12 FEB 2007 WD 2004/0 1 772 7 PCT/ AU2003/ 001078 A METHOD OF TREATMENT AND
PROPHYLAXI'S FIELD OF THE I NVENTI ON 5 The present invention rel aj®2seB 2007
generally to a nmethod for treating or preventing or otherwise aneliorating
the ef f ¢ed se@fy14m%1 ammat ory conditions such as but not ddymb&dsaQeanronic

i mmune- nedi ated i nflammatory di seases. The present invention further

provi des pharmaceutical conpositions conprising agents which inhibit one
or nore inflamatory cytokines and/ or mhich down-regul at e expressi on of
genes whi ch encode inflammatory 10 cytokines. Such conpositions are useful
in the treatment and prophylaxis of inflammatory conditions such as
inflammatory arthritis anongst other chronic i nmune-nediated inflanmtory
di seases. The presert MENEMOD OF TREABYIENOAWNREREP Y LdaXISodel for
studyi ng the kinetics of and/or screening for agents useful in the
treatment or prophylaxis of inflammtory conditions. 15 BACKGROUND OF THE
| NVENTI Og1gi oeorahievEstaons of references provided in the subject
specification are listed at the end of the specification. 20 Reference to
any prior art in this specification is not, and should not be taken as, an
acknow e - - for f iLon i rior for rt of
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humans aggndmié®s such as inflammatory arthritis amongst other chronic immune-mediated
inflammatory diseases. The present invention further provides an animal model for
studying the kinetics of and/or screening for agents useful in the treatment or prophylaxis

of inflammatory conditions.

15
BACKGROUND OF THE INVENTION
Bibliographic details of references provided in the subject specification are listed at the end
of the specification.

20

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in any country.

25 Granulocyte colony-stimulating factor (G-CSF, encoded by the CSF-3 gene) is a
hematopoietic growth factor that regulates the production of granulocytes (Nicola ef al,
Nature 314: 625, 1985; Metcalf, International Journal of Cancer 25: 225, 1980; Nicola et
al., Journal of Biological Chemistry 258: 9017, 1983). G-CSF mediates its effects through
interaction with the granulocyte-colony stimulating factor receptor (G-CSFR, encoded by

30 the CSFR-3 gene), a member of the type I cytokine receptor superfamily (Demetri et al.,
Blood 78: 2791-2808, 1991). Major biological actions of G-CSF in humans and mice,



12 FEB 2007 WD 2004/017727 PC1/AU200 3/0 0 1 O 7 8 -2- include increasing
the production and rel ease of neutrophils fromthe bone nmarrow (BopgR 206t
al ., Science 232: 61, 1986; Lord et al., Proc. Natl. Acad. Sci. USA

86: 949%%529&,/ }%@9) nmobi | i zi ng henmat opoi eti c progeni }'(OL’ASJ%{{J?{%I“%P t he

marr ow |1 He peri pheral blood (Bungart et at, Britis

Haenmat ol ogy 22: 1156, 1990; de Haan et al., Blood 86: 5 2986-2992, 1995;
Roberts et at, Blood 89: 2736-2744, 1997), and nodul ating the
differentiation and effector functions2of mature neutrophils (Yong et at,
Eur opean Journal of Haematol ogy 49: 251-259, 1992; Colotta et al., Blood
80: 2012-2020, 1992; Rex et at, Transfusion 35: 605-611, 1995; GCericke et

at, J ourlq?ﬂudgﬁnclr@dgmgqx‘g gm@ug :(grg%%@l%ieagégf A Wghﬁg%m &Y the %aqo@? E&i‘dg?la"'

Journa of Haemat ol 3: 55 ritish Journa
Haemat ol agy., ScttemﬁCPMYﬁl 1936; Ldalcoln! efral Nat/Bdoad S82 :1/535685.36499- 95.(998))89)6 CSF
is used to . tre neut ropenia, as well _as npbilisati.on ﬁf hae |et|$\éstem

cel I's (Heey!ipyg %?%P%f@%&fs Pf%ﬁ?alfai Coleior dhemMEEY ipaHEpPEMRNSTE oHoPYel t e
et at, Bimeda88: ol WHnsh9RYnd WG nenMafo 8l 255 qug f@O ng:leﬁﬁtyt ot 28l acan

cause exacerbations of rheumatoid arthritis (RA) 5 (Snowden et at, Bone
Mar r ov ﬁ%ﬁs&ﬂ%nﬂa%oﬁhbws ¥038- 164vd &5998736@7%F1%ﬂ7c)ngnw mhdul@bmprﬁhe

sti mul at nov.

71 br obr un S S el D Tiond RERHEE R B RS CEod an P P Pt v
et at, BQaskmtbologl989251998), 19990CoIbaMtd 41018864 88 2(R20REh07 99924463k k419,
1992), and G CSF has been found in the serum and synovi al fluid of RA

pat i ent sT7eTinEpe Jét 0% 61 RIS etidygye: 20, fairerhalthefiaty a iolep: 76 455948,
Nak
2000) | a2 River a AR PR SPARRRRbEDs B ROOON o A

nuri he ol Haegersbpdde ed- 4, tiIQ%,tjasot( 8l A) MdahQJ GGBéBaSSed‘)%vérﬁjmllsamdd to

i nci dence of disease in .mc et Jour na ukocyt e
Bi ol ogy B! NURPERG, 352‘6?)‘6?3 gl‘%ﬁév?n éfga aeal%gls‘%wm FElREEC) aéqmt@rgoem in
rats (Ma)‘@@%?erﬁé st%:cemt}aﬂkﬂ%ta i BRTE @it@ayaza%&ﬁsé TeHAqRaY hflmgy 69: 69-76,

1993). G CSF transgenic m ce have I ncreased bone resorption and reduced
bone formati on (Takahashi et at, Laboratory | nvestigation 74: 827- 834,

1996), | scfizi chaé_icr&q: ftopﬁSCGmC%m?nPXn 08 Eae E:)?Ellc%l‘l%a?log‘?QFI’I;[CHERI?}?OIS arthritis (RA)
15 (Snowdcen ef al., Bone Marrow Transplantation 22: 1035-1041, 1998). G-CSF along with
colony stimulating factors, GM-CSF and M-CSF are produced by human synovial
fibroblasts and chondrocytes in response to Il.-1 and TNF in vitro (Leizer et al., Blood 76:
1989-1996, 1990; Hamilton ef al, Blood 79: 1413-1419, 1992), and G-CSF has been
found in the serum and synovial fluid of RA patients (Tanabe er al, Rheumarology

20 International 16: 67-76, 1996; Nakamura et al., Clinical and Experimental Rheumatology
18: 713-7T18, 2000). Systemic administration of G-CSF has been shown to exacerbate
murine collagen-induced arthritis (CIA) with increased severity and incidence of disease in
DBA/] mice (Campbell ef al., Journal of Leukocyte Biology 68 144-150, 2000), as well as

a passive transfer model of CIA in rats (Miyahara et al, Clinical Immunology and

25 Immunopathology 69. 69-76, 1993). G-CSF transgenic mice have increased bone
resorption and reduced bone formation (Takahashi er al,, Laboratory Investigation 74:827-

834, 1996), indicating that G-CSF may have a role in bone turnover.

G-CSF is able to expand a monocyte/macrophage subset and induce anti-inflammatory
30 cytokines that can protect against endotoxemia in mice (Gorgen et al, Journal of

Immunology 149: 918, 1992). G-CSF has also been reported fo impair allogeneic and



G CSF is able to expand a nonocyt e/ macr ophage subset and i nduce
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expression (Pan et al., 1995, supra; Franzke et al., Blood 102: 734-739).
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G-CSF is, therefore, a pleiotropic molecule with a range of functions. There is a need to

more fully characterize these functions and to elucidate if modulation of these functions

15  can lead to health benefits.



i ncl uded use of antibodies to deplete neutrophils as well as the use of a
G CSF knockout 10 nouse. It was determ ned that these m ce wereihfFgblanor
resi st ant to the i nduction of acute arthritis, but this effect did not seem

to be e by the lower neutrophil counts. It was, ) ofgound
that G cou d dlrectly i nduce joint inflanmmtion by r(%*ﬁ@ﬁéﬁ&ﬂ»s
adm ni stration and that systemc G CSF could substitute for IL- I in the

nodel of acute arthritis. 15 Collagen induced arthritis (CIA) is a chronic
aut oi mune nodel widely used to investifate rheunatoid arthritis (RA)

pat hogenesi s and for evaluation of prospective therapies. To exam ne the
requi rement for endogenous G CSF in chronic joint disease, G CSF and
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as chronic inflammatory arthritis and rheumatoid arthritis or other

chroni c i mune-nediated inflammatory di sease condltlons 30 Accordingly,
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not 1Pi niodge- flowes ésfpntalrnetitt%atftbﬁ%tWﬁa\weréduewréﬁt@motp prvfusyen of acuts
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neutral i sing nonoclonal ant
similarly found that G-CSF could directly induce joint inflammation by focal

administration and that systemic G-CSF could substitute for {I.-1 in the model of acute
arthritis.
15
Collagen induced arthritis (CIA) is a chronic autoimmune mode! widely used to investigate
rheumatoid arthritis (RA) pathogenesis and for evaluation of prospective therapies. To
examine the requirement for endogenous G-CSF in chronic joint disease, G-CSF" and
wild-type (WT) mice were immunized with chick Type I collagen (CH) in Complete
20 TFreund’s Adjuvant (CI'A} to induce CIA. There was marked protection from disease in
mice deficient in G-CSF, identifying a major role for G-CSF in CIA. T cell responses to

CIT were normal in G-CSF knockout mice.

Collectively, this shows that endogenous G-CSF plays a major role in inflammatory
25  arthntis. Down-regulating G-CSF activity, locally or systemically or reducing levels of G-
CSF or inhibiting or down-regulating the G-CSF receptor (G-CSFR), is proposed to be a
useful mechanism to treat or reduce the severity of inflammatory conditions such as
chronic inflammatory arthritis and rheumatoid arthritis or other chronic immune-mediated
inflammatory disease conditions.
30

Accordingly, the present invention contemplates a method for the prophylaxis and/or



G CSF was tested in the acute arthritis nodel. Inhibition of G CSF during
acute arthritis resulted in a dose dependent reduction in nyel ojdrERneage
cells in the BM neutropenia in the peripheral blood and reduced cell ul ar

nf1 L3 9q @ khe {nvol ved joint. 10 The prosent i mvantieniiRer

provi des agents and pharmaceutical conpositions conpri

which inhibit the activity of or down-regul ate expression of a gene
encoding G CSF and/or other inflanmatory cytokines and/or their receptors.
The present invention further provides-an ani mal nodel for studying chronic
inflanmation 15 and its use in screening for agents useful in the
treatnment and/or prophylaxis of an inflammtory condition such as

i nf | amateaynet tdfran iflaniBatbEBc200don W) 20RM TG0 RGLHAUR aBQigdnd (Rick O 78
-6- A Iist.ﬁf qbbreviations used herein is provided in Table 1. TABLE
Abbr evi at HYRYS 18 aKERREGEA07 TeRpees trsskene bad, er iadanmatery krioking svek ky bat net

bovi ne semyimdad bHOSH dr ks fﬁn(ftf-oﬂg%%ﬂlal%@sg&r&k)%(ﬁ%qggorggtriz&gﬂ% (EE@S BL/G  BM

bone marrow BSA bovi ne serum al bum n reun diuvant CIA
Col | agen-induced arthritis CIl Type Il collagen CSF3/Csf3 Col ony

stinul.at i factor. 3.gene (human/ usz) CSF3R.Col ony stinulatjng factor 3

receptsor Lrgagﬁléer%%ﬁlhgﬁ)f af)‘ngg f@:inml q:rgglﬁﬂ ﬁ)?'rjeugglé?tn% mongcional antibody (?nAb) 1o
G-CSI* was tested in the acute arthritis model. Inhibition of G-CSF during acute arthritis
resulted in a dose dependent reduction in myeloid lineage cells in the BM, neutropenia in

the peripheral blood and reduced cellular infiltration of the involved joint.

10 The present invention further provides agents and pharmaceutical compositions comprising
such agents which inhibit the activity of or down-regulate expression of a gene encoding

G-CSF and/or other inflammatory cytokines and/or their receptors.

The present invention further provides an animal model for studying chronic inflammation
I5 and its use in screening for agents useful in the treatment and/or prophylaxis of an

inflammatory condition such as inflammatory arthritis.



EAE Experinmental autoi nmune encephal onyelitis FACS fluorescence activated
cell sorting FCS foetal calf serum FITC fl uorescei n isothi ocyanatergg €567
granul ocyte col ony-stinmulating factor G CSF - granul ocyte

col ony-st.imulating factor-deficient G CSFR granul ocyt | =stimul ating
factor‘?é@g%wgﬁ%ﬂcm4CSF gr anul ocyt e- macr ophage col ony E??ﬁﬁ @%@i@5$gctor
H&E henot oxylin and eosin FIRP horse radi sh peroxi dase HSC haenopoietic

stemcell i.a. intra-articular (ly) 12 FEB 2007 WO 2004/017727
PC1/ AU2003/ 001078 -7- i.d. intra-dernmal®{(ly) 1lg imunoglobulin IL-
interleukin- IFN-y interferon-ganmma i.p. intra-peritoneal (ly) 1i.v.

I ntra-venous KLH keyhole linpet cyanin LN |Iynph node mAb nonocl onal

ant i body AnBBAf atibiréwdiedng thsDNE bR iS @Fdumdaal ihdable 1. MBSA/ | L- 1-i nduced arthritis
met hyl at ed bovi ne serum al bum n-induced arthritis M CSF nmacrophage col ony
stimulating factor M CSFR macr ophage col ony stinulating factor receptor

NMS normal nouse serum TABLE 1
Abbreviations
5
“TABBREVIATION [ 7~ . © DESCRIFTION - =
acutearthrltls — rﬁethy!aiied bovme ser;m atbumm/IL— -l‘-indu.ccd
arthritis
Ab antibody
B6 C57BL/6
BM bone marrow
BSA bovine serum albumin
CFA Complete Freund’s Adjuvant
CIA Collagen-induced arthritis
CII Type 1I collagen
CSF3/Csf3 Colony stimulating factor 3 gene (human/mouse)
CSF3R Colony stimulating factor 3 receptor gene (human)
DNP [dinitrophenyl] acetyl
EAL Experimental autoimmune encephalomyelitis
FACS fluorescence activated cell sorting
FCS foetal calf serum
FITC fluorescein isothiocyanate
G-CSF granulocyte colony-stimulating {actor
G-CSF™” granulocyte colony-stimulating factor-deficient
G-CSFR granulocyte colony-stimulating factor receptor
GM-CSF granulocyte-macrophage colony stimulating factor
H&E hemotoxylin and eosin
HRP horse radish peroxidase
HSC haemopoietic stem cell
i.a. intra-articular (ly)




NP- [ 4-hydroxy-3-nitrophenyl] acetyl PBS phosphate buffered saline PE
phycoerythrin RA Rheumatoid arthritis rHuG CSF (filgrastim retopbsraot
human G CSF S. C. subcutaneous (ly) TdR thym dine TNF tunour necrosis
factor _TNP trinitrophenyl VWEIII The Walter and Eliza I;igllﬁ JI r)n{sSBi t%e of
Medi cal WORMEESEH WI wi | d type 12 FEB 2007 WD 2004/ 017757 U001

PCT/ AU2003/ 001078 -8- BRI EF DESCRI PTION OF THE FIGURES Figure 1 is a
graphi cal representation showing intra-articular effects of GCSF. A Mce
were treated intra-articularly with filgrastim(GCSF;, 0.1, 0.5, or I g),
IL-1 (25 ng) or 5 saline (vehicle) fo_r./ghr ee consecutive days and exam ned
histologically at day 3. * P < 0,05; t P < 0.005 conpared to saline
control. B. Joint exudate cells in GCSF (0.5, 1.5 g) or IL-I injected

joints were quantified. There was a prom nent nonocyte/macrophage _exudate
in the GGSF-injected joints. n pintr2-deghdit@&)per group. 10 Figures 2A and B
are gr aph-cal-representati-ens-—-sh W—WH—S—ﬁeees—s—&w—f—w—l—e%
I L-1 indpced joint inflammtion, Bt [hc’fij T i nduced prot eogl ycan | osg. B6
and G CSFjj/- mice were 1 njected Jingorlewkind 1L-17 (25 rig) on days O, T and 2,
and assegsed histologically at day 3 for A the severity of inflammtqry
and destflid¥yve features and B. | o&sfesin-gamingul ar cartil age proteogl ydan.
Resul t s pre-representative of-the mean -SEM (scored-out—of -5} 15 Datg are
from1 of " experiments; n = 14 | SUAEETEGHIY* p < 0.05. Figure 3A and 3B
show gr aphjcat—TepresentatT ons™ of i aysy emtef fecrsof ~fiTygrastimmi

KILH keyhole limpet cyanin

LN lymph node

mAb monoclonal antibody

mBSA methylated bovine serum albumin

mBSA/L-1-induced arthritis methylated bovine serum albumin-induced arthritis

M-CSF macrophage colony stimulating factor

M-CSFR macrophage colony stimulating factor receptor i

NMS normal mouse serum

NP- {4-hydroxy-3-nitrophenyl] acetyl -

PBS phosphate buffered saline

PE phycoerythrin

RA Rheumatoid arthritis

rHuG-CSF (filgrastim) recombinant human G-CSF

S.C. subcutaneous (1y)

TdR thymidine

TNFE tumour necrosis factor

TNP trinitrophenyl

WEHI The Walter and Eliza Hall Institute of Medical

Research
WwT wild type




lieu of IL-1 in the acute nBSAIIL-1-induced nodel. B6 mce were injected
i.a. with nBSA and s.c. on days 0, 1, 2 with saline [black barsi2FER2007
(250 ng) [grey bars] or 20 filgrastim (15 g) [white bars]. Shown are A

Peri phe Lcounts at day 2 and B. popliteal ly and
spl een “\/\g)lzg{fm/&o{ day 7. Data are representative of m?i%@?ﬁ#&’hﬁm ith n >

5 mce per group. * P<0.05; t P < 0.01 conpared to nBSA/saline control
group. 25 Figure 4A and 4B illustrate the effects of systemic GCSFin lieu
of IL-1in the acute arthritis nodel.-8 ce were injected i.a. with nBSA
and s.c. with either saline vehicle, IL-1, or GCSF and the i njected knees
were exam ned histologically at day 7. A Mean total histological scores
SEM B RBPRIEFDMEACRIETRON OFODMEIFIGBRESti ng i nBSA/saline treated joint
with mniml exudate cells in thejoint space (100X), ii nmBSA/IL-1-treated
joint with 30 noderate to marked exudate and synovitis and iii

”BSA/ G CﬁmFg b qaafs%d%da hidk Fe'ae:gt% fﬁﬁuo%Q% 616%33991%/ QﬂfZ&%f'ﬂQ’é’SﬁU%O%?é/eom 0

erate | eat ures
j 0| nt s/ gwetepv’ree»t@cerntmleulaepwe%ﬁtgamsrme(G@G}Era e, orf [t eH.-1 2P ng) Br05
conpar ed to nBSA/ sal i ne] controls. Figure 5A-C.GGC SF./- mce are rel at| vely
resi s?an%a 08 (mWP LOr fhreq ?RJIHE%}HWérC{‘?‘HF iopdl exapinedshigiolpeisaigpat /day . Pugr e

treated jq QO QIT'!Q (& Sﬁ{nleug[ﬁ{?g!lf Izeﬁi io@ g[:xstﬁf ald&1and G- @S @Bog'rslﬁ%l y

assessed a |st grans | |stolog|ca sev

scores axnc:LB Q@dfdtctd g’acgmspwaee@gﬂn;aﬁam Tb@-s Wy asgbmamdnn rhosicaiehagdphaGe
Representatjve sections. show gt panel) and safranin O (bottom
panel ) s®gtdakns tlﬁer@rﬁ%%wqttd@wéh%é Jmms Pef BTOUPB6 and (ii, iv) G CSF-/-
m.ce. n > 6 joints/group/experinent; representative of 3 10 experinments.
Figure 6 shows representative FACS pI ots of |eukocyte popul ations

i nfil0raFiguges hé andyhexei mhplticd semefentatmoBE sinBEAE stedt iGRESFBS ned8SAht [orl loeaid

G CSF-/ - SA/IL-1 .treated .mce S nOV|u ed at
A day 3 Hd e o PR Gruth oo PhuS P Pritos G o P b aR LRl n an
enzyme cedetwéde igjdctel RENwWRE @LIIG(Qan%? off E@ﬁ 4 0] eandTBr KRN Sseskél WstofodRallyodtal
mhltratmgleukoctes were identitied ystalnlng with CD45.2 (A B; top
panel ). day 3 for 4. the severity of inflammatory and destructive features and B. loss of articular
cartilage proteoglycan. Results are representative of the mean + SEM (scored out of 35).

15 Dataare from 1 of 2 experiments; n = 14 joints/group; * p < 0.05.

Figure 3A and 3B show graphical representations of the systemic effects of filgrastim in
liew of IL-1 in the acute mBSA/IL-1-induced model. B6 mice were injected i.a. with
mBSA and s.c. on days 0, 1, 2 with saline [black bars}, 1L.-1 (250 ng) [grey bars] or
20 filgrastim (15 pg) [white bars]. Shown are 4. Peripheral blood counts at day 2 and B.
popliteal lymph node (LN) and spleen weights at day 7. Data are representative of 3
experiments with n > 5 mice per group. * P < 0.05; T P < 0.01 compared to mBSA/saline

control group.

25 Figure 4A and 4B illustrate the effects of systemic G-CSF in liew of IL-1 in the acute
arthritis model. Mice were injected 1.a. with mBSA and s.c. with either saline vehicle, 1L-1,
or G-CSF and the injected knees were examined histologically at day 7. A. Mean total
histological scores + SEM. B Representative histology illustrating { mBSA/saline treated
joint with minimal exudate cells in the joint space (100X), ii mBSA/IL-1-treated joint with

30 moderate to marked exudate and synovitis and i mBSA/G-CSF-treated joint with



Only the CD45. 2+ popul ati on was used for subsequent anal yses. C Synovi al
digests from B6 nBSA/saline, B6 nBSA/IL-1 and G CSF-/- nBSA/IL-12 EEBaved
m ce were al so adhered overni ght and non-adherent cells stained for CD4

expr essiyﬂ{;%(gﬁ%ﬁ@%gre 20 representative of 2 experinent ”’1‘“@%.”{“"7”37%‘ and 713

are grap fesentations showi ng the effects of neutrop depl etion
in acute arthritis in Wf B6 and GCSF-/- mce. Mce were treated prior to
MBSA/ I L- | -induced arthritis induction with a depleting nmAb to neutrophils
or isotype 25 control. A Peripheral blo®d analysis on days 0, 2 and 7 of
the acute arthritis nodel in W and GCSF-/- mce treated with

neut rophi | -depl eting mAb or isotype control mAb. B Total histol ogical

scores ofmMrandnGdhtodry BAGRs (NEEKEth W Ih j@ﬂisigr@ﬁﬂ&)(gféﬂhieht;%Bre@intﬁtw ype
control. n > 5 joints per group * P < 0.05 conpared to WI i sotype control

mAb- t r eate&deritafe ! Werge ropl§il.05 evegased foi mPSA/Blioscavrgdar ed to W i sotype
control and anti-neutrophil 30 mAb-treated control group total scores. 12
FEB 2007 WO 2004/017727 PCT/ AU2003/001078 - 10 Figure 8 graphical

r epr esentidgin@ensA AN @ISy - A mpiaé &RAreltAci ynreastahEtd mB8 £8L qoimdadericartivitisBGom ce.

Mce were ig&ect/gd intra-dermally at the base of the tail with ClIl1 in CFA
and Booshed dtSitay pee ware drepgade a1 Mthc aIBSA aandes§evittodLdi 9&asbing rangh day

21 with : ' ~ t - s i.mal
T e o e R R L B G P
i nci dencendfB diagdage prdeogihanclokni(oalsaaier®tyainok) CCARepreddtitian deGHEGEF- / -

mce. Data are |l ed from 3 exper.i ts; n > 30 m ce_per royp, * P <
0.001 B6* %wﬁr@%ﬁg_t%)r@aes 2pd .Saf%r@ftﬁg{]bgugﬁo%geﬁéw% figm mESYiLodteeaicd
assessnenl ;gf BElAd @, BS wersus G &Sk 5 jBifke rou%@xﬂ&‘irﬂérﬁ; FapemefQiive QF 3t he
most severely clinically affected B6 and G CSF-7- mce were scored fromO
to 3 llor ehpgtrogrds-hol ogy severity. A is a graphical representation of the

percentage of normal, mld, noderate and severely affected joints. B shows
representative H&E sections fromi a non-arthritic B6 joint, ii a severely

i nfl amed Figurel 6 §iRivat répdébehiaiiva FAQPiglals 6F @lfkotyte] pbpillatidhat inBhitiist theno
AR O ial tissue from B6 mBSA/saline, B6 mBSAAL-1 and G-CSF/. mBSA/AL-1 treated
mice at days 3 and 7. Synovium was dissected at A day 3 and B day 7 from greater than 6
15 joints/group, dissociated in an enzyme cocktail and then stained for specified markers. In A
& B, total infiltrating leukocytes were identified by staining with CD45.2 (4,B; top panel).
Only the CD45.2+ population was used for subsequent analyses. C Synovial digests from
B6 mBSA/saline, B6 mBSA/IL-1 and G-CSF-/- mBSA/IL-1 treated mice were also

adhered overnight and non-adherent cells stained for CD4 expression. Data are

20  representative of 2 experiments.

Figure 7A and 7B are graphical representations showing the effects of neutrophil
depletion in acute arthritis in WT B6 and G-CSF-/- mice. Mice were treated prior to
mBSA/IL-1-induced arthritis induction with a depleting mAb to neutrophils or isotype
25 control. 4 Peripheral blood analysis on days 0, 2 and 7 of the acute arthritis model in WT
and G-CSF-/- mice treated with neutrophil-depleting mAb or isotype control mAb. B Total
histological scores of WT and G-CSF-/- mice treated with anti-neutrophil mAb or isotype
control. n > 5 joints per group * P < 0.05 compared to WT isotype control mAb-treated
mice neutrophil levels. ¥ P < 0.05 compared to WT isotype control and anti-neutrophil

30 mAb-treated control group total scores.



15 Figure 10 are graphical representations showing T cell responses to Cl|
invitroin B6 and G CSF-/- mce. Single inguinal LN suspensi ong FeEBeQ07
plated and stinulated with denatured ClI. Cells were pulsed for the last 8

h with 1] TdR_and radi oactive uptake neasured to agss! I
prol i fe‘&gtzf%w'qﬁ? Proliferative stimulation index in Bgégfr%‘g]z@s@glg% LN

cells. 20 B. Supernatants taken fromcultures at 64 h were assayed for

|l evels of (i) IFNy and (ii) IL- 2 by ELISA. n > 6 wells/sanple. Figure 11A
and B show anti-Cll Abs in ClA-inmmunistd-B6 and G CSF-/- mice. Serum was
taken at A day 30 and B. day 62 and anal ysed by ELISA for anti-Cll Abs -
total 1gG 25 IgMand isotypes Ig&b, 1g&c, 1g3@ and 1gG3. Data are

pool ed fFignr38 exqdidaiedirssentafizdd sisampp esppiecd GfOUP G-LSF-L nfic®2ompire® t&

0. 005. Figure . shows graphical representation of basal | gq{llje,vel s and

| evel s RYAE i%é%"i were inseigr infrgrdermellyaptvibe iee ef thecer withitflinm $&d BBd and

G CSF- | -, 5568 -at Aay D : 5dsa o 16, Mcehqr bl ed
and sera tgst ea(tj %{/ EL@CA(!S? griafp g\%@%#“é?@éﬁ %? ?a%gﬁgééngﬁflzgé? M%?\ﬁ\‘\géla&v

i sot ypesbafng@yed [ig@ac) (ngEhal) 1tgGhran selvepR);. nBxinDdysddPe si@r §Fém demill Aed2 FEB

2007 727 .PCT/ AU2003/ 001078 -11- i 1 sed and. G CSF-/- mce
tas ahal HROUTd Shh LUE: o caratat g e O e Lo it Experinont
are_i nclgrdenk inBs ahf IR AN0ie; DitaPars pBofa- frdih QUG edid OS> AB Figshrpses
to T-dependent and T-i ndependent antigens in GCSF-/- 5 mce conpared to B6
m ce. Bezrawd ‘& €OF1-Biiwepaed & gHalf-énged with the T-dependent Ag NP-KLH
precipitated in alumor with the T-independent antigen DNP-Dextran in PBS
and bl ed on specified days. The NP-KLH group were boosted at day 42. Sera

were arbikiset shywElésoAs foarhiasperamanksienfof Tlde pepdenirsNPsKEtFregpense as
assessed by the titres of i NP2 (total) and ii NP20 (high )
af fi Hi t yPrdpers feur gicthe mopy seyopdy |<dipsalnpiscted BO anddEpestiénmionpegext r an

oA, R, DBy LS 34 ShUB el
neut r al ipgraegtaga bl aGESFn{lE0naderaRSdhdggeverely siitaqijotmant B ghowAbpasseatalise
H&E sections from ¢ a non-arthritic B6 joint, i a severely inflamed B6 CIA joint and iii a
typical G-CSF-/- joint that exhibits no inflammation.
1S '
Figure 10 are graphical representations showing T cell responses to CII in vitro in B6 and
(G-CSF-/- mice. Single inguinal LN suspensions were plated and stimulated with denatured
CIL Cells were pulsed for the last 8 h with ’H] TdR and radioactive uptake measured to
assess T cell proliferation. A. Proliferative stimulation index in B6 and G-CSF-/- LN cells.
20 B. Supematants taken from cultures at 64 h were assayed for levels of (i) IFN-y and (i) IL-

2 by ELISA. n > 6 wells/sample.

Figure 11A and B show anti-CII Abs in ClA-immunised B6 and G-CSF-/- mice. Serum
was taken at 4. day 30 and B. day 62 and analysed by ELISA for anti-CHl Abs - total IgG,

25 1gM and isotypes 1gG2b, IgG2¢, IgGl and IgG3. Data are pooled from 3 experiments;
n>30 samples per group. * P <0.05, 1 P <0.005.

Figure 12 shows graphical representation of basal Ig levels and levels of non-specific total
IgG in natve and CII/CFA-immunised B6 and G-CSF-/- mice. A. Naive B6 and G-CSF-/-
30 mice (n=6 mice/group) were bled and sera tested by ELISA for levels of circulating total

IgG, IgM and isotypes (IgG2b, IgG2c, IgGl, 1gG3 and IgA). B. Day 62 sera from ClA-



0, 1, 2, 3 and 5. Graphical representations of A peripheral blood
neutrophil counts at days 15 4 and 7 (n=5) B. Mean clinical nacrgOsERRI?C07
score per joint (out of 4) (n=10) C. nmean synovial tissue cellularity per
nouse j oi nt gn:B%. D. Dot plots showing infiltrating qeutrophils,%GRlM
cD | bhi YV AAHEAbHoCyt e/ macr ophages (CDIIbhi GR /o). Dat A“Ar eI ent ati ve
of a single experinent; * P < 0.01. 12 FEB 2007 WD 2004/017727

PCT/ AU2003/ 001078 -12- DETAI LED DESCRI PTI ON OF THE PREFERRED EML30DI MENTS
The present invention is predicated inipart on the further elucidation of
the role of inflammatory cytokines in the inflammatory process. Mre
particularly, the role of GCSF 5 is postulated to have an effect on

| nf | anmR{ 96inon B LONS-EYLD. ASccCH OBy AU RolTeHlcAte fhiNbLARIEL iidfy 5! N
accordance with the present invention, ¥herefore, inhibiting the activity
of the i ntpaartraxperymayt okimdudacal Vo orcegysuprtiR&l0.§5.and/ or down-regul ati ng
expression of a gene encoding an inflammtory cytokine is proposed to be
useful in the treatnent or prophylaxis of an inflammtory condition. 10
Accor di n@liyurearesiasiesb &dpohhe RresepindeMVAaRt TARIGRAGSHIRhEEES @ ortdred for
the treatnment or gngghyLaX|s of an iInflammtory condition in an aninmal or
avi an 5spEoFesompHEd B hwde. Boapd (sChG- ammenvereahphepaed vaidi dedhilensndent

avi an specjgs. 1, Ve t n-agent whi ch. i nhibi e.agtvity
o an | nfEngr T b R o B8 B hong Bl Sl B T TRl uCF bR

| evel of agki&issh aspeafiet hiaygeMie e ediingrowi dvdrdifHoapeatardaycyl okiraewer its
receptor. The present invention is par;icularl%qdirected to GCSF and its
honol ogs2a#yscderi PhlSA der asspaspepb At - tlodenendsst NiGKLiH gespgnse #rappsessed by

"granul ogyt es ml.ati: f aGt Qr »ecl } i 20 Rgio ng +_
derivati S%ésﬁtr%%fﬁgy rr%:’ls(tédgtwgg : ,;ng fo\alﬁiti@{/gﬁh?ﬁcﬁ%ggg %gl 1;’/rqutl)r pﬁ? (k:é%%zarn?aﬁtnrs of
G CSE{ Refdepemniest NBPalentriu aB-COH gyn akdsoicbeer gadpas appl yi ng to ot her

i nfl ammatory cytokines. Accordingly, another aspect of the present

i nvention provides a nethod for the treatnent

Figure 14 shows effects of G-CSF neutralisation in the acute arthritis model. B6 mice
were treated with neutralising anti-G-CSF (50 and 250 pg) or isotype control mAb on days
0, 1, 2,3 and S. Graphical representations of A. peripheral blood neutrophil counts at days
15 4 and 7 (n=5) B. Mean clinical macroscopic score per joint (out of 4) (n=10) C. mean
synovial tissue cellularity per mouse joint (n=3). D. Dot plots showing infiltrating
neutrophils (GR1A4i CD11bAi) and monocyte/macrophages (CD11bhi GR1lo). Data are

representative of a single experiment; * P <0.01.



§E25 and/ or prophylaxis of an inflammtory condition in an animal or avian
species, said nethod conprising administering to said ani mal an a$ehEB 2007
which inhibits the activity of G CSF and/or which reduces the |evel of

expr essi qp gﬁméﬁgggene encoding GCSF or G CSi k. n As bpdigahedoabeve,
reference 6 " " includes its honologs and its derivatives. 12 FEB 2007

WO 2004/ 017727 PCT/ AU2003/ 001078 - 13 The adm nistration may be system c
or local. Local admnistration is particularly useful in the treatnent of
-l ocalized or inflammatory conditions such as arthritis. However, as it is
likely that G CSF exerts effects on haemppoietic cells, systemc

adm nistration may be useful in nodulating the i Mmune systemin general.

Ref erence to "system c" includes 5 intra-articular, intravenous,

|t raper | tgpsaly (PRGN GAGAYS @RS IBIE BHISARRRRITLRSODAM TS vel | as

adm ni stratiron via oral;, ‘rectal nasa e term"inflamuatory
.condition' is used in its broadest context but particularly enconpasses
.immune system nedi ated inflamatory condition, In particularly inportant
110 embodi mEHt Pres¢iE INERTmaY GFSAIEBEITE | RS Pg_l#*ﬁfﬁ%ﬁ?faté{%s}iaa?’f i fiegtote of

i ncl udi ng iﬁhﬁﬂfmﬁoﬂig (o@{deB A E!ﬂéinﬁ%nat&ﬁg‘%é@s&%&e dati@i e R FRdof G-CSF
enbodi nent, the presént I'nvention contenplates a nmethod for the treatnent
and/ or prophysakited of teuve i anf kHmmaooriyflanthfdry i@nditioos ech clirdmpwci immmes- 15

medi ated inflammatory condition in an ani,mal or avian species, .said. method
Compri o1 ngeiAhT STEMAG g Sar AR Gie B veah SRl B R A LT e
i nhi bits tReyvARGIViHEYi®lanfn &Sl < Plok@CRRRIANY 9fstaphitaly nadiee e ghrygl of
expressi on of the gene encoding G CSF or G CSFR. 20 The preferred ani mals
ar e .mamal epsmsehn 28 ahgargnecadingorhslapmatenyeeyofipg espopksethiontd ysefleingthe

sheep,  Covg.. NOl 38 1o lOREEY S arP iRkn i ARQLARREY, test animals (e g rabbits,
mce, hanbters gglﬁég pi'gs), conpanion animals (e.g. dogs, cats) and
captiveowild animals. Avian species include poultry birds (e.g. chickens,
ducks, geese, turkeys, bantams), gane. birds (e.g. ducks, en¥s, pheasant s)
and caged AFOEHEY r BRe a%ﬁtaq]gthgrpécstcmeuwﬁgtforbgc&tgpyIé@s a method tor the treatment

or prophylaxis of an inflammatory condition in an animal or avian species, said method
comprising administering to said animal or avian species an effective amount of an agent
which inhibits the activity of an inflammatory cytokine or its receptor and/or which
15 reduces the level of expression of the gene encoding said inflammatory cytokine or its

receptor.

The present invention is particularly directed to G-CSF and its homologs and derivatives.
Reference to “G-CSF” or its full name “granulocyte-colony stimulating factor” includes it
20 homologs and derivatives. A “homolog” or “dernivative” includes pelymorphic variants of
(3-CSF. Reference herein to G-CSF may also be read as applying to other inflammatory

cytokines.

Accordingly, another aspect of the present invention provides a method for the treatiment
25 and/or prophylaxis of an inflammatory condition in an animal or avian specics, said
method comprising administering to said animal an agent which inhibits the activity of G-
CS8F and/or which reduces the level of expression of the gene encoding G-CSF or G-

CSIFIL

Nt As indicated above, reference to "G-CSF" includes its homologs and its derivatives.



25 animals of the primates. Horses are particularly preferred of the
livestock animals. In a preferred enbodi nent, therefore, the pregeptB 2007
invention provides a nethod for the treatnent and/or prophylaxis of an

i nf | ammat or ondition in a human, said nmethod conpri er|ng to
sai d huﬂﬁh‘éﬂ% Hgéht which inhibits the activity of G—Cgﬁqgvﬁggh]l‘ -

and/ or which reduces the I evel of expression of the gene encoding GCSF or
G CSFR 12 FEB 2007 WD 2004/017727 PC r/ AU2003/ 001078 -14- The agents may
be protei naceous, non-proteinaceous (e.ld.- chenmical entities) or nucleic
acid nol ecul es. 5 Proteinaceous and non- protei naceous nol ecul es incl ude
pepti des, polypeptides and proteins, small, internediate or |arge chem cal

ol ecul eS“ha%dMﬁhlstraiﬁmrfﬁh}eB@lE)&&rﬂl}d%ﬂ@d‘&ﬂ dcheaf ddmmnakisals pRrediaty sefeani ng
or the screening of chemical libraries. Natural product  screening includes
the screB¥i BAUBENEN: gelized g lgaﬁqamééorﬁcemlﬁp%wh a3 Bede gHAME N, 28 d Is

river begg, qggtab gg%qghgeﬁge{grﬁecufn ?ov\ﬂl éﬁﬁ% Et%ﬁ]rc?%%in?q'uﬂ%tra‘?:%é &E‘énts

for nol ecu s or groups o e an a
activi t yusifult herrioelubltmgftanﬁSEmgenyetenenprgesanlorRefél'rhmetorm&}eeuhés udydeal SO

affec G—CSF/G—QSFR i nteraction. One exegﬂle of a E an anti body to
G CSF or SACEHRIIET FYEBYESs ItHRFARC TR itageqNs #n B acaé LB EROPyASOr

l'ocal I'y. wiff a¥B8mUE&RionRNGG! QRAAI a%@tda@é?%n%s's parti cul arl y preferred
because of the ability to produce themin large quantities and the

honpgeneity of the product. The preparation of hybridoma cell lines for

nonocl on ntlb@d uctlo derived by.fusi cel | e and
Iynphocy?le%%sgﬁsﬂp?f?g gg%l i it{CWe 1 dbr\?cgg)ragf)sér%ﬁ? a@gnp%calgﬂg by

t echni quas:oRpawdels ¢hinaie sWebh-kanued bdldhaserwbRdaie. BKa phedulany iRpodddt.
(See, for exanple, Douillard and Hoffman, Basic Facts about warldonas in

Conpéfidi erbetimentiho lipiiymmatory condidgn ipynflagunaant arthriggmelyding greugdoid
M1 stein, Natd U@%)ZSG 495-499, 1975; Kohler and M| stein, European Journal
of Innunology 511-519, 1976).

Accordingly, in a preferred embodiment, the present invention contemplates a method for
the treatment and/or prophylaxis of an inflammatory arthritis or other chronic immune-

15 mediated inflammatory condition in an animal or avian species, said method comprising
administering to said animal or avian species an agent which inhibits the activity of G-CSF
or G-CSFR and/or which reduces the level of expression of the gene encoding G-CSF or
G-CSFR.

20 The preferred animals are mammals such as humans and other primates, livestock animals
(e.g. sheep, cows, horses, donkeys, pigs), laboratory test animals (e.g. rabbits, mice,
hamsters, guinea pigs), companion animals (e.g. dogs, cats) and captive wild animals.
Avian species include poultry birds (e.g. chickens, ducks, geese, turkeys, bantams), game
birds (e.g. ducks, emus, pheasants) and caged avian birds. Humans are the most preferred

25 animals of the primates. Horses are particularly preferred of the livestock animals.

[n a preferred embodiment, therefore, the present invention provides a method for the
treatment and/or prophylaxis of an inflammatory condition in a human, said method
comprising administering to said human an agent which inhibits the activity of G-CSF or

30 G-CSFR and/or which reduces the level of expression of the gene encoding G-CSF or G-
CSFR.



25 Anot her exanple of a useful agent is a soluble formof the G CSFR which
conpetes with G CSF interaction with the nenbrane-associ ated G CSFEB 2007
Al ternatively, agents can be screened for their ability to bind to G CSF or
G CSFR- terials. In one enbodinent, G CSF- o odi ng
cDNA or\g((e)grﬁ{)njr/r{tﬁ77 or 30 mMRNA transcript or portion (hgrf\g?‘? /émg' é:as an
EST or SAC;E tag is inmmobilized to a solid support such as a nanoparticle or
m crosphere. Potential agents are then brought into 12 FEB 2007 WO 204)
4/0 1 7 7 2 7 PCrinu2003i 001078 -15- cbhtact with the i mobilized nucleic
acid nol ecul es and bi ndi ng detected by change in radiation, em ssions,
atom excitation, nmass and/or density. Once identified, the agent is eluted
of f the nucleic acid nol ecule and characterized in nore 5 detail. For
exanpl e, _agents which bind to G CSF/ G CSFR genetic material may inhibit
expr essi BB fESOEN B Rt PHHCIAAREOBS: RANaRTSIcatacen)s. (cTthechsmasad entifien) etriusipic
further gontemplates using chemcal anal ogs of GCSF or G CSFR as
antagonists of GCSF or its receptors. As indicated above, soluble G CSF
receptors may 10 al so be enpl oyed. Chem cal anal ogs contenpl at ed herein

i ncl ude re not limted to, rmdlf &'ﬂtlons of side chajn

i ncor%or%{f’iéwc% usy ARAt BPRIPTAURDATORS | HeleaHar omclude Periises. v&?ty\%@‘dﬁﬁr )
pepti de, proRalsy REpl | i@tﬁareted&t@éﬁlapgesyt%h@aﬂlrﬁo@met Q@Mﬁeas%ol%%ﬂd'eﬂhﬁé& and

ot her rret hods whi ch i npose conformational constraints on

pr ot ei nde@autyial étqﬁiluet o¢reeming rorathalsexgsmngx@{nweasczdfmgm@ dtimnnat product

nodi fi c%crc Qns CO&E at egeen sent i nveﬁtl on,include nodifi cafl ons
of am no‘groups’ suc By re§u°t| éf’ky?lgtﬂieﬁ TR, Plagke ' GiROWGRH I Mn SO!

al dehydeiep |bled[L\4\/Edr31DYaq’tﬁdbl%hbt%h%ﬂ@a%@hﬁte@éﬂr@dlr&ﬁbir&ﬂm\!ﬂtﬁ or molecules or
met hyl acetim date;, 20 acylation with acetic anhydride; carbanoyl ation of

ani nt’ greses %mweekyawhech haviej afi affesben &R amivey oaﬁhmts:vgt olUPCHF ghn, 4,
6-trinitk g&gﬂg};l egy %ﬂ&éﬁ@ﬁSJ%ﬁiﬁ?h (cjsgﬁn\(%y rﬁiRo'fltte?;ct rnn no groups with

succinic and tetr pyri doxyl ati on of
| ysine with pyri doxal 5-phosphate fol l owed by reduction with NaBH4. 25 The
guani di r@negtlt’x%‘}g)lé) ]:)f %Il:t Iggilttng altteasnltlgggys ton%ycgg ortm((}j I(;SIFeRdOP gplgor;)?:s ftt?elttzr]g)‘il'[ IT%TS of
could be used systemically or locally. '
15
The use of monoclonal antibodies is particularly preferred because of the ability to produce
them in large quantities and the homogeneity of the product. The preparation of hybridoma
cell lines for monoclonal antibody production derived by fusing an immortal cell line and
lymphocytes sensitized against the immunogenic preparation can be done by techniques
20 which are well known to those who are skilled in the art. (See, for example, Douillard and
Hoffman, Basic Facts about Hybridomas, in Compendium of Immunology Vol. 11, ed. by
Schwartz, 1981; Kohler and Milstein, Nature 256 495-499, 1975; Kohler and Milstein,

European Journal of Immunology 6. 511-519, 1976).

25 Another example of a useful agent is a soluble form of the G-CSFR which competes with

(G-CSF interaction with the membrane-associated G-CSFR.

Alternatively, agents can be screened for their ability to bind to G-CSF or G-CSFR-genetic
materials. In one embodiment, G-CSF- or G-CSFR- encoding ¢DNA or genomic DNA or
30 mRNA transcript or portion thereof such as an EST or SAGE tag is immobilized to a solid

support such as a nanoparticle or microsphere. Potential agents are then brought into



het erocycl i ¢ condensati on products with reagents such as 2, 3- but anedi one,
phenyl gl yoxal and gl yoxal. The carboxyl group may be nodified b2 FEB 2007
carbodiimde activation via O acylisourea 30 formation followed by

subsequ ixLiisation, for exanple, to a correspongi i de. 12 FEB
2007 \/\%@6@3’5’@%27 PCTI AU2003/ 001078 -16- Sul phydryl g&ﬁlg‘u‘%g?’%}"%e
nodi fi ed by nethods such as carboxynethylation with iodoacetic acid or

i odoacet am de; performc acid oxidation to cysteic acid; formation of a
m xed di sul phides with other thiol compéunds; reaction with mal einide,
mal ei ¢ anhydride or other substituted maleimde; formation of nercurial
derivatives using 4 5 chl oronercuribenzoate, 4-chloronercuriphenyl sul phonic
aci d, phenyhkaerthnye chinobilided ndelehdddd arpedillsi and- indihgplrestedd B dhaighen
mercurials; carbanoyl ation with cyanate at al kaline pH Tryptophan
residuesr%ﬂ?“ﬁ%eﬁﬁﬁ¥Wﬁéﬂmﬁfﬁmﬁﬁw“e%éﬁﬁ1 fordepdition with N 10

br onmosucci nim de or al kylation of the indole ring with

2- hydr oxy-5-nitrobenzyl brom de or sul phenyl halides. Tyrosine residues on
t he ot heOnicamtgntifred; theagdrtt ér date pffithe nadleiorcid mblectletandnhirnametddanans@ f or m

a 3-ni.traqtyrosine derivative. i.ficatj i mdazole ring aof a.

hi sti di nge%ﬁ‘és?‘Efu%x%fi}e’bﬁ%sc%%/fq%ﬂ%g‘] 6’98%%51{% SERS RPERRS Babdrabit
aci d der ygbisyes(uahsdbtiahRatRpxyhdtem Wi th diethyl pyrocarbonate. Exanpl es
of incorporating unnatural am no acids and derivatives during peptide

synthesis include, but are not limted to, use of norleucine, 4-amno

butyric agi 4-.am,Nn9:-.3-5,20..hydr oxy-5- phenyl pent anoi ¢ aci d, .- anj.nohexanoi ¢
noi o ¢ - Byt A dod nble KRR PUREYRERAE PR G e ool Bournar
4-:am no- 3s myslonxys 6f CECHy bhaptcaombs. acidicaled fovBYdolutaé GATHE rédRglo8s may
D-isoners of am po acids. A list of unnatural am no acid, contenplated
hereilH i 8158 RABGRPIA Fabl e 2. 12 FEB 2007 WD 2004/ 017727 PCT/ AU2003/ 001078

Chemical analogs contemplated herein include, but are not limited to, modifications of side
chains, incorporation of unnatural amino acids and/or their derivatives during peptide,
polypeptide or protein synthesis and the use of crosslinkers and other methods which

15 impose conformational constraints on the proteinaceous molecule or their analogs.

Examples of side chain modifications contemplated by the present invention include
modifications of amino groups such as by reductive alkylation by reaction with an
aldehyde followed by reduction with NaBHs; amidination with methylacetimidate;
20 acylation with acetic anhydride, carbamoylation of amino groups with cyanate:
trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS);
acylation of amino groups with succinic anhydride and tetrahydrophthalic anhydride; and

pyridoxylation of lysine with pyridoxal-S-phosphate followed by reduction with NaBH,.

25 The guanidine group of arginine residues may be modified by the formation of
heterocyclic condensation products with reagents such as 2,3-butanedione, phenylglyoxal

and glyoxal.

The carboxyl group may be modified by carbodiimide activation via O-acylisourea

30 formation followed by subsequent derivitisation, for example, to a corresponding amide.



-17- TABLE 2 Non-conventional Code Non-conventional Code amno acid am no
acid 5 a-am nobutyric acid Abu L-N-nethyl al ani ne Nnmal a 12 FEB 2007
a- arni no-a-met hyl butyrate Mgabu L- N-net hyl argi ni ne Nnarg

am nocy(,ﬁé?m% ane- Opro L- N- met hyl aspar agi ne Nmasn @@Kﬁirﬁ}%{nms

L- N- met aspartl c acid Nmasp 10 am noi sobutyric aci d

L- N- nmet hyI cystei ne Nncys am nonorbornyl- Norb L-N-nethylglutam ne Nngln
carboxylate L-N-nethyl glutam c acid Nmglu cycl ohexyl al ani ne Chexa

L- Nmet hyl hi stidine Nnhis cycl opentyl aF@ani ne” Cpen L- N et hyl i sol | euci ne
Nmle 15 D al anine Dal L-N-nethylleucine NmMeu D arginine Darg
L-N-nmethyllysine Nmlys D-aspartic acid Dasp L-N- nethyl net hi oni ne Nmret
D- cyst ei dpbedrs! lgrdvpretiayl h@rrhedijtﬁiemeb)Nrméteodﬂsgl:Iutani:znéo:@ghcﬂhylation with

LN—msthyInorvaIl eNrmva2 g uflarnlc g IuLI\I—rrethU%ornlthlne
Nnor n H?%CFP%IPH‘ PrpLoace a7zl B’H@ﬁy’flc AeoNphatei Rqidoesration obr
L- N- et hm)&e%gm&mwh offfel ﬁhl&l' c'?o?n uRls; 'fez{\& IR LA x%ﬁfetrﬂﬁie’\ﬁﬁﬁ'ic ary/ Y3k N

Dl ys L-N-nethylthreonine Nnth met hi oni ne Dnet L- N-met hyl tryptop an
Nrrup Dcar nithir neubBomtdd I\lm’@umyﬂet y f@siatien Nmfyrmeimpﬁer@dradaamsneum@e 4-

val i ne Nnval met hyl.et ne t
D- s eri c)fll,_t%rgpi Lcu'q_bn%%%yq, %%ﬂpmebﬁ%@ﬁﬁrgllmlb%c chg ;m/englrx ercury chrferuge, 2-
chloromercuri-4-nitrophenol and other mercurials; carbamoylation with cyanate at alkaline

pH.

Tryptophan residues may be modified by, for example, oxidation with N-
10  bromosuccinimide or alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide
or sulphenyl halides. Tyrosine residues on the other hand, may be altered by nitration with

tetranitromethane to form a 3-nitrotyrosine derivative.

Modification of the imidazole ring of a histidine residue may be accomplished by
15 alkylation  with  iodoacetic  acid  dernivatives or  N-carbethoxylation  with

diethylpyrocarbonate.

Examples of incorporating unnatural amino acids and denivatives during peptide synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-
20 hydroxy-5-phenylpentanoic acid, é-aminohexanoic acid, t-butylglycine, norvaline,
phenylglycine, ornithine, sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl
alanine and/or D-isomers of amino acids. A list of unnatural amino acid, contermnplated

herein is shown in Table 2.



30 D-threonine Dthr L-norleucine NNe D-tryptophan Dirp L-norvaline Nva 12
FEB 2007 WO 2001/017727 PC17AU2003/ 001078 18- D-tyrosine Dtyr 12FEB 2007
a- met hyl - am noi sobutyrate Maib D-valine Dval a-nethyl-y-am nobutyrate
Myabu @ ighyhal ani ne Dmal a a- net hyl cycl ohexyl al ani q@ﬂ)ﬂ;uhﬁ;@mmg

D a- nmet hyl ar gi ni ne Dmarg a- net hyl cyl copentyl al ani ne Mcpen 5

D a- net hyl aspar agi ne Dmasn a- net hyl - a- napt hyl al ani ne Manap

D a- net hyl aspartate Dmasp a- et hyl penicill am ne Mpen D- a-nethyl cysteine
Dcys N-(4-am nobutyl)glycine Nglu D a-nethylglutam ne Dngln

N- (2-am noet hyl ) gl yci ne Naeg D-a-nethykhistidine Drhis

N- ( 3-am nopropyl ) gl yci ne Nom 10 D-a-nethyli sol eucine Dmle

N- am no- a- met hyl but yrate Nnmabu D a-net hyl | euci ne Dl eu a- napt hyl al ani ne
Anap D-a-nethyllysine Dmys N benzy ,hghgﬁge Nphe D- a- net hyl net hi oni ne
Dmmet  N- (2- car banyl et hyl) gl yci ne Ngl met hyl orni t hi ne Dnorn
N-(carbanyl net hyl ) gl yci ne Nasn 15 D-a-net hyl phenyl al ani ne Dnphe
N-(2-carboxyethylYglycine Nglu D-a-nethylproline Dopra

N- (car bok&?ﬁéloﬁyﬁ)tgmﬂ:l ne Nasfod®- a- net h&@hs@mwﬂéldba’ser N- cycl obu€yptigl yci ne
Ncbut — Damireeacdhyl t hr eoni ne Dnthr N-cychmopepicyd gl yci ne Nchep

D- a- nBt hyl t rypt ophan Drnrp N- cycl ohexyl gI yci ne Nchex 20 D-a-nethyltyrosine
Dty N-c cl adec %m ne Ncde Da-ma} I'val i ne Dnval

N cyl cod c?élw?@?lyfg? g@dNcdod ABUN- net hy éﬁéﬁ‘?t helalbaigl a N- cycl oochynd# yei ne

Ncoct Dy NyieL ayhafy &mftwgtem@au'\*cycm @M&@{@(l e Ncpro Nimarg

D- N- nmet hyI asparagin asn cycl oundecyl gl yci
aminocyclopropane- Cpro L-N- methyiasparagme Nmasn
carboxylate L-N-methylaspartic acid Nmasp
10 aminoisobutyric acid Aib L-N-methylcysteine Nmcys
aminonorbornyl- Norb L-N-methylglutamine Nmgln
carboxylate [-N-methylglutamic acid Nmglu
cyclohexylalanine Chexa L-Nmethylhistidine Nmbhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
15 D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmimnet
D-cysteine Dcys L-N-methylnorieucine Nmnle
D-glutamine Dgln [.-N-methylnorvaline Nmnva
20 D-glutamic acid Dglu L-N-methylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu [.-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
25  D-methionine Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dom L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg
D-serine Dser L-N-methyl-t-butylglycine Nmtbug
30 D-threonine Dthr L-norleucine Nle

D-tryptophan Dtrp L-norvaline Nva



25 D-N-net hyl aspartate Dnmasp N-(2, 2-di phenyl et hyl ) gl yci ne Nbl un

D- N- net hyl cyst ei ne Dnntys N- (3, 3-di phenyl propyl ) gl yci ne Nbhe 12 FERB 2007
D- N- net hyl gl ut am ne Dnngl n N ( 3- guani di nopropyl ) gl yci ne Narg

D- N- ret,byul te Dnnglu N-(1-hydroxyethyl)glycine Al

DN rret‘ﬂéﬁ ‘%@b??ﬁne Drnnhi s N-(hydroxyethyl))glycine :igmgéuommms
D-N-net hyl i sol eucine Dnmle N (imdazolylethyl))glycine Nhis 12 FEB 2007
WO 2004/ 017727 PCT/ AU2003/ 001078 19- D-N-net hyl | euci ne Dnni eu

N- (3-indol yl yethyl)glycine Nhtrp D N:-hethyllysine Dnnlys

N- net hyl - y- am nobut yrate Nngabu N net hyl cycl ohexyl al ani ne Nnthexa

D- N- net hyl net hi oni ne Dnmmet  D-N-net hyl om t hi ne Dtunorn

N- net hyl cycl opent yt al ani ne en 5 N-rnet hyl gl.yci ne Nal a :

D-N-net h 1t3f)rr?§’rﬁ'§l al ani ne Dnngﬁ@? N net h?%’ﬁ@%géﬁﬁ‘f Ht€ Nmai b Maib _

D- N- et hylugrigd i ne Dnnpro Nyl net hyl p&,g{}yﬁ))lg)_é{gﬂnggutwaltqe D- N- n%EMg@erl ne
Dnnmser N-(2-net hyl propyl ) gl ycine Nleu D-Nnet hyl t hreoni ne Dnnt h

D- N- met it myibtybydmame Dot r p D@l met hyd-etebyligllohekylelahinal 10 Mchexa
D N- net hyl t i Dmmt N net hyl a- t hyl al ani D N- et hyl val i n
el AT R BT i neRin ) oo W By | M Y "
N- ( p-y dy.@xyBMen¥bargsingi ne Nokyen L-t -Qufelygloy el ﬂﬁf,&?{ﬁﬁe , Mana

Se icrtllamne Penmig

N- (t hi onet hyl ) gl yci ne Ncys L-ethylglycine Etg
L- honopHewmythalhaluspratatd phe L-Repgt hyl al aniettey Ipdui@liarhina- met hyl ar gilpéme Mar g

L- a- met hyl aspar agi ne Masn - a- net hyl rtate SR .

L- a- net FZTE@ﬁ@Fﬁ‘I“;?ci ne MBUGS L- a- iﬁ{zﬁﬁmﬂ}%{{”@f ?ﬁgy%‘i/s Nglu

L- net hyl ieiMet g »met hyl glyyb am; .= a- met hyl arnate
Myl u 20 Iﬁhgﬂd%k%‘lﬁt%&%dl neLDM%fggpL- a- %3%3%@%6 hjeg%JIT% ani ne M%%ﬁg

D-a-methyihistidine Dmbhis N-(3-aminopropyl)glycine Norn
10 D-o-methylisoleucine Dmile N-amino-a-methylbutyrate Nmaabu
D-g-methylleucine Dmleu a-napthylalanine Anap
D-a-methyllysine Dmlys N-benzylglycine Nphe
D-a-methylmethionine Dmmet N-(2-carbamylethybglycine Ngin
D-a-methylormithine Dmorn N-(carbamylmethyi)glycine Nasn
I5  D-a-methylphenylalanine  Dmphe N-(2-carboxyethylglycine Nglu
D-a-methylproline Dmpro N-(carboxymethyl)glycine Nasp
D-a-methylserine Dmser N-cyclobutylglycine Ncbut
D-a-methylthreonine Dmthr N-cycloheptylglycine Nchep
D-a-methyltryptophan Dmtrp N-cyclohexylglycine Nchex
20 D-a-methyltyrosine Dmty N-cyclodecylglycine Nedec

D-a-methylvaline Dmval N-cylcododecylglycine Ncdod
D-N-methylalanine Dnmala N-cyclooctylglycine Ncoct
D-N-methylarginine Dnmarg N-cyclopropylglycine Ncpro
D-N-methylasparagine Dnmasn N-cycloundecylglycine Ncund
25  D-N-methylaspartate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm
D-N-methylcysteine Dnmcys N-(3,3-diphenylpropyl)glycine Nbhe
D-N-methylglutamine Dnmgln N-(3-guanidinopropyl)glycine Narg
D-N-methylglutamate Dnmglu N-(I-hydroxyethyl)glycine Nthr
D-N-methylhistidine Dambis N-(hydroxyethyl))glycine Nser

30 D-N-methyliscleucine Dinmile N-(imidazolylethyl})glycine Nhis



-a-net hylisol eucine Mle N (2-nethylthioethyl)glycine Nret
-a-nethylleucine Meu L-a-nmethyllysine Mys L-a-nethyl nmet hi oni heFBMR007
-a-net hyl norl euci ne Ml e L-a-nethylnorvaline Miwa L-a-nethyl omthine Mrn
- h | al ani ne Mphe L-a-nethyl proline Mro = A= erine

- awérg%/ 4gjllzﬁggrleoni ne Mhr L-a-nethyltryptophan M rpéﬂf%mn}é@ﬁ{}lﬁt yrosi ne
L- a- net hyl val i ne Mval L-N-net hyl honophenyl al ani ne Nmhphe

N-(N- (2, 2-di phenyl et hyl) Nnbhm N-(N- (3, 3-di phenyl propyl) Nnbhe 30

car banyl net hyl ) gi yci ne car banyl met hyl )'dPyci ne 12 FEB 2007 WO 2004/0 1 7
727 PCT/ AU2003/ 001078 -20- 1-carboxy-I-(2,2-di phenyl- Nmrbc

et hyl am no) cycl opropane 5 Crosslinkers can be used, for exanple, to
stabiliz such as

conf.ormati ons, i honmo- . hj functi onal . crosslinke
the bifu c'gP@r?g"lth?ﬁ"ﬁi% est er lsbsrﬁ‘énlg}‘ng (8—'&'5‘%%&%’?3’%% wi th"HER to n=6,
gl utar al dehygeiyNydydr oxysucghpiiys de est.glethy@NdNIRLREA-R f uncti gpaly,
reagents which usually contain an am no-reactive nol ety such as
N- hydr ox psoethiiéviaexy lakdimndithdrexgr oup-Speethy inethieatt:i ve noi et Pnsuweh as
mal eirridcbglr dht@i o.}rmi ety ( or 10 rb dilin]'de (CPO\I) I n addition,
pept i des -Can™eY 58P frat i onal PSP Ronst FalGEy Byiorsyy lalagitgyy) o, Nmepen
i ncor gor at.ifhydflyGne and N a xeghyl ami ngy Rchay 1phBlyiQdusEi on of dguble bonds
between C. an y‘ a%om; of am no acids and th% p?or}rnatgl:ﬁon of cyc ?cpll[l)eepti des
or anal odsmelylimmnpodoyrage cdlradibnt  bohdd-msetbhlpadirieor m ng an anbeaepdeond

bet ween N and C rmni, ..petween si de chains or between a side
chai n any?f]ﬁg‘eﬁ?ygqm@’lﬁéﬁ?’ﬂf’ﬁuy’}aS Nucl blv'\@"&‘é dsttbiCecul es such ab™R&® or DNA

are partincdl-aleliyipisgfiwiyéial  iNeduci ng geNR.mshleblge bY anti senpgpgr
sense-nedi at ed nmechani’shs. Sense-nedi ated gene silencing is also referred

to as coDshppedskivprophad i nvélvgp a r ahgl -mtthyedhdmisme: i ncl udi Ngalt he

5 L-a
r L
r

Mse
M

[0 D-N-methyltyrosine Dnmtyr N-methyla-napthylalanine Nmanap
D-N-methylvaline DPnmval N-methylpenicillamine Nmpen
y-aminobutyric acid Gabu N-(p-hydroxyphenylglycine Nhtyr
L-t-butylglycine Thug N-(thiomethyl)glycine Ncys
L-ethylglycine Etg penicillamine Pen

15 L-homophenylalanine Hphe L-a-methylalanine Mala
L-a-methylarginine Marg [-a-methylasparagine Masn
L-a-methylaspartate Masp L-a-methyl-s-butylglycine Mtbug
L-a-methylcysteine Mcys L-methylethylglycine Metg
L-a-methylglutamine Mgln L-a-methylglutamate Mglu

20 L-a-methylhistidine Mhis L-a-methylhomophenylalanine Mhphe
L-a-methylisoleucine Mile N-(2-methylthioethyl)glycine Nmet
L-a-methylleucine Mleu L-a-methyllysine Mlys
L-a-methylmethionine Mmet L-a-methylnorleucine Mnle
L-a-methylnorvaline Mnva [-a-methylornithine Morn

25 L-a-methylphenylatanine  Mphe L-a-methylproline Mpro
L-a-methylserine Mser L-a-methylthreonine Mthr
L-a-methyltryptophan Mitrp L-a-methyltyrosine Mtyr
L-u-methylvaline Myal L-N-methylhomophenylalanine Nmhphe
N-(N-(2,2~diphenylet_hy1) Nnbhm N-(N-(3,3-diphenylpropyl) Nnbhe

30 carbamylmethyDglycine carbamylmethylglycine



i nduction of RNAi. 20 The terns "nucleic acids", "nucleotide" and

"pol ynucl eoti de" include RNA, cDNA, genomi c DNA, synthetic forng Begl20dxed
pol ymers, both sense and anti sense strands, and nay be chemcally or

bi ochery I ified or may contain non-natural or I i
nucleos%éghﬁéégg? as wll be readily appreciated by tﬂg§2X§&W%ﬁg(ﬂﬁn t he
art. Such 25 nodifications include, for exanple, |abels, nethylation,
substitution of one or nore of the naturally occurring nucleotides with an
anal og (such as the norpholine ring),-20internucl eotide nodifications such
as uncharged |inkages (e.g. nethyl phosphonates, phosphotriesters,
phosphoam dat es, carbanmates, etc.), charged |inkages (e.g.

phosphor ot hj oat phosphor odi t hi oates, etc.), pendent noieties (e.qg.
poIypepﬂrﬁﬁéyﬁ“ggl?ﬁ?éPBékaﬁ@?@3(e.g. acridine, psoralen, etc.), chelators,
aIkyIatqgilﬁﬂgoﬁggkgkﬁgnéinkages (e.g. a-anoneric nucleic acids, etc.).

Al so included aré synthetic nolecules that mmc 12 FEB 2007 WD 2004/0 1
772 7 PC1L7AU2003/ 001078 -21 polynucleotides in their ability to bind to a
desi gnat ed sequence vi a hydrogen binding and other chem cal interactions.
Such nol ecul es are known in the art and include, for exanple, A those in

whi ch pépesdtekens maaghs usebstart exaapler ttisspivat &1 sragerions, BHEE ti¥Rione of
the nol ' : FWe[HK - { :

usef ul o fonaP bR RS APS: MO UL HE SRR IR & erBl

G CSFR gdreniFt tsewfue ndearafdahyier Nenelropelgumiclidoestde anve btersbdionttianal ng
all or a portion gf the G CSF ﬂene | ocus, ma ,bedgkgce§¥¥&ﬁer t he. .control
of a prGFARCEY WHCRIUFHEY (IR SHSEN G TEHIVE dRUEY GRS Y AT CAME CHY Pftfuc ed
into a Gghlanot@r BXRHESEIRR-rOfctiHd Ao RS SBCsOha RIS SASEHEO NSRS ENCISHY 4hin a
cell interferes mntﬁ target transcription and/or translation. "Furthernore,

co- sippredoidomide (COHS| Ingrddetnse pspisgrsessndig) confarchatesiliintsrtamed inyddere  RNAI
or si RNA may, al so be enpl.oyed. Al ternativel .ant.i sense. or. sense, nol ecul es
mmy " be. AR YRaamHL e e o A SRl eelbann fasion: e AR b

between C, and Cp atoms of amino acids and the formation of cyclic peptides or analogs

by introducing covalent bonds such as forming an amide bond between the N and C

termint, between two side chains or between a side chain and the W or C ferminus.

15
Nucleic acid molecules such as RNA or DNA are particularly useful for inducing gene
silencing by antisense- or sense-mediated mechanisms. Sense-mediated gene silencing is
also referred to as co-suppression and involves a range of mechanisms including the
induction of RNAIL

20

The terms “nucleic acids”, “nucleotide” and “polynucleotide” include RNA, cDNA,
genomic DNA, synthetic forms and mixed polymers, both sense and antisense strands, and
may be chemically or biochemically modified or may contain non-natural or derivatized
nucleotide bases, as will be readily appreciated by those skilled in the art. Such
25 maodifications include, for example, labels, methylation, substitution of one or more of the
naturally occurring nucleotides with an analog (such as the morpholine ring),
internucleotide modifications such as uncharged linkages (e.g. methyl phosphonates,
phosphotriesters, phosphoamidates, carbamates, etc.), charged linkages (e.g.
phosphorothioates, phosphorodithioates, ete.), pendent moicties (e.g. polypeptides),
30 intercalators (e.g. acridine, psoralen, etc.), chelators, alkylators and modified linkages (e.g.

a-anomeric nucleic acids, etc.). Also included are synthetic molecules that mimic



or sense nol ecules may be fornmulated in a conposition and then adm ni stered
by any 15 nunber of nmeans to target cells. A variation on anti SEnsER apoy
sense nol ecul es invol ves the use of norpholinos, which are

ol i gonugl eoti des conposed of norpholine nucl eotide derijvatives and
phospho?ﬁﬂ#ﬂﬁ@ﬁgf% | i nkages (for exanple, Summrerton aht WP B %Rt i sense
and Nucleic Acid Drug 20 Devel opnent 7: 187-195, 1997). Such conpounds are
injected into enbryos and the effect of interference with nRNA is
observed. In one enbodi nent, the presedt -i nventi on enpl oys conpounds such
as oligonucleotides and simlar species for use in nodulating the function
or effect of nucleic acid nolecules 25 encoding GCSF or GCSFR, i.e. the

ol i gonuchepiuclestiddd Iy e it ARG TH itdd M@Hqs%na&@%q@é’n@é‘s@rﬁﬁfrb a&mmg%a
silencing. This is acconplished by providing olugonucleotl es whic

speci fi caey chgpicpldniesachiprh Syplke nreqwinsarnkedval o heird andlirdudes Sorerreptbing t he
inhibito h | I i de b rQVI .directly t I r
generateguﬁgﬁﬁfﬁg?tg8£§$ﬁ&& igdiggﬁxﬁégg&ﬁ?ﬁ¥%§qygkﬁ§5"R%?é%?e%ﬁﬁfgiﬁeacid"
and "nuchsilguici d nol ecul e encoding G CSF or G 30 CSFR' have been used for
conveni ence to enconpass the encoding DNA, RNA (including pre-nmRNA and
nMRNA 8r portions thereof) transcribed fromsuch DNA, and also cDNA 12 FEB

2007 WOa20Qcthé %gﬂyg%chot?dJseglg;(g@‘ng[Qpaaqgﬂig?age néeil iQ%flkx‘(Sﬂ%mir{aﬁ%i?gsc& fRRA

The hybridi zati a conpoun t he j ect 1nvention t ar get
nucl ei ¢ &eCaFimngeneymkehee orefher GEESER pasetlcastieens ElitheConsg qpednilcysotidhe

preferred nechanism believed to be jncg| din. the practice of sone
preferr _eéiecé%o?ﬂnﬁ’éwpg_aglf % ﬁé’orﬁl%tgﬁtt%‘eog}gg? r?é‘l‘“é_ri?% ‘F‘By ﬁ’ér Bliaﬁe‘jagng%{n‘thtesense
i nhi bi ti edntrol 306 prénbles BNG@et M Rhid GMintiSere bibhigAdd ydiasedudspqntdy dipgen
bondi ng- based hybri di zati on of oligonucl eotide strands or segnents such

t hat 8t Fepsssione! siuelarid sase s grsisensescanisieant ewithidey rcatl eigterfsresopiitdr toirgm
render ed, | .abl hi.s r d. it is presently preferred to target
Cpoct f 1 cRien iR afuy Ralihnl B8RMGma o BEASTPL AL PEPechhf uirpriide

i nhi bi ti amd mdEhahbsensftdigdice BN Aif o IINENKOMBE als 6 be Em@laed WA itdkng@vely NEkivelSe
replication and transcription. Replication and transcription, for exanple,
can be f Poffnah MOkdYGE Mdrrsbe direqilyasdnpigsired. dn tys latter embodiment, the antisense

or sense molecules may be formulated in a composition and then administered by any

15 number of means to target cells.

A variation on antisense and sense molecules involves the use of morpholinos, which are
oligonucleotides composed of morpholine nucleotide derivatives and phosphorodiamidate
linkages (for example, Summerton and Weller, Antisense and Nucleic Acid Drug
20 Development 7: 187-195, 1997). Such compounds are injected into embryos and the effect

of interference with mRNA is observed.

In one embodiment, the present invention employs compounds such as oligonucleotides
and similar species for use in modulating the function or effect of nucleic acid molecules
25 encoding G-CSF or G-CSFR, ie. the oligonucleotides induce transcriptional or post-
transcriptional gene silencing. This is accomptished by providing oligonucleotides which
specifically hybridize with one or more nucleic acid molecules encoding the inhibitor. The
oligonucleotides may be provided directly to a cell or generated within the cell. As used
herein, the terms “target nucleic acid” and “nucleic acid molecule encoding G-CSF or G-
30 CSFR” have been used for convenience to encompass the encoding DNA, RNA (including
pre-mRNA and mRNA or portions thereof) transcribed from such DNA, and also cDNA



vector, a plasm d construct or otherwi se. The functions of RNA to be
interfered with can include functions such as translocation of {heckMAgto
a site of protein translation, translocation of the RNAto sites within
the cell which are distant fron1the site of RNA 15 synthesis, translation
of prot¥PA"¥i%he RNA, splicing of the RNA to yield Rk A BRIOMHHATS RNA
species, and catalytic activity or conplex formation involving the RNA

whi ch may be engaged in or facilitated by the RNA In the context of this
invention, "hybridization" neans the pairing of conplementary 20 strands
of oligonmeric conpounds. In the prese%’ i nvention, the preferred nechani sm
of pairing involves hydrogen bondi ng, 2Whlch may be Wat son- Cri ck, Hoogsteen
or reversed Hoogsteen hydrogen bondi ng, between conpl enentary nucl eosi de
or nucl eotide bases (nucl eobases) of the strands of oligoneric conmpounds.
For exanb%eﬂiﬁdenﬁmbpahﬂ'fhyhﬂmehszEOE@nQMenemﬂaﬁmeﬂm@beobamesnwhﬂeMspa|r

th h the f t f b t d
var yi ng BEFEORLE Ao 5 AP SEMERY dmiboiinds s spees enaly T, Bridrebbl o

when bi ndédhgniefn bdnevepmpRuNgdiiddtihehe Ilﬁraé&%tof%%&b&fé«%ddemwﬁd%{1érﬁ§ e$ iy th
the normal function of the target nucleic acid to cause a |oss of

acti vi tym’%ﬁantlﬁeﬁe@ﬁ@ B afein ¢S errntishage eehlbftm@o”rrﬁluelmmmtuafmsc yinkiditewoid

|
o el Ol MRS Bloat DhoRThL SERAGATRANDR S SRR B udhie i © 1
FEB 200%egért2G0adl @ﬁal?ﬁﬂeder&U&&Qﬁl&OQ&g?x&:m 23-cle aGearpheg’feaHdaroy ‘otB&rwiged

herein, refers to the ca acity for precise pairing between tw nucl eobases
of an ol'fR6HE PEPIBMNS 15 regprdexalfpraenily Peeferied ©obease secifie petleigianid

posi ti O%OIQJul@;srhnelthcgpﬁHﬁ{ S’IQSIfoﬁ?u%%ttgédsgmﬁzluﬁncorrpound) I's capable of

hydrogen bonding wth a 5 nucl eobase at a certain position of a target
nucl ei ¢ acid, sald target nucleic acid being a DNA RNA, or

ol i then t 03|t|on o en bondi ng between
e SO0 GRS BRUS i bt g e Gafne 4 i SPE S Brasrb et R
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ol i gonucl eoti de nol ecul e are enentary to each other when a sufficient

nurber O’?Ct@b@mléi‘rmlﬁt@plytnp‘ésurtqﬂmqquen'f he functxons of RNA to be interfered with can

include functions such as translocation of the RNA to a site of protein translation,
translocation of the RNA to sites within the cell which are distant from the site of RNA
I5  synthesis, translation of protein from the RNA, splicing of the RNA to yield one or more
RNA species, and catalytic activity or complex formation involving the RNA which may

be engaged in or facilitated by the RNA.

In the context of this invention, “hybridization” means the pairing of complementary
20 strands of oligomeric compounds. In the present invention, the preferred mechanism of
pairing involves hydrogen bonding, which may be Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding, between complementary nucleoside or nucleotide bases
{nucleobases) of the strands of oligomeric compounds. For example, adenine and thymine
ar¢ complementary nucleobases which pair through the formation of hydrogen bonds.

25 Hybridization can occur under varying circumstances.

An antisense compound is specifically hybridizable when binding of the compound to the
target nucleic acid interferes with the normal function of the target nucleic acid to cause a
loss of activity, and there is a sufficient degree of complementarity to avoid non-specific
30  binding of the antisense compound to non-target nucleic acid sequences under conditions

in which specific binding is desired.



10 each nol ecul e are occupi ed by nucl eobases which can hydrogen bond wth
each other. Thus, "specifically hybridizable" and "conpl ement ary;'F@g eoo7
terms which are used to indicate a sufficient degree of precise pairing or
conplenmentarity over a sufficient nunmber of nucl eobases such that stable
and speedfig/bingdi ng occurs between the ol i gonucl eot i d&T'AHEH VA et

nucl eic acid. 15 According to the present invention, conpounds include

anti sense oligoneric conpounds, antisense oligonucleotides, ribozynes,
external gui de sequence (EGS) oligonuclleotides, alternate splicers,
prinmers, probes, and other oligoneric conpounds which hybridize to at

| east a portion of the target nucleic acid. As such, these conpounds nay be
introduced in 20 the form of single-stranded, doubl e-stranded, circular or
hai rpin oligoneric conpounds and nmay contain structural elenments such as
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gene progyche a sufficient degree of precise pairing or complementarity over a sufficient number
of nucleobases such that stable and specific binding occurs between the oligonucleotide
and a target nucleic acid.
15
According to the present invention, compounds include antisense oligomeric compounds,
antisense oligonucleotides, ribozymes, external guide sequence (EGS) oligonucleotides,
alternate splicers, primers, probes, and other oligomeric compounds which hybridize to at
least a portion of the target nucleic acid. As such, these compounds may be introduced in
20 the form of single-stranded, double-stranded, circular or hairpin oligomeric compounds
and may contain structural elements such as internal or terminal bulges or loops. Once
introduced to a system, the compounds of the invention may elicit the action of one or
more enzymes or structural proteins to effect modification of the target nucleic acid. One
non-limiting example of such an enzyme is RNAse H, a cellular endonuclease which
25  cleaves the RNA strand of an RNA:DNA duplex. It is known in the art that single-stranded
antisense compounds which are “DNA-like” elicit RNAse H. Activation of RNase H,
therefore, results in cleavage of the RNA target, thereby greatly enhancing the efficiency
of oligonucleotide-mediated inhibition of gene expression. Similar roles have been
postulated for other ribonucleases such as those in the RNase 111 and ribonuciease L. family

30 of enzymes.



In the context of the subject invention, the term"oligonmeric conpound”
refers to a polynmer or oligonmer conprising a plurality of nonongr FEBWOYS.
In the context of this invention, the term"oligonucleotide" refers to an
ol i gomer or polymer of ribonucleic acid (RNA) or deoxyribonucleic acid
(DNA) oVORPHEtITEE, chimeras, anal ogs and honol ogs 10 t REFASRMPARINES t er m

i ncl udes ol i gonucl eotides conposed of naturally occurring nucl eobases,
sugars and coval ent internucl eosi de (backbone) |inkages as well as

ol i gonucl eoti des having non-naturally2eccurring portions which function
simlarly. Such nodified or substituted oligonucleotides are often
preferred over native forns because of desirable properties such as, for
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(3" UTR), known ,in the.art to refer the portion of an nRNA in the .3
di recti oHBFT 6 f?@eﬁ pemusGende foscibie) _ﬁff%%ﬁ pEF im?@@@,_wefé%@ss bagng
transl atj Qs @61 RRLIARE GREQFhs SRR AMSHINGHUAHDI sOHE L% fides: Releany t he
translation termnation codon and 3' end of an nmRNA (or correspondi ng
nucl eot icdigeniercatives gy@nzf)e_n preferred over native forms because of desirable properties such

as, for example, enhanced cellular uptake, enhanced affinity for a target nucleic acid and

15 increased stability in the presence of nucleases.

While oligonucleotides are a preferred form of the compounds of this invention, the
present invention comprehends other families of compounds as well, including but not
limited to oligonucleotide analogs and mimetics such as those herein described.
20

The open reading frame (ORF) or “coding region” which is known in the art to refer to the
region between the translation inittation codon and the translation termination codon, is a
region which may be effectively targeted. Within the context of the present invention, one
region 1s the intragenic region encompassing the translation initiation or termination codon

25  of the open reading frame (ORF) of a gene.

Other target regions include the 5° untranslated region (5’UTR), known in the art to refer
to the portion of an mRNA in the 5 direction from the translation initiation codon, and
thus including nucleotides between the 5° cap site and the translation initiation codon of an
30 mRNA (or corresponding nucleotides on the gene), and the 3’ untranslated region

(3’UTR), known in the art to refer to the portion of an mRNA in the 3’ direction from the



The 5' cap site of an nmRNA conprises an N7-net hyl ated guanosi ne residue
joined to the 5'-nobst residue of the nRNA via a 5 -5" triphosphat eeEB 2007

| i nkage. The 5' cap region of an 5 nRNA is considered to include the 5 cap
structure itself as well as the first 50 nucleotides adjacent to the cap
site. IWAXHIYRreferred to target the 5 cap region?ckﬁﬁﬁﬁﬁﬂﬂ”gﬁne
eukaryotic nRNA transcripts are directly translated, many contain one or
nore regi ons, known as "introns", which are excised froma transcript
before it is 10 translated. The remai-dbnRg (and, therefore, translated)
regions are known as "exons" and are spliced together to forma conti nuous
MRNA sequence. Targeting splice sites, i.e. intron- exon junctions or
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such heterocyclic bases are the purines and the pyrimdines. Nucl eotides
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15 deletions are aiso preferred target sites. mRNA transcripts produced via the process of
splicing of two (or more) mRNAs from different gene sources are known as “fusion
transcripts”. It 1s also known that introns can be effectively fargeted using antisense

compounds targeted to, for example, DNA or pre-mRNA.

20 As is known in the art, a nucleoside is a base-sugar combination. The base portion of the
nucleoside is normally a heterocyclic base. The two most common classes of such
heterocyclic bases are the purines and the pyrimidines. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the sugar portion of the nucleoside.
For those nucleosides that include a pentofuranosyl sugar, the phosphate group can be

25 linked to either the 2°, 3" or 57 hydroxyl moiety of the sugar. In forming oligonucleotides,
the phosphate groups covalently link adjacent nucleosides to one another to form a linear
polymeric compound. In turn, the respective ends of this linear polymeric compound can
be further joined to form a circular compound, however, linear compounds are generally
preferred. In addition, linear compounds may have internal nucleobase complementarity

30 and may, therefore, fold in a manner as to produce a fully or partially double-stranded

compound. Within oligonucleotides, the phosphate groups are commonly referred to as



-26- formng the internucl eosi de backbone of the oligonucleotide. The
normal |inkage or backbone of RNA and DNA is a 3' to 5 phosphogdi estepo7
| i nkage. For topical delivery of antisense conpounds, these -

ol i gonucl eoti des may contain nodified 5 backbones or non-natural

i nt er nO%P éYLP4E 2T i nkages. As defined in this specificdtGlohizo03/001078

ol i gonucl eoti des havi ng nodi fi ed backbones include those that retain a
phosphorus atomin the backbone and those that do not have a phosphorus
atomin the backbone. For the purposex of this specification, and as
sonetinmes referenced in the art, nodified oligonucleotides that do not
have a phosphorus atomin their internucl eosi de backbone can 10 al so be
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phosphonat es 15 i ncl udi ng 3'-al kyl ene phosphonat es, -al kyl ene
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i ncluding 3'"-am no phosphorani date and ami noal kyi phosphar am dat es,
t hi orfopthesidiveeartr daemsaturdhi oirsaidigasplsobiphessat ek, defined in this specification,

thi onoal kL RASRNEL ELAR! Sioousaelepennosplakas, anf bonanoptiesplal s iavi ng

nor mal anal og

i nvert edhd)ahcadbbhcy am@ah@senth@naoqfot 2Qvenr ghdspheupUedBdhitte HatikdoageBol hea 3
to 3, 5 to5 or 2" to 2 lln;g? . Preferred ollgonucleotldes havi ng

[ nvertedwﬁlﬂs‘é‘ir |qutm%niﬂeF§@atao%l eas3zsomgtiges | fefenged atn tthe &L - medified
i nter ”U%lhﬁ?ﬁ%gc%uldw{?ﬁggo hofhav@ @H&%%Méﬁ%ﬁ% ﬁqhﬁpﬁt%ﬁ?gg uﬁeeﬁdcﬂﬂ(?n%"fﬂ gh may

he abasic nuc ase Is m'ssing has roup 1n

t her Bof Jalso\tarcoosigersdltd B¢ ohgotadliesaiits and free aC|d forns are also
included. 25 In an alternative enbodi ment, genetic constructs includi ng DNA
"vacci nes" are used to generate antisense or sense nol ecul es mamal i an

cells. Mpygthed RéAficdBdlYg o%cl%&‘?de Béﬁib%héseféoﬁﬁ%bg €s pﬂ@%BhRtho?rpQM&_eﬁJ €
appropriate for sense nuc eic acid nol ecules. 30 Agents identified in

accor dane®dudg, tir exemplee pbatphorivientieancharad rdosendtbvaicy, supphowdithivates,
phar maceHosp%a!nestegpO%mtmo%ﬂ(y'lphosphotriesters, methyl and other alkyl phosphonates

15 including 3’-alkylene phosphonates, 5'-alkylene phosphonates and chiral phosphonates,
phosphinates,  phosphoramidates  including  3’-amino  phosphoramidate  and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, selenophosphates and boranophosphates having normal 3°-5’
linkages, 2°-5" linked analogs of these, and those having inverted polarity wherein one or

20 more internucleotide linkages is a 3’ to 37, 5’ to §* or 2’ to 2’ linkage. Preferred
oligonucleotides having inverted polarity comprise a single 3’ to 3” [inkage at the 3'-most
internucleotide linkage i.e. a single inverted nucleoside residue which may be abasic (the
nucleobase s missing or has a hydroxyl group in place thereof). Various salts, mixed salts
and free acid forms are also included.

25
[n an alternative embodiment, genetic constructs including DNA “vaccines” are used to
generate antisense or sense molecules mammalian cells. Furthermore, many of the

preferred features described above are appropriate for sense nucleic acid molecules.

30 Agents dentified in accordance with the present invention are conveniently supplied in

pharmaceutical compositions.



12 FEB 2007 WD 200-4/017727 PCT/ AU2003/ 001078 -27- The present invention
further contenplates a conposition conprising a nodulator of G CSFeR 2007
activity or the interaction between G CSF and G CSFR or a nodul at or of
expression of G CSF/ G CSFR, said conposition further conprising one or
nore phatfat¥ii@ally 5 acceptable carriers and/or dilk ﬁ%ggmﬁﬂﬁﬁagition
forms suitable for injectable use include sterile aqueous solutions (where
wat er sol uble) and sterile powders for the extenporaneous preparation of
sterile injectable solutions. It nust be stable under the conditions of
manuf acture and storage and nust be 10 jyreserved agai nst the contam nating
action of mcroorgani sns such as bacteri'a and fungi. The carrier can be a
sol vent or dilution medium conprising, for exanple, water, ethanol, polyol
(for exanple, glycerol, propylene glycol and l|iquid polyethylene glycol,
and the |like), suitable m xtures thereof and vegetable oils. The proper

fluidity ﬂ@pr@&nm%ﬂbﬂ%?erf&ﬁte &m%igﬁgg Eﬁ@gﬂ%&g}%%ﬁ?ﬁ@%&?%&%- The

preventions 'of the action of m croorgani sns out by
vari ous dntl adinctyerrithe imedctant betvenmg@Caigend §-CEBR @xampidator pheghessson

chl or obut I e saorbic acid, thirnmerosal and the like. In nmany
cases, ito%n%%ﬁ@éeg\%%f SABPERP g PR SIS 0BG SR eoTe RRITBICEHF ALy
sugar ss OracsQfet &k Ay dndfyr dilfpé.onged absorption of the injectable
conpositions can be brought about by the use in the conpositions of agents

del ayi ng absorption, for exanple, alum nium nonostearate and 20 gel atin.

Sterile injectable.solutions are .prepared .by i,ncorporating the. actiye
compound AR MaRE BF SR(ERRLES BAuOSRLRO S B R Gl
active i ngnadiotrtc)end s0ptle poalitry fot ekxteapiorat@ohBlcpataBii 5 AsrikqAjectBk

fol |l oned br_filtered sterilization or other appropriate neans 25 of
steri | i zaPlUWAns |Thmuskbe s@blegindst Biej qoadyionpief ansractuie apd slpaaestandrmpst be

steri (WAl l,e: i i i,0n i -
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gggﬁ{)?é?rp\g}yfoh%fgr te@cg!n%lfg rg?)gc%?c}i,e gr’oplyren%){yc%? agcri Eﬂqlu}lld %glwe{?llyff}llgrgel)géol,f gd the
like), suitable mixtures thereof and vegetable oils. The proper fluidity can be maintained,

for example, by the use of superfactants. The preventions of the action of microorganisms

I5 can be brought about by various anti-bacterial and anti-fungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thirmerosal and the like. In many cases, it

will be preferable to include isotonic agents, for example, sugars or sodium chloride.

Prolonged absorption of the injectable compositions can be brought about by the use in the

compositions of agents delaying absorption, for example, aluminium monostearate and

20 gelatin.

Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with the active ingredient and optionally other
active ingredients as required, followed by filtered sterilization or other appropriate means
25 of sterilization. In the case of sterile powders for the preparation of sterile injectable
solutions, suitable methods of preparation include vacuum drying and the freeze-drying
fechnique which yield a powder of active ingredient plus any additionally desired

ingredient.

30 When the modulator is suitably protected, it may be orally administered, for example, with

an inert diluent or with an assimilable edible carrier, or it may be enclosed in hard or soft



an inert diluent or wwth an assim | able edible carrier, or it may be
enclosed in hard or soft 12 FEB 2007 WD 2001/0 1 7 727 PCT/ AU2003EBE 1048
-28 shell gelatin capsule, or it nay be conpressed into tablets, or it may
be incorporated directly with the food of the diet or_adm nistered

via
breast YOIRMESF or al t herapeutic adm nistration, thePQEPﬁV@B"HHP§d|ent

may be incorporated with excipients and used in the form of ingestible
tabl ets, buccal tablets, troches, capsules, elixirs, suspensions, syrups, 5
wafers and the like. Such conpositionsZ&nd preparations should contain at

| east 1% by weight of nodul ator. The percentage of the conpositions and
preparations may, of course, be varied and may conveniently be between
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such therapeutically usef ul conpositions is such that a suitable dosage
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ng. These dosage per |nd|V|ng per kg body
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conponents- as |isted her ter.” A Dbi suc acacl a, corn Star ch
or gel athenvariest @ imeytconsanddntiysbe td:twaetrcah;nm phosiphatéls « the sqerghiagf dtei uagt. agent

such as .com starch 0 star alginic acid and the |ik bri cant
Such as fRThBLRCoC B EE: TR edadlkiing Ssdun E0enbntant 56 suih rbiden

| act ose QltaSid@ehakl \Dllln@éfol&ﬁnﬁgdpﬁféﬂedac&ﬁ@émﬂh's g p?(%ﬁfﬁtio%'s'%li‘cc%ﬁm@e@ﬁﬁé m nt,
oil of wntergreen or cherry flavourin osage unit formis a

capsl} e, présenhigyeriomt af prepared sedintaroerak gosgm gni éorm @intaihg bab@v@ abygd).l a
158 oo Vol LG PAISE ARDRILE Sl BB ERRL R 105, ©°
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syrup or, 25 elixir may contajn the active conpound, sucrose as a sweetening
agent , ﬁgqhﬁﬁualawaper kg body weight. Administration may be per hour, day, week, month or
year.
15
The tablets, troches, pills, capsules, creams and the like may also contain the components
as listed hereafter. A binder such as gum, acacia, com starch or gelatin; excipients such as
dicalcium phosphate; a disintegrating agent such as com starch, potato starch, alginic acid
and the like; a lubricant such as magnesium stearate; and a sweetening agent such as
20 sucrose, lactose or saccharin may be added or a flavouring agent such as peppermint, oil of
wintergreen or cherry flavouring. When the dosage unit form is a capsule, it may contain,
in addition to materials of the above type, a liquid carrier. Various other materials may be
present as coatings or to o.therwise modify the physical form of the dosage unit. For
instance, tablets, pills or capsules may be coated with shellac, sugar or both. A syrup or
25 elixir may contain the active compound, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and flavouring such as cherry or orange flavour. Of
course, any material used in preparing any dosage unit form should be pharmaceutically
pure and substantially non-toxic in the amounts employed. In addition, the active
compound(s) may be incorporated into sustained-release preparations and formulations.

%
30



propyl parabens as preservatives, a dye and flavouring such as cherry or
orange flavour. O course, any material used in preparing any dosege 2007t
form shoul d be pharnaceutlcally pure and substantially non-toxic in the
anounts enp In addition, the active conpound(s) nmay be incorporated
into suéT%ﬁWBél?@Fease preparations and fornul ati ons. 3SYSUPEEIOE7 WO
2004/ 017727 PCT/ AU2003/00 1 0 78 -29- Pharmaceutically acceptable carriers
and/or diluents include any and all solvents, dispersion nedia, coatings,
anti-bacterial and anti-fungal agents,-1%otonic and absorption del aying
agents and the like. The use of such nedia and agents for pharnaceuti cal
active substances is well known in the art and except insofar as any

convent i qnalmpREtigall RUHMbIO dafridBCHPEL '&?fu@m‘é" InlelelaeaHPdéerataW sol/Rgikr use

in the therapeutic conpositions is contenplated. Supplementary active’
corrpoundshmrﬁlfm swdlse cpatogs partabaderial tandt dngi- fuogamrgsntts; onenidsnd aliccptied

above, nlst e atnment of .arthritis
or 10 Iocaaly”fgn%q tﬁ@t‘ﬂg%gge ﬂ?r%s ?tﬁ”&ﬂlné %?“CL?&)G ﬁé’gﬁgnaefﬁ'rﬁ‘??ii 8t¥%t i on
i s parti gubasidees ipwell Rh¢ed in e rcaPOsichi PBoMRYs aiysam@@mmas fedRNGdoent

nol ecul es such as_a vector capable of transfectin arget cells where the

vect or? cdf ringempatifle | witk %@lﬁ“ﬁ%h%@hl@eﬁapﬁbhé o t {@Hbédﬁh@WEHﬁﬁGuEator
wh h |
en the JRAMFHOL S8ofleREALS) %?ﬁ?éé%g& fos G THE ¥e OBt f0 _the

exanpl e, a V|ral a rangeé o her apres are
contenplab&@obyonihe present invention including |solat|ng certaln cells,
genetically mani pulating and returning the cell to the sane subject or to
a genetically related or simlar subject. 20 The present invention further

provi des @n@f&'&%labﬁvéj%ﬁmlﬂgtrétfbf |1?15m35 'bggi ?%ﬁéa’:&g F&the BEAGRAL Bﬁalftiﬂrz sacgrent S

capabl e of inhibiting G CSF or hereby anmelorrate t fec

of i nfd ardewd i ovilamdmatiosk, rmtda}lasmafae mnsmrmltmceld; whiindhisproduce hpaghoubarlyl ow

| evel s of @- or G CSFR Such animal-s are useful for screening for agents
which  akEi'Tdf%te the synptonms of inflanmmation or which prevents its
occurrence. Furthernore,

The composition may also comprise genetic molecules such as a vector capable of
transfecting target cells where the vector carries a nucleic acid molecule capable of
15 encoding a modulator, when the modulator is a proteinaceous molecule. The vector may,
for example, be a viral vector. In this regard, a range of gene therapies are contemplated by
the present nvention including isolating certain cells, genetically manipulating and

returning the cel} to the same subject or to a genetically related or similar subject.

20 The present invention further provides an animal model for inflammation useful for
screening for agents capable of inhibiting G-CSF or G-CSFR and thereby ameloriate the
effects of inflammation. Animal models are contemplated which produce high or low
levels of G-CSF or G-CSFR. Such animals are useful for screening for agents which
ameliorate the symptoms of inflammation or which prevents its occurrence. Furthermore,

25 in animals with reduced levels of G-CSF, other cytokines or endogenous molecules may
emerge to compensate G-CSI’s absence. These then become targes for further therapeutic

molecules.

Accordingly, another aspect of the present invention provides a genetically modified
30  animal wherein said animal produces low amounts of G-CSF or G-CSFR relative to a non-

genetically modified animal of the same species.



25 in animals with reduced | evels of G CSF, other cytokines or endogenous
nol ecul es may energe to conpensate G CSF's absence. These then tpeeEme007
targes for further therapeutic nolecules. Accordingly, another aspect of

the present invention provides a genetically nodified 30 aninmal wherein
sai d afP&t#MEdlces | ow amounts of G CSF or G CSFR r i Y& 18™hon-
genetically nodified animal of the sanme species. 12 FEB 2007 WO

2004/ 017727 PCT/ AU2003/ 001078 -30- Preferably, the genetically nodified
animal is a nouse, rat, guinea pig, rajabit, pig, sheep or goat. More
preferably, the genetically nodified animal is a nouse or rat. Most
preferably, the genetically nodified animal is a nouse. 5 Accordingly, a
preferred aspect of the present invention provides a genetically nodified
nouse wherein said nmouse produces | ow anobunts of G CSF or G CSFR rel ative
t o a norfrefgervdt,itbagdnetindt hibddcdousel of a tlvass aapgsheapig, rabbit, The, wekprat

nodel s of t i nventian nth formof the i mal

e T ortoak ABRETSH b G HToNERYiSS SUTel s QHSBRAAE 21 BIDSt THEC e yos
are prefigs gdleVicallPinBlidenadinhdl i8a floR4en state and may optionally be sold
with instructions for use. Yet another aspect of the present invention

provides a targeting vector useful for 15 inactivating a gene encoding

G O T ST AL KESKo RG4S, PERTRREF LB

mar ker \wWhaiseiwherdieBaidahslist @E@ﬁbem@waﬁbms b$ Gtcam)fr eifscsaRl rofatlve ik Yo C
stern (ES) cells and the marker selected, an ES cell is generated in which
t he gen&ceficgty mypdbsdmomecithoyans. $9ER i s i nactivated by honol ogous
reconbi nation. 20 Preferably, the ES cells are frommce, rats, guinea

- pigs, pigs, sheep or goats. Mbst preferably, the ES cells are from m ce.
Stillg yéthcaamdmhienoaﬂpeﬁmequestcheinpemsnnmy e en theoforinsofdhe esieds brombherepse of
a targetf(l)rngxeyrrei\glte in the form of embryos for transplantation. The embryos are preferably

maintained in a frozen state and may optionally be sold with instructions for use.

Yet another aspect of the present invention provides a targeting vector useful for
15 inactivating a gene encoding G-CSF or G-CSFR, said targeting vector comprising two
segments of genetic material encoding said G-CSF or G-CSFR flanking a positive
selectable marker wherein when said targeting vector is transfected into embryonic stemi
(ES) cells and the marker selected, an ES cell is generated in which the gene encoding said
G-CSF or G-CSFR is inactivated by homologous recombination.
20
Preferably, the ES cells are from mice, rats, guinea pigs, pigs, sheep or goats. Most

preferably, the ES cells are from mice.

Stdl yet another aspect of the present invention is directed to the use of a targeting vector
25 as defined above in the manufacture of a genetically modified animal substantially

incapable of producing G-CSF or G-CSFR.

Even still another aspect of the present invention is directed to the use of a targeting vector
as defined above in the manufacture of a genetically modified mouse substantially

30 incapable of producing G-CSF or G-CSFR.



25 as defined above in the manufacture of a genetically nodified ani mal
substantially incapable of producing G CSF or G CSFR Even stil{2 pewbber
aspect of the present invention is directed to the use of a targeting
vector as defined above in the manufacture of a genetically nodified nouse
subst antY@Rr¥4/1%5B87 | ncapabl e of produci ng G CSF or G CSERT/ALEEWIHB07 WO
2004/ 017727 PCT/ AU2003/ 001078 -31- Preferably, the vector is DNA A

sel ectable marker in the targeting vector allows for selection of targeted
cells that have stably incorporated th&itargeting DNA. This is especially
useful when enploying relatively |ow efficiency transformation techniques
such as electroporation, calcium phosphate precipitation and |iposone

fusi on wheeRrdbypi Gl Jeti? §aYRA. tph@aeé{able 1%9&% ?ﬁltﬂlé taffhétlnghaéf&oﬁ;i;?&b for

i ncor porat ed t he exogenous DNA. Usi ng hi gh i cl ency net such as
m croi nj eekerom iodt orastmd eklls thapiteat | sjatly Olm@‘paﬁi%dothet haegeﬁmlgl E)NAM lfhlsha;ve

ti h f t
the ¢ ar evair BBt aindtha s fHebnls™ eble Frgrorrian lpisdes st or
st abl e i nkeggcabpontief, @a!c@@\' Sdspidte phiieition RnEN&losb S0 F8AbE vilerd BisidSQ0€Ni C
DNA may be enpl oyed. 10 nmpl es of sel ectable markers include genes

conf erti ,{@qur f‘%tidﬁd@()@(?eﬁ%)m)lbbﬁ‘ffss%tdlfﬁH“%POTaﬁﬁtjlim ex4gesousgehes bizhi ng
the abili ?meé&gng‘thWoQQ s %ﬂ‘rﬁﬂro i&%l%ﬁa}ht%snucge?n@% '&% W?C! Eg)rr?g 259 %ng} n%ﬂ%hat

pr oduce éétect e S|gna S suc | 'um nescence variet
mar ker s arid !havemmempdraman}heamr@tmgnmlwdl agl itf gy texeop, efeaﬁiﬁlbltblmddh the

resi stance genes neonyci n resi stance gene (neo) and the
hygr onycit "Hgas% |°§P%1HH€°%’@ PP\S/@’)E necegsity tfalyisk sgtiogr ré@é’&f IHeArefRn génhes
conferri @&eélﬁ'ﬁe%@dri{ért Eith® i8d WcQﬂ n%ﬁ@c%‘eﬂm'mQhama h'@é%l%&@& such as the tk

gene (thym di ne kinase) or t hprt gene hypoxa

phospHbri bosyl t ransf er ase) mhlch confer the ablllty to grow on HAT nedi um
(hypoxanthine, am nopterin and.th 'dine)' he bacteri al ene
Lgubnt neraaiBiee A -O8PHREBHERT stV ahS b By ERrBRCSD SR DRGWRGH M
medi um (ExEEIPHEN Qlehds a6 Brringa@enblRy aB ANt hkaeded Chb@fatgebatdallc8dingr kers

for use in mamulian cells and plasm ds
proteins that produce detectable signals such as luminescence. A wide variety of such

markers are known and available, including, for example, antibiotic resistance genes such
15 as the neomycin resistance gene (neo) and the hygromycin resistance gene (Ayg).
Selectable markers also include genes conferring the ability to grow on certain media
substrates such as the tk gene (thymidine kinase) or the hprr gene (hypoxanthine
phosphoribosyltransferase) which confer the ability to grow on HAT medium
(hypoxanthine, aminopterin and thymidine); and the bacterial gpt gene (guanine/xanthine
20 phosphoribosyltransferase) which allows growth on MAX medium (mycophenolic acid,
adenine and xanthine). Other selectable markers for use in mammalian cells and plasmids
carrying a variety of selectable markers are described in Sambrook er al, Molecular

Cloning - A Laboratory Manual, Cold Spring Harbour, New York, USA, 1990.

25 'The preferred location of the marker gene in the targeting construct will depend on the aim
of the gene targeting. For example, if the aim is to disrupt target gene expression, then the
selectable marker can be cloned into targeting DNA corresponding to coding sequence in
the target DNA. Alternatively, if the aim is to express an altered product from the target
gene, such as a protein with an amino acid substitution, then the coding sequence can be

30 modified to code for the substitution, and the selectable marker can be placed outside of

the coding region, for example, in a nearby intron.



icarrying a variety of selectable nmarkers are described in Sanbrook et al.,
Mol ecular doning - A Laboratory Manual, Cold Spring Harbour, New{Xeek,2007
USA, 1990. 25 The preferred | ocation of the nmarker gene in the targeting
construct_will depend on the aim of the gene targeting. FEor if
the ai mi¥C28Md1<fApt .t arget gene expression, then the %Eﬂéggggﬂghﬁﬁrker
can be cloned into targeting DNA corresponding to coding sequence in the
target DNA. Alternatively, if the aimis to express an altered product from
‘the target gene, such as a protein with an am no acid substitution, then

t he codi ng sequence can be 30 nodified te,code for the substitution, and
the sel ectabl e marker can be placed outside of the coding region, for
exanple, in a nearby intron. 12 FEB 2007 WD 2004/017727 PCl'/ AU2003/ 001078
32- The sel ectable marker may depend on its own pronoter for expression and
the marker gene may be derived froma very different organi smthan the

or gani sm bﬂg(??fél%&ﬁ gttﬁﬂkéretrgg c.lleizﬁﬂclf% yi%t% n fH%{nlﬁ fer 96 @?pi’é&@(ﬂl by LRy H;lec;}ilé?g

manmal i an ce wever, | preferableto repl ace the origina

pronot er widie rhaamsddrivetifomak veachilftemy okpowm than flmetgroiami rintgrergateaciepd. ent
cells. A Iarge_nunber of transcriptional initiation rﬁﬁions are avail able
for such PBOKHSES "AREY $aPTYsedP UREM B A AN CETHi BRECHpH dhBeaTablc 1o
thym di pe kD8 ehP e PPomoled WAEt tAnRIrPIBAAT HacHi A rURRGHO bt tiBh GRDEHer S,
SV40 pronoters and human  cytonmegal ovirus pronoters. A w dely used exanple
i s the pSvReipeat sksm darghingmbhngf trenschigtiped teitihabn nemenscit available for such
phosphot r ansf er ase ne under control. of. the SVAQ early pro r _
Confors. | nhiramranrelncee 1 SFauply dietho kIR s P SRR R eyl ey

neonyci n) . gActiUrphehoRts, otikghuvai dialiinongrofayede SVEIOOY gebnid@cerenharice human
expression of the selectable markers in animal cells, such as the addition
“of a pol y(®omeglerite rAROtHe AdUideivorsediexample i @SM2are BpsBI R TSi on

Sequencgs. ?1@%taE\|e§912%§|&%}{df}%ﬂlﬁ)fﬁﬁ%ré sk &jetgeﬁe BhO G381 HBYe shay by sfﬁ'gmoy?e

DNA is prefera e mol ogous’ reconbi nation. The target DNA can
be in anyamr gafiek lie nefntdanarillvatbsigetde i igd IBdiangutibetinuclagdgo agdmycin). A

m tochondri a andfpaT be an. intact genelfgy exo% or intros, afqﬁgu“atpg%
sequence Oxflurali)ﬁ; (Peapslh ng%mnnl@én gemployed to enhance expression ot the”selecta

markers in animal cells, such as the addition of a poly(A) sequence and the addition of
synthetic translation initiation sequences. Both coanstitutive and inducible promoters may

15 be used.

The DNA is preferably modified by homologous recombination. The target DNA can be in
any organelle of the animal cell including the nucleus and mitochondria and can be an
intact gene, an exon or 1ntron, a regulatory sequence or any region between genes.

20
Homologous DNA is a DNA sequence that is at least 70% identical with a reference DNA
sequence. An indication that two sequences are homologous is that they will hybndize

with each other under stringent conditions (Sambrook et al., 1990, supra).

25 The present invention further contemplates co-suppression (f.e. sense suppression) and
antisense suppression to down-regulate expression of G-CSE or G-CSFR. This would

generally occur in a target test animal such as to generate a disease model.

The genetically modified animals may also produce larger amounts of G-CSI or G-CSFR.
1y For example, over expression of animal G-CST or G-CSFR may produce dominant negative
effects and may become useful disease models.



20 Honol ogous DNA is a DNA sequence that is at |least 70%identical with a
reference DNA sequence. An indication that two sequences are homFEROUS7 i S
that they will hybridize wth each other under stringent conditions
(Sanbrook et al ., 1990, supra). 25 The present invention further

cont enpl APHY &ippression (i.e_ sense suppression) antCTANE|0dENEZS
suppression to down-regul ate expression of GCSF or G CSFR. This woul d
generally occur in a target test aninmal such as to generate a di sease
nodel . The genetically nodified ani nal s3fmy al so produce | arger anounts of
G CSF or G CSFR  For exanple, over expression of animal G CSF or G CSFR
may produce dom nant negative effects and may becone useful disease
nodel s. 12 FEB 2007 WO 2004/017727 PCT/ AU2003/ 001078 -33- Accordingly,
anot her aspect. of the present invention is directed to a genetically

modi fi ed A&HTHEEDevaPhexEPedafrte ar?@émiew@t@@qaéne@teém@@ogmgﬂ@li@sm%ﬁed

G CSFR 5 i LEJ j i t nic animal, or a
"knock-ou?ﬁwgfgﬁiﬁ%gt%ﬁ?%?ggﬁ#ﬁgfgﬂ#ﬁgkﬁ#@ggﬁggiﬁs1H§%g§q?s further
described by the followi ng non-limting Exanples. 12 FEB 2007 WO

2004/ 017727 PCT/ AU2003/.001078 -34- EXAWPLE 1 Mce C57BL/6 (B6, w.ld type,
[WI]) # cé RREFLS %t'ﬁ?‘ﬁéﬁP PRIGHY flﬁfiuciﬁélat &3nsgenic epimak, ¢lad [ knapkioidt pr (KROCKWEH )
Ani mal Supplihesal(Victoria, Australia). G CSF-deficient (GCSF /-) mce
were obtained fromthe Ludwig Institute for Cancer Research, Victoria,
Australia and were produced by targeted disruption of the Cysf3 gene in

129/ QLA i c. stem (E |1 s, . which .injected. i B§ bl ast ocyst
(L1 escnkel ARt b i R s ey spa B Fo oS R U i pteeiesea

greater than twenty generations onto the B6 background. Al mce



10 were ? 8 weeks of age at the tinme of experinentation, were fed standard
rodent chow and water ad |libitumand were housed (S 6 m ce/ cagej2 FEB 2007
sawdust-1ined cages. Al animl procedures were approved by the
Institutional Ethics Committee. EXAMPLE 2 15 Induction

r nBSA/ IWORMHHITEd arthritis (acute arthritis) The pr o%‘eﬂﬁpé‘“’\?\ﬁ%"’ﬁ’ésed on
that previously described (Lawor et al., Arthritis and Rheumatism 44:
442- 450, 2001). Mce were anaesthetized and injected intra-articularly.
into the knee joint with 10 pl1 of 20 miy¥< nBSA (Sigma, St Louis, M.
Control joints 20 received the same volunme of vehicle (normal saline). Mce
were next injected subcutaneously (s.c.) into the rear footpad with 20 pl
of 12.5 pg/m reconbinant human [ExXA@pPpeci fic Activity 5 x 108 U ny;
Angen, Thousand Oaks, CA) in normal saline/0.5% (v/v) normal nobuse serum
(vehicle) and the injection was repeatéer on the next 2 days. 25 Mce were
sacrificed on day 7 (or at indicated tinme points), the knee joints excised
and fixed in 10% (v/v) neutral -buffered formalin for at |east 2 days,

decal ci fCeBBdIE; ooes3gsk, (WoTPanakl wore &sentalfrérh SBoewaRet kT4 R were
cut at 4 depths ag{ I‘OXI mately 100 pm apart and stained with haenmatoxylin

and edsilgs WE()WF hAsEry Sugphies b\éﬁ%lﬁo@ystraj@) 19-Epdelgpgnt (@bC‘éBoA/n@wn?
PCT/ AUZO\Q%Q)@P&\Q!?&?% fron?l §he f@sg%gﬁﬂﬁte(ﬁ)r @MCQ[- ?1% %@;{asl &8{15 OAHEQI;Q'ahB%ﬁz‘?e t 0
Y art ed, i.e.

t he experinmental groups. onents o riti's were assess
j oi nt sgao@ceﬂ@d&hxgpteé;dﬁmu@ttdrsof tbaﬁhsﬁ gefxomm:tﬁ/@hA gabtyohagecrandSpotis,

degradatl These we erl fro t.o 5 vere).
Baged. o EHB WS B caf Bediatcrii AR N T ndb N T 5
i nf | amal@iyvat %Bél&c%s%ed Qre%t&eneanwa/%n@n%e%%ah@o%Qﬁ@B@fbahk@buH@r&u ande
synovitis score of or nore. Destructive arthritis was classified as a
scor §) ofw@eadr 8 greekst @ﬁag‘ecm tizatime ©f @rperimantatiqy, eare fedfstandasd tadeagehoandhdr

bone degwé’:}glragclj (}zr]atfum andO\\/w%Eea !)use a{1< g ngltcg)cggé)clgl sa%v%\lljgtrillge% ge?g%% eAll animal

procedures were approved by the Institutional Ethics Committee.

EXAMPLE 2
15 Induction of mBSA/IL-1-induced arthritis (acute arthritis)

The procedure was based on that previously described (Lawlor et al, Arthritis and
Rheumatism 44: 442-450, 2001). Mice were anaesthetized and injected intra-articularly.
into the knee joint with 10 pul of 20 mg/ml mBSA (Sigma, St Louis, MO). Control joints

20 received the same volume of vehicle (normal saline). Mice were next injected
subcutaneously (s.c.) into the rear footpad with 20 ul of 12.5 pg/ml recombinant human
IL-1B (Specific Activity 5 x 108 U/mg; Amgen, Thousand Oaks, CA) in normal
saline/0.5% (v/v) normal mouse serum (vehicle} and the injection was repeated on the next
2 days.

25
Mice were sacrificed on day 7 (or at indicated time points), the knee joints excised and
fixed in 10% (v/v) neutral-buffered formalin for at least 2 days, decalcified and processed
to paraffin. Frontal tissue sections (4 um) were cut at 4 depths approximately 100 pm apart
and stained with haematoxylin and eosin (H&E) to assess joint pathology.

30



was al so cal cul ated, with a maxi nrum possi ble score per joint of 25 (Law or
et al., 2001, supra). Safranin O stained sections were prepared @k 2007
assessed blindly for cartilage 10 proteoglycan |oss. EXAMPLE3 | nduction
of collagen induced arthritis (ClA) 15 Chick type Il collagen §CI | ; Sigm)
di ssol vedOitHH87 1 acetic acid overnight at 4C at a cdicenRPAITYRDF 2
nmg/ M, was enulsified in an equal volunme of Freund's conplete adjuvant
(CFA), prepared at 5 ng/ M by adding heat-killed Mycobacteriumtubercul osis
(strain H37 Ra; Difco Laboratories, Det¥oit, M, USA) to Freund's

i nconpl ete adjuvant (Difco). Mce were injected intra-dermally (i.d.) at
several sites into the base of the tail 20 with 100.sl of the emulsion and
this was sepeaiad Al gayss | RhEMperDRhBR! SiMREE (1ML 0% RMinfial e Mupeer i and
swelling of linbs and a clinical score given to each nouse 37tinmes a week
for up tooaPogglis. ofThehster ey 85§65 Viets Jast psragic oesidpte, degioritise dpannus
(Campbel | T 0 : | o 30 68- 1575 where 0 =
25" mor mal 1 pertidp AT B tepBlacBl, LU BeaP Torg Uiy 3621 p (FED

di storti an afdiae) rigiedidny theafistoldatralB¥d o3| Moi RO e RIasHfis &s Wasnohdtrating
Cinical .agsessnents were conpleted by two independent |nvestigators

bl i nded tBIAREEpErhHEht dherg Ve FE. exnplate sepmeal deor Battsanev@ovitis sers P 2
fixed, d Bfi - d g ' j [ ove.
HEI B, st ey g oot one: PARFISSRALIDRREA Ll PLZM peileJpr pEne B 0T)

t he hi ghestai@Qoctirtlagalandiwobese degradagwal Tiat ederall nprae\igolspicaldeseriybedre
(Canpbel | _et  al ., 2000, supra). At 12 FEB 2007 WD 2004/Q17727

PCT/ Auzod‘ﬁso’é%%c‘&%‘g VR gwamt P]%SS@E%/S‘B’F@ SRy Qfe% lers! aly 1 2984 was
taken f org get esafaas i ONstihed QEMIBR3MNvEre ﬁek/la;/éﬁ-a:%xébégbs%d4btﬁﬂﬁdrrbplc§hrl_§éé on
of GCSF Intra-articular GCSF and IL- y i.a. 1njection

C ce received dail
of 1010 @rotpeglicandsssng) or reconbi nant human G CSF

EXAMPLE 3
Induction of collagen induced arthritis (CIA)

15 Chick type II collagen (CII; Sigma) dissolved in 10 mM acetic acid overnight at 4°C at a
concentration of 2 mg/ml, was emulsified in an equal volume of Freund’s complete
adjuvant (CFA), prepared at 5 mg/ml by adding heat-killed Mycobacterium tuberculosis
(strain H37 Ra; Difco Laboratories, Detroit, MI, USA) to Freund’s incomplete adjuvant
{Difco). Mice were injected intra-dermally (i1.d.) at several sites into the base of the tail

20 with 100 pl of the emulsion and this was repeated 21 days later.

Antmals were monitored for erythema and swelling of limbs and a clinical score given to
each mouse 3 times a week for up to 40 days. The scoring system was as previously
described (Campbell er al., European Journal of Immunology 30. 1568-1575), where 0 =
25 normal, [ = slight swelling, 2 = extensive swelling and 3 = joint distortion and/or rigidity
and the maximum score per mouse was 12. Clinical assessments were completed by two
independent investigators blinded to the experimental groups. At sacrifice, paws were
removed, fixed, decaicified and processed for paraffin embedding as described above.
H&E stained sections (5 um) of the front and rear paws of four mice with the highest

30 clinical scores were evaluated as previously described (Campbell er al., 2000, supra). At



10 (rHUG- CSF; 0.1, 0.5, 1 and 1.5 g) or vehicle (saline; normal saline/0.5%
(v/v) normal nouse serum (vehicle) on days 0, 1 and 2. Mce werg FgR 2007
sacrificed on day 3 and joints assessed histologically on H&E stai ned
sections. Subcutaneous GCSF in lieu of fL-1 Qin acute arthritis 15 Mce
were i nYEHEH7728. with nBSA and treated s.c. in the fB86TPAdIBHHI§s 0-2
wth either 1L-1 (250 ng) or rHUG CSF (filgrastim (15 g) or vehicle
control. Mce were sacrificed at day 7 as described above. 20 Del etion of
neutrophils in WI and GCSF mce WI (B& -and GCSF_i. mce were treated
infra-peritoneat |y 2 days prior to disease induction and on days 0 to 2
with 0.6 ng neutrophil-depleting nonocl onal antibody (mAb), RI 36.8C5 or

i sotype ganty ald a - e r e Ly fr. 3. 25 to 6
with 0.5 ng of m;\mg&a gg% i%i%cﬁieﬂr\églqgﬁl\? élb{/\oggQ‘é%éﬁ%“e%@%?ﬁle%wggﬁ?‘%ﬁ%]o%nﬁ S on
days 0, @ And 7 by differential cell count analysis. 12 FEB 2007 WD
2004/ 4) 1 77 27 PCT/AU20 03/10 1 0 78 -37- EXAMPLE 6 T cell proliferation
assay | nguinal |ynmph nodes (LN) were harvested frommce (n > 5

m ce/ experinment) imunized 5 for £kAMPRESE days after primary injection.
Single cell suspensions were prepared in RPM containing 2-nercaptoethanol
(50 M and 5% (vol /vol) fetal béwirgratonuh@®CEy. LN cells (2 x 105 cells)
in 200 | were plated in a round-bottonmed 96-well plate (Becton D ckinson
Labware, Franklin Lakes, New Jersey, USA) and stinmulated with 0-100 g/nt
denat ur eerCldriébor GedSEQnairpyt es). Cells were incubated for 72 hours at 37C
(5% C2), 10 supernatants taken at 20 and 48 hours, and pul sed for the
final 8h with I pCG [3H thymdine. Cells were harvested with an I notech

Cel | Har ter..(lnalech) . 13 hym di i ncor poration was ed as
a rreasurh\é[ﬁ%frgﬁg"?:ée ‘?J‘S“r g%’_i‘?jé?%{r} g%l%glﬁ rcl)gﬁlféfOl {%%cr%@p(fra[lt% 8013%5“?& kf‘l%n@?léggunt er
( Canlter r(eHERISGH, ). 1 M) 61 Orand, I AYgYH orlvieRkle MaliAdtohsnl s88ld/0.5% (v/v) normal

mouse serum (vehicle} on days 0, 1 and 2. Mice were sacrificed on day 3 and joints

assessed histologically on H&E stained sections.

Subcutaneous G-CSF inlieu of IL-18in acute arthritis

15

Mice were injected i.a. with mBSA and treated s.c. in the footpad on days 0-2 with either
IL~1 (250 ng) or rHuG-CSF [filgrastim] (15 pg) or vehicle control. Mice were sacrificed at

day 7 as described above.

20 Depletion of neutrophils in WT and G-CSF’ mice

WT (B6) and G-CSF” mice were treated intra-peritoneally 2 days prior to disease
induction and on days 0 to 2 with 0.6 mg neutrophil-depleting monoclonal antibody
(mAD), RB6.8C5 or isotype control mAb GL.121. Mice were then treated daily from days 3
25 1o 6 with 0.5 mg of mAb. Peripheral blood was analyzed for neutrophil counts on days 0, 2

and 7 by differential cell count analysis.



supernatants were taken at 20 and 48 hours. 15 Flow cytometric analysis of
infiltrating | eukocytes Patell ae and attached soft tissues from12 FgB 2007
nBSA/ sal i ne-treated B6 m ce and nBSA/IL-1- treated 136 and G CSF-/- m ce
were di ssected on days 3 and 7. Bone, fat and nuscle 20 fragnments were

di scar del9 2 1gAovi um was mi nced i nto 2-nm pi eces andP@l/gEHSHI 0/t 0 a
single cell suspension using 2.4 ng/m dispase Il (Boehringer, Mannheim
Germany), | nmg/m collagenase type 11 (Sigma), and 100 g/m DNAse |
(Boehringer Mannheim Indianapolis, USA) in RPM 1640. The suspensi on was
gently agitated at 37 Cfor 45 mn an hen washed through a 70 p. M nyl on
cell strainer (Falcon) with 10%[v/v] FCSin 25 RPM. Cell counts were
performed prior to cell staining. Non-specific-staining was bl ocked using
rat anti-nouse FcyRIIb/I11 (CD16/ CD32 clone 2.4G2; Anerican Type Culture
Col l ection (ATCC), Manassas, Vi rgl MBRE. 6 Leukocyt es were stained using
biotinylated rat anti-nouse CH4 é(ﬂ&g%&g San Diego, California, USA)
and fluorochrome streptavidin el ‘}V (Cal tag) and conbi nati ons
of Ab listed below 30 in EXAI\/PLE 12. Synovial digest cells were also
adhered qverni ght t 37 C, 5%C§_§ to 12 FEB 2007 WD 2004 /0 1 7 7 2 7
PCT/ AU2003£¥83l0y 8Pt %dC%@é‘&/%?rc pregledifm BriCHEr k SriBiceiguperaerCDmwtEchr e
cl eav e / PBS
and St ai nen fo TG0y ohe ancer ey Hgona kel Kb R ALl W,
Cyt oki ne Ri¥daysntainthg bmemcaptc&atmpfﬂﬂ o) @ad sebiandlivol)cfatal bovihébervm (ACSY. and
IL-2 were neasured in cell supernatants by capture ELI SAs using paired
monoc! ondtN &AS @O)HII@ Cd&éé’bﬁap wege plaged n*ﬁrﬁjf%lldchfé@“@dl%wlb@f&% ccton

Stai ned forkrsdektRidt FHHERS Pl N8R TR LR SRRy S Pabh P 48l or
exudat e denatured ClII (boiled 10 minutes). Cells were incubated for 72 hours at 37°C (5% COy),
10 supernatants taken at 20 and 48 hours, and pulsed for the final 8h with 1 uCi [’H]
thymidine. Cells were harvested with an Inotech Cell Harvester (Inotech) and [’H]
thymidine incorporation was measured as a measure of T cell proliferation using a
microplate scintillation counter {(Canberra Packard, Victoria, Australia). Aliquots of cell
supernatants were taken at 20 and 48 hours.
15

Flow cytometric analysis of infiltrating leukocytes

Patellae and attached soft tissues from mBSA/saline-treated B6 mice and mBSA/L-1-
treated B6 and G-CSF-/- mice were dissected on days 3 and 7. Bone, fat and muscle
20 fragments were discarded, the synovium was minced into 2-mm pieces and digested into a
single cell suspension using 2.4 mg/m! dispase Il (Boehringer, Mannheim, Germany), 1
mg/ml collagenase type II (Sigma), and 100 pug/ml DNAse I (Boehringer Mannheim,
[ndianapolis, USA) in RPMI 1640. The suspension was gently agitated at 37 °C for 45 min
and then washed through a 70 pM nylon cell strainer (Falcon) with 10% [v/v] FCS in
25 RPMI Cell counts were performed prior to cell staining, Non-specific-staining was
blocked using rat anti-mouse FeyRIIW/III (CD16/CD32; clone 2.4G2; American Type
Culture Collection (ATCC), Manassas, Virginia, USA). Leukocytes were stained using
biotinylated rat anti-mouse CD45.2 (PharMingen, San Diego, California, USA) and
fluorochrome streptavidin tricolor (SA-TRI) (Caltag) and combinations of Ab listed below
30 in EXAMPLE 12. Synovial digest cells were also adhered overnight at 37 °C, 5% CO- to



conposition by quantifying pol ynorphonucl ear | eukocytes,

nonocyt e/ macr ophages and 15 | ynphocytes in 5 grid areas of focal2 FBBrago7
space exudate at high magnification (1000x). EXAMPLE 8 Determ nation of
serumanti-Cll antibodies (Ab) 20 ELI SAs were perforned to detect Abs to CH
as preW8uEt0idécri bed (Canpbell et al., 2000, supraFCTHSREEMAHEN

per oxi dase- conj ugat ed goat anti-nouse 1gG (Sigma Chemical Co.), |gQ&2b,
lg&c, 1gd, 1gG or I1gM (Southern Biotechnol ogy Associ ates, Birm ngham
Al abama, USA) antisera were used as defigetion Abs. Standard curves were
constructed from pool ed sera of hyper-immuni zed DBA/1 mice using arbitrary
units. 25 Determnation of serum1,g |l evels Serum Abs fromretro-orbital

si nus bl Q@ i 5 i ' [ e pigUL.edi, W
el evant hbe ol ot e of BTt e e RCH AR BlspiEPRUSnbAhots
det ect edwersi anglehied Ser2dtlivehFQ8rioiBfised ¢taRR) foofjuugatede AbgvaiSbutlherming

Bi ot echg&] ct% Associ ates, Birm ngham Al abama, USA). 12 FEB 2007 WO 200
1/0 17 ’f‘ / AU2003/ 001078 -39- EXAMPLE 9 Peripheral bl ood: | eukocyte
counts Peripheral blood was obtained frommce by retro-orbital plexus
venesection on days O, 3 5 and 7 of the acute arthritis nodel, and

col l etted in EDTA coated tubes. BMEWasMPLdshed from one fermur per nouse
into 3% [v/v] foet | f r haosphat e buffered . saline (PBS).
Total |eukocyte coé tf%‘%rﬁ’ﬁ@#%?@@%‘ p'éoﬁg{??/@ggaa%‘faéﬁ%%f’%? med using an
Advi a 120 Hemat ol ogy System (Bayer Di agnostics, Tarrytown, New York, USA).
Manual BM counts were al so done on_cytospins (Ix10s cells centrifuged onto
a ni cr odédpe b4 aed He-2 weoe mpoguedim T epll supsrapantexanmitee 1) 1§ nsing paired

i nfl amT%j)ﬁ)&l&%Y%t?tpc?diés,nacrcg%ﬁgé] Foethg%a?liufa%ﬁ}reri‘sn 1tnrsg'ﬁ(%1rotnis (fly}ka%rningen).
10

Joint exudate leukocyte morphological quantification

H&E stained joint sections (n = 2 section depths per joint) were analysed for exudate
composition by quantifying polymorphonuclear leukocytes, monocyte/macrophages and

15 lymphocytes in 5 grid areas of focal joint space exudate at high magnification (1000x).

EXAMPLE 8

Determination of serum anti-CII antibodies (Ab)

20 ELISAs were performed to detect Abs to CII as previously described (Campbell er al.,
2000, supra). Horseradish peroxidase-conjugated goat anti-mouse IgG (Sigma Chemical
Co.), 1gG2b, IgG2e, 1gGl, 1gG3 or IgM (Southern Biotechnology Associates,
Birmingham, Alabama, USA) antisera were used as detection Abs. Standard curves were
constructed from pooled sera of hyper-immunized DBA/1 mice using arbitrary units.

25

Determination of serum Ig levels

Secrum Abs from retro-orbital sinus bleeds of naive and CII/CFA-immunised mice were
captured with relevant Abs to total IgG, IgM, IgG2¢, 1gG2b, IgG1, 1gG3 and IgA and

30 detected using horseradish peroxidase (HRP) conjugated Abs (Southern Biotechnology
Associates, Birmingham, Alabama, USA).



adm nistration of GCSF 15 It was first investigated whether

granul ocyte-colony stinmulating factor (G CSF) has pro- inflammattt§EB 2007
properties in joints by intra-articular injection of rHUGCSF (0.1, 0.5, &
| g) into the knee joint of wild type (W) C57BL/6 m ce over three
consecutY9&'"H4y&’27 Controls included intra-articul ar i My EHIBHOTY- 1
(IL-1; 25ng) and vehicle (0.5%[v/v] 20 nornmal nouse serumin normal
saline). On day 3 joints were taken for histological assessnent. It was
found that G CSF induced inflanmation 413 a dose-dependent manner (Figure
1), although the response was significantly |less than (hat induced with
IL-1. This result shows that exogenous G CSF has pro-inflanmtory effects
within the normal joint. 25 EXAVMPUEXAMfT E9F-deficient mice develop |ess
IL-1 induced joint inflanmati on To investigate the involvenent of GCSF in
modul ati ng | ocal |IL-I-induceleripheraddetdieykontd aetss, nmice deficient in

G CSF (GCSF-/-) and B6 mce were injected i.a. with IL-1. IL-1 30 induced
joint inflanmation in GCSF-/- mce, but at a reduced | evel conpared to

nor mal B efipteral Flogt veasZhainEfBRMShIcattyn@irh babitPplelins vendcSMMN&t 8220, 3
nedi ator of IL-1 in the 12 FEB 2007 V\é 2004/ 017727 PC17AU2003/ 001078 -40-

j oi nt Tompdrt pletic. acpiespthrdistmedelr aducatlestsd iin BINFA santad debest BM wiee dlushed

G CSF-/- gm t di ffer el rtd cul ar i r ogl ycan
Coss (Fi L ppHE pob TR s 38" ATl Rulg SO R RhAPEPIRIRRE
Per i pher ahlild GRIBS). BMtaArnidulsyprvicats afd HiffeadrRiahnnadlysdsswdo ex@ied ubing an
effects of G deficiency on the inflammatqry response_induced b nBSA
and | L-1 A% %‘E&emat%%&ystw@%rQ}ﬁw%ﬁa,a@frétqvaké\}w Y 81k BE AnMlaguesk- / -

m ce treghAdoundwik hito WBRAR i6s (M bNCHISIBEEfh dealor®d 2 FALLAG UERLCLE. at
days 0, 3 ang I% 1\?’) of- tohi S noggf)?pll?s'e(sul tsCarsé srrlio dljor? T%Eﬁeﬂog&gnghgghgnd
i n Filgur d260 nm@SF7 def).ci ency resulted in a blunted neutrophilic response
to mMBSA/IL-1. BMcellularity in both B6 and G CSF-/- mce was reduced by

IL-1 administration (Table 2), reflecting the nobilisation of
EXAMPLE 10

Joint inflammation develops in response to direct intra-articular
administration of G-CSF
15
It was first investigated whether granulocyte-colony stimulating factor {(G-CSF) has pro-
inflammatory properties in joints by intra-articular injection of rHuG-CSF (0.1, 0.5, & 1
1g) into the knee joint of wild type (WT) C57BL/6 mice over three consecutive days.
Controls included intra-articular injection of IL-1 (IL-1; 25ng) and vehicle (0.5% [v/v]
20 normal mouse serum in normal saline). On day 3 joints were taken for histological
assessment. It was found that G-CSF induced inflammation in a dose-dependent manner
(Figure 1), although the response was significantly less than that induced with IL-1. This

result shows that exogenous G-CSF has pro-inflammatory effects within the normal joint.

25 EXAMPLE 11
G-CSF-deficient mice develop less IL-1 induced joint inflammation

To investigate the involvement of G-CSF in modulating local IL-1-induced inflammatory
effects, mice deficient in G-CSF (G-CSF-/-) and B6 mice were injected i.a. with 1L-1. IL-1
30  induced joint inflammation in G-CSF-/- mice, but at a reduced level compared to normal

B6 mice (Figure 2A), demonstrating that G-CSF is a downstream mediator of IL-1 in the



BMcells into the bl ood. When conpared with B6 mce, G CSF-/- m ce had
significantly reduced nunbers of netanyel ocytes and pol ynorphs, 1asgmebb7 as
fewer pronyel ocytes and 15 myel ocytes in the BM conpartnent (Table 2) both
basally and in response to IL-1. 136 mice devel oped a marked peripheral
neut r ophP P&/ MiiT4 ng t he course of acute arthritis. In P%Hé%‘"’é@ﬂ{(’? st

G CSF-/- mce exhibited a significant neutropenia over the course of the
nodel (Table 3), indicating that the neutrophilia induced by IL-1 is G CSF
dependent. 20 Investigation of the cel4dd ar conposition of the inflaned
synovium of nBSA/IL- | -treated G CSF-/- mce also revealed a reduction in
infiltrating | eukocytes at day 3 and 7 (Figure 6A-C). Cell counts of

synovi al ;.4 i.gas eveal £.0] ; i i t al
y J.OHt %5#&%&%%. b%s;ﬁngstﬁlﬁlr@ﬂmﬁgﬁ 1@“‘!1‘1?{!61?4%?_2565{9}@_1!3 erusti Omikd) thdr@

cellularity at day 7 In L-1-treate - joint synovial tissue,
conpar edwast i GESA/NCE i1 atticelt eartidagagvitadglycasloes (Higure BB ) nfuggeqtinggiiat 10.-07 x
105 cel I s/ d136 23 nBSA/ saline joint versus 3.13 0.10 x 105 cells/ B6
mBSAY | L-520ERYY JuPeRfsc 88 0. 05 x 105 cells/ G CSF-/- nBSA/IL-1 joint).
In particular, there were significant reductions in the percentages and
nunbers of neutrophils (GRIhi CD 1bhi) at both time points, as well as
reduct i ofginharalitéoqse Bdéardeoniqd i nefysisnfiltrating

macr ophage/ nonocytes (GRIlo CD Ibhi). O her phenotypic changes included

| ower percentages of MCSFR 30 12 FEB 2007 WD 20011017727 PCf/ A0 2 00

3/ 00 1 Ory8xardihe tGPlebfc-CD3F+GalSE GPHdi¢ngebh Shé mnfldremsynovéspbnde Sidues] bf
G CSF-/- mce with acute arthritis, suggesting that G CSEF. may b qui red
for the MBPA aklict i Rasroeral fhbaos, B ia{}@wwmrﬁa\f%rtgkeanfr@yr%@@é@ c@g{s%-; 5

Stainin -:adher u - Ak Vier Nk {.§.Ur | ed a
Ceauct | aftk RARGANAEIBSAKRCYL RpRLIRE 1EVPLELARE RHIILERIRS0 TR O

i's reguidfadiss modelr &kbilokimghofn inctabdnRyandebit arahii Fyuand. AaCRbpleigency nt o
Lne 1ok, 50, B OO T VIRRSE e oLl 00 10, DA E
art hriti@.csF/- mice was reduced by IL-1 administration (Table 2), reflecting the mobilisation of
BM cells into the blood. When compared with B6 mice, G-CSF-/- mice had significantly
reduced numbers of metamyelocytes and polymorphs, as well as fewer promyelocytes and
15 myelocytes in the BM compartment (Table 2) both basally and in response to IL-1. B6
mice developed a marked peripheral neutrophilia during the course of acute arthritis. In
sharp contrast, G-CSF-/- mice exhibited a significant neutropenia over the course of the

model (Table 3), indicating that the neutrophilia induced by I1L-1 is G-CSF dependent.

20 Investigation of the cellular composition of the inflamed synovium of mBSA/IL-1-treated
G-CSF-/- mice also revealed a reduction in infiltrating leukocytes at day 3 and 7 (Figure
6A-C). Cell counts of synovial tissue digests revealed approximately 2-fold reduction in
total cellularity at day 7 in mBSA/IL-1-treated G-CSF-/- joint synovial tissue, compared
to mBSA/IL-1-treated synovial tissue from B6 mice (1.87 + 0.07 x 10° cells/ B6

25 mBSA/saline joint versus 3.13 + 0.10 x 10° celis/ B6 mBSA/IL-1 joint versus 1.66 + 0.05
x 10° cells/ G-CSF-/- mBSA/IL-1 joint). In particular, there were significant reductions in
the percentages and numbers of neutrophils (GR1hi CD11bhi} at both time points, as well
as reductions in the percentage and number of infiltrating macrophage/monocytes (GR1lo
CD11bhr). Other phenotypic ‘changes included lower percentages of M-CSFR'

30



To investigate whether the reduction in nmBSA/IL-1-induced arthritis in
GCSFI- mce was sinply a result of neutropenia (Lieschke et &2 rred9847
supra), neutrophils were depleted 15 using the nonocl onal antibody (nmAb),
RB6.8C5. WI and G CSF''- mice were injected intra-peritoneally (i.p.) with
ant i - newtr mphed772mb (RB6. 8C5) or isotype control mAb PGUBAERIIOPEFE pher al
bl ood was anal yzed for neutrophil |evels on days 0, 2 and 7 by
differential cell count analysis (Figure 7A). In WI aninmals treated with
anti-neutrophil mAb, >90% depl eti on wag.observed at all tines conpared to
i sotype control mAb treated 20 animals (which devel oped a marked
neutrophilia). Neutrophil depletion of WI mce did not abrogate

devel opne thrit] Figyre 7B),_ .alt.h h it dj Lgni_f.i

decr ease (?Iﬁ&é)/&@ ntangpg{@égefgg%t’%.tﬁ% r?YE%‘Hf’f g‘g?”,es @f((j:ggC&?n gIel&\'CNe%{r;ﬁeA beute

rel ati vehyhi@sissi@Rting GabGSEsBenantk readied f@nak fgwduenbn lof dept attiamiod d

not further reduce disease severity. This indicates that the reduction in
neut r ophilagkeryon peiogiatsrls. m ce is not solely responsible for protection 25
frommBSA/ I L-1-induced arthritis. EXAMPLE 13 Exogenous G CSF can partly
substitute for IL-1 in acute inflammtory arthritis 30 Joints of mce

treat ed BididingBBAoandh&euSkukoBSA GiESHermdgviet dmed aisnfreacatat erryducand in

destructive,arthritis, .althou this was |ess vere than S, L-1-treated
el e e B Bt ingltion A6 4ot B EEST REBBO S Ot 0s B a B T er kT Al oy
The mj Oﬁotchhlgs?]éuﬂjogﬁitlsr ahd Rk QInAES Bho thE JTRBSALCASTut CRat ed ianbiRYEs Were
nonocyt e/ macr bphages, conpared to the predomnantly granul ocytic infiltrate
in  nBSA(Migurel6G)i nduced arthritis. These results show that systenic

adm nistration of exogenous G CSF can at |east partially substitute for
systemc IL-1 in driving this nodel 5 of acute arthritis and that G CSF

| eadgpto the recruitnent of nonocygtxAmperpphlages into the joint. EXAMPLE

14 G CSF deficiency inpairs collagen-induced arthritis (CIA 10 .
Depletion of neutrophils in G-CS¥" and WT mice in acute inflammatory arthritis

To investigate whether the reduction in mBSA/IL-1-induced arthritis in G-CSF” mice was
simply a result of neutropenia (Lieschke er al., 1994, suprd), neutrophils were depleted
15 using the monoclonal antibody (mAb), RB6.8C5. WT and G-CSF” mice were injected
intra-peritoneally (i.p.) with anti-neutrophil mAb (RB6.8C5) or isotype control mAb
(GL121). Peripheral blood was analyzed for neutrophil levels on days 0, 2 and 7 by
differential cell count analysis (Figure 7A). In WT animals treated with anti-nettrophil
mAb, >90% depletion was observed at all times compared to isotype control mAb treated
20 animals (which developed a marked neutrophilia). Neutrophil depletion of WT mice did
not abrogate development of arthritis (Figure 7B), although it did significantly decrease the
joint space exudate. In contrast, G-CSF™ mice were relatively resistant to disease and
additional neutrophil depletion did not further reduce disease severity. This indicates that
the reduction in neutrophils in the G-CSF” mice is not solely responsible for protection

25 from mBSA/IL-1-induced arthritis.

EXAMPLE 13

Exogenous G-CSF can partly substitute for IL-1 in acute inflammatory arthritis

30 Joints of mice treated with mBSA and G-CSF (mBSA/G-CSF) developed inflammatory

and destructive arthritis, although this was less severe than mBSA/IL-1-treated animals



G CSF-deficient mce have reduced acute inflamuatory arthritis In view of
the pro-inflamatory effects of i.a. injection and system c fil grasts ppon
joint disease, we attenpted to determ ne the absol ute dependence of the
acute arthritis model on 15 G CSF, using GCSF-/- mce, G CSF-/- and B6
mce wer 8@ AH%4ét%éd i.a. with nBSA (day 0) and s.c. in PhEAUGHPEEE™ith 1L-1
on days 0, 1 and 2. Histol ogical assessnent of disease at day 7 revealed a
significant reduction in inflamratory and destructive features (Figure SA
& B). Safranin O staining for cartil age proteogl ycan content reveal ed a

maj or reduction in cartilage proteoglycan loss in GCSF-/- m ce conpared
to B6 mce (Figure 5C. Therefore, 20 endogenous G CSF is an inportant

nmedi at or kL fal. j : est 0N : i Ly itis.
G CSF et Teremey T ottic e QAR ORI ok M FRSRIG Y BEME AR

chr oni ¢ wereonpmeyée/@metlophddes, térapared twi thelpredseidatdy rardyodRic iddltexanm ne
the contgi i on of F.to C]A B6 nd G,CSF-/- nice,were imuni.sed
with Cl |mb§9~%&,&m<ﬁ:5?ﬁ)%g% %%Ssogffsu?gj SR ofhad ovisigpale) ABMITEFSEC Re. et
al ., Bl ag@dg8fbud (BC5#6an +994) pardindy diSeARE fbr“%s%ﬂ@eﬁaﬁ% SOVRE ity ngRmEpar ed.
The onset of CIAin GCSF-/- mce was del ayed and m ce devel oped di sease
at a frar®euhlp ardilic eandi theli bR leadsl te Seerectytngdt ob mparoegtefrmacwWiphageeint®i gur e
8A & B). %’geei\ reducti on of disease incidence and severity in 12 FEB 2007 WO
2004/01‘}9 iIESCT/ AU2003/ 001078 - 43 G CSF-/- mce suggests a pivotal role
for endogenous G CSF in chronic autoimmune arthritis. EXAMPLE 15 5

Hi st ol ogi cal analysis of CIAin GCSF mce Histol ogi cal assessnent of H&E
stai ned sections of paws from f ouEXBsMEAE & CSF-/- nmice with the highest

clinical scores duglingr f.Qr _pdi v QI were scored
fromO normal to 3 (-s‘geg@%%@ﬁﬁgﬁg%#eﬁ%#%ggﬁggjg6{‘}/@0r mal and
arthr@tic joints 10 determned, There was a significantly greater

per cent age ,ﬁj prmal .joints in CSF-./ .conpared to WI mce (Figure
. -G 2 ] [ 7 g L ed QEYIE p. -._ G—

In view of the pro-inflammatory effects of i.a. injection and systemic filgrastim on joint
disease, we attempted to determine the absolute dependence of the acute arthritis model on
15 G-CSF, using G-CSF-/~ mice. G-CSF-/- and B6 mice were injected i.a. with mBSA (day 0)
and s.c. in the footpad with IL-1 on days 0, | and 2. Histological assessment of disease at
day 7 revealed a significant reduction in inflammatory and destructive features (Figure SA
& B). Safranin O staining for cartilage proteoglycan content revealed a major reduction in
cartilage proteoglycan loss in G-CSF-/- mice compared to B6 mice (Figure 5C). Therefore,
20 endogenous G-CSF is an important mediator of inflammation and destruction in this model

of acute arthritis.

G-CSF deficiency reduces the incidence and severity of CIA

25 ClA is a chronic autoimmune arthritis that is widely used to study RA. To examine the
contribution of G-CSF to CIA, B6 WT and G-CSF-/- mice were immunised with CII in
CFA, followed by a boost injection 21 days later (Lieschke ef al., Blood 84:1737-46,
1994), and disease incidence and severity compared. The onset of CIA in G-CSF-/- mice
was delayed and n.qice developed discase at a markedly reduced incidence and severity

30 compared to WT mice (Figure 8A & B). The reduction of disease incidence and severity in



CSF-/- mce, none was severe (Figure 9B). In contrast, joints fromW mce
had a range of histological features indicative of mld to sever2e-ERB 2007
arthritis (Figure 9A & B). These histological observations are concordant
with th i ni ¢ assessnent outlined herein. 15 EXAMPLE 16 In vitro T cell
prol i fesaﬁizg‘ﬂ‘h%%@toki ne production to Cll To assess t W HaPFUPEY 7 hmune
response to Cll, in vitro T cell proliferative responses and T cell
cytokine (IFNy and Il, 2) production were neasured in GCSF-/- mce and
conmpared 20 to WI. Single cell suspenstbns were prepared frominguinal LN
frommce immunised with CIl in CFA and stinulated for 72h in vitro with O
- 100 g/m of denatured ClI. T cell responses were neasured by tritiated
TdR upt ak€-CS¥--hmideasige8sth Dpivotd! truleefor Ringlapendus @-CSieph ehfnideutsivhmuhat i on
i ndi ces observed in GCSF-/- and WI mi ce, which were conparable.

Product i oHUBHIST cel | cytokines IFNy and IL-2 by G CSF-/- LN cells appeared
25 relatively normal (Figure 10B). EXAMPLE 17 Inpaired anti-Cl1 isotype
switching front IgMto IgGin GCSF-/- mce 30 Induction of CTAis
dependent on both hunoral and cel | HXAMREIAS responses to ClI (Canpbel |

et al.. 2000, supra). It was, exam ned.wh er .deficiency altered
serum 12 FEB 2007 WO 20@%’\7‘605‘0‘7}72’?%556{‘/8‘;&%37%0%@ 44- levels of
anti-Cll Ab production during CIA (day 30 and 62). Despite conparable

| evels of anti-Cll IgMin W and G CSF-/- mice at days 30 and 62, there
was a reddistalegicl msiepsnentey El& b ptaingt gbctioms iof ohws fig® {oBF Graed 1AL SFARatiysi s

o 0T Sy VAR RAFA)  SOHESH B RMEL 90 Phe o SRR
i sotype sfinbh Chhorgnal o G(ESFEXAMRIGE [Bhatd theypeeaintdgeiftirihel fldodrgeiticBints
D SRR DT 75 TR D QST R R EOrTE GoTOH DD SHES G- WEh
antigen inffafd &WPiceligure 9A), and of the small number of affected paws in the G-
CSF-/- mice, none was severe (Figure 9B). In contrast, joints from WT mice had a range of
histological features indicative of mild to severe arthritis (Figure 9A & B). These
histological observations are concordant with the clinical assessment outlined herein.
15
EXAMPLE 16
In vitro T cell proliferation & cytokine production to CII
To assess the cellular immune response to CII, in vitro T cell proliferative responses and T
cell cytokine (IFNy and IL-2) production were measured in G-CSF-/- mice and compared
20 to WT. Single cell suspensions were prepared from inguinal LN from mice immunised
with CIT in CFA and stimulated for 72h in vitro with 0 — 100 ug/ml of denatured CII. T
cell responses were measured by tritiated TdR uptake in the last 8 h of culture. Figure 10A
depicts the stimulation indices observed in G-CSF-/- and WT mice, which were

comparable. Production of T cell cytokines IFN-y and IL-2 by G-CSF-/- LN cells appeared
25 relatively normal (Figure 108).

EXAMPLE 17
Impaired anti-CII isotype switching from IgM to IgG in G-CSF-/- mice

30 Induction of CIA is dependent on both humoral and cellular immune responses to CII

(Campbell er al., 2000, supra). It was examined whether G-CSF deficiency altered serum



10 I ncreased basal levels of Ig in naive GCSF-/- mce and increased total
lgGin CI/CFA- imunised mce |Investigation of the hunoral | mutieFEREPONSE
to Cll revealed that GCSF-/- nmice have defective switching froman IgMto
| gG response. To determ ne whether this defect 15 ref -exi sting
def ect ﬁ@ﬁ”"é'ﬁ”?@ﬁ?ati ng Ab, sera from naive nice were a{lncg[ﬁé/'gfeba%@?%{(ot al

lgG IgMand 1gGisotypes. Analysis of serum Ab | evels reveal ed
significantly greater production of total 1gG and isotypes Ig&b and | g&c
in naive GCSF-/- mce conpared to netde 136 nice and normal baseline
production of IgM 1g&, 1gG and IgA (Figure 12A). Furthernore, in
Cl1/CPA-i muni sed GCSF-/- mce, levels of non-specific total 1gG 20 were
mar ked! ylegnhanagiC(IFAgRFRiuddR) durThiteSkA ahseivaid am)sDeyigesparabBHepdiayf a
role in B cell maturation, antibody production and isotype sw. tching, at

| oast | renidaBABYEIN BT RnsnGirCSdtF oRCtRt HOntG g 6 ntheA ERARPIEOR gn B¢

Nor mal T- n - . i 7 1ce To
dot er mi 8 GGt Ry TR L AR T S e P e R e ra
was due groductiodeffedt isbtypds ddp@pbleinG2or Ig7 add peGdetitis Agegespbastdsre Béa and
G CSF-/- mce were challenged._ w the T-dependent.antigen NP-KLH in, alum
or i h 4T T0 RIBRSe BRI BOn A G, ™ BRR Eoar cho i e Pt el ety o
devel op , R - 2004/ RAFHRE: BETH AU20
0500 3! -%’%%E‘rﬁiﬁg‘ﬁ eﬁ%%ﬁ%@%ﬁ%‘%ﬁ%n? . éa}/@i gur e @3), vu
denonst redtls,ng ldasbin redpensapaimmachiBtioeWith asigpons€tidn CIA is specific to
challenge with CIl in CFA. EXAMPLE 20 5 G CSF depl eti on causes a peri pheral
bl ood neutropenia and reduces inflammation in acute (mMBSA/IL-1) arthritis
To assess the therapeutic applicatgxavafLIGI8SF bl ockade in WI mice, B6 mce
were injected prior to the induction of acute arthritis@ﬁlg%y,o wi.th 50 or
250 19 g bcreased dmal lavelsey Ig 10 naixs G-€158 e r6760md ingggyssd ahig O ¥ot i s,

M nnesota, USA) or isotype contro}mmunisedm,;ce

Investigation of the humoral immune response to CII revealed that G-CSF-/- mice have
defective switching from an IgM to IgG response. To determine whether this defect
15 reflected pre-existing defects in circulating Ab, sera from naive mice were analysed for
total IgG, IgM and IgG isotypes. Analysis of serum Ab levels revealed significantly greater
production of total IgG and isotypes IgG2b and IgG2¢ in naive G-CSF-/- mice compared
to naive B6 mice and normal baseline production of IgM, IgGl, IgG3 and IgA (Figure
12A). Furthermore, in CII/CFA-immunised G-CSF-/- mice, levels of non-specific total [gG
20  were markedly enhanced (Figure 12B). These observations suggest G-CSF plays a role in
B cell maturation, antibody production and isotype switching, at least in response to

immunisation with antigen in CFA.

EXAMPLE 19
25 Normal T-dependent and T-independent Ag B cell responses in G-CSF-/- mice

To determine whether the impairment of Ab production in response to CI/CFA was due to
a defect in T-dependent or T-independent Ag responses, B6 and G-CSF-/- mice were
challenged with the T-dependent antigen NP-KLH in alum, or with the T-independent
30 antigen, DNP-Dextran in PBS. G-CSF-/- mice developed a normal response to both T-



(A113) mAb. mAb was al so adm nistered on days 1, 2, 3 and 5. Peri pheral

bl ood was taken at days 4 and 7 and subjected to differential artafFy8Re07
(Figure 14A). Mce receiving the high dose (250 g) anti-G CSF mAb had a
significant reduction in peripheral blood neutrophils conpared to isotype
cont r ol YWABVHSBERET L-1-treated mice on both days. Mce FPETAIEEIMY St he

| oner dose of anti-G CSF mAb had a significant reduction in neutrophils at
day 7 only. Analysis of BM popul ations al so showed a significant reduction
in myeloid lineage cells in G CSF-depl4&ted nBSA/IL-1-treated m ce (data
not shown). Macroscopic assessnent of arthritic joints of mce treated
with anti-G CSF or isotype control mAb revealed a reduction in disease in
anti - G CSkpefen( 25 Binde ' | gur : ifeRdHC
synovi al tlpssue. cel lul ar F?}ﬁ/‘k(ﬁgiﬁkg@u?ggﬁ%cg},&’ gﬁé]%ggtfaet%gc%gﬁé%r }é\@%’tl%geﬁo l

i nfiltrategnieukddysegecitis pediadienge wshiibiphCF4. (GRLhi CDl | bhi, Figure
14D), in mce receiving the higher dose of anti-G CSF mAb. These results
show a dose-dependent reduction in disease features of acute arthritis in
response to G CSF inhibition in wi EXAMPe.Epace. 12 FEB 2007 WO

2004/ 017727 PCI/ A02003/ 001078 46 V a) O U a) obi-- Vco O VU mON
- N NV -EGAF depletion qauses gperipherallogyd neutropepicundyedueesynammationgnN | U
vt MNrl NQ L' a acute (mBSA/IL-1) arthritis

To assess the therapeutic application of G-CSF blockade in WT inice, B6 mice were
injected prior to the induction of acute arthritis (day 0) with 50 or 250 pg of rat anti-G-CSF
10 mAb (clone 67604; R&D systems, Minneapolis, Minnesota, USA) or isotype“control
(GL113) mAb. mAb was also administered on days I, 2, 3 and 5. Peripheral blood was
taken at days 4 and 7 and subjected to differential analysis (Figure 14A). Mice receiving
the high dose (250 ug) anti-G-CSF mAb had a significant reduction in peripheral blood
heutrwhils compared to isotype control mAb mBSA/IL-1-treated mice on both days. Mice
15  receiving the lower dose of anti-G-CSF mAb had a significant reduction in neutrophils at
day 7 only. Analysis of BM populations also showed a significant reduction in myeloid
lineage cells in G-CSF-depleted mBSA/IL-1-treated mice (data not shown). Macroscopic
assessment of arthritic joints of mice treated with anti-G-CSF or isotype control mAb
revealed a reduction in disease in anti-G-CSF mAb (250 ug) treated mice (Figure 14B).
20 There was reduced synovial tissue cellularity (Figure 14C), and a reduced percentage of
infiltrating leukocytes, especially neutrophils (GR1Ai CD{1bhki; Figure 14D), in mice
receiving the higher dose of anti-G-CSF mAb. These results show a dose-dependent
reduction in disease features of acute arthritis in response to G-CSF inhibition in wild type

mice.
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a
2004/ 017727 PCT/ AU2003/ 001078 -47- TABLE 3 Peripheral bl ood anal ysis of
C-CSF1 mi ce during nmBSA/I

L-1-i nduced adthritis

TABLE 3
Peripheral blood analysis of G-CSF” mice during mBSA/IL-1-induced arthritis

Genotype  Day of Cells x 10° per ul of peripheral blood

del* .
made Total WBC Lymphocytes  Neutrophils Monocytes

B6 0(5)  377+£1.00  3.17£0.83 0.33 4 0.06 0.04 + 0.02
G-CSF” 0(4)  7.51+049t  6.88 +0.38% 0.19 £0.03 0.03 + 0.01
B6 3(9) 2.55+£0.30 1.89 + 0.76 0.40 + 0.05 0.02 % 0.00
G-CSF”" 3(9) 3.15£024  2.75+0.18F 0120031  0.03+£0.01
B6 7(9) 3.68+080  268+0.66 0.6340.11 0.06 + 0.02
G-CSF™ 7(9)  328+038 2.93+0.33 020+ 0041  0.03£0.00

Peripheral blood was analysed using the Advia counter and cell counts x 10° per pl
determined. Data are represented as mean = SEM.

* Study day 0 is pre-treatment baseline counts; number in parenthesis is the number of
mice examined for that group.

T P <0.05 between groups on time point examined.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. [t is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.



5 CGenotype Day of cells x 103 per | of peripheral blood nodel* Total WBC
Lynphocyt es Neutrophils Mnocytes B6 0(5) 3.77 1.00 3.170.83 0.133rFERB Q407
0.02 GCSF'' - 0(4) 7.510.491 6.880.381 0.190.03 0.030.01 B6 3(9) 2.550.30
1.890.26 0.400.05 0.020.00 G CSF-'- 3(9) 3.150.24 2.750.181 0.120. 03t

0. 030. OYO BE/A7EY 3. 680. 80 2. 680.66 0.630.11 0.060. 02 PE/ALRII0HE)
3.280.38 2.930.33 0.200.04t 0.030.00 Peripheral blood was anal ysed using
the Advia counter and cell counts x 103 per | determ ned. Data are
represented as mean SEM * Study day O is pre-treatnent baseline counts;
nunber in parenthesis is the nunber of 4810 mice exanined for that group. t
P < 0.05 between groups on tinme point exam ned. Those skilled in the art

wi |l appreciate that the invention described herein is susceptible to

vari ati opgpppehiyosbli cations other than those specifically described. It is
to be understood 15 that the invention includes all such variations and
nodi fi cations. The invention also includes all of the steps, features,

conposi tions and c 0 s referred to or,,ingi | in this specification
individugﬁTﬁﬂgF“gbﬁggggp@%?@fqgﬁ wﬁﬁyggﬁgzapﬂh%gﬁgrnations of any two or
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PCl VAU2003/ 007078 48 BI BLI OGRAPY Bungart et at, British Journal of

Haemat ol 6gypbell enalsduramee; /outmnabbrmuetog 30: 16aPdal 5.08000eukocyt e Bi ol ogy
08142 KRy 200 4 AR Shcthamy Ut opean, Journal of ol ogy 50

Demetri and Griffin, Blood 78: 2791-2808, 1991;

Douillard and Hoffman, Basic Facts about Hybridomas, in Compendium of Immunology

Vol. 11, ed. by Schwartz, 1981;

Foster ef al., Transplantation 59: 1557, 1995,

Franzke et al., Blood 102: 734-39, 2003;

Gericke et al., Journal of Leukocyte Biology 57: 455-461, 1995;

Gorgen et al., Journal of Immunology 149: 918, 1992,

de Haan et al., Blood. 86: 2986-2992, 1995,

Hamilton et al., Blood 79: 1413~1419, 1992;

Jacob et al., Blood 92: 353-361, 1998;

Kitching et al., Journal of the American Society of Nephrology 13: 350-358, 2002;

Kohler and Milstein, Nature 256: 495-499, 1975,

Kohler and Milstein, European Journal of Immunology 6: 511-519, 1976;

Lawlor et al., Arthritis and Rheumatism 44. 442-450, 2001,

Leizer et al., Blood 76: 1989-1996, 1990;

Lieschke et al., Blood 84: 1737-1746, 1994,

Lord et al., Proc. Natl. Acad. Sci. USA 86: 9499-9503, 1989;

Metcalf, International Journal of Cancer, 25: 225, 1980,

Miyahara et al., Clinical Immunology and Immunopathology 69: 69-76, 1993;

Nakamura et al., Clinical and Experimental Rheumatology 18: 713-718, 2000,

Nicola et al., Nature 314: 625, 1385;

Nicola et al., Journal of Biological Chemistry 258: 9017, 1983;

Pan er al., Blood 86: 4422, 1995;

Rex ef al., Transfusion 35: 605-611, 1995,

Roberts et al., Blood §9: 2736-2744, 1997,
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-50 CLAIMS: 1. Use of an agent which inhibits the activity of

granul ocyt e-cphpmik:stimulating factor (G CSF) or a functional or
structural honol og thereof or granul ocyte-colony stimulating factor
receptor (G CSFR) or a structural or functional honol og thereof and/or

whi ch reduces the | eyel of expressian, of ene.encodi ng sai d .G CSE or ..
S SR i the | ManurdEiaien SERL SRR LG B SR Rt are g St Rimhlag o
of arthritidactér (Gs€SHf ofd Aifcliowdlebeisfuéthtnl Aididlbt | tBeresf ORr @BhWlocyte-colony

inflammatory arthritis. 3. Use of Claim1 wherein the condition is
rheurmat oi d StimatEdagtmagecepfor ((EESHR) or & shugtuip en divpetional homalpg thegeqf @nd/or

col l agen indyg rati : B T N f i . 4
wherein the suﬁ?léeggl E%gsﬂhtgrilévaeglig?ré%plggsmnaV| %g&té%g%og[sqga%yd %sngsg rgf gzsﬁﬁl&j the
wher ei n t he negefichirs ofn nedidatmedyfor dietedtragaion ptopByasis artxitiCSFR. 7. Use of
Claim 6 wherein the antibody is a nonocl onal anti body.

2. Use of Claim | wherein the arthritis is chronic inflammatory arthritis.

3. Useof Claim ! wherein the condition is rheumatoid arthritis (RA).

4. Use of Claim 1 wherein the arthritis is collagen induced arthritis (CIA).

5. The method of any one of Claims 1 to 4 wherein the subject is an animal or

avian species.

6.  Use of Claim | wherein the agent is an antibody raised against G-CSF or G-
CSFR.

7. Use of Claim 6 wherein the antibody is a monoclonal antibody.
8. Use of Claim 6 wherein the antibody is a polyclonal antibody.

9. Use of Claim 1 wherein the agent is soluble G-CSFR or a functional homolog,

analog or derivative thereof,
10.  Use of Claim 1 wherein the agent is a chemical analog of G-CSF,

11, Use of Claim 1 wherein the agent is a chemical analog of G-CSFR.



8. Use of Caim6 wherein the antibody is a polyclonal antibody. 9. Use of
Claim1l wherein the agent is soluble G CSFR or a functional honol®BER 2007
anal og or derivative thereof. 10. Use of Caim1l1l wherein the agent is a
chem cal analog of GCSF. 11. Use of Claiml wherein the agent is a

chem cal analog of GCSFR 12 FEB 2007 -51 12. Use of any one of Clains 9
to 11 wherein the agent is a protein. 13. Use of Caim1l wherein the agent
is a nucleic acid. 14. Use of Caim 13 wheyein the nucleic acid is DNA or
RNA and conprises a sense or antisense polynucl eoti de sequence or a
genetic sequence encoding GCSF or G CSFR or part or transcript thereof.
15. A nethod for identifying an agent which inhibits the activity of G CSF
or G CSFR said nethod conprising contacting putative inhibitory agents

with said G CSF o GiseCfaRy oW8F €idint b%o agmteréﬁtﬂe%g&hiiéhﬁﬂgi _an
h g wt

i nhi bitory agent by binding or otherw se associati F or G CSFR.

16. A nethod for identifying an agent which regul ates the expression of a
genetic sequencg encoding .G CSE or CSFR.sai d ,met hod conpri si ng
contacting putative Sreeoaﬁﬁﬁlpb th’ffé‘h% ZFRUHS QAP &E: i ¢ sequence encodi ng
a GCSF or GCSFR, wherein the agent is identified as a regulatory agent

by bi nding or otherwi se associating with said genetic sequence encoding a
G CSF or G CSFR.1417.Usg ¢fhaleiraddurhersin heormpekia rae iz Sk iosigA eandperrisahiac h

inhibits th tivit: f F SFR in subj ect and/ or.. whi-cho# educes
the | evel of% efgs%pérleés?tsnlx%nr?ggf) @;@c%tgélee%qgﬁggﬁrnaggesngﬁg Sgﬁuég% g?cognéséﬁtiuﬁlghw
subj ect, todesHieor part br tarphidstnegesfl i cal |y acceptable carrier or diluent.
18. The pharmaceutical conposition of Caim1l7 wherein the subject is an

animal or avian species. 19. The pharnaceutical conposition of Caim18
wherein the ani m8l I8 RAURMRIdent iR 2094 which inhibits the activity of G-CSF or G-

CSFR said method comprising contacting putative inhibitory agents with said G-CSF or G-
CSFR, wherein the agent is identified as an inhibitory agent by binding or otherwise
associating with G-CSF or G-CSFR.

16. A method for identifying an agent which regulates the expression of a genetic
sequence encoding G-CSF or G-CSFR said method comprising contacting putative
regulatory agents with said genetic sequence encoding a G-CSF or G-CSFR, wherein the
agent is identified as a regulatory agent by binding or otherwise associating with said

genetic sequence encoding a G-CSF or G-CSFR.

17. A pharmaceutical composition comprising an agent which inhibits the activity
of G-CSF or G-CSFR in a subject and/or which reduces the level of expression of the gene
encoding said G-CSF or G-CSFR in a subject, together with a pharmaceutically acceptable

carrier or diluent.

18. The pharmaceutical composition of Claim 17 wherein the subject is an animal

or avian species.

19.  The pharmaceutical composition of Claim 18 wherein the animal is a mammal.



-52 20. The pharmaceutical conposition of Caim19 wherein the mammal is a
primate. 21. The pharmaceutical conposition of Caim 20 wherein thEERROORL €
is a human. 22. The pharnmaceutical conposition of Caim21 wherein the
manmal is a rodent. 23. The pharnmaceutical conposition of Caim 22 wherein
the rodent is a nouse. 24. The pharnmaceutical conposition of Caim17
wherein the agent is an anti body raised against G CSF or G CSFR 25. The
pharnmaceutical conposition of Caim24 whepein the antibody is a

nonocl onal anti body. 26. The pharnmaceutical conposition of C aim 24 wherein
the antibody is a polyclonal antibody. 27. The pharnaceutical conposition

of Claim 17 whergejn the agent is soluble .G ER. or functignal honol og,
anal og or deri va%ed've—hiehgﬁgma.celﬁ@ﬂs?ﬂ’é‘pﬁﬁgf’ e&ﬁl@allgcﬁﬁiﬁ’é’i theopasime) & m
17 wherein thepagent is a chemcal analog of GCSF. 29. The pharmaceuti cal

conposition of Claim1l17 wherein the agent is a chem cal analog of G CSFR
30. The pharnmaceutical conposition of any one of Clains 27 to 29 wherein

the agent is a.protegin, 12 FEB 2007 -53 3 The . pharmaceuti cal .
conposrt1on of Glal MiE PRGN, R RRRAth STl R PCE T SR is apgnan.
pharmaceutical conposition of Claim 31 wherein the nucleic acid is DNA or
RNA and conprises a _sense or antisense polynucleotide sequence or a genetic
sequence encodiddg GhephamracgiegFromposaen olgrlaim 3hsdergh aﬁh@&@@ﬂi isgzodent.
targeting or marker-exchange nutagenesis vector useful for inactivating a
gene encoding GCSF or GCSFR in a cell, said vector conprising two
segnents of 23.  The pharmaceutical composition of Claim 22 wherein the rodent is a mouse.

24, The pharmaceutical composition of Claim 17 wherein the agent is an antibody

raised against G-CSF or G-CSFR.

25. The pharmaceutical composition of Claim 24 wherein the antibody is a

monoclonal antibody.

26. The pharmaceutical composition of Claim 24 wherein the antibody is a

polyclonal antibody.

27. 'The pharmaceutical composition of Claim 17 wherein the agent is soluble G-

CSFR or a functional homolog, analog or derivative thereof.

28. The pharmaceutical composition of Claim 17 wherein the agent is a chemical
analog of G-CSF.

29.  The pharmaceutical composition of Claim 17 wherein the agent is a chemical
analog of G-CSFR.

30. The pharmaceutical composition of any one of Claims 27 to 29 wherein the

agent is a protein.



genetic material encoding G CSF or GCSFR, or fragnents thereof, flanking a
positive or negative selectable marker. 34. A genetically nodif{edegnopal
cell conprising the vector of daim33 or part of said vector. 35. The
genetically nodified cell of Claim34 wherein said cell is an enbryonic
stemcell. 36. A genetically nodified animal or enbryo conprising, or being
derived from one or nore of the cells of Cains 34 or 35, wherein said
ani mal produces | ow anounts of G CSF or G,CSFR relative to a
non-gentically nodified aninmal of the sang species. 37. The genetically

nodi fied animal cell of Clains 34 or 35 wherein the aninmal is a nouse. 38.
A net hod of producin rhe genetlcally nodi fied cell of Cains 34 or 35, .
said nethod corélém sﬁmf apnAcsYiiea! gninesitiva ¥ drlabn 161 wheremathe rggniolier BYClpir e
enbryonic stgm (ES) cell(s) and selecting for expression of the selectable
mar ker gene, wherein the G CSF and/or G CSFR gene in the resultant
transforned cell (s) i's inactivated by honpl ogous reconbination with said

tor. 12 FEB 54 39. Ar t dent [ ent
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arthritis, said nethod conprising contacting a putative inhibitory agent
with G CSF egeodBSrESE ﬂh@r@:ﬁ;lﬁf{@ap@rt ayeansciipt thekenf.i fi ed as a putative
i nhi bitory agent when it interacts with say G CSF or G CSFR

33. A targeting or marker-exchange mutagenesis vector useful for inactivating a
gene encoding G-CSF or G-CSFR in a cell, said vector comprising two segments of
genetic material encoding G-CSF or G-CSFR, or fragments thereof, flanking a positive or

negative selectable marker,

34. A genetically modified animal cell comprising the vector of Claim 33 or part of

said vector.

35. 'The genetically modified cell of Claim 34 wherein said cell is an embryonic

stem cell.

36. A genetically modified animal or embryo comprising, or being derived from,
one or more of the cells of Claims 34 or 35, wherein said animal produces low amounts of

G-CSF or G-CSFR relative to a non-gentically modified animal of the same species.

37. The genetically modified animal cell of Claims 34 or 35 wherein the animal is

a mouse.

38. A method of producing the genetically modified cell of Claims 34 or 35, said
method comprising introducing the vector of Claim 33 into one or more embryonic stem
(ES) cell(s) and selecting for expression of the selectable marker gene, wherein the G-CSF
and/or G-CSFR gene in the resultant transformed cell(s) is inactivated by homologous

recombination with said vector,
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39,  An in-vitro method for identifying agents capable of inhibiting the activity of
G-CSF and/or inhibiting the interaction of G-CSF with G-CSFR and thereby ameliorate
the effects of arthritis, said method comprising contacting a putative inhibitory agent with
G-CSF or G-CSFR, wherein said agent is identified as a putative inhibitory agent when it
interacts with say G-CSF or G-CSFR.



