"'Cl'Cr genes ln this 1nodule 

were not diITcrcnlinlly expressed in Intent '!'fl ])<lticnt~, who conliul t!Jc infeelion, as co1nparod lo con\•uts. ln 



active ·rB !lCnes \Ver" unde1exp1es;cd inn ntunber of n1odules (M3.4, M:l.6, l>.13.'/, MJ.S and M3.9, gene; 

listed in "!'ables 71. - 71') containing ecnes, which did 1101 present n cohorcnt functional niodulc but cnnsi;1ed 

or on apparontly divcM· set of genes, nnd had nlso bocn observed to he unde•1>xpressed in liver 1ramplan! 

n::cipicn1.> (Chaussabcl., 2008, Jnununlty). 

5 fl"oc<l on tranocriplional analysis of whole blood and using this modulnr 1nup nppmach "ctive 1'13 patients 

could bo distinguished fron1 lnlent l'JJ patients. J'urtl1ern1011\ con1pa1ison of!hc 1nodulur map obtained for 

nctive "fl3 In this study wi(h other 1noclular 1naps crc~!Cd (or difli::rcnl dlseioses, it is clenr that active IB 

paijen1s have a di•li•ICI global transcl'ip1ional profllo (l'igure 9), than ob>crvcd in patients 11·i\h SLfi, 

transplan1, 1nelano1na or S. J"1e111noniue pa1ients (Chaussnbel, 2008, l111n1unhy). Cc1tain 1nodulcs 1nny be 

10 t"{)lnmon to a nun1be1' ofdisesses such as M2.4, incl\lded tratiscripts cncodhig riboso•nal protein fa•,,ily 

niembei~, which is undo~·cxprc&:«".d in uclivc Tfl, SJ_,f, liver transplant patients and those infected with .'i. 

11neumo11iae. llo\\·evcr, genes in other modules arc less "·idc!y affcctr~\, Stich ns M3. l (Jl'N-in<l<1ciblc), which 

although overexprcssed ill acUve ·ri~ {Figure 9) and 81.E (Chau;sa!IBI, 2008, lmniunity), but not other 

disroscs, pa11iculorly .~. }Jtte11mo111'aa, which 'bo"'" llO differential gene exprcs>ion in M3, 1 as co1npa•ed I(> 

15 controls. TtanM'.riptional profiles in SLIJ differ from active 1'l> '\'i!h •espec! to ovor or underoxpc$sion of 

genes in a nun1be1· of other inodules, l.ikewi•c, although overoxpressio11 of genes in modules M3.2 and M3,3 

("inflamn1atory"), M!.2 (platelets) aru:l Ml .S ("myeloid"), a11d undcrc~prcssion of genes in M3.4, 5, 6, 7, 8 

and 9 {non-functionally coherent •nodules) is ohsc•ved in active 11! and S. pneun1oniac these diseases can 

still 00 distinguished by this rncthod siJJC<l genes in 1nodul~.s M2.2 (neutrophlls), M2.3 (e1ythr<JCytcs), M3.S 

20 (non-functionally coherent 1nodule) arc overe1q1re1sed in S. 1me1unoniae as cornparcd \(1 controls but not 

diflilrc11lially nffc'<:ted in active T/3. 1'hus by ietaining the co1uplexi!y and inngnitude of the datil, ye! 

orl)llnizing and reducing the dimension of the conlplcx data, it is possible In distinguish different lnf~tious 

and inflainmatory diseases by transcriplional profiles of blood (Chaussobel, 2008, lmmunity). 

"fho present invention identifies n discreet differential and reciprocal da!ase1 uftrnnscriptional signatures in 

25 the blnod of la!r.n1 and octiw, TJ3 patients. Specifically, acti\'e 1'[) palienls showed nn over· 

· cxpre.1,; oniropri>sC!1iiliioii · Of'iiCiiC$"'1 ii "r tiiiCifoiiiif }ff./: ii1d l1Cl6I e; i ,;{l fiiriiil;iiOi'Y ii iii-,-1-1yc-IOi if iii!.\lfti!ei; ·;;.11 ich · 

on the other hand were down-rogulatcd/undc1··reprcscnted In Intent 'fU. Active 'IB patienis showc.d nnd 

increnscd expressionlover-rcpre-S<'nta1ion of immuno1nodulatory genes Pl)J,-1 and l'l)l.-2, which may 

conlributc !o the i!!1J11u110pathogcncsis in 'J'U. Ulood fion1 lalco\ Til patient' sho,ved •n over" 

30 expressio11lrepn:oson1a1ion of r,cncs wilhin a oyto\oxic n1od11lc, "'hich 1nay ronlrlhutn to the Jll'O[cctivc 

response !ha1 contains the infection •vi\h }.f i"&ercu/osis in these palients and could provide bioniarke1~ for 

te.stit1g efficacy <>f vacoir1atio11s in clinichl 1rials. We believe the ;uccess of our preli1ninary study is 11chicved 

hy tbu •!rict clinical criteria we have c1nployed, accoinpanying innn1>nc tcaetivity s111di'·" 1o suppoii 

n11ribution of latency, ilnproved q11allly of )(NA collcc!ion and isolation, ad'"""'"d liii:h 1bro11ghp11( \\"hole 

35 geno•ne rnicroarray platforin, n11d 'ophisticatud daln 1nlntng tools to rclnin the ma1~1i1ude of the gene 



expression blli v11!h nn acrcs,ihlc fonna1 (Chnus•nhol ct ul., subinillcd). Such findings will be of value •s 

diagnostics of latent and 1te!ive TD, niny yield insirJus into lhc 1>0!cnlial n1cchanis1ns nf icn1nune pro\cclion 

(L.nlcn! TB) \'Crsus hnn1unc pathor,ene,sis (Ac1ivc TJl), underlyin!l lhc~o !t'•n1>criptional diffeten<:es, and the 

design of novel therapies for protec1ion or in the design of' imrnune !hcro)X'utics ;., acliw 'fll to ncil!eve 1norc 

5 rapid e1n·e wi!h anli·•nycol>actetial druBS. 

11 is conlcmpl•lr.d that •ny cn1bodimo11t discussed in this s1iccification can be ;,nple1nentcd "'ith respect lo 

any rno!hod, kl!, reagent, or cocnposition of the ie>vc'11ion, and vice versa. l'urtherinore, con11><.>si1ions of the 

invoution can be used to achieve incl hods of the inwnlkJn_ 

l! will l>o:: un(len:lood !hat particular c1nl>0din1en1s dc.,cribcd herein are sho\\'ll by way of illusuntion and no1 

JO ns lfrnila!iong of the invention. "fhe J>rintipal fcalurcs of this inwntion can \>c c1nploye<l in various 

cn1bodi1ncnls without dcp<irting froni the soope of the ill\'Cntion. '!'hose skilled in !he art "'ill recognize, or be 

able to asce11ain using no inore than routine cxpcriinentation, numerous equivalents 1o tile specific 

procedures described herein. Slleh «quivalents are ~-0nsld~rod to be within !he scope of\hj~ invention and arc 

covered by !he claims. 

J 5 All publications ond patent appliC111ions mentioned in the spooification are indicative of the level of skill of 

those skilled ln the art 10 which this invention 1~rtains. i\ll publica\lons and patont applications are bercin 

incorporated by reference to the sn1ne extent ns if each individual publication or patent application \Vas 

spec!fically and individually icldica!~>U to \>c incorromted by ,ofcrcncc, 

1110 use of the \Vord "a" or "nn" when used in conjunclion \Vilh 1h" term "con1prisins" in the clnin1s and/or 

20 1hc specification 1nny 1nean "one," bnt il is also oonsistent with the 1ne1:u1ing of"onc or more," "at IM.11 one," 

nnd "one or 1norc 11iau one." TI1e use of the !cnn "or" in the <:lnions is used lo 1nean "nndlor" unless explicitly 

indicated 1o refer to a\lemnliVCll only 01· the nlle1natives arc mutunll)' exch1sive, although the discloiurc 

support; " definition that refers lo only alternatives aud "andlor." Thro1ighou1 this application, !he tern1 

"about" is used to indicate that a vnlue includes the inherent vnrinlion of c1ror fer the device, the n1e1hod 

25 being e1nployedlo dctcnnl~c \ll(: v~lu~, or1he varil<liOli that exists a1Y1<1ng the ~ludy Sul~ec!s. 

As used in !hi.< SJ)("<:ificalion and clai1n(s), the "'orris "comprising"' (and inly fnnn of comprising, s1wh as 

''<'<'rnpris~" aml "compri>es"}, "having" (and any li:>rn1 of having, such ns "have" and "has"), "including" 

(and nny fo•n1 of includjny,, su"h as "includes" and "include.") or "co11toining" (and uny fonn of containing, 

illch as "<".Ontains" fiE>d "contaln") 1ire i11clusiw or open.ended and do no! exclude oddilionRI, unre.ci!cd 

30 cle1nents or 1ncLl1o<l step:., 

The tcrin "or Cc'mbina!ions tbc1ror' as used hcrcln refers to all pe~nll~a1ions ""d con1bin•tions of the listed 

ilcm• prcNding Che tenn, For cxan1ple, "A, fl, C, or co1nbinations thereof' is in1ended to include n1 leas\ one 

of: A, B, C, All, AC, !IC:, or Al3(C, and if order is hnpor1UC!( inn par11culur context, a loo 13/\, (;A, CB, CBA, 

UC/\, ACll, BAC, or CAB. Conthn1ing with 1his cx"1nplc, expressly inclu<lr.d 111'C ~on1binattous that ~ontaiu 



re pea(> of one ur Jl\()TC ilcrn or 1MTI, sue.Ii "s JllJ, AAA, J\1lJ, JlfJ('., AAAl)CCCC, Cll!lAAA, CAllAJlll, and 

so f,,rth, TI1c •killed at1isa11 will onderl<taml that typically the1c is no liini! on the nun1ber of ilen1s "" term& in 

any <'<>nlbination, ut>!es• 01hc ... vi~e Hprarcnt fr<>m the context. 

All <>f the con1positions and/or inclhods disclosed and clain1ed herein can 00 made and executed "'ithout 

5 undue expe<ln1enltllion ;., ligh! of the ptc•ent disclosure. While the compositions and n1elhods of thi; 

invention hnve boon dcsi>ribcd iti tenns of prcfc1red e1nlxidiinenls, it will be upparon! to tho;e of skill in the 

nit thnl vnrintions n1ny l>c •pplic<l to !he co1nposi1ion' atidlor tncthods nnd in the steps or in lhc sequc,,ce of 

steps of1hc 1ne!hod <lc;crihcd hcr~.in wilhout departing fron1 the conccpl, spirit and scope nfthc invention. 

All such sirnilar substitu1es and n1odificnlions apparent !o those skilled iti the or! arc dr.cn1cd lo be wi1bin 1he 

I (I spirit, scope and concept of tho invention as defined by the appc•1dcd clHin1s, 
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What is claimed is: 

1. A method for distinguishing between active and latent Mycobacterium tuberculosis 

infection in a patient suspected of being infected with Mycobacterium tuberculosis, the method 

comprising: 

obtaining a gene expression dataset from a whole blood sample from the patient; 

determining the differential expression of one or more transcriptional gene expression modules 

that distinguish between infected patients and non-infected individuals, wherein the dataset 

demonstrates an aggregate change in the levels of polynucleotides in the one or more 

transcriptional gene expression modules as compared to matched non-infected individuals, and 

distinguishing between active and latent Mycobacterium tuberculosis (TB) infection based on the 

one or more transcriptional gene expression modules that differentiate between active and latent 

infection, wherein the module comprises a dataset of the genes in modules M 1.2, M 1.3, M 1.4, 

Ml.5, Ml.8, M2.1, M2.4, M2.8, M3.I, M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 or M3.9. 

2. The method of claim 1, further comprising the step of using the determined comparative 

gene product information to formulate a diagnosis. 

3. The method of claim 1, further comprising the step of using the determined comparative 

gene product information to formulate a prognosis. 

4. The method of claim 1, further comprising the step of using the determined comparative 

gene product information to formulate a treatment plan. 

5. The method of claim 1, further comprising the step of distinguishing patients with latent 

TB from active TB patients. 

6. The method of claim 1, wherein modules Ml.2, Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, 

M2.8, M3.1, M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 or M3.9 to detect active pulmonary infection. 

7. The method of claim 1, wherein the module comprises a dataset of the genes in modules 

Ml.5, M2. l, M2.6, M2.10, M3.2 or M3.3 to detect a latent infection. 

8. The method of claim 1, wherein the following genes are down-regulated in active 

pulmonary infection CD3, CTLA-4, CD28, ZAP-70, IL-7R, CD2, SLAM, CCR7 and 

GATA-3. 

9. The method of claim 1, wherein the expression profile of Figure 9 is indicative of active 

pulmonary infection. 

10. The method of claim 1, wherein the expression profile of Figure 10 is indicative of latent 

infection. 
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11. The method of claim 1, wherein the underexpression of genes in modules M3 .4, M3 .6, 

M3.7, M3.S and M3.9 is indicative of active infection. 

12. The method of claim 1, wherein the overexpression of genes 111 modules M3. l 1s 

indicative of active infection. 

13. The method of claim l, further comprising the step of distinguishing TB infection from 

other bacterial infections by determining the gene expression in modules M2.2, M2.3 and M3.5, 

which are overexpressed by the peripheral blood mononuclear cells or whole blood in infection 

other than Mycobacterium. 

14. The method of claim l, further comprising the step of distinguishing the differential and 

reciprocal transcriptional signatures in the blood of latent and active TB patients using two or 

more of the following modules: Ml.3, Ml.4, Ml.5, Ml.S, M2.l, M2.4, M2.S, M3.1, M3.2, M3.3, · 

M3.4, M3.6, M3.7, M3.S or M3.9 for active pulmonary infection and modules Ml.5, M2.l, M2.6, 

M2.10, M3.2 or M3.3 for a latent infection. 

15. The method of claim 1, wherein the genes that are upregulated in active pulmonary TB 

infection versus a healthy patient are selected from Tables 7A, 7D, 71, 7J and 7K. 

16. The method of claim 1, wherein the genes that are downregulated in active pulmonary 

TB infection versus a healthy patient are selected from Tables 7B, 7C, 7E, 7F, 7G, 7H, 7L, 7M, 

7N, 70 and 7P. 

17. The method of claim 1, wherein the genes that are upregulated in latent TB infection 

versus a healthy patient are selected from Table SB. 

1 S. The method of claim l, wherein the genes that are downregulated in latent TB infection 

versus a healthy patient are selected from Tables SA, SC, SD, SE and SF. 

19. A method for distinguishing between active and latent Mycobacterium tuberculosis 

infection in a patient suspected of being infected with Mycobacterium tuberculosis, the method 

comprising: 

obtaining a first gene expression dataset obtained from a first clinical group with active 

Mycobacterium tuberculosis infection, a second gene expression dataset obtained from a second 

clinical group with a latent Mycobacterium tuberculosis infection patient and a third gene 

expression dataset obtained from a clinical group of non-infected individuals, wherein the gene 

expression dataset comprises genes in modules Ml.2, Ml.3, Ml.4, Ml.5, Ml.S, M2.l, M2.4, 

M2.S, M3.1, M3.2, M3.3, M3.4, M3.6, M3.7, M3.S or M3.9; 

generating a gene cluster dataset comprising the differential expression of genes between 

any two of the first, second and third datasets; and 
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determining a unique pattern of expression/representation that 1s indicative of latent 

infection, active infection or being healthy. 

20. The method of claim 19, wherein each clinical group is separated into a unique pattern of 

expression/representation for each of the I 19 genes of Table 6. 

21. The method of claim 19, wherein values for the first and third datasets are compared and 

the values for the dataset from the third dataset are subtracted therefrom. 

22. The method of claim 19, wherein values for the second and third datasets are compared 

and the values for the dataset from the third dataset are subtracted therefrom. 

23. The method of claim I 9, further comprising the step of comparing values for two 

different datasets and subtracting the values for the remaining dataset to distinguish between a 

patient with a latent infection, a patient with an active infection and a non-infected individual. 

24. The method of claim 19, further comprising the step of using the determined comparative 

gene product information to formulate a diagnosis or a prognosis. 

25. The method of claim 19, further comprising the step of using the determined comparative 

gene product information to formulate a treatment plan. 

26. The method of claim 19, further comprising the step of distinguishing patients with latent 

TB from active TB patients. 

27. The method of claim 19, further comprising of determining the expression levels of the 

genes: ST3GAL6, PAD14, TNFRSF12A, VAMP3, BR13, RGSl9, PILRA, NCFl, LOC652616, 

PLAUR(CD87), SIGLEC5, B3GALT7, IBRDC3(NKLAM), ALOX5AP(FLAP), MMP9, 

ANPEP(APN), NALP12, CSF2RA, IL6R(CD126), RASGRP4, TNFSF14(CD258), NCF4, HK2, 

ARID3A, PGLYRPl(PGRP), which are underexpressed/underrepresented in the blood of Latent 

TB patients but not in the blood of Healthy individuals or Active TB patients. 

28. The method of claim 19, further comprising of determining the expression levels of the 

genes: ABCGl, SREBFl, RBP7(CRBP4), C22orf5, FAMlOIB, SlOOP, LOC649377, UBTDl, 

PSTPIP-1, RENBP, PGM2, SULF2, FAM7Al, HOM-TES-103, NDUFAFl, CESl, CYP27Al, 

FLJ33641, GPRl 77, MIDllPl(MIG-12), PSD4, SF3Al, NOV(CCN3), SGK(SGKl), CDK5Rl, 

LOC642035, which are overexpressed/overrepresented in the blood of Healthy control 

individuals but were underexpressed/underrepresented in the blood of Latent TB patients, and 

underexpressed/underrepresented in the blood of Active TB patients. 

29. The method of claim I 9, further comprising of determining the expression levels of the 

genes: ARSG, LOC284757, MDM4, CRNKLl, IL8, LOC389541, CD300LB, NIN, PHKG2, 

HIP!, which are overexpressed/overrepresented in the blood of Healthy individuals, are 

underexpressed/underrepresented in the blood of both Latent and Active TB patients. 
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30. The method of claim 19, further comprising of determining the expression levels of the 

genes: PSMB8(LMP7), APOL6, GBP2, GBPS, GBP4, ATF3, GCHl, VAMPS, WARS, LIMKl, 

NPC2, IL-lS, LMTK2, STX1 l(FHL4), which are overexpressed/overrepresented in the blood of 

Active TB, and underexpressed/underrepresented in the blood of Latent TB patients and Healthy 

control individuals. 

31. The method of claim 19, further comprising of determining the expression levels of the 

genes: FLJ112S9(DRAM), JAK2, GSDMDCl(DFSL)(FKSGlO), SIPAILl, 

[2680400](KIAA 1632), ACTA2(ACTSA), KCNMB 1 (SLO-BETA), which are 

overexpressed/overrepresented 111 blood from Active TB patients, and 

underexpressed/underrepresented in the blood from Latent TB patients and Healthy control 

individuals. 

32. The method of claim 19, further comprising of detennining the expression levels of the 

genes: SPTANI, KIAADl 79(Nnpl)(RRP1), FAM84B(NSE2), SELM, IL27RA, MRPS34, 

[6940246](1L23A), PRKCA(PKCA), CCDC41, CDS2(CDWS2), [3890241](ZN404), 

MCCC 1 (MCCA/B), SOX8, SYNJ2, FLJ21127, FHIT, which are 

underexpressed/underrepresented in the blood of Active TB patients but not in the blood of Latent 

TB patients or Healthy Control individuals. 

33. The method of claim 19, further comprising of determining the expression levels of the 

genes: CDKLl (p42), MICALCL, MBNL3, RHD, ST7(RA Y 1 ), PPR3R 1, [360739](PIPSK2A), 

AMFR, FLJ22471, CRAT(CATl), PLA2G4C, ACOT7(ACT)(ACH1), RNF182, 

KLRC3(NKG2E), HLA-DPBl, which are underexpressed/underrepresented in the blood of 

Healthy Control individuals, overexpressed/overrepresented in the blood of the Latent TB 

patients, and overexpressed/overrepresented in the blood of Active TB patients. 

34. A method for distinguishing between active and latent mycobacterium tuberculosis 

infection in a patient suspected of being infected with Mycobacterium tuberculosis, the method 

comprising: 

obtaining a gene expression dataset from a whole blood sample, wherein the gene expression 

dataset comprises genes in modules Ml.2, Ml.3, Ml.4, Ml.S, Ml.8, M2.l, M2.4, M2.8, M3.l, 

M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 or M3.9; 

sorting the gene expression dataset into one or more transcriptional gene expression modules; and 

mapping the differential expression of the one or more transcriptional gene expression modules 

that distinguish between active and latent Mycobacterium tuberculosis infection, thereby 

distinguishing between active and latent Mycobacterium tuberculosis infection. 

3S. The method of claim 34, wherein the dataset comprises TRIM genes. 
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36. The method of claim 34, wherein the dataset comprises TRIM genes, and TRIM 5, 6, 

19(PML), 21, 22, 25, 68 are overrepresented/expressed in active pulmonary TB. 

37. The method of claim 34, wherein the dataset comprises TRIM genes, and TRIM 28, 32, 

51, 52, 68, are underepresented/expressed in active pulmonary TB. 

38. A method of diagnosing a patient with active and latent Mycobacterium tuberculosis 

infection in a patient suspected of being infected with mycobacterium tuberculosis, the method 

comprising detecting differential expression of one or more transcriptional gene expression 

modules that distinguish between infected and non-infected patients obtained from whole blood, 

wherein whole blood demonstrates an aggregate change in the levels of polynucleotides in the 

one or more transcriptional gene expression modules as compared to matched non-infected 

patients, thereby distinguishing between active and latent mycobacterium tuberculosis infection, 

wherein the modules comprises a dataset of the genes in modules Ml.2, Ml.3, Ml.4, Ml.5, 

Ml.8, M2.l, M2.4, M2.8, M3.1, M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 or M3.9. 

39. The method of claim 38, further comprising the step of using the determined comparative 

gene product information to formulate a diagnosis. 

40. The method of claim 38, further comprising the step of using the determined comparative 

gene product information to formulate a prognosis. 

41. The method of claim 3 8, further comprising the step of using the determined comparative 

gene product information to formulate a treatment plan. 

42. The method of claim 38, wherein the module comprises a dataset of the genes in modules 

Ml.2, Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, M2.8, M3.l, M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 

or M3.9 to detect active pulmonary infection. 

43. The method of claim 38, wherein the module comprises a dataset of the genes in modules 

Ml.5, M2.l, M2.6, M2.10, M3.2 or M3.3 to detect a latent infection. 

44. The method of claim 38, wherein the following genes are down-regulated in active 

pulmonary infection CD3, CTLA-4, CD28, ZAP-70, IL-7R, CD2, SLAM, CCR7 and 

GATA-3. 

45. The method of claim 38, wherein the expression profile of modules of Figure 9 is 

diagnostic of active pulmonary infection. 

46. The method of claim 3 8, wherein the expression profile of modules of Figure 10 1s 

diagnostic of latent infection. 

47. The method of claim 38, wherein the underexpression of genes in modules M3.4, M3.6, 

M3.7, M3.8 and M3.9 is indicative of active infection. 
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48. The method of claim 38, wherein the overexpression of genes in modules M3.I 1s 

indicative of active infection. 

49. The method of claim 38, further comprising the step of distinguishing TB infection from 

other bacterial infections by determining the gene expression in modules M2.2, M2.3 and M3.5, 

which are overexpressed by the peripheral blood mononuclear cells or whole blood in infection 

other than Mycobacterium. 

50. The method of claim 38, further comprising the step of distinguishing the differential and 

reciprocal transcriptional signatures in the blood of latent and active TB patients using two or 

more of the following modules: Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, M2.8, M3.l, M3.2, M3.3, 

M3.4, M3.6, M3.7, M3.8 or M3.9 for active pulmonary infection and modules Ml.5, M2. l, M2.6, 

M2. l 0, M3.2 or M3.3 for a latent infection. 

51. A kit for diagnosing a patient with active and latent mycobacterium tuberculosis infection 

in a patient suspected of being infected with Mycobacterium tuberculosis, the kit comprising: 

a gene expression detector for obtaining a gene expression dataset from the patient; and 

a processor capable of comparing the gene expression to pre-defined gene module dataset that 

distinguish between infected and non-infected patients obtained from whole blood, wherein 

whole blood demonstrates an aggregate change in the levels of polynucleotides in the one or more 

transcriptional gene expression modules as compared to matched non-infected patients, thereby 

distinguishing between active and latent Mycobacterium tuberculosis infection, wherein the gene 

module dataset comprises genes in modules Ml.2, Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, M2.8, 

M3.l, M3.2, M3.3, M3.4, M3.6, M3.7, M3.8 or M3.9. 

52. A system of diagnosing a patient with active and latent Mycobacterium tuberculosis 

infection comprising: 

a gene expression dataset from the patient; and 

a processor capable of comparing the gene expression to pre-defined gene module dataset that 

distinguish between infected and non-infected patients obtained from whole blood, wherein 

whole blood demonstrates an aggregate change in the levels of polynucleotides in the one or more 

transcriptional gene expression modules as compared to matched non-infected patients, thereby 

distinguishing between active and latent Mycobacterium tuberculosis infection, wherein the 

modules are selected from Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, M2.8, M3.l, M3.2, M3.3, 

M3.4, M3.6, M3.7, M3.8 or M3.9 for active pulmonary infection and modules Ml .5, M2. l, M2.6, 

M2. l 0, M3.2 or M3.3 for a latent infection, wherein the gene module dataset comprises genes in 

modules Ml.2, Ml.3, Ml.4, Ml.5, Ml.8, M2.l, M2.4, M2.8, M3.l, M3.2, M3.3, M3.4, M3.6, 

M3.7, M3.8 or M3.9. 




