WO 01/ 49717 PCT/ USOQ 35674 METHODS AND COVPCSI TI ONS RELATI NG TO MODULATI ON
OF HEPATOCYTE GROMH, PLASMA CELL DI FFERENTI ATION OR 5 T CELL SUBSET
ACTIVITY BY MODULATI ON OF XBP-1 ACTIVITY Covernnent Fung%g%sgﬁﬁg %7 descri bed
herein w9 8{4pdorted, at least in part, under grants AR4 q°7A132412
awarded by the National Institutes of Health. The U. S. governnent therefore
10 may have certain rights in this invention. Background of the Invention
Menbers of the CREB/ATF fam |y of transcription factors formdinmers and
bind to cyclic-AM response elenents found in a | arge nunber of cellular
pronoters. The diversity of genes regulated by this |arge group of
transcription factors is reflected in the 15 essential functions of
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Acad. Sci. HERA T%Yﬁé@“ﬁ’g’g % E’ ?’3’8 9: 262- 265;
Mefekawa et TACELLGABSET AGIHVITYBE MOPELATEIN %§§§)l Aﬁgégﬁ?yy an
inportant role in coordinating the timng of hepatocyte proliferation in
t he regaRelAhidiFdnify Was dermonstrated for the CREB/ ATF 20 fam |y menber

CREM (berv o et al. 1998, Cenes Dev. 12:3639-3643). In ad%lrtl gn, the
ATF- 3 transé’t’¢rbtd?i§ﬁb¢ch1@qf@ﬁ WS SUBROTAG A IFagidn PHELRES Srants 1aﬁ’tnfing liver

with t e ;m@g 6re Mol . Cel | .
B ol . 20T e B R o e a T PRy Momber

XBP- 1, niuaz\lfavmoetrtabaeghts aehismegniien.det ai | . This transcription factor is
expressed ubiquitously in adults but is mainly 25 found in exocrine glands

and bog ggeiﬂﬁég{l§emoe¥t%g enbryoni ¢ nouse (Liou et al. 1990, Science
247: 15 . 1993, Dev. Dynamics 197:146-156). In vitro
st udi es ha\keermlﬁmfshaf @REB/MBEmmgmfatammpabn fah@rmmﬁllgerﬁén%blnBSAP

di meri zatio c- Fo IVHC cl ass |1
gene e f?ﬂ?lécs&\@ r‘fve?gf'le %\ﬂﬁ?@% ound paige nufiver gpc%llf'illafjgr%gn%?eﬁg ’hﬂe

sequences are I ntroduced into Raji
cell's (dReksi®l ot geres ddgulal@Oy thik. 1a1§x;grouwmtranstﬂana9@emms refct@hm the al . 1991,

Proc. Natl. Acad. Sci.. USA 88:4309-4312 e s on of
XBP- 1 iassntig) firetiops ‘Rflé“‘él?"élH%}tf?“ctﬁWS RSN évsagd’e\“ﬁ q%cigg%evg@ﬁ(r% II(1:ar ci nomas
(Ki shi ?&@theénd\ﬁ“%%%ﬂ%?&l? aBQEhW@Qd%ﬁﬁMal abos, w&SNaQeM&adCifaV\Um Diff.

9: 337- al t hough whet her |sure§ulat|onpaye aroleln t he

nal i gn&it44|§ héAdf; ﬁe@éndéret %é”ﬁefvéf“y’e o6 deckgpaiet al S, hdtiolest abl i shed.
Sunmar yChetn. Eﬂﬁl '}fﬂg-qp}%iﬁn Recently, an important role in coordinating the timing of

hepatocyte proliferation in the regenerating liver was demonstrated for the CREB/ATF
20 family member CREM (Servillo ez al. 1998, Genes Dev. 12:3639-3643). In addition, the

ATF-3 transcription factor was found to be induced in regenerating liver with the kinetics
of an early response gene (Chen et al. 1996, Mol. Cell. Biol. 16:1157-1168).
The functions of a further CREB/ATF family member, XBP-1, have not been
defined in detail. This transcription factor is expressed ubiquitously in adults but is mainly
25 found in exocrine glands and bone precursors in the embryonic mouse (Liou et al. 1990,
Science 247:1581-1584; Clauss et al. 1993, Dev. Dynamics 197:146-156). In vitro studies
have demonstrated downregulation of the XBP-1 gene by BSAP, dimerization of XBP-1
protein with c-Fos, and a decrease in MHC class II gene expression when antisense XBP-1
sequences are introduced into Raji cells (Reimold et al. 1996, J. Exp. Med., 183:393-401;
30 Ono et al. 1991, Proc. Natl. Acad. Sci. USA 88:4309-4312). Recently, the expression of

XBP-1 was found to be dramatically increased in hepatocellular carcinomas (Kishimoto et



This invention pertain to nethods and conpositions relating to nodul ation
of 5 hepatocyte growh, plasma cell differentiation and/or T cell subsets

by nodul ation of XBP- 1 activity. It has now been discov he
transcri pY?8H¥Hctor XBP-1 plays a critical role in regﬁ%ﬂ”gﬁg%ﬂg gr owt h

of hepatocytes, the differentiation of plasma cells and the activity of T

cell subse The inventjon.is, based, at |east.in part. o servation
Chat miCaoTseligoxieDs Bt 40l abtsgRivister iy ReBlibioy B HLEefbBhent

i dent i f yliegaigBEntbhasoth}, & Wisanaelyi Hby-prodh@act of wesse attatdishédr hepat ocyte
growm h and, furthernore, that mce lacking XBP-1 are severely inpaired in

pl asma cell generatjon and exhibit defects in production of Th2 cytokines,
i dent i f@%ﬂiﬂé&%anscri ption factor essential for plasma cell
di fferentiat iraR iARdtib¥laad rhéthddaHl 3bnpdkidns Telailgl to HddaRtien off0 our

know edge this is the first denonstration_of a rolg for i<BP—1 gﬂ
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modul at e ocyte gro plasma cell differentiation and/or T cell
subset s rolei tegulstifigthe grovdly baldpatpchiep ahodifferentatinntdh plagma sells and|the

differentiati and/or T-cell subs. S] . t XBP- 1
acti vi thtﬂ‘Q{ygof%& W‘gtsﬂ%ggs' tTgle ex) Srétrlléjl ]%rg%séetu b%@?ﬁgtslﬂi%ﬁnbu t%lgrgfése?}g%ﬁ%'? i mul ati ng
XBP- 1 achitdiatying KBPhEhSE st ey ithpdited thepatadyitd davelopmentofdentifyingeBR-deyt es i s
stimul ated, nethods for differentiatin | as ells ip . culture by

St Il acigsoRmPon g erspata o epin e PouRL G g e Pt BeBrd o ¢ he
pl asma oghp-$ ateSseSdrtlyimpdifd 12 PRSEAE cellBékeidn bad exidsitdadtdinia pfodhcdyd oki ne
production by nodul ating XBP-1 activit and et hqgs for di ﬁgnosi ng

di sor der@m&&e&ﬂ@ﬁwi@mgérqﬁé‘rffanﬁ‘é'ﬁ%)g‘{%é%‘g egieatRlnor pitsgaselicel |
di ferentéatiafoRARMY iﬂcolJedCﬁIx'rJ(-gLﬁw%%tf TaGHlisHbsel, TasRdiwiaseansisgea change

in the expression of XBP- e.g., the [ evel of expression or the form of
XBP- 1 expstameuratipmobnmwleafop&EBP-1 integilpinerhepeiacyie eroaith plasaggl hods f or

i denti fyj. QMo ?j?f [qu] dul ate hepatocyte growth, plasma cell
di ﬁ]er erﬂlﬁ"}%fnﬁbaﬁ ah oFél c%ﬁt{msubset activity. In one enbodi nent, the
i nvention pr qhkdesntonmbdvice hahodsdenidedtifying campounds thatimoHualate30 nodul at es
hepat ocyte growth, plasma kf di gf erentjatig nd/.or subset
activit J‘eﬁ%,tg‘fygf grﬁﬁm{’) R@f@%i’%fﬁl SITBBE aélﬁ} O(I,Lorlrrc‘ﬁfrf F‘gtl’sg{gs’ @9{5 Blr otein, wherein
a test Qﬂcﬁﬂ%@dﬁlﬁ? heptdey® JENB1p14sHA el RGTEREXH0R 26d/4r T oeltisibattessinhe activity
of XBP-1 is selected and then the eff gﬁi of this selected c%g%ﬁund on
hepat oc)A2etgHeimAduliie &dikal BAVIY 4 £+ BICEIRET B T8 01*PFOREF St Yactivity
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conposition conpri si nfg . : : .

stimulated, methods for differentiating plasma cells in culture by stimulating XBP-1

activity in the cells such that differentiation of the plasma cells is stimulated and/or

methods for modulating Th2 cytokine production by modulating XBP-1 activity) and

methods for diagnosing disorders associated with aberrant hepatocyte growth, plasma cell

25 differentiation and/or T cell subset activity based on assessing a change in the expression of
XBP-1 (e.g., the level of expression or the form of XBP-1 expressed).
In one aspect, the invention pertains to methods for identifying compounds that
modulate hepatocyte growth, plasma cell differentiation and/or T cell subset activity. In
one embodiment, the invention provides a method for identifying a compound that

30 modulates hepatocyte growth, plasma cell differentiation and/or T cell subset activity using

an indicator composition comprising XBP-1 protein, wherein a test compound that
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XBP-1 first is contacted with each nenber of a |ibrary of test conpounds.
The test 5 conpound(s) that nodulate the activity of XBP-1 protein are
selected and the ability of the selected conmpound(s) to g&ﬂ#l)(g%sg

hepat ocyW™® QM8 h, plasma cell differentiation and/or T P Fet
activity (e.g., Th2 cytokine producti on) is determ ned The i ndi cat or

conposition can be, for _exanple, a, ce Xpr.e ein,
cel | thaedulates ‘Bééﬁlv“é(ﬁ’ép(f?ebefpécfelleﬁte% @§% Htel?éf%%pﬁg is 5‘? 8"[%43‘??"5{})"1? t rodu0| ng
an expr&s &E%c%@%fo%h ehsndh g ditheentQudBR- T oAl aibedtacivityqelghaheel | or a cell

free co rtion” Alternatively, the indicator conpgsition nmay be a cell

or cel Icyftqm podnstion) is essesshidit Inj the mathed. thpindmptor comBeBYGR COHPTISINEt ar get

nol ecul t.h a e interaction

of the ﬁ&gg'}‘%st 7 g?rﬁ?étéd &ﬁg%ht%%gee%fa ecul e ?Sycﬁ%g??lg% egﬁe tIur? anot her

enmsodi rmmtpouﬁd(e) thadh o e the(aoml\ptySIftXB:ihl peotein aierglectet ond thelabilityapi they

corrprl se XBP-1 protei ort n he XBP- 1

prot ei n’ ?eﬁ?g CPRPRYnat t%%a‘égg%ﬁat%ﬁy? “{h ?as erqcé&;g%%peglg%ﬁ \ﬁgmtc}@ég

det er m @ subRt alivity (&g 9ThAcelghe @emmunphstdetermmadiam ibeatact i vity of XBP— 1

protein by pr odu0| ng an indi ca cel | gtBﬁ)cgnt ai.ns alr eggn‘gﬁnant

expr es s{AEIPOSEeR 610 b chﬁxﬁ'ﬁplleh‘bc e?EprﬁFSSf RIQtedm 2S£ AT B RSFT i ng an

XBP-1 -[ %Qxféaw ?xﬂr@sg wheakBp M ﬁ&t@lmthEﬁhfglaﬁ%kﬁrebdld’ikwtoﬁielﬁcﬁyﬂﬂllgttﬁd’ gene.

The indicator ce Is contacted with a_test compound 20 and the |evel of

exifr es sXBH qurotehentoetbgpctlb@r apeH drep ﬁomﬁ@m%l@éﬁ‘ww&]& theiindigapr presence of

t he tegt comm Pal profkineXARessi on of

t he repo I"Epeormgene(;l besa Cgﬁgg?{;ér?d?%g%oﬁ\émﬁg I Flh{eglgw%e%gncep of the test

ConMpountirgst inblet:llﬂe dnd\zbé alnlﬁty@f fredss DQme)lﬁldttfheiOd\dlé'dehQ iatergpgine of et he

i ndi cat in the ab f. the. t i nterest

that oSt BECTHE g e g P oty LTS Bfbodhn ETRO Wy |

anot her canieiion®dn iafichiecagivhiet cf)mpnsedamMBWi pptain apdalregertérigane m)dul ate

hepat ocyte grow h or_pl asma cﬂll di.fferenti atl ?‘i st _co oune(Q(s) IS
okt act EaPARSvR iythe RBTA! BEQIeIR bhe Lgvel ok ¥piession o @Fe‘&% e&geltel':?ag FH5%r a T

cel | defj feteemineithe 3y brandt éduporhd RChoduldte tHeeactieist oiCJOBBledéla)byon grow h,

differentiation and/of activity of the cell is determ ned, ﬁ‘f”t her eby

i dent i f prodesipmamiadiceieneelhbef o S A EPRMNAAN X EHICR Ve‘f:}Praf'é’r“r& ipg
di 11 er ebipaf h 8RR cdmfRlide SIRBEH ApbihickeiliFofRAdserpt her than

t hr ough conpounds at can rescue" the XBP-1-deficient

phenot ypm)atxvlétyrhmaamp@neagmonﬁmmlcﬂmaﬁeli in gortacieyBhafest efmpeBpd 1 def i ci ent
at oc rthat induces, d Lehedrd cells 3 WO
4971%“%? 3867 T }ehér?errggﬁéc@}ﬂ:lé}%g%wﬁ@ﬁ&1tg@%es production of a

Th2 Cyt kst ddalpdindig dXBHnihedieBy corepering tixeleved of expréssiopeif ghstreppreer gene in

the indicator cell in the presence of the test compound with the level of expression of the

reporter gene in the indicator cell in the absence of the test compound, a compound of
interest that modulates the activity of XBP-1 protein can be determined.

25 In another embodiment of the method for identifying compounds that modulate
hepatocyte growth or plasma cell differentiation, a test compound(s) is contacted with a
hepatocyte or a plasma cell precursor (B cell) or a T cell deficient in XBP-1 and the effect
of the test compound(s) on growth, differentiation and/or activity of the cell is determined,
to thereby identify compounds that modulate hepatocyte growth, plasma cell differentiation

30 and/or T cell subset activity via means other than through XBP-1 (i.e., compounds that can
“rescue” the XBP-1-deficient phenotype). For example. a compound that induces growth
of XBP-1 deficient hepatocytes or that induces differentiation of XBP-1 deficient B cells
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I n anot her aspect, the invention pertains to a nmethod for nodul ating
hepatocyte growth, plasna cell differentiation and/or T cell subset
activity by contacting hepatocytes, 5 hepatocyte precur cells,
pl asma c¥Q08Zursors (B cells), T cells or T cell pr eca)(r%rérzqsg%\n%t?ﬂﬁa

nodul at or of XBP-1 activity such that the growmh of the hepatocytes,

diff ntiati ft I | L tivi .1 bsets i
mocul af B TS o5 gL BRCSE AT 4 ro R HOH et ] SEVE ot hods. of

expandi fgisgped @testas or plasma cells in vitro, through culture of the

cells with a stinmulator of XBP-1 activity such that 10 growth of the
hepat ocyt es Brangiher aspesit the VRIS PEFRIES f %@Wﬁ‘ogé?rl’go‘il"iat@gihﬁi?ﬂt%‘iyéed. These in

vitro %M&?%&fﬂllalcgﬂvdffﬁﬁen&igﬁoﬁmqi QN Absch 8RR By cBftadtiiy HepRodyiest he

treatme or exanple, hepatic injury, hepatic failure due to disease
(esg., hépamiytempfaatsornplasmaedilsaplasmegrellinreaiysosy (B ¢rdiphilicslls e T egle due to
toxins (e.q. . Cikrhosi o || . ' b L Al so all ow
for the 9(%5?% %th %of° ﬁ?%ggrfn%ft cel :lg&ﬁggy S&%—}g&?ﬁth}? %é%&gg%%nﬁgg@? for exanpl e,
15 i mmudididehtiat enaditesplaiiar atls end/aedtibity dET celhsddetamt médbdtedorloduet i on, as

wel | for general timulati on of hunoral, i ne..responses. L o,pat hogens.
Furt her ?ﬁ?g%f’, %%@?thyW?tﬁ%dop%{rﬁé%@e@pp%gj ?‘8@%@%&&3 5 OfP l%rm dduction of
Th2 cyt gHisRgSirol thra\p@ichRire a6 fRGELSs Whh & stildiateiod KBPAEAdily pevhithitns t o
met hods of nodul ating aberrant hepatocyte gromf%h, g{l?gésg[ﬁ ell |
di ¥0F er egomah phothe hprptesyter of differantiptica; ofdhe plgimpa cqlly istimypgat -b]c & o
adm ni Shﬁfﬂoﬁgalfcﬁ/ F&%f&?%{%ﬁ;n hePREARRULH &salih the@fch@dnt ¥ frRABle Of @

0 - ac

speci fic nodul at or I tivity such that aberrant hepatocyte

gr owt h, herlasis irquryebdpati¢ fafloreatue itadisense Gngl/ dral nfecsions.sudsasthepaiitision y in a
subj ect hépsa%ig?a{:ljlltlllrea&u%qo t(lxri'nscw% ,%{}Hl%gl's %??xte ’livelt).h FhERIH L AoHhethSlaRb bfiowBP- 1
activity, > 1or exanple, an aftisense ol gonucleotide, an 1ntracellular
ant i bodyoratie exppesidn afeplashmtcellsifor b is thdteeatmers L& dor exampte, XBP- 1 wi t h anot her

25 protein, such that  hepat.ocyte, growth | as .cel |l dyffer jation in
2o ob Femim e RO R g ot Rt B Rhod RSN E o wll bRl 21 L OF
Such i nkiikih@syofRinttea SmiRYe BSporssedhpathopensf Eurtheraiopd, eheshiapatmocel | ul ar
carcinoma, nultiple el oma, _aut oi rrg%gi_h%ji sorders associated with the

i

pl.e ny .
pr oduct msHhods alinyy Fs gasdulatign pbRIEHSS gvtgkinessy st emi ¢ | upus

er yt hemat 0SUf) anofRflagheSOMGH SARS GhhRTbeiain 1€ 8BEs Jihdodidtingact i vity. In
anot her 30 enbodi nent, the nodulator stinulates XBP-1 activity, for

exanpl e abaranehapriosyte growtbcrlaima el difdiirenjiappand/orsh el ulsat aptBXiBRyt e growt h
or ! asign,; Lk QGG D Blel QBjebiS: flhpBtkidliftffecile ARt Yt Liffelific Pr oduct i on
i 52(gti rrug@)é%%% a?#\lfr{l‘ﬁéerﬂ%t}%?{gcst Bj§uf:ah stﬁggr?ull a{%ﬂcj)er f cm::et hods rraegﬁge c4 WO

01/ 4971moBmEtQﬂSf)HBQSBEMivimsw&luhatiaherr@ehmamwmmw@f plagneg cetlxanpl e, hepatic
Lhpury. d%e?ear;[tilagor]; aar{dlf ol'}rlece(ijlus%bste?ac}%%%af tirll g subject is modulated. In one embodiment,

the modulator inhibits XBP-1 activity, for example, an antisense oligonucleotide, an

intracellular antibody or a peptide that inhibits the interaction of XBP-1 with another

25 protein, such that hepatocyte growth or plasma cell differentiation in the subject is
inhibited, or production of Th2 cytokines is inhibited. Such inhibitory methods may be
useful in, for example, hepatocellular carcinoma, multiple myeloma, autoimmune disorders
associated with the production of pathogenic autoantibodies (e.g., systemic lupus
erythematosus), and disorders associated with excess Th2 cell activity. In another

30 embodiment, the modulator stimulates XBP-1 activity, for example, an expression vector
encoding XBP-1, such that hepatocyte growth or plasma cell differentiation is stimulated,
or Th2 cytokine production is stimulated, in the subject. Such stimulatory methods may be
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di sease, hepatic failure due to hepatic toxins, inmunodeficiency disorders
characterized by decreased antibody production, or disorders associ ated
with deficient Th2 cell activity. Stimulation of plasma (le

di ff erenY@P¥¥A7al so may be useful in, for exanple, sti mfl%grl BT 5

hunor al responses to pat hogens and in increasing the efficiency of

vacci nat i rerren nodul nodul at or can
be adm"ﬁf’@‘? gxrtgatr%ﬁtrp%rgt ?)fo %mmlpoer, epa%c nﬂrna/ ﬁ% ahi Fan%}eh&g%o g&;%glg ect. a site
of pl asdieaseghtpatlt filareatuk it@hdpatic mmﬁshﬁnmuhx;deﬁmexmy chsosddred(afracte'hzeébj' subset
activity. Alternatlvel t he noduyl at or C?Fa &(fg c.g%wio W th

hepat ocdFFieasedaaibady Praductite AT IISASTS a5jo5ifRd W) qeliciep EMV'%recursors, T
cell's odtinfuistdnl of bfasiAh @éllkﬂlﬁ@fe‘ﬁnhtﬁﬁﬂ Adeday bOBetul s iprexbmplepbt rovesbnlyf

adm nistration of the cells back into the subject. In another aspect, the

i nfent i mqsliresppRess togPahogpnsHgd 1B INCE28IEE erf@”%“céﬁ%ﬁ’%‘é‘fnaf%?s dnthg sor der
associ a#@r@gxﬁﬁ&e&‘ﬁm%ﬁﬁl%&;{ e %Q%’etxﬁo&ﬂﬁ}% &in b@'aéx%fmst&%& birlithyfigrpt i ation

and/ or set a ty by detecting a change in expression of XBP-1
i n cel |exambleaths lib¢redia saﬁegmpmf@@sma chldif rmamrsmrtbmsrubms@roa siteed wi t h

aberra o g d/or T cell
subset n‘é&‘{lfﬁﬁ%% é/uﬂluté égﬁ?lgtsnéelq n?l @%ﬁoicgf }Ie C%Ha glggu ect suspected
of havihtgatobgesdheparodee pres:uﬁorsppllaﬁda célbrplmﬂl@;emmsh@ cebhporeTssélbn of XBP-1
in cells of a control su ec i t hout the disorder. e di osis for a
dil@or d&reqURsozs lgq}gtféérpm, assu a%i%}i'g&ﬁg Y @fmyRyyratign 8€§‘F§§1-gslhboaﬁg 8?6%9 P-1 (e.g.,

t he Ievg—ghgg formof XBP-1) in cells 20 relative to a control subject

El evated 1evel s of XBP-1 expression, or expre55| on of a nore actlve form
of XBP-1 (e.lganother@spest thednyayspy Parcaing e arntiaed ofrdiaenpeing x8diag f9Fgy be

aSSOC' a&ﬁﬂdwa&éac eﬁkmra@@&mﬁ E&éﬁa&éy%‘er%ré% BlashResPasRRANARA AN § Or OWt h

epat ocel l'ul ar carci noma) asma cell differentiation (e.g.
mJI t| pl @llrsyleseartividy by é&lt@mmhengmlsea@é@@wéﬁ%ﬁﬁ-bm%@GOBQSWQY@UM| on of

a1 e P AL Pecifler SUE AR Sk PR AT ok HP OB RIS US) o | TN2

ac ergy, cancer ous | e reduced
| evel s differxa&nbnawbﬂselbsmbm aettyptye Shieerpre$sicnofi XBRM iiv eellnof aubjedtor m of
XBP-1 may be a OCI a with a di sorg‘lg cha a t r'>%er9551 oq%leased
hepat ocYPRECEEG ”Flng F ISRigeris|cPmPAEL P fY 53 e m‘runodefll ci ency

di sor degefi} of #EontBPsubRld wilitdut Wietdisorde?. The dﬁgrlidsﬁlfﬁr aadtts@dmn nsubjestdases) . 30
T L e s b A T Sr o S, L he
Cobs. Rl i Jaﬁaatsqa)éae Flevaitd levess GILEP-NRLpkssR, 6RNpYessiBRbY Ofoff  XBP- 1
deficient ani nal prior to lethality in utero). 5 WO 01/49717
PCT| USC@Etiss & of XB -1 (e.g., a constitutively active mutant form of XBP-1) may be
associated with a disorder characterized by increased hepatocyte growth (e.g.,
hepatocellular carcinoma), plasma cell differentiation (e.g., multiple myeloma or
autoimmune diseases characterized by production of pathogenic autoantibodies, such as
25 systemic lupus; erythematosus) or Th2 cell activity (e.g., allergy, cancer, infectious
diseases) while reduced levels of XBP-1 expression or expression of an inactive mutant
form of XBP-1 may be associated with a disorder characterized by decreased hepatocyte
growth, plasma cell differentiation (e.g., immunodeficiency disorders), or Th2 cell activity
(e.g., certain autoimmune diseases).
30 XBP-1 deficient cells and non-human animals (e.g., mice) for use in the screening

methods of the invention are also provided. XBP-1 deficient cells, such as hepatocytes, can

be obtained from early embryos of XBP-1 deficient animals (prior to lethality in utero).
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Furt hernore, blastocyst conplenentation can be used to create ani mals
deficient both in XBP-1 and a second gene (e.g., RAG 2), to obtain viable
animals in which XBP-1 deficient <cells contribute to certain IJ
conpar t nentos/497duch as the | ynphoid systemto thereby obt SFT(US%%%%‘
deficient Bcells and T cells. Still further, the invention provides
animal s having a 5 honozygous di sruptl on in the endoge BP-1 gene but
that cdfurhemmprppastocyst&aRGIAENIAEPR GRNPLYPed 19 §T6RT amglﬁgcc{] ?F%n‘éﬁp er (such
as the ghpymg a@E%@%@ﬁQ Ce. gK'}iﬁG-fﬁrtoléﬁfafﬁlﬁblE‘gmhﬁi% iN avhichueBpatdedigientof t he

invention are also e assed by the invention. Brief scrlplon of the
Dr awi ngeslld Gorfibpie to certhig call serhparmenss, dnckpsabs ympheid syera s thereby ob@n o

di sr Uptlli_égg 03< Eme thlgggi% dnfl T Jgh% estilPRirher, Ae IW 'tlgm BroRiRs AniAld rAvige del et ed

and re e Neo resistance gené, In the opposite orientation from
XBPR- 1. hdﬂcgyg@szhsr@mnbmrhegndqgenoﬂsl XlBPflegenﬂgutlthamar@r oY B bimarsgene cel |

popul ations from eithe contr 129 W (129w+; dotted bars) or
XBP- 1- ddtyead éﬁﬁy"%’é‘?ef’fr PEPERH suﬁﬁlés hef’é’"f%ﬁr%n?g?)eshaded bars), wherein

the T cells R&{ Rr perfdrmimahe taius amitids bOme ihauter a1 alsb hempmsse by phenot ype
("Thl™) or a Th2 phenotype ("Th2") or not favoring either ("Unskewed").
Resul t sthe HBi&Atiek e fromtwo different sets of aninals. Figure 3 is a bar
graph illustrating interferon- garma (I FN-y) production by T cell 20

popul at BaeEDEscABtieh bi'@le QMK 129 wild type mce (129w+; dotted bars) or
XBP- 1- d’EfTTEﬁg‘RKGZ"defl Cl ent mce (XBP-ra ghad g‘iw)l wherein the T
cdll s were ciigwrgridsla sehgmatic é’égféf“t‘?fdh%cq“é‘&‘bcr‘l FF%“% RSt FHEhGt ype

("ThI™) Qe Parddgr )@?ﬁﬁ%&)ﬁ%el dndPgere defetedall rdueed by thedieb h@istdncépeteewed” ) .

Resul t s 'shown aré fromtwo different sets of aninals. 25 Fi gure 4 is a bar
gr aph i inlthsoppmsitngriantatio® fiemo¥BBtli on by T cell popul ations from either
control 129 wild type mce (129w+; dotted bars) or XBP-1l-deficient/RAG 2-

defi ci ent mlggn;él?fg %g%rﬁﬁhel f_ﬁ“ggrng_)‘;, rg{ﬁ%ﬁ&;gb,fhgl a—#ﬁddogs wemeitaed t ured

under conditi Thli not E or .a Th2
phenot y pantro! T2E2%)Id type moee (fl A9t d\vge@ barkeer XEP-U% @M‘)G it mi§own ar e

5 1I m t ff eLen c}ﬁ%t%)ts ref?ir{hﬁ Ells wer %u%e@%&?ggnéltw&%ggé 3mf4 Figure

|on popul ati ons from
eit her & Oht b@énoﬂy@;g (¥H1d) dr)apﬂﬂrphemotyﬁﬁ(gm”)@otlotefel\’dumgS)th@r(“UnSkeWGd”)
XBP-1-deficient/R AG 2- def |ent mge m% BP-rag; shaded bars), wherein the
T cells 8 shqyyn 45¢ Hmtfﬁ'ﬂéﬂ‘ FEHIFTICOAY ™ Pvor i ng ei t her

Figure 3 is a bar graph illustrating interferon-gamma (IFN-y) production by T cell
20 populations from either control 129 wild type mice (129w+; dotted bars) or XBP-1-
deficient/RAG-2-deficient mice (XBP-rag; shaded bars), wherein the T cells were cultured
under conditions favoring either a Th1 phenotype (“Th1”) or a Th2 phenotype (“Th2") or

not favoring either (“Unskewed”). Results shown are from two different sets of animals.

25 Figure 4 is a bar graph illustrating IL-10 production by T cell populations from
either control 129 wild type mice (129w+; dotted bars) or XBP-1-deficient/RAG-2-
deficient mice (XBP-rag; shaded bars), wherein the T cells were cultured under conditions
favoring either a Th1 phenotype (“Th1”) or a Th2 phenotype (“Th2”) or not favoring either

(“Unskewed”). Results shown are from two different sets of animals.
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a Thl phenotype ("Thl ") or a Th2 phenotype ("Th2") or not favoring either
("Unskewed"). 5 Figure 6 is a bar graph illustrating IL-6 production by T
cell populations fromeither <control 129 wild type m ce ; tted
bars) or WXBBM4Iidef i ci ent/ RAG 2-deficient mice (XBP-rag; P&%ﬁ%\e%gssr?gfs) ,
wherein the T cells were cultured under conditions favoring either a Thl

phenotype ("Thl "). or a Th2 phenot "Th2") . or. nqt favori ei.t.her

(" Unskewed" ) F1gurg radr #epi i a‘a‘ﬁﬁ]?%rlz(j‘ﬁ‘-f[%%glﬁ?/ff% pgtiqns By %{ﬁ‘ie’nm s.
Det ai | edoR3¢59 Rl @fpeQhict IRoWAY Edtict ®RrsY bi XBPIIvEsTiciADRAE@-2-dbficierit eniceet hods
and conpositions relating to nodul ati on of hepat ocgé}egégrfovvt h, Rhasma cel |
di f f er e£XBBirag shaged bams), whewin the Jirsls warerGuitpseg uggen foRY RS IBHPngSIasT xp- 1
activity. i O | @Sty 4 kbrinddithbheUdiieweyar y t hat
e qohTe] el %I;‘f?%?%t“ ofbe {TREN dritoPRLOn e ponTastic fetal
liviers due to severely inpaired hepatocyte devel opnent This inpaired
devel opnent s _the resul

t | MALS: rad 1 nent
apoptosis. S &T% %?atbgf 6reaP h Egﬂieurslgés)&ngfI L%égbafkcl%lﬁg? %gr& i vg?lgﬁm(glrsg%ﬁldée}%ﬂi ed as
acut e phagaslprotvild myfeanict y129erbédoted barsg buXBR¢ -deficiendRAIG-2dpBdientarick 20
a-fetoprotein FP),, Thus, th ta described herein.identify XBP-1 as a
transcr i(@})ﬂ?g;(sﬁ%@gflb?“gé‘zﬁfﬁ? %%ﬁﬁs Wgﬁactuk)tb‘vgémg roc\RlP#lg?snnft ‘é°f§§ﬁ3 “defi ci ent
m ce di g T pHeRSpel(FPIN”) ByHPTRE Bisdnb§pt (“TALS), orMbFaRotisy dithee(Unkleartiocy st
conpl enentati on was used tg examne the role of XBP-1 in the |ynphoid
sybd em Resulfsighewpreeasn ByadiffgepewtstHaimali-neri ¢ mice made wusing this
conpl enentati on system secrete very little seruminmunogl obulin of any
i sotype 25 secondary to failure to generate the plasma cell conpartnent
Accordingly, the invention 1is also based, at |least in part, on the
di scoveDetailediDexgyiption af the {nveRtieR ptj on factor that has now been

denonstrat ed . : I i i ioatdsl | further,
Thi 1@%n¥1ﬁ1§?§1ﬁa I é{) et ﬁgﬁ{daéo&ﬁ&sﬁgnﬂefﬁlﬂ? 1&Rbddati

it was discover s from XBP-1 deficient mce display a defect
i n t hei hepddodyiet growth, plasmetd! diffpreotidtivoandfor Tisell Teimetagpuity by godulationg | |- 10,

IL-5, IL- ccor di ngl he .| pvent | I . , J.east in part,
onlg he d’f g@@\?@?‘%“’?ﬁa?ﬂ &éB?'iuo?ls& gaS? Jr%%%%ﬁ"%?%%&@%%lg‘%%ﬁg & zi'Léeenow 7 WO
01/ 497 1 teR&d: HORYE XBFP7 1 probsire exhils narilsing s thy popl astib detallivetswdud to severlyul ati ng Th2
cyt oki ne prodyction and thus in..requlating the activyit f..T.cell subsets
(i.e., mmalvg. eﬁﬂ?“%‘%f‘?"\?f‘?wm‘ Inlﬁ“s‘ol a‘é%‘%‘ie(:vgl,c’pflﬁgt VHveh %‘gﬁo%bé’rﬂ% ains to a
net hod Qfiminfi@Bd bloWiinfhtePardqitiainest aFBplbsis. NSl fRtiagetned (fOYBR 1 g thet h, pl asma
cell differentiation and/or T cell subset activity. one embodi ment of

. .In 5
t hese sdiverwernddeatifed as achie phassi RseteigfamiypsEIbesolRciuding o-J AHEYSInGSS. 1 | s
20 a-fetoprotein (AFP). Thus, the data described herein identify XBP-1 as a transcription

factor essential for hepatocyte growth. Since XBP-1 deficient mice die in urero from
hypoplastic livers, RAG-2-deficient blastocyst complementation was used to examine the
role of XBP-1 in the lymphoid system. It further was discovered that chimeric mice made
using this complementation system secrete very little serum immunoglobulin of any isotype
25 secondary to failure to generate the plasma cell compartment. Accordingly, the invention
is also based, at least in part, on the discovery that XBP-1 is a transcription factor that has
now been demonstrated to be required for generation of plasma cells. Still further, it was
discovered that T cells from XBP-1 deficient mice display a defect in their ability to secrete
cytokines of the Th2 type (e.g., IL-4, IL-10, IL-5, IL-6). Accordingly, the invention is also
30 based, at least in part, on the discovery that XBP-1 is a transcription factor that has now



used to identify and sel ect conpounds that nodul ate XBP-1 activity and then
the effect of the selected conpounds on hepatocyte growh, plasma cell
differentiation or Th2 cytokine production is eval uated ERJ Wé%%p“er
enbodi meWPO Wf9tlhese screeni ng assays, hepatocytes, B celFLUSY cells
deficient in XBP-1 are contacted wwth a test conpound and the effect of the

10 conpound on hepatocyte growth, pla cell differentialgion or T cell
subset ReRAgneysated topg ’é‘?’ﬂ]?’ﬁ‘gﬁl rf%‘ﬂ?tffegn AR AEOp ﬁ%f? e

Hodul at e

hepat 0CubQaBHOME Horivitly 38 TRl Shsetsi . fEHIews! TRE haivigy. T cel | subset activity
t hrough "rescue" of the XBP-1 deficient phen t%%?lﬁril n anot her .aspect, the

i nvention pdntoag aApeetothednveBHECT BRFaHS AR R Atethed % 2 CofRReAn es,
di £ er et AL ORrGloc Pk 38R Gkdnts Q11 afirEhasHAGL: Poll Wivsatacelibher 1n vitro
g

n VI VO, "Uusl ul'ators of XBP-1 activity. |In one enbodi nment,
hepat ocyteesybolimmat ottt spreewing sesays, apindinater cempesition hatacludes XBi-bésur sors (B

cells) or T cell Q.. 1SS0 SEBR0 SEdW ith a
sti mul at5PP {qﬁlglﬁéi?g%cgﬁ%%%gﬁghﬁgla{:%’?%% ng t%gg%)eliy%gﬁ\}m@ﬁﬁ t egg?rf\tl)\ﬁdul at or
in vitr@e sélectéd@ngdyindd omhepatbeyth epattiupldseagretifisrenslationar Tl ¢ytokine
differentiation oy Th2 cytakine pr.oduction. The.he cyt gr ow out
in cul t FPAUEEn B %@[ﬁ’&tege i1 é‘ éfmggélﬁ’ﬁ{}teogftg?sﬁéﬁe%%gsgéyg f %erp gﬁf #tgs?gBon of B
cel I's i geul TUERs @iciERRintBE 1 68l dontachatwith £ fearcenipoatdearidnhe effdct ofitee can t hen
be readm nistered to the subject. In anpother e aherr ant

! nmbodi t,
helfat ocsamepayndar hepagrcxteraiowd) plagng ¢edl BHereatation 0(53 cfnggl'l’slet WHELer activity in
a subje I hitinSddalakd Bk phR c i @rSith) Misdmatcellher apeuti cal |y
ef fecti g%e%ﬁn%el?%%ﬁgﬁ&nﬁﬁ I b_ir{!glé(}ry m?dul gt Qf%o%r XBPJ-IS} act ievi ty such that
aber r antifferptistomyrd aptlowbset aquivits thaoead ‘respee diftheXBRt | deficisht RiEotype| | subset

activity in a subject i Siihhatowth Bhi bit or
stinul ate Xlﬁl%-afo%%x[ ?sgf%tithg}r?]gwg?]o}:ﬁ%g&a{gggﬁ&%tgp (?Edé%ndggu!tlaggroy nmet hods of the
i nvent i Bepatdcntey, eliffaaniakien ofysipart cells beT icel subsetastipier, cubargn vigoar fret hod of

di agnosi ng a. subject fo di sord associ at e j gg: r \)1@ pat ocyt e
e e L N G LY
det ect i B@c@sérhFMithal 3116 HREME SEIDPretiirsofBEB tellsh ohEpelisieyt, éwldtal frdrepat ocyt e
precursors) or plasma cells (qr plas cell precursqgrs) or T.cells (or T
cel | pr difcdragonicted wifh W‘@ﬂ?@@’ﬂ@‘{% @@%@Eﬁﬁﬁ[%ﬁﬁﬁ&ﬁdlé% ected of
having e RRIMRIin 306 BEEEY Wirklla@REA@ic H1OREL Pyt cgl diffeientanionp! asma
cell diftferentiation or T helper cell differentiation. So thali he
i nvent i onTisytganamrpductiondThyhaprgeyiss Batgrowart il FlHETITP!aEMa CP5 ™8t def i ned,
t5h22f :J:%%ver}gﬁx%dmpoh e & Rion G B detlsSn bhROILHhS Bpé 8JIRthdt QifferdHdBRAn PT Ot €i N
culture, can then be readministered to the subject. In another embodiment, aberrant
hepatocyte growth, plasma cell differentiation or T cell subset activity in a subject is
modulated by administering to the subject a therapeutically effective amount of an
inhibitory modulator of XBP-1 activity such that aberrant hepatocyte growth, plasma cell
25 differentiation or T cell subset activity in a subject is modulated. Use of modulators that
inhibit or stimulate XBP-1 activity are encompassed by the modulatory methods of the
invention.
In yet another aspect, the invention pertains to a method of diagnosing a subject for
a disorder associated with aberrant hepatocyte growth, plasma cell differentiation or T cell

30 subset activity by detecting a change in expression of XBP-1 in hepatocytes (or hepatocyte

precursors) or plasma cells (or plasma cell precursors) or T cells (or T cell precursors) of a



DNA bi ndi ng protein and has an am no acid sequence as described in, for
exanple, Liou, HOC et al. (1990) Science 247:1581-1584 and Yoshinura, T.
et al. (1990) EMBO J. 9:2537-2542, and ot her mammal i an hongl I,pereof,
such as WesWMPHAED in Kishinoto T. et al., (1996) Biocheft?! S@%ﬁ%?s. Res.
Commun. 223:746-751 (rat honol ogue). Proteins 10 intended to be enconpassed
by the term " XBP-1" include. those having.am no id sequences disclosed in
GenBankSURaChsusBe&d ot HAVIRg, @P%defbéséﬁ‘@@tfﬁgvét$g§§fa"g§e:‘°§g)f?'te 149 and

BAAB260QqsriBR LdiftSreftla%i0n bET @R pREcdindifferehfi@ioar t as and TREB5 or HTF. As used
herein, the various forns of the term."nodul atg" ar.e intended to include

stimul ati on $ethgt the inyertadPRGbOROTFIERBYIUREFTHGO% FER R FEP AF° &S ponse or
acti vi t?Qﬁn%Hd inhibition 15 (e.g., decreasing or downregul ating a
particular response or activity). As used herein, the term"contacting"
(i 5e., cont aas iseg hareelte termy' XBB-Icie fintendgfl threfas to & BpYLPIAien %2t lifended to

add ng. Phe s i g EBTRE iy Ao R e abQHELNR fof Bafhii Liod S0 1o
a subj egtC. &ut: N1 0pscitrre 26 DrHRLhEB4oamd YrshinsuraT. ehd. 099)doWBA e contacted in

vivo. The term?20 "contacting” is not jntended to include.ex e, of cells

Yo' a XEB2LS froath b bEmIRGy Beaedces BT ST g T n sy bR RER %

exposur g; t1ede) BRoEre CRIbP/AS. Res! €6minun.0f23748a75 Ul honpdlysicd| Poiaiad  pr ocess) .

As used herein, the term"test coq&%_d" is.intended to.refer to a conpound
n

nd"
tHdx  hintended tqecsprenrgsieddeehe tegan iy -Eginglude thoss haviig Amiagadd pe, a
modul at ol ceXHReidscd Géhisink Wit ARRIn BindRBNEEoY Ly mEEIITSaN/ O pl asma

cell di rentration and/or T ce subset activity. The term'|ibrary of
test cOMPARNSY andsBAAB2Ne XBR 1 iedleq refasred iy iibe arg angsidi KRRy er HEf tiplicity
of test conpqunds.. As used P i M oubtd SrdgfdnalLitindifdeXBP- 1" i's
intended to ?‘ﬁ@f’%&’éﬂe&%ﬁ% 0 8%%@58?§§ttéﬁ§0dgre naturally &gfiqi_ent in
XBP- |, gsmwelibs(eas, ite@tdsingak uaregolating apartiXBR-résp@0sedefapitvien endimbition e. 9., a
nmouse, that have been altered such.that they are. icient in XBP- 1. The
t ebm * c 648 <IFEIBE 8h Owe%ﬂﬁﬁf’sﬂ%ﬁ“@% r?sﬁ?ré%gé%&]tvgﬁr ncl ude cells isol ated
froma non- AYREdE RERI lthedefn cémdctiagt (@), cartacting abgléet., hlvell, veittearcul tured in
vitro. 9 WO 01/49717 PCT/ USQ0/ 35674 used Qgr.[ﬂethg 1} e t}‘erm '.'tnon-human
XBP- 1 depmepwidy isaprprsa to mefude &uBatneBhcHpiA FeX IPEETEEBIP a namal |
fror € pr%é.g.[ aiNe @ BRHSRInd el € Bulite)@Rd Q8@XTIng J& @ nifRdand eensdldcer ed by
honol ogous reconbi nati on bet ween t he endogenous gene and an exogenous DNA
mol ecul esu¢hthatgbiiessepound andscelle pf theubipkt aggopcted &1 yvo. & bryonic cel | of

20 “contacting” is not intended to include exposure of cells to a XBP-1 modulator that -may

oceur naturally in a subject (i.e., exposure that may occur as a result of a natural
physiological process).
As used herein, the term “test compound” is intended to refer to a compound that
has not previously been identified as, or recognized to be, a modulator of XBP-1 activity
25 and/or of hepatocyte growth and/or plasma cell differentiation and/or T cell subset activity.
The term “library of test compounds” is intended to refer to a panel comprising a
multiplicity of test compounds.
As used herein, the term “cells deficient in XBP-1” is intended to include cells of a
subject that are naturally deficient in XBP-1, as wells as cells of a non-human XBP-1
30 deficient animal, e.g., a mouse, that have been altered such that they are deficient in XBP-
1. The term “cells deficient in XBP-1 is also intended to include cells isolated from a non-
human XBP-1 deficient animal or a subject that are cultured in vitro.

9



5 the animal, prior to devel opnent of the aninmal, such that the endogenous
XBP-1 gene is altered, thereby |leading to either no production of XBP-1 or
production of a nutant formof XBP-1 having deficient XBP- LVity.

Pref er abP 0¥44&7acti vity of XBP-1 is entirely blocked, 5%%%’%%6\3%“ al
inhibition of XBP-1 activity in the animal is also enconpassed. The term
“non-human XBP-1 defi.cient aninmal"' is also.intended t.0 enconpass chineric
10 ani mals (&3¢"¢ r?fg’)tg‘f)iegauggahﬁ'g%éﬁlg'g?%lscf%l(t:%l a%:orﬁ%rsetr?ergﬁ%gti on system

such as Huh@n aiAfat, Prdibrably @ayahmalo mpkepreferaly o moayts irewhich anwhdoghnauspar ti cul ar
organ or organs (e.g., the | hoi d. or gan ari se fromenbryonic stem (ES)
gt f & e

cel I's wigeh Brsesstird thom scopRmatioppeoyesn.ihs engeeeplis gHeING AR, ¢t he

term"indbsAb& DRATROIS IS Rfrodhi@l §ktS alcell Bf SRRl ld ©arl dhdiryddic teicdfudes XBP- 1
protein, for exanple, a cell that naturally expresses XBP-1 protein, a cell

thal hashtwémalepgenie deeipnmsneRihe saimahsustEpatithp pRiogPrPuB KRNl BERFUEI ng an
expr essi gy etﬁér@lgy legcﬂﬁg & J@%{Dﬁp@%ﬁ%n 3 gtB@"—ﬂoﬁ ;f}%@ucttilaﬁ of&hlutanPforf gtel | Tree

conposition that "contarns .g., haturally-occurring XBP-1 or
r econbi rXBR-1 hawng defoserne XBEBPactivjty. Rectersbly, the netivity of BBR-b isantiealyi neer ed"” (as

in an engi neer cell).refers t Il..1.nt. 20 . whi . n [ i on vector
encodi n%%@@&‘?ﬁﬁ%{%i ebhtéoél %&ﬁ?ﬁftﬁ‘g ulgé%e. dgg‘égﬁ%cﬁéﬁﬁ% %ghe term
"cel | freeteanpoaihuman XBref aéficiém animal i laBb étterdedpoancbimpass chiderich does not
contain intact cells. Exanples of cell free conpositions include cell
ext? act Snupls @&MB@FHTB%QEB?{P%? Haﬁtﬁqfsé 8?’3@8’6‘6%?%?%‘13'&5@’ ﬂécrﬁﬁ herein, the
term"a g oG adily 8 lenieatatidBEy stent, 6h Vhicha pHbtictdt logxaniok BrgadS(evhiteh XBP- 1
can interact, including other proteins_and A sequences, Including for
exanpl e,lympkoigh preany ariseiior sBbFy onigiiem SEDceBe el hemeryequs runtigns ¢fithg psi n,
a-fetopr Pjﬁ%en%HLA DRa, and the 21 base pair repeat enhancer of HTLV-1

ot her

LTR, an -ZIP proteins such as c-Fos. As used herein, the term
"reporter gers usebhurisi the term “KRkcator compesigon gefgrpto geampgatiethiat expr esses a

del5et 05,8830 N, LR, PRl BSLSLKO P SBEredegpPor Lo

are réadi reporter gené nmay al so be
i ncl udedhatrhagbeen@Aginédied toi empiehethé XBP-Dprozeif tig imrodgangamexphnessiog @eaort hat

i ncl udes desired scri.ptiopal 10 WO 01/49717 PCT/ USOQ 356 egul atory
sequencedc n%glﬁi)ﬁpg p’('ﬂﬁﬂlgfm‘a P& cﬁ&%‘ﬁ%?‘?rf’%%s}m@)?g Plé%mBﬁrPéLorter
genes @G waRrallpcc@tifg XBP-1 brfet@fbihantpiehginebredxBmheni col acetyl

transferase) (Alton and.  Vapnek (1979), Nature 282; ?64-8693 |l.ij ferase,
and ot her enz@srﬁ;e@g@r@@tqhgppr@ygg%lﬁge,redgdéwnanengmeered cell) refers t6 a cell into

20 which an expression vector encoding the XBP-1 protein has been introduced.

As used herein, the term “cell free composition” refers to an isolated composition,
which does not contain intact cells. Examples of cell free compositions include cell
extracts and compositions containing isolated proteins.

As used herein, the term “a target molecule” for XBP-1 refers a molecule with

25 which XBP-1 can interact, including other proteins and DNA sequences, including for
example, the promoter/enhancer regions of genes such as o-1 antitrypsin, a-fetoprotein,
HLA DRa, and the 21 base pair repeat enhancer of HTLV-1 LTR, and other b-ZIP proteins
such as c-Fos.

As used herein, the term “reporter gene responsive to XBP-1" refers to any gene

30 that expresses a detectable gene product, which may be RNA or protein. Preferred reporter
genes are those that are readily detectable. The reporter gene may also be included in a

construct in the form of a fusion gene with a gene that includes desired transcriptional

10



as beta-gal actosidase; firefly luciferase (deWt et al. (1987), MIl. Cell.
Biol. 7:725-737); 5 bacterial |uciferase (Engebrecht and Silverman (1984),
PNAS 1:4154-4158; Baldwin et al. (1984), Biochem stry Z%C é%%%g({‘p

al kal i neWSHU&pHAt ase (Toh et al. (1989) Eur. J. Biochem 1. 2309,
Hall et al. (1983) J. M. Appl. Gen. 2: 101), human pl acental secreted

al kal i ne phosphat ase len d VAl i 1992 nz 216: 362-
368) an@g‘&ﬁ'@@fﬁeﬂP%Fse%rEéh’cbnﬁP ‘éﬁi‘?%‘”(‘ttf PB%‘F%,‘ g/e fldépzf’% (/%S‘“&S%/ 23898). 10
As usedinBRH&Ibs ark lﬂ@t ﬁrﬁftéﬂ m @chtdhﬁﬁ;ﬂﬁﬂfcbl/&eqll emrasd) eARersanido a DNA
sequence that is dire or indirectly regul ated B%/tsthe activit of t he

XBP- 1 (Wéb&?78btf‘{a&ur€9_%rf864>8éﬁl hpciderpsenand it HrEae FIBTIoBREHITRS Su
transcr il é;alé?:i Ecﬂﬁe "RAR 1h€i¥er&,%faé‘éxizet e?%z B, h’%ﬁCE'll Bike7es-m aberrant "

(as in aberr epa ‘ocyt’e growt h or plasma cel fferentlatlon) refers
t 0 5gr owbdsteial ldcxfefresee(ﬁng@mcbhandrﬁatvem (é?@é E’Nééhl ifd pArdil S& Baldan eral15

d! ffereggk&(d chemzst‘?y %J ﬂaalga?gl%gﬁggph?%%}xﬂhgyald 1f9§ gptiation can

ei t her Ssive gfo reduce growt h or
di f f er eBiockdm. 482 \M3t1k23|9eHaieetta1t(cb9880r/nﬂbl Agpbien. 2r10d), hfmspeplacentalon in a

subj ect u erein, t erm.," of, X i

int endeﬁfcfeéFdrailfag‘P PPsy ata—‘ﬁggﬁlﬁm @Sﬁ%%ﬂ@lgg ethgdnt 5?1)53’ %glceer‘r%ounds whi ch
modul at $68) Lh@peek Hbe@BnHroeih YBP piten?04Zic08; WO3628898)0n of XBP- 1 nmRNA or
activity of an XBP-1 protein. A "nodul ator of XBP_ 1 act®| ty" al so includes

cdfpounds t At useAdrTesE theyterin KB Bl erespsmstye glament tﬂ?fer? 92 RNAFEIYENCe npdul at or s
of a signak dhé&f}iﬁl ‘ﬁ%fe% RaLAWAYy kAl VRY of the uste ] ¥BiRrdby detidRpdes of

nodul ators t rectly nodulate XBP-1 activity include antisense nucleic
aci d nmoKBeul e@s betnrmitorsidnfpr exanylpvia tnqnﬁmmmn@é ﬁmfﬁaomeneﬁht racel | ul ar

anti bodi es t [ Ekl% 18srhd cefl- -

i nhibit) XBF’J-Q‘&?Ll sae?:thie%“{ ﬂfe)%%b?af%%%dtt |aées @ﬁéﬁﬁl g?ttg the Pé]t era%tl on of

XBP- 1 wdiffereatistitmg edfersnd gowlt}eox(chffgcntla(uoﬁds) da\ncteefrpmevsmirsrwhpor s encodi ng

XBP-1 t ow .f or ncr S expressi on Clh\ cell, as
wel) asg’f?{‘?éeﬁflﬁéqn mas g.g ?tﬁe AP Ordgere |a(§1§ Y %%h tf’é/?gcests € activity

of XBP- éro%oﬂ@ﬂ&eﬂﬂtﬁhfbr redldcedadtd wihen déffeptrtigdon elithatspea'to nefral s to a

nucleic acid that 30 conprises a nucl eotide sequence which is
conpl en@WMb?rqlgerém@@ﬁé’eaS?m‘?,qtel c acid encoding a protein, e.g.,

conpl ement ar xs {QqthaRirk b 188 51 maddated ofaXBRY klcvigy Tiamdeded Nl b A0 01/ 49717
PCT/ US00/ 35674 nol ecul e, conplementary to an nRNA sequence or.

conpl erregﬁtllarf?r examplec copwonR artcommeLnsE. Which Bredulares sigRSTIRBIROf BXBR i sense

1 1. 88, BB Ry RSN i e o1 .
| actmty” also includes compounds that indirectly modulate XBP-1 activity, for example,
modulators of a signal transduction pathway that may inciude XBP-1. Examples of
modulators that directly modulate XBP-1 activity include antisense nucleic acid molecules
that bind to XBP-1 mRNA or genomic DNA, intracellular antibodies that bind to XBP-1

25 intracellularly and modulate (i.e., inhibit) XBP-1 activity, XBP-1 peptides that inhibit the
interaction of XBP-1 with a target molecule (e.g., c-Fos) and expression vectors encoding
XBP-1 that allow for increased expression of XBP-1 activity in a cell, as well as chemical
compounds that act to specifically modulate the activity of XBP-1.
As used herein, an “antisense oligonucleotide” refers to a nucleic acid that

30 comprises a nucleotide sequence which is complementary to a “sense” nucleic acid

encoding a protein, e.g., complementary to the coding strand of a double-stranded cDNA
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i mmunogl obul i n nol ecul es and i mmunol ogi cal ly active portions of

i mmunogl obulin 5 nol ecules, i.e., nolecules that contain an antigen bi ndi ng
site which specifically binds (imunoreacts with) an antj as Fab
and F(abWPX1{4PHAdnents. The term "intracellul ar antibody&cggﬂgwgﬁgrntended

to refer to an antibody that functions in an intracellular region of a

cell, e.qg,, the cytoplasm or | eus, to nodul ate t r.essi
acti vi t?’OE?Fth‘é’@%‘Fﬂ‘ tary & %%SWFI&CHT C?rﬁgle SFRR iﬂg%%gg}sgnsg%drgf? ers to

i dent i f ybng o dbRitole hn aftinsericRed acd cantHyéroges bent fohi sehdeynuoleicaaciubj ect t o
t he di sorder (e#%. , a predispositi or to. d%v,el O‘E) a gi sor(fler). As used
herein, the fepiadheren|e ey swiraclipfay pptpo Veld t_'s’nqe WHSUE i vity of Thi
versus ; The, Nelngh mbi&sleds 3nd InmehdiogithisalkudchdribisorGamubes1Bdil at ed by

upr egul ati ng 2 cell activity, downregulating Th2 cell activity,

upriegul atolaegleTtile., wildcules thay cenfaip en goiigendinding sggvhiasspepificalby bindet j vity. As
used herein. the tesrm" Y4 0Kl e f Ki mroduced

predom ﬁlglﬁlf‘urnﬁreﬁglts%Aﬁé%%%éeﬁr%%%bh%ﬁ F%"I‘S)zzzflce%fgﬁségl@agg@_i&nql ude (but are not
| i mi t ed“nehcelluladantiboty 118 alsblintbndeddo tdfero aivamtitody thes pctiensoh anhe present
invention are described in furthe etail i.n the f.ol 1 Qw sections.
1. Scr eé‘}ﬁaﬁ’ﬂﬁ%@'%%}%“‘?%a?eyeﬁ?‘i’ 7§ Qr?gaéﬁlnodgluﬁlﬁ% Pﬂ\)ﬁﬂéﬁ%ﬁ glllel—fg{%? %%r; e Gowth
and/ or Bhpsiyef@rIXBRiifferentiation and/or T Cell Subset Activity A Assays
Usi ng XBP-1 -Contai ning | ndicator Coppositions.ln ong enbodi rmqg% t he

i nMention pr &vPeRdeRERABYST of 12ERASHE] FifFrﬁé(_’ Eiﬁﬁtbéfﬁ’ﬁ’d’s I§Rdgr 0 3 8URIEEHET at e
hepat ocye uwep%{%ihty%f aRLBRERo aR! disdidléfrf(@%.?ﬁ\bfedisg@slfti&fto-ﬁecﬁbﬂ a gighgel. activity

using indicator conpositions that include XB As described in the
Exanpl es, XBRs bsddderdinghe tetafbesk sehselreivithacrs tadhn actisity of THeysatscyt e

h, - DSt o o et
grovt . 4b 3B Febl. o LASLER Lt BapRtndafakd by SHOEBkuACHY

Accor di n at specitically nodulate t activity of XBP-1
can be iackvityi SovedegudaingsBCraed eckivier epragulating THeceBpetedty afdowneenladngd t est
co oungzl?n 0 hetgat ocyte growmh or plasma cell differentiation or T cell
subket 67 V88N be evaluated. 12 WD 01/49717 PCT/ US00/ 35674 Thus,
anot her aspe@s uedd Hdd€in, they &ahi“Th2 pabkiae hefdrotosytokars prpdassiays f or

i dentifying conpounds_that nodul ate hepat ocyt rowth or.pla |
di 1 er emORTREHIEPY F5 @Qf‘s (@b e ﬁ@tﬁeﬁsﬁ}g ﬁﬁﬁt&‘g (RT3 n%}lgk}ﬁei i g,f%h
i ndi cat qf .190lP9gAd 110, conpri sing XBP-1 protein;
Various aspects of the present invention are described in further detail in the
20 following subsections.

L Screening Assays To Identify Compounds That Modulate Hepatocyte Growth
and/or Plasma Cell Differentiation and/or T Cell Subset Activity

A. Assays Using XBP-1 -Containing Indicator Compositions

In one embodiment, the invention provides methods for identifying compounds that
25 modulate hepatocyte growth or plasma cell differentiation or T cell subset activity using
indicator compositions that include XBP-1. As described in the Examples, XBP-1 has been
demonstrated to be a regulator of hepatocyte growth, plasma cell differentiation and T cell
subset activity. Accordingly, compounds that specifically modulate the activity of XBP-1
can be identified, as described herein, and the effect of a selected test compound on

30 hepatocyte growth or plasma cell differentiation or T cell subset activity can be evaluated.
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5 contacting the indicator conposition with each menber of a library of
test conpounds; selecting fromthe library of test conpounds a conpound of
interest that nodulates the activity of XBP-1 protein; qqg‘r i,ning the
ef fect ofWPRE*CHnpound of interest on hepatocyte growth or p %’tgﬁém‘lo cel |
differentiation or T cell subset activity (e.g., Th2 cytokine production)

to thereby identify a co nd that nodul . h_or plasnma
cell differ er#'lu%tafl%tﬁeroarspefpg%gf fnvgﬁ%%ne?er%gis?%/?(‘t%fl%;&ﬁ%ﬁatg&%gﬁer&a ngl\r%lg%nposi tion
can be aogpblindshigi nedplarispsodBPeroivtipooplesny cdlatiffexatimplon or Taeld ehliset hat
natural ly expresses XBP-1 or, nore preferably, a cell that has been

engi neerdSHVICOMPEISEZnr ess the XBP-1 protein by introducing into the cell an

expr essi on VvegddineReRdicaOr EhtpasBRmlcopfpRiskiz XBPAL bstaiat | vel y, the indicator
conposition can be a cel]l-free conposition that includes XBP-1 (e.g., a

cel b extract cpriagHngrihedppicator egmpesiioniyiticeach membsr fa I8t t hat i ncl udes
purifi edcofg%gﬁ%dsprot ein, either natural XBP-1 or reconbinant XBP-1). In one
enbodi ment,” the’indicator conposition includes an XBP-1 protein and a
target nol ecusklect@ fwint thewbiarh oXBR-conipetedsactompoardofiin@resbihpl modudates he t est

conpound, t 0 du the .interaction of the XBP-1 protein with a target
nol ecul 311?%“%%0{-%‘?261 Ifr8tefnh(aarrlcgby identify the test conmpound as a nodul at or

of XBP-1 act idetetiningrth@éfiicest ke cempadidnd iteresttondepatoliyteagromticonpasna i on
conprises_an_indicator_ce]l wher.ei n t i ndj cator, cell c i ses an XBP-1
préPein %Hgllféer?%‘ﬁﬂ?‘% T Efz#é‘b?eé%‘b‘ﬂg'i (G'é'"ﬁgztcﬁtgl“nﬁgr%ﬁlofl) bt @‘aneli’ﬁ

Pr ef er abjliyntify B 8orhpSlingG @@ oG Glates BOFH RiyRSarottly @G¥hiaraln tifxgntiatsn ol vect or
encoding the XBP- 1 protein; and a vector conprising an XBP-1 -responsive

regul at meysé‘Pséh@ﬁt’i%per atively linked a reporter gene; and the screening
met hod conpr "ﬁ%%x?di&@crrcéggﬁjé’sq{iérp&n_tﬂé% deNdhf 8k REssEEKBPW frbreth, F&kamprPOUNd;

determning t eve expression of the reporter gene in the 1ndicator
cel | in ad¢edl thymewmilyexpissehEBPeker, ownpprgfribhaadel hapmspeen gygirreered to

PCTLUSCQ 3567 arin I : r ' gene in
t ﬁlgi ndi GBI élge i Hmtt%%b%@%gsﬁééﬁé b’ﬂ% e gngipg%rs#%‘é J%‘g&vé’? Péhg e 3500 of
expr essi XBPdfprothin. rAdentatiesty gbemdidator kemposititinoan be a cell-fre¢ pompesitaingbaice of

the test in&%ﬁ@&ﬁﬂl t(g g.E Q S"erlleetgé(ragteilroerr({%n ?(Bﬁg Fpeg(lfl)rr}agsir?g ceilln(;[r%rc%rsntposition that
includes purified XBP-1 protein, either natural XBP-1 or recombinant XBP-1). In one
embodiment, the indicator composition includes an XBP-1 protein and a target molecule
20 with which XBP-1 interacts, and the ability of the test compound to modulate the
interaction of the XBP-1 protein with a target molecule is monitored to thereby identify the
test compound as a modulator of XBP-1 activity.
In preferred embodiments, the indicator composition comprises an indicator cell,
wherein the indicator cell comprises an XBP-1 protein and a reporter gene responsive to the
25 XBP-1 protein. Preferably, the indicator cell contains:
a recombinant expression vector encoding the XBP-1 protein; and
a vector comprising an XBP-1 -responsive regulatory element operatively linked a
reporter gene; and
the screening method comprises:
30 contacting the indicator cell with a test compound;
determining the level of expression of the reporter gene in the indicator cell in the
presence of the test compound; and
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that nodul ates the activity of XBP-1 protein. 5 Once a test conpound is
identified as nodulating the activity of XBP- 1, the effect of the test

conpound on hepatocyte growmh or plasma cell differentiatj el |
subset XHQAMAtY is then tested. XBP-1-responsive el enen?sdimsgﬁﬁ’%éﬁ be used

in the reporter gene construct are known in the art and include, for

exanpl e, upstreamr | at o regions.fro . -
ani Erypsi b COHRERERTEl it AR o HF EER T HE bt Bithe | ey
enhancepresdncé bfxhtfksMeompoliidRwith tiexiavg béexpoéssion okBfe-répares parsi e r eport er

gene is. the HLA DRa- CAT canstruct descrihed.in 0, S.J. et.al. (1991)
Proc. l\ﬁ‘f‘ic?t%ﬁéh‘%%eﬁgﬂ? 19SS GRS O %‘e{:eé’P'Isel%}a?tcoﬁg’gu‘b(g%ﬁfn!@ﬁedf neered to
expr essthhiv@odtBReslhp hatvilybf XBP-Derogsigduced by introducing into the cell an
expression vector encoding the XBP-1 proteijn. Reqo_rrbitg?nt 15 expression

vedtors that Orsrit 15 comperidds dspphiedasimpdulyting i acipitnp X RP1In MefECEtndi cat or
cel | ar g kDO ohibobfiforthdpatbtPle GRbWd of BRashtBEeiLaiethiikifonl driSellisibdepduced i nto

a reconbl nant expressi oér? vect %?A usi ng standard nol ecul ar bi ol ogy
t echni qamiyity AvthoBested.cDNA can be obtained, for exanple, by anplification

using the p rase chain reacti . 0 I ppropriate
cDNA | i brar Skﬁ gﬁéreFRPélFlé’%F gglggtgg%aﬁg%c%esp&g% I%ﬁ?%og%?g? {’a&g‘“mﬁ human and
r ﬁt ) ar Frlldmoirnhd art irhle'?aﬁde, MXm?meh@sueag rdgnlatdri eegi@sifopm génePERhpsi ner s

that allow for anplificati ac ndard PCR net hods.or for the
6D g’ 1 BT PRI O SR ALTC A58 QR pottdeieet BERRE BORA | | br ary
usi ng sygndan dTRY XN &dagplds @f an KBPhOESponkie répiticegdnedetha ML PDRAICA®D am no
aci d sequences of a mammal i an C. et

a_ | XBP-1 cDNA are dj scl o§ed in Liou, H
al . (199@yustidesssibedmOnes Sdier (B YoehiVelr dcaarociet>£58:4p9-¢3l990) EMBO 4.
9:2537- 2542, Aapfl i BRIYIBE fnglneefld 18 bxpreds HAORBPHI R6136870an Be QRIMSed H3ES -
Commun. 223:746-751. Follow ng isolation or anplification of a XBP-1 cDNA,
t he DNAintmodggieghintd the c¢lhar exgraseidn verter eapodingthe 3Hioh plaseinoRecompingéd her ei n,

t term v L r 0 o te]
trBnspo TSl GeE g iy Aty GRS En i R SRRRM R elare 35 e
of vect kiovrsinahé gt aBypichily thehKBR-1rodNeA $s first iatreduced inde a desambamast r anded DNA

| 00P "0 S A0SLA o0l T SROTEILS, MENRE AR ARG oo o
i nt o t hebiinedlfordRaMBR, banplafidativieading the pdHmoRso thAdD i PCESEPB5674  are
ot g gIoTle LR AR AT 2 05k oL LISt eyl o
rey i cahifhh Madas RieSQFRh iBRTIR! dnd RarY BEHRH $0r-the design of PCR primers that
allow for amplification of a cDNA by standard PCR methods or for the design of a
hybridization probe that can be used to screen a cDNA library using standard hybridization
methods. The nucleotide and predicted amino acid sequences of a mammalian XBP-1
c¢DNA are disclosed in Liou, H-C. ef al. (1990) Science 247:15 81-15 84, Yoshimura, T. et
25 al. (1990) EMBO J. 9:2537-2542, and Kishimoto T. et al., (1996) Biochem. Biophys. Res.
Commun. 223:746-751.
Following isolation or amplification of a XBP-1 cDNA, the DNA fragment is
introduced into an expression vector. As used herein, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid to which it has been linked. One
30 type of vector is a “plasmid”, which refers to a circular double stranded DNA loop into
which additional DNA segments may be ligated. Another type of vector is a viral vector,

wherein additional DNA segments may be ligated into the viral genome. Certain vectors
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O her vectors (e.g., non-episonmnal mammalian vectors) are integrated into
the genone of a host cell upon introduction into the host cell, and
thereby are replicated along with the host 5 genonme. Mor ain
vect ors éi‘f%“lé“ég‘ébl e of directing the expression of genesq)t%\g%sv%/?%hsthey are
operatively |inked. Such vectors are referred to herein as "reconbi nant
expression vectors” or sinopky... i.Qm . . D; I, .expression
vectorsaf)efcap%ﬁ? f){ uﬁoqorrlnoruécr: #%?t‘r%’g‘ﬁ’t%ﬁﬁﬁ@é‘c\{ﬁi&g‘ﬁ%‘?he rAer o tgﬁ&lﬁrge' he form of
pl asmi ddactérinl tvh&opmhasiapt bastpeéad iotipmatf irepiicatiqpl asirptidmahaathmebamoyvettomgy be used

i nterch eabl S the plasm.d is the 10 nost .co l. ed form.of vector.
However OUHASFHAAEn GAnPRISTHY dHTBAILE VERET At (DEBIied N nde Fegom Ob

eXPr essings c¥B apst miroGulttidn afto WHerhakt céRCAndrtBerél®y: fre replieftkd slahg ofth defiret i ve
retroviruses, adenoviruses and adeno- associ at ed. vi ruses whi ch serve

equi val €erome; UPTeoHE; CeFivE YeSOENEE AERsPIet directuiedhe GHETSSIOR OBEEERE | nvent i on

conpri sguAWE Sk Gpaalifhl nebd. SAEHV RIS ARIrérefred (Phepdif 8s+Bbnttindnbe nucl ei ¢
acid in a host” cel F whith neans that the 15 reconbi nant expression vectors

i ncl ude espressinm vegtoes rasgimply Oepreseion Berters . ngeaereb axppssioaectBgdfs of t he
host cel l.s. t.0 b e : I . rﬂ%(s)psr' desired,
whi ch isunﬁgplgrr%ct%fn\lﬁ’z a@t#ﬁ]ﬁ(tgggécg%?hrg%ﬁ ellthg?%ljgfg é%s%%sﬁ)gg t sgﬂtexpressed.
W t hi n apécificaribn,'ahismidand Esstahmap bt osed iltteprhardeaylylas tHeepddsmid isithe ended t o

me that the nucl eotjde sequence of interest. is.lin t o, t.he regul atory
sei@encé‘%@} C‘?’Wnﬁﬁﬁ’é‘ﬁ “Rﬁ?g‘???oaﬁ F‘é’\)’\‘ﬁv?ro{fleé‘?(vﬁpég%isdﬂte%(i%%g?)u}cwge R eot i de
sequenc et fdms off Bxpession VettbfsOsuch assiedl ivpétbBIe kt, adplicadonalefestisd em or in a
host cell when the vector is introduced into hﬁ host Cel!gzt,' The term

" egul atreFViEsuddsaeviryses andiadenpursgogiaieq Wéqsﬁﬂeg’i"ﬁ SFRE EqUvalerft funsEss and

ot her expr es i, ReoRMBidat exptBHBNT&1drE ofithe invRHiNPEIMIPHsB L inBEleis iagiadh 8) . Such
regul atory sequences are described, for exanple, in Goeddel; Cene

Expr essifomn Jeehiedboypresipn hbiéis nheleiEagig it bey calbsvhighomernsithat ficess, San 25
O 260: Cohd IR xR LALN iRAHIGRE BP bﬂ:cﬂegﬂsmwgéaseaefeg, Clledid Sithe

constitutive exepx ession of a nucleotide sequence i'n many types of host
cel |, t Hasieofith hbstakiisotbe usedooregiressionfind the lenet bEexpragsion depireh vdridnby i n

certain host. cel.ls (e.Q. L ssue-specifi.c _requl.at A or those
whi ch diorpgrc?:weg¥ bpgqéjstf’élﬁe %“rc}ef%aec“ﬁsﬁ E6t |Io & %xga%geﬁtce‘g %%Pé?&ﬁﬁﬁgn%ﬁ%er tain
condi t i Gprefstordvectdr/thpeiablydinketyub aitaxlyd magemthashe mRotite vdghénch ef

appreci ated by those skilled in the art that the design. of the expression
vect or rfﬁ?’eatéﬁélﬁgedéﬁ ﬂéﬂf&ﬁm?tﬁiyt%fl'éenﬁ"s(gtlﬁé I‘&%FE‘@E‘GE aﬁ‘h‘gs RESAPISIPR Of 5 pe

t r agst orygegucidoi8e 5@Nbhce (8F., B iR S8 OFanSérilofliRhslatt@sdystes, or &f £hosYe@n used in
mammal i an cells, the expression 15 WO 01/49717 PCT/ USOCQO 35674 vector's

9y ¢

control Whendhe wetor iy iatrpduced inte Bigibag ey Wedemm Tegltabseguedfeient s. For

exanpl e, intended to includes promoters, enhancers and other expression control elements (e.g.,

polyadenylation signals). Such regulatory sequences are described, for example, in
Goeddel; Gene Expression Technology: Methods in Enzymology 185, Academic Press, San

25 Diego, CA (1990). Regulatory sequences include those which direct constitutive
expression of a nucleotide sequence in many types of host cell, those which direct
expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific
regulatory sequences) or those which direct expression of the nucleotide sequence only
under certain conditions (e.g., inducible regulatory sequences).

30 It will be appreciated by those skilled in the art that the design of the expression
vector may depend on such factors as the choice of the host cell to be transformed, the level

of expression of protein desired, efc. When used in mammalian cells, the expression
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commonly used pronoters are derived from pol yoma virus, adenovirus,

cytonegal ovirus and Siman Virus 40. Non-limting exanples of manmalian

expression vectors include pCDVMB (Seed, B., (1987) Natu @g@ 3%?_9‘) and

PMI2PC (WQWAHEH et al . (1987), EMBO J. 5 6:187-195). VBETUSIOREE™ o il i an

expression vectors carrying different regul at ory sequences are

commerci ally avail abl e. For_const. %&Jf)l ve ex%‘1 Oré/ eme%E e nucI e| c acid in
I

a  marmEFioRR CeEl fwngtipns ate pfteypipyided Py yiplay Of £¥pan

cyt omegRLRYdri{HSsed PERARES hfelRAREC REm pPYDIoadMETus, ddefierdiub) @tdxﬁ@uloatmsr y systens
for use in minmalian cells are known |n the art, for exan%) ]éﬁ%stems in

whi ch odSimianrassi48n Nos-lgng sxaseplesofirammaliy expiesiion Gyt May o

et al. ) . &882): Ma 9’42
Searl e e@%@ (3%9%5@19)89wa0§@ %ﬁﬂg@%&%%ﬁtﬁ%ﬂﬁw) )e%ea%lggﬁ)ogﬁmz?sge e.g.,

NoGier ef: 187al95)( A%mrtymfmaaanal@n@mrempm@@ cagrying diferent regulatorycRC, Boca

Rat on, 167- 220 ho e ture
294: 29 8se5%ﬁ‘él ﬁ%;?_l%ommgl)cia]lly a(%ggﬁ %oé&%@tl FX;JTQSE oﬂg)f ﬂlé:cr}u(:l%%ga&f]d)? 8%’;038 2042
Kl ock emaﬂinaha(:ﬂlﬁﬁt?aellwpmf@reaZegumdpyk%nemt wmetw&n@lﬁvrmn 15 (1989) Nucl.

Aci ds Res. 589- 2604; Publ.icatio 9 FK506-

rel at edPrHﬁP@E/ E‘ﬁ@gce(’s r%ovar m‘gggleﬁﬁ%‘lﬂf‘t@ﬁ ?yé{)f"%gor Ibi’/a‘Tg?i Zells

t et r acygh ki§ien inGRS &€ Tor exi¥pRiNgstBink af dhlc}ﬂgexﬁel&@ae)smau saegiiatd by meaagl Sci. USA
89: 5547-555 1; Gossen, M et al. 1995) Science %2(}%%?&%1769 PCT

PUBI i camptahionp(seane-ofayo sy (1883) 198 Bringjar ef f54313) . Still

further,gdmny. SRR P RS oL [EQAUBRY OF: Y439EALS)) BEH sBEcR (KR Ncmeza the art,
i ncl udl the” aF umn n Ierom)ter 8 i ver-speci fi cp Pi rsikert( et Vggl (1987) Genes
f

Dev. I_mlz(aaQmﬁﬁean Shwphﬁemowee Neueprlon6R&H BoccRraRd lak [EALEM: (1988) Adv.
| mmuno 35 27 tql t W not
and Bal RITSHE (hdabyLeel Bl s B 28 SR E R ke & e e B e 1 et
al . (198ay. S?I USB38:2@%8-7042; Kpek enal. AR87)Budtreradd e 3¢-7883praclek [Kag8nam 1- 748) ,
neur on- i fi I ter . _th filanen rne and
RUddl e €§§§dYuC§>r%EP %%7'325%'5804 fl?,cqg%bg%an‘gﬂﬁl% ?@?;ngané?féasgys pecific
pr OTTD]E efeﬁate(dﬁ%l?élﬂiesﬁ(tseead g, I(d’BBBBl\l;hSﬁd)reNs EWEZBBt/ 5832 7 Pdratravyclimen ifiessgn, gl and-
specific pronoters t Pat ent 4,873, 316 d
Eur opeaM- angyByjpda E}ﬁ9%fé'l"Fc]¥ﬂ’{ éha ‘Kk‘;g’ g&&wyﬁg@\}e§8ﬁ%#% % v egul at egn
pr onot ‘3(1@9?r LiAkSLe8: %@QW@@WPuﬁIQEﬂ&%ﬁHﬂW@ 9417@)4&121 i dnd A TORuLE AL er s
(Kessel G uss 990ﬁ Sci ence 30 249:3 74-3 79) and the 1glnfet oprotein

pr onot eNO(W&}ﬁfé@3;gé Still fyrthernmanogyye- e&eﬁéfsc rB@Gﬁ‘OW#S@PCS@?ﬁ? Mg ¥AD 01/ 49717
P% USOR, %.5(61?1?1@1 g?ﬁ Q#b%p?cﬁﬂot@re(h\/&t srpQQBE Sflnkdit & MR GRResGsH S Vi a

cohivent i onal
1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) Adv. Immunol.

43:235-275), in particular promoters of T cell receptors (Winoto and Baltimore (1989)
EMBO J. 8:729-73 3) and immunoglobulins (Banerji er al. (1983) Cell 33:729-740; Queen
and Baltimore (1983) Cell 33:741-748), neuron-specific promoters (e.g., the neurofilament

25 promoter; Byme and Ruddle (1989) Proc. Natl. Acad. Sci. USA 86:5473-5477), pancreas-
specific promoters (Edlund et al. (1985) Science 230:912-916) and mammary gland-
specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316 and European
Application Publication No. 264,166). Developmentally-regulated promoters are also
encompassed, for example the murine hox promoters (Kessel and Gruss (1990) Science

30 249:3 74-3 79) and the a-fetoprotein promoter (Campes and Tilghman (1989) Genes Dev.
3:537-546).
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techni ques. As used herein, the various forns of the term"transfection”
are intended to refer to a variety of art-recognized techniques for
i nt roduci ng forel gnh nucleic acid (e.g., DNA) into manma ells,
i ncl udi nNYOLAMR1dm phosphat e co- preci pitation, DEAE 5 dexItPr Z@sﬂ@? 67{

transfection, lipofection, or electroporation. Suitable nethods for
transfectin host |1 s, can he f.ound in Sanbrpok et al.. uI ar C oning:
A Labor at or 3\, ca'? RY TS ?{‘?68 ﬁntoc%ﬁnébarni o> Har %%V%nﬂor%?)/g a oefcfllopr ess
(1989) ) teciiiguest Aefusddaeesigtus yanolimrtuﬁimf tHeaerns ftednkfectionsinsf @ehiahtoof

manmal i an cells, it_is known that Pendlﬁogy% ug&m t he l10 eépr ession vector
and t r aFSerde & VeRPLY aEAThTeG AR ZRdgehny or itypduiping Joreiep guclgic agidi (g ngy

i nt egr abRiA)Rfto PmGhARn AYG ki, tndighg cﬂﬁ&ﬂ%osﬂh&e@b@ﬁé&ﬁxﬁnbﬁl@EAE%’ and

sel ect these integrants, a gene that encodes a selectable marker (e.g
r edi st afedrapmedintedirassieetion, ligofegfiane Pgleropatation LS ERbleRghedidohost cel I s

al ong \A'trgﬁt{gfetcng A6 Ee1Rfcah BL &) élﬁa tin g)érﬁﬁl% @ldal Cgbﬁgwl@onzﬁ?'r}gﬁﬁorbﬂg;! ude those

whi ch co ®Sistance to rugs, suc gronyci n and
met hot r &aaud, 2iduddieer; Cabd &mgd@bw@@ogg}m@teab( 1@8%@:@@ othenjabpratdrit r oduced
into a host .cell on a separate vector fromthat encoding XBP-1 or, nore

oref er aBP"@%n the same vector. Cells stably transfected with the

i ntroduced nEglseibte emk@c@oieanslalivn dellgdt ibknawnithas dématingmpodq theg. , cel |'s
t hat have i ncorporated the sel e abI e rker ggﬂg Wi. | I%éugvi ve, while the
otiRer E’é?r?séloalvéﬁtor%t‘iaﬁs Sﬁ&nﬁ‘é N Yelo? "@nposi tion i s

a cell {f©&Rae aRReRIdIINA I%B%etrlge%%eﬁs@dem iaeeidnakt: wEehods in a host
cells or culture nediumcan be isolated from the host cells, or cell

cul tur elmmwasmm@a@maﬁdelﬁ@@mwrk%Ke Hr BEsRCIAAMEIPHGS) 1f or  exanyl e,
by i on- g%&%gh?l?’Qﬁr&ﬂE tocmé E@?Xeusga%ngfwtﬁ @b RO GRERNRIPRGE ANl ectable

ul trafi trophoresi s I mmunoaffinity purification with
ant i bodm&esgpeducﬂe moiwhlmnfenrgslﬂ@lmrt@dms sx@rasiG4lBohxgremydinandéan be used

cell ee ¢ S|t| ern t I ressi ng
0211 S cg’ﬁﬂﬁ) re’ba} 3%)2 9f Itlfs?g% &S el a%%rréaerk%onﬁ'g% {l?(g&#c ({lrll%gér:\)fé&ég gd ment ,
conpounds aksépatats peor fitoaradhhtyencoding XBP P(&Pnibrap:’efevaulyy oaftle samgemttof.i ed based
on their b|||t duaeth ter ctlo X t ar get
mol ecul &€ t%aftth?f&t??%@é ‘Tt}b{l’ﬁb‘gr *1‘?16 “t"ﬁ&lj’eatc é’& u‘F@tl@%qtb%émﬁ Sf)lf%to in, such
as C- Foge g AeliS faRhdvéghdbrpodhled 1he stiatgislt nfaditer ReneaviliNArs@QuANE the(dthee. , an
XBP- 1 -responswe el enment). Suitable assays are known in the art that
al | ow f 6¢llst4®- det ecti on of protein-protein interactions (e.g.,

| gunopr eci pid Al embddiiRedy, Rhd ﬁtdﬁat%ay&ggmmhh@a bdik@de Rnpofiabn akBew for the
detection of 17 WO 01/49717 'PCT/ USO0/ 3
1 expressed by recombinant methods in a host cells or culture medium can be isolated from
the host cells, or cell culture medium using standard methods for protein purifying, for
example, by ion-exchange chromatography, gel filtration chromatography, ultrafiltration,
electrophoresis, and immunoaffinity purification with antibodies specific for XBP-1 to
25 produce XBP-1 protein that can be used in a cell free composition. Alternatively, an
extract of XBP-1-expressing cells can be prepared for use as cell-free composition.

In one embodiment, compounds that specifically modulate XBP-1 activity are
identified based on their ability to modulate the interaction of XBP-1 with a target molecule
to which XBP-1 binds. The target molecule can be a protein, such as c-Fos. Alternatively,

30 the target can be a DNA sequence (i.e., an XBP-1 -responsive element). Suitable assays are
known in the art that allow for the detection of protein-protein interactions (e.g.,

immunoprecipitations, two-hybrid assays and the like) or that allow for the detection of
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interactions between a DNA binding protein with a target DNA sequence
(e.g., electrophoretic nobility shift assays, DNase | footprinting assays
and the like). By perform ng such assays in the presence %&%@?ﬁnce of
test conPp®MHAL]17t hese assays can be wused to identify coﬁﬁ at

nodul ate (e.g., inhibit or enhance) the interaction of XBP- 5 1 with a
target nolecule, In ong en@ogj nment,. th am)unlt8 f bi ndi neg of XBP-1 to the
target HBFAEANE beyeeha DNy RBERE BTYfn i § Bt BARAE Ereater than the

amount  Qfecéghdtdte nbillt) ShiXBEsads, IIN4sB € fodipigig assaleaid de like)t By absence of
t he test conpound, in which case the test gonpound i identified as a
conpounaerformingsish assays BithidpraEneT andmbsence phtesfOMPORrndsniiGes 45aE Cat ble 10

amount g, 4}, rf'cﬂ:'nﬂ% cf%inp}oﬂﬁds%ﬁﬁ'rﬁod?%té (3% iRKiOR br SR kIR ihRRrdchén o espnce of

t he test conpoun ess than e amount of binding of the XBP-1 to the
t arget dvobidradaeget molebde. absence of the test conpound, in which case the

test conmpound is identifl af . i.phi bl i.ndi; of XBP-1.
[ mthe- met holtbo et oyl il SPIREURE KR ol Bl oo IR sty
modul at @redence bbthiendse tanpound idhgtatercthanXBR ambuptradtb@idingaefdhaXBarlgettharol ecul e,

the full XBP-1 protein.may b used in the nethod r, alternatively, only
borti onderat malkapepaTe Al thej b copiutd e e e PRiIABIY oo kemr 1
b-ZI P stdddgtitd £ 4 @mpduh@h@ednhardes BRdRIE IXBIBP- I dddater bmbbdisies, thiehe b- ZI P
structure) can be used. The de%.rlee of interaction bet\g/gtn XBP-1 proteins

| )

ant0 t hamoantpdbinginge theeXBBr théhcdaizet mplsede It BF PEREAFHIE!HSS | abel i ng one of
the pr Otcﬁigg@fn\ggg Qs&hﬁth@%ﬁ%@@bﬁ&@%ﬁ@mpﬂ% the target Bdle@li@Rahd , 1ol ating

t he non- proteln quantitating the anpunt of detectable
subst anebsentraef thasstvenprenda s whichresd thi test compovshis idgptfiedias agogeppd The

assay C%?tﬁrgxil?l{?é%d to i _ilfy test conmpounds that either stinulate or

i nhi bit "% nt énrdzlin 7'6h bet ween the XBP-1 protein and a target nolecule. A

t est conpoundh thbatethagls bMhk ddvestidrhier idehtfyagt tes wofppownde that medMBe-att pr ot ei n

and_a target .mglecule,is.identified 25 base i bili i ncrease
t hg5 degr® a&‘?"%ﬂéﬁiﬁﬁ éfpgh pbog?lﬁég‘aua?%é?@&cf%pﬁ%?@il @ﬁgprgtelé %{11? g‘f mol ecul e
as conpak&intie: hbod ogr@emafivdinicalyamiri@n of thet XBP Bpoencmapbe tided Fost

compound, whereas a test conpound that inhibits the _interaction between the
XBP-1 premplerandsiiated K&Pgle‘?-rzrﬁ%ﬁté‘%fmr%@fé lprgerupregion %Q@epdi ﬂb‘bwc{‘]‘figs ability

to decr gRSEZiMEnlRLE)RSn BE usedNtrak 86drtO6F iRREAVBEbE e BBP hbRinehid and a
target nol ecule as conpared to the degree of 30 interaction in the absence

of the dempreshaoleRde earbeatetarminegs ot example by daeking prg ofthsPigtsingath # or
B850 el 1.4 VgL 06 B BB i
the amount of detectable substance that has become associated with the non-labeled
protein. The assay can be used to identify test compounds that either stimulate or inhibit
the interaction between the XBP-1 protein and a target molecule. A test compound that
stimulates the interaction between the XBP-1 protein and a target molecule is identified
25 based upon its ability to increase the degree of interaction between the XBP-1 protein and a
target molecule as compared to the degree of interaction in the absence of the test
compound, whereas a test compound that inhibits the interaction between the XBP-1
protein and a target molecule is identified based upon its ability to decrease the degree of
interaction between the XBP-1 protein and a target molecule as compared to the degree of
30 interaction in the absence of the compound.

Recombinant expression vectors that can be used for expression of XBP-1 in the

indicator cell are known in the art (see discussions above). In one embodiment, within the
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WO 01/ 49717 PCT/ USO0/ 35674 expression vector the XBP-1-codi ng sequences
are operatively linked to regulatory sequences that allow for constitutive
expression of XBP-1 in the indicator cell (e.g., viral regulatory
sequencewo auwot7as a cyt onegal ovi rus pronoter/enhancer, @&T/US0/ZHEH). Use
of a reconbi nant expression vector that allows for constitutive expression
of XBP-1 in the 5 indicator cell is preferred for identification of
conpoundspredsain wentoa HeeXBi-1 ionfinkistquehess ageapievativglydinkx@p-regulgtaryan al t er nati ve
enbodi ment . wi t.hin.th X j ct O - 1 .codi q ces are
oper at irrseequ;?mfef maéa“ %??rgaﬁ%}g‘??re ?}Q%r\é%ﬁoél n(g:fe)'zsﬁ%l ﬁﬁ%jlg%lg%gﬁe%ggg XBP-1 gene
(1. e., rédutntqay cemicacess @ghibad oytymegnipvans gematederhamer, ichebendtdgdiseus gene) .
Use of a reconbinant expression lvec}or i n.which XBP-1 ssi.on is

Sont r ol FERFORPARESHRISERNGIS b8 H85E Facary s rpeeston o FBET dF g 1 or

i dept i fiigRdd@ReRls sreffRed i sddnfifitation babsBp&inds tHat Bitancd dientibiathecr i pt i onal
expression of XBP-1. A variety of reporter genes are known in_the art and

are sui eaBiY of FBRréeln n glismative srabadimentawibipdhe,exnresglop Ng&er theXBPeExanpl es of

sui t abl %o&iﬁ?%qh@ﬁceg%Q%eﬂaﬂ@él&'ﬂﬂédh@?@gu .i@eqﬁﬂ%%t&mneéﬁm%ﬁql
acetyl transterase, beta-gal actosi dase, al kaline phosphatase or 15

| uci f er gswe (i.8t thedaemioterteRddiony wweionwarkvad fnm thveendogdngis gengl Wiswde gene

pr oduct . L: - i : | | ' e for
Cse as. deorRsaEHBrestth Viorth i X861 Bhrello bRy el ©, 1 |
usédl whiregulaorp sepeaceslioprefeered fa identiéradogef oommpXiBids that widiaate drsnhibihen

engi neered to express recor%lgﬂ@;]tl XBP-1. 20 In one enbodi nent, the |evel of
expr essiSnraRFCTREN3l EEBERsign n the indicator cell in the presence of

the test conpoumidtyl & répddleesenchad khben ke brt@hd expustaé fon usd intiee r epor ter
gene in the indicatagr cell in the absence of the test _cong)egtgnd and the test
conpoundCrEning es; of ithegnyentign c B¥aAsRles PIsHMAbIS TePATiFrAcass ipHudedhoseadistyn or

activit ¥nQfde %ﬁefalnphbﬂi_c@iahfe&@ﬁfansf@ﬁ%@Gétgrgtarﬁcmgila@sel, S¥SlinePhosprRagssti on of the

reporter gene in the indicator cell in the 25 presence of the test conpound
i 13 oweruaifisense. t fandasd miethofls tox pieasising thegictivieof tapsraene pigdumss arp knevre

i ndi cator,cell in the absence of the test conpound and the test conpound is
i dentifi eél as a conpound that inhibits the expression or activity of
XBP-1. Alt er Aatariety dfeell hhpesare safable foepsras en ingghertorael it the s¢reengmggseaynds t hat

nodul at e _the, , expression or.activit f XBP-1.can be | tified.by using
otner » et ani el R i oS hnth hovstsbe B VRIS & SROePrS RER HehBRIDL ot o6
w t h an thddRndinestpd essipfess reeahbibantiXBRibat ed in the presence and in the

absence of a_ test conpound n roliferatioon and/or differentiation the
cef¥s, can bl oRESH "é‘f’i‘t’ithﬁ@%t"g?xﬂf?ss%lgf thefsBoMfes 8RN thedpdicator cell

prol i f engineprdserdeloBkiRntdt 3bmPéund is higher than the level of expression of the reporter

gene in the indicator cell in the absence of the test compound and the test compound 1s
identified as a compound that stimulates the expression or activity of XBP-1. In another
embodiment, the level of expression of the reporter gene in the indicator cell in the

25 presence of the test compound is lower than the level of expression of the reporter gene in
the indicator cell in the absence of the test compound and the test compound is identified as
a compound that inhibits the expression or activity of XBP-1.

Alternative to the use of a reporter gene construct. compounds that modulate the

expression or activity of XBP-1 can be identified by using other “read-outs.” For example,

30 an indicator cell can be transfected with an XBP-1 expression vector, incubated in the
presence and in the absence of a test compound, and proliferation and/or differentiation the

cells, can be used as an indicator of XBP-1 modulation. Cell proliferation/differentiation
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19 WO 01/ 49717 PCT/ US00/ 35674 can be nonitored directly (e.g., cell counts
or radiol abel ed thym di ne uptake, for nonitoring cell proliferation, or
m croscopi c exam nation of the cells for nonitoring cell %Ho%r g_}]ti ation),
or i ndi re&tg9ldy nonitoring one or nore markers of cell B? 5Pati on or
differentiation (e.g., an increase in nRNA for a gene produce associ at ed
with cell 5 proliferation or differentiati,o ion of a gene

, t.h
product casRouPRtae HracHy e8| c© lpcr"HP‘iSPéFagfqlﬁq?pegrtg}éplﬁfngr@%%’%f on, such as the

secreti %&an’ﬁfé&lw&hf@mbﬁm McrdbdobRr amiratieslof tht adBHocRbAiBHaE ctihe
secretion of 2 cytokines by differentiated Th2 cells). Standard nethods

for det diffarensiaremorandirastiy by Sronitetiahoneoraare markers of te L PIovEsTangs| yner ase
chain r ﬁ?e?%rhﬁgor( {?T 2 %%R)ic and iNARNIEES? aleRl broBbe a8d0BiakedaNith dell t he art
& met hods: For 10 d

St andar letecting proteln secretion in culture
supfer natpaniferaticuahlifisremintipngeor [theeerstipmaiih exsie PruivEt asspsiigacwitliegallsp) | are al so

known in the art. ce a test | S | i fJ : : | ates XBP-1

acti vi t3p,r°l%Va%%oro&?rﬁnemn\(}ré’rsiugfé/)ﬂg?y%g dﬁ% |£ ﬂ'glgtsnl(l:(I |l(g)cea(lil}l %Ztrdleflgral%lglfaﬁie, t he

sel FCtte@(ljaIs?Sﬁ:elmt lﬁtﬁ&dre(imﬁ ofmwnt inksdfy diffevrfxﬁmwtm)ceﬁ%)n Sta:nléardge further

evaluated for its effect on hepatocyte gro or_pl.as ce :

G 11 or e EBR i1 Bl TR AP BB A GRS BT BB ST  ng ¢ he

conpouneffiod (REPER) andWrthdhe BRIREGY ir@ kabwBirCh bt Sfandaré eletimdefdrher in vivo
adm ni stering the conpound of interest t0Q a sub ect% or ex Vvivo

e.g., |
Eeltg., @Byltectm RIPTeIerTEReR DTS Superptanp Suchys eprg inked gmupeiREset i ng t he
i sol at e@ss%% {%Ig%%mgﬂ& WRQHRL £f interest or, alternatively, by

contacting e nmpound of int e.reét with a hepatocyte or B cell or T cell
line) and deQecen: msngnifoend( iddntified that moHealed ¥PEuntfFtigiyibytaag 85theon t he

growt h of .t he hepatocytes .qor_di.f LAl é}b‘?‘nd cehlSod ofF cell
subset a8Yf |Ofr 916 818%15 %e\é%rr?};baerd 31 re?rg) egogg’ggépéreg%ke:ag%sgg%% t roFt)r( sucﬁo as ou ntreat ed
cel | s ornnte@bd scanniemttedunhdr evauaedfor i effectipo hephtocyte grawthi asplasmhagell does not

ncts vi ¢ ptermaton pobellmbeet el B EonpBtin COTTHE by SiFRLaf SRSt | SUbset
hepat oCY#ifshePhtobhté 6B ealls @t @lis efthaplinsm® (€] Bysadatinidtering the 26mpolbgiatf activity
can be deternmned directly, by noni §O,I’I rll1 cel | prglclewffﬂy on aﬁ?d/ or

di ff er enBtFge A SPRISCTHI PPI9LE Za BB V)28 IFRRPEE OT § “4%, ot 58Pt ng one or

nor e Markeh Sifdfthe $6lhted REINY \lviftl?f}ﬁtcbﬁgoﬁﬂct‘f%tex@htfofrﬁﬂt@ﬂﬁaﬁ?&y,Qﬂ',coﬁﬂd@ﬁhgas nRNA or
protein secretion (as described above) or by nonitoring production of Th2

cyt oki neke ¢ompbundpf igterdst with 8 hgpatesytagy g5l op D“@I“i IE‘Féﬁ’_Ld ! yungthe n anot her
ST, TS S i oo iy s (et
subset B celis or T cell subset activity, as compared to an appropriate control (such as untreated

cells or cells treated with a control compound, or carrier, that does not modulate hepatocyte

growth or plasma cell differentiation or T cell subset activity). The effect of the test

compound on the growth of the hepatocytes or differentiation of plasma cells or T cell

25 subset activity can be determined directly, by monitoring cell proliferation and/or
differentiation (as described above) or indirectly, by monitoring one or more markers of

cell proliferation and/or differentiation, such as mRNA or protein secretion (as described

above) or by monitoring production of Th2 cytokines by T cells.

B. Assays Using XBP-1 Deficient Cells

30 In another embodiment, the invention provides methods for identifying compounds

that modulate hepatocyte growth and/or plasma cell differentiation and/or T cell subset

20



20 WD 01/49717 PCT/ US00/ 35674 activity using cells deficient in XBP-1. As
described in the Exanples, inhibition of XBP-1 activity (e.g., by

di sruption of the XBP-1 gene) |eads to enbryonal hepatocy Jceﬁ‘u

di ni ni sh&P B’ rate and proni nent apoptosis, |eading to'e yon| c

| ethality beginning at E12.5. Thus, early (e.g., prior to E12.5) nouse

enbr yoni ¢c..hepat oc h r SQLS f 1
be used alcﬁ‘éwp‘fsf%g %@%ﬁi‘éle{lh@t%?%% ul astdeeschepg o@?%ﬁa‘l?gg ﬁ*ﬂ’ﬁ‘% Ok&B}IS!grDot hgan
fj h?n rmdlU’dl‘ﬁfyl ©g., XBlarsiupXIbﬁ 6ffhe(XBIE|1 gefd) gds rtgﬂnﬂsrlyaxtal hf(;mmeg withe XBP- |

efi cient n : ternative i tional 0 ste in
whi ch t K&m &E?E ﬂgg%gﬁﬁ@tq aéldrpé%’é‘F%tchﬁB‘r‘?S‘Fﬂﬁach SR &MOTYPRS Eglﬁ{i Pt eé‘r’i‘ﬁ?/ gmanmner
can be yseth 5 OTRICEHS (XBPphior 1@@112CS)@mus@&a&ty@ﬁmeﬁat&@ﬁesmeﬂ%e@yﬁe

precursors) for use in screening assays. For exanp

t et¥ acy @récuesorse geficiane th XHR1lesan b6 Ps@o‘ﬁ%ﬁttf}’ agrafs ‘H?@?W%‘%W%Fo%eﬁé‘h‘@has
descri bey grh&nmthe%}{ %x%ﬁglaﬂﬂ]%)(ﬁPSt irfead @t c&@poxﬁd@é@t g&%u@ﬂﬂe kepused to

create hepatocytes hepatocyt e precursors 1 deficient aninals
from wh|deﬁclhamemmeesA(tcmathepataécoyxtcbnqnablcrmck@ns)syst@anmbéhlclstbleéil?efbll t hat
can be rendere

icikent in.a oII nodul ati on
of the t&PFHRE feﬁéloﬁg?‘ﬂ:cgﬂﬁl at ?g%ndl“honggrﬁl P gﬁ%ﬁg{, S%Pﬁr o assays
rel altl ngieﬁ&eﬂxﬁmepdte@lm (618Hebatdt\fté preetisb) f(IDIﬂsd)lln s&'reemhg assas &or acimplé,ty, a
simlar conditjonal di roach can be used or Iter tively, the
RAEY 2 dé’f‘F'&céﬁlfneHF%Q%‘E‘i {) %ﬁﬁ?’éﬁ@‘?ﬂaﬁ?ﬁlﬁm% & & 8% esﬁ’é &{) @o gener at e
mce w tdm%mph}m@sopﬁanmot B@b0,298 && 6&@&1 e ORdpatcs R or&epdiscyed t h
honbzygous nut ations of the XBP-1 gene (see Exanple 2). XBP-1 deficient

| ynphoi drecairsoss).(as XPP-1 deficignt anigislsdrema @#@/T@PatPWOhWétoeé‘lelpéﬁjcuﬁpr%ur ified
XBP- 1 debh gl ?s'afateaoth§ &,ﬁlbé Senfbred X38- h%eﬁ&am&ye&h@mmaﬁn&%o@ used in

Screeni ng assays. e screeni ng nethod, | s deficient in XBP-1 are
c o nt act evoduildtion af the sfttracmblnp oordntEaintin 901911%\)'0{1%1 threpller Feli gspasis eeletingtpon

2[‘ dgt ! \élctey dﬁ cre l’)ttlgtl el |»1$ ell SUHPCQI %tR’rll%da SlmW%ﬂﬁthﬂ? C? I'u&[ Ql\Nt h of the

epato or hepatocyte precursors conpared to an
appropr |appﬁ>aao¢nhrbelusaimralamani/dy, thx Rydl-2 deficiemt diestody st ebmplementaedm s treated

25 with a control i denti fi. sl &at co a nodul.at or of

o pat onyoeenon el B el iR hf prear PRt e Boul RS sl . 1

defi ci endelipvan H&n@@lgbum@@wrﬁ;wme(mp 1cgm@eseeﬁxmplaa) aqoBPapdafaieﬁt cont r ol
such as, for examp untreated ceIIs or c treat ;ﬁg&;tg afcontrol
agent) ily@pkgid el (agt, Bymi SPEBIGRYe% Bapphad ?s& s} Ord%m%ﬁ% defjcient

di F{)er e téisioP T celid ﬁ@ﬂ‘iﬂs&% an'imgklkﬁﬂ:é)ﬁke@fn dch@nmglakaldy of Thl versus Th2
cells, e.g., 30 production of Th2 cytokines, (as conpared to an appropriate

control, sucHn s screenringrathpil.ccells defidien ine§BRd) are C@Fa“(‘}’é’l WVihefsated with a
control c%ﬂl%%ﬁd Anqefﬁ'é érty{vfh anf/ck %ﬁ?er&ﬁﬂﬂgﬁ'%/&%cﬁvny of the cells is monitored.

Modulation of growth of the XBP-1 deficient hepatocytes (or hepatocyte precursors) (as
compared to an appropriate control such as. for example, untreated cells or cells treated

25 with a control agent) identifies a test compound as a modulator of hepatocyte growth.
Likewise, modulation of differentiation of the XBP-1 deficient plasma cell precursors (as
compared to an appropriate control such as, for example, untreated cells or cells treated
with a control agent) identifies a test compound as a modulator of plasma cell
differentiation. Likewise, modulation of the activity of Thl versus Th2 cells, e.g.,

30 production of Th2 cytokines, (as compared to an appropriate control, such as, for example,
untreated cells or cells treated with a control agent) identifies a test compound as a
modulator of T cell subset activity. In one embodiment, the test compound is administered
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nmodul ator of T cell subset activity. In one enbodi ment, the test conpound
is adm nistered 21 WD 01/49717 PCT/ US0O0/ 35674 directly to a non-human
XBP-1 deficient animal, preferably a nouse (e.g., a nouse in which the
XBP-1 gero dqoeondi tional |y di srupted by neans descri bed RIIHNRI03H74 a
chimeric nouse in which the |ynphoid organs are deficient in XBP-1 as
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has beerPP#ictguced to thereby alter, e.g, functi onal | y disrupt, the

endogenous XBRil 4e6hént IJRQP&BPanlbe%&%earfFJnea AbA-Murhsn anidlsRIED 10BP- 1 gene.
For exanple, a nouse XBP-1 gene can be isolated froma nouse genom c DNA

|ibrary deficieqt ineBErbuBeeforrr npndipman agimalyinglde MyRkeYAoiogs CRBANIEEGake  t hen
can be ucsogg ﬁo(?s 3 O%bsa{sra&{ﬁts%gh r[Tgrje HSmbB&AIEREsPAE haip- Y@Qﬁ&ént shif.fRle for

altering an enous ne I n the nmouse genonme. In a pre érred
enti6di membyset h/ﬁce/eaftcmnt insXBRH sy hethadeiaddestréted inBrample o Nogdugian

reconbi nati gn,, the endo us XBP- 25 f i srupted
(i.e., n?fmflglﬁgﬁfﬁm%gb%l%%?%ﬁ?rﬁg? P@é’éﬁq%pn ngare 8 g@’? eé}gérl?%odgt 0 as a
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upon honol ogous . recombi nat.i on, endogenqus XBP- t ated or

ot her wi s¥08inte whigh B‘rﬂegg‘f’i”l E\ddltléﬂeb §t‘tf“ﬂﬂ‘g§?53:1‘?8’? mbrlogrtxcgﬁﬁ ﬁ’@re yrrP‘?rhe upst r eam
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then can be used to construct a homologous recombination vector suitable for altering an
endogenous XBP-1 gene in the mouse genome. In a preferred embodiment, the vector is
designed such that, upon homologous recombination, the endogenous XBP-1 gene is

25 functionally disrupted (i.e., no longer encodes a functional protein; also referred to as a
“knock out” vector). Alternatively, the vector can be designed such that, upon homologous
recombination, the endogenous XBP-1 gene is mutated or otherwise altered but still
encodes functional protein (e.g., the upstream regulatory region can be altered to thereby
alter the expression of the endogenous XBP-1 protein). In the homologous recombination

30 vector, the altered portion of the XBP-1 gene is flanked at its 5” and 3’ ends by additional
nucleic acid of the XBP-1 gene to allow for homologous recombination to occur between

the exogenous XBP-1 gene carried by the vector and an endogenous XBP-1 gene in an
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nucleic acid of the XBP-1 gene to allow for honol ogous reconbination to
occur between the exogenous XBP-1 gene carried by the vector and an
endogenous XBP-1 gene in an 22 WD 01/49717 PCT/ US00/ 35674 ﬁ%?‘@#?% c stem
cel | . Thwoddddt7onal flanking XBP-1 nucleic acid is of s&fFf engt h
for successful honol ogous reconbination with the endogenous gene.
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e.g., Li, et 915). The selected cells are then
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contain the h ogously reconbi ned b erm ine transm ssion of the
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R g S s
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Smthie t.al: WD 92/0968 b [jdstra. - 0 by Berns et
al. 20 ﬁﬁF%WSL%ﬁ%% ??gﬁfangtfe ‘%/Sﬁ%{dsbcrgeéieaﬁlluﬁ%ls glsvsvgﬂ(/:?gggﬁgoouncfsé%g%t ed for their
abi | i t ycérain RbhRI &GOS 2¢compired PNAVbH gaimijreasuemissibh ofithé fremsgentel ati on or T
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or plasma cell differentiation or T cel

] , , | subset ﬁgtig@i{a&yﬁn $he i mal . The
25 t est 288388RiArt inhC bintermronrlRublieation dog: YHR SR{Ian ¢ Mogeltecef @nt  ani nal
as a p ] QSi:twero/0548 By 79 sRa st bi;an8 Wy psoal dybymeRy | se the
t est comm?%ddﬁa%mgﬁg}r)mceuti cally )z/icgept able carrier. As used herein
the termdipharmaceutically acceptable carrier” is intended to include any

ol o AL Bt 650, LSRRGt g anciunoal
modulate hepatocyte growth or plasma cell differentiation or T cel subset activity are
contacted with XBP-1 deficient cells by administering the test compound to a non-human
XBP-1 deficient animal in vivo and evaluating the effect of the test compound on
hepatocyte growth or plasma cell differentiation or T cell subset activity in the animal. The

25 test compound can be administered to a non-human XBP-1 deficient animal as a
pharmaceutical composition. Such compositions typically comprise the test compound and
a pharmaceutically acceptable carrier. As used herein the term “pharmaceutically
acceptable carrier” is intended to include any and all solvents, dispersion media, coatings,
antibacterial and antifungal compounds, isotonic and absorption delaying compounds, and

30 the like, compatible with pharmaceutical administration. The use of such media and
compounds for pharmaceutically active substances is well known in the art. Except insofar

as any conventional media or compound is incompatible with the active compound, use
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30 the like, conpatible wth pharmaceutical adm nistration. The use of such
medi a and conpounds for pharmaceutically active substances is well known

in the art Except insofar as any conventional nedia or i
i nconpat MY 8/4877h t he active conpound, use 23 WO 01/ 4971%%@%@%@35674
thereof in the conpositions is contenpl ated. Supplenentary active conpounds
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powder s dRfridk BEdSXbETRR! SMERUR usRUE SRR RidsQR bdes St ad Iy didthReicabidersol uti ons
or dispersion. For intravenous adm nistration suitable carriers include

physi ol cgilial hydedxidee Tho agreaterab sreppiaongarehe, enclogsep HBIPOEESFMISROSRE
Par si ppas%ngequ)} m(a[t-g@;nﬁpbgfs%%yfgaﬁg?gahwe (PBS). In all cases, the

conpositron® nust be sterile an be fluid to the extent that easy

syringabi | i t Phemiastwgicall compositiohresuitabls fertihisctabld wse inplade el 2iereys of

manuf act ure. and.st or age nust be preserved ' jhating
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sol vent epaghitoper sieile iffedablesaioidndiondidgersibar Fexiampleaousadtmmnistrationanol |,

pol yol (for exanple, | ycerol., pro ene. gl vcol d |iquid. polyethylene

gl ycol , SiHePle pasmigrs Héj‘{d%aﬁﬁl%‘aglf%lﬁ?‘éfpg h?%%‘frlﬂgﬁl CPHEF’ZCE} ’.“°H‘ﬂ’é roper fluidity

can be n@ANFAPASEparyONT)RF B pRate BYffERE shlsR (PBSR 133211 @akS) thg cahisdiitRs

| eci thin, bg t he mai ntenance of the required particle size. in tlge case of
8 :

di sper si ®pst 2pstenlg ang shayldsbeffuid i thg extgnt that epPYEREIAIHY SKISEhd BEEPBN of
s Sl i b e s s onpuanad o,
t hi mer osevinfansmrting ketidni df enicropreamiays suehens bagteriagnd fupgi  The carrier can be a ’
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof The proper fluidity can be maintained, for example, by the use of a
25 coating such as lecithin, by the maintenance of the required particle size in the case of
dispersion and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacterial and antifungal compounds, for example, parabens,
chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic compounds, for example, sugars, polyalcohols such as
30 manitol, sorbitol, sodium chloride in the composition. Prolonged absorption of the

injectable compositions can be brought about by including in the composition an compound

which delays absorption, for example, aluminum monostearate and gelatin.
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preferable to include isotonic conpounds, for exanple, sugars, polyal cohols
such as 30 manitol, sorbitol, sodiumchloride in the conposition. Prolonged
absorption of the |njectable conpositions can be brough

i ncl udi nQH4H& conposition an conpound which del ays a%ﬁa%w’%éﬁ?“ for
exanpl e, al um num nonostearate and gel at| n. 24 WO 01/49717 PCT/ USO0/ 35674
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expectorated or swall onwed. Pharmaceuti call npat i bi ndi ng conpounds,

and/ or abifrancifie administiatiens theastiBecompqund sen mﬁﬁwra@fi Withexsipbsangdi on.  The
tablets, i | fe d g&xmﬁb‘?&s nfoa&%h&scaggsmeot Rfzall c'olﬁ‘fooﬁﬁ&scc%ﬂta@b Be g&%& the

following 1ngredients, Or conpoun a sinmlar nature: a bi such as
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gel ri-cant such as nagnesi um st ear
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conpound_suc sSucrose or, sac arln or a.flavorin onpound such as
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yl ene vinyl “acetate, polyanhydrides,
Sterotes; a glidant such as colloidal silicon dioxide; a sweetening compound such as

sucrose or saccharin; or a flavoring compound such as peppermint, methyl salicylate, or
orange flavoring.
In one embodiment, the test compounds are prepared with carriers that will protect
25 the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation
of such formulations will be apparent to those skilled in the art. The materials can also be
30 obtained commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal
suspensions (including liposomes targeted to infected cells with monoclonal antibodies to

viral antigens) can also be used as pharmaceutically acceptable carriers. These may be
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pol ygl ycolic acid, collagen, polyorthoesters, and polylactic acid. Mthods
for preparation of such formulations will be apparent to those skilled in
the art. The materials can al so be 30 obtained commercially from Al za
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m croscopl c. anal ysis of the cells, histochem cal analysis of the cells,
anal ysi &8Ri9%%% proliferative capacity of the cells or analysis of Th2

cyt oki ne progygwiap cofidt cBHRMBIE] dbRciBRRENPWith 8 RAt &Y Rn@ (Qhid &1v#ld On, one
20 can nonitor radiol abel ed thym di ne uptake, BrdU uptake, TUNEL stai ning

(8 nosF frovivaigthe gfegsobdiedsst epmpavad ep ithsrerewih ofshaskapriseytenceds of mredi at e
early g%ﬁ?e?er(t gf;ﬂﬁ%:xaecem or J&avn Eai subs@s 05 Gefdeterfideli® g%ﬂ# b b0,

can nonitor, |nnunog secretion or upr ation of
Syndecan- variety ptf elsslbbrm(tb@b Exladapg élglzt)mlcimccpmm paysisofakd ¢ells,s ubs et activity,

on® a0 bl AR TARMETSHP TS KLOSERR, BERLIE B0 DY 2°
hepat oc;ahﬂymgobwzhc}mkmﬂ ;&sdmumel For@xamplegtotrma@tiiod hepatocTtepedliferatitas @he acti vity
ba%(? d Orc]:arll }n%ni%?r raélol)'c/lbeled thymidine uptake, BrdU uptake, TUNEL staining (for monitoring
apoptosis) or induction of transcription of immediate early genes (see Example 1). To
monitor plasma cell differentiation, one can monitor, for example, immunoglobulin
secretion or upregulation of Syndecan-1 expression (see Example 2). To monitor T cell
subset activity, one can monitor, for example, Th2 versus Th2 cytokine production by
25 ELISA (see Example 4). A test compound is identified as a modulator of hepatocyte
growth or plasma cell differentiation or T cell subset activity based on its ability to
modulate the growth of XBP-1 deficient hepatocytes or differentiation of XBP-1 B cells of
the activity of T cell subsets, as compared to an appropriate control (such as untreated cells
or cells treated with a control compound, or carrier, that does not modulate hepatocyte
30 growth or plasma cell differentiation or T cell subset activity).

A variety of test compounds can be evaluated using the screening assays described

in subsections A and B above. In certain embodiments, the compounds to be tested can be
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are nenbers of a_library of co VWil e the f libraries of
pept i desVhidh hgue pliwgdhe P’éﬂé&thn t"‘ﬁ%st"fo‘i}i‘@qué%(}’ﬂﬂ Hiee Have been devel oped

whi ch hayg,qalLaned (BHﬁnQFQIdF'@DQPDAQJ (Hemt SUL3$101097NBEWS@ BRAYNYS3), such as
benzodi azepi nes (Bunin et a JAm Chem_Soc. 114:10987; DeWtt et

al .5 (19@ye. Notlpdess! SNaUSA 90:6999) pse'io?d's@w@mwo@?9®eﬁﬂ@d@ewﬁk@ﬁhann

(1994). J. I Sci ence.
261: 130§f1g§%§%?{%8a £ n@bg%e#ﬁggga%@q?.% E)EGJE) .aﬁgﬁh’gégﬁﬁlﬁg@f or the
synt hesisspra). Aphppodchrfot thblsmthazs of imcderalar hbraglaﬂpﬁsrmil @euliemolepileh a
e DR R AR B PR AR
33: 2061-Bngl. 38:20h®Caplipeun (9995 Ahdwy. (Heaeht. Ed\Eept BBA06AN be obt ai ned using

an of t he nunerous appr aches in conbinatorial [ibrar t hods known in
thalart, i nciiBFAEPOURDPGE BEEeent SRR G28.be Qbiaed Y 20Y PEOS ABPEOHar al | ol

sol i d phasRadies fdonitiRiorPd) B6Rry MEth8dd IeRwnSH M, ikludind) biblogidaet hods
requiri g} deconvol ution, the 'one-bead one- corrpound |1 brary method, and

synt het il rariebrsaatjallbr@tiﬁ@wblﬁ%elaﬁp’flﬂ Rhasg of prlstielt E}&Feabbrw%%&ep@ n. The

bt 01 091 Gftrard theloBS floYirfABRLAT Blulidn.|ihdHoh€BeddbRERHEnd IIBEAY bt | € the
ot her four approac 85 app Icable to peptide, non-peptide oligoner or
smal | rminé syrtheticilibray rethod$ uungmﬁiunﬂ shIO(nB@?grapKy Seleqtipg9 The hiotagicahcer Drug

45 ah h I I
§§ ar éib aé'gﬁppggac?x 3%, ﬁlautll::g; t;heétl w 1le {h %the§ ¥(ﬂﬁ’ E&%bgchgg go ( igg 4?r
Pr oc. Natpbhcaﬁléad pepitidde, nddSpide dlilg@ﬁ%f 01,‘ srirhl’malebuleﬂlbmhes ¢fl@8tpp unds

37 1235 (Lot Braf 0D Bircanip e Dt O B BB R o e, g.
Hought enyfh8fLar m&hanﬁqmmrﬁsl €5 HeJoddPmARe &), foéxatipldiasEd o LaMmoIP9 1)
Nature 3 54 82- 84) UgéﬁéFodo gé’l 93) Nat ure 364: 555- 556% hacteria

(Ladner Ryep ]"3”1229“‘1459') 1d422- ; orusll eigb (4R Immynophgrmacolagypp:68y a .

3@2) Pfafdlwahoésﬁﬂ @@948U§Me§%hé§6§r #869) or on phage (Scott and 25 Smith
(1990) Science 24 Devl |Tr(1990? Sci ence 249:404-406); (Omrla
et al. Libraries of compounds may be presented in solution (e.g., Houghten (1992)

Biotechniques 13:412-42 1), or on beads (Lam (199 1) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner USP 5,223,409), spores (Ladner USP '409),
plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and
25 Smith (1990) Science 249:3 86-390); (Devlin (1990) Science 249:404-406); (Cwirla er al.
(1990) Proc. Natl. Acad. Sci. 87:6378-6382); (Felici (1991) J Mol. Biol. 222:301-310); In
still another embodiment, the combinatorial polypeptides are produced from a cDNA
library.
Exemplary compounds which can be screened for activity include, but are not
30 limited to, peptides, nucleic acids, carbohydrates, small organic molecules, and natural

product extract libraries.
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(1990) Proc. Natl. Acad. Sci. 87:6378-6382); (Felici (1991) JM1l. Biol.
222:301-310); In still another enbodi nent, the conbinatorial pol ypeptides
are produced froma cDNA library. Exenplary conpounds j e
screenedVPAA¥Tivity include, but are not 30 linmted r@#¥ 8§?§8és,
nucl ei ¢ aci ds, carbohydrates, small organic nol ecul es, and natural product

extract_libraries._ 27 W) Q1/49717 PCI/ USDO/ 35674 .Met hods far

NModul at ]Ing Rl g e-.t“ C _,_: AR 0, s § ell Ih .‘ ;-_5 OF Cel |
Subset Acti Ve SYBEASIVEY, aspect, the invention features a method for
nodul ati ng owh of hepatocytes. or differ iatign.of plas cells or
activity of g{f’aé‘gﬁhlar SR ‘ém‘dﬁr\{t@&#ﬁ&eﬁ ﬁé“e%?%&{%rg{’%@&flgsgrgﬁéﬁgel s (pl asma
cel | prﬁ‘éﬁdfq%?ﬂéﬁn Afferbn§Rlohf pREMI c€1B! dr apli@EUTI0ded)subdetsibyacofmdtingat or - of
XBP-1 activity such that growth of the hepatocytes or dlffer,&_rg]i ation of

thé pl bepstocries pisB eplisdelopp £/ precurserel ar Isebg edrs! ¢! REBRIIOEY 8t Fhe modul at ory
met hods afi 1bRE or kBBANUCHR, Hch tfk gRATth bE e Abpdi bty &% @3 HitfeRiniliiéh ftnexpandi ng
popul ations o epat ocyt €s or plgasma cells or 'T cells subsets in vitro for
adni ni splasha oslisooacivityiof Ecell wihshtsiinmadylpted e hhe modHatpa methedsofdhe pl asnma
cells or T cell subsets. . iavent | : j on of

aberr anfnvﬁrgg’élta(r)ec?/tpém bcru ga\f\f%prg?’t fg %g%ﬁa%gg{hﬁg 8?441%%@%%% I og%(%"?& cell subset
acti vi t ylaia eelswbTeels subsats inovitrd Joradmimstettion kangsubect wah irsuffjognt a

t her apeuyt i callg effect%ﬁg t .of a nodulator of XBP-1 activity such that
abi@r r anfeRIERTHEED BLRIBS SSulf AT Fg‘EF%bé?%& cell differentiation or T cell subset

activity in @helfvsiiohasb allswindwoduRdon dhebehrefithepaobitegiowth r plasnended t o
i nclude living organisns _but preferred_subjects are nanmal s. Exanpl es of

subj ect gel} ¢i8PiaEationenell FFREARE VI B SUbIChp Y VonPL &mInIRSIng S01C hor ses,
goat s, g{bﬁ’ec% E'%Fagemwf b Qe YnoctBRrh rdsduladriof XBIIERAHVAY Quch BEOVi des a

nmeans t egul a aberrant hepatocyte growth or plasma cel| differentiation
or T cebdrragulippetocyte giowth gr plasmaedliclifergnisaing or $icall subseyagtivifeingnbodi nent ,
for. stingylation oY gr o Wl drodliff e gnti ation or
ThZ cel %&\%& fsvrfl?d&flat%qﬁeﬂr%}g% ;s%[lg{rgm ﬁ;}%@&ﬁ%{tg?ﬁ@%&éﬁ?&?ﬂrgﬁlt y. I'n anot her
enbodi mpreferredaubjadis e tmanepals. oOEyanepley afistibjects ingluds immamsemonkkysfdagent i at i on or

Th2 cell activity, the nodul ator .inhi bi P-1 [RVAI YA i fication of
conpoun8&S-tHEE f?%&%‘t’%ﬁ%“?ﬁaéc’%?ﬁﬂﬁ RRSSP 0313%% Iﬁ/?fegﬁ%'rl aﬁ% g?ﬁglgeggekﬁe’
di f f er eptdvadel @edtis (6 réRildte Shepant hepatotte pyovhly onpldsthadel IntjffotBRiatioaot Tvi t y

o ove g ey vas epU ELLOY, Of . bl ey 85, o1 Bl gsypm el 1 or T

20 hepatocyte growth or plasma cell differentiation or Th2 cell activity, the modulator

stimulates XBP-1 activity. In another embodiment, to inhibit hepatocyte growth or plasma
cell differentiation or Th2 cell activity, the modulator inhibits XBP-1 activity.
Identification of compounds that modulate the growth of hepatocytes or plasma cell

differentiation or T cell subset activity by modulating XBP-1 activity allows for selective

25 manipulation of hepatocytes or plasma cells or T helper cells in a variety of clinical
situations using the modulatory methods of the invention. The stimulatory methods of the
invention (i.e., methods that use a stimulatory agent) result in increased activity of XBP-1,
which stimulates hepatocyte growth and plasma cell differentiation and Th2 cell activity.
In contrast, the inhibitory methods of the invention (i.e., methods that use an inhibitory

30 agent) inhibit the activity of XBP-1 and inhibit hepatocyte growth and plasma cell

differentiatio and Th2 cell activity, as demonstrated in the Examples.
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situations using the nodul at ory met hods of the invention. The stinulatory
nmet hods of the invention (i.e., nethods that use a stinulatory agent)
result in increased activity of XBP- 1, which stimulate e grovvth
and pl asMP 8717di fferentiati on and Th2 cell activity. Ispn&g@%yrgg%%

i nhi bitory nmethods of the invention (|. ., methods that use an inhi bltory
30 agent) inhibit the CtIVIt i nhi pat row h and
pl asma cel | t}bflsf Fereh i %ﬂ)TdSr gellnh%gg O?g PRy B growr% ?asx}arcg ed in the
Exanpl esiffetént\MEbdd AR 7ckH aBGH hUS@é)iﬁﬁﬁﬁ'éhn 1ﬂ]’fibu$orytnm}tordeﬁtheamdersmn@ber wher ei n
i nhibition of hepat te growh or.p ma ell. differenti.ati on, or Th2 cell
acti vi t?ekge%gﬁéfﬁa&%ﬁ %Fg“’?thl’ﬁ ‘Bﬁ’tb&ff? & YrISoFRsTS RVEHE t(Slﬁ is selected
such t hainigBRy heafolh Mal ¥e Useriinhdibid RGal3ANPIr@ErcHontdi SANPRS GyélBmwhi ch these
inhibitory msr¥ho ds may be useful include hepatocellular carcinonma, nmultiple

nyel ona 2ubimmres isgesces cirreeiagzss byrhe Rodustionad PRRogIR BYARIEe] B Rne

pat hoge n
e R B S e S L YA A A
wher ei n tr_eat adibatiérovhecdin ktepldamaytvféiegatovumg@mlpblarslm&:@ﬂll dlﬁirrﬁ:m@tlenpr ation or

Th2 cell Vit ef|C|aI stl Ia ntion is

sel ecte 4% ?thvgtfy 15 B@E’P?ala%f Flta)%’ 2B Eﬁégé)% ea?vng I&B% tteﬁ‘?u rh\sﬁ}‘%t uat i ons

i n whi CbCBIl’le&ematynﬁruﬁ)raglﬂdityd nEtdngres dfGitomionbin wisiefi tHesd smﬂmlateryrmﬁhodsc injury,
atic fallure due t o hepatic di seas e.g., viral .. infectian, such as
E Gt i t imay, berhspiyt meludeheng %mawdliea%gaﬁi cdq‘%%‘??é“‘( digete b8 oM hosi s),

' mmnOdQﬁfthicﬁ\nﬁiéh% §&aH88)Shephi¢ AEILLRS due@shéphtit Bsxisli(buehes tirdlbispody

producti on, di sorders |nvoIV|ng unwant ed_ Thl cell activity (discussed

further imalgegdeficigacydisorders chasacteriver by irsyflient ARFRSAY PESHBTediSPYersat hogens
ina su AEChAfh A subj ect
Appl i ca’? #ﬁ%ggﬂﬁie&%g 5'? é%@a%@%gg%g%ﬁ%re&ﬁor@e ntion Egt%@t1 hgnéggﬁ% ment of
a di sorhueror myorrsesta Ipathpgﬁns i @swfect hed fir soprawing the efeacs &8 sadcmatipeint ype or

T, o B PR 3R B Sl Bl O RO {Bhrof B bred et B al PN LT T

Shor t2 ora condl I on) or nply a transient
benef I Cidadordefr iragtresmn int hﬁe siith disbrdefppleteadeiin meoffpddrmunfmumwmm ory

met hods of t ntJo i s. descri ed in furth r det bel A

| nhi bi tﬁ?ce&ﬁﬁﬂﬂhtg%mé? & SithER “bth g %B“%OT R R ?R}‘e'ia AL at ed with
i nhi bi t i @AdiEbn)R BRIPIEY trensicht BeicRNErfqRl Rs@subpdct. di ffer entl ation and Th2
cell activity, to inhibit hepatocyte growh or plasm.c differentiation

or Th2 cell ftﬂ?ilﬁt{oy Ofg’éllmglué‘?’@"‘é‘ﬁﬂ?@’c@%‘ao%chﬁhedﬁv%i’é@ﬂt‘s %%ﬁ‘be%nl nhibits
XBRg1 acdhivd l,s may be contacted with the agent in vitro and then the
eF’? s Celutti¥dr Td¥tail GBloWS

A. Inhibitory Compounds

Since inhibition of XBP-1 activity is associated with inhibition of hepatocyte
growth and plasma cell differentiation and Th2 cell activity, to inhibit hepatocyte growth or
plasma cell differentiation or Th2 cell activity, cells are contacted with an agent that

25 inhibits XBP-1 activity. Cells may be contacted with the agent in vitro and then the cells
can be administered to a subject or, alternatively, the agent may be administered to the
subject. The methods of the invention using XBP-1 inhibitory compounds can be used in
the treatment of disorders in which hepatocyte growth or plasma cell differentiation or Th2
cell activity is enhanced, stimulated, upregulated or the like. For example, hepatocellular

30 carcinoma is associated with increased proliferation of hepatocytes, whereas multiple

myelomas and certain autoimmune diseases are associated with increased immunoglobulin
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can be admnistered to a subject or, alternatively, the agent may be

adm nistered to the subject The nethods of the invention using XBP-1

i nhi bitory conpounds can be used in the treatnment of dis L. which
hepat ocyMO 8Y8WMt'h or plasma cell differentiation or Th2 @éﬁﬁé@g#ﬁi ty is
enhanced, stinulated, upregulated or the |ike. For exanple, hepatocellular
30 carcingma.i§ associated with i.ncrease rojiferation of. hepatocytes,
vvhereaspﬁﬁ}l?tf S%'pﬁ?ﬁﬁf‘l‘i? SDER “&%?”tpéiﬁ%rr gfilf%f’?‘flr?{fnte FEFUBEEAENE M associ at ed
wi t h i ngihgaeedcdmpouna ok R uhvehtio®cME Bdfa4RéNilaPGETihiSRON3 G myplog@yict i on by
pl asma cel]s. Accordingly, preferred disorders fO{, treatment using an

i nhi bi t BRYIABIRFAISAIASE Chdsectarizgd RY InGFFassddrigEogiobatR BRrreRad ar i noma,

mul ti pl @jsBielsQi¥olvingd Uh RAETR éﬂu_%@ﬁdgsr Qiehaeaci gt BQewWPY increased
i mmunogl obul i n production and disorders involving unwanted Th2 cell

acti vity (di bhibitedcdmpaundy oftibs ipygntion cpn b4t Stanis iwaiidar bindinge | nventi on
can be, X I luhar. bi ndi o > Ul hat to

speci fi gIé)?e{cillﬁlsﬂﬁ? Cquto% g{ﬁggl rlégllsb?(%@%&%asgltgp\??%}ﬁ%? o?(%EIPIhIa %%%ged her ei n,

t he t er herftinntheaerel fintravellithnkindigg moleeulel’ &'infepdédtioendedt maedules|thad@cinol ecul es

that act i | Lul.arly to inhibit.t. ' i Vi f
br ot o1 nspediifrig e ik ekPotsli o apvico i e o Cnfhe Rkt gl 2
mol ecul @) a hiltddic 806 Qe Sart MRNAN RbREWle) thaampd®s tef préRin. ixamprs bfil ar  bi ndi ng

nmol| ecul es, described in further detail bel ow, clude anti sense nucleic

aclWys, imteeelldar bindine maleryeu fessribsddpdingie defaHﬁ's Nadefuds Angsspiediveletche
i nt er acti;@0 iRfacRMarlanti¥hdis, feptidlcdempBRARGHAENABHE tHehfRiae@dn SFOEEE-$ t hat

specificall'y inhibit XBP-1 activity. i. Antisense Nucleic Acid Ml ecules In
one enbodthrreanzet molegwe pis] chomjcabegepts i specitispdyilpiyin XBSnl 38V ant i sense
nucleic 15 acid nolecule that is conplenentary to a gene encodi ng XBP-1,

or to a portion of sai g, gaRucRic il SMmLant expression vector encoding
said antisense nucleic acid nolecule. The use of antisense nucleic acids

to downr egul §f &nel oINS S8 i fHIbiRfry BorREUnd O RN in @b i hni atisedsCitlcleid S wel |
known in the art tgsee e.qg., Weintraub, H et al Anti sense RNA as a

mol ecul aeid mojesiulerthat igeorenlemeniary|iya Bane ereoding X BP- o s poriomeifatd cs, Vol .

1(1) 1986, bbbk : : 41996 eidci ERGiecdiMEd.

334 316-%’?86%%8%%1?‘5?&@%?9%‘%‘8%%% oA lzIJg st ‘5#1995 eléala?cgg;{: e

92: 1981 The8g; ofbriscobeanuckic zods tCdbremregulats thd @PesyioCahe partiGdareprathiarin

2:47-59; SSi g . J. .(1995), Br. . Bull .;:51: 217~ : . (1994)
Nat ur e aﬁ%!SS l-ké%) .lgﬁ.ﬁ:’ aét)n(ts?ese' 'gg)delﬁﬁgll%i% eggll?’(fz" rﬁ%’%esgu e gste;én%lro ﬁ%‘X‘\é‘ a

nucl eot itabd faegharchalykiat Raviews ¢ Orgatie meGéreriys, Mol t1iih 1084 iAskars tfriarmidof anot her

gl TS G Rne T e ST R R rear ey

(1995) Circulation 92:1981-1993; Mercola, D. and Cohen, J.S. (1995) Cancer Gene Ther.
2:47-59; Rossi, J.J. (1995) Br. Med Bull. 51:217-225; Wagner, R.W. (1994) Nature
372:333-335). An antisense nucleic acid molecule comprises a nucleotide sequence that is
complementary to the coding strand of another nucleic acid molecule (e.g., an mRNA

25 sequence) and accordingly is capable of hydrogen bonding to the coding strand of the other
nucleic acid molecule. Antisense sequences complementary to a sequence of an mRNA
can be complementary to a sequence found in the coding region of the mRNA, the 5' or 3'
untranslated region of the mRNA or a region bridging the coding region and an
untranslated region (e.g., at the junction of the 5' untranslated region and the coding

30 region). Furthermore, an antisense nucleic acid can be complementary in sequence to a

regulatory region of the gene encoding the mRNA, for instance a transcription initiation
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nucl eic acid nol ecul e. Antisense sequences conplenentary to a sequence of
an nRNA can be conplenentary to a sequence found in the coding region of
the nRNA, the 5 or 3" untranslated region of the nRNA or a region

bri dgi ngwder/othi ng regi on and an untransl ated regi on (e.RET/USH0/3567¢
junction of the 5 wuntranslated region and the coding 30 region).
Furthernore, an antisense nucleic acid can be conplenentary in sequence to
a regulsefuence ar ecgubmonyfelenteat gRmterabiy: ed iangsenseanuaiRiNcid ig dedigned apaetoa
transcription initiation. 30 .01/ 4 7 PCTLUS 4 e or

regul atg f/org{’]lg%’ﬁ?r.yat FeTela rlegégl%érasﬁ R tgg ‘“ﬁﬁ%%‘%?%‘c‘?“ﬁ?g&ﬁg i gned so as
to be ceimleietkdt yntfadslated eggi@nofrnecRNANG or spanning the initiation codon

on the coding. strand or ip the 3' untransl ated. regi an nRNA. . G ven
t he known nug}l“@Btﬂ?‘iajlﬂ‘oé"@cfﬁ’éﬁ%def?’fﬂu‘inl‘i%hlfglg‘??? g ‘gogtﬂe %Ifl?’é) '{;%‘i&e?%dene (and
5 tyius @hRe thWAnSeEAREsS thE XBPel MBRrAD, AidNse nalkic€ids 6f the édvehoraci ds  of

the invention can be designed according to the rules of Watson and Crick
base paictt brylesipned aheprdirgiadhe milgsiogiWatsomiand frsick Satepatng. Joe avissP¥nent ary to
the ent 'nPéelgitE;agg'ﬁ%%chgé&Hb@fcoﬁ’xg%ﬁ@m%:y S entiPditodiY ReBh SF XY IS an

ol i gonuc I's antiSense to only a portion of the coding or
noncodi mRN&giud mood prafexadidy & anfRlgonuctsotidecehigh és antisensa o gndyes pertion of

ol i gonug| eot.i de_can he ¢ ry. t reqi ing the
Ot ael agieuindor f8RoRhe spo SEERBE kR or EEBhAR BLLARUIS

ense ol 1 gonucl eotide can
belo f or otiga@uplestideadanibt complkfhenthfy, to2Kk, regidh surddyndBig, thelGanskfionstafiGitaioiC| eot i des

in |engt anti sense nucleic acid of the invention, c e structed
usi ng cﬁgfﬁ%gél"ﬂé\ly&t saingse&ﬁ%d@???%‘ftﬁﬁ pa %tf‘i’roeﬁfa?lggc?q%ﬁg’ lﬁs}ige’procedures
known i n5t3me38r4o, £96r Wrﬁﬁ%ﬁdes&ﬂle@?ﬂﬂ sanagisétde hedléic ag df (iR ifventi@n anti sense

15 ol i gonucl eotide) can be chem cally synthesized usi ngo naturally occurring
nucl eot ic&eRe @mstriezsd; using shemisal fyngwsis ard @BYIARSIgRIOR grrctonsdSifgcr ease t he

bi ol ogi g?dceﬁfr@st]ido%xn &fe dh &Rk Rl 88 affisch® hRHERRE(INanRRYSEh&Al stability
of the duplex formed between the antisense and sense nucleic acids, e.g.,

phbs phoobgdmuolgetde) eari bexghieméanlly spnthesided upiag saibrlly peguarng pusddotidesiales can be

used. E%’MSR'Smgélﬁég)qu(fﬁéoﬁg?%gﬂgg% 1{oq§<§eé§’g hﬁfﬁi&@@g%%taﬂﬁ of tﬂf: generate 20 the

anti sense nucleic acid inc uor our aci ronour aci I,
5- chl or mwlexalek pr to-indreabo threguhiybicallsiabditmnf thi deplex fomnkd hesweeh the ettisensgt osi ne,
5- (car boxyhydr ox ac

car boxy /& F%’?H%l&‘i?%%‘ ’lfe‘zg’zgfl?ﬁph{ff’fhg‘faﬁeec}erg?@ﬁs BRs gsrsins BT HEhet hyl uraci 1,
di hydr outéledtides &fitta-used b @eipds)of guidiffdmmeleotides which dib be asdasparydtadeni ne,
L oe oL e, LW NeS R 2,2 L et L guenLne 2l aden e
7- met hy i gidaRi il eypSxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxyimethyl) uracil, 5-
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil,
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine,
25 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5-
methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine,
5'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine,
uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid
30 methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-

carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. To inhibit XBP-1 expression in
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met hyl am nonet hyl uraci |, 5-nmethoxyam nonet hyl - 2-t hi ouracil,

bet a- D- mannosyl queosi ne, 5" - net hoxycar boxymet hyl uracil, 5-methoxyuracil,
2-met hyl t hi o- N6- i sopent enyl adeni ne, uracil -5-oxyaceti c

wybut oxo$1¢&/49%eudour aci |, queosi ne, 2-thiocytosine, %%T%S(O}{/)"“M

met hyl - 2-thiouracil, 2-thiouracil, 4-thi ouraC| |, 5-nmet hyI uraC| I

uracil -5-oxyacetic aC| d 30 net h% iaster uraci | ‘f‘f( cet (v),

5- met hy [ceBs PIFHEP e T m\?r?@“é‘?ﬁs 81§°W°5°t’@e§r°%§§/$ 5%3 r”éﬁu ' (acp3) w,
and 2, 6-gligaymi nopurine. To inhibit XBP-1 expression in 31 WO 01/ 49717

PCT/ US00/ 35674 cells in culture, one or more an“) nse. ol i gonucl eoti des
can be added Alsmatvely angnbsensqpusieinaqd san by rredyes \9 girally gsiBg el sense

nucl ei ¢ ?ﬁﬂegsl&mcg?lﬂé &ﬂ#&ﬁ%ﬁ oph%ﬁwnfo@b@@ USDRO, 138 be@XUbEREEDTR afect or i nto
whi ch al portion o has been subcloned in _an 5 antisense
or i £nt atantsend oretntatmm(zlee|nucla®|adldttr@ﬁ@d?€dlfw the insertetenyciieraidilhberlei ¢ aci d

will be of .an anti or|e interest).
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and/ or éhRelibesPresiop Phibe aptsyhse Nh@gﬂﬁ%‘r’fc?e‘? lé’éH“ggst rm Whi ch direct

10 constyrbHbteM@ndbl ShHfcctNRGtildr GeglatorPdb@ichtes caxpe &&ﬁexowhmﬁ diaadti sense RNA
The antisense expression vector 1s prepared accordi ng]a}?o standard

r et®nbi rranstitmive, issuhengeifie oF indaghletexnressionyofawtisinss RN AE&LFON vect or s,
except t VSR isprfdnd 4c06rdRY b s@Adarl RebEBInknt SNAIBARsIf6 0 the vect or
in the aeprllt sgleér}ge or f%pnt at i ozfr? - Efe%tarsltl sense expression vector can be in

t he f or moostrucfing reeo«abipdue expresséupovepionanxcept teihel XBEhhefdNid obPortier enuat ed 15
virus. eldkig,usi ng a

st andar c}ﬁ?rf"gtﬂésf Z(@te? e evgﬁtg} %lr}}éé/%# sQﬁse gtgﬁirgdﬁ%%ﬁg%éégﬁ%&d&ﬁgnecul es of

t he i nvertiodtantiedn t}yeribmbf Yorasampiesd mcenibmantqplasguxbjpbagenmd ogatteanaieéd in situ

h that th bridi th bi DNA
nd0ai nghEs xEbe FEFSE BARe 5 REPERJATahet £ s bl =B Reesg 0808

e. 9., 2Qedniduehi biting transcription and/or transl atl on. The hybri d| zati on
can be by conventional nucleotide co Lement a“L?qu li\y a. stapl e dupl ex,
or, for exanpibeantissnseucieicagidypolgpul esa the I eniion 39 fypica lfﬂﬂe P& which

bi nds té& %&%%é?ﬁ@@m i) QRS RE Chyfokifize WATHSST Bedi to BEI 1A hRE ATERILQE gr oove
of the do An exanple of a route of admnistration, of an

ant i sensgnomis RINA eaeidingraX BRI motsin torkerehyiahibit supressaan Rfdhe ppteib €825
er @Ct ' %Y 1%1bﬁ1ntg tﬁ%&éﬁpﬁéﬁ Sid/ PR VBl Yy bAdlzRA13h &S BS By BHRkRidnaRCi d

cul ecan
nucleotide complementarity to form a stable duplex, or, for example, in the case of an

antisense nucleic acid molecule which binds to DNA duplexes, through specific
interactions in the major groove of the double helix. An example of a route of
administration of an antisense nucleic acid molecule of the invention includes direct

25 injection at a tissue site. Alternatively, an antisense nucleic acid molecule can be modified
to target selected cells and then administered systemically. For example, for systemic
administration, an antisense molecule can be modified such that it specifically binds to a
receptor or an antigen expressed on a selected cell surface, e.g., by linking the antisense
nucleic acid molecule to a peptide or an antibody which binds to a cell surface receptor or

30 antigen. The antisense nucleic acid molecule can also be delivered to cells using the

vectors described herein. To achieve sufficient intracellular concentrations of the antisense
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to target selected cells and then adm nistered system cally. For exanpl e,
for systemc admnistration, an anti sense nol ecul e can be nodified such
that it specifically binds to a receptor or an antigen e n a

sel ect ed W@PV4%Hr f ace, e.g., by linking the antisense f&éﬁ%’%gggg

nol ecule to a pept| de or an anti body which binds to a cell surface receptor
or 30 antl antisense ic acid l.ecul.e delivered to
celI's usPfl c‘ﬁ‘f‘fevec\/oé@f’gﬁl%maé% Cg’ ge HEPEH nna(e)lcgcél f‘é‘gg&é&??" ?a(‘::gglrll der

i nt r acel thelbatrot 6NCLfvhg dbl 1008 palfllitpremarnt axseprefe-redBZ WO 01/ 49717

PCT/ US00/ 35674 nol §gul es,..vector construc n V\thLH tglFanti sense nucleic
aci d ol ecul én&t FHeberembpdiment. ths anUssATS B elffac}fré‘ PEEHG OPOF e Bol 111

pr oot er - gndMepl @EIBR acldmyledul@neh hehoRBhORliciENicid HdecaRtfbs@pecifisic] ei ¢
acid nolecule of the invention is an a-anoneric nucleic acid nolecule. An

a- ahonerqdaublecrtiarded hybrids wivh exrmplemerarysRNAde hjch. coptraiy g the Whpldndwit: hybri ds
with co r i he strands
Fun par o e AbefENe fodadM e (CRAEL Bl (08 B R L B2 e,

15: 6625-6636)% 1he a‘ﬁhszemnucm&ed motdceiecan gisd ccpmpre&leeOtmﬁhldhb@m@lmpd@ se a

2' -o-nmethyl ribon u

15: 6131- Zt‘ﬁ)ep S Ebse 4l i1 5“%%% iplfic R LA ?’i@@‘f
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si ngl e- st¥RpRe dRMAGY RECar@Edtalyti SREA ﬁﬁle&ﬂei‘ﬂ%1bc§rﬁlcwﬂde@dn{/1|ﬂﬁ¥0hf&ﬁm a

conpl ementary regi on. Thus, ribozynes ( ., hammer head ri bozynes

(descr i bregabipof qgayanarroninglerpimnded nadeic e@éwyh peRnURRNAg i whish 5‘!?1)}1)3""(:%n be
used to &%&r{ﬁéx%{énka%gkéfymclmy%@ym@% m%%eh{eaa\ﬁs&yme@ (ciéacman@by i nhi bi t

translatio ) i bozyie having specif icity for a
XBP— 1- endadihoff and Sedach @838 A@@nebé%é@ﬁ@ﬁéd&ﬁe@s}éad topraralytivelly plgeveeot i de

enc P 1l ¢ ) ymena L-
ToTrve Rt d et 0ol BT por P I, 8 i e
actl ve shatvmglspeclﬁmyptbem”KlPalr yndodmgtmclamcabelmanHed&égmélbesdmpoﬂnéxecI eaved in a
XBP- | - encodi n 4, 987 071
and Cech™§t° ge Se@“eé’ce ﬂgt?‘@ﬁé%NgcgglAl%r?ﬁéﬁnple&lqegy ?%5’ G O?gl e}r " LARNA can
be used torVaEREAlcad b€ déidtritdteCinRNAc ¢ inngleatideBeqichtecof the mﬂa@iuease act ivity
froma pool of RNA nplecules. See, and  Szos

. Bartel
(1993) SRaeeentasy torthe aucleprige SN“F%?%&?’F\?@P%% iy Eﬂ% b%fi?@d’élﬁ&?%% §ﬁ ’can be

i nhpbi t edy bigedna gﬁU S“Q)aféHPN@CK 9@6071%&%@1%@@6@ Ssz{fEHtWBtIQByM o the
regul at or?/ region of an XBP-1 gene ? an XBP-1
ernatlvely, XBP-1 mRNA can be used to select a catalytic RNA having a specific

ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel, D. and Szostak,
J.W. (1993) Science 261:1411-1418.

Alternatively, XBP-1 gene expression can be inhibited by targeting nucleotide

25 sequences complementary to the regulatory region of an XBP-1 gene (e.g., an XBP-1

promoter and/or enhancer) to form triple helical structures that prevent transcription of an
XBP-1 gene in target cells. See generally, Helene, C. (1991) Anticancer Drug Des.
6(6):569-84; Helene, C. ef al. (1992) Ann. N. Y Acad. Sci. 660:27-36; and Maher, L.J.
(1992) Bioassays 14(12):807-15.
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pronoter and/or enhancer) to formtriple helical structures that prevent
transcription of an XBP-1 gene in target cells. See generally, Helene, C
(1991) Anticancer Drug Des. 6(6):569-84; Helene, C. et al. (1992) Ann. N.
YAcad. Sweio018601727-36; and Maher, L.J. (1992) Bi oassays PCA(UBRY/38DYV-15. 30
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1988 EMBO J.
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J. R (1088)ssderlwrein N&ih¢ useAd atracSbilar abiSpo e t7 4Ribi7 AR8sin mpfasmoacwfm et al.
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Mhashi I kar, A M et al %995 14: 1542-155 1; Ri chardson, J.H. et

al . (19989 GhencS-Ynatdl. (180N Tungyi Ger@@kewyéﬁ@? =681 4BuarpE R pLHIPERPTSN No. WO
2:‘{(&26)19/41%1%1%?@?1?5}51@b?ﬁ s@f@dcﬁéﬁT sReb); a?:%}énga?Pro]zSNM? A0 3%5/ 32 by Duan

rofein activitfy usin ntracel | ul ar ody, a
reconbi A&AH325Pte BeerbinR. Ry ecs/of19P4) mBe@dfw BAP-2ROHREYI6Becre RaRnIat body

chains i f OrLm suc .t up i nt | he a cell,
the ant f’gég);%gﬁ’a?fﬁ?"’}r’%p %dereés@oe lg’s%}gg g?fona Shltlk %% eplenhg%?)

i ntracelEMB@Y. lcormaaritssenRichardkdie ] Eledr kil (FI915) iPRé. Watl] A)amdofcztlﬁmScrl ption
factor i Vi 2 cordin 0 inhi hitory meth |nvent|on

br of or aBey S Ve PRaflires i Miody02tindey Maertsrehi sy I UL e

trgnscringt ivano$/as81rby BufvdPbessed within the nucleus of the ceII Nucl ear
expression of an intracellular antibody can be acconplished by renoving

fromthe antp kit Profin ackivHy HEBg I BHaceHulis Artibady s CoRingh eXRIessBquences
that encodg it BR g 8M'ed LRidH dARbdel YH%QQW' cqiallng’ ﬁ{jz?fon%%g&l?mﬁte SpdrafRiing

nucl eoti de se nces encoding a 25 nuclear |ocalization signal at either
the N- of theveaenintouscadl thelaptibddyishainhate lesprossed Asi fngenabantibadeingng. | Bi occa,

SR almtra(:glﬁl?ag)cogl%gm o? thje %ﬂ 19(%’ m]MBﬁl%Hlolf B‘%ScnénoMactgf ac?lkftty ( 1995)

20 according to the inhibitory methods of the invention, preferably an intracellular antibody
that specifically binds the transcription factor is expressed within the nucleus of the cell.
Nuclear expression of an intracellular antibody can be accomplished by removing from the
antibody light and heavy chain genes those nucleotide sequences that encode the N-
terminal hydrophobic leader sequences and adding nucleotide sequences encoding a

25 nuclear localization signal at either the N- or C-terminus of the light and heavy chain genes
(see e.g., Biocca, S. et al. (1990) EMBO J. 9:101-108; Mhashilkar, A. M. et al. (1995)
EMBO J. 14:1542-15 5 1). A preferred nuclear localization signal to be used for nuclear
targeting of the intracellular antibody chains is the nuclear localization signal of SV40
Large T antigen (see Biocca, S. et al. (1990) EMBO J. 9:101-108; Mhashilkar, A. M. et al.

30 (1995) EMBO J. 14:1542-15 5 1).

To prepare an intracellular antibody expression vector, antibody light and heavy

chain cDNAs encoding antibody chains specific for the target protein of interest, e.g., XBP-
34



EMBO J. 14:1542-15 5 1). A preferred nuclear |ocalization signal to be used
for nuclear targeting of the intracellular antibody chains is the nuclear
| ocal i zation signal of SV40 Large T antigen (see Biocca & ’8"} (1990)
EVBO 1 SYQOVAYBB: Nhashilkar, A M et al. 30 (1995) EMBD YS'U%f542- 15 5
1). To prepare an intracellular antibody expr essi on vector, antibody I|ight

and hea chain DlalAs 0 in ant.i.bod hai ns eC| he target
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preparation can con ain, for exanples r ecomnbi nant% expr essed XBP- 1

pr &t ei nraspmbinghtbsnexpeasseyl XK Prl Wé@FlzléXB aXi?stEalﬂﬂaﬁtnlﬂlfélze bpephds afion can
furtner o} Bhilecahuit WA an Stic0afSoubh 8PS ¢ OERbIRIeCr BlcokfpflIP] €t €

adj uvant,“or simlar 1 munosti atory conpound body- produci ng cells
can be adibvat, n:eelmﬁ}aonnmhmssmtnjmy camgowrsle dArnttibogy-prodreingesischobal anti bodi es

by standard sthehbrldo i nal |

ngCI’I b8§ta‘6’§ BWI E‘? q‘i’he&* %ﬂdiJ %’npr_%‘“f Té'?%do l}rbé)ﬁ%%ggég&)%g% (seg al so,

Br own etecaxhlque(smahs the hpmumia t&&hcﬁﬁ%ﬁﬁmllﬁammbecemydnbml(aiﬂaﬂmstam( Bi ol ) Chem
255:4980- 83; Yeh et a 1976) PNAS 76: 29 . and Y 1982

Int0 3 EHéeVaryy: 2256559?‘51)9(7) (??Fe‘zlioe ‘e ille] @gﬁi%dﬂ’mﬂ‘w A oty gﬁ%‘?’“ ant i body
hybri doppg. ('1§8cyy9j Bzokmm 265ae8008Ne¥ el ek W1 R976) PKaBneRb27-3n; Munped anal

Ant i bodi es: Di mension | n Biol ogi cal Anal yses, Pl enum Publ i shing

Cor p. , Mé\m%a} kzt Ji\qécwcero:%%@@s75()1§heyech@10gq fo prodiaying megocignakantbodri o . Med,
54: 387- f0idoMas ks Wéﬁ%&% g{n‘@ %her€ﬁ%&7ﬁ) eégmam Moggcll'!))na@ﬁﬁﬁbodzes?’A 23} 36) .

Briefly, " an i FOT T pI ca a nyel oma fused

I ynphocﬁxm&zs(wypledbgzyalsqwbb'mcybe@)l Pmbbqhmg Gerpdlew YerknNewd okt h a XBP-1
ein en_as e o] t t nts of the
re Ul ti ﬁ%%% 88 r@é??&?@gg@@rz\gg%esg%g |2eﬁtjL éEﬁere‘t‘E 1?2% produci ng a
nonocl ona;lnaml(wlbeaxetmasl-za) [Briedly, apieohdriat atll ynd (mymctvélyxaﬂyeloma)ds ein. Any of
t he nan known protocol s used f fusin hocyt e mortalized
g e R S S e R e Lt PR R,
pr ot e' N KPR GhRAdgeA BE HExoEded(2H66s, aﬁdﬂle,cuﬁsre@a;bérﬁaialﬁi of&he re@ﬂlﬁﬁg ) Nature
266: 5 58 52; Gefter et al. Somatic Cell Genet., cited supra;, tlég g_@r Yal e

JBiol . hyjrifloms qeligjarg sereened fe el 2 hyBridema predudipg B{?&P%lgnal apti bra) .
MOS0V ehyn Qﬁecﬁfc #)r'f%rt){e %@Pslk}'n{){eﬁg 152‘1'531 6f~°tﬁ£‘m‘éh§' lveRRREWE bt olshadd fopere are

many variations o such whi ch
fusing lymphocytes and 1mmortahzed cell 11nes can be applied for the purpose of

generating an anti-XBP-1 protein monoclonal antibody (see, e.g., G. Galfre ef al. (1977)
Nature 266:5 50-52; Gefter et al. Somatic Cell Genet., cited supra; Lerner, Yale J Biol.
Med, cited supra; Kenneth, Monoclonal Antibodies, cited supra). Moreover, the ordinary

25 skilled artisan will appreciate that there are many variations of such methods which also
would be useful. Typically, the immortal cell line (e.g., a myeloma cell line) is derived
from the same mammalian species as the lymphocytes. For example, murine hybridomas
can be made by fusing lymphocytes from a mouse immunized with an immunogenic
preparation of the present invention with an immortalized mouse cell line. Preferred

30 immortal cell lines are mouse myeloma cell lines that are sensitive to culture medium
containing hypoxanthine, aminopterin and thymidine (“HAT medium”). Any of a number

of myeloma cell lines may be used as a fusion partner according to standard techniques,
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woul d be useful. Typically, the imortal cell line (e.g., a nyeloma cell
line) is derived fromthe sanme mammal i an species as the | ynphocytes. For
exanpl e, murine hybridonmas can be made by fusing Iynphocg_i_/ﬁg 01;':{5? a nouse
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l'ibrary rotein, or a peptide thereof hereby isol ate

i mmnogtcoiﬂuhatmalllrbnmnqglnbﬂubétbsarb’lﬁeg 1 adibodyphige Fl@allab’ﬂflbtaéjy}t‘ﬁ@ Beotein. Kits

for generatin r ciall
avai | abPrg%Cn Ogapelg ar’mam ag%gg(g%lbﬁlﬁgﬁ%{ %h@g@ I!R%Ilgg)gib%é tg%(raﬁn%ﬁf Cat al gg
No. 27- gfé@{ﬁcﬂly toa]‘itdprbf&m S{ltsatbagmtﬁg rahciﬁd?él'dvmghﬂngge @s}ﬁpy hlyrat(cs gre Cat al og No.

aenab] PRl ST 0l ke B HG i QEr B ARL Aer Dy SRy P ar ) can

be foungol 73- 9mt01ex@dvmleSuatlagaﬁesrurﬂmﬂalphagé ﬁsplE’jAKﬁfnCatNOgI\E) zmampg Kang et
al. International Publicati on No, WD 92/186109; 1[20 VE et al
| nt er natdditignalivy examplasiod meriods os ePmPEpBes PArtIqasly @meggdle for usgith hat i onal
Publ i Cag&&&%@ﬁ@é&&%ﬁ%’mﬁ%&ﬂ Bffayelibrady-cah BS RuAA L, Gtakaiplel Lamki @n No. WO
92/ 1567 Breitling et al. I'nternational Publi cation WO 93/01288;
Me Caf f enk - $tPatent No.rt Z56401 Kang ef abipternationah RulisatiodNo W1 G461 r ar d et
al,, I nt 0 0 1199 1)
5129 Toc RRUEb e gt fork PUUiRAADPN PR DRI WinEherR. lenhiond
Publxcatlon WO 92/20791; Markland et al. International Publication No. WO 92/15679;

Breitling et al. International Publication WO 93/01288; McCafferty et al. International
Publication No. WO 92/01047; Garrard et al. International Publication No. WO 92/09690;
Fuchs et al. (199 1) Bio/Technology 9:1370-1372; Hay et al. (1992) Hum Antibod

25 hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-128 1; Griffiths ef al. (1993)
EMBO J 12:725-734; Hawkins et al. (1992) J Mol Biol 226:889-896; Clarkson et al. (1991)
Nature 352:624-628; Gram et al. (1992) PNAS 89:3576-3580; Garrad et al. (1991)
Bio/Technology 9:1373-1377; Hoogenboom et al. (1991) Nuc Acid Res 19:4133-4137;
Barbas et al. (1991) PNAS 88:7978-7982; and McCafferty et al. Nature (1990) 348:552-

30 554.

Once a monoclonal antibody of interest specific for XBP-1 has been identified (e.g.,

either a hybridoma-derived monoclonal antibody or a recombinant antibody from a
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25 hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-128 1; Giffiths
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PNAS 89: ¥9/8438830; Garrad et al. (1991) Bio/ Technol ogy 5@@%5’/&5‘?%
Hoogenboom et al. (1991) Nuc Acid Res 19:4133-4137; Barbas et al. (1991)
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ant i bodr es, rom-a phage di splay rary, c encoding the Iight
and heaphagehisolarsd denngabe Hibrogveresdingrmooeesh eNufileppidayequandeageartibody , phage)

i sol ate ur i the .li brary screeni [0 Nyg| i ences of

ot 1 boagetiand Atk bfain s2teS e CAERRCRGPHES SEeN MBRT bidies SEHCNCED

| i br ar ypiepabésre kaowh én thpaepAoeskampie, kraaysudhrsetivacaradre @sclosdamihbat, many such
sequences are_di sclosed in bat, 10 E. A, et al. ) Se ces of

o el E e R0 Sevener o Brraies o Tepioghit Biskest G Eagg T Roen: %ot
Heal t h pRghhHNBSf 19611 1%ia6€ Slunidh leRidds | GBI PEHlichon R3-H23022aRd id thet he " Vbase”
human germ i ne sequence dat abase. Once obtained, the antibody |ight and

heavy ch¥baseskumpmraesnling sqesnendaabasto a reconbi nant expression vector
using st ama{)@g&%&ﬁ&é&%hﬁﬁﬁﬁ%%ﬁ% 12ROV Ehair LEuSRAUEE ERRed thiy £ncodi ng the

hydr ophobi ¢ rs of the ght” and hedvy chains are renoved and sequences
encodi nggcamhinefteapressaaatectoatising stendpndmethedsy. As disgisse@\above. drayequengest i gen)

are linked in- franme.t n [ ' r.t ] No- r boxy
e nusnoping R nbRg RESYS P8R LEREAR MR bod 000N I scllenf POMY
encode aiicodingaanelehrubenlizaivnisiimdly(eign fome SVH0 S.engerTadntigeh fafelimket id-or ms.  For

exanpl e, in one enbodi nent,. the vector encodes full-]le h .ant i body 20
e aREASFuEE SRSOTOE HAeh i S SRERGY s LTI 1BRbE s a

i Nt racehtdvhy dndids. THE expRefiditvecBadidBas an inhiecalialt aitibedg et of séwerdl- | engt h
light chain but only the VW CH |  region of the heav ffai such that a Fab
fragnen@lffegenéf@&“ésg‘ér&xﬁﬁf’ltea’@é’lnF 61”89111&7_?3“1’ Fpet"f?étoﬁﬁ‘écpde%fF@T%‘}%t PuLAdbdi nent ,
thgy veciight AARCAShAnS R kiR & RAI-RnaRlankBElY i§ SEfr¥ssed¥RRERIIIaEHRE In

another embodiment, the vector encodes a full-length light chain but only the VH/CH I
region of the heavy chain such that a Fab fragment is expressed intracellularly. In the most
preferred embodiment, the vector encodes a single chain antibody (scFv) wherein the
variable regions of the light and heavy chains are linked by a flexible peptide linker (e.g.,

25 (Gly,Ser)3) and expressed as a single chain molecule. To inhibit transcription factor

activity in a cell, the expression vector encoding the XBP-1-specific intracellular antibody

is introduced into the cell by standard transfection methods as described hereinbefore.

ii. XBP-1-Derived Peptidic Compounds

In another embodiment, an inhibitory compound of the invention is a peptidic
30 compound derived from the XBP-1 amino acid sequence. In particular, the inhibitory
compound comprises a portion of XBP-1 (or a mimetic thereof) that mediates interaction of
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vari abl e regions of the |light and heavy chains are linked by a flexible
peptide linker (e.g., 25 (dy4Ser)3) and expressed as a single chain

nol ecule. To inhibit transcription factor activity in a cell

expressi M V&T3r encodi ng the XBP-1-specific intracell uIPaFrelj"ﬁ??/}s%gﬁy is

introduced into the cell by standard transfection nethods as descri bed
herei nbefqore. iii. XBP-1-Derived Peptidi not her enbodi nment,
an i nhi BYRiol Y Sruseaoseule fi Y’ﬂtlﬁ}é t?%r‘?f%ggorg"é%t ﬁ‘a#’E&’ nd derived
fromt h%o%gﬁn&e@rrhmgnmeq!n@aammem D Wl'thé g el molédat. Iﬂahb)kﬂxﬂ;fw yhe conpound

conpri ses portion of XBP- 1 (or a mngetic thereof’% t hat nedi at es
inter acWF@WeGPmBVUWaGPF@W&IFdqu@S@ Baayreeiopp XBP+)jthay mediigs get  nol ecul e

such th?ﬁter&&%a&txﬁ 1 %R dryd th this peptidic compound conpetitively
inhibits the interaction olf: XBP-1 with the target nol ecul e. For exanpl e,
theS pepti de Toopgmidicicamnounds afdbd igrationasebc made narageliplaglyieeglisbyof XBP- 1

t hat rredl ates. ractl on of conmpounds of
the invéh tfqdb“r:lm% m% & cﬁgsdaen Tt ?S;s?glvgtu ar Po&in%ﬁi%&e?ﬂ&%%u@?ﬁ%éyo %& ng into the
cel I s aneaxsprcasbeé madwby:ktamdﬁred@mgs uting phmnudbotu&sclmtex@deﬂmaunno vectors

can be made b ard techni sin nucl eo t. encode the
anino &€ de%‘éa %nég e BFptidjgeFo 8 ﬁ‘eé’(?ﬂ%‘g%‘hagobfﬁépﬁé il ”E:Ilémé%ﬂ gygipr essed
i n i ntr agedibavath biotB& prétefnlbt ipetiddi(é. b, aBRINREIoR). OARdrRathk tPRPéMBiRarte. 9., a
GST fusion Alternative to reconbi nant 10 sy nthﬁ’ of the peptides in the

cel®s, tshrihesisnfitherensides Bahaslle thyPepHEss @aibe sade By shemigal; Sai@the%%%sﬂtﬁar d

pepti de %%E%@ﬁtﬁie sGrtB BN SHdBishiqua¥ NS NERds %R d p&%&k d&5theRBe fi8duct@irdtét r oduced
into y a va |ety of nmeans known in the art for introducing peptides
into ceICEkLs l(}eagarlety ¢ﬁrpw@k90\amm thrart far ketyoducing @eptiden e edlsye.ggent s that can
be used t Specl y inhibit the activity of an 15 XBP-1 protein are
chem calhpg%orrpeo%nr(?c}he @ﬁez;t directly inhibit XBP- 1 activity or inhibit the

i nteractl on lorhesdetibiXBiPageraitiatcan e tsedod speifesily Budtit dnongbfdtm@ﬁam:an be

t|f| sin scr.eeni assas th hco nds
r| b@gggx ?ﬁlafe 5B Tg%np(g‘ aﬁgféy@?’ﬁbb kﬁf) lsac oy rr\%%rglégul ation of
XBP- 1 aGhiepttioh betweasBPataad bt mokealesasech mnamdwaa be Q&ngﬁmhising pl asma

cell differentiation and Th2 cell activity, that specifically
sti mul atseseRppaspaythatselegt fonspch sompupds.gs g F‘icfi‘ﬁ?‘g‘f"e‘?ﬁ@ﬁg%%yt e growth or

plasma cell differentiation or Th2 cell activity. In the stinulatory
met hods of tig i ngaRtuldsry Gonfpehdct is treated with a stinulatory conpound
that stinul ates expression and/or activity of XBP-I.

Since downregulation of XBP-1 activity is associated with decreased hepatocyte

20 growth, plasma cell differentiation and Th2 cell activity, a compound that specifically
stimulates XBP-1 activity can be used to stimulate hepatocyte growth or plasma cell
differentiation or Th2 cell activity. In the stimulatory methods of the invention, a subject is
treated with a stimulatory compound that stimulates expression and/or activity of XBP-1.
The methods of the invention using XBP- stimulatory compounds can be used in the

25 treatment of disorders in which hepatocyte growth or plasma cell differentiation or Th2 cell
activity is inhibited, blocked, downregulated or the like. Disorders associated with
decreased hepatocyte growth that may benefit from the stimulatory methods of the
invention include hepatic injury, hepatic failure due to hepatic disease (e.g., viral infection,
such as hepatitis) and hepatic failure due to hepatic toxins (e.g., cirrhosis). Disorders

30 associated with decreased plasma cell differentiation that may benefit from the simulatory

methods of the invention include immunodeficiency disorders characterized by insufficient
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The nethods of the invention using XBP-1 stinulatory conpounds can be used
in the 25 treatnent of disorders in which hepatocyte growh or plasna cell
differentiation or Th2 cell activity is inhibited, bloc gul at ed
or the | WE4p1dor ders associated with decreased hepat o? ?’éjsg&#\%f‘ﬁ t hat

may benefit fromthe stinulatory nethods of the invention include hepatic

injury, h tic, failu due to hepati i sease (e.q.,vital infection, such
asJ he);;aat“it‘gg’)@} pr&ﬁ‘&tlﬁ%p&&r??vfrai&fedp%&%‘{fefg{ %‘ @%%F@%qelr%sd lt%eer?rﬁl.ago%fnre rhosis).

Di sor degfeRQaiass afihd kesultibhofiaci@as etk asponseetd patidgteyiantsubjetion that nmay
benefit fromthe sinulatory nefhods of the %\éﬁgtl opn incl ude

i muno RO 1B IrBRTEYedANEIS P HETesP QRS AVEING M RSLERLIRY © gct-cFuthermers, Hgheds 49717

PCT/ USOR¢ 3RBufidin i RAd¥iREOsNE bé Bihe iMRI B QAYRFderd iRGoINRE hAGant@ThSt i mul ating
plasma cell differentiation are of general use in the stinulation of

hufror al cellrgtiviey (tethorshy skifttthe briance 96hB1 versys Bigjele to tha kb2 pathwaprasind

ant i body | i : §: e, methods
for sti %ISJ rgfr?ﬁ{&%%ggﬂ%gap&awéﬁlg 3{1 éﬁ%sgémﬁglﬂg?%l%%?dﬁﬁ%?ggrgggr s invol ving
unwant ed ThlEamp#dslof atimiaiotry cqrmppunfiemeluge gdtive XBhé ph¢insrxpressiomhl ver sus
Th2 cells to the T th .0r in i.sorders i i bncreased Th2 cell
act i vi t YFefogs ?ﬂ?gﬁ?‘fl%gépg?ﬂﬁ%%aéagef]ffrtg?‘ltespe%@famsﬂm%e;ﬁn%k'gsacg}”%ét i nul atory
conpounds i ng bti@redctimatatofPRothppindtie h Auclel atid 3solenulea@cdding XdPehdi ng XBP- 1
and chem cal agents that specifjcally sti r‘[_‘lé| a‘ta.e XBP-fl activi té%’ A

pridf er rwherginitha pugies 3eid Blssig ds nodnchd e the sybieet IRB UM TEaRIA &S di ng XBP- 1,

10 wher gipfestiBg of e XEIFC 1 Bfot&in TP eMllsfitie JuBjetO ek @fhrhplé, AntHEP-$UbNSCt in a
form suitable for exlpressmn of the XBP-1 protein in the cells of the

subj ect (feblengthampartial XRPABDRNA seyyance) fsAloned dg pEeombinant EressBr- 1 ¢ DNA

SeqUeNCEkyd: Snd IANEGo! Rlnded EFARNA Min P XRAERP BRuPEbREy RMiGHR vect or 1S

transfected 1nto cells using standar cul ar biology techniques. The
XBP-1 cDINAXBBH dINA btmabsatdainéd foresxamplechy dmplifinatio wung the polygierage t he

pgl.ynmer gse 15 chaij eaction (PCR) or b i nLi at e cDNA
I |ql§r ar yc. aﬁrgaﬁﬁgﬁfé@t{}’ %%y Sgreeﬁﬁlélﬁ(%résp%f’ p%$%%$.s %Eencg)@v\ﬁéo?lﬁgt he art and
can be sgechctost XBPE- 1N A kbwRGRthe [art ane ican bdwaded fibrl therddsign ORI f i cat i on of

a cDNA by standard PCR hods ar t he des of hybri.di zati on probe
hat | caPBES (Rbd Tt arghncae sRne PRGY b Geriar Tk ritheds o oh e dED o s b
et hodsef 20 bHalzh@M pebd hed ahibeRisdd to 88t 4 EDRAI Rard usiXBFadde®dNA, the DNA
fragnent is introduced into a suitable expression vector, as described

above. MWEMdEgadonBERodD| ecul es  encoding XBP-1 in the formsuitable for
expr essi on Oﬁolﬁ%g@ﬁa&ox{ & iRk S B ARDRR, tRISNAREnRS: idescri bed above
usi ng nucl eoti de sequences known in the art The nucl eotide
introduced into a suitable expression vector, as described above. Nucleic acid molecules
encoding XBP-1 in the form suitable for expression of the XBP-1 in a host cell, can be
prepared as described above using nucleotide sequences known in the art. The nucleotide
sequences can be used for the design of PCR primers that allow for amplification of a
25 cDNA by standard PCR methods or for the design of a hybridization probe that can be used
to screen a cDNA library using standard hybridization methods.
Another form of a stimulatory compound for stimulating expression of XBP-1 in a
cell is a chemical compound that specifically stimulates the expression or activity of
endogenous XBP-1 in the cell. Such compounds can be identified using screening assays

30 that select for compounds that stimulate the expression or activity of XBP-1 as described

herein.
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sequences can be used for the design of PCR priners that allow for
anplification of a 25 cDNA by standard PCR nethods or for the design of a
hybri di zati on probe that can be used to screen a cDNA |Il%)é YooHSi-7
st andar d WR®¥4%d7zat i on net hods. Another formof a stinula I?{/] érrpound for
stinmul ating expre55| on of XBP-1 in a cell is a chem cal corrpound t hat

ificall _XBP- 1
the col |- SudheChMsBanae Biarbs o ut i eabhtinthlobeus FRIBATANE 50 (et "

sel ect f@Il derpsimBidissort hedll sibsdratiiitis ih hsugrarcas Bé practived @ithénih virradr iXBP- 1 as
described herein. 39 V\D 01/ 49717 P /US 0/ 5567{31 The rgeth d of 41
i nvent i oo dior pESAting the gretiingdrip 3ito- fel@B &5 PR fiem Hsu iﬂcé apdar

di f f er enhiBdds@Ad HeubatsBlil., SRR iR MY a btﬂnﬁa@%ﬂﬁﬁxbﬁ@r@' dampptrcsfi ced
either in vitro or in vivo. For practicing the nethod in V|tro ceIIs can

be bt aithetnventiomte simupieer inkjbis resnerively. heppbay AneBE-he Meahods for
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fﬁveﬁ[ Ieg%]ol%tﬂlg\’ﬂt F&Q })gé[seﬂe&gtoé}{qth rﬁg%cﬁ{sgfsy REmé Bdiis 15&5%&1%@&%6% @ c >2tBP-

pectl vel the activity of 1.
Met hods Toerllsm?@bﬁprmgsdmspaﬂomyvmesthdwpat ocyte pr ecursors, plasnma cells,

pl asma cel | SO S 2k r S are knovvn
inthe art. &elﬁfg’e t?‘é’é’t étﬂo fvf‘uthﬂs‘%?rc? %ﬂuﬁa eh nhlbl{%g)f éOm.llg q‘?lgrc%?%r i nhibitory
conpounchdgdnisterd taa Bibjdcs toeihfterco the @WMepﬂodylfa‘sloudrfﬁaeertthéo@bbvw h of
hepatocytes or dlffere iation of | as cells or,. T cell. t act|V|ty

nlPhe sl?.l%‘i"?é’c“le For T %%‘asrﬁ%iseéaab"é‘iyl‘%ﬂ&?aﬁligﬁét @BFM FFléﬁﬁanz’ fPi Cﬁ Mexpanded
' n nunbey subfcl! bgaRdd®in flinBet iAbiRObyBindlat@ it XBP I aclivitt 1|ﬂQh§@ll|s$lsM§ ng a
stinmul atory agent (thereby stinulating growh of hepatocytes or

di f f er ergtimaateny as¢nt Ghereby simylpting gp Batpaytesror fiferengiationpf Bweldlsy) | and
then the,g gllzgsﬁxacc@ﬂs 5}91" eaf g}:th@% &8 %hdnQnd B81s STBe reﬁc'ﬁgin?s%red R haspiher

subj ect Ti°dste conpat i Ie wth onor of the cells. Accordingly, in 15
anot her whbotd pnanother subgechiosud mmp%tlbtﬁewhlmdledbmtrhé themstéﬁt Aegprdioglyr inses

g%ur In glﬁﬁ alt)odflﬁer Cg &ogulgteol | r%e rc>d-|<;f %llJl\?antl e Cefe%’\ﬁ&l{ﬁnﬁg)@p

| at o orrprlse m ni stering subject to
t her eby lﬁ’épdﬂdby&ésﬁorl&gﬁbﬁil&@ﬁ']ﬁcélls@h@%dﬁwﬂh ap{BiSﬂrmodelatoranldﬁiréueemmtsmn or T

cell subsget act|V|ty a subj ect C e inyvitr the cell.s can

Gt 1 er oradripaering s Vel AshienSs eyttt ibmis Bt ity of iR s

respect i giefbséntiARdE of TSIl Atbséthietivipy mmbﬁa@ Wasaltad i Wirst Skiceids dahi s mat ure
hepatocytes or plasma cells or Th2 cells to_the subject For gggnistration

of cel | sdifferentiase, sy ta gature henpigyise opplasras ealis or 182 felissiespesiyile and dlisqual
copgoundge hﬁtﬁoh?e&ﬁhﬁ)bﬁ% %dﬁxfr@ﬁ%ﬁﬁgethﬁ%dt&e hep6S 130 prabSA | 6éllsrlﬁ Thbeeng o the
subject This can done for exanp gradient centrifugation of the
cel | s ortolshe suhishi ng)r adminjs¢gration of cells to a su ject, it may be preferable to Tirst remove
residual compounds in the culture from the cells before administering them to the subject.
This can be done for example by gradient centrifugation of the cells or by washing of the
tissue. For further discussion of ex vivo genetic modification of cells followed by
25 readministration to a subject, see also U.S. Patent No. 5,399,346 by W.F. Anderson et al.
In other embodiments, a stimulatory or inhibitory compound is administered to a
subject in vivo, such as administration of hepatocytes directly to the liver site of a subject or
administration of plasma cells into the circulation or lymphoid system of a subject. For
stimulatory or inhibitory agents that comprise nucleic acids (e.g., recombinant expression

30 vectors encoding XBP-1, antisense RNA, intracellular antibodies or XBP-1 -derived

peptides), the compounds can be introduced into cells of a subject using methods known in
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ti ssue. For further discussion of ex vivo genetic nodification of cells
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subj ect té‘;b?n g’§l’rft’fﬁﬁlﬁ%ﬁl%wd?}? aflarﬁ?-%r ﬁ% lﬁtﬁecﬁﬁimt‘ﬁ%ﬁ rké‘@fﬂ?h%ggs%;}}cl ei ¢ acids
(e.qg., meapsdiimdide: expressi on 30 vectors encodi ng XBP-1, antisense RNA,
intracel lular_antibodies _or XBP-1 -derived peptides), the conpounds can be
i ntroduced irﬁl@c&@chg%fN%@Mé&?ﬂﬂ%i%@dwﬁa@e hiwiro B 6D 01/ 49717

PCTI USO@hj3afhédhe DR Rtd thE e&llsl (E@ereg,y,ugésagi N9 ) AGhHe 68291 5-8 Aot 0 cel |'s
in vivo. Exanpl es of such nethods include: Direct Injection: Naked DNA can

be § ntr cdaeePPhtarense R 1469-14680 br cfpmple ¢ gelivien) arpasamyg (e Bea DBEREI nto t he
cells ( » o i A e : = : . et al.
(T000) | St Tobmies 062 DA flo Gls i 0 dhh ML Covtionppirbois diterctaly & &1
"gene guniilableo(e.gi,djoacBiakgdDNA into cells in vivo can be used. Such an
apparatus is £0 reial i ] abl Qaa fr0 i oRad) . .Recept or - Medi at ed
SRR Unt aice. - HERBP i dtatell DAL BbigRE, SelSithon oo A% Bk Bi8heed RO R,
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i gan 1 r a cell-surface recept see, for e Wi, and Wi, C H.
(13%8) Jes %?e?l-@ﬁ%rﬁ reogpior{aeser e&mpifo\gfue&- ad @1@3??@@? 6?3901 -

267: 963-R84462NAVoR-er 5’@?@92) MNBiol. ChedB86BIER 96 BuidlURd Pafent e DNA-1 i gand
conplex To the receptor facilitates uptake of the DNA by recegtor-medl at ed

endocyt os168,328). ORinding 9h e [NMypizend rompexto the srgepter/fagilisatescpike @5thghi ch

nat ur al | St | b £easi j ' - cyt opl asm
15 can bD,eNﬁ‘s ciwt%gmg\%gﬁ:a%? egFl% at ?Sgﬁéy ODF\% ﬁgﬂgor}%p ex Ld;/(@(lh hdtdratg{g%‘{l{&gl ar

| ysosonmesp{i¢eehitibnaturipdphupt Gudoserthesethesdby r¢lg@di) m@emal inthlaltd cytohdasth Sci . USA
88: 8850; Lstiano et .al . (199 Proc. Natl . . o MSA 90: 2122-2126) .
Retlgovi rcu%g :useﬂg &t 1‘lti\(}‘;ég“r“ieatglf) %\9?&15§%I§8%?(é)y\}\%ﬁce@§%ﬁ§s€t§ ‘%‘P?SZ%J%FAYP% use in gene
t r ansf erexample @eiebertdi gl 21y Ppatt pasescads i, ESA 8%8850; Sentidvd dr el (1993D. (1990)

Bl ood 76;271). A 20 re I | rovirus can be constructed having a

nucl eot iIaéc'ﬁfﬁﬁéﬁ%”_gs?c’o%mgsg%lﬁ&it)n_cor porated into the retroviral genome.
Addi tional | y,Rep@viisentSDeectiRGet@lifu6es diélvel) ERRERerized forlite freyeRY @dindf& I ender
the retrovirus replication defective, The replication _defective retrovirus

i s then fpnesosdesenymusroses (P gevipy ope Mallerpd-QudEW) §laodi’8 Th A ar get cel |

thpgugh Lhenbinant retrovirus can be constructed having a nucleotide sequences of interest
incorporated into the retroviral genome. Additionally, portions of the retroviral genome
can be removed to render the retrovirus replication defective. The replication defective
retrovirus is then packaged into virions which can be used to infect a target cell through the
use of a helper virus by standard techniques. Protocols for producing recombinant
25 retroviruses and for infecting cells in vitro or in vivo with such viruses can be found in

Current Protocols in Molecular Biology, Ausubel, F.M. et al. (eds.) Greene Publishing

Associates, (1989), Sections 9.10-9.14 and other standard laboratory manuals. Examples of
suitable retroviruses include pL.J, pZIP, pWE and pEM which are well known to those
skilled in the art. Examples of suitable packaging virus lines inciude yCrip, ywCre, y2 and
30 wAm. Retroviruses have been used to introduce a variety of genes into many different cell
types, including epithelial cells, endothelial cells, lymphocytes, myoblasts, hepatocytes,
bone marrow cells, in vitro and/or in vivo (see for example Eglitis, et al. (1985) Science
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that it 15 encodes and expresses a gene product of interest but is

i n&%t i vanendes andiexpresseste gepespragugtiof yltqr@ﬁt bytdpinagtiyated in termy 6F Hudbiliyto ¢ vir al
rosent erepigreSfe W IR RECNIE) s oPlapioiting Lar IRSTRALPS © fo02)
Cel | 68:TkdBHdusS6:636] Resohieldad eh (199 hbcigrae 262:43 bIéB‘i,\ﬂed Rioseadield bvsrladenovi r us
o PR Ra S Rt i BB Bl R a0
adenovi rysesd13ee opdthanduags ot sddnnw_hkse(b. gt i, /éidB ad7 ete. paraiwed kdown e ng cel | s
SN IR SRR MR RN AT,
cited sypfuik.dividing cells to be effective gene delivery vehicles and can be used to infect a wide
variety of cell types, including airway epithelium (Rosenfeld et al. (1992) cited supra),
endothelial cells (Lemarchand ef al. (1992) Proc. Natl. Acad. Sci. USA 89:6482-6486),
hepatocytes (Herz and Gerard (1993) Proc. Natl. Acad. Sci. USA 90:2812-2816) and
25 muscle cells (Quantin ez al. (1992) Proc. Natl. Acad Sci. USA 89:2581-2584).
Additionally, introduced adenoviral DNA (and foreign DNA contained therein) is not
integrated into the genome of a host cell but remains episomal, thereby avoiding potential
problems that can occur as a result of insertional mutagenesis in situations where
introduced DNA becomes integrated into the host genome (e.g., retroviral DNA).
30 Moreover, the carrying capacity of the adenoviral genome for foreign DNA is large (up to 8
kilobases) relative to other gene delivery vectors (Berkner et al. cited supra; Haj-Ahmand

and Graham (1986) J Virol. 57:267). Most replication-defective adenoviral vectors
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endothelial cells (Lemarchand et al. (1992) Proc. Natl. Acad. Sci. USA
89: 6482-6486), hepatocytes (Herz and Gerard (1993) Proc. Natl. Acad. Sci.
USA 90: 2812-2816) and 25 nuscle cells (Quantin et al. Nat | .
Acad Sci WOBM983: 2581-2584). Additionally, introduced a%g:ﬁg)uvs:gé/g "Hna (and
foreign DNA contained therein) is not integrated into the genone of a host

cell but renmi.ns epi sqQma t hereb vpi di tial bl ens _that can
occur aSUZEiydppse %‘F ﬁﬁﬁtgéfc}riagﬁépa\#uc?f R "g%é%’é B¢ Iﬁegtblugrﬁg B Rapuch
i nt r odugegoiRNAReae Rl gthey ahtedali Nt o the host genore (e.g., retrovi ral
DNA). 30 Moreover, the carryi n%‘gi%a(gam 8f thf gﬂenow ral enome for
forei gn DNA fdenoxisseciated Virgses: AGenesBseiaed MEps A4 Y) B8 nﬁf‘ﬁ@ YENE el i very
vect or s 4tBekkengius Bat ?élqulrgs' dnBheSHRIsAsuchAk aARIERB GirusHrd HeFRb &g, 4986) J Virol .
57:267). Most replication-defective adenoviral vectors 42 WO 01/49717
PC'IS’ USOBelpssizs fenaffidentirgplicatiansadgrraodustise bt yele 8Fqr adPVipAses of the viral
and et C it al C
MuSERES QL STt BSAENE Bna RamBGH0 @00)18896a00) 11t Al BRAELE

rraterl al Soci a uses no- asso r‘a‘te vitus (AAV) is a
nat ur al lthe fewcwnusesnlyat nogfigtegratedts\DN 4 sntb man-dnadjog cdls, amorhiits wibkghs, such as

an adenqQvirus o es. viru S| nt
repli ca?ﬁegﬁe“ﬁ?ﬁa%%ﬁﬂ? B“&%E?t1°9ésqe%?r ex@?@fesﬂo%igr Ia(Y?%j\é’/ﬁgwggRggg eélscz ka et al.
OJrr TamICBiol. r13M9£3r55 Safdlskinun 01989 1993). 63382878282 8)d McLaughlialesa. one of
e few viruses that nmay integrate its DNA |.nto 9@ di vi di Ils, and
exH? bi t §1 9§9Pn’gfﬂmlf§2e]c?t§éﬁé’§3)of eSHOLHFIAININEG 57 lé‘tte(?ﬁ é) Rase pgirs 18" Flotte et
aI (19%3%)/ ﬁﬁ?ed]an@%mrﬁe gréte! SpacMpdr-exBbHous EN%@'h%u{eﬁ to aﬂﬁvh SHdb el al .
(1989) J Viro 63: 3822-3828; and MLaughlin et al J. Virol.
62: 1963-A497 3yctonsieh @ﬁrtéatcsbmr@pmmljra&shmuef ¢l £1933) Hob Clsé(s@o §t3r2§ BE6RAV can
be pack SHARRNOH t o about
4 5 kb. %%? b %ﬁg/ugglg}? %&giﬁqrggciéﬁa%@ ‘ééergt:rl bed I n Trszlﬂ%;éh‘f%ﬁ 1%@%1]3&1 (1985)
Celitito dB¥epént c&l] GREIsBREVAV oaetotsd sessfedexamplntemmeee! BNAI 984 Sracel | s. A

E%etwv&% e R A G T

Acad SoWondifsérd@l ub 4BB8OMED Endscatrsl Rt 32-3; Tadtsch(xﬂé)&ﬁ)(l%DJ Vgel.151:6B1-0l .

ot 2o Elfeien iy B CaRhaR e ML S L (1563 8ol Chem "

268: 3781- 379@he eﬁi&@cﬁffalpaﬁccmaeéx;ﬁega%wesmf &stepxaidanahedofigesducingy st em and
nmet hod of introducing nucleic acid into a cell can, be as‘?]{%tstﬁed by standard

appr oac h’é%leF@Gldl iptelaecell sambg 2sqsprel by gtanslgrdapproaghasspytineyyae ®lced into a

ceb sx%?ﬁlﬁﬁ@sé rgabdacefdhﬁtb%rcehmf bAi&akd 08y 4 16Ny Bti@zatloR t&hnighOUt her n
bl otti ng) an uced RNy transcription of introduced DNA can be
(e.g., Southern blottlng) and RNA produced by transcription of introduced DNA can be

detected, for example, by Northern blotting, RNase protection or reverse transcriptase-
polymerase chain reaction (RT-PCR). The gene product can be detected by an appropriate
assay, for example by immunological detection of a produced protein, such as with a
25 specific antibody, or by a functional assay to detect a functional activity of the gene
product, such as an enzymatic assay.
If the stimulatory or inhibitory compounds are chemical compounds that modulate
XBP-1 activity, the stimulatory or inhibitory compounds can be administered to a subject
as a pharmaceutical composition. Such compositions typically comprise the stimulatory or
30 inhibitory compounds and a pharmaceutically acceptable carrier. Pharmaceutically

acceptable carriers and methods of administration to a subject are described above.
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detected, for exanple, by Northern blotting, RNase protection or reverse
transcri ptase- polynerase chain reaction (RT-PCR). The gene product can be
detected by an appropriate assay, for exanple by inmuno i ection
of a proW¥@dd°Protein, such as with a 25 specific anti bohg;%%?d%sgg‘;
functional assay to detect a functional activity of the gene product, such

as an enzymatjc assay.. If the stinmulatory. or inhibitor onpoun are

cheni cal conﬁ)étgﬁﬁﬁ?f‘f%é{‘e &‘Bgﬁ?éthe X’gﬁgtiorgf(‘?f W?@?ftfngttéelgﬂ%ﬁﬁlgﬁ?ggibyor

i nhi bi t RL¥UIEESSIBRES | GafviRen@defoni Gb&ise Cordd@ioas assbiised wits wre@minamceut i cal
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i nhi bi t 8hYoeBrRyBDnERsPensehayehear Hrdled idicoyldbepedp fiogt modulpfienet
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t hé net Applécatipn oftbe immemmastuldtoy mesbiedsad thegnventen fo sighhdiseasgeisi vi ty by

nodul at i,on .of, .XBP- 1 tivity, nunmerous di sease conditions associated with a
predom %ee?ﬁ?ged'llﬂ r(t)hrer%%?! P/%}%eeé response have been identified and coul d
benefit from nodul ation of the type of response nounted in the individual
suffering frgm ?he_ di sease condition. 5 Application of the immunonodul atory
met hods of t#e!f%%€htion to such diseases is described in further detail
bel ow. A Al hB&rgies Sredhddeitel fouahdgPestitvidre whbseptgductigicisangiibedbg thewhose
production is regul ated by the 10 actjyvi t% of Th2 cells aqg t he cyt oki nes
prl@duceéICttVI*férOéE?.gcquﬁ apd thercyiakineg graduegddtherey. anjallergiqradrtioay Iyt iyh2 cel I s,

whi ch fg{ohﬁgefd ﬁtmle  ShidAIRANG stifRads prétfacastt éfhgg @SN 298 hitkatibpen  of
cells that nedrate allergic reactions, i e., mast cells and basophils. IL-4
al so pl afyesllathat megietetallengicrretasions i ¢e sagoishs Andipadorteledli-Arisaplaysepy

reactions, ' - b ?h%ﬂgl\é &'Fe% e N I an be
used to"ﬁ%%régﬁ%reﬁ hgg%;r{dc?gﬁgﬁd%ﬁnéﬁo - g)ssoc?@?’g'dggg/%rgﬁgfgéish,%miﬂé%abﬁg in

parti cuhrtholi eflthe invemidnernybe ugpsttd éndtilsit the produetanmsofIh2 chosaeragggidyskénepr oduct i on
of _ pat hogeni c. | ant.i badi es. .An inhibitaory agent. nma directly

adm ni s lé‘d’amfu@hEg“'gdBjaﬁﬁrlgw p&nerf@éfi? %m(%r.‘sq??ﬁo“l%ﬁglg%tﬁp}s%%gu% cells) may be
obt ai negathé@micIBE aftiides! Andtiibaery@gdentinidy bariredthyhidhiinisteedag ertsubjectvi vo, and
readm ni stered toQ the subject. over c'l?rﬂéet tain situati it may be

Mo )
benef i cPasells & &obamseds 8t Lh2 ¢edlsy Wé)r’ t8ptaiee § fuRIgk ﬁ%%‘{j%‘?ﬁ%? i th the

i nhi bi t kihiRPy ABENEx Vo, BRI deBdrhn@dr&ftothd SubidRe MBRLYr! @lc¥rtaigftbatios | nhi bi t
(e.g., desensitize) the allergen- specific response. The treatnent nay be

f ur t her itenayaechsnelisyal snieradminiges tagheotRiset th allereqsy tgprtear iy thage mbdiiosluch as the
cyjpki nggénlr ot @l fredll I RR HleGRnibRor) Rge s RRIALE Y., A¥eRYIiRG the allergen-

specific response. The treatment may be further enhanced by administering other Thl-
promoting agents, such as the cytokine IL-12 or antibodies to Th2-associated cytokines
(e.g., anti-IL-4 antibodies), to the allergic subject in amounts sufficient to further stimulate

a Th1-type response.

25
B. Cancer
The expression of Th2-promoting cytokines has been reported to be elevated in
cancer patients (see e.g., Yamamura, M., et al. (1993) J. Clin. Invest. 91:1005-1010; Pisa,
P., et al. (1992) Proc. Natl. Acad. Sci USA 89:7708-7712) and malignant disease is often
30 associated with a shift from Thl type responses to Th2 type responses along with a

worsening of the course of the disease. Accordingly, the inhibitory methods of the

. invention can be used to inhibit the production of Th2-associated cytokines in cancer
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(e.g., anti-IL-4 antibodies), to the allergic subject in anounts sufficient
to further stinulate a Th 1-type response. 25 B. Cancer The expression of

Th2-pronoti ng cyt oki nes has been reported to be el evated | r
patients‘t’%@g‘”é{’g., Yamamura, M, et al. (1993) J. din. +5‘vg§@2§54

91:1005-1010; Pisa, P., et al. (1992) Proc. Natl. Acad. Sci USA
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i n cancepvolyge 1904 ISR REGERYIRRBHOY ageftite f Sib)ech §11 CARCER Ar ¢

count er agfo ddiindhilor Qs DBAirkRiffoln dBdutiBR(EBY TRp 6FPAECAR) RIIEah HMibllly
response in the patients to aneliorate the course of the disease. The

i nhp bi t cegntfelloiwd kyaadminisgpien efithhealls & hesubiseim IAF FestEengR2YOpe fyfher
inhibito : | h | A : Y] of cells
ot ai ned TR B sl B THA bRARG UL, (it sl B LEEITEbE ory 5
agent f cdntibudies toyTh2 easbuiamidstytckinies (e. of artthB.-¢ ehtitodies), thébe sedipiestin - The

treatnment _may be. further. enhanced adm nistering other Th 1 -pronoting
agents, aélboéﬂysafg%{cheé“ Eﬁgmrﬁgnﬁu a?e ?LEQ% PEIRPPHSdi es to Th2- associ at ed

cytokines (e.g., anti-l1L-4 antibodies), to the recipient in anounts
sufficient to further stinulate a Thl-type response. 10 C. Infectious
Di d8ases The eXpreioys seafesTh2- pronot i ng cyt oki nes al so has been report ed

to increase TlkP@sstonV@ THRIYobtingdy@Kihddusotas B&RGEporicdtd idieng H V
infection, tuberculosis, |eishmaniasis, schistosom asis, filarial nematode
i nf ect i ohriag@ venets of infegtiopedittasrselnr e tHlyninfesian. dubgroulostyy feishganiagss, M and
Gerici, 94 SABMR inkdXHHN M d inRdtitd néatofd Sidchibn (M 889 15
Shearer,Sc%towl?%égggl@#ﬁ?mng?éogg Tod%/d lfé%:%ti%%-nlﬁt? Faugi mg Sg’(1988)

Sci ence SH23@r.61 M.28d AlackViell 99R.Prig. Grd. Bowupgl. $4:21-489Mprici, M and

vods "D StRRlst 25 3 a I Bl 108 Ay 1463 Bt e 5, (besciehdd97) 5 5P

Kul | lbel’ R39017623; Iﬁtks&iy, R(NMO&2) Scbit, P.m%llmmhﬁlﬁna%aﬁ@lo&amday Bangasflt, A J.,
. 993)._J. | . 50:.1395-1402: E. , .

P oot . Bt o BaUREhy. ER AR 1L 1% 6§ B M S Sladty s 099

179: 347- BiinoAnd] :$3EN13207NKelkdr® WS, di SeASESOB Uelhisdl A98026ABZW; W t h a Thi
to Th2 shift in the immn Accor di ngl 1\5/ the inhibitory methods

e response.
of the iBaemll dnlcetpl B33 ddmramrhhrbil 891 HOZpFeraitman; bn et al- (1993) Infect.
20 Immun. 61:1105-1112; Else, K. J., et al. (1994) J. Exp. Med. 179:347-351) and such

infectious diseases are also associated with a Thl to Th2 shift in the immune response.
Accordingly, the inhibitory methods of the invention can be used to inhibit the production
of Th2-associated cytokines in subjects with infectious diseases, as a means to counteract
the Th1 to Th2 shift and thereby promote an ongoing Th1 response in the patients to

25 ameliorate the course of the infection. The inhibitory method can involve either direct
administration of an inhibitory agent to a subject with an infectious disease or ex vivo
treatment of cells obtained from the subject (e.g., Thp or Th2 cells) with an inhibitory agent
followed by readministration of the cells to the subject. The treatment may be further
enhanced by administering other Thl-promoting agents, such as the cytokine IL-12 or

30 antibodies to Th2-associated cytokines (e.g., anti-IL-4 antibodies), to the recipient in

amounts sufficient to further stimulate a Thl-type response.
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of Th2-associ ated cytokines in subjects wth infectious diseases, as a
nmeans to counteract the Thl to Th2 shift and thereby pronote an ongoi ng
Thl response in the patients to 25 aneliorate the course ﬁi/uggb%si(s fection.
The i nhi WPtW#4971et hod can i nvol ve either direct admni sPHAUPOR 8 an
inhibitory agent to a subject with an infectious di sease or ex vivo
treatnent of cells obtained fromthe subject (e.g., Thp or Th2 cells) wth
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react i v@ effeatgaithstousel Jf thid Assimmand dishat. pooeratmpld, reexpeodienttl ablergid  cyt oki nes
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of T h(ﬂ“b@hgl{oyﬁéhﬁ‘%@p%\rss%@“&%mnﬁgeghgﬁ?‘Pee‘Fng%fe Wna‘{}wglsk%tfﬂnsogﬁ%ﬁl\%?he

aut oi MYHOEmME bEBR$RIucH oftk&dBtRe diniiniSKd3ahd MRdhkity oftht @litginemune disease

encephal onyelitis stimulation_of a Th2-type sponse b

EAE) , r
2 ni SPRelt WoFi- ot all (OFGell 1A c33r SITHhREIRH aRerFaie! U HHEABase
di m ni : ' ' f ; ki IS 68T Redbbnseds E., et al.
(1604) HERFAGERA BTSN @l Bt s R T B eonscl om T he
di seaseviiescdddgranshaease bbThespesissytokings (Keury ah Ji. stdled8@2)i/hEw. Tea. t ype

response, I denced b I S T L e, -t{lﬁﬁ?r‘ Koury, S.
J., et lgpaﬁﬁg&zﬁ g/.?or Vﬁx I‘lel\}%clills &%ﬁ‘%@:sﬁgﬁf Ssl%xi?&?%&g%\?gér&@# ce eé t hat can
suppr eSEhEAE . s al. €194 T h2mspgdi f47el 5dY.t Sikcanesnultlinerd a T02;tyes resionsgih994)

| mouni t ]% 147-154). Since stjmulation .of  a. H}%Lr e_respons .ip 15 EAE has
alprot e%“f‘ bes aprpiechv TRepINSHAS GiSeass, SHEMUFHOmOF 41118 AeSBP1SS A FBsponse i n
subj ectgith MufipldBelerdsp] @orsali@t BAESs 4 fnodelilikelyAbe bsnedictibthetapeiitizally. kel y to
be beneficial therapeutically. ~Simlarly, stipylation of a Th2-type
fesponse | n SpHEY. SomEoRet 4 FhPBEIPOVE i Pa! frBret e BrEE A Agai nst
the di S6a8&iveleRtleSHainkyBALNBRE. RfieddOPedlines: HND kicdwltli-aiwhieh onot es a Th2

response) prevents or del ays onset of type | diabetes that normally 20
devel opmomptes Adba respense) Rayrupicrrtdelays ompel ofdypey) diaketayghat ngrmatlyy g’

L2857 O5hen e L BBKION O e Tocomon R mEpR i erl 00
or i nhi dimuldtior o6nJ&L resporshén auebgers suffering from or susceptible to diabetes may
ameliorate the effects of the disease or inhibit the onset of the disease.
Yet another autoimmune disease in which stimulation of a Th2-type response may
be beneficial is rheumatoid arthritis (RA). Studies have shown that patients with
25 rheumatoid arthritis have predominantly Th1 cells in synovial tissue (Simon, A. K., et al,,
(1994) Proc. Natl. Acad. Sci USA 91:8562-8566). By stimulating a Th2 response in a
subject with RA, the detrimental Th1 response can be concomitantly downmodulated to
thereby ameliorate the effects of the disease.
Accordingly, the stimulatory methods of the invention can be used to stimulate
30 production of Th2-associated cytokines in subjects suffering from, or susceptible to, an

autoimmune disease in which a Th2-type response is beneficial to the course of the disease.

The stimulatory method can involve either direct administration of a stimulatory agent to
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Yet anot her autoi mmune di sease in which stinulation of a Th2-type response
may be beneficial is rheumatoid arthritis (RA). Studies have shown that
patients with 25 rheumatoid arthritis have predom nantly Thl cells in
synovi al wo es9e17( Si non, A. K., et al., (1994) Proc. Nat |PCTAEQ0/3563¢i USA
91: 8562-8566). By stinulating a Th2 response in a subject wwth RA the
detrinmental Thl response can be concomtantly downnodul ated to thereby
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descri bed above for cancer and infectious diseases). The treatnent may be
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Thl -type response i cacy of- agents for treating autoi nmune di seases
can be tdesdribed ammiahmodddpefchundasiiseadse te. anEAdlas porhdekof@huifiplesciedsisend es

(e.qg., a. model  qof clero e nodel
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nodel

us erythematosys, nurine collagen-in dart |t|s as a
nodel fgppqs hrmmate Sé?‘frﬁ}elcf’ﬂggen'lﬁ‘ﬁ’(‘f ?erﬁﬁﬂ?’ﬁga Q&ﬂdleﬁiéﬁ ?H’éﬁ‘ls’a gravis
(see Paulhd @flirine Eﬁebwlaréﬁfau aiyadtlﬁeﬂwgthqusee PRaan Faﬁmnrdﬂmmmﬂkgy 1989, pp.
840-856) . A nodul at or tory or inhibitory agent . of the

i nvent i GHVER WWSY@%EPSPOPR §§9 Sé‘?ﬁ aedulary (&> synwiateryer lf‘]HQ“%ﬁY%ease in

the 20 tgéﬁt o?'ﬂiermve?mbx?ls aﬁﬁmﬂn&@ﬂ%ﬂ?@fe%ﬁﬂaﬁﬁﬁitﬁ& asdar of thedibadsinfiee t he
parti cul model being used. Effectiveness of the nodulatory agent is

ev2¥encdest byimatsd$ then atongared by theestandgrdamethedsden the particular model being used.

Effectiveness of the modulatory agent is evidenced by amelioration of the disease condition

in animals treated with the agent as compared to untreated animals (or animals treated with
a control agent).
Non-limiting examples of autoimmune diseases and disorders having an
25 autoimmune component that may be treated according to the invention include diabetes
mellitus, arthritis (including rheumatoid arthritis, juvenile rheumatoid arthritis,
osteoarthritis, psoriatic arthritis), multiple sclerosis, myasthenia gravis, systemic lupus
erythematosis, autoimmune thyroiditis, dermatitis (including atopic dermatitis and
eczematous dermatitis), psoriasis, Sjogren's Syndrome, including keratoconjunctivitis sicca
30 secondary to Sjogren's Syndrome, alopecia areata, allergic responses due to arthropod bite
reactions, Crohn's disease, aphthous ulcer, iritis, conjunctivitis, keratoconjunctivitis,
ulcerative colitis, asthma, allergic asthma, cutaneous lupus erythematosus, scleroderma.
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inanimals treated with the agent as conpared to untreated animals (or
animals treated with a control agent). Non-limting exanpl es of autoi nmune
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(i.e., 'Blildcussron'Elae?Daldahdus)\/IlJn(wﬂ@) Guraf Opinelyinpineh7:63R$B 8 x nuaiesyp sWilish see

Dai | ma Curr d

have i nﬂﬂa?’%‘é’fpélﬁ&ﬁ‘?ﬁp‘zfa%'ﬁ’lnﬁlg -{%}‘Irﬁ?orn (Sanég?é (r-r:élgn eﬁi %pérﬁ%%}%ﬁg%lép 3 %@H’Z‘bﬁf\/éfsor a

Er edgm ﬂlaﬂtrespIﬁb%tnﬁ gﬁﬁoé)ﬁﬁxdnn Fof g:iatm;ﬂejgmﬂ acoeptarfee haebegnpbwciatpdafith accept ance
as been associated wth 15 produGtion_.o t oki ne ern and/

gr&tt r éif%‘ﬂl?iho a2 sy takine paperp /g ﬁﬁaﬁﬁejegtfod’gﬁég%{e S%c}maté%%ﬁth cyt 0E| ngr
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adoptiv h i
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84:3540-3549; Fowler, D. H. et al. (1994) Prog. Clin. Biol. Res. 389:533-540). Still
further, administration of IL-4, which promotes Th2 differentiation, prolongs cardiac
allograft survival (Levy, A. E. and Alexander, J. W. (1995) Transplantation 60:405-406),
whereas administration of IL-12 in combination with anti-IL-10 antibodies, which

25 promotes Thi differentiation, enhances skin allograft rejection (Gorczynski, R. M. et al.
(1995) Transplantation 60:1337-1341).

Accordingly, the stimulatory methods of the invention can be used to stimulate
production of Th2-associated cytokines in transplant recipients to prolong survival of the
graft. The stimulatory methods can be used both in solid organ transplantation and in bone

30 marrow transplantation (e.g., to inhibit graft-versus-host disease). The stimulatory method
can involve either direct administration of a stimulatory agent to the transplant recipient or
ex vivo treatment of cells obtained from the subject (e.g., Thp, Thl cells, B cells, non-

48
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I mune response to an en of Interest, the antigen and an inhibitory
agent ofcoadministeyatipiasubicetrio lpe)mote a Thl response to timmantigen in a subject, since

Thi responses favor the development of cell-mediated immune responses (e.g., delayed
hypersensitivity responses). The antigen of interest and the modulatory agent can be
formulated together into a single pharmaceutical composition or in separate compositions.

25 In a preferred embodiment, the antigen of interest and the modulatory agent are
administered simultaneously to the subject. Alternatively, in certain situations it may be
desirable to administer the antigen first and then the modulatory agent or vice versa (for
example, in the case of an antigen that naturally evokes a Thl response, it may be
beneficial to first administer the antigen alone to stimulate a Th] response and then

30 administer a stimulatory agent, alone or together with a boost of antigen, to shift the

immune response to a Th2 response).
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coadm nistered to a subject to pronote a Thl response to timmantigen in a
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cell subset. acti.vit ising: 5 (a) detecting expression of XBP-1 in
cells (é?@&‘,fgﬁgﬂﬁ?%{?wcﬁﬁsﬁgsgﬁ?ﬁ& s thereof, or plasma cells, or
precursors t(gr eotompdring effebston GXBP-2GhIEEARICS sdib gtitgedt fo dtondrob ki ieCt
suspected of having a disorder associated wth ab?’;{i&nt he.pat?gq%t_le grow h
an¥l) or preasseciatedyith gparragt kappiosyte PR ANYPT Rlased felldifersptiatiop agd/pr, . (p)
conpari pgj xREeI8YiRR a8 XBP-1 in cells of said subject to a control that is

10 not associated Wwth aberrant hepatocyte growh and/or plasma cell
di fferentiati{®n adidgeesing thegybjecs fossdisogder based pn aghangedy exiresgeBsf ng t he

subj ect { j_ég} 9311%%?ﬂ{%rsugﬁ@(g%tgg&gﬂﬁec?QEEﬂg&fﬂu%fXpr ession of XBP-1 in cells

of the s as conpare e control. The "change in expression of
XBP-1" in celThs “dfanghm expissaat of BPE in ¢edls o€ sharspbjest can bd. Jordxamgks, 2 n t he

o SRS 6L SE Py el et
subj ect agdagling dieBIJTINBING niR1eA ) fov etantple, KBRolatinkiNélsefkgim égssubjectiandt he cel |'s by
" evor co-SeERGRE bt K38 SRS Somaon i LreHs MARE R A
Al t er natih WRlav, intRAidgeN&HheRf bl6dMaKSS] rever@f-rat3iigadePCreAdabysifantl esisubj ect can
20 be detected by assaying |l evels of XBP-1 protein, for_ exanple, by
i sol at i Aybrdigations.r Alemptavely, the level of expression o XBP-1 in cells of the subject can
20 be detected by assaying levels of XBP-1 protein, for example, by isolating cells from the
subject and determining the level of XBP-1 protein expression by standard methods known
in the art, including Western blot analysis, immunoprecipitations, enzyme linked
immunosorbent assays (ELISAs) and immunofluorescence.
In another embodiment, a change in expression of XBP-1 in cells of the subject
25 result from one or more mutations (i.e., alterations from wildtype) in the XBP-1 gene and
mRNA leading to one or more mutations (i.e., alterations from wildtype) in the XBP-1
amino acid sequence of the XBP-1 protein. In one embodiment, the mutation(s) leads to a
form of XBP-1 with increased activity (e.g., partial or complete constitutive activity). In
another embodiment, the mutation(s) leads to a form of XBP-1 with decreased activity
30 (e.g., partial or complete inactivity). The mutation(s) may change the level of expression of
XBP-1, for example, increasing or decreasing the level of expression of XBP-1 in a subject

with a disorder. Alternatively, the mutation(s) may change the regulation of XBP-1, for
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subj ect and determining the |level of XBP-1 protein expression by standard
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subject may express an 1nact1ve (partlally or completely) mutant form of XBP-1. This

reduced expression level of XBP-1 or expression of an inactive mutant form of XBP-1 can

be used to diagnose a subject for a disorder associated with decreased hepatocyte growth,

such as hepatic injury, hepatic disease (e.g., viral infection) or hepatic toxicity (e.g.,

25 cirrhosis) or decreased plasma cell differentiation, such as immunodeficiency disorders

characterized by insufficient antibody production, or decreased Th2 cell activity and/or

increased Th1l cell activity (as discussed above).

Iv. Kits of the Invention

30 Another aspect of the invention pertains to kits for carrying out the screening
assays, modulatory methods or diagnostic assays of the invention. For example, a kit for

carrying out a screening assay of the invention can include an XBP-1 -containing indicator
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whihgh the results of the subject are conpared, and instructions for using

the kit for diagnostic purposes.
V. Cells, Embryos and Animals of the Invention

Another aspect of the invention pertains to isolated XBP-1 deficient cells, embryos
and non-human animals that can be used in the various screening methods of the invention.
Preferred XBP-1 deficient cells are hepatocytes, hepatocyte precursors, plasma cells,

25 plasma cell precursors (B cells), T celis and T cell precursors. Preferred non-human
animals, and embryos thereof, are mice. In one embodiment, the invention provides a
homologous recombinant animal comprising a homozygous disruption of its endogenous
XBP-1 gene, due to insertion of exogenous DNA into the gene, wherein this XBP-1 gene
disruption prevents the expression of functional XBP-1 protein and, further, wherein the

30 phenotype of this animal relative to an animal having a functional XBP-1 protein comprises
decreased growth of hepatocytes or decreased differentiation of plasma cells or decrease
production of Th2 cytokines. In another embodiment, the invention provides a
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hepat oc yitftesendiatioreer Bas@okdne raduston aﬁ)wrwucmowﬁé PEIONPiGr decr ease

B 52 v B S A e R Phavi ng a

honozygdesribed mtdetu in ksempled.i nto its endogenous XBP-1 gene by honol ogous

reconbi natiop.in_.e nic,stemcel| ch . that the XBP:1 gene of the
animal is no lnlcﬁ%{s?%%gl'/'gpewg%oseqﬁagf%%f?&ﬁggsmfuffﬁgﬁ% P\?t}fe %?éﬁg’icy Brotein, and
wher ei n cbiinAive bthexpricfrirfed XBTe I defsi¢cht Aripail otk én ghivhelipessiql eshem cel | 5

differentiation. or Th2 cytokine production. The construycti.on &ndfdghenotypi C
chh act ez hfriers Phenontng s erpiest ip agegylaird manpgnd n MR SOIdRC t he

i nvent i ABAI genedfa&hbhidtdiantlet @igl, thiBudiX @R 8 cdntrobaBlGedlfor$Bstdm; / -
phenotype leads to lethality in utero when the defici en%g/ is constitutive,
anot her spehedfsdhe legacyBimetregulpied iskviemariseardingy.cheinventign furhes pprvédes fon of t he
10 XBP- ef icient i I i r, through
"turni ntjjr agﬁehlgfn gﬁﬁéglgﬁ%‘g%’%pg“éﬁ% eﬁ%&%ﬁ%n}ggglllrh(lalgle%g%\'#eti&ﬁgl't égmp Q{% hr ough use
of a corkegehbusddDSAr sghltiat expressiontod the endogsnoasXBRe allstasarggtlataéinagul at ed

systen) . Accordingl the.invention further prowi n ni c
ol humsaREaRiH Ay ARl s Hesptth WEF R Ml B aubAEPRERL, 1
exogenousndiiths thaKBPt Ihdlleledxpy emsfuniiondl dride nenekpyesnadenckBiil XBH-1el es i s

regulated i.n a. .15 controlle nner b i nduci n r s ressi ng agent,
Suoh ¢ hatotEi B YRereaE el T CEURIES PO e Do PHRPRIEL. ar e

non- f UnGhffQ@aiation otPhNGkoleXPFe&stion f MREHUO ARlcondBidcing ficht @ndit@As” Wher ei n
the ani mal exhibits decreased hepatocyte growh or plasma cel

differ e_rJFPPﬁﬁOPbWiIB?IS eXKnePpndR Hisertotush gotiPiorkampls pédRcYdmesegvdaisduct i ng such
"copdit IS?Q@A) for conditional disruption of a gene as described in WO 94/29442 and U.S. Patent

No. 5,650,298.

Another preferred XBP-1 deficient animal is a chimeric animal (e.g., mice)
produced using a blastocyst complementation system, such as the RAG-2 blastocyst
complementation system, in which a particular organ or organs (e.g., the lymphoid organs)

25 arise from embryonic stem (ES) cells with homozygous mutations of the XBP-1 gene.
Accordingly, the invention provides a non-human chimeric animal in which at least one
organ arises from embryonic stem cells with homozygous mutations of the XBP-1 gene.
The construction and phenotypic characterization of preferred XBP-1 deficient chimeric
non-human animals of the invention are described in detail in Example 2.

30 The XBP-1 -/- animals of the invention further can be used to create transgenic
animals carrying an XBP-1 transgene that allows for expression of the XBP-1 transgene in

one or more specific cell types or tissues, such as hepatocytes. Such animals may be of
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knockout aninmals are known in the art, such as, for exanple, a
tetracycline-regul ated 20 system for conditional disruption of a gene as
described in WO 94/29442 and U.S. Patent No. 5,650,298. Another preferred
XBP- 1 defwaeentizanimal is a chinmeric animal (e.g., mce) PGoWud&d4usi ng a
bl ast ocyst conpl enentati on system such as the RAG 2 bl ast ocyst

conpl enentati on system in which a particular organ or organs (e.g., the

| ynphoi chagicghnsie iBSraciisg’ the embewhicytethaloy of 8w {BI5) -6 ehinslwfetgh Byonpzygous

nmut ati ong _of the XBP-.1 Accor.di.n t he i nventi.pn ovi des a
non nundoSHEST PR SR\ R ap i aders dfes) WEICHPRRRLRNBS .
enbr yoniXBBl elsficiehdySin wiHeh cdiDipesyeg tissiesuf thk iadinsal ¢fuch bethXBfnghoiEsstem) The

construction and phenotypic.ch terization of preferred -1 deficient
ohi mer i cA PRI JATECHR AR (A0 KRE- | EREFOR sl RS AT S X det ai | i n

Exaspl € tansgdfe IORroBR by thel albudith PRIrSot&f (a Ui Er-sRvERtrk@ilatbry Tl diint 8Bk used to

create transgenic aninmals carrying an XBP-1 transgene that allows for

expr essiiBRigErtehe. JEFTNGenea sy diediriy 1 ontiemativaly g dxerspecifiel | types or
tiss ueay%gé%ae?exﬂgﬂéﬁ&%tiﬁ%he G b@'ﬁkéﬁo%oﬂ@& &Ere@ ioPof t_}{gr?ﬁg?ﬁi%7 17

PCTI US particular use in "rescuing” the enbryonic [ity of the
XBP- 1 - /Accaniingly,shg mventjonipyoviddslaowngmiao aniengd hewsg @ hompzygBms hufationlevel opi ng
hepat ocytes) ,while still i I ni t he, XBP- i.ciency.in other cell
types orm?e’lr%ds I “%?m{oﬁ%noélg?dr%)lt'f‘%%nﬁgﬁ homojqaeu §/e#8%§{n88¢51§/@t%1 onlcS AP ef erred
t r ansgerdells aieh it theSendoigeXBR- XBP/1-gek¢e10fthio uiineh i svrin-fuhaionalasr do&ssmoan XBP-1 5

transgene controlle t he al bum n pronote a liver-specific regulatory
el onont SHBESY 1BEiPIe] KB RGEIE B el (oo e iRl e remrasea

Al t er natXRl tranSieh@that Hiv&is SpREGEbA 6f XBRIUhat RAYt 0Bk BHEHHS oKW ybAir he art
can be used to control expression of the transg(%(rg)e. Accordi ngly, the

i nvent i ohe gHpgl dasierbhs therfiansgsng Aireris SWERFFIAY O Al drast heptaeitesn

i nserted int Orméiﬁv&ﬂ@ﬁgsemuﬁ iRt d 9516 MOWX‘Q&%H§ WhhQRBUGAbI RN 1 n
enbryonic stem 10 cells such that thé endogenous XBP-1 gene of the animal

i s 1fon- faengtied palimatingd Gldhs coments ekall redaserican pricoisaind REpishedpatensi n but wherei n
t he non- i.hal . C I : - at directs
expr 655 Do REfER e o Pl PR e STk BERERIRAAAE, 1 2
animal . Preferably, the transgene directs expression of XBP-1 in at |east
hepat ocyEXAMPIE 4: i nvent i onPreduction hnd Gharagtenization ofyhe he f ol | owi ng

exanpl es whi ch shoul d not béivet Phenotype ofcXBR<l Défirient Mice The contents of all
ref erences, patents and published patent applications cited throughout
this application are hereby incorporated by reference. EXAWMPLE 1:

Pr oduct | Bisrugfion afvie &8Fet gergt i on of the

20 To define the actions of the XBP-1 protein in vivo, the XBP-1 gene was disrupted in
embryonic stem cells by replacing a 0.8 kb fragment containing parts of exons 1 and 2 as
well as the intervening intron with a neomycin resistance gene, resulting in a frame shift of
the remaining amino acids (as diagrammed in Figure 1). The targeting construct was
generated by cloning the disrupted XBP-1 fragment into the vector pBS/TK, followed by

25 linearization and introduction into D3 ES cells by electroporation. The cells were grown in
neomycin and gancyclovir to achieve positive/negative selection, and resistant clones were
tested for homologous integration of the disrupted XBP-1 fragment by performing
Southern blots of genomic DNA. One of three ES clones which had undergone targeted
disruption of the XBP-1 gene transmitted the disrupted allele to offspring and XBP-1 +/-

30 mice were intercrossed to generate XBP -/- mice, as demonstrated by Southern blot
analysis of genomic DNA from embryos. Northern blot analysis of total cellular RNA
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Li ver Phenotype of XBP-1 Deficient Mce D sruption of the XBP-1 gene 20 To
define the actions of the XBP-1 protein in vivo, the XBP-1 gene was

di srupted in enbryonic stemcells by replacing a 0.8 kb %ﬁ_ Br(%btsm

cont ai ni W§ B4PH2 of exons 1 and 2 as’ well as the interv& &’g Imtron with a
neonyci n resi stance gene, resulting in a frane shift of the renaining

am no acids_(as diagrammed in Figure 1). The target.i struct was

Gener at B ORI GhiH FHBREs SSPELAD RiShe THARgHBHD T B A TRt Thas: Tk,
fol I owed. QAR ahil RRAHppRkce Bf A Rintes) highdtIotW @8ndcipQ whkhRBodgbligizey

el ectroporation. The cells were grown in _ neonycin and_gancyclovir to

achi evewpbgineerrgim e Rrabes eVesen ot agplysis akedipghs frog %ﬁgsl Wer - adsted for
honol oggus.,J i i : - r m ng

Sout herg faj(l)P g&gg’@g%%gﬁﬁ%d%@ O%%%&?ﬁgggr%%ﬁclﬁgﬂ%?d V\aﬁ?la gﬁ%ﬁggfunder gone

t asget etnmuieaghvé BBPdf protem BRe -1- goptest ransnmitted the disrupted allele to
of fspring and XBP-1 +/ 30 mice were intercrossed to generate XBP -/- m ce,

as demﬂ%%f)%%{%qe@%lgjgﬁg;ngﬁfe{'h aonagtgf}Pg(}Pz’f} . Pfcegenom ¢ DNA from enbryos.

Nor t hern ana RNA" 54 WO 01/49717 PCT/ US00/ 35674
made from +/ Matingh of hetervaygaos XBRy & aliexipraducat) se ve dvobirths.cOf peartdDY pepszed XBP- 1
transcr

{pt in -/- sanples and,the ear of I hi.,gher MV
transcr }’%f’,no\;\}ﬁfn(?ﬁy ge??eggpeﬁ??sﬁt?’aﬁéﬂgge%? @%ﬁg%gég'%ﬁ%?e%e%%ﬁ%yg& West ern bl ot
anal ysi Gefdtysing oBlettcss RdrasstedBRm deritl timed fatingsrdvealed-enfbegaiic leihabtys usi ng a
nonocl onal, anti serum specifi r XBP-1 reveal ed an sence of 5
i funor E%f:’é’i"}l%'f‘t)@!z’=51 Bﬁ’r@@e?’r?&l}’l%?t'/ﬁémgﬂos§%‘H§I%8§e.°°g‘ﬁ o‘ﬁf‘t’:gll'o(g‘ft%al ity from
liver hyRopliasi said &bletBfont and h}gﬂpfh@tié\/ﬁ'i’ér@ OSspRktifteser-aaxsaHsweBReh v ce
produced no -/- live births. over 400 gggls born no. hompzygotes were

obt ai nebic matkgdlysedused inrpige crmparedite neraabEd 4 p iversrand (9tah livgr cell ¢a¥Att ypi ng of
litters r fi; i i: : i euegal i hality 10
begi i haa e B e A e e by

t hei r grdimdrity aret incrdased emptypphes indicaingt lesdenspdckivpoidedls in e Hr eer s.

conpar et PBeHbPd S ' Vers, ‘and total 1iver cell counts were 15%of
+/ + livers aSintdihe fagdivetbboleothc enaimhdryaomiafc organ Hyll 155] fetabbleod eveal ed
G R L SR S TV N T N
fetal | rageslodee FRsiutish. Mxiehik BEmhRROIdeh! i XBRYAH- biytbfyod Bftdr Elfista3l bl ood
counts were determned to a}?sesu? V\k}gtt&eéta?ﬁ:‘\lle%r Ie3 IEi 1\2% ﬂtleytg?a%l%gcii a correl ated
Wi t h abhematgpoiesis switched from the yolk sac y ,
20 counts of surviving XBP-1 -/- mice were 20% of the values found in normal littermates.
Cytospin preparations of peripheral blood at E 13.5 revealed that -/- erythroid cells were
predominantly immature, nucleated cells of yolk sac origin, while +/+ erythroid cells were
80% liver-derived nonnucleated cells. Cytospin preparations of E 13.5 liver cells
demonstrated the presence of erythroid and myeloid lineage cells at all stages of maturity in
25 -/- specimens, though in reduced numbers consistent with the hypoplastic livers.
To compare the potential of +/+ and -/- hematopoietic progenitor cells to develop
into the erythroid and myeloid lineages, ir vitro methylcellulose colony assays were
performed using fetal AGM (aorto-gonad mesonephros), yolk sac, or liver as the source of
progenitor cells (Muller et al. 1994, Immunity 1:291-301; Wang et al. 1997, EMBO J.,
30 16:4374-4383). The cultures were performed as described in Wang et al. with cultures

using erythropoietin alone or erythropoietin, IL-1, IL-3, and G-CSF. All three of the
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red bl ood cell production. Anem a becane evident in XBP-1 -/- enbryos after
El 1.5 as hematopoiesis swtched fromthe yolk sac to the fetal liver. By
E 14.5, the total blood 20 counts of surviving XBP-1 -/-_nj £ 20% of
the val Q@MUK in normal littermates. Cytospin prepar gglir@gowo? !

peri pheral blood at E 13.5 revealed that -/- erythroid cells were

predom nantly immature, nucleated cells of yolk sac ori.gin, ile +/ +

eryt hr o‘i‘sgﬂu‘??é%{q@ "\WeYOHBE)%qnp@‘é(?r)ééY‘? w&%a&%ﬁﬂe&“&&#@’afs ég%@og}{ﬂgs pi n
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devel opSo I ﬁrfe%% hi’gfe'telg%/tf rcgpécia%ﬁl. ﬁ%é?%?gﬁqi?%gg%ﬁ({t&}tﬁr @i fgoﬁ%et? ﬁl@l cel | ul ose
cobony Esisagymwiate li@eagesa alsoeetnus cytgsiie peaparativts ddeteldivgo ndidchids hr os),

yol k sag,, pr liver.as th ource of rogenLto - al . 1994,
i 51 Bemtenic S Se o Ben RBENS tbnafiia i iiihut T
cul t ﬁr eﬁormny:wma}i festedrovins, tHe aanmibeekniin thAda gmbtyostannud Behaticiblitedtees usi ng
erythropoietin alone or erythropoietin, IL-1, 1L-3, d G CSF.. | three of
t he .SEWIM/‘%@TCE}HW@W %E? esg ‘§§‘E}%§Wfr?é?’5§’r9f%y aﬁc?incayglé(? and |iver)
gave ri §8mbkRQc A Al @Itrord BT Sdedikict sthbryohie sefckellEethoRAG0ldefities from +/ +
and -/-sanples, indicating that pluripotent hematopoietic stem cells are
f dand i eoreplpmeritioa sysemdeserabed Apxthasigy Examplefzét by thesepaimals, the lvgtser e y
NYPOP! agticGimost R INPLAROLEL IS R RIS, WalTeandi@ubder e and have t he
potential to give rise to all 5 henatop0|et|c |'i neages, as al so seen in
cyt ospi mémtqqmﬁ’atalanmtscshclf &t B anldj Rrlymphsiyteefrom XBIBP-deficient-prerarpatsopoi et i ¢
committe r ni t.or | | e i f | iate
mor mal | GEHtEn TiRee @l oy REPE Al derh Bl Ble Rl A AR Lo A D01 e
at t ri buh&@thal ived detisicdpahestdre n@elefectiwt mrbemeusnstaftios bf Héregepdi¢tivdi ngs wer e
reinforced by an analysis of chimeric mce derived from XBP-1 -defici ent
enr yonF€ME¥%Em cel I's in the RAG 2-deficient 10 conpl ementation system
(described further in Exanple 2). In these aninals, the livers were al nost
ﬁXC| ;JSi XBPY/ &xprdsfién ﬂfrtﬂéﬂév@iﬁpﬂig It bf vaild gpevmicehi | e reconstitution of

emat opoi eti ¢ el enents suc s B- and T-1ynphacytes. from XBP- 1-defi ci ent
pr ecur sor s BE“C{‘?F’? B}S":r%?ﬁé? &3 @?V&E’PQCP%&&ﬁ%@&%@%ﬁﬁ"ﬁg&h “@%ﬂmm c stem
cel I's degRdi £ ONY9960GLAest ey, TRT6TBL1d8DY EAt BEVE higiReAbud bfWeild-ape niled
defective in the reconstitutTaon of hematopoietic 15 el enments. XBP-1

expr essMenfquad texpersy bigh fvily of XRET1 BIRN Py 7 §/3ehviridigatate o851 | ver begi ns
iR devﬁ&%ﬁ%n,%lcﬁ@p@%WHQQ&QQG:&{O&@ EROMob&NBPRBPD as described

(Clauss et al. 1993, Dev. Dynamics 197:146-156). As E10.5 represents a time point before

significant population of the liver by hematopoietic cells, it demonstrates that XBP-1 is

expressed in hepatic parenchymal cells. Northern blotting of RNA also showed high levels

of XBP-1 mRNA in hepatic stromal cell lines and in HepG2 hepatocarcinoma cells. This
25 evidence further supports a role for XBP-1 in liver growth rather than in hematopoietic cell

division and differentiation.

Reduced growth rate and increased apoptosis in XBP-1 -deficient livers
Two mechanisms that account for the severely hypoplastic livers in XBP-1 embryos
were identified: reduced growth rate and increased apoptosis. To directly demonstrate
30 reduced cell growth, mice at day 13.5 of pregnancy were injected with BrdU, and the

- fetuses were harvested and analyzed for BrdU incorporation. Pregnant mice were injected
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(Gual di et al. 1996, Genes Dev. 10:1670-1682). At E10.5, the liver bud of
wld-type mce was found to express high levels of XBP-1 nRNA by in situ

hybridi zation. For in situ 20 hybridization, wild-type e
secti oned"AH#Ptobed for XBP-1 as described (O auss et ;&%E%T%@)é?&%ev.

Dynam cs 197: 146-156). As E10.5 represents a tine point before significant
popul ation of th jver t opoi et ells, it denmonstrat t hat XBP-1
is expfedddd] ’i’i‘?ﬂ @g@ﬁﬂ@[{g%}ne%%% gr.nlb%);s t“ﬁeéer}ha%ﬁsge? taiﬁﬁbﬁg?urRNA al so
showedha&(gﬂxédqma&oycsfﬁ%laf’e. Mﬁﬁ%lﬁeﬂdihgmﬁpdrsfﬁslt d@emion o€ BrdU imaes and in
Hep&2 hepat ocarci noma cells. Thig 2 vi dence furthe por t role for
XBP- 1 i Rerfarped f@%%m&thﬁa%%ﬁl%é?ithe%fﬁg F&‘B%ikléﬁ{&g\‘?gﬂ Pifes &b and
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apopt osi.s, dir : ned 2Ly SR WMsBatedi ce at day 13.5
of preghgﬁcgﬁﬁéﬁdg@ig&n}%é&ﬂgﬁgﬁaﬁ%ﬁﬁpéngq{;ﬁ% (ﬁxf%et}ﬁses V\B?tg har vest ed and
anal yzegduinorm®rratblof groeitiportatsioogan. Pregnant mice were injected 56 WO

01/ 49717 PCT/ US00/.35674, LV with Q.3 of, .5 i, Br.dU (S i n PBS.
Enbryos wer e REFOHS Payidgpifigd ’?Lorﬁ%(af’gw%haanfiib% e%c Ei é\ﬂ]é%}nrlfggyofgﬁé %’Q%%ail ve. After
enmbeddi Mgers NTRATBNBL hssayal et formeafusBiedtht Gal$ DepiarifiofRrede)f dhkewi ng t he

instructions of the BrdU | abeling kit (Roche). WIld-ty fetal livers
shbhed keRerneatschewsd %Fl&rlﬁ?flwgekwﬁ‘gefi R 8 i‘Horp&Ptgci %%t?cxmi‘ﬁ 2‘%?5]231- defi ci ent

sanpl es hadeo Ih%aﬁra%&%erﬁﬁa?m%E&nssaaﬁiﬁfe&i GOt VT agnck ARIfMhdEydlsigt ai ned,
especi al towards the center of the |Iliver. The reduced BrdU incorporation

i n XBP- linegge. Piaindng with chiordagetete geiergse wessssed 1o conbias tha hepageytesfangmgint h i n
this or i ' Qq?% ol Rhiegbisahl Y 198 MBIel UNEL stai ni ng
of E13. %%ngﬁﬁgéaégg%léé%wé kﬁ)ktgggggigp\%gs 1perfor med1 usiaﬁl};6 et he Cell Death
Kit (Roche). These 10 experinents showed a markedly el evated rate of

apopt ot XBPhkpducontasier partixBrpateciomysanpl es. I n contrast, the apoptotic

c e{l %] S Identl fl"'o %grltile? st-ﬁ{j%th\éergl% o KL ﬁ{# l%lvep roWifE ally ?éng iixgiucii(inﬂ ggﬁg} St ai ni ng

W chl oroacetate esterase was used to confirmthat hepatocytes, and not
myel oi d hkpareageies ekleperfameaimt redmbladulioste. dh thinenodplopreaempant bvdrs in -/ -
l'iver sanpl

. XBP-1 i i f ial .h ; To f h
study tH€ eftgfsoea s f;?l_l EH#}%%Y:P?\%? u%ﬂ%%ﬁ&%% 1[2;[5:1] Lce BEPRE g;%x%[%ta%ﬁsh pt g further

1 .
gene 1 nduction, parti al

hepat ectogigingBw¥igkefes drpaeiihiar odaysickdopoulogiané DeF rantdsi (99 Tsdizhee t he
remmant | iver reverts to a uas'k.-fet al gmenot.xzpe argd utnderogoes rapid cell
@%s 1n this t tion of pre-forme

di vi si 0278:§0168) cAmgpg thefirsty process is the acti
20 transcription factors such as NF-kB or STAT3 (Taub 1996, FASEB J. 10:413-427). These

factors then induce transcription of immediate early genes, many of which encode
transcription factors such as AP- 1, NF-xB, and certain CREB/ATF family members such
as CREB and CREM (Servillo et al. 1998, Genes Dev. 12:3639-3643; Taub 1996, FASEB
J. 10:413-427).

25 The left and caudate lobes of the liver were removed from wild-type adult mice.
Remaining liver tissue was harvested in a time course for total RNA isolation. Northern
blots were probed with cDNA for XBP-1, C/EBP, and the control gene B2M. Results of
partial hepatectomies in mice now demonstrate that XBP-1 is an immediate early gene in
this process, induced within 30 minutes of surgery but having a prolonged peak of

30 induction past 16 hours. This time course is similar to the induction of C/EBP, which

peaks slightly earlier at 14 hours post hepatectomy. It is expected that XBP-1 acts as a

57



original weight of the organ wthin 10 days (M chal opoul os and DeFrances
1997, Science 276:60-66). Among the first steps in this process is the
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primer w ynerase site onits 5 ‘end
GGCCAGT (A dGTyhAT AGEACKTAASTAT AUeABBEeBRIY A (VBEGaEDenel by jncubaling 2t DNA was

used directly jn an i ' tr CriPhH , ' : f
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devel opment was done at 40 C overnight in a mx including 10,(99
a total volume of 200 pl. Chips were washed, stained with phycoerythrin-streptavidin, and

20 read using an Affymetrix GeneChip scanner and accompanying gene expression software.
The software includes algorithms that determine whether a gene is absent or present and
whether the expression level of a gene in the -/- sample was significantly increased or
decreased relative to the +/+ sample.

The genes for al-antitrypsin and a-fetoprotein were found to be expressed at

25 significantly reduced levels in -/- samples, as also shown in Northern blots of +/+ and -/-
fetal liver mRNA. Both gene products are acute phase proteins synthesized by hepatocytes
and are expressed during development as well as in adult liver. Two other acute phase
proteins, transthyretin and apolipoprotein Al were also found to have decreased levels of
mRNA in -/-livers, while multiple other acute phase proteins and hepatocyte-expressed

30 genes (vitamin D binding protein, C-reactive protein, serum amyloid P, al-acid

glycoprotein, hepatocyte growth factor) were expressed equally in +/+ and -/- samples.
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XBP-1 effect r ames expression construct or the
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coﬁgt ru denvn in vitro.
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C GgggFPeJV?mﬂeOsﬂ%pa b2, VRRTBL 150y Yarhe 8MH011865) 0 ERNIGS AGFIRNIAN

levels are normal in XBP-1 -/- embryos. MTF-1 deficiency resulted in a dissociated
hepatic epithelial compartment, enlarged sinusoids, but unlike XBP-1 -/- embryos, no
significant decrease in liver size and no anemia (Gunes et al. 1998, EMBO J. 17:2846-
2854). Deficiency in c-jun also led to hypoplasia and dissociation of liver cells and death

25 by E15.5, but c-jun mRNA levels were normal in XBP-1 -/- embryos. A small liver can be
the result of abnormal hematopoietic cell proliferation, as described in c-myb-deficient
embryos (Mucenski ef al. 1991, Cell 65:677-689), or abnormal erythroid cell proliferation
and differentiation, as seen in Rb -/- embryos (Lee et al. 1992, Nature 359:288-294; Jacks
et al. 1992, Nature 359:295-300). In contrast, we found normal in vitro proliferative and

30 differentiative function of XBP-1 -/- hematopoietic progenitor cells. The homing of
hematopoietic cells to the liver was the presumed defect in the absence of B1 integrin
(Hirsch et al. 1996, Nature 380:171-175; Faessler et al. 1995, Genes Dev. 9:1896-1908),
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enbryos with a phenotype simlar to the XBP- | -/- enbryos: |oosened |iver
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integrin,; Gﬂﬁy - Ki L % s LA aXBP-1 -/ -
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devel opment 15 _or ip adulis after injury frompartial .hepatectony,
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acut e phdrenby ot BbRTehdss Re&RoWRtd Redlt inthél@dfadtt observed in XBP-1 -deficient

livers. The XBP-1-regulated acute phase protein AFP is highly expressed in fetal liver and

yolk sac and represents one of the earliest phenotypic markers of the fetal liver (Gualdi er
al. 1996, Genes Dev. 10: 1670-1682). It has been speculated that a major function of AFP
25 is to promote cell growth in the liver, possibly by sequestering estrogen, which otherwise
has antiproliferative effects (reviewed by Chen er al. 1997, Crit. Rev. Euk. Gene. Exp. 7:11-
41). AFP levels are very low in adult liver but rise upon liver regeneration and in the
majority of hepatocellular carcinomas. Indeed, AFP was among the first tumor markers to
be recognized. We have demonstrated that in the absence of XBP-1, AFP is expressed only
30 at reduced levels, and that liver growth is severely impaired. Our data establish that XBP-1
is involved in the growth and survival of hepatocytes, and through its regulation of acute
- phase protein genes, also in the expression of liver-specific genes. These studies have

60



such as the serum protease inhibition by a 1-antitrypsin or the
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Opin. Lipidol. 8:225-228; Gabay and Kushner 1999, New EﬁgimSé 9@}‘4
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these reconstituted animals, XBP-1 -deficient ES cells contributed heavily to lymphoid

—
O

organs, variably to heart, lung, kidney and muscles, but minimally to liver, consistent with
the essential role of XBP-1 in hepatocyte development seen in XBP-1 -/- embryos.
The reconstitution of lymph nodes and spleen in XBP-1/RAG-2-/- animals resulted
25 in normal numbers and percentages of B- and T-lymphocytes in most of the chimeric
animals compared to wild-type 129 control mice. In addition, B lymphocytes from wild-
type and XBP-1/RAG-2 mice had indistinguishable patters of cell surface staining for IgM,
IgD and B220.
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20 In vitro phenotype of XBP-1-deficient B cells
Having identified normal B cell numbers in spleen and lymph nodes yet

functionally defective B cell terminal differentiation in XBP-1 /RAG-2 -/- mice, the
phenotype of B cell activation was investigated in vitro. B cells were stimulated in vitro
with anti-CD40 antibody (1 pg/ml), anti-CD40 plus IL-4 (10 ng/ml), LPS (20 pg/ml), or

25 LPS plus IL-4 for up to four days. Cell proliferation was the same in XBP-1-deficient and
control samples, as judged by equivalent cell counts on days 1 and 4 after culture. In
addition, the B cell populations were activated similarly, as judged by analysis of the cell-
surface activation markers MHC Class 11 and CD69. The in vitro stimuli were also
designed to induce class switch recombination in B cells, e.g., switching to IgG2a and IgE

30 by IL-4, and switching to IgG by anti-CD40 alone. Class switch recombination was
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i mmuni zed with DNP-al bumin and drainin nodes were harvested after 9

days. H Bic6MsE ismigeq it W%Ml&@%grﬁmgdvmg%ﬂ?ﬁ%awerecwwedfa@ﬁh%t. on in
XBP- 1/ RAgzys 2Histol A %%h@rs d-gﬂl'oﬁsrtfa'?éﬁ gkl QBRY fRhatifiEinBasRIlRAGNCt i ons

assayed 1n vitro, s
2-/- animals. This indicates that many of the B cell functions assayed in vitro, such as cell

20 proliferation, activation, and class switch recombination, were also intact in vivo.

However, the generation of plasma cells was severely impaired in XBP-1/RAG-2-/-
animals. Sections of jejunum of XBP-1/RAG-2-/- versus control mice showed 70-fold
more plasma cells in the controls. In addition, it was noted that the rare plasma cells seen
in XBP-/RAG-2 -/- animals generally lacked the perinuclear halo, indicating that these

25 cells did not have a large Golgi apparatus and were likely not secreting large amounts of
immunoglobulins.

A further test of plasma cell generation was an assay for Syndecan-1-positive cells
in DNP-albumin-immunized mice. Syndecan-1 is a cell surface glycoprotein upregulated
on terminally differentiated plasma cells but absent on mature B cells. As predicted by the

30 low level of immunoglobulin production, XBP-1-/- samples did not lead to the production

of significant amounts of Syndecan-1 positive cells, while they were readily detected in the
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20 proliferation, activation, and class switch reconbination, were also
intact in vivo. However, the generation of plasma cells was severely
inmpaired in XBP-1/ RAG 2-/- animals. Sections of jejunum ?)f %%Pélg#l,%(} 2-1/ -
ver sus cOAtoid?’1ii ce showed 70-fold nore plasma cells in RS ol s, 1n
addition, it was noted that the rare plasma cells seen in XBP-1/RAG 2 -/-

ani mal s general ly | acked. the perinuclear .ha Lpgi,cati ng, that these 25
cel |'s dviéi-hae coptind B 3dditign: %‘IQ‘Q‘?S orél(ﬂ)%ffr gtsﬂ?ugaﬁ%l %g?el | Té%?chys Wt "Lecreting
I arge AR &f secleHRQHINRRYEILBS]N Mah bérithey, biesdre afso Msadifferangihled gener at i on

was an assay for Syndecan-|-positive cells.  in P- al_pum n- i i.zed m ce.
Syndec aas-agsayed by melerulatiieshiquey| Yespsra Lltholup @%%f?éﬂ%'féme @ﬁ?ﬁﬁa Ty

di fferengi c%fl?gixf&lgtgmrQ%a §i'rmi'ttro ARRERLL A FFBLHHESIOR of ¢ khfin, WisctPisedi cted by

the 30 | ow leve I mmunogl obul i n production, XBP-1-/- sanples did not
| ead t oretpkieedpfooigyE tridoigA assenstily iri plasmameellamasovallsasdor apgerhipb tecepssti ve
cells, ile the re.readl C | 3 [

PCTI US %@?H‘ateéf\fl\g-"teﬁ}spee"%g‘%‘%%?lgi?’?"?ﬁ t%’@é‘%f?ﬁ%ﬁ“@%ﬁ%r@%@%n Vitro
sti mul af@lgteXBEnd TriZol @ibw) bsreaenmendstd byaht yahafactdrer.oXB&ek €t B ckldssmd

i mmunogl obul in than controls, t re also |less diff nt i assayed
by nol et l§FPatE tRRRH Wﬁﬁﬁﬁﬂﬂ%ﬁ@l&ﬁ%ﬁﬁﬂ%‘ o\?\nﬁ ?haa-u? ;%%ﬁe‘\g%n XBP-1" -
/- B cefibfersdvemyratgst HRNAG TRYSoleIXBPL I RAGLE/-phidhktddibgny expresssi on of J
chai n, ichis 5 required for 1gMand | gA assenbly in plasma cells, as
wall  asddfent intheiy aumpers eftepainahn dittcgrmiated BRSTACES as B cel I's exit the cel |

cycle to differentiate termnally. Total RNA was isolated using Tri Zol

(G bcO) xBB.1LE5ORTRNA Sthsh cLiein PRAMASE WiumBP- 1 -/- B cells had a less
mat ure phenot'ype than control B cells, showi ng | ower amounts of J chain
MRNA and  hi ¥B8rl is abignisousty exprayredrRagult ti3sugseng peevioR ok #8091 12t a0l s

di spl Y il R %&% 1c%ﬁf1ﬁ9§ rebtbd hiBldirBURNRES 1e081s bexmPoakR} Ali fheer ent i at ed

pl asma expression in plasma cells in rheunmatoid synovium
XBP- 1 i gisedsé chenotod] artheitip ofersdd spwrcad{i¢tlinical Bwieaigl tosthdy PeA-b §3PHRSIR has
shgwn that two of faour a | i 4. y high levels
of 1oXBP- P HIUALIOR§ arac?]?%zgglgé%rﬁéﬁeun’iat{)lgiégﬁgrﬁlﬁgﬁé%?rghjg e%glg fgg{gﬂource of

cl i ni caprodaétimibglpldsmaselld yUKRPin siru byl disaioorfwhish iwas performgid usiog XBP-

characterized by inflamgtory. cell jnfiltrates.an e Laf or

pr oduct ilt‘fﬁe"égC Ei%ﬁ%s “&g;g%s*}nd{}s ?lﬂtéaqshtegi ROEHS 8??‘8 icg)g{ﬁnb%n vt\}r%%r%ﬁ P \?\O/g’s

per f or Mg xusp-NGhotRid-strbng REtididatioR (Okl&snd dell§in theurbatoignd/iunvhizns| at ed
portions of the cDNA), an antisense probe fqr XBP-1 .saﬁwed str %

hybri di ses¢ Biobe shayweddwwpeciiiq Ry bridizafien; n2arig secuomsduitelngic goafinedif o pr obe

f@"‘ad AR nSRESLh bE B YRk ZRL TR exBRbietho®s tleitRSIchél ek et XBP-conf i r med

in the plasma cell infiltrate of an inflammatory disease.

XBP-1 drives B cell differentiation
The finding of very few plasma cells in XBP-1/RAG-2 -/- mice despite apparently

normal germinal centers locates the primary site of XBP-1 action to the interval between
25 full B cell activation and terminal differentiation. The BCLI-3B3 cell line is a highly

activated B cell line that can be driven to an early plasma cell stage by IL-2 plus IL-5

treatment. The BCLI-3B3 cell line was obtained from the American Type Culture

Collection and grown according to the supplied protocol. An expression construct

containing XBP-1 and green fluourescent protein (GFP) was transfected into this cell line
30 to study its ability to affect the stage of differentiation. Transfection was by electroporation

at 290V, 275 uF in a BioRad electroporator. By FACS analysis, cells overexpressing XBP-
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20 identification of the plasma cells. This exanple shows the high-I|evel
expression of XBP-1 in the plasma cell infiltrate of an inflammtory

di sease. XBP-1 drives B cell differentiation The finding lng s%%sq@?w pl asma
cells i nWHBMHTRAG 2 -/- nice despite apparently normal germ nal centers
| ocates the primary site of XBP-1 action to the interval between 25 full B

cell activatio term.nal ,differentiatjon. The BCL|-3B3 .c line is a
o o aE b e BBP e P tORad SEE onEr bR e sty S i el |

Sth ag 2 b}k_evlels-a%_?_ Metbsncléjr mee of Sﬁéglile:?@ﬂt paaiteve&?l-lb.- RBiEseakly, gr:l menmsef?at Hdsneld_ f (r]I om
the American Type ture y ction and grown gccordin Q the supplie

pr ot ocolbeerpgpsebsddeiihg frapypriop nghe URBSARHAR ??@t%@g‘-nip'é ARyo %Fgé P Gddir escent

protei n KdFeRdr, \RsthimAIst 6€48atkd BRellHfr8mGRthal dndeX B 1 tRAGLUYourdes ability
to affect the stage of differentiation. Transfection was by el ectroporation

at 290V sho¥gl 1o differengs inr¥limiell seRN o doyels drherabyre FABE- laask dpsinstreasedf]
over eXprﬁﬁ-?%r é@%se?al}?%\ggﬁélraf} ?Tlg%%rrggﬁl{léﬁs . gépgﬁ'ferelltig% not the GFP vector

al one showed signs © tion: ecrease in Ch4 levels and
t he ener gence\ stoiautien afieverppsissadillimplilisto danseapoptosngl B, celnthatteat i cal

effect has _been described for the.transfection of .the scription factor
B i e i AEBTER IO wdrried “Tognivht SRRl ETRURENS cor <
f r om noragBproasef XBEHsL ARABP2t éxpr&sidh casulcshanwatsiotediftd €@l mawl i np- 1
NMRNA | evel s. Therefore. XBP-1 acts downstream of 54 i mp-1 (gr vig a_separate
patfway B sell line. egjomlar fingingto thatobperved with BERP hvpdremonseaedidhebelldn of

over exprgs e tBlnsfPadn 6SindrCashRUSfOuBRUPI-$ eQfreBidiRlohsinichatrafdt&etiohmat ure -
or not fully activated. To exam ne whet her overexpression of XBP-1 could

cause apBptlgsvas byfel@troporhtion HAIRBRTS 1iipredbisRehelegrrporaiert ThaBakl7ansf ect ed
| N0t NGefihd-fralBloWin KIME fiélibm Wifi oo robly Bhi Hrufd DHINIQui b0 Obser ved

with Blinp enonstrated 1nt Ine arter transftection of
i ncr easilbigmbpantcitis, 66 pXBR-stemmpy@s.sliooml betastarcaptoctifnaln dfeiotl2én  of Ball7

by el ectr. L 9QV,, 275 tF i Bi oRad. el ect tor. Th
Ball7 GEPROTT NG Gaed CQFDU TR RO CoHAl T LOWSFct ol chl 1 sorum 2 mi

glutamne, 50 1Um penecillin, 50 g/m streptonycin, 100 d

bet a- rerEXaMRIiRAnol . Up t oPitGrdtionagfopitoXBY-hdfometomalistibadies hi ghest
amounts of XBP-1 were added. EXAMPLE 3: Preparation of Anti-XBP-1

Monocl onal  Arfio fremhiresiondajorpt apibodienagaost KB, amt XBBdi dXNAgadoding XBP- 1, the

XBP-1 cDNA .encogi osi ti,ons .226-884 s clon i L t pQRo9,
Whi ch erfEoE Z2oh g v et S8 pRate PP RE S P RS L RrA M8 GaE PG ng
sequenc efasedfif framd té EIBR-0RBodihg tdyaermBNdpamihodueeion of the cDNA into the

20 vector. The His-tagged XBP-1 protein was expressed and used to immunize mice and

monoclonal antibodies were made from lymphocytes of the immunized mice by standard

techniques.
EXAMPLE 4: Characterization of the T Helper Cell
Phenotype of XBP-1 Deficient Mice
25 Cytokine production by T cells of XBP-1-deficient/RAG-2-deficient chimeric mice

was studied to examine the effect of XBP-1 deficiency on T helper cell subsets. T cells
were isolated from XBP-1-deficient/RAG-2-deficient mice (XBP-rag) and from strain 129
wild type mice (129w+) as controls. The cells were cultured in vifro under conditions that
favored either Thl differentiation or Th2 differentiation. or that didn’t favor development
30 of either type of helper cell (unskewed conditions). To induce Thl differentiation, cells

were cultured with 5 ng/ml recombinant IL.-12 and 10 pg/ml anti-IL-4 antibody. To induce
65



20 vector. The Hi s-tagged XBP-1 protein was expressed and used to inmunize
m ce and nonocl onal anti bodies were made from | ynphocytes of the i mrunized
m ce by standard techniques. EXAMPLE 4: Characterizatio Hel per
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the effect of XBP-1 deficiency on T | per, cell subsets, T cells were
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ot £ Cults e aHaR Flog ongR e e oS IR ek by rals E Shov it

ant  body. (1119), iFgli€ § 1FSE \,/\ﬁ§@ﬂe/ 71106), RéAkdISOD-SpfdFigatb 8 (di-6)f er ent i at i on,
cells vver(e CLI tlured(vm' tY’u) 1 ng4/4§1 rzaconbi n?r%%—&g_lo %/m anti- IFNvy
ant i body and The reghitd despanistrat thay for ghe Theowpe cppldaescrpdined (ILthE--1 G owi ng

cyt oki ne the dicf cel At i . LI SA: 1L-4,

| FN-y, Iaﬁgi Pg'}é)’l-ﬂl}iegggﬁﬁl%g?& é)c ?ggt;l&%}{r?% sdl?@?ytf\sa?afdggé ﬁg“%‘ ﬁ%’l%stgl ts fromtwo
di f f er enfrodiet thead cyaskiimes|veheartiee eehiowerd qultfied mnderingkefted canditifiisgegee 3 (| FN-vy)

Figure 4 (1L-10), Figure 5 (IL-.5).and Fi gur | L+.8) . The resul t.

denonst g 5 it Eytimest ST MO PhE s i KR et BRARR |
anglg | L- Ghtaindd GRlabgitf produdd e XBPtybe dobkiak eV ywiea cdivspd aydd uskdatect in the
ability to produce these cytokines when the cells were cultured under

unsk ewed-oaditions (sesfigyrs decolmnpyatdeft)pas well a5 under eonditignyhafayqred Ehi gell |
contr ast P= % WSlEentTHE ' ik balReod heRbi 1ty
pr oduce dteﬁéleiol%ﬁ%rlt ?ngg%%(gk@#gf@ﬁ%w&hg%@ c%gelcf g{rtﬂg céﬁ)d (la{%tﬁns ke\?ve. '

condi t i OXBP-( slefciFntdueadls 3yas ovéraoms bycultugihg the Tcellsanierponditiors favaindi t i ons

hat f d,, Thi 1l d I ' ' Th
ot cot | 2R SRy 5T ERRRTOR LR o TLHR il TR B it by 10

oV ep CoNHadkyofehd XBPi1rgankdriptibn dadtdrdeads des defen di ThDogoKiay produgion The? carel |
devel opnent (see Figures 2, 4, d 6, | uims at .right This data
i ndi cat &% QREPMEBY Ieg?ﬁgn?)‘l‘s ffﬂgrsi%-*’g]%vt’ ?éﬁ@g?‘i"g{fﬂ?ﬁ ?lg?ﬁg@l? )W%aa‘l'wf‘% a def ect

in Th2 cytokine production that can be overcone by exogenous factors that
skew T cell devel opnent al ong the Th2 pat hway. EQUI VALENTS Those skill ed
in the aEQUIMMENI ogni ze, or be able to ascertain using no nore than 20
routine experfyieni@iddan thd ROVilIESsHghRk S5 abR tb BReRNRGihb Go BiBROMaENt S Of

t he invention ) _ . _ '
20 routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following

claims.
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descri bed herein. Such equivalents are intended to be enconpassed by the
followng clainms. 66 WO 01/49717 PCTIUSOCO 35674 W claim 1. A nethod of
identifying a conpound that nodul ates hepatocyte growh, plasna cell

di ff erentwabi/émior T cell subset activity, conprising a) PFBHVPHI3AE4an

i ndi cator conposition conprising XBP-1 protein; 5 b) contacting the

i ndi cat or conposition with each nenber of a library of test conpounds; c)
sel ecting froMeclwe:| i brary of test conpounds a conpound of interest that

he compound lof 1 v B e SriAH AP 5abFBan A Al AREHBHELNG bt T € ©F
di f f er enflasataiceh differehtiatbdn orslidedlestibset ictinityy canoprishrer eby i dentify a conpound
that nodul at es helpat ocyte %rovvth or BI asma _cel | P{ggpl‘{]er ntiation or T cell
subset activity. E.ov*ﬁ’ﬂ,‘s%f’ GO OISR LOMRHEPR 1YY £ hB 'A% cat or
composition ipy a e@héctihgia{eimﬁwme@cﬁms%ﬁﬁwﬁﬂwaeﬁ Riemberldt adibrAp@f et hod of

claim2, wherein the ce has been engi neered to express the XBP-1 protein
by intr SWEPWHSi nto the cell an expression vector encoding the XBP- 1

protein. 20 4 Th@aé@i&lgg%ghe ﬁbﬁ@bﬁtest%ﬁ?@ﬁrﬁsFaQ@mipBQicF@fti%re@totﬁﬁosi tion is

a cell free <conpositi . The et hod claim1, wherein the indicator
conposi tretuldtes the antivity oh¥BP-leprpicssged an XBP-1 protein and a target

mol ecul e, angyt heda%l,sl_@g 6%?%?‘“‘? horggﬁggg@térrrgﬁt oaﬁf,smgkeg%sw{m&

interaction of the ern w ecul’e nitored. 6.
Theo met hdabnafcell didferentiatiovh@recatl subset nctdiityad dreraby ngemsit a compompthases an

01 o o kLS oo Rl SSRGS 380 SR, P 20 @
6, wherein said indicator cell contains: a reconbinant expression vector
encoding the 2).(BP_ ]T"hg incé%h%iig' clgirrllgj l,awl\lleergitncl)irle i%girggt[)i gcjng]p%s%gn)i(st cell thgt7
expresses XBP-1 protein.
15
3. The method of claim 2, wherein the cell has been engineered to express the

XBP-1 protein by introducing into the cell an expression vector encoding the XBP-1

protein.

20 4. The method of claim 1, wherein the indicator composition is a cell free

composition.

5. The method of claim 1, wherein the indicator composition is a cell that
expresses an XBP-1 protein and a target molecule, and the ability of the test compound to

25 modulate the interaction of the XBP-1 protein with a target molecule is monitored.

6. The method of claim 1, wherein the indicator composition comprises an
indicator cell, wherein the indicator cell comprises an XBP-1 protein and a reporter gene

responsive to the XBP-1 protein.

7. The method of claim 6, wherein said indicator cell contains: a recombinant

expression vector encoding the XBP-1 protein; and a vector comprising an XBP-1 -
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WO 01/ 49717 PCT/ USO0/ 35674 responsive regulatory el enent operatively

| inked a reporter gene; and said nethod conprises: a) contacting the
indicator_cell with a test conpound; b) determ ning the | f pressi on
of the rdpdPYEgene in the indicator cell 5 in the pr eslg%@{ejs@fs%e t est
conpound; and c) conparing the | evel of expression of the reporter gene in
the indicator. cel Il g’é)n lt he [Rresence iOfedtahree rest e&@@??a@&ime. tog the | evel of
expr essiTOWOBT VS KEUPRPGF PRt RARUY Y {ifsed 4 SRR ESTS 8T rHT A0S absence of
the testcof@ripgund to thereby select a conpound of interest that nodul ates
the activity of XBP-1 protei g 1085». met hod of identifying a conpound
that nodul at &3 heﬁ%‘it%{})’ﬂéheg‘ln \RE1RT IW@FQ%CO({@N“% fferentiation or T cell

subset acti Vib;)(y C QBBfrhigingdhe R)el&PBLREdsidDbINIRPRbOEN geSe @lthBindRhloscalr T cell's
deficient in XBP-1 with a test conpound; and 15 b) determ ning the effect

of $he tiehe pepenaidhotastcrepgrnslve®d of the hepatocytes or differentiation of
the B cells 'cgt 0 Q%ﬁ?%gﬁﬁé leSeidE e%_ﬁ}gss%mféélﬁ%p&%?%ﬁé inQRe MMicatoPelilincel | s,
e a ul a

t he test conpound ngidentifie S ano tor of hepatocyte growth or
pl asma ab¢ prestinté eff the tdsatdmpound with ¢l leved 0b sxpressioniof itteyrepertea dengrinthiee abi ity

of the test  compound.to nodul ate the gr h_of V.

differ eﬁPﬁ;‘lﬁz’l‘tProcﬁﬂg? meﬁgselgc%gﬁﬂg ?egfcoﬁofﬁg?o\g@lf rg%{ ﬁ%&g? ggﬁ?@&o%notf%)ﬁlergﬁe T cells
def i ci enhatinfodéBRskhe &tivithef KBPhiogtorin.cl ai m 8, wherein the cells deficient
in XBP-1 are in a non- human XBP-1 deficient aninmal and the cells are

codfacted with the test conpound by administering the test conpound to the

non- human XBR:| def jneih8dbf ABhtIMIng a29mbBundliier Bk Khaet Rt Bicwth wher ei n the
non- human XBP-1 deficient aninal is a nouse. 11. The nethod of claim 8,

wher ei n Rlismacell diffarertiatiprer T poil SABRet 2cyily GO8WIIAMEd 30 from a non- huran
XBP-1 defici gpt a’&bﬁ@é&i e ﬁga&aé%rmxegfrcamehbﬁnﬁﬁlxﬁp.@r»ﬁth%e;tact ed
with the test conmpoun nﬁy gu turing the test conmpound with the isol ated
cel | s defompioamd; ahdh XBP-1. 68 WO 01/ 49717 PCTI USOQ 35674

15 b) determining the effect of the test compound on the growth of the
hepatocytes or differentiation of the B cells into plasma cells or Th2 cytokine production by
the T cells, the test compound being identified as a modulator of hepatocyte growth or
plasma cell differentiation or T cell subset activity based on the ability of the test
compound to modulate the growth of the hepatocytes or differentiation of the B cells or

20 Th2 cytokine production by the T cells deficient in XBP-1.

9. The method of claim 8, wherein the cells deficient in XBP-1 are in a non-
human XBP-1 deficient animal and the celis are contacted with the test compound by

administering the test compound to the non-human XBP-1 deficient animal.

25
10. The method of claim 9, wherein the non-human XBP-1 deficient animal is a
mouse.
11. The method of claim 8, wherein the cells deficient in XBP-1 are isolated
30 from a non-human XBP-1 deficient animal, or embryo thereof, and the cells are contacted

with the test compound by culturing the test compound with the isolated cells deficient in
XBP-1.
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12. The method of claim@8, wherein the conmpound stinul ates hepatocyte
gromh or plasma cell differentiation or Th2 cytoki ne production 513. A
nmet hod for nDduIatlng growth of hepatocytes or differenti Iasna
cells orWPU&PT7syubset activity, conprising contacting hepato es or

pl asma cell precursors or T cells with a nodul ator of XBP-1 act|V|ty such
that growh of the hepatocytes or differentiation of plasma cells or Th2
cyt oki ne production by the T cells is nodulated. 10 14. The nethod of
claim 13, whepei nThéigiethiod of clbion 8, wierdih tise OSBRolin@sdrhyiatey hepatobyte Bhevtiret hod  of
claim 14, wherein the no U|aéﬁé IS an anti sense ol i gonucl eotide. 15 16.
The net RbBagP2 elkdiffereatatgnar dhA cyREInEBEIUSES: is an intracel | ul ar ant i body.
17. The method of claim 13, wherein the nodul ator stinmulates XBP-1

activity. 18. The method of claim 13, wherein the nodul ator |s an
exp¥ essi on védt or Azoetb%&mmvgum growth of hepiocyigs pioiifferentation of RIssMavher ei n

the hep CHt d wth

t he m)d%% gt%f%ﬁ%ﬁ%“un #é) rﬁfn g’? f(i)tcazé}t eggtoz)(tggr)rﬁc et {%%{ngor sor T
cells inr chbﬂa)wmhhlrnctdluhitorwdimBé?bbaqtlvilﬁ s@c@xthaikgowétdfdhb hﬂpatot)acsmrw wher ei n

t he hep es or.plasm. .ce ursor or . T I cted with a
nodul at %ff?elr%/fﬁ iy Pm'f‘sé?%%ell)g(gbjr}lf%ﬁ@?vﬁ Qrﬁg’%“ﬁloﬂ Byre S Cgﬂ ﬁ‘r?gglaﬁgpat ocytes or
differentiation of the plasna cell precursors into plasna cells or Th2

cyt oki ne production by the T cel s .is . stinul od further

cotdri sing 30%admiAf %gppﬁéc?% éfﬁ’ﬁf%’&y’teégocg\&atﬁrl &é‘gﬁ ggﬁ’r YYD cells to a

subject after stinulation in vitro.

15. The method of claim 14, wherein the modulator is an antisense
oligonucleotide.
15 16. The method of claim 14, wherein the modulator is an intracellular antibody.

17. The method of claim 13, wherein the modulator stimulates XBP-1 activity.

18. The method of claim 13, wherein the modulator is an expression vector

20 encoding XBP-1.

19. The method of claim 13, wherein the hepatocytes or plasma cell precursors
or T cells are contacted with the modulator by culturing the hepatocytes or plasma cell

precursors or T cells in vitro with the modulator.

25
20.  The method of claim 19, wherein the hepatocytes or plasma cell precursors
or T cells are contacted with a modulator that stimulates XBP-1 activity such growth of the
hepatocytes or differentiation of the plasma cell precursors into plasma cells or Th2
cytokine production by the T cells is stimulated, the method further comprising
30 administering the hepatocytes or plasma cells or T cells to a subject after stimulation in

vitro.
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