(12) STANDARD PATENT APPLICATION (11) Application No. AU 2016200267 A1
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)

(43)

(43)

(62)

(71)

(72)

(74)

Title
Pain treatment

International Patent Classification(s)

AG61K 39/395 (2006.01) AG1P 29/00 (2006.01)
Application No: 2016200267 (22) Date of Filing:  2016.01.18
Publication Date: 2016.02.11

Publication Journal Date: 2016.02.11

Divisional of:
2009329811

Applicant(s)
The University of Melbourne

Inventor(s)
HAMILTON, John Allan;COOK, Andrew David

Agent / Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000




18 Jan 2016

2016200267

H:\aar\Interwoven\NRPortb\DCC\AAR'9334096 _1.docx-18/01/2016

ABSTRACT

The present invention relates generally to a method for the treatment and prophylaxis of pain.
In accordance with the present invention, it is proposed that antagonists of GM-CSF are
effective in the treatment of pain. Antagonists of GM-CSF include, but are not limited to,
antibodies which are specific for GM-CSF or the GM-CSF receptor. The present invention
further provides transgenic animals, such as a GM-CSF knock-out mouse, useful for testing

antagonists in certain disease models.
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Pain Treatment

Thus application is a divisional of Australian Application No. 2000329811, the entire contents

of which are incorporated herein by reference.

{0001} This apphicalion ciaims the benefit of UK. Provisional Am:ﬁcaﬁon No, 81/138,687,
fitad December 22, 2008, and U.B. Provisional Application No, 81/184,481, filed March 38,
2008, which are beoth incorporated by reference in their entireties. '

* FIELD OF THE INVENTION

[6062] The present invention relates generally to a method for the treétmem and
prophylaxis of pain. In accordance with the present invention, it is proposed. that
antagoﬁ:’sts. of GM-CSF are effective in the treatment of pain. Antagonists of GM-CSF
include, but are not limited to, antibodies whidh are spacific for GM-CSF or the GM-CSF
receptor, The presant invention further provides transgenic animals, such as & GM-CSF

knack-out mouse, useful for testing antagonists in cerlain disease models.
BACKGROUND OF THE INVENTION

Pain A

{8003] Pain of any fype is the most frequent reason for physician consultation in the
Unit&détates, prompting half of all Americans to seek medical care asnnually. Hisa major
symptom infmany medical conditions, significantly interfering with a pemun‘g guality of life
and génerai functienihg. Diagnosis is based on charagterizing pain in various ways,
according to duration, intensity, type (dull, burning or stabbing), scurce, or locgtion in
body. Usually pain stops without treatment or responds to simple measures “such as
resting or faking an analgesic, and it is then called acute pain. But # may alse become

infractable and develop info a condition called chronic pain, in which pain is no longer ‘

considersd a symptom but an fliness by itssef,

{0664] Pain can be classified according 1o many schames and circumstances, There are

fwo basic types of pain: acute and chronic. Acute pain occurs for brief periods of fime and

- 15 associated with temporary disorders. However, #t s always an alamm signéi that

something may be wrong. Chranic pain is continuous and recurrent. It is assoctated with
chronic diseases and is ong of thelr symploms, Pain intensity not only depends on {he
type of stimulua that caused i, but glso on the subjective perception of the pain, Daespite &
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wide range of subjective perception, several fypes of pain have been classified a::ao;ﬁi’ng

to:
a.
&

2

The stimulus that caused the pain.
The pain's duration.

The features of pain (intensity, location, ete.)..

iﬁﬂﬁS} Anather dassHication system is as fcliows

&

Gnawing pain. Continuous w;ih constant m‘tenszty i qeneraify worsens with
movement. ' A

Throbbing pain. This is typical of migraine pain. It is caused by dilation and
constriction of the cersbral blood vessels.

Stabbing pain. intense and severs. it is caused by mechanical stimuli.
Burning pain. A ‘constan‘t, burning fesling, like, for exampls, the fype of pain
caused by hearbum. | '

Pressing pain. Causad by consiriztion of the blocd vessels or muscles.

{0686} There are also specific types of pain:

@

Muscie pai. Alsy known as myalgia, this pam involves the muscles and
accurs after excessive exertion or during inflammation.

Colicky pain. Caused by muscie con’tracﬁons of certain organs, such as the
uterus during the menstrual period. Generally oyclic In nature. .

Referred pain, Qoours when the painful sensation is felf in a sile other than
the one where # is actually occurring, depending upon how the brain
inferptatls information it receives from the body.

Post-surgical or Pdsbopérative pain. Qoours affer surgery and is due 1o
lesions from surgical procedures,

Bone cancer pain. Certain fypes of cancers, such as prostate, breast, or
other soft-issue tumors, may progress fo'a painful ‘diserde\r of the bone
kriown as metastatic bone disease, '

Standard care for pain freatment

{8087 There are many ways (¢ treat pals. Treaiment varias depending on the cause of

pain. The main reatment options are as follows:
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Acetammnphen Tylenol (Acetammcphen) is used to treat pain. Unlike several

18 Jan 2016

other medications for pain, Tylenoi does not have 3nhvmﬂammamry effects. Often,

however, m cases of chronic pain, no mﬂammatuon is ot the site of the pain, and thus

Tylenol may be an appropriate treatmant chmce. Tylenol is safe when used appropriately,

5 but can be dangerous when used excessively. Also, Tylenol may cause unwanted effects
when usad with certain other medicaments.

Non-Sterpidal Anti*inﬂé_mmatory Medications (NSAIDs): The NSAIDs (such as

~ buprofen, Maiﬁn,ﬂ!&ve, eic.) are most beneficial in cases of acute 'pain, or fare-ups. in

~
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patienits with chronic pain. NSAIDs are also excsllent gt treating ihﬁammatmy canditions

10 including tendonitis, Su{siﬁs,,and arthritis. In genersl, N'SA?Q use is limited for patients

with chronic pain because of concemns about the developmant to . stomach probierﬁs

Wmie the newer, sa-called COX-2 ;r*h;tx;u:zrs such as Celebrex, were designed 1o gvoid

fhis complication, c:aut:cm should still be used when using these medications for long
periods of time. , _

Corticosiaroids: As with NSAIDs, corficosiercids are powerful anti-inflammatory

1911

medicétims, and best used for acute pain orfor ﬂareuugzs‘ of a chronic inflammatory
problem. Corticestercids can either be faken orally {such as Medrol. Prednisone), or
injectad into the soft tissues or joints (éorﬁsmne injections), _
Narcotics: Narcotics should be onsidsred if palh cannot be otherwise coniralied.
20 - Many narcotics can be dangerous and addicting, While narcétic‘: medications are useful
for acute pain, they also have significant side effects. The shori-acling types of these
medications can lead to overuse and the development of folerance. Long-acting options
have fewer side effects, and betler conirol of chmni; pain, Némoﬁcs can become
adciig;tive when they are used for lengthy timés without gradual reduction in the dose, or f

25  the medications ars taken for raasons other thar pain.

Anti-Corwulsants: Anti-convulsant medications are the category of medications
that work to relieve nerve pain. These medications alter the function-of the nerve and the
signals that are sent to the brain. The most commonly prescribed anticonvuisant
medication for nerve pain is called Neurontin {(Gabapentin}. Another option thal has more

30 recently emerged, specifically for the treatment of fibromyalgle, is called Lyrica
(Fregabaling. ‘

Local Anesthetics: Local anssthetics can provide femporary pain refief to an area.

When usad in the sstting of chronic pain, focal anssthelics are oflen applied as 8 topical
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0%e) paitch {0 the area of pain. Lidoderm comes in & patch that is appited to the skin and
— decreases the sensatsv:ty of this area.

Ne) {0008} All of the above mentioned treatment options have drawbacks, side effects, or use
g § is limited fo ceriain types of pain. Hence, there is still a high unmet medical need for the
8 treatment of pain.

O :

—

- - GM-CSF

@\

{{}9@9] Granulocyte macrophage colony-stimufating factor (GM-CSF) is a cytokine that

10 functians 853 white biood celt growth faaior GM-OSF stimulatas stem cells to produce
granuiocytes meu%mp%*;is eesmnpm S, and basophils} and monocytes. Monocytes exit the ‘
circulation and migrate into tts»ue whereupon they ms’ture inlo macrophages. | is, thus,
part of the natural immunelinflammatory cascade, by whach activation of a small number
of macrophages can rapidly lead o an increase in their numbers, a process crucial for

35 fighting infection, The active form of GM-CSF is found axtraceliviarly as g hpmodimer. In
particular, GM-CSF has been idenlified as an inflammatory medistor in autmmmune
disorders, like rheumatoid arthntm (RAS, leading to an increased proguction of pro-
inflammatory oytokings, chemokines and proteases and, thereby, ultimately to articula
destruction. ' ' " '

20
{e}éiﬁ}\GM-CSF is & cytoking which is involved in various processes in the human and the
animial body, Also, ceriain disegses and pathologies, such. as inflammatory diseases,
were recently linked to GM-CSF, and GM-CSF was suggesied as a potential point of
intervention. The present invention discloses Tor the first time, that GM-CSF is also.a valid

4
(S h

. target for the treatment of pain
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o0 SUMMARY OF THE INVENTION

— .

{0011} The present inven’téon, for the first time, demonétraies that GM-CSF is a valid
ls target for the treatment of pain, This finding i new,. and the pricr art does not teach,
g 5 suggest or provide any rationatl for such a point of intervention in the treatment of pain,
8 Accordingly, the invention provides, 8.¢., 2 method for the treatment of pain in a subjedt,
\O said method comprising the step of administering an effective amount of & GM-CSF
S antagonist to said subject. ‘ '

N :

€

A0 [0812] n another aspect, the present invention contemplates a methed for the prophylaxis
of pain in a subject, said meathod comprising the step of administering an effective amount
of GM-CSF antagonist to said subject, '

{0813} In another aspect, the present invention is directed to a composition comprising a
15 GM-GSF aptagonist capable of antagonizing the abilly of GM-CSF from activating,
px‘aiiferaéing', inducing growth andfor survival of cells in a $ub§eet siffaring from gsin, o
being suspected of suffering from pain, said composition further comprising one or more
pharmaceutically acceptable carriers andior diluents. "

20 [(014] i1 another aspect, the present invention is directed to @ compasition tomprising a
SM-CSF antagonist useful in the treatment of pain, sald composition further comprising

one or more pharmacautically acceplable carriers andfor diluents.

[0815] In pariicular aspecis of the prasent invention, the GM-CSF antagonist is an
25 arntibody spedific for GM-CSF.

[0016] In alternative aspects of the present lvention, the GM-CSF antagonist is an
antibody specific for the GM-CBF receplor

30 {0817 In other aspects, the present invention is direcled to the use of a GM-CSF
antagonist in the preparation of @ medicament in the freatment of pain.

{0018} In other aspects, the present invention provides GM-CSF antagonists for the

treatmignt of pain,
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" [8819] In particular aspects. of the preseht invention said pain is postsurgical pain. In
alfernalive aspects of the preserk invention said pain is bone cancer pain. In yet
alternative aspects of the present invention the GM-CSF amagahists have an analgssic

5 sffect‘

g,imzs; in particular aspects of the present invention said pain is inflammatory pain.
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{0021} In another aspect the present invention provides & genetically engineered mammal
10 having a GM-CBF -/- genotype. in particular aspecis said mammmalis amouses.

{1022] Throughout ihis specification, unless the context requires otherwise, the words
“comprise®, “have’ and ‘include” and their respective variations such as “"comprises”,
“comprising”, "has®, “having”, “includes® and “including” will be understood o imply the

incluaion of & staled element or infegsr or group of slements or integers but not the

ey
(8]

gxclusion of any other element or integer or group of elements or integers.
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BRIEF DESCQEPT&QN OF THE DRAWINGS

[6023] Figure 1 shows the knee joint histalogy scoring of the therapeutic treatment with a
- GM-CSF antibody In 8 mouse modsl of OA. Lat=Lateral. Med =Medial. Resuiis are

sxpressed ay mean & SEM For all areas, except the Medial Femur; fess disease was

observed in mice treated with snti-CM-CSF antibody as compared to control mice. .

[8824] Figure 2 shows the resull of an experiment assessing the hind limb weight
distribution in an incapaciiance meter., Data are significant (unpaired $4esty from day 27
pust OA induction onwards, as indicated in the graph.

{8025] Figure 3 shows the resulf m‘.' an sxperiment demonstratihg the ’aﬁacﬁveneés of
GM-CSF antagonists In the treatment of inflammatory disease (moncarticular arthltis
induced by mBSA/LY). Depicted are the clinical scores of the knes ioints &t day 7
following trestment. Filled bars show the results recordad for the CBTBUE mice, opan
bars the resulls for the GM-CSF knock-out mice. Left: mice treated with indomethacin,
Right, mice which did not recaive freatment with indomethacin,

{8026} Figure 4 shows the result of an expefiment demonstrating the effectiveness of
GM-CSF antagonists i the freatment of inflammatory pain (monoarticular arthiitis induced
by mBSA/LT). Shown is the weight distribution measured in an incapacitance meter as a
measure of pain in mice with MBSAML-1-induced monoarticular arthritis. Results are

expressed as injected fimbicontrol fimb ¥ 100,

{80271 Figure & shows the resull of an experiment demoéstrating the effectiveness of
GM-CSF aniagczﬁis_ts in the treatment of inflammatory pain. Shown is the level of
inflammation as measweé in thé change in paw thickness following injection of CFA into
the jeft {L} footpad. The right (R} footpad was normal, The “+ indomethasin® group was
treated with ir@mmethacin {(tmgfkg} i.p. 1 hr prior to each reading, N=12 micelgroup.

{8828] Figure § shows the resui‘t of an experiment demonstrating the sffectiveness of
GM-CSF aﬂtaganésts inn the freatment of inflammatory pain, . Shown i the weight
distribution measured in an incapacitance meter as 8 msasure of pain following infection
of CFA into the left footpad. Tha right footpad was normal. The + indomethadin group was
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freated with indomethacin (1mg/kg) L.p, 1 br prior {0 each reading. Results are expressed

18 Jan 2016

-as injected Embfcontrol imb x 100. N=12 mice/group.
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f DETAILED DESCRIPTION OF THE INVENTION

~ {602%] The present invention demonstrates that GM-CSF is a véﬁd targst for the
g reatment of pain. in this respect, the invention provides, in one aspect, methods of using
) 5 a GM-CSF antagonist to bring abotd a prophylactic or therapeutic benefit in the fisid of
8  pain.

\O

— . .

8 {0030} The present invention provides therapeutic methods comprising the administration

of a thérépeuticaiiy sffective amount of a GM-CSF antagonistto a subject in nead of such

10 treatment. A “therapeutically effective amount' or effective amaunt”; as used herein,
refers to the amount of & GM-CSF antagonist nei:essary o elict the desired biclogical
responsel. I accordance with the subjest‘ invention, the therapsutic effective amount is the
amount of a GM-CSF antagonist necessary to treat andfor prevent pain,

15 {8031] In certain aspects the present invention provides & methad for the treatment of
- post-surgical pain. n ﬁther aspects the ‘prasent invention providas a metﬁod for the
fraatment of bone cancer pain. In yel other aspects the present invention provides GM-
CSF antagonists which have an analgesic effect. In yst ather aspects the presert
invention provides a method for the treatiment of rheumatoid arthritis pain. GM-CSF
20 antagonists are capable of inhibiting or blocking the pain associatsd with rhsumatoid
arthritis. In other aspacis the vention provides. metheds for reducing incidence of
rheumatold arthritis pain, ameliorating rheumatoid arthritis pain, suppressing rheumatoid
arthritis pain, palliating rheumatoid arthrills pain, and/or delaying the onset.‘devempment,
or progression of rheumatoid arthritis pain in & subject, saidﬂ method  comprising
administering an effective amount of an GM-CSF antagonist to the subject. In another

fied
w

aspects the present inveption provides & method for preventing or treating ostecarthritis
pain in an individual by administering an effective amount of an CM-CSF antagonistio the
individual. In another aspect, the invention provides methods. for treafing inflammiatory
cachexia {(weight foss) assouviated with rheumatoid arthrifis in an individual comprising
3¢ adminiéi&r%ng an effective amount of an GM-CSF antagonist. In another aspect, the
invention provides methods for reducing incidence of osteoanbyitis pain, ameliorating
ostecarthritis pain, supprassing ostecarthritis pain, paliiaﬁng osteoarthiilis paln, andfor
delaying the onset, davelopment, of progression of Dsteé'a%thrétis painin an énd_&viduai, said
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method comprising administering an effective amount of an GM-CSF antagonist to the .
individual, '

{0632} ”Paiiiating" a pain or one or more symptoms of a pain {such as theumatoid arthritis
pain or ostecarthitis pain} means lessening the extent of ope or ‘more undeasirable |
clinical manifestations of post- surgical pain in an individual or population of individuals
treated with an GM-CSF antagonist in accordance with the invention.

[0033] In certain. aspects the pain is alleviated within about 24 hours after administering
GM-CSF, antagonist. In other aspects, the pain s allaviated within about’4 days afler
administering the GM-CSF antagonist

[0034] “GM-CSF antagonists”, as used herein, includes GM-CSF antagonists in its
broadest sense; any molecule which inhibits the activity or function of GM-GSF, or which
by any other way sxarts a therapeutic sffect on GM-CSF is included. The term GM-CSF
antagonists includes, but is not fimited to, antibodies specifically binding to GM-CSF,
inhibitory nuc!eig acids specific for GM-CSF or smalf oi‘gamic molecules speacific for GM-
CSF. Alse within the meaning of the‘iérm GM-USF antagonist are antibodiss speclfically
binding to the GM-CSF receptor, inhibitory nuclelc acids specific for the GM-CSF receploar
or smalt organic molscules specific for the GM-CSF recepdor.

\{6&353 inhibitory nucleic acids include, but are not limiled to, antisense DNA, friplex-
forming ofigonuciectides, sxternal guide seguences, SIRNA and microRNA. Useful
inhibitory nucleic acids include those that reduce the expression of RNA sncoding GM-
CBF by at least 20, 30, 40, 50, 80, 70, 80, 90 or 95percent compared fo controls,
inhibitory nucleic aaids and mathods of p:_oduaiﬁg them are wall konown in the art . siRNA

gesign scliware is available.

[0036] Small organic molecules {Si\éOLs} specific for GM-CSF or the GM-CSF receptor
may be identified via natural product sc-#eesﬁrsg of scresning of chemical libranss.
Typicaily the molecuiar weight of SMOLs ési petow 500 Dalton, more typically from 160 {o
480 Daltons. Other fypical properties of SMOLs are one or more of the féiiowing‘:

» The partiion cosfficient fog P is in the rangs from 0.4 (o +§.6

o The molar refractivity is from 40 to 130 ‘




18 Jan 2016

~
\O
N
-
-
9N\
O
—
-
Q\

5

10

20

N
61

W 010471923 PCT/ATR009/001671

T
« The number of atams is from 20 to 70

[8037] For reviews see Ghose of af, J Cc:mbfn Lherm: 1.55-88, ?99&‘ and L;pmm et &,
‘Adv Drug Del Rev: 23 3-28, 1997.

- jB038] Pref&rabiy, a GM-CSF antagonist for use in the present invention is an antibody
specific for GM-CSF or specific for tlﬁe GM-CSF receptor. Stich an éntibody may be of any
type, such as a murine, a rat, a chimeric, a humanized or & human antibody, A “Human”
gﬁtibody or functional human antitady fragment is hereby defined as ong that Is not
chimeric {e.g., nol “humanized”) and not from {eifghér in whole or In part} a non-human
species. A human antibody or functional antibody fragment can be derived from a human

or can be a synthetic human antibody. A “synthetic human antibody” is defined herein as

an antibody having a sequence derived, in whole or in parl, /o sifico from synthelic
Séquénces that are based on the analysis of known human antibcdy sequences. n siligo
design of a buman antibody sequence of fragment thereaf can be achieved, for example,
by analyzing a database of human antibody or antibody fragment sequences and devising

- a polypeptide sequence ulilizing the data oblained therefrom.  Another example of a

hursan antibody or funictional antibody fragment is one that is encoded by & nucleic acid
isolated from a library of antibody ssquences of human origin (fe., such library being
based on antibodies taken from a human natural source),

{0039} A "humanized antibody” or functional humanized antibody fragment fs defined
hersin as one that Is {i) derived from a non-human source (8.9., a ransgenic mouse which
bears a heterologous immuns system}; which- antibody is based on & human germiine
sequence; or (i) chimeric, whereiny the variable domain is derived from a nqn*hurﬁan
origin and the constant domain s derived from & human origin or () CDR-grafted,
wherein the CDRs of the variable domain are from & non-human origin, whiié one o more
framewarks of the variable domaip are of human origin and the constant domain (if any} is
- of human origin, '

{0848] The term “chimeric antibody” or functional chimeric antibedy fragment is defined
herein as an aotibody molecule which has constant aﬂtibady,'regiens ﬁerié&d from, of
corresponding to; sequences found in one species and variable antibody regions derived
from snother species. Prefe}abﬁy, the constant antibody regions are derived from, or
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coresponding to, sequences found in humans, e.g. in the human germ fine or somatic
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cells, and the varable antibody regions {e.g. VH , VL | CDR or FR regions) are detived
from sequences found in 2 non-human animal, e.g.'a mouse, rat, rabbit or hamster.

& [B041] As used herein, an anfibody “binds specifically to°, “specifically binds {0”, is
“specific toffor” or “sbeéiﬁéaﬁ%y recognizes” an antigen {(here, GM-CSF of, alternatively, the
GM-CSF receptor) if such antibody is able fo discriminate between such antigen and one

2016200267

or more reference antigen(s), since binding specificity is not an absolute, but a relative
propery. The refsrence antigen{s) may be 5ne or mare'cfoseiy refated amigen{s), which

10, are used as reference points, e L3, ILS, 1-4, IL13 or M-CBF. In its most general form
{and when rig defined reference is mentjoned}, “specific binding” is referring to the abiii‘{y'

of the antibody {o discriminate between the antigen of interest and an unrelated anfigen,

as determined, for example, in accordance with one of the following methods. BSuch
methods comprise, but are not lnited to Western blots, ELISA-, RIA-ECL~, IRMA-lests

1% and peptide secans. For sxample, 2 standard ELISA assay can be cared oul. The
scoring may be carrled out by standard color development (2.g. secondary antibody with
horseradish peroxide and tetramethy! benziding with hydmgmpémxide}. The reaction in
certain wells Is scored by the oplical density, for sxample, at 450 nm. Typical background
{(=negative reaction) may be 0.1 OD; typical positive reaction may be 1 OD. This means

20 the difference positive/negative can be more than 10-fold.  Typically, determination of
- binding specificity is ber{ormeaj by using not a single reference antigen, but a set of about
three to five unrelated antigens, such as milk powder, BSA, transfenin or the like.
Additionally, “specific binding” may relate fo the ability of an antibody to discriminate

* between different parts of its target antigen, a.g. different domains or regions of GM-CSF
25  or the GM-CSF receptor, or between one or more key amino acld residues or stretchas of

amine acid residues of GM-CSF orthe GM-OBFE receplor.

[0642] Also, as used hersin, an “immunogiobulin® {Ig} hereby is defined as a protein
beiongfng o the class 1gG, IgM, IgE, IgA, or IgD {or any subclass ihereéf}, and ncludes all
30 convantionally known antibodies and functional fragments thereof. A “functionat fragment”
of an antbodyimmunoglobulin  hereby s defined as & fragment of an
antibodyimmunogiobulin (e.g.. @ variable region of an IgB) that relains the antigene
binding region, An “antigan-binding region” of an antibody typically is found ﬁh one or
more hypervariable region(s) of an antibody, ie., the CDR-1, -2, ‘andior -3 regions;
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however, the variable “framework’ régions can also piay'an émportént role in antigen .
binding, stich as by providing a scaffold for the CDRs. Preferably, the “antige_nwbinding'
region” comprisss at least amino acld residues. 4 fo 103 of the variable light (VL) chain
and 5 to 109 of the variable heavy (VH) chain, more preferably amino acid residues 3 to
107 of VL and 4 to 111 of VH, and particularly preferred are the sémpleie Vi and VH
chains {amine acid positions 1 to 109 of VL and 1 to 113 of VH; numbering according to
- WO S?XGBSEQ_}. A preferred class of immunoglobuling for use in the present invention is
lgG. “Funclional fragments” of the Inventidn include the domain of @ F{ab’); fragment, a
Fab fragnﬁenﬁ scFv or constructs comprising single immunoglobulin variable domains or
single domaiﬁ antibody polypaptides, e.4. single heavy chain variable domains or single .
fight chain varable domaing. The F{ab'y or Fab may be engineered to minimize or
completely remove the intermelecular disulphide interactions that ogeur between the Cuy
and Gy domains, ‘ \ |

A 80437 An 'antii:--‘:.-dy of the in‘?amtian may be derived from a fecombinant antibady ibrary
that is based on amine acid sequences that have been designed in sifico and encoded by
nucleic acids that are synthetically creatsd. In siffico design of an antibody sequencs is
achioved, for example, by analyzing & database of human sequencss and devising a
polypeptide sequence. ulilizing the data obtained therefrom. Methods for designing and
obtaining in sifico-created sequences are described, for exarﬁpia, in Knappik of af, J Mol
Bigl. 286:57, 2000; Krebs ef al, J. Immunol. Methods. 25487, 2001, Rothe ef af, /. Mol

 Biot 376:1182, 2008 and U.8. Patent No. 300,064 issued to Knappik ef af 2000 supra
which hereby are incorporated by reference in their entirety.

{6044 Any antibody specific for GM-CSF may. be used with the presant invention.
Exemplary antibodies are disclosed in US 11/914 588, which is Incorporated by reference
in ifs enfirety. Other exemplary antibodies include antibodies comprising an amino acid
séquence of a heavy chain variable region as depicted in SEQ D NO or an amino ackd
sequence of & light chain- variable region as depiclted in SEQ ID NO3Z. Yet other
sxemplary antibodiss include antibodies which are defived from antibodies comprising a
heavy chain variable region as depicled in SEQ D N1 or an aming aaié sequence of 8
fight chain variable region as depicted in 8EQ D NOWZ. Yet other éxemp%ary antibodies
includs antibodies which have the same specificity and/or bind to the same epitops as
antibodies pomprising a heavy chain variable region as depicted in SEQ 1D NO:Y or an
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-aming acid sequence of a light chain variable region as depicted in SEQ 1D NO:2. Yet
ather exemplary antibodies inciude antibodies whish comprise a heavy chain variable
region which is at least 70 %, at least 80 %, at least 90 % or'at least 95 % homologous to
the sequence dépicted in SEQ ID NQ:1, Yet other exemplary antibodies include
5 antibodies which comprise a fight chain variable region which is at least 70 %, at least 80
%, at least 80 % or at least 95 % homologous to the seyquence depicted in SEQ 1D NO..2. |

CSEQ ID NG

Met Glu Leuy Ile Met Led Fhe Leu Lew S=r Gly Thr Ala Gly Val His

Ser Glu val 8in Leu Gin 8in Ser Gly Pro $l§ Léﬁ Val Lys.P:a Gly

Ala Ser val Lys Tle Sex Cys Lys Ala Sew Gly Tyr Thr Phe Thr Rsp
-'Tyx &sr Tle Bis Trp Val Lys Rln Ser Hislcly Lys Sér L&u“Asp TER

Tls Gly Tyr Ile Ala Pro Tyr Ser Gly Gly Thr Gly Tyy Asn‘Gln Glu

Phe Lys &sn Arg Ala Thr Leu ’1’%1{ Val A’sp’ Loys Ser Ser Sey Thr Ala

Tyg Set Giv Leuw Arg Ser Leu Thr Jer Asp Asp Ser Ala Val Tyr Tyx

Cys Ala Arg Arg Asp Aryg Phe Pro Tyr Tyx Phe Asp Tyr Trp ély Gin Gly

The Thr Leu Arg Val Ser Ser Val Ber &ly Ssr

10
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SEQ ID No.2:
Mat Gly Phe L?s Met Glu Ser 6ln Ile Gln Val Phe Val Tyr Met Leu 

Leu Trp L‘éAu Sex."sly val Asp Sly Asp I}.e Val Mst Ile Gln Ser Gln
Lys Phe Val Ser Thr Ser Val Gly Asp Arg Val Asn Ile bThr Cys Lys
Ala Ser Gln Asn M’#l Gly Sex Asn Val Alé Trp Leuw Glw Gln Lys Pro
Gly Gln Sef Pro-Lys Thr Leu Ile Tyr Ser Ala Ser Tyr Arg Ser Gly

¥ Ser Gly Thi &sp Phe Ile

he

Arg Val Pro Asp Arg Phe Thr Gly Sﬁxi 5
Leu The Ile Thr Thr Val Gla Ser Glu Aép Lew Ala Glu Tyr FPhe Cys
Gln Gln Phe Asn Arg Ser Fro Leu Thr Phe Gly Ser Gly Thr Lys Le_u~
" Glu Leu Lys :A:g Ala Asp Ala Ala Pro Thr Val Ser Ile Phe Fruo Pro

Ser Ser Lys Gly Blu Phs

{6045] Allernative exemplary antibodies that can be used m the prasent invention are
antibodies comprising an amino acid sequence of a heavy chain \faﬁabie region as
depicted in SEQ D NG:3 or an amino acid sequencg of a fight chain vanab?e region as
depicted in SEQ 1D NO:4. Other exemplary antibodies includs antibodies which are
derived from antibodies comprising a heavy chain variable region as depicted in SEQ 1D
NQG or an amino acid sequence of a light chain variable region as depicted in SEQ 1D
NO:4, Yet othsr exemplary antibodies include antibodies which have the same speciﬁciéy
andlor bind to the same epitope as antibodies somprising a heavy chain variable region
a5 depicled in SEQ 1D NO:3 or an amino acid sequence of a light chain varigble region as
depicted in SEQ 1D NGH4, Yel oiher gxemplary antibodies include antibodies which

comprise @ heavy chain variable regncn which is af least 70 %, al least 80 %, ot least 80 %
ar at least 85 % homologous o the seguance. depzf*ted in BEQ 1D NO:3.-Yet other
examplary antibedies include antibodies which comprise a light chain variable region
which ts at least 70 %, at lsast 80 %, at least 90 % or at least 85 % homologous to the
sequence depicted in SEQ 1D NO:4.
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SEQ 1D NO. 3. heavy MOR

QVQLVESGGGLVQPGGSL?LSCAASGFTFSSYWMNWY RQAPGKGI;;E-\WSGIENKY AGLA
TYYAASVRGRFTISRDNSKNTLYLOMNSLRAEDTAVY YCARGFGTRFWEQGTLVTVSES

SEQ ID NO. 4: light MOR | ,
D.:EL?QFPSVstsGthmsCs@nsmm,wWYQQKPGQ@vwwmmamwsssws
ONTATLTISGTGAEDEADY YCSA WGDKGMVFGGGTKLTVLGY

[0046] Alternative sxemplary antibodies that can be used in the present invention are
antibodies cqmprisﬁng a H-CDR3 sequence selected from;
Ser Gly Leu Ile Phe Rsp Tyr Trp Leu Asp
1 ‘ 5 . id
' (SEQ D NO. &),

{23

er Oly Leu Ile Ile Asp Ala Leu Ser Pro
5 10

gt

(SEQ 1D NOQ. 8),

Thr Ser Leu Met Ser Ile Tyr Phe Asp Tyx
1 . 5 .10
. {SEQ D NO. 7},

Ser Gly Leu Leu Phe Leu Tyr Phe Asp Tyr
1 : 5 ‘ 10
(SEQ I NQ 8,

Ser Gly Leu Ile Asn Leu Gly Met His Pro
: . ® . (SEQ IDNO. 9),
ser Gly Leu Ile Phe Asp Ala Leu Arg Asp

¢ ? (SEQID NO. 10),

Ser Gly Leu Ile Phe Asp Lys Leu Thr Sexr
i ' 5 10

’ 7 {SEQIDNQ. 11,
Ser Gly Leu Ile Asn Leu His Phe Asp Thr

1 3 . .
(SEQ D ND. 12},
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Ser Thr His Phe Ser Ala Tyr Phe BAsp Tyr
1 o 5 . o 1
' _ S _ (SEQ D NQ. 13},
Ser Gly Leu Ile Met Asp Lys Leu Asp Asn
1 : 5 : 10 .
: . o . ASEQHD NO. 14),

Ser Gly. Leu Ile Ile Asp Asn Leu Asn Pro

1 5
. N {(SEQIDNO. 18},
and : :
Ser Gly Leu Ile Ala Val Tyr Phe Asp Tyr
1 - & o 10
5 : | f _ (SEQIDNO. 18)

[8047] Preferably, the antibodies comprising a H-CDRS sequence selected from any one
of SEQ ID NOs. 5-18, additionally comprise the following H-CDR1 sequence:

Asp Tyr Leu Leu His
1 - 5

{SEQ 1D NO. 17},
10 andfor the Tollowing H-CDRZ sequence!

Trp Lew Asn Pro Tyr Ser Gly Asp Thi Aan Tyr Ala Gin Lys Phe Gln
i s T i : 13
Gly ‘

{SEQ I RO, 18),

15 andior the following L-COR1 sequsnce:

Arg Ala Ser Glun Asn Ile Arg Asn Ile Leu Asn
1 5 ‘ ' ‘ 10

{SEQ 1D NQ. 18},
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and/or the following L-CDOR2 sequence:

Ala Ala Ser Asn Leu Gln Ser
1 | 5 :
s {SEQ 1D NQ, 20y

and/or the following L-CDR3 sequence!

Gln . Gln Ser Tyr Ser Met Pro Arg Thr
1 - 5 "
{(SEQ 1D NO.
21).

{0048] Alternaiive exemplary. antibodiss that can be used in the present invention are
antibodies comprising the following L-CDR1 sequence;

Arg Ala Ser His ﬁxgg val ser Ser Asn T{g}; Leu ala
1 i

(SEQ ID NQ. 22},

andfor the Tollowing L-CDR2 sequence:

Gly Ala Ser Asn-Arg Ala Thr
1 5 (SEQ D NO. 23),

and/or the following LCDR3 sequence:

GIn 6In Tyr Ala Ser Ser Pro ‘}fa"ﬁ- Thr _
i 3 (SEQ 1D NO. 24),
andfor the foliowing H-CDR'1 sequence:

Gly Tyr Ile phe s*gs:: Th phe ala Leu Hzg
i . : ‘ _

(SEQ D NO. 25),

andior the foflowing M-CDR2 sequence:
Spr Tie asn Thre A‘éa'&;ar Gly Lys Thr ng phe Ser Thr Lys iﬁge Gin
L - i
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(SEQ 1D NO, 26),

and/or the Tolfowing H-CDR3 segquence: .

%sp Arg Phe Glo éssn Ile Met Ala Thr %Ee ma Asp val

(SEQ 1D NO. 27y
{0049] Preferably said anfibody comprise all the CRDs of SEQ 1D NOs. 22-27.

[0050] The GM-CSF receptor is a member of the haematopoietin receptor supsrfamily, §
is haterodimaric, consisting of an alpha and a beta subunit . The alpha: subunk 4s highly
specific for GM—CSF whereas the beta subunit is shared with other cylokine receptors,
including 113 and ILB. This is reflected in a broader tissue distribution of the beta recekptm
subunit. The alpha subunit, GM-CSFR . is primatily expressed en myeloid cells and non-
haemaﬁopoeﬁfs cells, such as neu.{mphiﬁs‘ macrophages, eosinaphils, dendritic vells,
endothelial cells and respiratory epithefial cells. Full iéngﬁz GM-CSFR ¢ is 3 400 amino
acid type | membrane glycoprotein that belongs to the type | cytokine receplor family, and
consists of a 22 amino acid signal peplide {positions 1-22), & 298 amino acid extraceliular
domain (positions 23-320), a transmembrane domain from positions 321 - 345 and a short
85 amino acid intra-cellular éﬂmain,v'fha signal peplide is cleaved . provide the mature
form of GM-CSFR aras a 378 amino acid profein. cONA dlones of the human and murine
GM-CSFR o agre avallable and, al the profein level, the ra epim suburiits have: 36%
identity. GM-CSF is able to bind with relatively low affinity to the o subunit alone (Kd 1-5
nM) but not at alf to the B subunit alone. However, the presence of both @ and B subunits
rasults in a high affinity ligand-receptor complax (Kd » 100pM). GM-CSF signaliing ocours
through fis inftial binding to the GM-CSFR g chaln and then cross-finking with a largsr
subunit the common B chain fo generste the high affinity interaction, wﬁich
phosphorylates the JAK-STAT pathway. |

{8881 Ay ﬂﬁtihaé‘y spacific for GM-CEF 'r%ms:ptor ma;; be dsed with the present
m\e‘en*mn Exemplary antibodies include antibodies camprising an amino acld sequence of
a H-CDR3 sequence depicted in any one of SEQ 1D No's.28-46. Other exemptary
antibodies include antibodies which are derived from antibodies comprising an amina acid
sequence of 8 H-CDR3 sgquence depicted in any one of SEQ D No's:28:48.. Yet other
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2 exemplary gntibodies include antibodies which. have the same specificly andior bind to
the same epitope as anfibodies comprising an amino acid sequence of a HCDR3

I~ sequence depicted in any one of SEQ 1D NOs.:28-48, Yet other exemplary antibodies

g include antibodies which comprise a H-CDR3 sequence which s at least 70 %, at leas{ 80

8 & %, at least 80 % or at least 85 % homolegous to the H-CDR3 sequence depicted in any

Q| one of SEQ 10 NOs.28-48,

\O

— .

S SEQ 1D NO:28:

val Gly Ser Phe Ser Gly Ile Ala Tyr Brg Pro
- 5 10

10 SEQIDNO:2g:

Val Gly Ser Phe Ser Gly Pro aAla Leu Arg Pro |

5 10
SEQ 1D NO30:
Val @ly Ser Phe Ser Pro Pro Thr Tyxr @Gly Tyr
5 ‘ 10
SEQID NOAT:

Val Gly Ser Phe Ser Gly Tyr Pro Tyr Arg Pro
B 10

Py
L5t

SEQ 1D NO:32:

Val Gly Ser Phe 8Ser Pro Leu Thr Leu Gly Leu
| 5 | 10

SEQ D NOI33;

Val Gly Ser Phe Ser Gly Pro Val Tyr Gly Leu
5 : 10
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SEQ 1D NO:34:

Val Gly Ber Phe Ser Pro Pro Ala Tyr Arg Pro
S 10

SEQH D NO:35: )
val @ly Ser Phe Ser Pro Val Thr Ty Gly_béu
| | 5 . 10
SEQ 1D NO:36:
- Val Gly Ser Phe Ser Gly Leu Ala Tyr Arg Pro
- 5 ‘ 10
SEQ 1D NCa?
val Gly Ser Phe Ser Pro Ile Thr Tyr Gly Leu
| ' 5 . . 1¢
SEQ 1D NO:38:

Val Gly Ser Phe Ser Gly Trp Ala Phe Asp Tyr

.5 - 10
SEQ D NO39: ‘ .
val Glv Ser Phe Ser Gly Trp Ala Phe Asp Tyr
' 5 D £ ¢
| SEQ D NOHO:

Leu Gly Ser Val Thr Ala Tyrp Ala Phe Asp Tyr
5 10 ‘
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SEQIDNOM4T _ |
Ala Gly Ser Ile Pro Gly Trp Ala Phe Asp Tyr
5 10
SEQID NO42:
Val Gly Ser Phe Ser Pro Leu Thr Met Gly Leu
' ' 5 10

SEQ 1D NOH43:

L

val Gly Ser Phe Ser Pro Leu Thr Met Gly Leu
' : 5 10

SEQID NOd4:

Al

Val Gly Ser Phe Ser Gly Pro Ala Leu His Leu
: 5 ‘ 10

SEQ D NG:45:

Val Gly Ser Val Ser Arg Ile Thr Tyr Gly Phe
5 10
10
SEQ 1D NO:46;

Val Gly Ser Phe Ser Pro Leu Thr Leu Gly Lseu
5 10

{08521 In certain aspects, the ;Qresent invention provides methods for the freatment of

18 painin 2 subject said method somprising the step of administering a GM-CBF antagonist
o said subject. "Sublect”, as used in this context refers fo any»h}amma!, including rodents,
such as mouse or ral, and primates, such as cynomolgus monkey (Macaca fascicufaris),
rhesus monkey (Mecaca mulalia) or humans (Home sapiens). Preferably the subject iz a
primate, most preferably g human.
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{ﬁ%’.%} In certain aspect iﬁa presert invention provides a com;;}usition comprising &8 GM-
CSF antagoéist capsble of antagonizing the abilify of GM-CSF from activating,
pmiif&mﬁng_, inducing growth andfer survival of cells in & subject suffering ?rq%n pain, or
being suspected of siszering’fmm pain, said composition fixrth_er comprising one of more
pharmécsutica‘iiy acceptable cariers andior diluents. Anti-GM-CSF antibodies of the
present invention may antagonize any of the roles of GM-CSF in pain.

[6834] In ancther aspect the preéent invention provides a mathod far the prophylaxis of
pain in a subject, said method comprising adminisiering o GM-CSF antagonist {o satd
subject. “Prophylaxis® as used in this context refers to methods which aim to pravent the
onset of a disease or which délay the onset of a disease,

[OR55] In certain aspedt the prasent invention provides g composition comprising 8 GM-
CBF antagonist ussiul in the treatment of pain, said compostition further comprising one or

more pharmaceutically sceeplable carriers andior difusnts,

{0856} In other aspects the present mventton provides the use of a GM-CS8F an’fagomst in
the preparamn of 2 medicamant o the treatment of pain.

.{ﬁf}:‘%’?} in other aspects the present invention pmx;'id&s OM-CEF antagonisis for the

treatment of pain.

[0038] The compositions of the present invention are preferably pharmaceutical
compositions comprising a GM-CSF anfagonist and a pharmaceutically acceptable
carrier, diluert or exciplent, for the trealment of pain. Such carrers, diluenis and
axcipients are well known in thé art, and the skilled artisan will find a formulation and a
route of administration best sulted fo freat a subject with the GM-CSF antagonists of the

present invention.

{0058] In another aspect the ;zmsent invention provides a genstically engineered mammal
having a GM-CSF /- gwatype Iy part:cuiar aspsets sald-mammal is a mouse, The ferms
“Snack-out” mouse {er mammal), a mouse {or mammai} "dwmpteci " 2 certain gene, and
a mouse {or mammal) with a - genotype” are used interchangeably in the present
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invention and are art recognized. Respective animals are deficient in a respective gene,
here GM-CSF, on both aligles of the chromosome.
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. Example t:
© Beneration of a GM-CSF-~ mouse

[6066] The generation of GM-CSF-- mice is described in Stanley ef al {1 884}, Proc. Natl.

5 Agad. Sci USA 81:5582. Briefly, chimeric mice were generated by microinjection of
129/0LA-derived £8 cells (H-2b) with a disrupted GM-CSF gene info C57BL/6 (H-2b) host
blastacysts. Germiine tranamitters of the mutated GM-CSF allele were crossed with
CA7BLA mice for 11 generations, giving GM-CSF+/- mice that were interbred to yield the
OM-CSF~/-, GM-CSF+/~, and GM-CSF+/+ ‘mice used for the experiments. GM-CSF

10 genaiypéstatus was determined by POS analysis of tail DNA. Animals were fed standard

~
\O
N
-
-
9N\
O
—
-
Q\

rodent chow and water ad libitum and were housed with same sex littarmates in sawdust-
limad cages. Mice of both sexes were consigned to experiments at 8 to 15 wk of age

Example 2:

*.,
o

GM-OEF antagonists are effective in treating postesurgical pain

{80611 A pain mode! s used thal mimics post surgical pain to assess the efficacy of
treatment with GM-CSF antagonists.

20 Animals: . ‘
[0062] Male Sprague Dawley rats weighting betwaen 220-240 grams are acclimated fo

the animal facility for one week prior {o surgery.

Surgery:
[G063] The surgery is basaed on the procedure described in Brennan ef &/, Painy £4:493-

(93]

501, 1996. Animals are anesthetized with a 2% isoliurane in air mixture that is maintained
during surgery via & nose cone, The planter surface of the right hind paw is prepared wi_th
a povidone-jodine pad, and a 1-om central longitudingl iﬁcisian is made through skin and '
fascia, siating 0.5 cm from the edge of the heel and extending foward the toes
30 Measurements are made with a ruler with the foot held in a Hexed position. The plantaris
muscle is alevated using curved forceps and incised fongitudinelly. The muscle is incised
thwough s full depth, bebween the ongin and insertion. Sieediﬁg iy controfied throughout
surgery by pressure applied through a gauze pad. The wound is closed with two mattress
sutures (5-0 sthilon black monofilament). These sutures are knotted 5-6 times, with the
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first knot loosely tied. The wound site is swabbed with bacitracin solution. Animals are
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allowed to recover and rest in clean cages for two hours or more before behavioral testing .
began.

5 Evaluation of resting pain:
G064} A cumulative pain score is used to assess pain related to weight bearing. Animals
are placed on a plastic mesh {grid: Bmm2) In clear plastic cages that are elevated on a

~
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platform (h 18% alfowing inspection of the underside of their paws. ABer a 20 minute
acclimation pariod, weigﬁt bearing is assessed on & scale of 00 2. A score of O is given if
ﬁ} the paw is biariched-or pressed against the meshy, indicating full weight bearing. A score of
1 is given i the paw is favorad with the skin just touching the'mesﬁ, with no blanching or
indentation of the skin, A score of 2 is given if the paw is held completely off the thesh.
Flinching tha'paw is considered a 2 if the rat is still at rest, Each animal is observed for 1
minuie every & minufes for minutes. The sum of & sﬁores {0-12) oblained during 1/2-hour
15 is used fo asaess pain in the incised foot. Frequency of scores of 2 i also caleulated snd
used o assess the incidence of severe pain or total guarding of the paw by the animal
Each animal is tested 24 hours before surgery (baseling), and 2Zh, 24h, 48h, and 72h
postoperatively. The resulls of this experiment show that the cumulative resting pain score
chserved in animals treated with GM-CSF antagohists is significantly reduced compared
20 o control animals. Weight bearing is 2 good comrelate of how willing the animal is 16 use
the limb, and therefore s an effective measure of pain relief. Preferably, the GM-CSF

antagonist is an antibody specific for GM-CSF of specific for the GM-CSF receptor. Such
antibodies are injected intra peritoneat {i.p.) at various concentrations of the antibody (s.g.
1.004, O,G?', 0.02, 0.1, 0.8, and 1 mg per ki%mgfam of animal weight) at 15 hours pre-
ingision, The negetive control group receives no‘antibody but is injected Lp. with 2 saling

I
31

solution, Fentanyl at 0.01 mg/kg is imjecled Lp. as a positive control 30 minutes before
testing at 24 hours post-surgery. Each experiment iéveives 8 animals (n=8 per group} for
sach congition, and the conirol group -has 56 animals, Surgery is performed and a
cumulative pain score is measured as described above, Resting pain is evaluated twenty-

30 four hours affer the surgsry.

{1863] CM-CSF  anfagonists significantly reduce resting pain afler surgery when
administered at 0.02 mg/kg to 1 myfkg dosage.
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[0686] In another experimgn‘t} the efficacy of Gi‘\ﬁ»@SF antagonists in reducing post-
surgical pain when administered post‘suraicaify is tested. GM-CBF specific or GM-C8F
recwmor spemﬁc antibodies are injected intravenously {.v.) two hours after surgery. The
control group recelves no antibody bul was m;act&d Ly, with a saline aaiui’mn Surgery is
pesformed and resting pg_m expressed as a cumulative pain-score is assessed 24 hours
after surgery. Treatment with GM-CSF antagonist significantly reduces reétinc; pain at
twenty-four hours after incision when the antzbody I8 admmistered 2 hours post- mczsxon
These results dﬁmonsiraied that GM-CSF antagonist effectively atiemated post- urg;cax ‘
pain when administersd aﬁpr sirgary.

EBvaluation of thermel hvperaigesia: A »
[0867} Thermal hyperalgesia is assessed by the rat planter test (Ugoe Basile, Raly)
following & modified method of Hargreaves el ol (1988). Rats are habituated ko the
apparatus that consisted of four individual plexiglass boxes on an glavated glass table. A
mobile radiant heal scurss Is focatsd under ths table and focused onto the hind Daw.
While the animal is still, but not sleeping, the bution on the controt box Is depressed, the
radiant heat source comes on and the time taken for the animal to withdraw from the heat
source iz automatically rercor_ded\ This paw withdrawal Iatency (FOOL) is detected by &
light detector embeddad in the radiant heat source that senses the moverment of the rat
paw by a change in reflectance of the radiant source, Paw Withdrawal Latencies (FWL), in
seconds, were recarded: Thme is an automatic cut-off point of 225 s to prevem fissus
damage, PWL are taken three to four times for both hmd paws of gach animal, the mean -
* of which represent base fines for right and left hind paws. The resulls afe presented as the
ratio of score measured inthe right paw (sile of sturgery) and the left paw. The apparatus
s calibrated once (at the beginning 6? fhe study) and set to intensity of 40 ko givé a normat
PWL of approximately & seconds. Each -animal is lesiad 24 houwrs before surgery
{baseline), and 3b, 24h, 48h, and 72h posioperatively, Thermal hyperalgesia
measurements are tai-ién after tactie allodynia measursments. The results demonsirated

- that ireatment with GM-CSF antagonists significantly reduced post-surgical thermal

hyperalgesia.
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- Example 3:
- GM-CSF antagonists are effective in treating bone cancer pain

- {0868] GM-CSF éntaganists, such as GM-CSF specific antibodies or GM-CSF receptor
specific antibodies are sffective in freating cancer pain associated with bone metastasis,

[B06%] We use a murine bone cancer pain model to assess the efficacy of freatment with
GM-CSF antagonists. This muring model” of fboﬁe cancer pain is developed by
intramedullary mgecisan of osteolytic sarcoma cells into the mouse femur and the neadie
hole is then filled with dental amaigam to confine the tumor to bone {(see Schwe; &l al Wk
Negroscience 19:10886-10887, 1898 and fuger ef al, Pain 99:397-405, 2002)
Egperiments are performed on adull male C3HHed mice. On day 0, an arthrotomy is
performed following industion of general anesthesia with sadium pentobarbital {50 mgikg,
intraperioneal (Lp.}). A neadiz is insarted info the medullary canal to create a pathway for
the sarcoma cells. A depression is then made using & prsumatic dental high spead
handpiece. in addition to naive animals {n = 5}, sham animals {n = b} are generated with
an injection of & minimum essential media (20 pl, Sigma, 8t Louis, MO} into the
intrameduliary space of the femur (designated sham) wheteas sarcoma animals (0 = § for
each condition tested} are injected with media containing 108 2472 ostsoltic sarcoma
cells (designated sarcoma or sarg} (20 pl, ATCC, Rockyille, MD}. For all animals, the
injection site is seslsd with a derntal amalgam piulg to confine the cells or injected media
within the intramedullary canal and followed by irrigation with sterile water (hypotonic
solution), Finglly, incision closure is achieved with wound clips. Clips are removed at day
5 so as not to interfere with behavioral testing. A second group of sarcoma»in}ected
animals is treated with GM-C3F specific or GM-CSF feceptor specific antibodies {g.0.10
markg, Loy ondays 8and 130 | ‘

Behavioral analysis!

{8078] Animals are tested for pain- related behaviors on day 10 and day 14 post-tumor

implantation, Animals are behaviorally tested using the following tesis: ongoihg pain

{sportaneous guarding and flinching), ambulatory 'pain {imb use and mtared), and

movement-gvoked pain (palpation-evoked guarding and palpation-avoked ﬂinc;hing’x.'

Animals are placed in g clear plastic observation box with a wire mesh fleor and are
allowed 1o habtuate for & period of 30 min. Afler auchmaﬁmn spontaneous guardmg,
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spontansous flinching, limb use during normal ambutation in an open field, and gusrding
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during forced ambulation is assessed. Palpation-induced ‘guarding and flinching are -
measured after the 2 min petiod of normally non-noxious palpation of the distal femur in
sarcoma- and sham-injected animats,

B S 1!

[8071] The number of spontaneocus fiinches and time to spent guarding, Tepresentative of
nociceptive behavior, are recorded simultaneously during a 2-min observation perior.
Guarding is defined as the fime the ‘hindpaw is held alofl while amb:uiatory and finches

~
\O
N
-
-
9N\
O
—
-
Q\

are the number of times the animal held the limb alofl. Normal fimb use during
10 -spontanecus ambulation is scored on a8 scale of 5 to O (5} normal use, and (0} complels
tack of limb use. '

{3072] Forced ambulatory guarding is determined using a rotarod (Columbus Instruments,
Columbus, OH), The rotated machine has a revolving rod and is eguipped with speed,

-
5%

anceleration, and seﬁséi‘ivit‘g sontrols, The animals are piaced on the rod with X4 speed.
8.0 acceleration, and 2.5 sensitivity. Forced ambulatory guarding is rated on a scale of &~
0: {5} normal use, and {0) complets lack of use. After a normally non-noxious palpation of
the distal femur in animals every second for 2 min, the animals are placed in the
ohservation box and their palpation-induced guarding and palpation- induced fiinching is
30 measured for an additional 2 min. '

Treatment with GM-CSF ardagoniafs;
{8873} On day 6 and day 13, sarccma;in}ected animals are intraperfoneally {(.p.) injected
" with GM-CBF antagonists, such as an anti-GM-CSF or an ant-GM-CSF receptor antibody
28 {n=5), or sarcoma- and sham-injected animals wefe injectsd (Lp.) with saline {(n = § for

each condition). All animals are behaviorally analyzed on days 10 and 14,

Evaluation of mgeiﬁg pain behaviors:

{0074} Sarcoma-injected animals (administered with  saline) develop statistically
30 significant c\ngoiég pain bhehaviors, as assessed by spontaneous guarding and

spontaneous, as compared 1o sham injected animals {administered with saline).

{875} Administration of GM-CSF antagonists significantly reduce sportanecus guarding
and spontansous finching in sarcoma-injecied mice on day 10 and day 14 post- sarcoma
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implantation as compared 10 adminisfration of saling to sarcoma- injected mice. These
resulls indicate that GM-CSF aniagonists reduce ongeing pain in sarcoma-injected mice.

Evalustion of ambulator pain behaviors:

{0876] Sarcoma-injected animals (administered with séii’ne} develop ambulatory pain
behavio}é as assessed by limb use and forced ambulation guarding {roia%oti), as
compared o sham-injected animals fadmini&teréd with saline). Administration of GM-CSF
antagorisis éigniﬁcantiy increases imb use score and forced ambulatory guarding score
in sarcoma-injected mice on day 10 ~and day 14 post-sarcoma implantation, as compared
to administration of saline {o sarcoma-injecied mice. Thesa resulls indicate that GM-CSF
antagoenists reduce ambulatory pain in sarcoma- injected mice.

Evaiuation of touch-evoked pain behaviors:

{0077] Sarcoma injected animals (administered with saline) develop touch-evoked pain
behaviors as assessad by palpation-induced guarding and palpation-induced flinching, as
compared to sham-injected animals (administered with saline). Administration of GM-USF
antagonists  significantly reduces paipatidn—inducm guarding and palpation-induced
flinching in sarcoma-injected mice on day 10 and day 14 post-sarcoma implantation as |
compared o adminisiration of saline to sarcoma-injscted mice. These resulls indicate that
SM-CSF antagonists reduce touch-gvoked pain in sarcoma-injected mice.

Example & | ‘
Analgesic effects of GM-CSF antagonists

[6078] The analgesic effects ofr GM-CSF antagonists in'compiete Freund's adjuvamn
(CFANinduced chronic arhritis in rats is investigated using the vocalization test, in
comparison with indomeathacing used as refergnce substance,

{80791 Fity (Sef}} male Lewis rats (LEWIS LEW / Crl loo} weighing 150 g to 220 g at the
beginning of the experimental phase are included in this study. All animals are kept for at
least § days before the experiment, and are housed in-a femperature (18.5-24.8 °C),
refative humidity (45-85 %) and 12-h lght'dark cycle controlled room with ad lbitum
acoass o fillered tap-water and standard pelieted laboratory chow throughout the stuc:y

Animals are mdw=c§uai§y ideriified on the fail.
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{0688] On day 0 (D0), arthriis Is induced in rats by intradermal injection into the tail of
0.05 mi of a Mycobacterium _buiyricunﬁ suspension iy mineral ol (10 mg/mi). On day 14
(D14}, arthrilic rats are Included in the study according {o their abilify ié vacaghze upon
gentle fiexion oi the hindpaw and by thair arthritis index, evaluated using an inflammation |
score for each hind and forepaw (see Kuzuna ef al, Chem. FPharm. Bull. {Tokyo) 23:1184-
1191, 1975 and Pearson of &, Arthritls Rheumn. 2:440-459, 1559).

{ﬁ&&i} Animala are scored based on the following criferia; Score §; normat aspect; Scors
1 erythema; Score 2; erylhema with slight-edema; Score 30 strong inflammation without
ankylosis; Score 4: ankylosis. Only animafs able fo vocalize upon gentle flexion and
presenting a score of 2 or 3 are included in the smdy.

{0082} Four-groups of 10 rats each are included in the study. For group 1 {vehicle}, on
day 14 (D14), afier sslection, rats are intravencusly administered by vehicia (saling). On
day 18 {318}, the nociceptive intensily is evaluated by gentle Bexion of the hindpaw and
the intensity of the level of vocalization is recorded for sach animal. For group 2 {4 days),
on D 14, after selection, rals are intravenously administered GM-CSF-spacific srtibody.
Qn day 18 (D18), the nec%geptive iniéns‘ity is evaluagted by gentle flexion of the hindpaw
‘and the intensity of the level of vocalization is recorded for each arimal. For group 3 (34
hours), on day 17 after injection of CFA, rals are inlravenously administered GM-CSF-
specific antibady or GM-CSF receptor-spacific antibody. The noci‘x:af:»ﬁve intensily is
evaiuated by gentle flexion of the hindpaw 24 houré later, and the intensity of the level of
vocalization s recorded for sach animal. For group 4 {(indomethacin), on day 18 {018}, the
nocicaptive intensity is evaluated by gentle flexion of the hindpaw one hour after orai
adrministration of indomethasin {’“z{; mglkg) The intensity of the {eval of vocalization is also
recorded for éach aninal. The test substances are administersd in a blind and ra;ndom
manner by infravenous route under a volume of 5 mikg, whereas indomsthacin was
acfmi:ﬁstereé by oral route under a volume of 10 mlkg.

[B083] GM-CEF antagonists show an significant anslgesic sffects. Statigtical significance
between the treated groups snd the vehidle group are determined with a Dunfeit's test
using the residual wvadence sfler @ oneway analysis of | variance,
GM-CSF-spacific antibody and GM-CSF receptor-specific antibody significantly reduces
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pain in a rat model of rheumatoid arthritis 24 hours or 4 days after a single administration
of the antibody. '

Example &:
GM-CSF aniagonists are effective in treating ostecarthritic pain

{0084] In this experiment we used a monoclonal antibody specific for GM-CSF o
demonstrate that a GM-CSF antagonist can be gffective to treat osteoarthritic pain.

.Collagen-induced OA mouse model : o

[OORS] C578BL/6 mice were given 1 unit of collagenase type VI intra-articularly. info the
right knes on days Q arid 2 to inﬁ{zce joint inatability {see Blon ot al. {2004) Osteoarthritis
Cartilage. 12; 627-35). |

Anti-GM-CSF antibody fregiment:

{0086] 20 mice were randomiy divided Into 2 groups (10 micsfgroup).
Group 1 (n = 10}. ant-GM-CSF antibody (2288)
Groug 2 (h = 10}, lgG2a isotype conirol antibody.

[BOBT] Mice were treated intraperitoneally, iﬁree times per weelk for B weeks with 250
pafmousefreatment anti-GM-CSF antibody (22E9) or 1gG2a iso.piype controt antibody.

Treatment staried 4 days before the induction of OA {prophylactic}, 1.e. mice were treatad :
on day -4, day -2, day ¢ {the day of the first collagenase injection), then 3 times per week
urtil the end of the experiment at 6 weeks)., Af weeks 2, 4 and 8, mice were bled., Both,
the conirot antibedy and the anti-GM-CSF antibady were purified to contain less than 10

Endotoxin Uditsfmi.

{0088] The antibody 22EQ was used as an exemplary ant#GMf{ISF antibody. 22E8,
which i "of 1gG2a. isotype, is a rat antibmouse GM-CBF-specific antibody, 22E9 was
purchased from AbD Serotec (Martinsried, Germany; CatMo. 1023501). Alternative
supphers sxist, 8.g. sBiosclence (SanDiego, CA, USA, Oat. No. 14-7331).
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Histology: .

[0089] 8- weeks post final in}ectioﬁs,, his‘m!ﬁgy was performed on the mice knee joints.
The knee jsinfs were collected, fixed, de-calcified, embedded in paraffiin and cut at 7um
with a micratome. Slides were stained with Safranin-O/Fast Grean and Haematoxylin and -
Fosin to d’eménstraie*jaint pathology. Pa‘thbingy investigated included: cartilage damags,
synovitis, osteophyte formatich and joint deformation. '

[0090] The scoring systerm used for cartilage pathology was as follows:

Grade
G Normal
1 frreguiar but intact

15 irregular with rough surface

2 Superficial fibrifiation '

2.5 Superﬁciai fibrillation with reduced cells in cartilage laver
N Verfical fissuras

3.5  Branching and/or horizonial Hssufes, woemark repures

4 Cartilage loss not extending to the tide mark
45  Cartilage loss extending to the tide mark
5 Cartilage loss beyond the tide mark bui not extﬁﬂémg to the bone
55 Cartilage loss extending to the bons
&  Bone lossiremodeling/deformation
Stage
¥ <10% area damaged
2 10-25% area damaged
-3 25-50% arsa damaged
4 50-75% area damaged

{80911 The grade was muitipéiedby the stage to give thé score,

{0052] This scoring system s based on & recognized metbod fo assess OA
histopathology in clinical and experimental OA. See Pritzker et al. (2008} Qsteocarthritis
Cartifage; 14, 13-28. Grade i3 defined as OA d&;}t& progression into cartilage. Stage i
defined as the horizontal extent of cantiiéga involvement, i.e. how much of the cartifage is
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34
affected, Grade is multiplied by the stage to give the score to give an overall scare, 30 as
to represent a combined assessment of QA severity and extent. Up to six sections are
scored per mouse, '

[0093] Grade was multiplied by the stage to give the score.

{0094} The foliowing scoring system was used for synovitis {Synovial layer scoring

sysiem}
G - No changes compared to normal joints
Thickening of the synovial lining and some influx of inflammatory cells
2 Thickening of the synovial lining and intermediate influx of inflammatory
cells ‘ .
3 Profound thickening of the synovial lining and maximal gbserved influx of
inflammatory cells '
Pain measurernents:

[0095] An indicator of pain used for OA models Is differential distribution of weight
measured using an incapacitance Meter. This instrument measures changes in weight
distribution betwsen the operated and contralateral, unoperated hind fimb. Mice were R
afiowed to acclimatize to the equipment on three occaéiuns prior 16 the expérimeni.
Weight placed on each hind limb was measured over a § second period. Three separate
measurements taken per mouse for each time point then averaged. Measurements were
performed 2 times per week throughout the experiment. Resuls are exrzressed'aﬁ

coliagenase injectad imbfeorntrol limb x 100.

Results: ,

{0096} For all arsas analyzed in histé!ogy {except the Medial Femur), i.e. the Lateral
Femur, the Lateral Tibia, and the Medial Tibia, there was a clear trend fowards less
dizease in mice treated with ant-GM-CSF ‘antibcdy. Results are dépészted inFigure 1.

[0097] Assessment of the weight disiribution, 88 & measure of pain asscclated with the
arthritis, showad 2 significant shift in welght away from the anhritic knee from day &7
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o0 onwards in the anti-GM-CSF mAb-treated group compared to the confrol mAb-treated
— group. Results are depicted in Figure 2.

S §€§{§§3}‘ Mice traated with 2 GM-CSF antagonist showed isss disease as compared to mice
g .5 treated with the control antibody. -Mice treated with the GM-CSF antagonist alse ghawéd
8 significantly less pain in the lafter stages of disease cqmpés'ed to mice treated with the
\O confrel antibody. Mice treated with ‘the isotype conirol antibody  showed significant
— : . .

o increased signs of ostecarthritis as compared to the mice which received the GM-CSF- -
@\ ' '

spacific afzfibcdy. This demonstrates that GM-CSF antagonists are effective in the |
10 treatment of osteoarthritic pain. '

Example &;
GM-CSF anfagcmsts are effective in trealing mﬂammamry pam / mBEA modef

Y
(@21

{5%99} The following experimen{ demonsirates that GM-CSF antagonists ave also

gffective in the treatmeant of inflammatory pain. To-do so, mBSAAL-1 monoarticular
arthritis was induced in GM-0SF knock-but mice and in control mice. Fain was assessed
with or without adrinistration of indomethacin, & pain relieving substancs, af various time
points using an incapacitance tester.

28

Mice

{3108} 24 male C57BL/C mice a'}d 24 male GMCSF ~f- miice {see Exampie 1) were used

int four reatment groups: '

25 Group 1. GM-CSF KC* {n = 12); methylated 8SAAL-%
Group 2. GM-CSF KO {n = 13 methylated mBSANL-1 + indometharin
Group 3: CE7BL/G wildtype (n = 12): methylated BSA/L-1
Gfoup 4 uﬁ?EJb wildiype (n= 12} methylated BSAAL-1 + mdcmetmcm

30 induction of monoarticular arthritis
‘ [8161] Monoarticular arthritis was inducsd by intraarticular injection of 10 wl of MBSA (20
mgfmi) in aaling hﬁte the knee joint and 10 gl of saling inlo the contralateral knse joint. 20
1! a‘ iL-18 (250 ng) was subcutaneously administerad dally for 3 days. A response
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_2 , ~ , , ;
o0 typically develops between days 4 and 7 after injection of mBSA and resolves by day 28.
— Incapacitance was tested ondays 2, 3, 4, Sand 7.

S {0102} Indomethacin (Sigma) is a non-sterpidal anti-inflammatory drug commonly used fo
g 5 reduce fever, pain, stifiness, and swelling. 1t works by inhibiting the production of
8 ;érosiagtandins. 'imgii(g ip. indomethacin was administered to groups 2 and 4 one hour
O before pain was assessad Using a capacitance meter.

— . '

-

@\

Read out for pain

10 [0163] An Incapacitance Tester (Dual Weight Avsrégar} was used fo automatically and
‘repmducibiy éssess the anaigesic potency by measurihg the weight distribution on the two
hind paws. The force exerted by each fimb {measured in grams) is averaged over a user
selectable perfod thus indicating any tendency for the animal {o shift its weight from one
gide fo another, hence providing & quantitative measurement of iﬁcapaaitana&. "
[@184] Weight placed on éac-h hind limb was measured over 3 § second period. 3
separate measurements taken per mouss for sach time point then avaraged. Resulis are
expressed as injected limbloontrol fimb x 100 Thus a value of 100 means that equsl
waight is being placed on the right and the left imb. A value below 100 means less welght

20 iz being placed on the injected limb (lefl} comparsd with the control fimb {right).

Resulis

{ﬁi@:‘ﬁ This modet iriduces synovifis in the knee joint via the injection of mBSA. Atday 7,
the imée foénts were examined visuslly and given a score from 0 (notmal) to 3 (severely
25  inflamed) (Figurs 3), The iéﬁ knee, which was injected with mBSA, was significantly more-
inflamed compared with the right knee (Injected with saline} (p>0.001 for C57 mice and
p=0.02 for GM:CSF-4 mics) (Figure 3). in fact, all right knees, which were injected with-
saling, received a score of 0. There was no significant differences between mice freated

with indomethacin and those not for either strain.

{0106] C57BUS mice showad significantly more pain (as measured by a shift in weight
away fram the mBBA-injected kneel compared fo GM-CSF<- mice whan mBSAAL-1
monoarticular arthriis was induced (Figure 4}, This was significant from day 4 onwards.
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0 {6107} C57BLAE mice treated with indomethacin showed significantly less pain compared
— with those mice not trealed with indcm&_thacin fo!iéwing. mBBAAL-T monoarticular arthritis

induction (Figure 4), such that the readings were similar to GM-CSF-- mice. As GM-CSF-

S I~ did not exhibit pain, indomethacin treatment had no effect. ‘
'~ 5 '
8 {6108] The significance levels are as follows!

5‘ CH7BL/6 mice: indomethacin treated vs. untreated group {Giroup 4 vs. Group 3
@\ day 4 p<0.0001; day &, p<0.001; day 7, p=0.007

10 ' ‘ |

GM-CaF-/~ mice vs. C5TBL/S mice (Group 1 vs, Group 3‘}':
day 4, p<0.0001; day §, p<0.0001, day 7, p=0.022

[0189] These resulls indicate that C57BL/6 mice develop significant pain from: day 4
15 onwards it a mBSAJL-T mono‘art-icuiar arthrifis model, whereas GM-CSF-/- mice do not "
show any significant signs of pain. Antagonists of G%CSF are therefore highly eifective i
the treatment of inflammatory pain.

~ Example 7
.20 GM-CSF antagonisis are effective in freating inflammatory pain / CFA model

{0118 The following experiment is an additional experiment demonstrating the

effectivengss of GM-CSF antagonists in the treatment of inflammatory pain. Hers,
inflammatory pain was induced with Complete Freund's Adjuvant. As in Experiment §,
pain was assessed with or without administration of indomethacin, a pain relieving

Tu
o

substance, st varicus fime points Using an incapacitance meter,

Mice
[0111] 12 male CS7BL/B mice and 12 male GM-CSF /- mice (see Example 1) were used
30 ineach of the three ireatment growps: /

Group 1. COTBLAG wildtype (n = 12} CFA .
Group 2. CE7BUS wildiype (n = 12). CFA + indomethacin

Group 3 GM-CSF KO (n=12) CFA
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Indaction of inflammatory pain , .
{0112} Complete Freund's Adjuvant (CFA) (Sigma) | containg  the ﬁeat*kifled
Mycobactedun uberculosis strain, H37Ra, in minerat oif at a concentration of 1 mg/mi.
- CFA was n"i_ix‘ed thoroughly by vortexing to ensure that the heatvkiiiécﬁ bacteria are
_incorporated in the fsuspehsion {Kamala T (Hock immunization: a humane alternative to
mouse footpad injections. J lmmunc! Methods 328:204-214,2007). Immediately after
vortexing, the adjuvant was drawn into a glass syringe using a 18-gauge nesdle. Bubbles
were carslully eliminated from the syringe and the nesdle waé ramoved, Each mouss was
injected subculansously in the feft hind paw {footpad) with 2{)u§ of the CF& emulsion.
Tmglkg Lp. indemethacin {see Experiment &} was administered té mics of Group 2, one
hour before pain assessment, ' |

Read ouf for pain .

[B113] As in Experiment § an Incapasitance Tester (Dual Weight Averager) was used for
the automatic and reproducible sssessmént of analgssic polency by measuring the weight
distribution oﬁ the two hind paws. Weight placed onreach hind imb was measured over a
5 second perind. 3 separgte measurements were taken per mouse for sach fime paint
then averaged. Resulls are expressed as injected limbicontrol imb x 100. Thus a value of
100 means that equal weight is being plased on the rght and the lefl imb. A value below
100 means lass weight is being placed on the injected fimb (left) compared with the
coptrol imb {right). Incapacifance was tested after 24, 48 and 72 h hours post injection of
CFA.

Resulis

[6114] Following s.¢. injection of CFA into the left foolpad, mice developed swelling of the
loft footpad, which was s;‘%néiar in-magnitude in C57BLAE (Group 1} and GM-CSF-- mice
{Group 3). CE7BLE mice treated with indomethacin (Group 2) also showed no difference
in the degree of swelling (see Figure B). There was no swelling of the contrafaters! (right)
foot in any of the groups. '

{8115} Assessment of weight distibution, s @ measure of pain, showad that C57BLS

mice developed pain over time which was signiﬁcan{iy graater than in GM-CBF /- mice &t
48 {p= 0.03) and 72 (p=0.0008) héurs post CFA injection (Figure 8). Strikingly GM-Q8F-- .
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mice did not develop any pain. Treatment of CE7BL/E mice with indomethacin alleviated

the pain such that the readings were no different to those for GM-CSF—KL mice {Figure 6),

At 72 hrs post TFA injection C57BL/G mice treated with indémethacin had significantly
_- less pain than CS78BLEG mk:é not treat_ed with indomethacin (p=0,08),

{0116} Summary of signiﬁcancé' fevels:

48 hrs: :
Group 3 ve. Group 1 ~ p=0.03,
Group 2 vs. Group 1 - p=0.08,

72 ﬁrs: _
Grours 3 vs, Group 1 - p=0.0008,
Group 2'vs. Group 1 - p=0.05,

{6117] The degres of swelling of the foolpad following CFA injection was no differsnt in
GM-CSF-/- mice compared with C578BL/S mice, Furthermors, indomsthacin traatment of
C57BLE mice had no effect on swelling, which s fikely due to the fact that it was only
given gne hour prior fo the inca‘pac,iéanae readings. Thus the majority of swelling had
already occurred before the first indomethaciy injection was given at 24 hours.

[0118] In contrast, following CFA injection, CE7BL/G mice developed significant pain
which was reduced byindomethacin‘ GM-CSF-/- mice, on ’(ﬁa other hand, did not show
aﬁy signs of pain. Hence these experiments strikingly show that although the footpads of
alf mige are inflamed faliawingj CFA injection, GM*CSF <+ mige do not show any signs: of

pain.
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A Example 8: .
Therapeutic effectiveness of a GM-CSF specific antibody éemprising SEQIDNOs. 1
: or?

{0119] Examipies 2-7 are repeated, whereby as GM--CSF'ariiagmis; a GM-CSF specim
antibody comprising an amine acid sequence q;f a heavy chain varialde region as depicted |
I SEQID Noot or campriéing an amino acid sequence of & light chain varable region as
depicted In SEQ 1D No.:2 is used, Another species than mouse may be used, in particular
& spacies to which the antibody used in this experirﬁént is cross reactive, Preferably the

aninal specias tsed in this experiment is rat.

{3128} The animals reated with the control antibody shows significant increased signs of
nain as compared tb the animals which received a GM-CBF specific antibody comprising
an amino adid sequence of & heavy chain variable region as depicled in SEQ (D No. T or
comprising an amino ackl sequence of 3 fight chain variable region as depiciad in SEQ 0
No.:2, This demonstrates the effectiveness of the antibodies in the treatment of pain.

Example &
Therapeutic effectiveness of @ GM-CSF specific antibody comprising SEQ 1D NQOs. 3
ord

{8121} Examples 2-7 are repeated. As GM-CSF antagonist, & GM-CSF specific antibody
comprising an aming acid sequence of a heavy chain variable r'egidn as depicted in SEQ
{0 NO3 or comprising an amino acld sequence of a light chain variable region as
depicted in SEQ 1D NO4 is used. Another species than mouse may be used, in particular
a species to which the antibody used in this experiment is cross reactive. Freferably the

animal species used in this experiment is rat.

{0122] The animals, 8.g. rat, treated with the confrol antibody show significant increased
signs of pain as comparad to the animals which recelved a GM-CSF specific antibody
comprising an amino ackd sequence of g heavy chain varable region as depicted in SEQ
D NO:3 or comprising an amino acid sequence of a iig‘ht\ chain varigble region a8
dapicted in SEQ 1D N4, This demonstrates the eﬁectivénass of the antibodies in the

treatment of pain.
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Example 10

Therapeutic sffectiveness of a GM-CSF specific antibodies comprising SEQ 1D NUs. |
" 520

[8123] Examplag 2-7.are ‘repeiated. Az GM-CSF antagonist, a GM~CSFiSpe~GiﬁC antibody
cornprising a H-CDR3 ssquence selected from any one of SEQ 1D NOs 5418 is used.
F‘referabiy, said antibodiss additionally comprise the H-CDR1 sequance of SEQ {D NO.
18, andfor the H-COR2 sequence of SEQ 1D NO. 18, érid!of the L-CDR1 sequei‘sc& of SEQ
101D MO8, andior the L-CDR2 sequencs of SEQ 1D-NQ.20), andfor the L-CDR3 ssquence
of SEQ D -NQ.21. Ancther s;:xéc:ies than mouse méy be used, in pa:ﬁcuiar_ a speéies fo
which the antibudy used in this experiment is cross reactive. Preferably the animal

2016200267

species used in this experiment is rall’

&

{1244 The ammals, a.g. ral, reated with the control antibody show sighificant increased
signs of pain as compared to the gnimals which received a GM-CSF spscific antibody
according to the present example. This demonstrates the effectiveness of the antibodies

in the treatment of pain,

20 © Exampie 11:
- Therapeutic effectiveness of a GM-CSF specific antibodies comprising SEQ i3 NOs,
..... | 2126 . |

. {0125} Examples 2-7 are repedted. As GM-CSF antagonist, 8 GM-CSF specific antibody

35  comprising the L-ODRY sequencs of SEQ 1D NQ.22, andior the L-CDR2 sequence of
SEQ D NGL.23, andfor the L-CDR3 sequence of SEQ 1D NC:24, andior the H-CDR1 .

sequence of SEQ 1D NO25, andlor the H-CDR2 sequence of BEQ 1D NQ:28, andfor the

H-CDR3 sequence of SEQ 1D NO:27 is used. Preferably said antibody comprise all the

CRDs of SEQ 1D NOs.22-28. Another species than mouse may be used, in pariicular a

30 species fo which the antibody used in this experiment is cross reactive. Freferably the

animal species ussd in this experimantisral. .

{8126} The animals, a.g. rat, {reated with the control antibody show significant increased

signs of pain as comparad {o the animals which received 1 GM-C8F spadific antibody
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according to the present example. This demonstrates the effectiveness of the antibodies

in the treatment of pain.

Example 12:
Therapeulic effectiveness of antibodies specific for the GM-CSF receptor

{0127] Examples 2-7 ate repeated. As GM-CSF antagonist, a GM-CSF receptor specific
antibody comprising an amino acid sequence of a H-CDR3 sequence depicted in any one
of SEQ 1D NO's.:28-46 is used. Another species than mouse may be used, in particular a
species to which the antibody used in this experiment is cross reactive. Preferably the

animal species used in this experiment is rat.

[0128] The animals, e.g. rat, treated with the control antibody show significant increased
signs of pain as compared to the animals which received a GM-CSF receptor specific
antibody according fo the present example. This demonstrates the effectiveness of the
antibodies in the treatment of pain.

[01298] Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. it is o
be understood that the invention includes all such varigtions and modifications. The
invention also includes all of the steps, features, compositions and compounds referred o
or indicated in this specification, individually or collectively, and any and all combinations
of any two or more of said steps or features. '

{#138] Threughout this specification, unless the context requires otherwise, the word
"comprise”, or variations such as "comprises” or "comprising”, will be understood to imply
the inclusion of a stated element or integer or method step or group of elements or
integers or method steps but not the exclusion of any other element or integer or method
steps or group of elements or integers ormethod steps.

[3131] 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,
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CLAIMS:

1. An antagonist of GM-CSF when used in the treatment of pain, said antagonist 1s an

antibody specific for GM-CSF or an antibody specific for the GM-CSF receptor.

2. The antagonist of GM-CSF gecording to Claim 1, wherein the subject 1s a human.

3. The antagonist of GM-CSF according to Claim 1 or 2, wherein said pain i5 post-

surgical pam,

4, The antagonist of GM-CSF according to Claim 1 or 2, wherein said pain is bone cancer
pain.
5. The antagonist of GM-CSF according to Claim 1 or 2, wherein said pain is theumatoid

arthritic pain.

6. The antagonist of GM-CSF according to Claim 1 or 2, wherein said pain is

osteoarthritic pain.

7. The antagonist of GM-CSF according to Claim 1 or 2, wherein said pain 18

mnflammatory pain.

8. The antagonist of GM-CSF according to any of Claims 1 to 7, wherein said antagonist

is an antibody specific for the GM-CSF receptor,

9, The antagonist of GM-CSF according to any of Claims 1 to 7, herein said antagonist is

an antibody specific tor GM-CSF,

10, The antagonist of GM-CSF according to Claim 9, wherein the antibody comprises a
heavy chain variable region which is at least 93% homologous to the aminoe acid sequence of

SEQ D NO:3, and a light chain variable region which is at least 95% homologous to the

amino acid sequence of SEQ ID NO:4.
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11.  The antagonist of GM-CSF according to Claim 9 or 10, wherein the antibody
comprises the heavy chain variable region amino acid sequence of SEQ 1D NO:3, and the light

chain variable region amino acid sequence of SEQ 1D NO:4.

12, The antagonist of GM-CSF according to Claim 9, wherein the antibedy binds to the
same epttope as an antibody comprising the heavy chain variable region amine acid sequence

of SEQ ID WO:3, and the light chain variable region amino acid sequence of SEQ ID NO:4.

13, Acomposition comprising a GM-CSF antagonist when used in the treatiment of pain in
a subject, wherein the antagonist is an antibody specific for GM-CSF conprising a heavy
chain variable region which is at least 90% homologous to the aminoe acid sequence of SEQ ID
NO:3, and g light chain variable region which is at least 90% homologous to the amino acid
sequence of SEQ 1D NO:4, and wherein said pain is selected from the greup consisting of
bone cancer pain, osteoarthritic pain, rheumatoid arthritic pain, inflammatory pain and post-
surgical pain, and wherein said composition further comprises one or more pharmaceutically

acceptable carriers and/or diluents.

g to Claim 13, wherein the antibody comprises a heavy chain

g

14, The compogition accordin
variable region which is at least 95% homologous fo the anuno acid sequence of SEQ ID
NO:3, and a hight chain variable region which is at least 95% homologous to the amino acid

sequetice of SEQ ID NOH.

15.  The composition according to Claim 13, wherein the antibody comprises the heavy

chain variable region amino acid sequence of SEQ ID NO:3, and the light chain variable

region amino acid sequence of SEQ 1D NG:4,
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Sar Leu Arg Leu S8r €ys Ala Ala Ser §ly The Thr Phe Sey Ser Tyr
20 25 30
Trp Met Asn Tryp Val Arg Gin Ala Pro Gly Lys Giy Lew Glu Trp Val
35 40 45
Ser Giy Ile Glu Asn Lys Tyx Ala Gly Gly Ala Thr Tyr Tyr Ala Ala
50 55 &0
8er Val Lys Gly Arg Fhe Thr Lle Ser Arg Asp Ast Ser Lys Asn Thr
&85 76 75 g0

Len Tyr Leu Glo Met Asn Ser Leu Arg Ala Glu Asp Thy Ala Val Tyr
35 1 G5
Tyr Cys Ala Arg Gly Phe Gly Thr Asp Phe Tzp Gly Glw Gy Thy Len
100 105 130

3

o
ey
O

Val Thr

<Z10>» 4

<21%1> 105

€212> PRT

<213» artificial

<22%» amino acid seguencs of light chain varishble regicn

Asp Ile Glu Leuw Thry Gln Pro Pre dex Val Ser Val Ala Pro Gly Glm
1 5 1¢ 15
Thr Ala Arg lle 3er Ser Gly Asp Ser Tle Gly Lys Lys Tyr Ala
N o o
z0 25 20

Tyr Trp Tyr Gln Glan Lys Pro Gly Gln Ala Pro Val Lew Val Ile Tyx
38 49 4%
Lys Lys Arxg Pro Ser Gly ILla Pro Giu Arg Phe Ser Gly Ser Asn Sar
%0 555) &0
Gly Asn Thr Ala Thy Leu Thr Ile Ber Gly Thyr &in Ala Gilu Asp Glu
65 10 5 80
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Ala Asp Tyr Tyr Cvs Ser Ala Trp

85 40

Gly Thr Lys Len Tl
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ey

210> 5

<2113 10

<212> PBRY

<213» arvificial

€220

<223  aming acid sequence of Homo

£2103 €

<211> 14

<212» PRT

213> artificial

Leu Ser Pro
10

<211 10
FRT
artificisl

e

<4AGO>

Thy Se¥ Leu
1

Mat Ser
5

O

£213> arvificial
<220%
<223%» amine acld seguence of Homo 3

Gly Lys G

e
4]

sapiens

Me
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joe)
o3l

CBR

CDR
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Fa T I
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(H~CDR3)
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(H=UDR3)
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10

PRT
artificial

amine acid seguence of Home sapiens TDR3

10

11

10

FRT
artificial

amine acid seguence of Homo sapiens CUR3I
11
Lew Ile Phe Asp Lys Leu Thr Ser

5 10
12
10
PRT
srtificial
amine acid seguence of Home saplen SCDR3
12

Ile Asp Leu His Phe Asp Thr
5 10
~ NV

{H-CLR3)

{H=~=CDR3}
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223> amino acid sequence of Homo sapilen sCDR3 (H-CDR3)

<210% 1
L2131 g
LR RT

e
5]

roificial

aminge acid sadguerce of Home saplens €DRY (BH~CDR3)

(H=CDRF)

Ser Gly Leu Ile Ala Val Tyy Phe Asp Tyry
=
=

2
23> amino acld segquenge of Hesvy CDRI {H~CDRL}
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<4 00>
Trp Lian
Gly
<210
211>
L2VZ>
<213
220>

C RS

L4003

Ary Ala
1

<2303
211>
212>

<2133

<220=

L2233

<4 G0

5
flt
g\

o

artificial

aming acid segu

Asn Pro Tyr Ser Gly Asp Thr Asn Tyr Ala: Gln Lys Phe Gin
5 10 15

aming aci

d ssquence of light CDRYT {L-CDR1j

Ser Gln Asn Ile Arg Asn Ile Leu Asn
5 10

FOowd N

W
Iy
e
-
t

t
oy
Fa
O
s

amino acid sequence fo light CDRZ {L-CDR2)

20

Ser Asn Leu Gln 8er
i
~

21

g

FRT

artificisl

CDRY  (L~CDR3E)

Ser Tyr Ser Mel Pro Arg Thr
gors
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212

<213

«220>

<Z33> amino acid sequence oI light CDRZI (L-CER2)

<400> 23

Gly Ala 3er &sn Arg Alas The
1 5

210> 24

RS

<211> 9

<212% PRT

«<213>» ‘artificial

<z20»

<2Z3% ‘amino acid segquence 0f Light CORI {L~CDBR3I]

Gln Gin Tyr Ala Ser Ser Pro

3
iR 5

<ZL0> 2
<21%» 1
€212> F
<ELIZ> A

oo

4

<Z220>

<223» amino acid seguence of heavy CDRI (H~CDR3)
<4005 25

Gly Tyr Tle Bhe Fro Thr Phe Ala Leuw His

1 5 10

2210 Z6

211> 16

<212%» PRT

<213y axrvificial

<220»

<22%x amine acid sequance of heavy CDRE (H~LDRE)
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<212> PBRT

<213% artificial
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<211> 11
2125 PR
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<21Z% PRT

€213> artificial

<210%» 38

€21i> 3

212> PRT

2243y artificial
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223> amine acld séquence of heavy CDR3 {H~CDR3J)

Val Gly Segr Phe Ser Gly Trp Ala bPhe Ty

1 5

<Z210> &8

<21i» 11

£212» PRT

<2133 @grtificial
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€212» PRT

<218> artificial
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<210» 41

<Zil> 11
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<2202

€223> amine acld seguence of heavy CDR3Y {H=CDR3)
<400 42

Val Gly Ser Phe Ser Pro Leu Thr Met Gly Leu

1 G 10
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210> 45

<@LI» 1l
PRT
artificial
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€2223> amino acid seguence of heavy (DRI {H-CDORI)
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al Gly Ser Phe Ber Pro Leu Thr Leu Gly Leu
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