TI TLE METHODS FOR TREATI NG AWD PREVENTI NG FI BROSI S BY
IL-21 / 1L-21R ANTAGONI STS Rel ated Applications [0001]
wohbe/apghi cati on clainms the benefit of priori PyTUS2006/013829
U. S. Provisional Patent Application No. 60/671, 374,
filed April 14, 2005, which is hereby incorporated by
reference herein in its entirety. BACKGROUND OF THE
I NVENTI ON Field of the Invention [0002] The present
invention relates to nmethods for treating and
preventing fibrosis and fibrosis-associated
condi tions. Rel ated Background Art [0003] Injury to
any organ typically leads to a physiol ogi cal response
i nvol ving pl atel et-induced henostasis, followed by an
influx of inflammatory cells and activated
fibroblasts. Cytokines produced by these cell types
drive the formati on of new extracellular matrix and
bl ood vessels, which collectively form granul ation
tissue. The. formation of fibrous tissue is part of
the normal beneficial process of healing foll ow ng
injury; fibrosis, howevefpfs a condition
characteri zed by an abnornmal accumul ati on of a
col | agemenadpd xof alrEaYENEgaAN jPREYENTING NHilsa0XEL | ONn t hat
alters the structure and function of various
ti ssues. Progr e$si ¥e2fi bridstSR AHTAHAIRTney, |iver,
| ung, heart, bone, bone marrow, and skin is a major
cause of, or contributor to, death. (0004) Many of the
Related Applicatifci ated with the proliferation of fibrous
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significant side effects and are generally not
effective in slowng or halting the progression of
fibrosis. TheBACK&RGINDIOH TWE YNVENTIONI nui ng need for
new anti-fibrotic agents. [0005] The |L-21 receptor
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antigen-triggered |1 mmune responses in vivo 0006]
Initial studies exam ning the function of IL-21 showed
that NK cell expansion is antagoni zed, whereas
antigen-specific T cell inmmunity is pronoted by IL-21,
including anti-tunor immunity (Ma et al. (2003) J.
| mmunol . 171:608- 15; Kishida et al. (2003) Ml . Ther.
8:552-58; DI Carlo et al. (2004) J. Inmunol.
172:1540-47), findings mat suggest that |L-21 serves
as a bridge between innate and adaptive i nmmune
responses (Collins et al. (2003) Imrunol. Res.
28:131-40). 1L-21 also regulates B cell and CD8+ T
cell function in vivo (CZakl et al. (2002) Science
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(2002) J. Exp. Med. 196:969-77). Indeed, exogenous
treatnment with IL-21 potently inhibited IFN-g
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subject In a further enbodi nent, the agent is an

I L-21/1L-21R antagoni st sel ected fromthe group

consi sting of an anti-IL-21R antibody, an anti-IL-21
anti body, an antigen-binding fragnment of an anti-IL-21
R anti body, an antigen-binding fragnent of an
anti-I1L-21 anti body, and a sol uble fragment of an
IL-21R In another further enbodinent, the agent is a
soluble fragnent of an IL 21R and the soluble
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t he soluble fragnment of the IL-21R conprises an am no

aci d sequence that is substantially identical to the
warnem13s3iid sequence set forth in SEQ ED NO 1pCTSRD0ED13829

NO 13, SEQ ED NO 15, SEQ IDBNG 17, SEQ I D NO 19, SEQ

ED NO 21, SEQ I D NO 23, SEQ ED NO 25, or SEQ I D NO 27.
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fibrosis-associated disorder is the result of wound
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results froma s&&gﬁgﬁﬁg?ﬁgﬂgﬁghpnﬁggfﬁf I n anot her
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| L- 15 ant agoni sts, iL-17 antagoni sts, IL-1 8

ant agoni sts, |1L-22 antagonists, T cell-depleting
agents, B cell-depleting agents, cyclosporin, FK506,
CCl -779, etanercept, infliximb, rituximb,
adal i numab, predni sol one, azathi oprine, gold,

sul phasal azi ne, hydroxychl or oqui ne, m nocycli ne,
anaki nra, abatacept, nethotrexate, |eflunom de,
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of interest, identifies the conpound as a conpound

useful for treating, aneliorating, or preventing
woOi2bwepasmsi1or a fibrosis-associated condition i RC&US2006/013829

subj ect. [0015] In another énbodi nment, the invention

provides a nethod for identifying a conmpound for

treating, aneliorating or preventing fibrosis or a
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BRI EF DESCRI PTI ON OF THE DRAW NGS [0020] FIG 1

depicts the full-1ength cDNA sequence of nurine
woOke@LRSMW- 1. The nucl eoti de sequence corr espords/use006/013829

nucl eoti des 1-2628 of SEQ I® NO 4. [0021] FIGS. 2A and

2B depict the am no acid sequences of nurine and hunman

IL-21RFMJ 1. FIG 2A depicts the am no acid sequence
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viral genone. Certain vectors are capabl e of

aut ononous replication in a host cell into which they
weanesimsazoduced (e.g., bacterial vectors havi ngC®US2006/013829

bacterial origin of replicaii on and epi somal mammal i an

vectors). Other vectors (e.g., nonepisomal manmalian
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facilitates selection of host cells into which the
vector has been introduced (see, e.g., US. Patents
Nos. 4,399, 216, 4,634,665 and 5,179,017, all by Axe
et al.). For exanple, typically the sel ectable marker
gene confers resistance of the host cell transfected
ortransforned mnth the selectable narker to conpounds
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see, for exanple, Sanbrook et al., supra. Many known
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weaei@s,13f30r exanpl e, in preparation of nucl ei crPatTiu$2006/013829

constructs, nutagenesis, seguencing, introduction of

DNA into cells, gene expression, and anal ysis of

proteins, are aI so described in detail in Sanbrook et
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(1990) Metk Enzym 185:187-95, EP 0433225, and U.S.
Patent No. 5,399,677. [0106] A protein of the
invention (or a fragnent or fusion thereof) nmay al so
be expressed as a product of transgenic animals, e.qg.,
as a conponent of the mlk of transgenic cows, goats,
pi gs, or sheep which are characterized by somatic or
germcells containing a pol ynucl eoti de. sequence, e.g.,
encoding the IL-21R or 1L-21 or fusion protein
thereof Accordlngly the proteln may be prepared by
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to those skilled in the art. For exanple, the protein
of the invention may beconcentrated using a

woamwensisal | y avail abl e protein concentration PCIriUsSe006/013829
for exanple, by using an AMBCON(r) or PELLI CON(r)
uItraflltratlon uni t (Mlllpore Billerica, MA).
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S Qelihn (2004) SLBNRBRNIHLDS /G5 RS, PhusObd mOBER akdSTen:
pr ot ei ns. Pr oduction” of Antibodies [0108] The IL 21 or
| eonsidrradshess eprmpeinds Bt arpe- g thanene fhaysapé daltpssl (4%
| gang%%v | BB Smls Py, L &, %flﬁ@'%‘éle Gy ﬁ.ﬂ%ﬁp ﬁgw x@&e,'r

i es 'that speCifical react Wt
| 114 21925 An Hox exgueplet Pavipet aé)(%@@éé’mmN@ﬂ Axad.iSei. UpAof
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t fging{-hemicgfs ésasffﬁﬁ) SMIDJ Small pMglgepleiTaterciionggaizbase), Aner .
ClraiBI @Hemihp Entitied 31 Biblepnal HeadHN s e (1987)
FEBS Lg?fe 211:10-16. WQ Huﬂn m%%%ﬂg@g

anti bodi es (nmAbs) di rect ed against 1L-21 or IL-21R nay
be generated using transgenic mce carrying the human
I mmunogl obul i n genes rather than the nouse system

Spl enocytes fromthese transgenic mce i nmuni zed with
the antigen of interest are used to produce hybri domas
that secrete human mAbs with specific affinities for
epltopes froma human protein (see, e. g. V\D 91/ 00906,
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conmbi natori al antibody display see, e.g., Sastry etal.
(1989) Proc. Natl. Acad. ScL U S. A 86:5728-32; Huse
woekoml113331989) Sci ence 246: 1275-81; and O | andpCetus2006/013829
(1989) Proc. Natl. Acad. Scu U S. A 86:3833-37). After
I mmuni zing an animal with an i mmunogen as descri bed
above, the antibody repertoire of the resulting B cell
poBpctual atahase) (Seppes. phkatarR tieh 68008} Mg, éc%f?ffsdlaaézbase
rgghm@fg_@)dl verse popul ation of inmunogl obulin
nol ecul es may be obtained using a mxture of oligomer
pl007ek & h%ﬁangammmmqahng@on ningang agy ¢pnesiéire 81t de
PEbiRhSat §AL &8 Mmawoﬁkﬂi&ogl&@aﬂﬁee doehiahs d%‘ﬁﬁ%lé de)

sequences and/ or franmewor sequences, as
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etg al . (1987) Protg Ngtl Acad. ScL U.S. A 84:3439-43;
L&:@ Ig? (r1987) J. lmmunol. 139: 3521-26; Sun et al.
PAE Nat | . Acad. ScL U.S. A 84:214-18;
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h«é 985) I\Iature 314:446-49; and Shaw et al. (1988)
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ahoPHe¥enpf |M«f% 3Bh:128krPalTha ﬂe\@mn&fé’lbmtmphmm
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a he ht chain rces of -such nucleic
agﬁgﬁnsa‘? lquokwgmtrp@tetsm& ®lled in the art and,

f DO7HXTRPhehodsRyd bempRitRhoerthé ﬁx@ﬁenﬂmb&bﬁ)h dRBeful for any
pr.oduci ng an anti body against a predeternined target.
T brosig et psiasodiNed condivgn Afeqting ami Hasvs pelydastrhody
or fragnent thereof, may then be cloned into an
appropriate expression vector. [0113] Hunmani zed or
CDR-grafted anti body nol ecul es or i munogl obul i ns may
be produced by CDR grafting or CDR substitution,
wherein one, two, or all CDRs of an imunogl obulin
chain can be replaced. See e.g., U S. Patent No.
5,225,539; Jones et al. (1986) Nature 321:552-25;
Ver hoeyan et aI (1988) SC|ence 239: 1534- 36; and
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nodi fied by, e.g., deleting, adding, or substituting

ot her portions of the antibody, e.g., the constant
woegienn333are al so within the scope of the inveRCITm82006/013829

For exanple, an antibody nme® be nodified as foll ows:

(i) by deleting the constant region; (ii) by replacing
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anti gen-binding fragnent of an anti-IL-21R anti body,

an antigenbi nding fragnent of an anti-IL-21 anti body,

and a soluble fragnent of an IL-21R 3. The nethod of

claim2, wherein the agent is a soluble fragnent of an
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methods may be applied to disorders related to IL-21, especially fibrosis or a

fibrosis-associated condition.

Assays for Measuring the Activity of IL-21 and/or IL-21R

[0134] The activity of IL-21/IL-21R (e.g., in response to IL-21/IL-21R
antagonists as modulators of cytokine production and cell
proliferation/differentiation) can be tested using any one of a number of routine

factor-dependent cell proliferation assays for cell lines including, without
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[0137] Assays for T cell clone responses to antigens (which will identify, among
others, proteins that affect APC-T cell interactions as well as direct T cell effects
by measuring proliferation and cytokine production) include, for example, those

described in: Current Protocols in Immunology, Coligan et al. (eds.) Greene Pub.
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[0140] IL-21/IL-21R antagonists for treating fibrosis or a fibrosis-associated

o

condition may be used as a pharmaceutical composition when combined with a

pharmaceutically acceptable carrier. Such a composition may contain, in addition
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combination, the term refers to combined amounts of the active ingredients that

result in the therapeutic effect, whether administered in combination, serially or
simultaneously.

[0143] In practicing the method of treatment or use of the present invention, a
therapeutically effective amount of an IL-21/IL-21R antagonist is administered to
a subject, e.g., a mammal (e.g., a human). An IL-21/IL-21R antagonist(s) may be
administered in accordance with the method of the. invention either alone or in
combination with other therapies as described in more detail herein. When
coadministered with one or more agents, an IL-21 and/or IL-21R antagonist may
bé administered either simultaneously with the second agent, or sequentially. If

administered sequentially, the attending physician will decide on the appropriate
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Terlutiogy onglycols; sachigsstigene glyeolgpropyipre ghgol or polyethylene

glycol. When administered in liquid form, the pharmaceutical composition

-contains from about 0.5 to 90% by weight of the binding agent, and preferably
from about 1 to 50% of the binding agent.

[0145] When a therapeutically effective amount of an IL-21/IL-21R antagonist is
administered by intravenous, cutaneous or subcutaneous injection, the binding
agent will be in the fonﬁ of a pyrogen-free, parenterally acceptable-aqueous
solution. The preparation of such parenterally acceptable protein solutions,
having due regard to pH, isotonicity, stability, and the like, is within the skill in
the art. A preferred pharmaceutical composition for intravenous, cutaneous, or
stibcutaneous injection should contain, in addition to a binding agent, an isotonic
vehicle such as sodium chloride injection, Ringer's injection, dextrose injection,
dextrose and sodium chloride injection, lactated Ringer's injectibn, or other
vehicle as known in the art. The pharmaceutical composition of the present
invention niay also contain stabilizers, preservatives, buffers, .antioxidants, or

other additive known to those of skill in the art.
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proteins, antibodies, or polynucleotides of the present invention may be provided

by administration or use of such proteins, or antibodies, or by administration or
use of polynucleotides encoding such proteins or antibodies (such as, for

example, in gene therapies or vectors suitable for introduction of DNA).
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1nhib1tors small molecules, hgand fusions, antibodies (that bind cytokines or

growth factors or their receptors or other cell surface molecules), and “anti-
inflammatory cytokines™ and agonists thereof.

[0152] Nonlimiting examples of the agents that can be used in combination with
the TL-21R/IL-21 antagonists described herein, include, but are nof: limited to,
-antagonists of at least one interleukin (e.g., IL-1, IL-2, 1L-6, IL-7, IL-8, IL-12,
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Amgen)), sILle[I (Immunex); and anti-IL-1 receptor antibodies.

[0154] Examples of TNF antagonists include antibodies to TNF (e.g., human

TNFa), such as D2{E/7 (human anti-TNFa antibody, U.S. Patent No. 6,258,562,

HUMIRA™, Abbott Labs); CDP-571/CDP-870/BAY-10-3356 (humanized anti-

TNFo. antibodies, Celltech/Pharmacia); cA2 (chimeric anti-TNFa antibody,

REMICADE™, Centocor); and anti-TNF antibody fragments (e.g., CPD870).

‘Other examples include soluble TNF receptor (e.g., human p55 or p75) fragments

and derivatives, such as p55 kdTNFR-IgG (55 kD TNF receptor-IgG fusion

protein, LENERCEPT™) and 75 kdTNFR-IgG (75 kD TNF receptor-IgG fusion

protein, ENBREL™ (etanercept - Immunex)). See, e.g., van der Poll et al. (1997)

Blood. 89:3727-34; Mori et al. (1996) J. Immunol. 157:3178-82. Further
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nondepleting anti-CD4 inhibitors such:as IDEC-CE9.1/SB 210396 (anti-CD4
antibody, GlaxoSmithKline). Yet other combinations include IL-21R/IL-21
antagonists with CD80 (B7.1)-and CD86 (B7.2) costimulatory pathway
antagonists (such as antibodies, soluble receptors, or antagonistic ligands);
P-selectin glycoprotein ligand (PSGL) and PSGL-1 inhibitors (such as antibodies
to PSGL and/or PSGL-1 and small molecule inhibitors); T cell- and B cell-
depleting agents (such as anti-CD4 or anti-CD22 antibodies), and anti- '
inflammatory cytokines and agonists thereof (e.g., antibodies). The anti-
inflammatory cytokines may include IL-4 (e.g., Schering-Plough Biopharma);
IL-10 (e.g., SCH 52000, recombinant IL-10, Schering-Plough Biopharma); IL-
11; IL-13; and TGF or agonists thereof (e.g., agonist antibodies).
[0156] In other embodiments, at least one IL-21R/IL-21 antagonist can be
coformulated with, and/or coadministered with, at least one anti-inflammatory
drug, immunosuppressant, metabolic inhibitor, and enzymatic inhibitor.
Nonlimiting examples of the drugs or inhibitors that can be used in combination
with the IL-21R/IL-21 antagonists described herein, ingludé, but are not limited
to, at least one of: nonsteroidal anti-inflammatory drugs (NSAIDS) (including,
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analogs (U.S. Patent No. 6,350,892)); inhibitors of vascular endothelial cell
growth factor (VEGF); inhibitors of the VEGF receptor; inhibitors of
angiogenesis; RAGE and soluble RAGE; estrogen receptor beta (ERB) agonists,
ERB-NF«b antagonists; interferon-B (for example, IFNB-1a and IFNB-1b);

copaxone; and corticosteroids.

[0158] Other useful therapeutic agents that may be combined with an
IL-21R/IL-21 antagonist include: budenoside; epidermal growth factor;
aminosalicylates; 6-mercaptopurine; azathioprine; metronidazole; lipoxygenase

inhibitors; mesalamine; olsalazine; balsalazide; antioxidants; thromboxane
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combination with one or more antibodies directed at other targets involved in
regulating immune responses. Nonlimiting examples of agents for treating or
preventing immune responses .with which an IL-21R/IL-21 antagonist of the
invention can be combined include the following: antibodies against other cell
surface molecules, including but not limited to CD25 (interleukin-2 receptor-a),
CD11a (LFA-1), CD54 (ICAM-1), CD4, CD45, CD28, CTLA4, ICOSL, ICOS,
CD80 (B7.1), and/or CD86 (B7.2). In yet another embodiment, an IL-21R/IL-21
antagonist is used in combination with one or more general immunosuppressive
agents, such as cyclosporine A or FK506. In another embodiment, an
IL-21/IL-21R antagonist is used in combination with a CTLA4 égonist, e.g.,
(e.g., CTLA4 Ig — abatacept (ORENCIA®)).
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For the induction of synchronous primary pulmonary granulomas, mice were

given 5,000 eggs intravénously (i.v.). For the induction of secondary

granulomés, mice were sensitized intraperitoneally (i.p.) with 5000 live eggs, and
then challenged with 5,000 live eggs i.v. (Wynn et al. (1994) J. Exp. Med.
179:551-61). In the infection experiments, mice were infected percutaneously

via the tail with 25-30 cercariae of a Puerto-Rican Strain of S. mansoni (NMRI)
that were obtained from infected Biomphalaria glabrata snails (Biomedical
Research Institute, Rockville, MD). Soluble egg antigen (SEA) and soluble
worm antigenic preparations (SWAP) were from purified and homogenized from
S. mansoni eggs and adult parasites as previously described (Cheever et al.

(1994) J. Immunol. 153:753-59). All animals underwent perfusion at the time of
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Example 1.3: FACS Analysis

[0166] Whole lungs were harvested and placed in RPMI. Tissues were dlsrupted
by straining through a 70-micron nylon mesh (BD Falcon, San Dlego, CA). The
single cell suspensions were washed and RBCs were lysed by incubation with
ACK lysis solution for 3 min. Lung lymphocytes were labeled with PE-Cy5
labeled anti-CD4 along with Fc Block (both antibodies from BD Pharmingen,
San Diego, CA) in FACS buffer for 15 min at 4°C. Aftér washing, the cells were
analyzed on a FACS Calibur using FLOWJO™ software (Treestar, Inc., Ashland,
OR).
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Example 1.6: RNA Isolation and Purification and Real-Time Polymerase Chain
Reaction ' |

[0169] Total RNA was extracted from lung and liver tissue samples placed
individually in 1 ml TRIZOL™ reagent (Invitrogen, Carlsbad, CA). The sample
was homogenized using a tissue polytron (Omni International Inc., Marietta, GA)

and total RNA was extracted according to the recommendations of the
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‘[0171] IL-21R
5> CTCCC CCCTT GAACG TGACT 3’ (sense) (SEQ ID NO:30);
5° TTGCC CCTCA GCACG TAGTT 3’ (antisense) (SEQ ID NO:31);

[0172] IFN-y
5" AGAGC CAGAT TATCT CTTTC TACCT CAG 3’ (sense) (SEQ ID NO:32);
5 CCTTT TTCGC CTTGC TGTTG 3’ (antisense) (SEQ ID NO:33).
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Example 1.8: Arginase Activity Assay

[0175] Bone marrow-derived macrophages were plated at 6 X 10° per well in 96
well tissue culture plates and stimulated with combinations of IL-4, IL-13, and
IL-21. IL-21 was added 6 hours prior to IL-4 or IL-13 stimulation. Following
stimulation, cells were washed with PBS and lysed with 0.1% Triton X-100
containing protease inhibitor (Roche, Nutley, NJ). Lysates were transferred into
a 96 well PCR plate and incubated with 10 mM MnCl, and 50mM Tris HCI (pH
7.5) to activate enzyme for 10min at 55°C. After enzyme activation, 25 ul of
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a pathological Ty2 tesponse in vivo, the S. mansoni model of granuloma
formation was used. In this model, Ty2 cytokines are known to play a prominent
role in lesion formation (Pearce and MacDonald, supra). Initial studies were
designed to determine whether IL-21 and IL-21R mRNA expression were linked

with polarized Tu2 cytokine responses in vivo. This.was achieved by using mice
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3 65ﬁ01ent Mice During a Primary Response to Schistosome Eggs
[0179] Given the significant elevation in IL-21R expression in mice challenged
with schistosome eggs (FIG. 16), the next series of experiments examined
whether IL-21R signaling was influencing the development of the Ty2 response.
In these experiments, naive WT and IL-21R”" mice were injected intravenously
with live schistosome eggs and the production of Ty2 cytokines and Ty2-
regulated genes were monitored in the lung, spleen, and draining lymph nodes
over the following 14 days. In WT mice, IL-21R mRNA expression increased
rapidly following egg exposure and remained elevated through day 14 (FIG.
17A). IL-21 showed a simﬂar profile with peak expression occurring on day 7
and then declining slightly thereafter. Notably, there was a consistent and highly
significant decrease in IL-21 expression on days 7 and 14 in the IL-21R” mice,
suggesting that IL-21R was positively influencing the expression of its own
ligand. Consistent with previous observations (Wymn et al. (1993) J. Immunol.
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Example 4: TH2 Response is Reduced in IL-21R” Mice Following

N. brasiliensis Infection

[0180] To determine if the reduced Ty2 effector response was specific to
S. mansoni pulmonary granuloma formation, WT and IL-21R™ mice were
infected with the intestinal nematode N. brasiliensis. Infection is established by
moculating third stage larvae (I.3) under the skin. As the parasites mature, they
migrate from the site of inoculation and enter the lungs via the circulatory
system. Once inside the lungs, the parasites trigger a vigorous and highly
polarized Ty2 response (Urban et al. (1993) J. Immunol. 151:7086-94), which
was confirmed by analyzing the expression of several Ty2-associated genes in the

lung (FIG. 18A) and lung-associated lymph nodes (FIG. 18B). The lungs and
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a potent feedback mechanism between the receptor and its ligand. Among the
THZ-associated cytokines, IL-13 was the most robust response, displaying a 50-
to 100-fold increase over baseline in WT mice. However, it was reduced to 10-
to 20-fold above background in the IL-21R™ mice, ciemoristrating that the IL-21R.

is required for maximum development of the secondary Ty2 response. Again, the
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Galin¥l IL-21 mRNA expression in the livers of infected WT mice. In contrast,
IL-21 mRNA was almost undetectable in the IL-21R™ mice even after chronic
‘infection (FIG. 20A). At the acute stage post-infection, the IL-21R™ mice also
manifested a marked reduction in Ty2 cytokine mRNA expression (FIG. 20A).
However, the changes were again restricted to the granulomatous tissues because
the lymph node and splenocyte responses of both groups were similar following
in vitro stimulation with parasite antigens (FIG. 20B). The only consistent
difference noted in the in vitro assays was a 2- to 3-fold decrease in IL-5 and
1L-10 production in the splenocyte cultures. The IL-21R” mice also developed
significantly smaller granulomas at the acute stage posf—infection (FIG. 20C),
which was consistent with the reduced IL-4 and IL-13 mRNA responses in the
liver (FIG. ZOA). However, this was not accompanied by any obvious change in

the percentage of eosinophils in the granulomas (FIG. 20C). A more detailed
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[0183] The IL-21R”" mice were also examined for changes in serum antibody

levels (FIG. 22). Consistent with their suppressed cytokine responses (FIG.
20A), the IL-21R”" mice displayed a marked reduction in parasite specific IgGy
(Tri2-associated antibody) and IgGyy, (Ty1-associated antibody) titers, which was
maintained at the chronic time point (FIG. 22B). Interestingly however, this was
not accompanied by any significant change in IgE (FIG. 22C), suggesﬁng a
selective impairment in only a subset of serum antibody 1sotypes. Exogenous
IL-21 has been shown to inhibit IgE production (Suto et al. (2002) Blood
100:4565-73), which may explain the slight elevation of IgE in the chronically
infected IL-21R”" mice. Importantly, the overall reduction in type-2
responsiveness in the IL-21R”" mice was not attributed to differences in parasite
burden since similar numbers of eggs and paired adult parasites were found in the

tissues of both groups at all time points (FIG. 22A).
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Example 8: IL-21 Signaling Promotes the Development of Alternatively

Activated Macrophages
[0186] Because Arg-1, FIZZ1, and TGF-B1 have been linked with the
development of fibrosis, and the expression of several Ty2/Stat6-regulated genes
were réducéd in the diseased tissues of IL-21R "mice (FIGS. 17-20) (see also,

Gordon, supra; Nair et al., supra), experiments were undertaken to determine

whether Arg-1, FIZZ1, and TGF-B1 were directly modulated in macrophages

following stimulation with IL-21. Arg-1 and FIZZ1 are also well-known markers

of alternatively activated macrophages (AAMg) (Gordon, supra). For these

studies, bone marrow-derived macrophage cultures (BMMg) were generated and

then stimulated with various combinations of IL-4, I1.-13, and IL-21. As
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t gogo @i exgmined di-2Jtdowategulatell ILAQREZ HRNA expression in the
lungs of i.v. egg-challenged mice and significantly decreased the levels of the
soluble IL-13Ro2 in their seram (FIG. 23D). When viewed together, these data[
suggest that IL-21 contributes to the development of alteratively activated
macrophages by upregulating the type-2 IL-4 receptor (signaling receptor) in
macrophages and by simultaneously decreasing the levels of the soluble
IL-13Roa2 (decoy réceptor),in the serum. Both mechanisms likely contributed to
the increased activation of Arg-1 and FIZZ1 in the IL-4/IL-13-stimulated
macrophages. As such, they provide an additional mechanistic explanation for
the impaired Ty2 responses and Ty2-dependent fibrosis in the helminth-infected
IL-21R” mice.
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response, in each case the IL-21R™ mice displayed highly significant decreases in

‘these Ty2-associated genes. Yml and AMCase are members of a family of
proteins that share homology with chitinases of lower organisms (Nair et al.,
supra). Although their exact function in host immune reactions remains

uncertéin, they are thought to play important roles in edsinophil chemotaxis,
tissue remodeling and fibrosis. Indeed, a recent study showed tﬁat AMCase

neutralization could ameliorate allergen-driven inflammation and airway
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no detectable change in the cellular composition of the granulomas in IL-21R7
mice and no specific impairment in CD4" T cell recruitment. Together, these
findings suggested that the IL-21R regulates the development of parasite-induced
pathology by modulating the overall intensity of the Ty2 effector response.
10191] I1.-21 is not thought to regulate. IL-4-induced Ty2 cell differentiation
directly (Suto et al., supra; Wurster et al. (2002), supra). Instead, it was
hypothesized in a recent paper that IL-21 might amplify Ty2-driven responses by
downregulating the expansion of IFN-y-producing Tyl cells (Wurster et al.
(2002), supra). As such, it is theorized that the IFN-y response in schistosome-
infected mice might increase in the absence of the IL-21 receptor. Although a

small increase was observed in lung-associated lymph nodes ir vitro, IFN-y
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constituents of schistosome granulomas and functional studies suggested they are

¢ritically involved in the progression of the disease (Hesse et al.(2001), supra).
Indeed, an important study by Brombacher et al. showed that mice that are
completely deficient in alternatively activated macrophages develop lethal egg-
induced pathology following infection with S. mansoni (Herbert et al. (2004) -
Immunity 20:623-35). In addiﬁon, because macrophage-derived TGF-Bi has
been implicated in the mechanism of IL-13-mediated fibrosis (Lee et al. (2001) J.
Exp. Med. 194:809-21; Fichtner-Feigl et al. (2006) Nat. Med. 12:99-106),
experiments were undertaken to determine whether IL-21 was modulating

TGF-B1 production in macrophages. To investigate these issues, Arg-1 and
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(2004), supra), a final series of experiments examined the influence of the
IL-21R on the progression of hepatic fibrosis. Notably, development of fibrosis.
decreased significantly in the IL-21R™" mice, with the knockout animals
displaying over a 50% reduction in hepatic fibrosis by week 29 post-infection.

Importantly, similar findings were also generated when infected WT mice were



Ser val Asp Ser Arg Asn Val ser Leu Leu Pro Gu GQu
Phe His Lys 180 185 190Asp Ser Ser Tyr G n Leu G n Val
wongeA1333Al a Pro Gn Pro Ay Thr 195 200 205 SecTRI$S2006/013829
Arg Ay Thr Trp ser Glu Try Ser Asp Pro Val |ie Phe
Gn 210 215 220 Thr Gn Ala Ay Ju Pro Au Ala Gy
Trp Asp Ay Ser Ay Ser Arg 225 230 235 240 <210> 24
<Zkdizd 49h sH2AARFONs 2hS - MUk cEPIsiGhtls ¥sves1dd 85> potential CDS
<222> (19 (783) <400> 24 ct gcag tcg acaccacc atg
cABWdgge arcaneé’&rﬁtcghf‘g@y d%eoqc{ualoea:tgesewdhﬁl }Vé‘FatW‘b Arg
A ¥sehhidl rofd k’orﬁjlealLﬁlﬁ ih 8¢ Jréptessio of T2 c%@ol&ﬁegm@dlite@&‘ée&@t
gga get tg[i a c ct g;ac etc act tgc tac act 99 Leu
| i4s uely thy Zda%;ﬁ ébwcgi &y listgkimperiankggseptary tha regalpte
D imukihits Ind MallBfhab@folfiabgo ace ate ace tgt gtc
gag aca egg age ccc aac 147 Asp Tyr Leu Trp Thr
I|e Thr Cys val Leu Gu Thr Arg ser Pro Asn 30 35 40
c dixamgle IQt%TOEh%lcérgqa“@ft“és ace tgg caa gat gaa tat gag

g t p§§iﬂ1 Trp Gn
6[@19%] Aﬁmﬂ&&%%{ﬁ Leuedgtﬁeahrgéhéo Sﬁggﬂg’?a ga?{ ace

Tyr

t t[@lStSij] A supiectdipgnesad valfivee eirhepds is aémmséer%do@ T4 RAusjon
Q}Qotgﬁ o @dﬁkeﬁfg acgﬁﬁulgtyo% ocf;%rdtﬁ lt‘lsgd'e% At Gvas Fl"hgly ?.Hk S

n T Thr 60 65 70 75 cat ata tgg tac acg tgc cat
atfgsiemgeroteingngledes gminotacids 4235 pESEQ &D Nitv3 ﬁHpcg aflifse Trp
Ty I; p 80
3 5(5 53 fnug Yia ta{ﬂh]?%rggo e@;‘fogdﬁxg 't’b fh"?i';lo %lﬁ]s fﬁ%éllg %g ggﬁtI]C)AS
aaN,Ozl_Zho Bélcmelaanm@@)g@buﬂm@l (IEﬁé) IFq-muw@ﬂ sé@mndgal Thr
ASorflfn e Shf 008 R900r S0 1934499, 106 920 tat gac
age T gf@ ctg ge gag age ate aaa cCa get ccc ccc
3q0196] WA @jﬁcﬁhygnﬁsﬁd mﬂmmalfecﬁxmwmﬂ ahﬁosonﬁels allmmistorad a

Ry g e R S S

v dtagiblanit cdatains Alnmolabﬂs %53&11351?@@)111@:2 Asp lie Ser Trp

30. 135 tea t t.at ., gac GEG.tec,. ctac
outH Joligying sirecriep SpleotiSacigsrdin L2 RGRIGES w5

PrrsduSe the Asdumbatioy afl fitosls deGo Glurglchmﬁclhemdﬁng MOMS
150 155tat gag ctg cag tat egg aac etc aga gac ccc tat
g BRI UGH ccg 531 Tyr Glu Leu Gn Tyr Arg Asn Leu
Arg1985 P\ Bibfecildisigndbed Wit liver AfrHodRy 10 adBisled& ahAD-20t g ace
aag ctg ate tea gtg glac te% a,aac gtc tct ctt etc
c @ptikoy tezeguepithe gegumylation gf dib ligely Arg Asn
Val Ser Leu Leu Pro 175 180 185 gaa gag ttc cac aaa
gat tct age tac cag ctg cag gtq egg gca gcg 627 G lu
G u Phe Hs Lys Asp Ser ser Tyr Gn Leu Gn VaT Arg
Ala Al a



190 195 200 cct cag cca ggc act tea ttc agg ggg ace
tgg agt gag tgg agt gac 675 Pro G n Pro GIy Thr ser
woheocAnsgp3GTy Thr Trp Ser A u Trp Ser Asp 205 220TA%2006/013829
ccc gtc ate ttt cag ace cags8get ggg gag ccc gag gca
ggc tgg gac 723 Pro Val lie Phe Gn Thr Gn Ala GIy G
lu Pro Glu Ala GIy Trp Asp 220 225 230 235 ggc age
gyaiARnls CRaIMBD IsAat cac cac ggt age ggc gac tat aaa
gac 771 GIy Ser GIy H's Hs Hs Hs Hs Hs GIy Ser
Gly Asp Tyr Lys Asp 240 245 250 gat gac gat aag
t agAgm;hmt fot weafifi aAwporAting, Aspretonting Hifrosi? dOfiiAbsis<211>
él(f_i PRT <21‘%1’ Mis rmuscul.us <400>t §15 I\{St Pro Arg
d‘ss°°‘ FOUGARer AR & SURpSs PP A0Rpisteatpe e Beslicdes @
1ﬂ5rai>a1tib511yﬂéf&cfﬁv¢an&ant e apeit thAsfedheekl thEeve RyRIL DY rand/bf
ﬁ2ﬁ¥ beubTr Thr 20 25 30 lie Thr cys Val Leu @ u
3 5”%?“?5?’ Asn Pro Ser lie Leu ser 35 40 45 Leu
Thr Trp G n Asp G u Tyr d uGI uLeanAspGnGI

u, T. Asn
Tt 2 St w%mﬁ%age s B VB afgbal 2,
Asdiected froBethe Granp Ié’lmmsltmgj ofSaranfidp-2ER antihally, plemtiHiLe1Val
85.90.95 Asn val .Thr Gn Ser n Asn Ser Gn
GURESL e et Broopl o RRache B RO Y R o e 1|
Lyiading (&agx’nant Bf an &t L HUanfibodyyadd aldetubléoftaginkht df20 M-25R.
Ala Phe Ser Ay Arg Tyr Asp lie Ser Trp Asp Ser Ala
Tyr Asp Gu 130 135 140 Pro Ser Asn Tyr Val Leu Arg
Gy Themethed ofGlaimPy wh@kin theaged ipa Fglubld fagri&0 ol SHLIB®,

LRt ol A3l e B AR el i o Bl e

sthat s etiledst %%ﬁdﬁm@aﬂl to@naniheadill qlgmse &e&@te]i&‘forrime ghwp

Foponfle i g Ead el g eceuspforiGo s

TNp) 3 emldtmmd@ﬂ e3¥af SEQaDN@:2 G’mn&d@dsZDBZSZM SEQIDGIM:2,

Cading gt SaE0E0 Hh Bfpinfind S 2P ot sER Sty
LyddsAS SIS EARID WO[5, hiyihoaéids 2602 PSS ERIDNOZ, alﬁﬂibltéldz 9-2
43¢0t SBS XD NO:5, and amino acid 20-236 of SEQ ID NO:5.

4. The method of claim 3, wherein the soluble fragment of the IL-21R binds to an
IL-21 polypeptide.

5. The method of claim 1, wherein the agent is a soluble fragment of an IL-21R,
and wherein the soluble fragment of the IL-21R comprises an amino acid sequence
that is substantially 'identical to the amino acid sequence set forth in SEQ ID
NO:11, SEQ ID NO:13, SEQ ID'NO:15, SEQ ID NO:17, SEQ ID NO:19, SEQ ID
-NO:21, SEQ ID NO:23, SEQ ID NO:25, or SEQ ID NO:27.

6. The method of claim 5, wherein the amino acid sequence of the soluble
fragment of the IL-21R comprises an amino acid sequence that is substantially
identical to the amino acid sequence set forth in SEQ ID NO:11 or SEQ ID NO:13.
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Gfecig tirgbrer Bpidargds, endodermis, muscle, tendon cartﬂage heart pancreas,

lung, uterus, nervous system, testis, ovary, adrenal gland, artery, vein, colon, small

intestine, biliary tract, or stomach.

14. The method of claim 13, wherein the fibrosis or fibrosis-associated disorder

affects the liver, epidermis, endodermis, or lung.

15. The method of claim 14, wherein the fibrosis or fibrosis-associated disorder is

interstitial lung fibrosis.
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145 150 155 160 lie ser Trp Asp Ser Ala Tyr Asp

PRGISBr Asn Tyr Val Leu Arg 165 170 175 Ay Lys Leu
Gn Tyr Au Leu Gn Tyr Arg Asn Leu Arg Asp Pro Tyr

VA Wit efyimdr ol cpigrispndigislfe fae el
Cone 4dditiofh ehddipsuticyszetsp Ser ser Tyr G n Leu G n 210
215 220 Val Arg Ala Ala Pro Gn pro Ay Thr Ser Phe
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<§f§é§[5r{%‘?| %?upég’gﬂg 2@2%%;3“%} 1t§r%,r1g1r(>>%§,8' <§%2> DNA

gmbibjfatscigemaibagppgadani, Afi-inldfiratady agéitd me2DoHihRibitbi|A

<2n1z:)3n?13 'fflrhtiﬂlto];s, gytotomlc agents, and cytostatic agents.

21. The method of claim 19, wherein the at least one additional therapeutic agent

- is selected from the group consisting of TNF antagonists, anti-TNF agents, IL-12
antagonists, IL-15 antagonists, 11-17 antagonists, IL-18 antagonists, IL-22
antagonists, T cell-depleting agents, B cell-depleting agents, cyclosporin, FK506,
CCI-779, etanercept, infliximab, rituximab, adalimumab, prednisolone,
azathioprine, gold, sulphasalazine, hydroxychloroquine, minocycline, anakinra,
abatacept, methotrexate, leflunomide, rapamycin, rapamycin analogs, Cox-2
inhibitors, cPLA2 inhibitors, NSAIDs, p38 inhibitors, antagonists of B7.1, B7.2,
ICOSL, ICOS and/or CD28, and agonists of CTLA4.

22. The method of claim 1, wherein the subjeét is a human.

23. A method for identifying a compound for treating, ameliorating or preventing
fibrosis or a fibrosis-associated disorder in a subject, comprising: (a) measuring the
level of IL-21 and/or IL-21R in a cell or sample of interest; (b) contacting the cell.
or sample of interest with a compound; and (c) measuring the level of IL-21 and/or

IL-21R in the cell or sample of interest following contact with the compound,



<220> <223> PCR Prinmer <400> 29 catgctcaca gtgccccttt

20 <210> 30 <211> 20 <212> DNA <213> Artificial <220>
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Ty o sampesgiy o e PRI P s TL20B 3 SRonSeRsed e
Chit QbR IrehtéBst, identifies the compound as a compound useful for treating,

ameliorating, or preventing fibrosis or a fibrosis-associated condition in a subject.

24. A method for identifying a compound for treating, ameljorating or preventing
fibrosis or a fibrosis-associated disorder in a subject, comprising: (a) measuring the
level of IL-21 and/or IL-21R in a cell or sample of interest; (b) contacting the cell
or sample of interest with a compound; (c) measuring the level of IL-21 and/or IL-
21R in the cell or sample of interest following contact with the compound; and (d)
comparing the level of IL-21 and/or IL-21R in the contacted cell or sample of
interest with a reference level of IL-21 and/or IL-21R, wherein a lower level of
IL-21 and/or IL-21R in the contacted cell or sample of interest, in comparison to
the refereﬂce level of IL-21 and/or IL-21R, identifies the compound as a compound
useful for treating, ameliorating, or preVenting fibrosis or a fibrosis-associated

condition in a subject.

25. A method for monitoring the progress of fibrosis or a fibrosis-associated
condition in a subject, comprising: (a) measuﬁhg the Ievel of IL-21 and/or IL-21R
in a cell or sample of interest from the subject ata first time point; and (b)
measuring the level of IL-21 and/or IL-21R in a cell or sample of interest from the
subject at a second time point, wherein a lower level of IL-21 and/or IL-21R in the
cell or sample of interest from the subject at the second time point, in comparison
to the level of IL-21 and/or IL-21R in thé cell or sample of interest from the
subject at the first time point, provides an indication that the fibrosis or fibrosis-

associated condition has decreased in severity.

26. A method for prognosing fibrosis or a fibrosis-associated condition in a
_subject, comprising: (q) measuring the level of IL-21 and/or IL-21R in a cell or
sample of interest from the subject at a first time point; and (b) measuring the level
of IL-21 and/or IL-21R in a cell or sample of interest from the subject at a second
time point, wherein a lower level of IL-21 and/or IL-21R in the cell or sample of
interest from the subject at the second time point, in comparison to the level of

IL-21 and/or JL-21R in the cell or sample of interest from the éubject at the first -
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time point, indicates a decreased likelihood that the subject will develop fibrosis or
the fibrosis-associated condition or a decreased likelihood that the fibrosis or

fibrosis-associate condition will worsen in the subject.

27. A method for prognosing fibrosis or a fibrosis-associated condition in a
subject, comprising;: (a) measuring the level of IL-21 and/or IL-21R in a cell or
sample of interest from the subject; and (b) comparing the level of IL-21 and/or
IL-21R in the cell or sample of interest from the subject to a reference level of
IL-21 and/or IL-21R, wherein a lower level of IL-21 and/or IL-21R in the cell or
sample of interest from the subject, in comparison to the reference level of IL-21
and/or IL-21R, indicates a decreased likelihood that the subject will develop
fibrosis or the fibrosis-associated condition or a decreased likelihood that the

fibrosis or fibrosis-associate condition will worsen in the subject.

28. A method for diagnosing fibrosis or a fibrosis-associated condition in a
subject, comprising: (a) measuring the level of IL-21 and/or IL-21R in a cell or
sample of interest from the subject, and (b) comparing the level of IL-21 and/or
IL-21R in the cell or sample of interest from the subjéct with a reference level of
T1.-21 and/or IL-21R, wherein a higher level of IL-21 and/or IL-21R in the cell 6r
sample of interest from the subject, in‘comparison to the reference level of IL-21
and/or IL-21R, indicates the presence of fibrosis or the fibrosis-associated

condition in the subject.



