METHOD FOR PREDI CTI NG A THERAPY RESPONSE | N SUBJECTS W TH MULTI PLE

SCLERCSI S Rel ated Application [00011This application clains priority from
U. S. Prowveizonaisod@at ent Application Serial No. 61/356, 206y/usbéie@d4ebume 18,
2010, the entirety of which is hereby incorporated by reference. Techni cal
Fi el d [0002] The present invention generally relates to nmethods for
predicting a therapy response in subjects with nmultiple sclerosis (M5), and
nore particularly to aMﬁTH@@E@RPMﬂN ATHIRMBYse to | FN-P therapy in
subj ects with M5 RESBANSE 1 SUBRHHAES L MA I BEE (AN

Background of the Invention [0003]Miltiple sclerosis (M5) is an
inflammatory di sease of the cenkii@ledMipviitonsystem Genone-w de associ ation
studi es have inplicated i nmune system genes in M5 di sease susceptibility,
whi ch isjmonsi straRtppchionldiek erib@y flonuBeProvichhaniParst ApplivBidaathggenesi s.

I ncreased bioavailability of type | interferon (I has been inplicated in
suscept i bt Wt@) 66%635@94#4“? )}g’c?pt%it%?né‘é?%?é‘ﬂ}‘ i ﬁé‘e&l\%‘ﬁ?rﬂ‘é@@s %Y ncr eased
expressi affe@fcet Yype | I FN-regul ated genes (1 RGs) has been detected in about
50% of untreated MS patients, and this has been interpreted as delineating
a subset of patients wth augnmentRdhtif&i@di nmunity. [0004] Types | and ||

| FNs regul ate overl apping sets of TRG. While type | IFNis a cardinal

mdedi at or [@iD2) nnatlepﬂzlﬁﬂﬁﬁmiv&ryipn'lfgmllbfelhiﬁi\iol@@dﬂ?dd@ifd}@)ﬁ‘fﬁisctihgalﬂmtéfbyi nnat e and
adaptive immunjty,. Al though clinica rials for LFNy as a therapeutic
agent foFeSR}%‘Sw%bJﬁﬁéﬁ‘(&tgég‘ztfﬂiff ?C]eé?si‘sr{i‘\/i% angl pmage BarB‘FulatrE)/'ﬁ%aF“thf—eaﬁ%"onti nued and
several prERIRI NABtonkNMoGFNEY tBeraleh duljbdiNvit) M3 RGLICINS ifiaMRiahe etpraspir oved for
M5. In the trials, IFN-P reduced rel apse rates by 30% and inhibited brain

| esi on f EF1IFHE M8FETi sual i zed by magnetic resonance i magi ng. Cinical
responses varied anong individuals, however, and the nmechanisn(s) of action
remai ned obscure. [0005] | n pBackareundplihe laxentinlas from one of the phase 3
trials, t 20% of |1 FN-P i.pients were jdentified as poor responders
(PR Pol0Sks potd s o IS PurBRETY B el Emsreada "B s ol g ¢
(i.e., re&leaddvide apoidtigt dt@iicstavd i iBataelnhdleisZdidig gt indadid@sdse or

phari nacogenom c (i .e., associated with genetic variants in |FN-P receptors
or si gnaPYSsHRYPIY Whichipeniststest Withihrodefopiafpiginaecamsns I AL hRsFISSduced

I FNI- 13 bicoavaitidRhildbii¥y oﬂg@ ihRritldh $TFRE GRARES thficelkdld du¥ocp @GR oPat i ent's
account for a mnority of . In the third and | argest ca{e ory, PRto

| FN- P mayev§Btyod diyese agteintmpc doies. dfcrgapis axpession ey JBN-r ? may be

i nf or mat iy Elﬁg%f s Blert N6 cRBGDAARDARE St RirciYRY ml RAtiSHE 98 mRfhaPAdhent s.

M croarray- bas cross-sectional expression anal'yses and studi es of

i ndi vi duaiterpegivdiogl delimetjmmasubyppaatienthivish augmesistd Inn2GOOBLAIY. t hese cl i ni cal
and radi i cak- vari . Way! i hej ity to

redi ot Qe ST AARHTEN: ANE e by shChi RO TG UMY §

uncert ai ngrginalmédaatecd sinategmdivsia $eed UHFometicimgessn béthinnsored MBppat | ent s who
need aggressi.ve theatnment do n gceive it while others are unnecessarily
rroat o HRUME LT Mea L RS ESoRS “Rrckbrrlidas it B 08 et o i thout &
sound r atuhooadseul, Sinicahtrialsaff tipaé [F¥veniniainmnd GOR 7l fdtempines emtridronbetd i on

general ly relates t t hods for .predictin apy response in subjects
St mul TR Rtk St S A e Rt el S s SRR 1 or

predi cti bg 30,268 posed bRin 16dief foahatnbahalizd bNmR)ntibessapyicd imagiab) ects with
M5 based on differentially expressed genetic rkers. According to one
aspect of Tkl fppeREnYariehFERPS BHIVidalrefGyer &9d SOFIBHSTS) LR i ni ng the
ef fi cacy r@faideiNnicdrd herapy in a subject with M5. One step of the nethod can
i ncl ude obtaining a biological sanple fromthe subject. After obtaining the
bi ol ogi c&008hnplierost-fier Earnalsssdipm eigall thsfrhage 3 teialgtabee 0% of IFN-

interfer 9&1&&%&% RN @8RG ﬁab«ﬁ@}s;p%dc\’ R{NBook hep&Rf sie@bnleedaterdthned.

I ncreased or decreased expression of the at |east one |RG or ‘variant

t her eof astegoinphasebiarnacelogie i oplatedip pradicien ef IF Nt nauralizengsngdbedies) P r espond
poorly t di 1 ..} he present
Fvent | ol L e R e B a8lnd 0o Deed o
treat M5. One step of the nethod can include providing a popul ation of

peri pheral bl ood nononuclear cells (PBMCs) froma subject with MS that is a
poor responder to IFN-p therapy. Next, an agent can be admi nistered to the
PBMCs. The expression |level of at |east one IRG or variant thereof can then
be determned in one or nore of the PBMCs. [0009] According to anot her
aspect of the present invention, a nethod is provided for treating a
subject with Ms. One step of the nmethod can include obtaining a biological
sanple fromthe subject. After obtaining the biological sanple, the
expression | evel of at

XN




-3- least one IRG or variant thereof can be determ ned. |If expression of
one or nore of the at |east one IRG or variant thereof is increased or

decr easedvexoniorispemed to a control, the subject can be admiusceteuesdo a
therapeutically effective amount of at | east one agent besides | FNp.

[ 0010] According to another aspect of the present invention, a nmethod is
provided for treating a subject with M5. One step of the nethod can include
obtai ning a biological sanple fromthe subject. After obtaining the

bi ol ogi c [ i riant

t her eof gé{ﬂa%%d)e Thg%%aﬁ%ﬁ) %ﬁl%éﬁg?rlélﬁés{fgﬁ&gg ?IfN g%@&?lgagglttﬁ oa%eSB{ﬁR}éﬁor vari ant
t her eof inschanctieased, mch da&ren‘easc@dnta“sr comperyed PRe. b thotiinda@hd latdest subj ect can

be admnlstere r.a cti nt of nat.alizumab. Bri ef
Pescr | pt FORCEY TRra TEY R Tt Shat TR A aSben b & b B es of the
present infvrentivomgaing t}tnqamngerﬂppaﬂﬂlhnﬁ@bts&@ﬁpat&kusl Michoarruyttagedart t o whi ch
the present invenfion re at u r.eadi oW ng descri t|on wth
of ef enc BB EHEHE LB PR R P HGEC! v A GhA  GORO TR R a1 ow

di agram ibdeygt rating a nmethod for determning the effi cacy of
interferon-beta (IFN-13) therapy in a subject with nultip scl rosi s (M)
accor di né'%08! oné‘%alg‘ﬁéélt’m%af] ap @d‘BP§§éh‘farl?‘W% Py ol a'[edtili‘@ﬂ:’i1 gm Qb‘ 5 f]ow

fll ag{ aws 'pfehiéﬁﬁlge%é afmc@d@s?aﬁmlﬁ@hnsg&@%ﬁgﬁgomsamtmm@eh%ttyqan b[eogiileto .
rea according to anot her aspect o e present invention; ig

i s a fl oWreReEHEACIIoUSPNafIcAY that sena NP et Vaarid gegesipisgimenidch Vs
accor di nﬂottr@ce%(?tt Ra&lle @tﬁ%%ﬁc &Bec%é’k@rﬂ@rn%&@@&nd'é’%‘é@é‘s&nh%&ex{a&@&ﬁ] ik sk gt | S a
scatter plot showi ng the correl ation between induction ratios (IRs) f

OASL cal eidF affests Wihoreasoupd rasioppdant i t ati ve PCR vs macroarray (a | og2 scal e
is showmn for the X and Y axes [0016’] Fi 5 is a plot show ng the nunber
of interferon-regul ated genes_'{ﬂl_lkﬁy)_é.b_ﬂl_ﬂm FN-13 injection. The bars
represeniq@ngl V:Egual sgbnggt s at ;ﬂ%g l%l {ql aeIF@!dTll}l- 13 dlcrrlijﬁec%;&?n The hei ght

of the b hows® PIRETHINETBION GFNSFRESCRICE 19 MREOIS 19X PecIChRg 2 gktdPEnt s wit h poor
For 85 P B PR ki o) and
6- mont hs Pleyicting sespames togaferersirbpte S N-DperR ip gbiskontio¥ISbegd on 4- genes i's
The Tup £ e e ey i PSP REM e heapefae bet veen
each pl otme‘ffID@@SjISQ‘Ffdei for7dgteymaniseih ég'lcmffy of ¢iAY Peakergivon ¢ shitpect wh iMfdi Qiedual

(5 good ARaOEHD s8R ke alhe SEaRRp R 6 o St B IR LT 6 ot b,
and 24 nobtihsgwer gologindeahylesit eqradot Evtled tit lba“seOlwonErf@bmmgyla(ﬁd gee
sl G e M P R B P oy
Col ums ibman?d}élr\@ﬂmpalmedf%mnﬁ&sitahcmhnylmd&ad1161tﬂmmt1tlsjsmw<ﬂdnl ums 2 and 5
conpare response I nd 24 nmonths. Colums 3 and 6 conpare responses. at
basel i ne "GRYF4° H’tﬁTs\ '['15@@9] Figs. 8A-B are a series of histograms show ng

exagger aj@ms| ROAVC&%@ﬁQiiﬁadoﬂlepéﬁpb@m the Phdséht dvBRDN, 4 RSPONEHr@iddlifeist | FN-13
injection (FLg. 8A) and a 6-nmonth TEN+ injection (Fig, 8B) (histograns plot

the IR féfrrefaulqg Peaay thapeag be Uﬁ?ﬂtpérﬁ%% nof'ﬁr\%ng‘EfdléF m@é%%éﬂﬁ%up and al |

pat i ent s pig¥ididpen mgfané@@@ﬁﬂflferﬁ%%H)non&ﬂféle&p&ﬂﬁ)h‘rﬁhgcs)%dnﬁa aibplOokiughow ng
ROC curves for baseline T2 | esion volunme (LV), the best 25 | at

basel i ne M&that ipageqrirergoneier fod§ Ndhthgigpyy miext ap agent gy bepgminggtgred tpr{Be ROC cur ve
tests thepalid ity e%&es%én hRESof 2N REAS URERBEr VRASH MRS cAPhB] Bl mRReT

response neasured 6- nonths later, and conpares the predictive ability with
t he baseli ¢ms oTmoresfitenPRYCane. Detai | ed Descr i ption

[0009] According to another aspect of the present invention, a method is provided for
treating a subject with MS. One step of the method can include obtaining a biological

sample from the subject. After obtaining the biological sample, the expression level of at



[0021] Al scientific and technical ternms used in this application have
meani ngs commonly used in the art unless otherw se specified. The
definiti one 2priospeted herein are to facilitate understanegcmgisediioeosi@i n
terms used frequently herein and are not neant to |limt the scope of the
present invention. [0022]In the context of the present invention, the terns
"control" or "control sanple" can refer to any subject sanple or isolated
sanpl e that serves as a reference. [0023]As used herein, the term"nmRNA"
can refe ot scri n Tr ans ncl ude such as
mat ur e w@ﬁiﬁ%‘%g‘?@o%"aﬁ le‘?aﬁhe‘"‘?o‘ g St nfiey %S?)S}Oné)? Vat'i'ous O@A%‘es of
transcri ﬁﬁastpnem st vaglanjteh@eqt 1§1ptmas|emgr @ndadd gs adatarcnd a cd@249:As used

her ei n, | an.refer to a
ooyt | botiE Sorr B ekt s e Rl el T8 ru oo

doubl e- stiapded form and -5- can enconpass known anal ogs of natural

nucl eot i that function i manner as nat Iy 0 rrlng
nucIeotiﬁ@ 0] [Oé§§?ﬂ§gHE%Hﬂﬁ%$¥?%n}%ﬁ8mF@FWﬁmnﬁ8ﬁyﬁ'%?$Hém“’ ®yr ot ei n"
can ref efrediRiga siB)b@ Mihevis.hehe ﬁwuhes,ﬁahmaﬁ ntclnaie oﬁﬁlﬂurﬁm hogicald subunit. A
pol ypeptide may be an entire protein or it may a fragnent of a protein,

such as &R frgBpsprbige Srteasbiiningdisdielpae! Smﬁéewvﬁ@ﬁl?rﬂ‘év%ﬁww S0

conpri seakdogé ftd 0Nvark thieorRAA ROdAGnthed Ut?‘éﬁbr%s?s;on%‘f'% Ak BhOW@LI on or
acetyl ation. [0026] As used herein, the term"probe" can refer to an

ol i gonuc Vs Gercelip dsreasegror B?%%S?ﬁgﬁstc@maaft—"b‘iog"@mﬁ@c‘lhéF@J%P@ hsf

conpl CTROhAMKSEANRDAS., uhiEIOYGE RR EmBIn PR Lal MRS Of chemi cal bonds, usually

t hrough conpl enentary base pairing. For exanple, an ollgonucleotlde pr obe

may include natural (i.e B%efﬁmﬂﬁpﬂbnl}u@ﬁhﬁﬂﬂi ied bases (e.g.,
7- deazaguanosi ne, |n05|ne erc.). In a e bases in an

oti gonuchsaij dep& QP%oﬂﬁlén@gthbpﬁeﬁlﬁﬁs Byth@pllegamkﬁqg@m@h R béJ&% aBparent to
phosphodlester bond g as it does not interfere with %rldlzatlon
[ 0027] As thesekiliegrie thg artttwhtc £ Preserzin epygnglatog M rgakieg %hﬁfqlﬁéﬂrtgont ext of
quant i f YRGB ANSRY bRIdONl £ £hsm Ay RARAGEAR Wiffier L0 absol ute or
relative quantification. Absolute quantlflcailon may be acconplished by

i ncl usi of00d2] kndign! Mﬁﬂ(@ﬁﬂlﬂ@lﬂm(jﬂ'@@)ﬂlmﬁa merBobior Agpreniniag Q@tﬂfﬁm@i@f‘ i c acids
(e.g C ntensity
of unknoﬁnﬂ%re\?\%l} %lllﬂﬁk Ejr)]ﬁl%} }anr?g{gjeﬁﬁ\té EHE‘ @%&%Q ISW@ h&h ti(%)&g]:;éener ation
of a stanﬁaﬁdﬁdwnmgpnlwﬁmEMnat|ver relatlve quantlflcatlon can be
ggﬁggpl I JhbS']t byF saarhoswgglagram lﬁlpsrtrlta I Zal%’l%i od I%lljanff‘en]m)% a%elt \évee;l an((i:]agsbel nm)r €
hybrid|zakﬁmmnmmmehammwn@deKeraaﬁhmﬁﬁmm&mmnmﬁammmf|ptlon I evel . [0028] As

used herein,, the.t relative ne ex relatiye, expression”
in refer@ﬁﬁ@ to%¥ ggﬁ%ﬂ%%H””%F%Pg$8“%ﬁE FE? ﬁ?d@“ﬁ%&ﬁ@%ﬁ%éﬂ%%“ he sanme gene
expressi@@mprmgﬁ@hmhu&qahiMﬁﬁﬂmkﬁﬁ$HWmmand|fferent cells or tissue types.

[ 0029] As used herein, the term"subject” can refer to any

i ncl udi n@@018Lt ﬁﬁ%4Fﬁ%¥?@ﬁpf Shos{ine! %“5ﬁ$“ﬁ8ﬁaﬁﬁﬁhﬁdﬂﬁpﬁﬁ¥@slgﬁﬂbr rodent s,
ar t hr opodmsLi ARGt by fréadfine PONMIRBPCRINs FRERSsraViaNEL schOW sASSn for e nant s,

| agonor phs, porC|nes caprines, equines, canines, felines, ayes, etc.),

whi ch |s)§%lﬁémﬁ e recipient of a particular dlagnostlc and/or t herapeutic
appl i cat '[(ﬂﬁ() [0@?g015'°§a M&%@loQﬁ]'fg%l'lerhuﬂb@?ofﬁﬁ’t&ﬁ‘ém@-‘r&hﬁ&'d%ﬁes%ﬁi@b & frgan refer
to a bodi'l y 'sanpl’e obtained froma subject or ron1conponents t hereof . For
exanpl e, Imﬁ@IwgamnyThgwﬁ$@p@aﬁnvﬁemﬁabméwm@nﬂhﬁm&mlﬁdﬁﬁnmeawn Ehe a sanple
derived f; mo%t%ttg}s%% PUGHnSATPHE%: GRMR 4 dthe PHlwas R pod- not |1 m ted
to: perlp raI ? ul ds, whic nay or ‘may not contain ceIIs e.g.,

bl ood, uﬂﬁﬁ@emthQMEaﬂnmaﬁﬂs bile pancreatlc j uice, supernatant fluid, and
serum UiGRup Ofif kg ecdli, RioRaY,SATR @3 aRhRiE By alnagpl es i th
known d| gnosi rea nd Butcoms ory dirl’y sanples may al so
i ncl ude &Bp@ﬁ@ﬂ@mmmnw(samasmdﬁumnMasy%xmyéhr&ﬁbmw@ﬂ$thaﬁ@Mr&mbnTl66

hi st ol ogi cal purposes. The term "bi ol ogi cal sanple" can al so enconpass any
mat eri al derived by processing a bodily sanple. Derived materials can

i nclude, but are not limted to, cells (or their progeny) isolated fromthe
bi ol ogi cal sanple, proteins, and/or nucleic acid nolecules extracted from

t he sanple. Processing of the biological sanple may invol ve one or nore of
filtration, distillation, extraction, concentration, fixation, inactivation
of interfering conponents, addition of reagents, and the |ike. [0031]As
used herein, the terns "interferon-regul ated gene" or "IRG can refer to
any gene or variant thereof whose expression is increased or decreased
relative to a control upon exposure to at |east one interferon, such as
IFN—f3 Exanples of IRGB can |nclude those listed in Table I as mell as

o " o, o ~ = . o,




[ 0032] As used herein, the term"variant” when used with reference to an I RG
can refer to any alteration in the | RO nucl eotide sequence, and incl udes
vari at i onwotznat1segyeur i n codi ng and non-codi ng regi ons, pcmaisealiiogsexons,
introns, and untransl ated sequences. Variations can include single

nucl eotide substitutions, deletions of__one or nore nucl eotides, and

i nsertions of one or nore nucl eoti des. Exanples of 1RO variants are known
in the art (see, Vossl anber, S. et al., "Interferon regulatory factor
5 gene v t 0 C I ron, 8
thor apy. LAY @*P%@% (RRCAOR Pl S DRERL QGRS kbR oo 8
7,2011; amdplmnamhﬂhhmébaﬂmmnﬁumewbédm@ﬁmemmnﬂEmM6Mx 2009) [0033]The

pr esent ti enerally.r ate edi cti ng. t her apy
response @:‘{uggubj% ?ésase{lﬁs?v‘}uf"ﬁ ?lgtssf%rﬁgr“ (}s“l”gua? jents 1[1 W'N%F%nspéﬂl cularly to
a nethod1é@mmebeﬂaehkmgmarmemmemsenhaﬂi@ugbdannmpmﬁt@p@kﬁmgpah therapy in

bjects with MS b fferent Th
o csont  PHGEATT G & oblia o B e L BB oA B et (ga bor e © 1

interferaonsisegty aftiBdreg@nesovel Raga)s. ditleffRits cqmainlsmtpauehyw(th p&r, identity of
regul ated i RGs) and quantitativ nbers of regulated I RGs and

el
ext ent oftr%fﬁ'a'e}dfﬁpaﬁlﬁeoﬁrndﬁléep‘ﬁ%é@wﬁﬁlﬂ §1ﬁ PalaipeE eagh USHP)CBEEPOR it h MS. I n
parti cul @blunids 1488 4 UBBYRE ek Rk Abseprwensd ntdials. sUReELands thnp Who were
classified as poor responders showed a significant -7- exaggerated
nol ecul afespespoti§and ¢4 months. neolumaedandficopercdsyarrey arhesdipres<d on)
fol | ow ngyoftsst and 6-month IFN-p injections. Based on this discovery, the
present invention provides a method for deternining the efficacy of IFN-P
t herapy (#18] subjesciA-Riarha wees of Meetious dpwietespgdersiadd Rivretease im subj ect
wth M t a
nmet hod fg%ﬂ%SSgeﬁvﬁé?gﬁﬁg€%%?#m§gﬁ@gg@&EMRP@ %g%ghﬁgeggﬁﬂgﬁggné&%%fhods for
treati ng (Begsiihjletogmins hloMbe [R 0034 |ehss iaall stticots prbpeeal rssppase gBppad hogenesi s
have foc Y articularly imune response directed
agai nst %ﬁgﬁfﬁgégﬁgt “%5 mgﬁgg&%opgd above, it has been unexpectedly
dlscoveremnﬂhatFhfﬂhfhpbcmpwmgﬂﬁﬂmnnvmemewdﬂmeHﬁéﬂmﬁowhm&dLVbemponder

st at us aIr her dlse tIVI e burden
W e hoot SRS ROAS A S hnd BEh R e So R A Y RO IR St o
r esponse tdsg thequny of E\Im:mmaa:zamd esbasﬂmaltepremwﬁ@r PEspores arasurdiad- drive

aut oi rnnune t hogenesi s in a suhset .of subj responders)
Sth e R gt i opareDe i diy efE B Tt At R  cy. el t her
within type 1 | FN pat hways or g{feﬁtlﬁg t.he expression Ievels of 1RGs
indirectly, are determ nants f ! ease severity in poor

r esponder, thod 10 in
accordané@n&} %ﬁ%;wgg% %F%g$“FﬂquPé§gﬁPqi%ﬁ?ﬁ?ngﬂm?Egnﬁgyﬁﬁnln|ng t he
ef ficacy c&fﬂnEﬂlyllBedtlhﬁfoaﬂBtwmle@s ah&wﬁlqeeﬁdm%dt Whdvfinfibes petvhied hdBin@atoi ncl ude
the step obt ai nin bi ol ogi cal from sub ect w (Step
15y 1 conasttifg e B of Rl e Lok ER e B T bRy greeshth Sl (st op
14); dete&ﬁk@fmgphﬁﬁnex@me53|on | evel of at |east one |IRG and/or vari ant

t her eof SteP and aqaﬂ yzing the measured gene expression |level to
det er i n thén Gspeett 1e|prﬁ‘r8e§¢fayﬁerloﬁo FIgme oCMERL P8 REPEPPPESt ep 18) .
Cptlona|kM1mhﬁﬁaﬁﬁ%h@@ﬁ%@nﬁ@@rh&Q&@QﬁmﬁQ@Mﬂkﬁkﬁ&hﬂ@ﬁﬁﬁﬁ@Se of 1FN—11 to a
subject with Ms prior to obtalnlng tbe bi ol ogi cal qp (Step

[ 0036] ThdV®28} ns Assed heptie tacierr gyREA™gpn reﬁﬁswota@swé Hléee‘? nTre%@ﬁertﬁcl ude a
di sease ity ohANRANESICALL HaflHEhRRASAR! 081, A6 ORI ERR ARLPREuL igebr ai n and
spinal cord are danage l'eadi ng to denyeli nation and scarring can

i ncl ude @fhmw@eﬂpaﬁeeumﬁygesﬂwmgwn@ﬁevemnmnqch a subject may be afflicted
WD SRS ol M RURLYRES EARLEL YIS DE0 O NP LS ERIE e o

rel apsing-rentting , active reFap5|ng remt H@, primary progressive
M5, and ﬁewaﬁﬁanyhpﬁ@gme@smmemwﬁumﬁmhap@wngnyeﬂHMDmﬂQHWEdahmnnanude a
clinical course of Ms that is characterized by clearly defined, acute
attacks with full or partial recovery and no di sease progression between
attacks. Primary progressive Ms can include a clinical course of M that
presents initially in the progressive formwth no rem ssions. Secondary
progressive -8- M can include a clinical course of Msthat is initially
rel apsing-remtting, and then becones progressive at a variable rate,
possi bly with an occasional relapse and m nor rem ssion. Progressive
relapsing Ms can include a clinical course of M5 that is progressive from
t he onset, punctuated by relapses. Typically, there is significant recovery
imredi ately following a rel apse, but between relapses there can be a
gradual morsenlng of dlsease progre55|on 100371Referring to Fig. I, at

o ~
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(e.g., about 4 IRC s and/or variants thereof) listed in Table I can be
determ ned fromthe nucleic acid(s) isolated fromthe biological sanple. In
anot her ewearpiwised7ot he present invention, the expressiomcClrasediiohosad | east
one | RO and/or variant thereof (eg., about 4 IRCis and/or variants thereof)
listed in Table 3 can be determ ned fromthe nucleic acid(s) isolated from
the biological sanple. One of skill inthe art will appreciate that to
nmeasure the expression |level (and thereby the transcription level) of a
gene or genes, it is desirable to provid nucl ei ¢ acid sanpl e conpri sing
TRNA ¢ ar9E FISmPES K37 Ve e GeR Lo guREaios fap i iengn aSer BEMIECEY 1 1 om ¢ he
MRNA t r angs@idlRptocSrindaucsagsherein, a nucleic acid derived froman nRNA
transcript can include a nucleic acid for whose synthesis the nmRNA

transcri pP0%br AUipsbytiarteicrrebPsPtifasand trGip et refer padnaiecil hdnpl at e.
Thus, a ri5@ RESBat SRNHGHI ReFsblAM 2P0l e Ay BNMy drtidsi6ieidee from t hat
cDNA, a DNA anplified fromthe cDNA, an RNA transcri bed fromthe anplified
DNA, et c.maycder fremgarafwamteiponrh senjofepsptideaige pligaperiity- dée selypsHdof such
derived Qﬁé%dﬂ%tc%m'ﬁﬁ%_ z@t%ra'tiﬂr@'tﬁ%'a\ﬁﬁl@z{ci&Jﬁﬁtllﬁfseﬁl@lmgﬁin@tﬂgét%n @9%9%@ of the
original transcript in the sanple. [0041] Methods for detecting gene

expr essi dA026byelAs wadihaeingdbe feuh {'probe”eak mbsario atholigeaudgatide ppableiofi t i ng

exanpl es \of 4; 0EL f det.actj ‘ h i I% rthern

b1 ot " anal G B0 AR RERRHAEH LN} By SRR Re B80 E dRERLO0 "R
probes t chhylval wnde ufidy thodveb ubwesleprasemase mirags Empdxenplei m sit u RT- PCR,  and
ol i gonucl i.de m croar A 3 h i.dj zat i ol ynucl eoti de
sequencesOl éﬁrul(g\%:gtgaeﬁr%@'agglgﬂ%ﬁ?ee&%uéalgﬁ"g%’ﬁ‘fcjc(?%%ﬁioaglg dg{efj g%ﬁ?‘)’e/d to a

substr at g}.g., 7-dt&agj0042] Imvsionetex dnmpdditicnf the: hesep mesiehizoiueicetidd pohe may

macroarray .can, be used t etect the expression |evel of at |east..one |RG
ond or vaFiRR PERe o GrdsR thera P ERES 7 ot e BlicsEE iar t he

r nacr oar riayrigianionncl ude a nunber of test probes that specifically hybridize
to the e sed, nucleic acid which..s to be detected and, optjonally, one
or nore ﬁﬁ@jol ‘bsr'%fﬁ‘ég‘?re“?e ‘fteHPoﬂ)‘éaé‘“@é{hg WhET Eﬁﬂ’g "bﬁ“?ﬁ@ﬁ%l%%‘ﬁ%é?gt hat range
in size (Rnriptibelwaes ttande RN BN 6 RDLiIvEQEhtiARE A B oRRIUENCES
conplimentary to particul ar subsequences of the genes whose expression they
are desi gHeH g dePache 2cqnupishidiy peeton dpeyn FuyoBetier(picae g more

speci fi cabdo¥ dayiRlciadidd [, doftr@ e RaEidDUGH RifGeflthe FRDAES RienGQNT O
probes that may be included as part of the macroarray can includé

nor mal i zatnkemvissrithrths snoventpeeidwrlsis apidy eg dbivtghogeseragpioli siynderd suveht r ol s.
[0043] 1 n POt RS, SXBIRY Gialiiridalih RS SMomplIMR Y QfinpeisHRGH 1IBF i ioAS

descri beﬁi n Exa?r‘pl e 2 Bel é)w) ]cag be usgd to 5életlélc):tlst he @gﬁrlesgﬁon | evel
of at | eatgnalgihelmeenstvsforinipse gransr bityewdwiomr Mals teeatmenBep quanitifigthe he

expressi o I .k . .. 4.genes) my be

advant age%llt"ﬁlk %lglrhygie“\i/%%tg) ql?gl%gggg#%}i’émg%ﬁﬁué%rgnasgrd'ﬁgﬁtl%gti ve test (e.g.,
qPCR), f dP0Z8fanpheyscd béreint thoterof redutive gerteedpmssivind or Gblagenegressiord imul ti pl ex
array my. pe. usehule, of PEASH Gl LRSS, & e st UHIB AN IUTBEr of
reagent s heeded,. "ere; 3o Taddtional Iy, sel'ect'i 'Onh > oF S51° TEast UhbStit 4 genes
can be daneallyano@NA) indiffdient délsor tissuaapeang ability (i.e., area under an RCC
curve) usi t he random forest nodel ,of the present inventiagn, [0044] The
s LormV B ng AT EERF Bl By nagbE SRS EAB I TEY: AHOUrE T85 hunan. cDONAS.
Briefly, fhiednsounes anllobnspatd ifiga DNy 0idddnde attitagddodndealy, MANO@MNE, probe

| abel i ng,, and hybridization can begin by isolating about 5 ug of total RNA
ex vivo fHBRMRAGEESBIYB5Y. COUBNATSHEDES 8O Phe ROBECH EHEPSL SHUBS r ever se

Lr anscr i Dbk, 15hAGa SURERSCRIUT bolbe i LRl P8 QeSO BARIGTRANG bV TROGEN,
Carl sbad, CA). Residual RNA can be hydrol yzed by al kaline treatnent at
about 70Ch§arcUEHHNICE®NNi nut es, after which cDNA can be purified using G50

colums (pdpeal ANGRE BereBURK tRg PBIE LT @mpldKlan REPRESHERAD sdMRP REined
hybri di zed overni ght to the macroarray nembrane in about 10 mlliliters of

hybri di zatdmom siidef erfrom eprnpsvderts Bigreph siter @kanple. de teddy bangte eamrindhfisacy
buffers. Nex ARCr d i i f:yi hor
screens f gﬁﬁﬂg lcs)%'?ﬁ% ﬁ g’(ﬁlgs}({sﬂ,E %[ﬁﬁg(\i/\ggmgéggggh ﬁ?“ﬁ‘gﬁ'&}ﬁﬁg@f@ﬁ}?&wﬁgﬁp
(MOLECULAR DYNAM CS, Sunnyval e, CA). [0045]Prior art nethods frequently
enpl oy high density oligonucleotide mcroarrays to characterize genes
regul ated by IFN-13. Such nmethods may be useful for identifying novel

| FN- 13 regul ated genes, but results are not readily quantified, and the
technique is therefore -1 |- less suitable for analyzing |ongitudinal,
differential 1RG regulation. Unlike the high density mcroarrays of the
prior art, the macroarray of the present invention can include about 166
| RGs selected fromprevious mcroarray experinments (see, e.g., Schlaak,

. - 1 PN — — N AN N AN P .



[ 0050] I n anot her exanple of the present invention, a decreased expression
| evel of at Least one (e.g.. about 4) of the foll ow ng genes and/or

vari ant s wbenaofs97as conpared to a control) nay indi cat ecrhsbomlogossubj ect
will respond poorly to IFN-P therapy: SNN;, hsp90; c-nyc; Al -AT; HLA-DRA
COMT; NFKB; HLA-DP; TIMP-1; CXCR4; and_I|L-2. [0051] Anot her aspect of the
present invention can include determ ning whether a subject with M5 should
be treated with a therapeutic agent other than IFN-P. Were, for exanple, a
subject wth has.an i ncr r.-decreas Xpr i.on level of at |east
one | RG éﬁ%WE%QJar %IPGF épggﬁgﬁ%ggygugﬁuﬁgglfﬁﬁg%ﬁﬁﬁﬁagTL%h@O%gnes listed
i n Tabl e uliphe,a&smamaned btlopaceotit juak, supdyeatsu bjugic tndcsaminbeistue eafied With a

t her apeut i c, . agent othF[ t$an'|FN}91 NBhtperaq}Q§ othn,thnA FN-13 are
known i n "ERES EPRSY SAEPIERANT HET Yl s RIS VS KIS AP AT (TP ATEP Y Akt at e,

m t oxant roateeme anRthrn a @dilly 2anplds maGalveeihtludesseethidng b Nadsiasesuch es AEiee Secfiensg. |
vitamn D). her, therapies, can include those currently under clinical
investigé%?Bﬁ%Fﬁ?“gﬁécgfﬁﬁ?ﬁﬁn?ﬁ%?“ fo@ﬁ@ﬂS@ENBf“§F$WFB%§H§B%mWaCIizunab,
i nosi ne, BE0dRived bngebistmba bb@FURRAPRO Deri AiCh MEHIRQa N AX1udbEdUb 8 S10f OF
treating subject with M5 according to the present invention are described
in great efigdioes!Isgen Be pmg%lfélsol[a%é@rﬁmw gpgicolgamped RGP can

opt i onal lnycleRdGLib e IRAE Bttt Rl oS tBe Shant. ProdeEMelet tlcdbiflogivhlis@fiple Wal h VB
prior to obtaining the biological sanple. The I'FN-13 dose can be delivered
as a si ngMelsraparaeiceh [iltgHpe HisvHgioneiee ot gecriigtion S xgEmeinastypédsi on
measure (Jriferferidl céﬁﬁﬂeﬂt@ad.diﬁé@mje%%n@canh'f—}M'lﬁe.doses that can be

adm nistered to a subject wth M5 include IFN-13-la (e.g., AVONEX, REB1F)
and 1FN- 18031p ( e\sgised IIBEinSE@@mps ‘ExAyanyeguinied sereRiot IREG'sen et theny

adm ni st ef I r ; . i L nj i

(00531 FolFhurria et TR rca Gond 0 0 MU UTUA L BGRI Bbn 1 | cas
one bi ol egbwate tg arnpdseorcancgonbidi aseN (faLxdmsles phi&disahoinelude The Iiedl ogi cal
sanpl e can bt ai at _ane. ar r | poi nts, For |l e, a whole

bl ood saﬁ%?%ﬁ%gﬁsﬁgngg?%%ﬁgl??ggﬁﬁglgdﬁiﬁﬁ? ﬁfﬁh%wgmgg%ﬁﬁﬁgp[ﬁ%urs after
adm ni st MatcleimAods Ras. 37T R2-D8Sk Jan. 20®houl d be appreci ated that additiona

doses of 13 can adm nistered to,a suhject followng,a first 1FN-P
dose. Por i S R e PEThEls B Garut i BNEE e S rEP bRt sub ect
f ol | owed tbynycaicta@i6i inane IKG AudiotilOgiqtake, sadplciidad@ibtichd o uccsr afdoging t he
first dose and then a secogﬁndose of IFN-13 at about 6 nnn&hs,,a ain
f ol | owed 3§ "VbFITATEHRND IR IBR KUY BEPIS U EAnsKEGdSFIBBEST NPRY IR
bi ol 0gi cahclgRERzR nudkoliRAGEstAMBNNUELRING ofGiethr GRRe MR IdEMsairad from the
sanpl e (as descrjbed above). As also described, above, the | evel of

expr essi dreBNRe! qng gE MogHRICpigean il of 1 B taiants o nogdnn {8l be

det er m ngeh.Usk NYossfa@ibe X TR, 83 1nd: 137BR FRBIARY faclPIAAANEENt Gy expressi on

| evel of the at |east one 1RG and/or variant thereof has been determ ned,

t he expr ssimgrolpgica and glini¢sbogermeofdateiersn/ddsiery eaulipevdsrosiFofeestanpl e, t he

measur ed AnQYfﬁJnmﬂ%[ &ﬁ{%}ﬁhe%%aﬂfiﬁesﬁtfrﬂni, SN, DR SRR 8t Pk fro D88 EXPI6ESSI ONn

| evel of a contr e control can bé iIsolated fromone or nore subjects
wi t hout MB0%obt ai ned from a subject who has not been treated with 1FN- 13,
or taken a ' . e Mg, At 3. the | eve

of neasu#@%ag;ng%g 5§§§g?§ﬁ%%§¥9%§5§§§%~ﬁ%ﬁggg%ﬁggﬁgyaﬁﬁfgygﬁégst about 4
of the geespsnskciissubgcisrwihabblaplt s¢lassic GviPanreddnore putieuledntoraghgthod or exanpl e,

t he subj ect,.nmay respond poorly .t 13 therapy. [0 t hough TFN-13 is
the moot oS RERA Pkl AR PhEe ePChlirt POF MR echani s
of acti onliffgrentiady expdskedupdeicshabes.anid frivertdn@hgomio bliecd bo giecidcovany thetr s t hat
can gui de individualized therapy. ed on the discavery that_ an
cxhgger aA NS S P BORR 2 (AR R UaESbRE U fr UETRLE 5 i th M6 i s
a marker re@natel IRARP&Id bntutbjeBQt.&, huinBoaMrd ARAIER GHARNE e SPROGESH 6 | ve

pat hogenesis, the present inventjon advantageously provk@gs a nethod 10 for
i dent i f yiTRRICTIRE) Wiarssbset §f sybicetBfte S 1n@atrHaE LMe UFoBFCeli RS Hederd st at us on
-14- | FN-da3 sht&s aRYs MASH I SGbl SR icdNs gémésgéndé%tsﬁwedbaeé_i@mcahhe present
invention thereby enables the tailoring of disease-nodifying therapy for

i ndi vidual subjects with M5. [0056]Fig. 2 illustrates another aspect of the
present invention conprising a nethod 30 for screening an agent that can be
used to treat M5. The nmethod 30 can conprise the steps of: providing a
popul ati on of peripheral bl ood nononucl ear cells (PBMCs) from a subject
wth M5 (Step 32); administering an agent to the PBMCs (Step 34); isolating
at | east one nucleic acid fromthe PBMCs (Step 36); determ ning the gene
expression |l evel of at |east one 1RG and/or variant thereof (Step 38); and
anal yzi ng the neasured gene expression level (Step 40). [0057] At Step 32, a

SR AN I T



[ 0060] As descri bed above, the | evel of expression of at |east one IRO

and/ or variant thereof (e.g., about 4 of the genes listed in Table 1) can
be det er wwoeadiiatsoBbep 38. For exanpl e, a macroarray canpoe/uss@d/ otasiaet ect
gene expression | evels. [0061] Once the expression |evel of the at |east one
| RG and/ or variant thereof (e.g., abo 4 of the genes listed in Table 1)
has been determi ned, the measured expr'ession |evel can be anal yzed at Step
40 (as described above). For exanple, the neasured | evel of gene expression
can be conpared to . th gﬁne expressio% Igéel of , a contrQI.dyﬁere t he

measur ed PeRASTAGMYEHET ERPNSS Hifo FT2s4IRpf det @ by B &8RO (Q¥ M8 onpar ed t o
a cont r ol first ahin@-naGieH IFNSE BijeRE o BatedMRYhinBkcdyeryathe prdéd atventidprdviick her apy .
Conversely, where the |evel of gene %xpression i.s not i ncreased .or

decr eased"¢thd TebdRmEEng %e FHREAYSH TP thespry i sulisre WHAM hie stedicd @t agent  may
be a candicfahBinkGfhel¥or § RS RPYith MORHIF b reated WS theRbaRIc ARG BREr @gpect of
the present invention conprising a nethod 50 for treating a subject with

M S. The /HithaamcBoddameieapintigeadendha caple wed togrbMai #y eetids B dice#e sanpl e
froma supjgetli WMHMsMS (Step 52); isolating at |east one nucleic acid from
t he biological sanple (Step 54); deternining the gene expression |evel of
at | east [B%H] | RO eabarisirc prepdsalmtor Hepatlsfeeresis dpveipyusedpmidapiivegmnhityreasur ed
gene expressi >8). el £ gent to
Phe. suby darp Bt AR e A B R e et er g
a dose ofbebiFderpectedlyadisabjretthatdi NH fwBpients oo therodss@iediforpobhestisindérogi cal

sanpl e ( f Step..t . ; e bi ol Qgi.C 1 e_can be
obt ai ned%%a(r%%r%%?d uh%?g%glrwe\fe% {f/@fs %S a%é’ét&r%ﬁ%lae %g%%u\;dee?l' %#hogigﬁrf%ﬁg l,lo lfehe

bi ol ogi cdlousdimptheorg.anis ibaiddvadithatanvdoghentll egensaopire [0BK acqoaghanisd ingata Ssyri nge
needl e froma veinﬁon tge su@&ect. bqg64LAt.Ste §4T at lqgst one nucleic
aci d can BEYSBIOSTET P SHY ¢ HEOBISG 8 Oe'?5&5?88?3§)a%%%%%%%dp%%ove). For
ex anE: e, C;Eﬂ]déndbas) whi Miﬂhﬁfsﬁdisfbl’etheathélhdi[ﬁiérefiﬂe@(ﬂﬁinﬁ?ﬂpﬂnﬁuluﬁi Eithet hf&hil?AXlGENE
RNA bl ood extraction kit. [0065]Next, the |evel of expression of at |east
ohe 1 Re dit F R Gl i crit B LR Bio et S Gs SR e R ae MBS or | bed
above, f obr @katel iseade RybrityGh gA rd¥peidedr ray can be used to detect gene
expression levels in at, |l east about 4 of the genes listed in Table 1.

[ 0066] OndBlIShe diiprldsaflgy didsiasy '”HF“‘BE‘H%agte“Péégt‘” BRI AHEne ARG ant

t hereof haspbeanindekieh firAedymihihe (RAGME L6 IBROBIEHARY BSShugRc BHeliscan be
anal yzed at Step 58 (as described -16-" above). For exanple, the neasured

level of Hermeetoddieasinshide fs sises eformpaiine & tolpaisal ganele depraesbicevitevel of a
control. e I QS S b Sy | sed or
decreaseéw?ggaégﬁ’ggg%&#%%%mé%%§%§$§Tg?ﬁgngﬁﬁ?ggébﬂgﬁh%ghg&%o r responder
t o | FN- | 3letehainigythe Sorarspsievgl of wheaseoeHBG aadiol vasfanigibereofdRispe s pwh i s not

i ncrease : r.ea red | L0l . sanpl. j ect may
be. & cand e oE FlsrARRy 2R, SRSy opEmEREI R 5 ARIR B herpbldodiP]

ef f ect i vao ab{iieraly (atep Il @agiptondlyagie ntettod i 0 ben mdmilnadsiieisiedng oddshef subj ect .
The parti,cul ar agent admi.pistered to t .subj ect will depend upon the

sub] bot - o rEueatory - BETE Hiah S ey SRR e e i T the

subj ect i[803%) pooFhena@spdmdiiple dchenisa ot e apautd oadih yareihfledd 4 discaseniount  of an
agent other. than |FN-].3, such as natalizumab can be. adm pistered to the
aobyect . CVER B pivelip st B BF ol B B BT B S aar R g

t ge r apeut1hardgigl ty daﬁa}@ﬁadémna@mml Mg. QF? aalr)n iagedd a m_ﬁrﬂﬁht&ﬁﬁﬁt@zﬁéﬂ; T]:@ oBaof be]c

adm nistered to the subject. It w e reciated that the type o

t r eat ment’YMiefbd Hict ORI Tt FoFaEFoN P SHERSE FarES B%P%flﬁ&dependi ng
upon Fhecﬁﬁ%&%tkagﬁgﬁﬁhhﬁbQﬂia&ﬂ@#&ﬁ;ﬁﬂﬁpﬂhﬁﬂ%@@lﬁhﬁ&y?h@mﬁﬂhiﬁ@?- Those
of skill I1n the art are capabl e of ad?ustln the type of treatnent with the
dosage, SWHeHANArY pivaresiyedySo R-e@psuegr@amﬁ@w% Arighida g ebuisd yourshd Mt hod 50
provi des 5, f &G iReRitQby @Al iched URLE Gl Wi flYRy \MabtRPNECRXPERINRY them to
unnecessary nedi canents$, which, in turn, may be highly benéficial in terns
of savi ngliwaAletesessioy belpgesatiapks Faimaapogresaeds gastinelndd VB8R coust bf  al so
be appredy 1 j el . of
adninistgysﬁgggk%%%éhgﬁbﬁ@ﬁ&%ggggﬁggqgu jg€g9§%¥ﬁk%%!%gﬁgkgﬁgﬁ%%gggning t he
bi ol ogi cal sanple (as discussed above) at Step 62. [0069]1t will be further
appreci ated that the present invention can alternatively include protein or
pol ypeptide isolation and detection techniques as part of the nethod 10,

30, and 50. For exanple, known techniques can be used to isolate and detect
proteins, polypeptides, and/or variants thereof encoded by the I RG and/or
vari ants thereof of present invention. To do so, a biological sanple can be
obtained froma subject with M5 (as descri bed above). Next, the biol ogical
sanpl e can be subjected to a known technique for isolating a protein,

" Y




Met hods Cinical protocol [0071] The Cleveland Cinic (CC) Institutional

Revi ew Board approved the study. All subjects provided witten infornmed
consent . Bokpectssoroere eligible if they had clinically ipswhmsbedososnar omre
(ClS) or relapsing-remtting M5, were initiating intramuscular 1FN-p- la
treatment, were previously treatnent-pave, and were followed at CC M S
Center. N| nety-nine subjects were enrol |l ed. Each patient was exanined at
baseline, 6, 12, and 24 nonths. At 3 and 18 nonths, patients were contacted

by phone 0_assess treat nent nce.and ascert ai ects. At the
phsbl noMbaf FRREE  LfgRh TR, ATl i A e AT b kO Gin G bPES

r esear chpiggictsivieqr a kiRG@bRnatk ysiss buy mmdm at@biynd eflgrse aahdinexaatidsion12 hour s
after an_I FN-13 |]n%ect|g , an eIB"IE) |ents ?ﬁ st.andar di. z§d brhaln VRI
scans f of OBUEA AP REMA Sab g ‘?ﬁ‘c cof Gar5RE Minatds BicEe s Ydpiy e At each
visit, patseepigubrd bﬂ&!ﬁp@&@@y@ﬁh]lﬁﬂﬁ@sEl@mﬁeilﬁfd@bﬂey tnht@edfdut1ly ZMRWingpanded
Di sabl lity Seage Score (Kurt ) %J\Ieurol 0g 33 1444- 1452 1983), the
Mul ti pl e? BHPEs ‘s“ib&“’l—‘e&%@c[%?ﬁé erea%ﬂd%?sﬂl g Jc%?léencwtﬂ iSRase RIOATESEP-a) MUl t

& er. 8:@097)365reRMMNE ko FRNM ahiefd 0RYbiOh gl LR ENM CAERY obiBhATRRSa Qfbjdct | ness;
they were al so gl ven a structured questionnaire to characterize flu-1li ke

synpt oms Vithiyscqt stepdBedhe wHn [ piglogicalspryple’ isneedizestie in igioqdes sense angk r engt h.

Ser um wag, 1§0°lﬁc%qm$ emméalf%ﬂﬁyaér@le& FbRAGhARNbicROYheRpRl ofﬁmﬁﬁgcg@dﬂﬂ&t hs. M
analysis -18 spin echo I mages acquired before and after

i nj ect i oeﬁnonchﬂeawamoagméecb@dmrmmr@hhom fuigs. eiu kyhine neadlgiopser e anal yzed
usi ng sofy seanq%yc%}\apﬁqlpae@ WDRYSSWL Q.adf?otsfg (FaDer ,f& ora%ﬁg%pw' fraction

(BPF), T2 l"esion vo T1 hypoi nt ense |esion vo unme, gadol 1 nt um enhanci ng
| esi on vBIOdnmahMptmmaera so fitvdnida aeetiens @hisswewsTeh ds ok arrsctiaan thketh&omunber  of

Ful ys autsielsd HhBRRe, R PR PR B A gy ey PGB 3 O

Neur oi r nesanmgple. of &R pﬁestlﬂlt ind@88), theDedlagits sofiplt bean ihdsdeanwlianablysd smpit hods have

been previaus desc lt, Scler. 14:370-382,
2008) . BrIEHT Lysm’?f Sﬁr‘%rﬁeﬁ{lgﬁg@aﬁg? gﬁgemecqév‘%l% matical |y segmented in the
FLAI R ano38)/ PDAi Stagea aamdst\onsm&ﬂdwacv@crahfbb&rdlamlm1hatb&ﬂ@¢dai S&ﬁlpﬁ)f tware to

correct cl as i 0 Si, X m)n | ow up i mag r.egi st ered
o bacel (e AT fn o nehey o ki el eRo « BEAEA bR ver o

appli ed t@whheeleatsr egé 5{%:&@1 the ORI apb REBIGR Shdt &vhk@NEhfiohs PEhSsfent | esi ons.
The baseline i pages were then subtracted fromthe registered, intensity

nor mal i z Y5 AbhEe Pird 8s deier e EBRIEES RN opn Pﬂ@ﬁkareﬁycﬂ%wrsaw@?war gi ng T2

| esions @dteBioBNINS exNeM AN B di:'%lgéd”EN]i?(z L esRANS cehEisyhsyalkioyeri fied
using interactive software torgfnerate tinal ‘counts. .RNA isolation

[ 0073] RN igdating opplaie peids: wehyAs vak 4 gie il awuéq thgsemAXGENERRA, Bicbod
extractiop Kiipid B AR MbiTeciViled & BRAGMIAS RE8MIARFRMAct urer's

instructions and concentrat ed by et hanol pr eci pi tat| on. RNA quality and
quant i t yHybrdizesige $5hdNuseis Heid Prapsh dad § DBl epatitig. Bf 280/ 260
nm and a Is I on by agarose gel el ectrophore3| S. RNA
sanpl es W@%Eﬁs oq%}éee(‘j'l}ég?@?8gé§§)k3enes anal yzed usi ng macroarrakE [0074] The
det ai | ed[Bd2]hodbl gy xdrarle oDNAPITBmt Daentiay, RNalcys bsisolatsd pwevzfmﬁrmd as

descri bed, (,Schl aak, ,J. F. et al 7 2002
et P8 St e Sorfhersiaty it wiEh T 2L ARESE iRl 2002
cust om mearao@danrldy PREASI ATSPIFTES Switedald). BE6(TH utrmst oﬁal\lAlsolsEzlbedztzﬁ(jala‘ ¢aom t he
Uni gene dat,abas n th Jracroarray with
Cantame BEHERRR o ity M Nl o g 1 980 GRs k. LR IRERES

ZOE.T%/ 159?139)P@ﬂ1hﬁ&6ﬂ. idrﬂib@&ﬁwitha deftrifd@kibestdp tolarm@ camdn @&'ﬁaﬁﬂ Krhagessi on
nunbers for, the 166

pe nt erferon es onsi enes elected for the
cust oni z&t li‘eéiyx3 %“Jﬂﬂé"égé‘}cﬁw H%E%E‘tf%é%ﬁt%ﬁ Ko%itksene Accession
No Gene Acea&Sd RNoMNeomde BRI digestion. An addltional centrifugation step can be carried

out to homogenize the cell lysate and remove residual cell debris. Next, the supernatant of

the flow-through fraction can be transferred to a fresh microcentrifuge tube. Ethanol can then
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be added to adjust binding conditions, followed by application of the lysate to a spin column.
During a brief centrifugation, RNA can selectively bind to the membrane of the spin column
as contaminants pass through. Remaining contaminants can then be removed in several
efficient wash steps. Between the first and second wash steps, for example, the membrane
may be treated with DNase [ to remove trace amounts of bound DNA. After the wash steps,
RNA may be eluted in elution buffer and heat-denatured. RNA quality and quantity can then
be assessed (e.g., by spectroscopy) with additional visualization by agarose gel
electrophoresis.

[0040] At Step 16, the expression level of at least one IRG and/or variant thereof can be
determined from the nucleic acid(s) isolated from the biological sample. In one examplé of
the present invention, the expression level of at least one IRG and/or variant thereof

(e.g., about 4 IRGs and/or variants thereof} listed in Table | can be determined from the
nucleic acid(s) isolated from the biological sample. In another example of the present
invention, the expression level of at least one IRG and/or variant thereof (e.g., about 4 IRGs
and/or variants thereof) listed in Table 3 can be determined from the nucleic acid(s) isolated
from the biological sample. One of skill in the art will appreciate that to measure the
expression level (and thereby the transcription level) of a gene or genes, it is desirable to
provide a nucleic acid sample comprising mRNA transcript(s) of the gene or genes, or
nucleic acids derived from the mRNA transcript(s). As used herein, a nucleic acid derived
from an mRNA transcript can include a nucleic acid for whose synthesis the mRNA
transcript (or a subsequence thereof) has ultimately served as a template. Thus, a cDNA
reverse transcribed from an mRNA, an RNA transcribed from that cDNA, a DNA amplified
from the ¢cDNA, an RNA transcribed from the amplified DNA, etc., can be derived from the
mRNA transcript and detection of such derived products may be indicative of the presence
and/or ahundance of the original transcript in the sample.

[0041] Methods for detecting gene expression levels and/or activity are known in the art,
Non-limiting examples of methods for detecting RNA, for example, can include Northern
blot analysis, RT-PCR, RNA in situ hydridization (e.g., using DNA or RNA probes to
hybridize RNA molecules present in a sample), in situ RT-PCR, and oligonucleotide
microarrays (e.g., by hybridization of polynucleotide sequences derived from a sample to

oligonucleotides attached to a substrate).
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[0042] In one example of the present invention, a macroarray can be used to detect the
expression level of at least one IRG and/or variant thereof. One of skill in the art will
appreciate that the macroarray can include a number of test probes that specifically hybridize
to the expressed nucleic acid which is to be detected and, optionally, one or more control
probes. Test probes can include oligonucleotides that range in size (e.g., between about 5
and 50 nucleotides) and have sequences complimentary to particular subsequences of the
genes whose expression they are designed to detect. Thus, the test probes may be capable of
specifically hybridizing to a target nucleic acid. Fxamples of control probes that may be
included as part of the macroarray can include normalization controls, expression level
controls, and mismatch controls.

[0043] In another example of the present invention, a macroarray as described in
Example 2 (below) can be used to detect the expression level of at least about 4 of the genes
listed in Table 1. Detecting the expression level of at least about 4 genes (e.g., 4 genes) may
be advantageous for several reasons. T'o conduct a quantitative test (e.g., qPCR), for
example, selection of a limited number of genes in a multiplex array may be useful for
practical reasons (e.g., volume and number of reagents needed, etc.). Additionally, selection
of at least about 4 genes can be done to optimize the discriminating ability (i.e., area under an
ROC curve) using the random forest model of the present invention.

[0044] The IRGs comprising the macroarray may be represented by about 166 human
cDNAs. Briefly, the protocol for spotting DNA on the macroarray membrane, probe
labeling, and hybridization can begin by isolating about 5 g of total RNA ex vive from
whole blood. ¢DNA probes can then be generated by reverse transcription using
SUPERSCRIPT II in the presence of 32pdCTP (INVITROGEN, Carlsbad, CA). Residual
RNA can be hydrolyzed by alkaline treatment at about 70°C for about 20 minutes, after
which ¢cDNA can be purified using G50 columns (GE Healthcare, Buckingham-shire, UK).
Probes can then be hybridized overnight to the macroarray membrane in about 10 milliliters
of hybridization buffer, followed by wash with low and high stringency buffers. Next, the
macroarray can be exposed to intensifying phosphor screens for about two days, followed by
scanning with STORMIMAGER (MOLECULAR DYNAMICS, Sunnyvale, CA),

[0045) Prior art methods frequently employ high density oligonucleotide microarrays to
characterize genes regulated by IFN-B. Such methods may be uéeful for identifying novel

IFN-f regulated genes, but results are not readily quantified, and the technique is therefore
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less suitable for analyzing longitudinal, differential IRG regulation. Unlike the high density
microarrays of the prior art, the macroarray of the present invention can include about 166
IRGs selected from previous microarray experiments (see, e.g., Schlaak, I.F. et al., J. Biol.
Chem. 277:49428-49437, 2002; and Rani, M.R.S. ef al., Ann. N.Y Acad Sci. 1182:58-68,
2009) that validated the macroarray for other disease indications (e.g., IFN-« treatment for
hepatitis C virus) and confirmed that the microarray is reproducible, sensitive, and
quantitative. Advantageously, the relatively small number of genes detectable by the
macroarray of the present invention provides a focused and quantitative assay for assessing
[FN-f-regulated gene expression.

[0046] At Step 18, the measured gene expression level can be analyzed to determine the
efficacy of IFN-f therapy. For example, the measured level of gene expression can be
compared to the gene expression level of a control (e.g., one or more subjects without MS).
In one example of the present invention, an increased or decreased expression level of at least
about 4 of the genes listed in Table 1 and/or variants thereof as compared to the control may
indicate that the subject will respond poorly to IFN-f therapy. In addition to exhibiting an
increased or decreased level of gene expression, poor responders can also demonstrate
continual neurological deterioration despite therapy. Methods for assessing neurological
deterioration in subjects with MS are known in the art and can include, for example,
quantitative MR analysis, the Expanded Disability Status Scale (EDSS) (e.g., an EDSS score
increased by at least about 0.5 may be indicative of neurological deterioration), and the
Multiple Sclerosis Functional Composite,

[0047] In another example of the present invention, an increased or decreased expression
level of at least one (e.g., about 4) of the following genes and/or variants thereof (as
compared to control) may indicate that the subject will respond poorly to IFN-f therapy:
2-50AS; Adaptin; Akt-2; APOL3; ATF 2; Bad; Bel-2; BST2; C1-INH; Clorf29; Clr; C18;
Caspase |; Caspase 7; Caspase 9; CCR1; CD3e; CEACAM; c-myc; COMT; CREB,;
CXCL.11; CXCR4; CYB56; DDX17; Def-a3; Elastase 2; Fas-L; FK306; FLI20035; G1P3;
Gadd45; GATA 3; GBP2; HLADP; HLADRA; Hou; HPAST; Hsfl; Hsp90; 1DO; IF116;
1FI-17; IFN-44; [F160; [FIT1; IFIT2; IFITS; IFITM2; IFITM3; IFN-17; IFNAR1; IFNAR2;
IENGR1; IFNGR2; IL15; IL18 BP; IL1RN; IL2; IL2Rg; IL6; Int-6; IP-10; IRF2; ISG15-L;
ISG20; 1ISGF3g; LICAM; MAP2K3; MAP2K4; MAP3K14; MAP3K3; MAP3K4; MAP3K7;
MAP4K |; MAPK13; MAPKT, Met-onco; MMP-1; MMP-9; MT1H; MT1X; MT2A; MX1;
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NF-IL-6; NFkB; NMI; NTSe; OASL; P4HAT; p33; p57Kip2; PAIL-1; PDKI1; PDK2; PI3K;
PKR; plectin; PLSCR1; PSMB9; RCNI; RGS2; RHO GDP; RIG-1; SERPIN; SNN; SOCS-1;
STATI1; STATZ2; STAT4; TFEC; TGFbR2; TGFbR3; TIMP-1; TNF-a; TNFAIP6; TORIB;
TRAIL; UBE2L.6; UUSP18; VegFC; Viperin; and WARS.

[0048) In another example of the present invention, an increased or decreased expression
level of at least one (e.g., about 4} of the following genes and/or variants thereof (as
compared to control) may indicate that the subject will respond poorly to IFN-f therapy:
TRAIL; RIG-1; 2-50AS; STATI1; PI3-kinase; 1L.-15; [P-10; MMP-1: PAHAT; caspase 7;
PDK2; ATF-2; TNF-a; RGS2; SNN; hsp90; c-myce; A1-AT; HLA-DRA; COMT; NF«B;
HLA-DP; TIMP-1; CXCR4; and [1.-2.

[0049] In another example of the present invention, an increased expression level of at
least one (e.g., about 4) of the following genes and/or variants thereof (as compared to a
control) may indicate that the subject will respond poorly to IFN-f3 therapy: TRAIL; RIG-1;
2-50A8; STATI; PI3-kinase; IL-15; IP-10; MMP-1; PAHAT; caspase 7, PDK2; ATF-2;
TNF-o; and RGS2.

[0050] In another example of the present invention, a decreased expression level of at
least one (e.g., about 4) of the following genes and/or variants thereof (as compared to a
control) may indicate that the subject will respond poorly to IFN-p therapy: SNN; hsp9(;
c-myc; ALI-AT; HLA-DRA; COMT; NFxB; HLA-DP; TIMP-1; CXCR4; and I1.-2.

[0051] Another aspect of the present invention can include determining whether a subject
with MS should be treated with a therapeutic agent other than IFN-f. Where, for example, a
subject with MS has an increased or decreased expression level of at least one IRG and/or
variant thereof (e.g., at least about 4 of the genes listed in Table 1) as compared to a control,
the subject can be treated with a therapeutic agent other than IFN-f. MS therapies other than
IFN-B are known in the art and can include, for example, glatiramer acetate, mitoxantrone,
and natalizumab, as well as alternative therapies (e.g., vitamin D). Other MS therapies can
include those currently under clinical investigation for the treatment of MS, such as of
alemtuzumab, daclizumab, inosine, BG00012, fingolimod, laquinimod, and NEUROVAX.
Methods for treating subject with MS according to the present invention are described in

greater detail below.
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[0052] At Step 20, the method 10 can optionally include administering a dose of [FN-p to
a subject with MS prior to obtaining the biological sample. The IFN-[} dose can be delivered
as a single preparation, which may reduce noise in the gene expression measure (i.e., at

Step 16). Examples of [FN-p} doses that can be administered to a subject with MS include
[FN-B-1a (e.g., AVONEX, REBIF) and IFN-(-1b (e.g., BETASERON, EXTAVIA). The
IFN-p dose can be administered via any known route, such as intravascular injection.

[0053]  Following administration of the IFN- dose to the subject, at least one biological
sample can be obtained (as described above). The biological sample can be obtained at one
or more time points. For example, a whole blood sample can be obtained from a subject with
MS about 12 hours after administration of an IFN-} dose. [t should be appreciated that
additional doses of IFN-[ can be administered to a subject following a first IFN-§ dose. For
example, a first dose of IFN-} can be administered to a subject, followed by collection of a
biological sample about 12 hours after the first dose and then a second dose of IFN-f3 at
about 6 months, again followed by collection of a biological sample. After obtaining the
biological sample, at least one nucleic acid can be isolated from the sample (as described
above). As also described above, the level of expression of at least one IRG and/or variant
thereof can then be determined using, for example, a macroarray.

[0054] Once the expression level of the at least one IRG and/or variant thereof has been
determined, the expression level can be analyzed (as described above). For example, the
measured level of gene expression can be compared to the gene expression level of a control.
The control can be isolated from one or more subjects without MS, obtained from a subject
who has not been treated with IFN-J3, or taken from a subject before being treated with TFN-[3.
Where the level of measured gene expression is increased or decreased in at least about 4 of
the genes listed in Table 1 (as compared to the control), for example, the subject may respond
poorly to 1FN-[3 therapy.

[0035] Although IFN-J is the most commonly used disease-modifying treatment for MS,
its mechanisms of action are not well understood and there are no biological markers that can
guide individualized therapy. Based on the discovery that an exaggerated molecular response
to IFN-J injections in subjects with MS is a marker for a subset of subjects in whom innate
immune responses drive pathogenesis, the present invention advantageously provides a

method 10 for identifying the minority of subjects destined for poor responder status on
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IFN-P therapy. As discussed in greater detail below, the present invention thereby enables
the tailoring of disease-modifying therapy for individual subjects with MS.

[0056}) Fig. 2 illustrates another aspect of the present invention comprising a method 30
for screening an agent that can be used to treat MS, The method 30 can comprise the steps
of: providing a population of peripheral blood mononuclear cells (PBMCs) from a subject
with MS (Step 32); administering an agent to the PBMCs (Step 34); isolating at least one
nucleic acid from the PBMCs (Step 36); determining the gene expression level of at least one
IRG and/or variant thercof (Step 38); and analyzing the measured gene expression level
(Step 40).

[0057] At Step 32, a population of PBMCs can be obtained from a subject that has MS
and is a poor responder to IFN-J therapy. A determination of whether the subject is a poor
responder can be made according to the method 10 described above. For example, a subject
with MS that has an increased or decreased expression level of at least one IRG and/or
variant thereof (e.g., about 4 of the genes listed in Table 1) as compared to a control may be
characterized as a poor responder. One skilled in the art will appreciate that there are several
methods for isolating PBMCs. For example, PBMCs can be isolated from a whole blood
sample using different density gradient centrifugation procedures. Typically, anti-coagulated
whole blood can be layered over a separating medium and then centrituged. At the end of the
centrifugation step, several layvers can be visually observed (from top to bottom):
plasma/platelets; PBMCs; separating medium; and erythrocytes/granulocytes, The PBMC
layer can be removed and washed to get rid of any contaminants (e.g., red blood cells), After
washing, cell type and cell viability can be confirmed using methods known in the art. The
PBMCs can then be cultured ex vivo [or a time and under conditions sufficient to promote a
substantially confluent cell layer.

[0058] At Step 34, at least one agent can be administered to the population of PBMCs,
Agents that may be administered to the population of PBMCs can include any biological
moiety, compound, or drug that may be a candidate tor MS therapy. Examples of such
agents can include biologics, pharmaceutical compounds, polypeptides, proteins, nucleic
acids, and small molecules.

[0039] At Step 36, at least one nucleic acid can be isolated from the population of

PBMCs. Methods for isolating nucleic acids from cell populations are known in the art. For
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example, RNA can be isolated from the population of PBMCs using a known RNA extraction
assay.

[0060] As described above, the level of expression of at least one IRG and/or variant
thereof (e.g.. about 4 of the genes listed in Table 1) can be determined at Step 38. For
example, a macroarray can be used to detect gene expression levels.

[0061] Once the expression level of the at least one IRG and/or variant thereof

(e.g., about 4 of the genes listed in Table 1) has been determined, the measured expression
fevel can be analyzed at Step 40 (as described above). For example, the measured level of
gene expression can be compared to the gene expression level of a control. Where the
measured level of gene expression is increased or decreased (as compared to a control), the
administered agent may not be a candidate for MS therapy. Conversely, where the level of
gene expression is not increased or decreased (as compared to the control sample), the
administered agent may be a candidate for MS therapy.

[0062] Fig. 3 illustrates another aspect of the present invention comprising a method 50
for treating a subject with MS. The method 50 can include the steps of: obtaining a
biological sample from a subject with MS (Step 52); isolating at least one nucleic acid from
the biological sample (Step 54); determining the gene expression level of at least one IRG
and/or variant thereof (Step 56); analyzing the measured gene expression level (Step 58); and
administering at least one agent to the subject (Step 60). Optionally, the method 50 can
include administering a dose of IFN-f to a subject with MS prior to obtaining the biological
sample (Step 62).

[0063] At Step 52, at least one biological sample can be obtained from a subject with MS.
As described above, for example, the biological sample can include a whole blood sample
obtained using a syringe needle from a vein of the subject.

[0064] At Step 54, at least one nucleic acid can be isolated from the biological sample
(as described above). For example, RNA can be isolated from a whole blood sample using
the PAXGENE RNA blood extraction kit.

[0065] Next, the level of expression of at least one IRG and/or variant thereof can be
determined at Step 56. As des¢ribed above, for example, a hybridized macroarray can be
used to detect gene expression levels in at least about 4 of the genes listed in Table 1.
[0066] Once the expression level of the at [east one [RG and/or variant thereof has been

determined, the measured gene expression level can be analyzed at Step 58 (as described
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above). For example, the measured level of gene expression can be compared to the gene
expression level of a control. Where the measured level of gene expression is increased or
decreased (as compared to a control), the subject may be a poor responder to IFN-J therapy.
Conversely, where the level of gene expression is not increased or decreased (as compared to
the control sample}, the subject may be a candidate for [FN-f therapy.

[0067] At Step 60, a therapeutically effective amount of at least one agent can be
administered to the subject. The particular agent administered to the subject will depend
upon the subject’s previously-determined responder status. For example, if the subject is a
poor responder, then a therapeutically effective amount of an agent other than I[FN-B, such as
natalizumab can be administered to the subject. Conversely, if the subject is a poor
responder, then a therapeutically effective amount of an agent, such as IFN-3 can be
administered to the subject. It will be appreciated that the type of treatment, dosage,
schedule, and duration of treatment can vary, depending upon the severity of pathology
and/or the prognosis of the subject. Those of skill in the art are capable of adjusting the type
of treatment with the dosage, schedule, and duration of treatment. Advantageously, the
method 30 provides a regimen for treating subjects with MS without exposing them to
unnecessary medicaments, which, in turn, may be highly beneficial in terms of saving
unnecessary costs to the health care system.

[0068] It will also be appreciated that the method 50 can optionally include the step of
administering a dose of IFN-f3 to a subject with MS prior to obtaining the biological sample
(as discussed above) at Step 62.

[0069] It will be further appreciated that the present invention can alternatively include
protein or polypeptide isolation and detection techniques as part of the method 10, 30, and 50.
For example, known techniques can be used to isolate and detect proteins, polypeptides,
and/or variants thereof encoded by the IRGs and/or variants thereof of present invention. To
do so, a biological sample can be obtained from a subject with MS (as described above).
Next, the biological sample can be subjected to a known technique for isolating a protein,
polypeptide, and/or variant thereof encoded by an IRG and/or variant thereof of present

invention. See, e.g., Protein Purification Protocols, Humana Press (1996). The isolated

protein, polypeptide, and/or variant thereof can then be detected using one or a combination
of known techniques, such as protein microarray, immunostaining, immunoprecipitation,

electrophoresis (e.g.. 2D or 3D), Western blot, spectrophotometry, and BCA assay.
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Following detection of the protein, polypeptide, and/or variant thercof, the level of the
protein, polypeptide, and/or variant thereof can be analyzed. Where the level of the protein,
polypeptide, and/or variant thereof is increased or decreased (as compared to a control
sample), the subject may be a poor responder to IFN-f therapy. Conversely, where the level
of the protein, polypeptide, and/or variant thereof is not increased or decreased (as compared
to the control sample), the subject may be a candidate for IFN-f therapy.

[0070]  The following examples are for the purpose of illustration only and are not

intended to limit the scope of the claims, which are appended hereto.

Example 1
Methods

Clinical protocol

[0071] The Cleveland Clinic (CC) Institutional Review Board approved the study. All
subjects provided written informed consent. Subjects were eligible if they had clinically
isolatéd syndrome (CIS) or relapsing-remitting MS, were initiating intramuscular [FN-f-1la
treatment, were previously treatment-naive, and were followed at CC MS Center. Ninety-
nine subjects were enrolled. Each patient was examined at baselinc, 6, 12, and 24 months.
At 3 and 18 months, patients were contacted by phone to assess treatment compliance and
ascertain side effects. At the baseline visit, 6, and 24 months, blood was collected in a
clinical research unit for IRG analysis immediately before and exactly 12 hours after an
IFN-f injection, and the patients had standardized brain MRI scans for quantitative
assessment of lesions and brain atrophy. At each visit, patients had neurological exams to
determine the Kurtzke Expanded Disability Scale Score (Kurtzke, 1.F., Neurology
33:1444-1452, 1983), the Multiple Sclerosis Functional Composite score (Rudick, R.A. ef al.,
Mult. Scler. 8:359-365, 2002), and history of intercurrent relapses or illness; they were also
given a structured questionnaire to characterize flu-like symptoms, muscle aches, chills,
fatigue, headache, and loss of strength. Serum was tested for IFN-neutralizing antibodies at 6

and 24 months.

MRI analysis

[0072] The MRI acquisition included a T2-weighted fluid-attenuated inversion recovery

(FLAIR) image, T2- and proton density-weighted dual echo fast spin echo images, and
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T1-weighted spin echo images acquired before and after injection of standard dose
gadolinium (0.1 mmol/kg). Images were analyzed using software developed in house to
determine brain parenchymal fraction (BPF), T2 lesion volume, T1 hypointense lesion
volume, gadolinium-enhancing Jesion volume and number, the number of new T2 lesions,
and the number of enlarging T2 lesions. BPF was calculated from FLAIR images using
fully-automated segmentation software (Rudick, R.A. et al., J. Newroimmumnol. 93:8-14,
1699). Details of the lesion analysis methods have been previously described (Cohen, J.A.
et al., Mult. Scler. 14:370-382, 2008). Briefly, T2 hyperintense lesions were automatically
segmented in the FLAIR and T2/PD images and visually verified using interactive software
to correct misclassified lesions. Six-month follow-up images were registered to baseline, and
intensity normalized. Baseline T2 lesion masks were applied to the co-registered 6-month
images to identify persistent lesions. The baseline images were then subtracted from the
registered, intensity normalized 6-month images to automatically identify new and enlarging
T2 lesions at 6 months. New and enlarging T2 lesions were visually verified using

interactive software to generate the final counts.
RNA isolation

{0073] RNA was extracted ex-vivo from blood using PAXGENE RNA blood extraction
kit (PreAnalytix, Switzerland) as per the manufacturer’s instructions and concentrated by
ethanol precipitation. RNA quality and quantity was assessed by spectrophotometry
(absorbance ratios of 280/260 nm) and additional visualization by agarose gel

electrophoresis. RNA samples were stored at -80°C.

Genes analyzed using macroarray

‘[007 4] The detailed methodology for cDNA macroarray analysis was performed as
described (Schlaak, J.F. et al., J. Biol. Chem. 277, 49428-49437, 2002; Rani, M.R.S. er al,,
Ann, N.Y Acad Sci. 1182:58-68, 2009). IRGs on the custom macroarray were represented
by 166 human cDNAs selected from the Unigene database. A list of the names of all genes

on the macroarray with GenBank accession numbers is shown in Table [.
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Table 1: Name and GenBank accession numbers for the 166 type 1
interferon responsive genes selected for the customized macroarray

Gene Accession No, Gene Accession No. Gene Accession No, Gene Accession No.
2-50A8 NM. 002534 G1P3 NM_002038 IP-10 X02530 PDK2 NM_002611
al-AT K0139%6 Gadd45 M60974 IRF4 U52682 PGK V00572
ADAMI17 Ua%9611 GATA3 X58072 IRF1 L03072 PI3K NM_006219
Adaptin AF068706 GBP2 M33543 IRF2 X15949 PIAS AF(077954
AKkt-1 NM_003163 Gran B M17016 IRF7 U73036 PIAS1 AF077951
Akt-2 M77198 HLADP M83664 ISG15-L MI13755 Pig7 AF010312
APOL3 AAST1543 HLADRA J00194 ISG20 NM_002201 PKR NM_0027359
ATF2 X15875 HLAE X356841 ISGF3g M87503 plectin Us53204
Bad U66879 Hou U32849 JUN Jo4111 PLSCR1 AF098642
Bax Ui9539 HPAST AF00144 L1CAM M74387 PSMB9 X066401
Bcl-2 M14743 Isf1 M64673 L-Selectin  M25280 Raf X03484
BST2 D28137 Hsp%0 X1i5183 MAP2K3 NM 002756 RCNI D42073
C1-1NH NM_000062 DO NM 002164 MAP2K4  L36870 RGS2 NM 002923
Clorf29 NM_005951 IFll6 M63838 MAP3KI1T NM_002419 RHO GDP L20688
Clr N 001733 IF1-17 Jo4 164 MAP3KI4 NM 003954 Ribonue NM 003141
18 J04080 IFI35 72882 MAP3K3  U78876 RIG-1 AF038963
Caspase 1 M87507 1144 D28915 MAP3K4 NM_005922 SERPIN NM_000295
Caspase7 U67319 IFN-44 D28913 MAP3K7 NM 003138 Smadl U39423
Caspase 9 U60521 TFI60 AF083470 MAP4KI  NM_007181 SNN NM_003498
CBFA NM_004349 IFIT1 M243594 MAPKI13  AF004709 SOCS-1 N%1935
CCRI1 L09230 IFIT2 NM_ 001547 MAPK7 NM 002749 SOCS2 AF0205%0
CCRS U34994 IFIT4 NM 001549 Met-onco  NM_000243 SSAl NM 003141
CDi4 NM_000591 IFITS NM 012420 MIP-1b NM_002984 STAT1 M97935
CD3e NM_ 012099 IFITM2 NM_006435 MMP-1 MI13509 STAT2 M97934
CEACAM NM_001712 IFITM3 X37352 MMP-9 NM_004994 STAT4 L78440
c-fos NM_005252 IFN-17 M13755 MTIH NM_005951 STATSA 141142
c-myc LO003S IFN-9/27  J04164 MTIX NM 005952 TAP1 X57522
Collagen JO3464 IFNARI 103171 MT2A NM_003953 TFEC NM_012252
COMT M3583525 IFNAR2 142243 MX1 M33882 TGIFbR2 350683
CREB NM 004379 IFNGRI1 Jo3143 MX2 M30818 TGFbR3 L0O7594
CXCLI11 NM_ 003409 IFNGR2  UD3875 NF-IL-6 X52560 TIMP-1 M35906
CXCR4 AF003058 [kBa M69043 NFKB M358603 ! TNF-a X01394
CYB356 NM_007022 IL15 U14407 NMI Y00664 i TNFAIP6 NM_007115
Cyp19 M28420 IL18 BP AB019504 NT3e X55740 TORIB NM_014506
DDX17 1j59321 ILIRN NM_000577 OASL NM_003733 TRAIL U37518
Def-a3 NM 005217 IL2 NM_000586 P4HA1 M24486 UBE2ZL6 NM 004223
Destrin 565738 IL2Rg NM_ 000206 p33 M14694 USP18 NM 017414
Flastase2  M34379 1.6 X04602 p57Kip2 1j22398 VeglFC U43142
F-actin Us6637 1L8Rb NM 001557 p70 K M6&0724 Viperin AF026941
Yas-L, Uo8i37 iNOS 120141 PAl-1 M16006 WARS X62570
FK3506 AF038847 Int-6 U62962 PDGF-a X06374
FLJ20035  AK000042 integ-b-6  NM_000838 PDK1 Y15056

These Type 1 IFN IRGs were identified by mieroarray analysis of fibrosarcoma, epithelial or endothelial cell lines treated
either with IFN-« or IFN-P} (Schlaak, 1.F, e gl., J. Biol Chem. 277, 49428-49437, 2002; Rani, M.R.S. eraf., Ann N.Y¥ Acad
Sei 1182:58-08, 2009). All the genes were known 1RGs.
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1007711 ndygt, 05y7r &lub 98 9{3FR%)02 9RAEMTEY M5 %:;;tﬁ?&b'éﬁcqm]@%@%b@ﬁr ray
were validated using real -tinme quantitative PCF for genes: CASL

(accessi orRaﬁlamétty A d 37 B8 ymembRAE wag WgPERE; andmsaigo (cmlsi@tmw of e IS%S DRA
(J00194) ; T' W&ﬁﬁ?@%@@%ﬁ%‘é LR CQnTRlsal bcgé‘nnf%f(@fnfa&@@%,ﬁ%; or the

correl ati n etvveen t nmacroarray data L, 1H44,
HLADRA, amehniis Merelprowessed 0n 95ingl batd) exped@ent (oRof amembraset).r especti vel y. Fi g.

4 shows thg.bRs NG LELAH S U PRIAINE hel QhroPhva Thabheh) G4t analysis
validated using real-time quantitative PCF for 5 genes: OASL (accession number
NM003733); TRAIL (U37518); IF144 (D28915); HLADRA (J00194); and TIMP-1
(M59906). Spearman correlation coefficients for the correlations between the 1t-PCR and
macroarray data for OASL, TRAIL, IF144, HLADRA, and TIMP-1 were 0.92, 0.75, 0.36,
0.72, and 0.54 respectively. Fig. 4 shows the [Rs and correlations obtained for OASL.

Statistical analysis

(0G78] Poor response to [IFN-f8 was based on quantitiative MR analysis, comparing the
MRI at the 6 month visit with baseline. Poor response was defined as the occurrence of > 3
new lesions. Differences in baseline characteristics between good and PR groups were
compared using #-tests or Fisher’s exact tests, as appropriate, A Poisson regression was used
to test group differences in the number of induced IRGs with IRs > 2.0 at the baseline
injection. Pearson correlation coefficients of log2 transformed IRs at first injection compared
with 6 months were computed for 85 patients. Baseline, 6 months, and 24 months pair-wise
correlations were computed for 10 randomly selected patients.

[0079] Demographic and baseline MRT adjusted least-square means (L.S means) of the
log2-transformed IRs were computed and compared between response groups by ANCOVA.

The covariates were age, sex, presence of gadolinium-enhancing lesions, and T2 volume. To
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patients wt ood vs poor re nsetqé rl,.treatnent*, &?r cteristic
Good 1 espottrara bt MR I Bbdpe S0h s kPO AT tine Y <P ehas)
P-val ue (G was BR) yehgemeyeaiRsiisease duration was 2.4 years; 65% were women; and 91%
were white. At 6 months, 15 (18%) of the study subjects were classified as PRs based on the
pre-determined MRI definition. Table 2 lists baseline characteristics for PRs, GRs and the

entire population.
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Table 2: Comparison of baseline characteristics between patients
with good vs poor response to IFN-f treatment?

Good responders | Poor responders | All patients (n P-value
Characteristic (n="70 (n=15) = 85) (GR vs PR)
Age (years) 36.3 (9.4} 33.0(11.2) 35.7(5.8) 0.30
Symptom duration (years) 2.5 (3.0) 1.2 {1.7) 2.4{2.9) 0.39
% Female 69% 47% 65% 0,11
% White 93% 80% 51% 0.14
2ACIS / %RRMS 34% / 66% 20% / 80% 32%/ 68% 0.37
EDSS 1.6 (1.0 1.6 (1.2) 1.6 (1.0) 0.91
MSFC scorc 0.39 (0.48) 0.19 (0.41) 0.35 (0.47) 0.10
% with Gad-enhancing lesions 24.3% 53.3% 29.4% 0.03
(ad-enhancing lesion volume 0.097(G.38) 0.44 {0.72) 0,16 (0.47) 0.09
T2 volume 3.0{(3.7) 5.8 (3.9} 3.5(3.8) 0.02
T1 BH Volume 0.55(0.75) 0.87 (0.82) 0.61(0.77) 0.19
BPF 0.858 (0.014) 0.859 (0.013) 0.859 (0.014) 0.79

*All values are mean = SD, unless otherwise indicated.

CIS = clinically isolated syndrome; RRMS = relapsing-remitting multiple sclerosis; EDSS = Expanded
Disability Scale Score; MSFC = Multiple Sclerosis Functional Composite; Gad = gadolinium;

BH == black hole;

BPF = brain parenchymal fraction.

(W]

The two groups were similar at baseline on all characteristics except that a higher proportion
of PRs had gadolinium-enhancing lesions at baseline, and they had greater T2 lesion

volumes,

IRG response to first injection and stability over time

[0082] An [R > 2.0 defined induction of an IRG, as assays in healthy subjects not
receiving IFN-J injections failed to show IRGs that varied more than 1.5-fold in assays
separated by 12 or 24 hours. The number of induced IRGs at the first IFN-[ injection varied
among patients, ranging from 7 to 135, with no relationship between IFN-[ responder status
and number of induced genes (£ =0.76) (Fig. 5). Similarly, the pattern of response to the
initial IFN-B injection varied considerably between patients (Rani, M.R.S. et al., Ann. N.Y
Acad Sci. 1182:58-68, 2009).

[0083] Despite considerable inter-individual variability in the pattern and magnitude of
IRG response after the first IFN-B-1a injection, the response was stable over time for

individual subjects. Fig. 6 shows the IRs at first injection (x-axis) plotted against IRs
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at 6 months (v-axis) for all 85 patients. The molecular response to IFN-J injections was
remarkably stable for almost all patients. There were three exceptions - subject 7 (top

row, 7th from left) and subject 25 (third row, first from the left) had viral infections at the
baseline dose and so had little or no IRG induction at first injection, due to high pre-injection
[RG expression levels. Both subjects responded to IFN- injection at 6 months. Subject 21
(second row, 9th from left) developed high titer neutralizing antibodies to IFN-f detected at 6
months. Subject 21 responded briskly to the first IFN-B injection, but minimally at 6 months.
Neutralizing antibody testing of all other subjects was negative at 6 months.

[0084] Excluding those three subjects, IRs at first injection strongly correlated

with IRs at 6 months for individual patients [Pearson correlation coefficient mean
(=SD)=0.81 £0.11]. The mean correlation coefficient for the 15 PR subjects (study
numbers 1, 4, 12, 14, 18, 40, 49, 57, 62, 65, 66, 70, 87, 91, and 92) was 0.81 = 0.10,
compared with a mean of 0.81 = 0.11 for the 67 GR patients (excluding subjects 7, 21, 25).
[0085] The IRG analysis was repeated at 24 months for 10 randomly selected patients

(5 PRs and 5 GRs) (Fig. 7). For these 10 subjects, [Rs strongly correlated between baseline
and 6 months (r = 0.86); between 6 months and 24 months (r = 0.82); and between baseline
and 24 months (r = 0.85). Correlation coetficients were similar for the 5 PRs and 5 GRs.
[0086] These results suggested that PR status could not be attributed to either the
magnitude of the molecular response to [FN-f (Fig. 5) or attenuation of the molecular

response to 1IFN- over time (Figs. 6-7).

IRG response in good vs poor IFN-f responders

[0087] The biological effects of IFN-3 are accounted for by the activities of the IRG
protein products (Borden, E.C. ef al., Nat. Rev. Drug Discov. 6:975-990, 2007). We
addressed whether the characteristics of the molecular response to IFN-B might explain PR
status, either by revealing induction of deleterious inflammatory gene products (Wandinger,
K.P. et al., Ann. Neurol. 50:349-357, 2001) or selective failure of expression of beneficial
genes (Wandinger, K.P. er al., Lancet 361:2036-2043, 2003). In univariate analyses of

the 166 genes that composed our macroarray assay (Table 1), adjusted for age, sex, presence
of gadoliniumenhancing MRI lesions, and baseline T2 lesion volume, mean 1Rs indicated
differential responses between the PR and GR groups for 17 genes (P < 0.05). Unexpectedly,

for all 17 genes, the response, either induction or repression, was greater for patients with a
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mean correlatlon coefficient for the 15 PR subjects (study nunbers 1, 4,
12, 14, 18, 40, 49, 57, 62, 65, 66, 70, 87, 91, and 92) was 0.81 O. 10
conpared with a mean of 0.81 0.11 for the 67 GR patients (excluding
subjects 7, 21, 25). [0085] The 1RG anal ysis was repeated at 24 nonths for
10 randomy selected patients (5 PRs and 5 GRs) (Fig. 7). For these 10
subjects, IRs strongly correl ated between baseline and 6 nonths (r - 0.86);
bet ween 6 nonths and 24 nonths (r = 0.82); and between baseline and 24
months (r = 0.85). Correlation coefficients were simlar for the 5 PRs and
5 GRs. [00861These results suggested that PR status could not be attri buted
to either the nmagnitude of the nolecular response to IFN-f3 (Fig. 5) or
attenuation of the nol ecular response to IFN-P over tine (Figs. 6-7). IRG
response in qoad vs poor |FN13 responders [0087] The biol ogi cal effects of
| FN- 13 are accounted for by the activities of the IRG protein products
(Borden, E.C. et al., Nat. Rev. Drug D seov. 6975-990, 2007). W addressed
whet her the characteristics of the nolecular response to I FN-13 m ght
explain PR status, either by revealing induction of deleterious

i nfl ammat ory gene products (Wandinger, K P. et al., Ann. Neural.

50: 349- 357, 2001) or selective failure of expression of beneficial genes
(Wandi nger. K. P. et al., Lancet 361:2036-2043, 2003). In univariate

anal yses of the 166 genes that conposed our macroarray assay (Table 1),
adjusted for age, sex, presence of gadoliniunmenhancing MR |esions, and
baseline T2 lesion volune. nean IRs indicated differential responses

bet ween the PR and OR groups for 17 genes (P < 0.05). Unexpectedly, for al
17 genes, the response, either induction or repression, was greater for
patients with a -24- poor response, suggesting an exaggerated fFN 13

nol ecul ar response in such patients. This hypothesis was confirned by an
anal ysis of the overall IR frequency in the two groups (Figs. 8A-B). The
figure shows IR frequency for all IRG for all patients at the first
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IL-15 Ui4407 1.68 1.55 0.502
IP-10 X02530 1.55 1.33 0.109
MMP-| M13509 1.47 1.32 0.128
P4HAL M24486 1.41 1.14 0.020
caspase 7 U67319 1.37 1.13 0.040
PDK2 NM 002611 1.31 1.02 0.047
ATF-2 X15875 1.20 1.08 0.296
TNF-cx X01354 1.13 1.01 0.283
RGS2 NM 002923 1.11 1.05 0.603
Repressed Genes
SNN NM_ 003498 0.93 1.09 0.079
hsp90 X15183 0.93 1.11 0.141
c-myc L00058 0.85 0.95 0.203
Al-AT K01396 0.84 1.04 0.199
HLA-DRA 100194 0.78 1.01 0.074
COMT M58525 0.78 0.87 0.261
NFxB M358603 0.74 0.90 0.092
HLA-DP M83664 0.72 0.91 0.039
TIMP-1 M59506 0.65 0.96 0.005
CXCR4 AF005058 0.64 0.77 0.195
IL-2 NM 000586 0.47 0.90 0.001

Of the 25 IRGs, 14 were upregulated, and 11 IRGs were repressed in response to the first
IFN-B injection. These 25 IRGs were combined in a prediction model, which was used to
construct ROC curves to measure its predictive strength (Fig. 9). The predictive strength of
the 25-IRG model at the first IFN-§ injection was compared with the predictive strength of
baseline (pre-IFN-[} treatment) T2 lesion volume. A predictive model which combined the
baseline T2 lesion volume and the IRs for the 25 IRGs also was constructed. The area under
the curve was 0.76 for T2 lesion volume alone, 0.82 for the [RG model, and 0.85 for T2
[esion volume combined with [RGs, indicating that differential [RG induction after the first

[FN-J injection was a strong predictor of responder status measured at 6 months using MRI.
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The curve shows that the baseline IRG model more strongly predicted the 6-month MRI

outcome than did the baseline MRI brain scarn.

Example 2
Spotting the Macroarray Membranes
[0089] Wipe down the entire bench area to be used for spotting to eliminate any excess

dust which may interfere with spotting. Next, cover the spofting area with 3MM paper and
set the replicator pins in the Tupperware container of VP110 pin cleaning solution (30mL of
solution to 120mL of dH,0). The pins should be about half way submerged in the

cleaning solution. While the pins are “soaking” cut enough Hybond-N+ membranes to
supply your experiment. For example, while wearing gloves and using a ruler, mark
rectangles 74mm x 115mm on the paper layer used to shield the hybond paper. Make sure
not to place too much pressure on the paper and membrane with your hands or elbows and try
to have as little contact as possible with the paper covering the center of what will be your
membrane. Also, make sure that the membrane doesn’t slide around within the paper cover,
and use either a clean scalpel and ruler or a clean pair of scissors to cut along the marked
lines.

10090] Next, fit each membrane to a nalg-nunc tray by trimming two of the corners and
using a pencil to mark a small identifying number on the edge of the membrane. The arch of
the paper should be upwards when you place it in the tray so that the edges don’t roli up
when the membrane is being spotted. If the edges of the membrane need trimmed in order to
sit in the tray it is best to trim the bottom as the top will be used for alignment in the
phosphor-imager cassette once the experiment is complete.

[0091] Dip the pins in the cleaning solution 7-10 times and blot onto VP3522 [int free
blotting paper allowing them to sit for a count of 5. Dip the pins in dH,O 7-10 times and
again blot and let sit for a count of 5. Repeat this last step with another tub of dH,O and then
dip the pins 7-10 times in isopropanol, blot, and let air dry. Remove the DNA 96 well plates
from the -20C for thawing during this time.

[0092] Once the pins are dry and the DNA is completely thawed, place each DNA 96
well plate inside of the correspondingly numbered library copier. Place the pins in the
corresponding DNA and do a spot onto the lint free blotting paper in order to “prime” the

pins for spotting and place the pins back in the 96 well plate. Place the registration device
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over top of a tray containing one of the membranes and then remove the pins from the DNA
and spot the membrane by gently setting the guide pins into the first hole of the first row of
guide holes on the replicator tray. Let the pins sit on the membrane for a count of 5 before
removing them back to the DNA plate.

[0093] Repeat the previous step for holes 2 and 3 of the first row and then switch to the
second tray of DNA and prime its pins. Repeat the previous two steps using holes 1-3 of the
second row of guide holes. Switch to the third tray of DNA and prime its pins. Once again,
repeat the preceding steps using holes 1-3 of the third row of guide holes. Perform the
preceding steps for the rest of the membranes, skipping any priming as that has already been
completed. Let all membranes air dry and then store them between two sheets of 3MM paper

until denaturation the following day, and wash the pins again before storage.

RNA ¥p Labeling for use in Macroarray Experiments

[0094] Add 5 ng of RNA to 10 uL of MILLI Q sterile water (10 pL. final volume). Next,
add 6 pL T3ACG anchored primer mix (100 pmol/uL) and mix gently but thoroughly. To
make T3 ACG anchored primer mix (per reaction): primer (3uL): dNTP (1.5 pL); and

dCTP (40 uM) (1.5 pL). For the dNTP, mix equal volumes of 10 mM each dATP, dGTP,
and dTTP. Next, incubate for 10 minutes at 72°C. Chill on ice for 2 minutes. Spin down
condensation. While incubating, make the following hybridization mix (per reaction):

5x Reverse transcriptase (5 uL); 0.1 M DDT (3 pL); RNAse inhibitor (1 uL); and **P dCTP
(2 pb).

[0095] After 10 minutes are up and the sample has been chilled and spun down,

add 11 pL hybridization mix to each reaction and incubate at 42°C for 2 minutes. Next,

add 1.5 uL of Superscript Il reverse transcriptase (200 U/ul.) to each reaction and mix gently.
Incubate for 2 hrs at 42°C. This is a good time to denature the DNA on the macroarray
membranes spotted the previous day {(e.g., 12-24 hours prior). Pour denaturing buffer (DB)
into a large Tupperware container, Place the membranes (DNA side facing up) into the
buffer making sure that they are submerged but do not overlap. Leave the membranes in DB
for 10 minutes. After 10 minutes, transfer the membranes to a dH;O bath-with the same care
described above. Place the box on the elliptical shaker on low for 10 minutes. Transfer

the membranes to ~600 mL of neutralizing buffer (NB) and place it on the same shaker

for 10 minutes more. Transfer the membranes to dH>O and shake for 10 minutes to rinse the
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NB from the membranes. Air-dry the membranes on 3MM paper. Once dry, store the
membranes between 2 pieces of 3MM paper until hybridization.

10096] Once the 2 hours at 42°C are complete, add 15 mL of 0.1 M sterile filtered NaOH
and incubate the tubes at 70°C for 20 minutes in order to hydrolyze the RNA. After 20 min,
add 15 uL of 0.1 M sterile filtered HC! to neutralize the reaction. Prepare the G50 columns
by vortexing briefly, breaking off the bottoms, and spinning in the cold room centrifuge or
the lab Beckman refrigerated microfuge for 1 minute at 3000 rpm. Carefully place the
column into a new Eppendorf tube, so as to not disturb the resin. Slowly add *2p Jabeled
c¢DNA directly to the resin (60 pl).

[0097] Next, spin the column at 3000 rpm, for 2 minutes in the same centrifuge and
remove the column from the Eppendorfs. Flick the flow-through to mix it making sure no
samples are pink as this is a sign of incomplete removal of excess isotope. [f the sample
volumes seem to vary greatly or if Eppendorfs were not changed prior to elution of
radioactivity, MICROCON Centrifugal filter devices (MILLIPORE, Billerica, MA) can be
used to carefully concentrate the samples. This is only necessary in the case of a great
difference in volumes (>100ul. difference or as seen fit). Add 1 uL of each tube of
flow-through to a corresponding scintillation vial containing 2 mL. of scintillation fluid
(obtained from the repipette by the radioactive solid waste) (simply add in the whole tip
containing the radioactivity). Cap and vortex each scintillation vial to mix.

[0098] Use the program 6 slide from under the scintillation reader and run (main
menu>automatic counting: select). Check consistency of the scintillation readings, if they are
acceptable, then add 50 pL of COT-1 DNA (I pg/ul) and 5 nl. of Poly-A DNA (2 pg/L).
Next, prepare the following mixture: 4x SSC (44 pL of 10x SSC-filtered); ddH,0 (45 uL);
and 0.1% SDS (IpL 10% SDS-filtered). Add 90 pL, of mixture to each tube, vortex, spin
down drops, incubate in heating block at $5°C for 5 minutes in order to denature the DNA
and hybridize at 65°C for 2 hours,

[0099}  This is a good time to prepare membranes. To do so, first dip membrane in water
and roll up with DNA on inside of roll. Add to the corresponding pre-warmed hybridization
bottle. Add 10 mL of 65° CHURCH buffer and slowly roll the buffer over the membrane so
as to avoid getting air bubbles underneath the membrane thereby promoting drying out of the

membrane. Place reaction in rotating hybridization oven until hybridization mixture is ready.
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Add 200 pL of the appropriate hybridization mix to each tube and place immediately back in
the hybridization oven and incubate over night.

[00100]) Prepare 1L of wash solutions 1 and 3, 2L of wash solution 2, and pre-warm

to 65°C in a water bath. Once the membranes have hybridized for 16-24 hours remove the
bottles two at a time from the hybridization oven, pour off the hybridization mix into a large
radioactive waste beaker (this beaker is used only for temporary storage of waste as all waste
will be transferred to the 10L radiation safety issued waste jugs and properly recorded on the
waste log sheet), add about 50-100 mLs of wash solution 1, recap the bottle and shake the
membrane to rinse it, pour off the rinse and add % to 1/3 of a bottle of wash solution | and
place the tightly capped bottles back into the hybridization oven and incubate for 15 minutes.
After this time is up, discard the buffer, add the same amount of wash solution 2 and incubate
for 15 minutes, and repeat the wash step using solution 3.

[00101] Once this wash is complete, use shaking to transfer the membrane to the top of the
neck of the bottle, Use forceps to remove the membrane, DNA side face up, to a clean
Tupperware of dH,O to rinse off the SDS. Briefly blot the membranes dry on a piece

of 3MM paper and line the membranes up as squarely as possible between two pieces of
saran wrap. Using a piece of paper with lines on it as a guide is useful as well as using two
pairs of forceps to lay the membranes. Expose the membranes to the Phospholmager cassette
about 3 days (see below). Transfer membranes to film cassette and create a hard copy of the

data for each set of membranes,

Capturing Macroarray Data

[00102]  After the screen of the phosphoimager cassette has been exposed to the
membranes for 2-3 days, scan the resulting image using the STORM phospholimager saving
the resulting .gel file to the MACROARRAY folder on Ransoshared. Once the scan is
complete and the file is saved, open the file in IMAGEQUANT to capture the data. Begin by
checking the preference settings in the “preference” pull down main menu. The “Grid
Column Major” should be unchecked; only the “name™ and “sum above background™ should
be selected for the generated volume report under “volume report settings”; and the default
background correction should be set to “local median™.

[00103] Next, select “Gray scale color adjustment™ from the pull down “view” menu.

Adjust the color until all of the spots are visible but not over exposed—all spots are still
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a count of 5. Dip the pins in dH20 7-10 tinmes and again blot and let sit
for a count of 5. Repeat this last step with another tub of dH20 and then
dip the pins 7-10 times in isopropanol, blot, and let air dry. Renove the
DNA 96 well plates fromthe -20C for thawing during this tinme. [0092] Once
the pins are dry and the DNA is conpletely thawed, place each DNA 96 wel |

pl ate inside of the correspondingly nunbered library copier. Place the pins
in the corresponding DNA and do a spot onto the lint free blotting paper in
order to "prinme" the pins for spotting and place the pins back in the 96
well plate. Place the registration device -27- over top of a tray
contai ni ng one of the nenbranes and then renove the pins fromthe DNA and
spot the menbrane by gently setting the guide pins into the first hole of
the first row of guide holes on the replicator tray. Let the pins sit on

t he menbrane for a count of 5 before renoving them back to the DNA pl ate.

[ 0093] Repeat the previous step for holes 2 and 3 of the first row and then
switch to the second tray of DNA and prinme its pins. Repeat the previous
two steps using holes 1-3 of the second row of guide holes, Switch to the
third tray of DNA and prinme its pins. Once again, repeat the preceding
steps using holes 1-3 of the third row of guide holes. Performthe
precedi ng steps for the rest of the nenbranes, skipping any primng as that
has al ready been conpleted. Let all nenbranes air dry and then store them
bet ween two sheets of 3MM paper until denaturation the follow ng day, and
wash the pins again before storage. RNA 32P Labelin for use in Macroarrav
Experiments [0094] Add 5 ug of RNA to 10 tiL of MLLI Q sterile water (10 4
final volune). Next,
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-30- independent from nei ghboring spots. Select "grid" fromthe "object"
pul | -down nenu. Enter 24 rows and 36 colums into the wi ndow t hat opens.
Draw a grwo 2ouersygyne of the nenbranes maki ng sure one spot/ussoiapmises ed per
section of the grid. Slight adjustnents can be nade using the arrow keys or
the rotation tool + shifi key can be used to rotate the entire grid in the
case that the rrenbrane is not nicely ali gned. [ 00104] Once all of t he spots
are centered, select "background correction"” fromthe "analysis" pull down
menu. Sel ect "}4ocal I lLysi s" nmenu
sel ect " Vol une+RepC)Trht ('taHt%tH %agqj@v%%%l%lgﬁeﬂe?gp&gl\ﬁay&g%&?{teg%gum[hgt%ve

backgr ount¥ast on ey andamakyait Qibre@éﬁse@mparv@ Itqmteanﬁzebod itates tBsltectgentds splay”
report. t hat opens and sel ect yes on the w ndow t hat
appears as‘ﬁ?ﬁiﬁ{e?%\\é%g%?\gﬁe file in Mcrosoft Excel. Once in Excel, clear
the colum titles-nane and sum above background. Under "File" select "save
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menbr ane. Repeat tfmetapflﬁgzeelﬁiblmglcsltserpﬁleﬁmrntad: tubfeetrai ni ng nenbranes. Once all
of the data has been captured, sav 0 of the *.gel file he *. tiff
Cor mat. Open the - CHERTRELE Swepno Dl opteoer B et ot S o each
i ndi vi duakndqrenbrane in the *. TIFF file. [00105] From the above description

of the invention, those skil I ed in the art wi|l perceive inprovenents,
changes and nodi fi cAmifingdy by SFWS\‘)@FP@H‘E@aH%ﬁDa%QWm%HO fOER 0BGt i ons
are W t hi Rodnh@csides IFN-Bf ireh088ioh BT bk r&ldre AMBe AloBe O BRAQD afithi BRr&OKeEr ed by
the appended clains. -3 1- Raving described the invention, the follow ng

i s cl ai medhcreased or decreasel asEPIRBAICHI aFOPE i ni ng t he efficacy of
interferon-beta (1FN-13) therapy in a subject with nultiple sclerosis (M),
the met hod conprising the steps of: obtaining a biological sanple fromthe
subject; and 9. The methodef eleim &ltwlﬂlhélcéﬁwéb§DIDPFISIHMWOR‘OIP10 . | east one

i nterferon- regul ated gene (1RG and/or variant thereof; wherein
i ncreased or decreased expression of the at |east one TRG and/ or vari ant

t hereof as conffar edhemethodontleo 9, fadlier atrewisingdsolatng RUbfremtthanivhdie r espond

poorly tobfolgb\léaP tlperapy 2. The nethod of claim1, the biol ogical
sanmpl e conprisi whol e bl ood. 3. The method of claim2, further
conpri sing isol at| ng RNA fromthe whol e bl ood sarrpl e. 4. The net hod

of claim1, fu ther i ncl u ad nister subj ect
prior to obtai | ng thﬁe 6151 |°6g%38’é fgrther néh{ag]g adm“ %erln?ﬁeﬂjéﬁﬁe?]]ﬁglg% P h%el aim 4,
further i sedjatcprirg tobttaihing ng: tﬁdﬂegihﬂ@{hﬁ)@t cal sanple in Less than about 12

hours after adm nistration of the 1FN-r3 dose. 6. A nethod for
screening an agent that can be used to treat MS, the nethod conprising the
steps of: 12, The nRfi@Miodbiagh &1, Fast a;tcnu@;ﬂﬁ%tam@fgltwabagwals@@glc in
nononucl ear cells (PBMCs) from.a sub ect with M5 that is a poor responder

to | FN-P q%%ﬁhabwuah?rﬁ%rssztﬁa ?%@naﬁataaaﬁfhetﬂd‘hﬁwésqnsm and
determ ning the expression | eveI of at | east one 1RG and/or variant thereof
in one or nore of the PBMCs. - 7. The nmethod of claim®6, wherein

i ncreased or dEer ea%@ath@%%%naﬁsme%mhw the rsthadisemprEmaiia s6ps ar i ant

t hereof as conpar eq)b;agnﬁg &&Bio%%l ém'ﬂg!ech%‘h e bt he agent is not a

candi date for M therapy. treati ng a subject with M5, the

met hod conpri si ng tdsergmégshodprastieaienl ngatdedst wledgiical/osarphiehdredim t he

subj ect ; Hﬁe& erm n| ng the expression | evel of at |east one | RO and/or

vari ant thereof': and adm nistering to the subject a

t herapeutically ef fadmnnisleir@rmdrq:tsubﬁctatthdrmsmcabﬁefﬁagmammhnesﬁ whediziF- 13, i f

Ie)l’(lEII: gzzlegqogc&gogoﬁeogréhe m?(ifgst 886 g graut/?r MG ant %%{e%gfsllgcrreasg‘df or%@}:re&sgg fgof is
compared to a controi.

4. The method of claim 13, the biological sample comprising whole blood.



9. The method of claim8, the biological sanple conprising whole bl ood.

10. The nmethod of claim9, further conprising isolating RNA fromthe whol e
bl ood sampbeaoi1/159970 11. The nethod of claim 8, further pcmaisoaiiings1o

adm nistering a dose of 1FN-13 to the subject prior to obtaining the

bi ol ogi cal sanpl e. 12. The methgd of claim 11, further including
obtai ning the biological sanple in |less than about 12 hours after

adm ni stration of the | FN- P dose. 13. A nethod of treatlng a subject with

the subj ect:  dstor mth PG ERCoanb Fodefion Pifiie SPiet KRGt TR anat or

vari ant thbbemimﬂand adm nistering to the subject a
therapeutically effective amount of natalizumab if expression of the at

| east one I RG and/or variant thereof is increased or decreased as conpared
to a control. -33- 15.The nethod of claim 14, further conprising isolating
RNA fromthe whol e bl ood sanpl e.



