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2011/ 0891922PCT/ EP2011/ 050776
Pain of any type is the most common reason for physician consultation in the United
States, prompting half of all Americans to seek medical care annually. It is a major
symptom in many medical conditions, significantly interfering with a person's quality of
20 life and general functioning. Diagnosis is based on characterizing pain in various ways,
according to duration, intensity, type (dull, burning, throbbing or stabbing), source, or
location in body. Usually pain stops without treatment or responds to simple measures
such as resting or taking an analgesic, and it is then called ‘acute’ pain. But it may also
become intractable and develop into a condition called chronic pain, in which pain is no
25 longer considered a symptom but an illness by itself. In recent years, the study of pain
has attracted many different fields such as pharmacology, neurobiology, nursing,

dentistry, physiotherapy, and psychology.

Pain is part of the body's defense system, triggering a reflex reaction to retract from a
30 painful stimulus, and helps adjust behavior to increase avoidance of that particular

harmful situation in the future.

Medical management of pain has given rise to a distinction between acute pain and
chronic pain. Acute pain is 'normal’ pain, it is felt when hurting a toe, breaking a bone,
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differing in their pain sensitivity were examined. The expression of various genes was

20 correlated with the pain sensitivity of the mouse strains. Among the genes showing the
best correlation between pain sensitivity and expression there was 112rg (see Example).
Therefore, 112rg is an interesting target for the identification of compounds involved in
pain and for the diagnosis of algesia.

25 Accordingly, the present invention provides in a first and second aspect, a method of
identifying a compound involved in pain, the method comprising the steps of:
a) providing a test system comprising a ll2rg nucleic acid or a ll2rg protein, or a

functionally active variant thereof,

b) contacting the test system with a test compound, and

30 c¢) determining the effect of the test compound on the test system,
wherein the test compound is identified as a compound involved in pain, when a
significant effect of the test compound on the test system relative to a control is
detected.
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cell-free system, as appropriate under the prevailing conditions.

In a first step of the method of the present invention a test system comprising a 112rg

nucleic acid, e.g. a l12rg gene or 112rg cDNA or 112rg mRNA or l12rg promoter, or protein
30 is provided.

The 112rg gene encodes a common subunit of the receptors of a variety of interleukins.

The preferred name is interleukin 2 receptor gamma chain or short IL-2R gamma chain.

Other names are interleukin 2 receptor, gamma (severe combined immunodeficiency),
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antibody levels. Patients have no functional immunity and present in infancy recurrent,

25 persistent infections by opportunistic organisms. Mutations that result in no 112rg protein
or remove the signal transducing cytosolic domain result in this disorder. The common
characteristic of all types of SCID is absence of T-cell-mediated cellular immunity due to

a defect in T-cell development. Without important developmental signals from IL-7 and

IL-15, T-cell and NK cell populations, respectively, fail to develop. Less disastrous

30 defects of the 112rg gene can result in X-linked combined immunodeficiency (X-CID), a
less severe form of immunodeficiency with a less severe degree of deficiency in cellular

and humoral immunity than that seen in XSCID.



190200210220230240 HCLEHLVQYR TDWDHSWEQ SVDYRHKFSL PSVDGKRYT FRVRSRFNPL
CGSAQHWSEW 25 250260270280290300 SHPI HAGSNT SKENPFLFAL EAWI SVGSM

GLI | SLLCWORWIRRTIWPRI PTLKNLEDLV 310323830340350360 30 PEYHEBARSANW776
SGVSKGLAES LQPDYSERLC LVSEI PPKGG ALGEGPGASP CNCQHSPYWAP PCYTLKPET (SEQ 1D
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amino acids 154 — 241. Amino acids 237 — 241 constitute the WSXWS motif and amino

acids 286 — 294 the box 1 motif. The displayed sequence is further processed into a

mature form. The WSXWS motif appears to be necessary for proper protein folding and
thereby efficient intracellular transport and cell-surface receptor binding. The box 1 motif

10 is required for JAK interaction and/or activation.

10 20 30 40 50 60
MLKPSLPFTS LLFLQLPLLG VGLNTTILTP NGNEDTTADF FLTTMPTDSL SVSTLPLPEV
15
70 80 90 100 110 120
QCFVFNVEYM NCTWNSSSEP QPTNLTLHYW YKNSDNDKVQ KCSHYLFSEE ITSGCQLQKK

130 140 150 160 170 180
20 EIHLYQTFVV QLQDPREPRR QATQMLKLQN LVIPWAPENL TLHKLSESQL ELNWNNRFLN

190 200 210 220 230 240
HCLEHLVQYR TDWDHSWTEQ SVDYRHKFSL PSVDGQKRYT FRVRSRFNPL
CGSAQHWSEW
25
250 260 270 280 290 300
SHPIHWGSNT SKENPFLFAL EAVVISVGSM GLIISLLCVY FWLERTMPRI PTLKNLEDLV

310 320 330 340 350 360
30 TEYHGNFSAW SGVSKGLAES LQPDYSERLC LVSEIPPKGG ALGEGPGASP CNQHSPYWAP

PCYTLKPET
(SEQ ID NO: 1)

35 There exists a series of amino acid modifications: Amino acids 161 and/or 292 may be
phosphothreonine residues, amino acid 325 may be a phosphotyrosine residue.
Glycosylation may occur at amino acids 24, 71, 75, 84, 159 and 249 (all N-linked).
Disulfide bonds may be generated between amino acids 62 and 72, 102 and 115 and
182 and 231.

40
A series of natural variants has been reported, including
39 D — N (VAR_002668) in XSCID, 44 T — S (VAR _059301), dbSNP,62C — G
(VAR_002669) in XSCID, 68 E — G (VAR _002670) in XSCID, 68 E — K (VAR _002671)



in XSCID, 84 N -> K (VAR 002672) in XSCID, 89 Y -> C (VAR 002673) in XSC D,
105 Y -> C (VAR 002674) in XSCID, 109 E -> K (VAR 020611), dbSNP, 114 G ->
D( VAR 00R67%6)1/ismoxSCl D, 115 C -> F (VAR 002676) in XSCPDI/EP2&E 105077 R ( VAR
002677) in XSCID, 123 H -> P (VAR 002678) in XSCID, 125 Y -> N 5 (VAR
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XSC D, Y72 VAR Rod2end) RRE&AD, 109 XS0 R(v;AﬁZ 02067 1 dbmﬁaoﬂ%@ b XSG D,
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0026969 in XSCI D, 240 W-> C (VAR 00269&)2 in XSCID, 241 S -> |
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VAR O LL, 6@2@%7 I 41
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10 (VAR _002689) in XSCID, 226 R — C (VAR_002690) in XSCID, 226 R — H
(VAR _002691) in XSCID, 227 F — C (VAR_002692) in XSCID, 230L — P
(VAR_002693) in XSCID, 231 C — Y (VAR _002694) in XSCID, 232 G —» R
(VAR _002695) in XSCID, 237 W — WQHW (VAR _002696) in XSCID, 240 W — C
(VAR_002697) in XSCID, 241 S — | (VAR _002698) in XSCID, 270 M — R

15 (VAR _002699) in XSCID, 285 R — Q (VAR _002701) in XSCID and 293 L — Q
(VAR_002702) in XSCID.
Moreover, 41 additional SNPs have been reported.

The gene maps on the X-chromosome of mammals.
20
Furthermore, in the following species variants are exemplified:

. Human .
____________________________________ organsm  Simiarty  NoBlaccessions
dog 7.86 (nucleic acid NM_001003201.1
84.51(amino acid) NP_001003201.1

chimpanzee : 99.65 (nucleic acid) | XM_521112.2
(Pantroglodytes) ~  99.31(aminoacd) XP 5211122 ..
cow . 86.21 (nucleic acid) | NM_174359.1

(Bostaurus) .. 8247(aminoacd) NP 7767841 o
rat . 82.11 (nucleic acid) | NM_080889.1

(Rattus norvegicus) : 74.66 (aminoacid) - NP 431651
mouse . 80.56 (nucleic acid) | NM_013563.3 |
(Mus musculus) . 71.12(aminoacid) NP 0385911
chicken - 55.7 (nucleic acid) NM_204527.1

(Gallus gallus) 43.29 (amino acid) NP_989858.1

zebrafish 46.94 (nucleic acid) NM_001123050.1

(Danio rerio) 3.09 (amino acid) NP_001116522.1




Human Simlarity 87.86 (nucleic acid) 84.51 (amno acid) 99.65 (nucleic
acid) 99.31 (amno acid) NCB! accessions NM 001003201.1 N P-001003201.1 XM
521112. 2 w8 2b4lokdd2 2 r at 7 PCT/EP2011/050776

Accordingly, the term 112rg also encompasses naturally occurring variants.

Non-naturally occurring variants may be obtained by a limited number of amino acid
deletions, insertions and/or substitutions, particularly deletions, insertions and/or
5 substitutions of at most 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 amino acid(s).

It should be noted that the 112rg variant of the present invention is a functionally active
variant, in that the variant maintains its biological function, e.g. its involvement in pain
(e.g. as manifestation of the pain phenotype “mechanic hyperalgesia”) or complement
10 classical pathway. Preferably, maintenance of biological function is defined as having at
least 50 %, preferably at least 60 %, more preferably at least 70 %, 80 % or 90 %, still
more preferably 95 % of the activity of the natural occurring l12rg. The biological activity
may be determined as known to the skilled person. For example, the manifestation of
the pain phenotype “mechanic hyperalgesia” can be determined as detailed in the
15 Examples and in Persson et al., 2009, Molecular Pain 5:7.

The variant may be modified in order to comprise a further component. Accordingly, the
variant may be a molecule having a domain composed of a naturally occurring 112rg
protein or a variant thereof as detailed herein and at least one further component. In
20 one preferred embodiment variant may be a fusion protein comprising (i) a ll2rg protein
or functionally active variant and (ii) a further protein component. For example, the
protein may be coupled to a marker, such as a tag used for purification purposes (e.g. 6
His (or HexaHis) tag, Strep tag, HA tag, c-myc tag or glutathione S-transferase (GST)
tag). If e.g. a highly purified ll2rg protein or variant should be required, double or
25 multiple markers (e.g. combinations of the above markers or tags) may be used. In this
case the proteins are purified in two or more separation chromatography steps, in each
case utilizing the affinity of a first and then of a second tag. Examples of such double or
tandem tags are the GST-His-tag (glutathione-S-transferase fused to a polyhistidine-
tag), the 6xHis-Strep-tag (6 histidine residues fused to a Strep-tag), the 6xHis-tag100-
30 tag (6 histidine residues fused to a 12-amino-acid protein of mammalian MAP-kinase 2),
8xHis-HA-tag (8 histidine residues fused to a haemagglutinin-epitope-tag), His-MBP
(His-tag fused to a maltose-binding protein, FLAG-HA-tag (FLAG-tag fused to a
hemagglutinin-epitope-tag), and the FLAG-Strep-tag. The marker could be used in order
to detect the tagged protein, wherein specific antibodies could be used. Suitable



(Rattus norvegicus 82.11 (nucleic acid) 74.66 (am no acid) NM 080889.1 NP
543165.1 nouse (Mus nuscu/us) 80.56 %ucl eic acid) 71.12 (am no acid)
NM U 3568020NRs88R8591. 1 chicken (Gal Ifus gal / us) zebr abcshEpedanse7eé eri o)

antibodies include anti-HA (such as 12CA5 or 3F10), anti-6 His, anti-c-myc and anti-
GST. Furthermore, the ll2rg protein could be linked to a marker of a different category,
such as a fluorescence marker or a radioactive marker, which allows for the detection of
[12rg. In a further embodiment, ll2rg could be part of a fusion protein, wherein the
5 second part could be used for detection, such as a protein component having enzymatic

activity.

In another embodiment of the present invention, the ll2rg variant could be a ll2rg
fragment, wherein the fragment is still functionally active. This may include 112rg proteins

10  with short internal and/or C- and/or N-terminal deletions (e.g. deletions of at most 20, 19,
18, 17, 16, 15, 14,13, 12, 11,10, 9, 8,7,6 5, 4, 3, 2, or 1 amino acid). Additionally, the
l12rg fragment may be further modified as detailed above for the l12rg protein.

Alternatively or additionally, the 112rg protein or variant thereof as described above may
15 comprise one or more amino acid substitution(s). However, semi-conservative and
especially conservative amino acid substitutions, wherein an amino acid is substituted
with a chemically related amino acid are preferred. Typical substitutions are among the
aliphatic amino acids, among the amino acids having aliphatic hydroxyl side chain,
among the amino acids having acidic residues, among the amide derivatives, among
20 the amino acids with basic residues, or the amino acids having aromatic residues.

Typical semi-conservative and conservative substitutions are:

Amino acid Conservative substitution Semi-conservative substitution
A G S; T N;V; C

C A;V;L M; I F; G

D E;N; Q A;S; T;K;R; H

E D;Q;N A;S; T;K;R; H

F W:Y;L;M;H LV A

G A S;N; T;D; E; N; Q

H Y:F; K;R L; M; A

I V;L; M; A F:Y;W; G

K R; H D;E;N;Q;S;T; A

L M; I V; A F:Y;W;H; C

M LV A F:Y;W;C;

N Q D;E;S; T, A, G K R

P V; | L;A;M; W;Y;S; T;C; F
Q N D;E;A;S;T;L; M; K; R
R K; H N;Q;S;T;D; E; A

S A;T;G;N D:E;R; K

T A;S;G;N;V D E;R; K; I



55.7 (nucleic acid) 43.29 (amno acid) 46.94 (nucleic acid) 33.09 (am no
acid) NM 204527.1 NP 989858.1 NM 001123050.1 NP 001116522.1 WO

2011/ 089 W@ APA8ER2011/ 050776 Accordi ndly, the term 112pgTalPse1@pzoapasses
naturally occurring variants. Non-natural ly occurring variants nmay be

obt ai ng;i by alimte _p_u er of amno acid,d !@t'ons, i nsertions and/ or
substitutions, parti I(_:_u arly deletions, in £1 S/E‘ and/ or 5substitutions of
at nost''10, 9, 8, 7, 6Y; 4, 3, 2 or 1 am s la i’(g:(s). It should be noted

that the 112rg vari afit W6fH t he present invertNlohVi & a functional ly active
variant, in that the variant maintains its biological function, e.g. its

i nvol v . I (e. g @ npf €st\at i - - p i C
ol v THorid 1B (8 B 125, TRNP /A bPY 86 ¢ e SBALORBERRAVES IHE A
cysteine remains as a free thiol. Furthermore, the skilled person will appreciate that
glycines at sterically demanding positions should not be substituted and that P should
5 not be introduced into parts of the protein which have an alpha-helical or a beta-sheet

structure.

The 112rg protein or fragment or variant with substitution may be modified as detailed
above for the ll2rg protein or fragment or variant. In the following description of the
10 invention all details given with respect to 112rg protein also relate to functionally active

variants thereof, unless stated otherwise.

It is noted that the above modifications of the ll2rg protein may be combined. The
variant of the present invention may be e.g. fragment of 112rg having a marker fused to it,

15 ora ll2rg protein fragment comprising one or more amino acid substitutions.

However, most preferably, the ll2rg protein is a naturally occurring ll2rg protein as
detailed above, still more preferably, a naturally occurring human 112rg protein (e.g. SEQ
ID NO: 1).
20
The term 112rg nucleic acids encompasses nucleic acids coding for the above l12rg
protein as well as naturally occurring and non-naturally occurring variants thereof (as
defined herein). Preferably, the term relates to coding or non-coding regions of the 112rg
gene, wherein these sections are of a relevant size in order to be specific for that gene.
25 Examples of those regions are introns, exons or regulatory elements such as a ll2rg

promoter.

The most preferred l12rg nucleic acids code for the naturally occurring lI2rg protein as
detailed above, still more preferably, a naturally occurring human 112rg protein (e.g. SEQ
30 ID NO: 1). The nucleic acid may be any macromolecule composed of chains of
monomeric nucleotides carrying genetic information or form structures within cells. The

most common (and therefore preferred) nucleic acids are deoxyribonucleic acid (DNA)



10 cl assical pathway. Preferably, maintenance of biological function is
defined as having at least 50 % preferably at |east 60 % nore preferably
at | east WO 2091/8019¢: )/ 0 or 90 % still 18ore pref erably ®6T(EP21Q/08077¢ he
activity of the natural occurring 112rg. The bi ol ogical activity may be

d i ned. K h illed : le. th i f '
of t he B0 HEBHEER 766 FHUAhAPY HosRaay gl B BiBERRe e e e | e
in the gkhEXxpravheer aKAl BDRA 6sRNA. al ., 2009, Mol ecular Pain 5:7. The

variant may be modified in order to conprise a further conponent.
Accordingly, the variant may be a nol ecul e having a domai n conposed of a

and at VISR BREIRD, A Tl Tock e, RutBly BRlo (PREGY mAPLEG, 480 5648 2

may5be nucfeisaoid (RNK)eas welingy glgcaihudeic actil@NApand threose nligietd acddITNA).
active variant and (ii) a further protein conponent. For exarrﬁl e, the

pr ot ei fEafRyoiBess ipAistingeishesdrqra NatwalyrogeursinggNAHsaR NGy by Ghargesiq Hie
pur pos 1 xaHi s) tag, Strep tag, HA tag, c-nyc tag or

gl LPor BRckBorte Pl 8§e;%ggéf$n tag). If e.g. a highly purified 112rg
protein or variant should be required, double or 25 nultiple markers (e.g.

conbi nati ons of the ve rkers or tags).may be used. In this case the
b ot el 18 PRoRs FEPAT Mg TRAIGH OhiiesPERaa) HVEDHOR DB e ORISR B
eagqh Cadeg pukleid b8 dhsrotdihidhid YurltioAally A&fvePstiddiaReof & e64@BEEd #fh an
Exanpl es 0f such doubl'e or tandemtags ‘are the GST-H s-tag

(gl ut atagieoher st canygfosindsor Aidieel and undeslcphdiiondisndablg)for hiaeing an effect on
6xH s- St rep-ta 6_histidine . residues fused to a Strep-tag), the

6XHi s- ﬁé%f%%sygfgg] ?58 d@%ecﬁ'f]gttﬁﬁisﬂ@er esi dues fused to a 12-am no-acid
protein of mammal i an MAP-ki nase 2), 8xHi s-HA-tag (8 histidine residues

fused to a haemaggl utini n-epi tope-ta?), H s- MBP (Hi s-ta? fused to a

mal t osSuiiakiE neprstitians nnclpdaGapprariigte Flienmeragireused tseluion to avoid e.g.
he | Yyt i niArepi - ; O ) ar 0

LSTRO0 ERRLAGY JORESBRE P 18 FIGRARGRBR, IE TRER ool

coul d kendiieds willidepbhe froniizOpdrtic8Rt 9 RyEtdP20d340 a0 d Tbe aRilled pairson will
i ncl ude anti - HA jsuch as 12CA5 or 3F10), anti-6 H's, anti-c-nyc and
ant i GSPe #hletia dhe same ka6 gR Stk RN kKaowEedgen kdbagon %kedn yara

diff i ti} :
whi oh SRS S Yecoridone ferel HBGR) PRORFAE efh fiou o BRBE 1o B 2"
coul d twupardowéver, thesinoubatiat &ine,wilMdepend upbe tBe sssay orpeatt mackdrdvdlemesed
for.detection, such a rotejn c onent havi ng enzymatic activity. In
260 hrd! RIS UEHRS (b RS (Ko HasHy . 1h EERaVY Wil barfertisti Wipal s
112rg famsieRNtempE@EgEN attﬁéué]ﬁ AWEREN Ibe ebhdlctédniet @NAdrge 8fidniSeraldtes, My
i nclude 112rg proteins 10with short internal and/or C and/or N-term na

del et i sush@s. f)° @éd 407 6ns of at nost 20, 19, 18, 17, 16, 15, 14, 13, 12,
11, 10, 9, 8, 7, 6 5, 4, 3, 2, or 1 amno acid). Additionally, the 112rg
fragment may be further nodified as detail ed above for the 112rg protein.
Al t er nathev elggnprtestddi witanlel Yestt Sigstdh26 the Opr@isBnPlinvetitibANindyheeeahy agst
descri bed above nmay 15 conprise one or nore anino acid substitution(s).

HogRv e SUbsi@fice @5 e sl Granpaundaplarys premipal palsoasle May alikadyrhekn@wn @s a drug

substit ytj i ' LOal,S: it i ] cal
ol at 8 SpeAEeNErd L oRRaRE, RleRhilel it HaTbe & [P H et Rt not
al i phatyet kaowndodtivesa tieerapgutideffast incarathelseindodingerst! arehthisl corhpdunkyhaysi de
chai n, armn% the am no aci ds havi ,ng acidic residues, anong the am de
deri vatie @ &\ vglan@o far unknown chemical compound. The agent may be also a mixture of
test substances or test compounds.
30
In one embodiment of the screening method of the present invention, the test substance
is provided in form of a chemical compound library. Chemical compound libraries
include a plurality of chemical compounds and have been assembled from any of

multiple sources, including chemical synthesized molecules or natural products, or have



20t he am no acids with basic residues, or the am no acids having aromati
resi dues. Typical sem -conservative and conservative substitutions are:
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particular structure or compounds of a partlcular organism such as a plant. In the

context of the present invention, the chemical compound library is preferably a library
comprising proteins and polypeptides or small organic molecules. Preferably a small
organic molecule is less than 500 daltons in size, particularly a soluble, non-oligomeric,

organic compound.

In a third step of the method of the present invention, the effect of the test compound on
the test system is detected. In the following, a series of different detection systems will
be described in more detail. However, it should be understood that these are exemplary
and other test systems and methods may be also appropriate.

If the test compound has a specific and significant effect on the test system, the test
compound is identified as compound involved in pain. For this, the effect of the test

compound is compared to a control, particularly a negative control.

Controls are a part of the test methods, since they can eliminate or minimize unintended
influences (such as background signals). Controlled experiments are used to investigate
the effect of a variable on a particular system. In a controlled experiment one set of
samples have been (or is believed to be) modified and the other set of samples are
either expected to show no change (negative control) or expected to show a definite
change (positive control). The control can be determined in one test run together with
the test substance. It can be determined before of after determining the effect of the test

compound or it may be a known value.

The test compound having an effect on the test system may result in changing,
increasing or decreasing, the test system’s signal. In the context of the present
invention, the test compound has an effect in comparison to a control, if the test system
contacted with the test compound produces a signal significantly lower or higher than
that of a control (e.g. test system not contacted with the test compound). The person
skilled in the art knows statistical procedures to assess whether two values are
significantly different from each other such as Student’s t-test or chi-square tests.
Furthermore, the skilled person knows how to select a suitable control.

c
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sem -conservative if the new cysteine remains as a free thiol. Furthernore,

the skilled person will appreciate that glycines at sterically demandi ng

positions should not be substituted and that P should 5not be introduced
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structure. The 112rg protein or fragnment or “variant wi th substitution may
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t hegeofor neghtss. st ated ot herw se. is noted that the above

nodi fications of the 112rg protein may be conbi ned. The variant of the

present invention nmay be e.g. fragment of 112rg having a marker fused to
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methods may be chosen depending from the characteristics of the test system and

agents to be tested.

10
The method may be a heterogeneous or homogeneous assay. As used herein, a
heterogeneous assay is an assay which includes one or more washing steps, whereas
in @a homogeneous assay such washing steps are not necessary. The reagents and
compounds are only mixed and measured.

15

The test method may be either a continuous assay or a discontinuous assay.
Continuous assays give the rate of reaction with no further work necessary. There are
many different types of continuous assays. In spectrophotometer assays, the course of
the reaction is followed by measuring a change in absorbance. Fluorescence is when a
20 molecule emits light of one wavelength after absorbing light of a different wavelength.
Fluorometric assays use a difference in the fluorescence of substrate from product to
measure the enzyme reaction. These assays are in general much more sensitive than
spectrophotometric assays, but can suffer from interference caused by impurities and
the instability of many fluorescent compounds when exposed to light. Calorimetry is the
25 measurement of the heat released or absorbed by chemical reactions. These assays
are very general, since many reactions involve some change in heat and with use of a
microcalorimeter, not much enzyme or substrate is required. These assays can be used
to measure reactions that are impossible to assay in any other way.
Chemiluminescence is the emission of light by a chemical reaction. Some enzyme
30 reactions produce light and this can be measured to detect product formation. These
types of assay can be extremely sensitive, since the light produced can be captured by
photographic film over days or weeks, but can be hard to quantify, because not all the
light released by a reaction will be detected. Static Light Scattering measures the

product of weight-averaged molar mass and concentration of macromolecules in
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this approach can need a lot of material, its sensitivity can be increased by labeling the
20 substrates/products with a radioactive or fluorescent tag.

In accordance with the present invention the effect of the test compound may be by
interaction with a 112rg nucleic acid or protein. Accordingly, the interaction/binding of test
compound to the 1I2rg nucleic acid or protein could be determined by detecting the
25 complex of (i) the ll2rg nucleic acid or protein and (ii) the test compound. Suitable
methods of detecting complexes of two or more components are detailed below.

Alternatively, the effect, e.g. binding, of the test compound and the influence ll2rg
nucleic acid or protein could be detected indirectly. For this, the effect downstream the

30 li2rg nucleic acid or protein could be detected. For example, the effect on the
transcription and translation related to 112rg could be determined. In one embodiment,
the amount of 112rg mRNA or 112rg protein is detected.
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In an embodiment of the present invention the marker is a radiolabel, particularly 3H, 32P,
33P, 358, 125|, or 14C.
25
In another embodiment the marker is one or more fluorescence marker(s). Suitable
fluorescence markers are described in the context of the methods of the present

invention.

30 Particularly useful in these methods is the use of target-specific probes that are
detectable via that chemical tags, markers or labels. Antibodies are the most common
type of probe; their binding affinities for particular antigens enable those targets to be

"found" and detected in a complex sample. However, antibodies are themselves
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used for blotting, immunoassays and immunohistochemistry methods. Fluorescent tags
25 are used predominately for cellular imaging, nucleic acid amplification and sequencing
and microarrays; however, fluorescence technology is developing rapidly for application
in all types of assays.

The detection of protein often involves the use of specific antibodies. Accordingly, the
30 detection of ll2rg protein or a variant thereof may include a specific 112rg antibody.
Antibodies against ll2rg are available from commercial suppliers (e.g. catalog No: sc-
74192, sc-74193, sc-667, sc-670, sc-20751 from Santa Cruz Biotechnology, Santa Cruz,
CA, USA; or catalog No: 555896 from BD Biosciences, San Jose, CA, USA).
Alternatively, antibodies can be raised using well established techniques for immunizing
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presence is linked directly or indirectly to some sort of measurable tag (e.g., an enzyme
20 whose activity can produce a colored product upon reaction with its substrate).

Usually, a primary antibody without a detectable label and some sort of secondary
(indirect) detection method is required in assay methods. Nevertheless, nearly any
antibody can be labeled with biotin, HRP enzyme or one of several fluorophores if

25 needed. Most primary antibodies are produced in mouse, rabbit or one of several other
species. Nearly all of these are antibodies of the IgG class. Therefore, it is relatively
easy and economical for manufacturers to produce and supply ready-to-use, labeled
secondary antibodies for most applications and detection systems. Even so, several
hundred options are available, differing in the level of purity, IgG- and species-specificity,

30 and detection label. The choice of secondary antibody depends upon the species of
animal in which the primary antibody was raised (the host species). For example, if the
primary antibody is a mouse monoclonal antibody then the secondary antibody must be
an anti-mouse antibody obtained from a host other than the mouse.
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25 I n anot her enbodi nent the marker iS one or nore fluorescence nmarker(s).
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t hemsel ves WO 2011/ 08919215PCT/ EP2011/ 050776 proteins, and they are not
specifically detectable in an assay systemunl ess they are

Alkaline phosphatase, usually isolated from calf intestine, is a large (140 kDa) protein

20 that catalyzes the hydrolysis of phosphate groups from a substrate molecule resulting in
a colored or fluorescent product or the release of light as a byproduct of the reaction.
AP has optimal enzymatic activity at a basic pH (pH 8-10) and can be inhibited by
cyanides, arsenate, inorganic phosphate and divalent cation chelators, such as EDTA.
As a label for Western blotting, AP offers a distinct advantage over other enzymes.

25 Because its reaction rate remains linear, detection sensitivity can be improved by simply
allowing a reaction to proceed for a longer time period.

Horseradish peroxidase is a 40 kDa protein that catalyzes the oxidation of substrates by
hydrogen peroxide, resulting in a colored or fluorescent product or the release of light as
30 a byproduct of the reaction. HRP functions optimally at a near-neutral pH and can be
inhibited by cyanides, sulfides and azides. Antibody-HRP conjugates are superior to
antibody-AP conjugates with respect to the specific activities of both the enzyme and
antibody. In addition, its high turnover rate, good stability, low cost and wide availability
of substrates makes HRP the enzyme of choice for most applications. Because of the
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30 Inone example the II2rg proteln and the test substance could be labeled with a first and
a second marker. In case the test substance is bound to the protein, and the labels are
therefore in close proximity, energy could be transferred from the first to the second

label, thus detecting the interacting of l12rg protein and test substance. This test could
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irreversible covalent binding between a ligand and its target molecule is rare in

30 Dbiological systems. Ligand binding to a biomolecule may alter its activity, e.g. its ability
to activate downstream signal transduction. Ligands include inhibitors and activators.
For suitable ligands cf. e.g. Johnson et al., 1994, Eur Cytokine Netw 5: 23-34.
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25 amount of ligand bound and therefore also for the amount of test compound bound to
the biomolecule, as ligand and test compound compete for the binding to the

biomolecule.

In an embodiment the assay for detection the effect of the test compound is an SPA
30 (scintillation proximity assay), a FRET (fluorescence resonance energy transfer) assay,
TR-FRET (time-resolved fluorescence resonance energy transfer) assay or a FP

(fluorescence polarisation) assay.
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acceptor fluorophore in close proximity (typically <10 nm). As both molecules are
fluorescent, the energy transfer is often referred to as “fluorescence resonance energy
transfer”, although the energy is not actually transferred by fluorescence. FRET is a
30 useful tool to detect and quantify protein-agent interactions, protein-protein interactions,
protein-DNA interactions, and protein-conformational changes. For monitoring binding
of a protein to an agent, one protein to another or a protein to DNA, one of the
molecules is labeled with a donor and the other with an acceptor and these fluorophore-
labeled molecules are mixed. When they are present in an unbound state, donor
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close proximty (typically <10 nm). As both nol ecules are fluorescent, the
energy transfer is often referred to as "fl uorescence resonance energy
t r ansf gternativiehg tiphe-rdeoeateflgoressemes resvhaate energnsaesfee (TRYFRE Tiomag dence.

FRET Sus%d for the test system of the present invention. TR-FRET unites TRF (time-resolved
fluorescence) and the FRET principle. This combination combines the low background

30 benefits of TRF and the homogeneous assay format of FRET. While FRET has already
been described above, TRF takes advantage of the unique properties of lanthanides or

any other donor with long half-life. Suitable donors for TR-FRET include, amongst

others, lanthanide chelates (cryptates) and some other metal ligand complexes, which

can have fluorescent half-life in the micro- to millisecond time range and which,
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25  spectrometer. A preferred method of mass spectrometry for biomolecules such as
acylated acyl acceptor is matrix-assisted laser desorption/ionization mass spectrometry
or MALDI. In MALDI, the analyte is typically mixed with a matrix material that, upon
drying, co-crystallizes with the analyte. The matrix material absorbs energy from the
energy source which otherwise would fragment the labile biomolecules or analytes.
30 Another preferred method is surface-enhanced laser desorption/ionization mass
spectrometry or SELDI. In SELDI, the surface on which the analyte is applied plays an
active role in the analyte capture and/or desorption. In the context of the invention the
sample comprises a biological sample that may have undergone chromatographic or

other chemical processing and a suitable matrix substrate.
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30 expression of the gene.

Accordingly, the binding of test compound to the regulatory sequence could be
determined by detecting the complex of (i) the regulatory sequence or gene and (ii) the
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i nfluence con the 15 gene transcription could be detected indirectly. For
this, %Ceffect downstreamthe 112rg gene coul d be detected. For exanple,
the effect on the transcription and translation related to 112rg could be
determ ned. |In one enbodi nent, the anmount of 112rg nmRNA or 112rg protein is
det ect édternmativehhahpveffect, etge blrmilngeﬁtéh@ﬁestampwm@s?@dstheamﬂuen@%m Hened,

as15L2§% ?a?ar%g?@ SR80 Be P@fe%téaoc ndWﬁEP%‘]I-a&Ltﬁlsk'tﬁgaﬁegt dcf\)l/ FRh kYEN :I %rgoe

20si rans |on ownstream o bove-c¢rted’I At er u I ns cou

st udl e@ensuccttﬂbltm aetdutels. Bor erampld, nthendtiédt aore thike sranisbestidre aad nraytation
i ncl ude e, ern bl ot analysis, nuclease protection assa s (NPA

Situ hysiiel toatlmnco%@erw@r@@eprérhgee.%tbqﬁttr@awh@raaa%u@r% rgéaBN)Pow
(RT- POfibrg Zorofid KD BbiRALdCAte A L1 GnBT RRREHES. ol aRAMRIERBY 1) Tdd St

separ at ed” by si ze via el ectrophoresi's 1n an agarose ge r|ng
condi t idetarmified, BAL2RGt hes beearsfosvr &l interawt metrbdames kovasesl.i Akethatively,

P e O SR SRR SRl 85 gy

Suitable methods of detecting mRNA are described herein and include e.g. Northern
blot analysis, nuclease protection assays (NPA), in situ hybridization, and reverse
transcription-polymerase chain reaction (RT-PCR).
25
For the Northern blotting procedure, RNA samples may be first separated by size via
electrophoresis in an agarose gel under denaturing conditions. The RNA is then
transferred to a membrane, crosslinked and hybridized with a labeled probe.
Nonisotopic or high specific activity radiolabeled probes can be used including random-
30 primed, nick-translated, or PCR-generated DNA probes, in vitro transcribed RNA probes,
and oligonucleotides. Additionally, sequences with only partial homology (e.g., cDNA
from a different species or genomic DNA fragments that might contain an exon) may be

used as probes.
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30 The nick translation method is based on the ability of DNase | to introduce randomly
distributed nicks into DNA. DNA polymerase | synthesizes DNA complementary to the
intact strand in a 5' — 3' direction using the 3'-OH termini of the nick as a primer. The 5'
— 3' exonucleolytic activity of DNA Polymerase | simultaneously removes nucleotides in
the direction of synthesis. The polymerase activity sequentially replaces the removed
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known for synthesizing the appropriate primers. The combination of labeling with PCR is
a powerful tool for the analysis of PCR products, and also for the preparation of labeled
20 probes from small amounts of a respective target sequence. For example digoxigenin, a
steroid hapten, may be used to label DNA, RNA, or oligonucleotides for hybridization,
and subsequent color- or luminescent detection. The digoxigenin is usually coupled to
dUTP via an alkali-labile ester bond. The labeled dUTP can be easily incorporated by
enzymatic nucleic-acid synthesis using DNA polymerases.
25
Oligonucleotides may enzymatically be labeled at their 3'-end with terminal transferase
either by incorporation of a label such as single digoxigenin-labeled dideoxyuridine-
triphosphate (DIG-ddUTP) or by the addition of a longer nucleotide tail. Terminal
Transferase catalyzes the template independent addition of deoxy- and
30 dideoxynucleoside triphosphates to the 3'OH ends of double and single-stranded DNA
fragments and oligonucleotides. Terminal transferase incorporates digoxigenin-, biotin-,
and fluorochrome-labeled deoxy- and dideoxynucleotides as well as radioactive labeled
deoxy-and dideoxynucleotides. Alternatively or additionally, oligonucleotides may be
labelled at the 5’-terminus, e.g. by reacting with a phosphoramidite in a final step
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Probe-target hybrids may be detected with an enzyme-linked immunoassay. This
immunochemical detection step is usually more sensitive than radioactive detection
procedures. In this assay, the membrane may be blocked to prevent non-specific
25 interaction of the antibody with the filter. Alkaline phosphatase-conjugated antibody,
specific for digoxigenin, recognizes the digoxigenein molecule on the labeled hybrid.
Addition of an alkaline phosphatase substrate allows the visualization of the hybrids.

For chemiluminescence detection, suitable substrates for alkaline phosphatase such as
30 disodium 3-(4-methoxyspiro {1,2-dioxetane-3,2-(5-chloro)tricyclo [3.3.1.1%"]decan}-4-
yl)phenyl phosphate or disodium 4-chloro-3-(methoxyspiro {1,2-dioxetane-3,2-(5-
chloro)tricyclo [3.3.1.13'7]decan}-4-yl)phenyl phosphate belong to the group of the
dioxetane phenyl phosphates. Upon dephosphorylation by alkaline phosphatase, an
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25 acetic acid; blue).

The effect on the regulatory sequence could also by detected by attaching the
regulators sequence to a reporter gene and introducing the resulting DNA construct into
a cell or organism. For bacteria or eukaryotic cells in culture, this is usually in the form
30 of a circular DNA molecule called a plasmid. It is important to use a reporter gene that is
not natively expressed in the cell or organism under study, since the expression of the
reporter is being used as a marker for successful uptake of the gene of interest.
Commonly used reporter genes that induce visually identifiable characteristics usually

involve fluorescent and luminescent proteins; examples include the gene that encodes
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wherein the test compound is identified as a compound involved in pain, when a
significant effect of the test compound on the test system relative to a control is

20 detected.

Accordingly, the binding of test compound to the 112rg protein or variant thereof could be
determined by detecting the complex of (i) the 112rg protein or variant thereof and (ii) the
test compound. Suitable methods of detecting complexes of two or more components

25 are detailed above and in the following.

Suitable methods for detecting a protein are described herein and include e.g. detection
of a labeled protein (such as a fusion protein comprising a detectable marker, tag or
enzyme component), protein immunostaining, protein  immunoprecipitation,
30 immunoelectrophoresis, immunoblotting, Western blotting, spectrophotometry, enzyme
assays etc.. The method may require protein purification prior to the detection, which
could involve protein isolation (e.g. by chromatography methods, protein extraction,

protein solubilization, gel electrophoresis, and electrofocusing).
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specific proteins in ultrathin tissue sections. Antibodies |labelled with
hedfy mtgpdgaThe glessbraaecanyiven)oeaivbsd usingantifodies ygingswathesisgmilar to
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15c0l |G SEAPAIGRRLR, BLORRABYS o Hueiol Mliod; DEfecfSh FE it e fec
chal | engimyp peroxidass Meked antibodies to catalyse a chemiluminescent reaction. Western

f

blotting is a routine molecular biology method that can be used to semiquantitatively or
quantitatively compare protein levels between extracts. The size separation prior to
30 Dblotting allows the protein molecular weight to be gauged as compared with known
molecular weight markers. Western blotting is an analytical technique used to detect
specific proteins in a given sample of tissue homogenate or extract. It uses gel
electrophoresis to separate proteins by the length of the polypeptide (denaturing
conditions) or by the 3-D structure of the protein (native/ non-denaturing conditions).



and require rigorous optimsation of ti ssue fixation and processing

nmet hods. Alternatively, the effect, 8 bi ndi ng, of the test conpound and
t he i nfl wwoeelasotobe 112rg protein cou be detected i nadicmrapbéyosiEos this,
the effect downstreamthe 112rg protein 20coul d be detected. For exanple,
the effect on the phenotype, e.g. the manifestation of al gesia phenotype,
coul d be determ ned. In a preferred enmbodi ment of the present invention
the conprURthzZyMEiin@d liMnRaiodotserdt 88saw! G FIQ8ROWNd, néia?h@éﬂlcy method for
participating in the signal transduction pathway of the I12rg 25gene and/ or
t he 112}ugmbtegweliynorAgeraequamtéatl\eﬂibv@etemmwrg; |@0él@y@@meméraﬂ@e%pir@m Hloachi t
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transduction pathway of 112rg in pain. Therefore, it would be desirable to
i dent i fie CIRERIA Pl éntS'feSE h&€s Péﬁﬁl tot PEFP\Q%JE% @ﬁt%aBﬁ%ﬁi’ouﬁ@r'St miRiMiged |BY ar
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pai n. referred enhodi nent of the present invention the conpound

i nvol vé’(ﬁ Cﬁﬁﬁb'amn%%qe@% afﬁ;eg‘agnal transducti on upstream or downstream the
112pg protein. Additionally, or alternatively, the conpound involved in
pain alters signal transduction upstreamor downstreamthe 112rg gene,
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sections. Antibodies labelled with heavy metal particles (e.g. gold) can be directly

visualised using transmission electron microscopy. While powerful in detecting the sub-
15  cellular localisation of a protein, immuno-EM can be technically challenging, expensive,
and require rigorous optimisation of tissue fixation and processing methods.

Alternatively, the effect, e.g. binding, of the test compound and the influence on the ll2rg
protein could be detected indirectly. For this, the effect downstream the ll2rg protein

20 could be detected. For example, the effect on the phenotype, e.g. the manifestation of
algesia phenotype, could be determined.

In a preferred embodiment of the present invention the compound involved in pain is a
cellular compound naturally participating in the signal transduction pathway of the 112rg
25 gene and/or the lI12rg protein.

As detailed above, lI2rg is a cytokine receptor subunit that is common to the receptor
complexes of at least six different interleukin receptors: IL-2, IL-4, IL-7, IL-9, IL-15, IL-21
and probably also the IL13 receptor.

30
However, few details are known about the signal transduction pathway of 112rg in pain.
Therefore, it would be desirable to identify components of the signal transduction
pathway. For this, cellular components, optionally suspected of being involved in the



protein or gene, but also on a signal transduction or expression |evel
upstream or downstream Exanples include the 112rg gene |evel (upstream of
the 112r gwproti@ismz t he mRNA | evel (up3®ream of the 112pgTmrod@iomrand
downstream of the 112rg gene), the protein | evel (downstream of the 112rg
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pai n bimeSicimentcialbivkalin eampound natural ly participating in the signal
transducti on pathway of the 112rg gene and/or the 112rg protein,

particularly wherein the conpound i nvol ved in pain 20binds to the 112rg
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However, esli |vate t

I n bot HIZC@geee. t he b| nd| ng has an effect on the pathway, so that it is
likely that pain sensitivity is altered. 30Iln a preferred enbodi nent of the
present invention the conmpound involved in pain inhibits signal
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t he conpound i'nhibits expression of the 112rg gene. In a preferred
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the exanple, it is expected that those conpounds are capabl e i nhi biti ng
or redlﬁllf@lﬁ@ fRyvieh (dawestegasn Of thre2rargens) <anst thalphenotypg |9Yﬁit(ld@Wn|§Fr@ﬁ@r pkd

errq)gdl IZg{gérﬁ]@aH %ﬁgt?ar)l nvention the test systemis in a cell, 5such as

an ani na par ly a manmalian cell, especially a human cel |. A
cel |l -based systemis advantageously, because it allows for easy
anplification of the
In a preferred embodlment of the present invention the compound involved in pain binds
to a cellular compound naturally participating in the signal transduction pathway of the
lI2rg gene and/or the l12rg protein, particularly wherein the compound involved in pain

20 binds to the ll2rg gene or the l12rg protein, especially the l12rg protein.

Evidently, the binding of a compound to a cellular compound naturally participating in
the signal transduction pathway of the l12rg gene and/or the 112rg protein has most likely
an effect on the signal transduction. Often, binding of an artificial compound to a cellular

25 compound naturally participating in the signal transduction pathway leads to inhibition of
the pathway. However, the artificial compound may be designed to activate that
pathway. In both cases, the binding has an effect on the pathway, so that it is likely that
pain sensitivity is altered.

30 In a preferred embodiment of the present invention the compound involved in pain
inhibits signal transduction upstream or downstream the 112rg gene, particularly wherein
the compound inhibits expression of the ll2rg gene. In a preferred embodiment of the
present invention wherein the compound involved in pain inhibits signal transduction

upstream or downstream the ll2rg protein, particularly wherein the compound binds to



test system by propagating the cells and cellul ar nechani sns, e.g. signal
transducti on conponents downstream of insulin or downstream or upstream of
112rg proweingomgene, 10as these nay B% used in order PoTdrt@abs&EISI gnal
indicative for altered glucose uptake of a cell. Exanples of cells suitable
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HEL, HelLa, Hep &, High Five, Hs 766T, HT29, HUV-EC R24, HUV-EC-C, |EC 17,
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nyobl asts, primary keratinocytes, SF9, SKUT-1, ST, SW480, SWJ}2 CS, U 373,
U- 937, and Y-1. O her suitable cells are known to the one of skill in the
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30 either throudgh random nutation or deliberate nodification, such as
artifi @esll.expression of the tel onerase gene. There are nunerous wel |

established cell lines representative of particular cell types and it is
wi thin the know edge of the skilled person to select a suitable cell Iine.

WO 201 H:893182 35PedilFRAaBI0R0 tHé artdxtdonghy .preBedt Rivehasn eiflcigeoditient of

the invention the cell is a cell line. Acell Iine is a population of cells
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to the one of skill in the art.

Cells that are cultured directly from an animal or a person are known as primary cells.
25 With the exception of some cell lines derived from tumors, most primary cell cultures
have limited lifespan. After a certain number of population doublings cells undergo the

process of senescence and stop dividing, while generally retaining viability.

An established or immortalised cell line has acquired the ability to proliferate indefinitely

30 either through random mutation or deliberate modification, such as artificial expression
of the telomerase gene. There are numerous well established cell lines representative
of particular cell types and it is within the knowledge of the skilled person to select a
suitable cell line.



15Al ternatively, cell lysates (crude, fractionated or purified) nmay be
used. Exenplary nethods for producing these are known to the skilled person
and may iwolutensdbmagnentation, centrif@dation and resuspemdipe@1/050776 | n a
preferred enbodi nent of the present invention the nethod is a
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an aqueous solution of 5 dimethyl sulfoxide (DVMBO) and sonme other chem™cal

conpouriar;, lI2nigeuncan tbe edntrghiofla kzowin foFemetar systeraadhevwrbmoter sstemhmapibe e.
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pl at e wybtensoare WelPkagivBab tH&skinéd perddmat he or she wishes to conduct the
experinment upon. In the present case the test systemconprising a 112rg
nucleic acid or proteinis to be filled in. After some incubation tine has
passed t i i r P oY t t i

Peadt (Rl O B ERloenatactionalis” el ey e Ueel EeltE, .
t aken aeethedsafdr ploglueingt ehesevedres knewhhey thanskilléy persby andramiiynincludle
speci al i zed 15 aut omat ed analxsis machi ne can run a nunber of experinents
on t he fRRIMeNtation (cead fugatehgNG FPHSPEBEING: ght on t hem and neasur i ng
reflectivity, which can be an indication of protein binding). In this case,
the machi ne may output the result of each experinent as a grid of nuneric
val ues,Inva prefeaet embbéimentpgdithg presemieinvahiien did anetbddfis arhaghsihnoligh-pet | .
A E'Qgh-ca aci tﬁ}e@ga' ysi s machi ne can neasure dozens of plates in the space
of “d 2GCEFHI% °¢ike this, generating thousands of experinental data
points very quickly. In a preferred enbodi nent of the present invention the
pain is neuropathic pain. Neural gia or neuropathic pain can be defined as
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acti Vatuisga iﬁfdr‘?ﬁi dnlsE:g\?eergl)taor{d Feqle!/ésnti 0 AYHid85 tofor];ioltogg? abnood Xherlntlst#ys. Using for
example robotics, data processing and control software, liquid handling devices, and
25 sensitive detectors, High-Throughput Screening or HTS allows a researcher to quickly
conduct thousands or even millions of biochemical, genetic or pharmacological tests.
Through this process one can rapidly identify active compounds, antibodies or genes

which modulate a particular biomolecular pathway.

30 Usually, HTS uses automation to run a screen of an assay against a library of candidate
compounds. Typical HTS screening libraries or "decks" can contain from 100,000 to
more than 2,000,000 compounds.



25 believed that neuralgia is pain produced by a change in neurol ogi cal
structure or function. Unlike nociceptive pain, neuralgia exists with no
cont i nuousonooiosepti ve i nput. Neural gid®falls into two eatrapesiie@si7zeent ral
neuralgia and peripheral neuralgia. This unusual pain is thought to be
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25 “believed that neuralgia is pain produced by a change in neurological structure or
function. Unlike nociceptive pain, neuralgia exists with no continuous nociceptive input.
Neuralgia falls into two categories: central neuralgia and peripheral neuralgia. This
unusual pain is thought to be linked to four possible mechanisms: ion gate malfunctions;
the nerve becomes mechanically sensitive and creates an ectopic signal; cross signals

30 between large and small fibers; and malfunction due to damage in the central processor.

Neuralgia is often difficult to diagnose, and most treatments show little or no
effectiveness. Diagnosis typically involves locating the damaged nerve by identifying
missing sensory or motor function. This may involve tests such as an EMG test or a
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30 laurate, sugars such as glucose, sucrose and lactose, starches such as corn starch and
potato starch, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene

glycol, 1,3-butylene glycol, dimethyl formamide, oils such as groundnut oil, cottonseed

oil, corn oil, soybean oil, caster oil, synthetic fatty acid esters such as ethyl oleate,
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The pharmaceutical composition can be manufactured for oral, nasal, rectal, parenteral,
vaginal, topic or vaginal administration. Parental administration includes subcutaneous,

intracutaneous, intramuscular, intravenous or intraperitoneal administration.

25 The medicament can be formulated as various dosage forms including solid dosage
forms for oral administration such as capsules, tablets, pills, powders and granules,
liquid dosage forms for oral administration such as pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs, injectable
preparations, for example, sterile injectable aqueous or oleaginous suspensions,

30 compositions for rectal or vaginal administration, preferably suppositories, and dosage
forms for topical or transdermal administration such as ointments, pastes, creams,

lotions, gels, powders, solutions, sprays, inhalants or patches.
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increased in the subject s sample relative to a control.

20
As shown in the Example, the expression level of the ll2rg gene is correlated with
algesia. Accordingly, the expression level may be used in or to diagnose lI2rg-related
algesia. The expression level of a gene may be detected on the gene level, the mRNA
level or the protein level.

25

Increased expression level could be due to increased copy number of the 112rg gene. A

series of diseases are known, which are due to an increased number of copies of a

gene. For example, one cause of breast cancer may be HER-2 amplification. Gene

amplification may be determined by immunohistochemistry (IHC) and either silver,
30 chromogenic or fluorescent in situ hybridisation (SISH/CISH/FISH).

In situ hybridization (ISH) of the probe takes place within the cell or tissue. Since cellular
structure is maintained throughout the procedure, ISH provides information about the
location of mMRNA within the tissue sample. The procedure begins by fixing samples in
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20

In addition numerous PCR-based methodologies have also been described above.

Alternatively, or additionally, 112rg expression level may also be detect on mRNA or
protein level. In this case, the amount of mMRNA or l12rg protein is detected. Suitable
25 methods for detecting mRNA or protein are detailed above.

The invention is not limited to the particular methodology, protocols, and reagents
described herein because they may vary. Further, the terminology used herein is for the
purpose of describing particular embodiments only and is not intended to limit the scope
30 of the present invention. As used herein and in the appended claims, the singular forms

"a", "an", and "the" include plural reference unless the context clearly dictates otherwise.
Similarly, the words "comprise", "contain" and "encompass" are to be interpreted

inclusively rather than exclusively.



WO 2011/ 08919243PCT/ EP2011/ 050776 Phenotype data of the individual mce of
the three strains and their gene expression data (expressed as log ratio
( Chung- opsoabedsy®2 sham oper at ed)) or4&xpressi on i nt en®cryEredi1/050776
Chung-operated animals were used for correlation analysis. 5For each gene
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wer g r eg@peeidrrad nsethod$)| arhimatdialoard destriiged lddrietn. dat a ( Chung- oper at ed vs.
sham operated) and expression intensity 74 sequences and 114 genes,
respectively, were identified. The data for these sequences/ genes showed a
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and were not known to be rnvolv In pain eral gesi a. 12rg
gene whnderstasd dinaniipet éreargpleesared inblutlee ey dmr pwpases of dfusérapior sssidoareand

pai n phenot he rrelatiopn anal ysis of log, ratio data. and.nechanic
hyper Saetbuse o faf i Sedhe P eBINSRtcR dleer St BB TRBRT Bl (ORAEg
vakge of 5.35 * 10-6) 20 and an FDR of 0.006. WO

2011/ 08919244PCT/ EP2011/ 050776 C ainms 1A nethod of identifying a conpound
i nvol védGURDRAi n, the nethod conprising the 5steps of: a) providing a test
system conprising 112rg nucleic acid, b) contacting the test systemwth a
test conmpound, and c) determning the effect of the test conpound on the

test sysge® 1 shows for every individual mouse its neuropathic pain phenotype scores
(mechanical hypersensitivity, X-axis) and the corresponding gene regulation of 112rg (log
15 ratio(Chung vs. Sham control), Y-axis) in the L5 DRG. Mouse data are symbol-coded
depending on the used strain. A Pearson correlation analysis has been performed and
revealed a significant positive correlation of the two parameters pain phenotype and log
ratio gene regulation. This means for individual mice that the higher the L5 DRG
expression of 112rg in Chung-operated neuropathic mice was, the more pronounced the

20 mechanical hyperalgesia as exhibited in the behavioral test.

This significant correlation indicates a causal relationship of ll2rg gene expression for
the induction of the neuropathic pain phenotype. (R(Pearson)= 0.765; p-value= 5.35 *
10°; FDR= 0.006)

25
Figure 2 shows exemplary intensity data for l12rg of L5 DRG (3d p.o.)



wherein the test conpound is identified as a conpound invol ved in pain,
when a 10significant effect of the test conpound on the test system

rel ati ve wo2atiemntoeol is detected. 2. A4%ethod of identi Pyirmp2@1osmpound

i nvolved in pain, the nethod conprising the steps of: 15a)providing a test
systen¥§§ﬂﬁﬁi%%ng 112rg protein or a functionally active variant thereof,
a) cont b he test systemwith a test conpound, and b) determ ning the
effect of the test conpound on the test system wherein the test
conmpound is identified as a conpound involved in pain, when a 20significant
ef f ect l@entifigationof i 2enapprrebrinyoleed éselgesiet em rel ative to a control is
detected. 3. The nethod of any of clains 1 or 2, wherein the conpound
involved in painis a cel lul ar conpound naturally participating

i n 5he |sicyoet td idensifiuséwaargsis ovayaiof thetepy? 2ldcrgations aralygs foridehifirg
protein. 4.The method of any of clainms 1 to 3, wherein the conpound
i nvol va@NeR \Wapse sequdation icgﬁfélbUiQSaF%GDEQW'%WeHﬁ%Qart%'&nP%P W@fﬁ%ﬁﬁ free
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ganglia (DRGS) of inbred mouse strains AKR/J (AKR), C57BL/6J (C57/B6) and CBA/J
(CBA) were examined. Inbred mouse strains obtained from The Jackson Laboratory
10 (Bar Harbor, ME, USA). The spinal nerve at position L5 of Chung-operated (Chung
model of neuropathic pain (Kim and Chung, 1992, Pain 50: 355-363) and of
corresponding sham-operated control animals were subjected to axotomy. Samples
were profiled with Affymetrix microarrays (MOE430 2.0). At least five animals of each
group were tested. The manifestation of the pain phenotype “mechanic hyperalgesia”
15 was determined at all mice before removal of DRGs (Persson et al., supra, particularly
section “Behavioral testing”). The three mouse strains differ in their phenotypes. In CBA
mice, C57/B6 mice and AKR mice, the phenotype is manifested at a low, middle and

high level, respectively.

20 In order to carry out gene expression experiments, a method for isolating total RNA of
murine DRGs was developed (Persson et al., supra, particularly section “RNA extraction
for TagMan and microarray analysis”), wherein the method provided for RNA in a
sufficient amount (> 300 ng) and quality. After having extracted RNA from L5 DRGs of
the three mouse strains, either Chung-operated or sham-operated control animals, the
25 RNA probes were hybridized on Affymetrix microarrays (MOE430 2.0).

The Affymetrix gene expression data were statistically analyzed and filtered prior to a
correlation analysis. The following filter criteria were used:

30 — Abs. fold-change in at least 60 % of all Chung-operated animals 2 1.5 or
— in at least 20 % of all Chung-operated animals = 2.0 (each with respect to the
mean value of all sham-operated control animals) and

— gene expression intensity in at least 5 animals > 50 (background level).



signal transduction upstream or downstreamthe 112rg gene, particularly
wherein the conpound alters expression of the 112rg gene. WO

2011/ 089 \WD46A@EIFEP2011/ 050776 6. The fidthod of any of ecaimPedibsoSe
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to a comMe Aata for these sequences/genes showed a significant correlation of gene
expression and phenotype data (FDR < 0.05) and were not known to be involved in pain
15 and hyperalgesia.

For the 112rg gene which was among the genes with the best correlation of expression

and pain phenotype, the correlation analysis of log ratio data and mechanic

hypersensitivity yielded a Pearson correlation coefficient of 0.765 (p value of 5.35 * 10®)
20 and an FDR of 0.006.
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Claims
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A method of identifying a compound involved in pain, the method comprising the
steps of:

a) providing a test system comprising l12rg nucleic acid,

b) contacting the test system with a test compound, and

c) determining the effect of the test compound on the test system,

wherein the test compound is identified as a compound involved in pain, when a
significant effect of the test compound on the test system relative to a control is
detected.

A method of identifying a compound involved in pain, the method comprising the

steps of:

a) providing a test system comprising ll2rg protein or a functionally active
variant thereof,

a) contacting the test system with a test compound, and

b) determining the effect of the test compound on the test system,

wherein the test compound is identified as a compound involved in pain, when a

significant effect of the test compound on the test system relative to a control is

detected.

The method of any of claims 1 or 2, wherein the compound involved in pain is a
cellular compound naturally participating in the signal transduction pathway of the
l12rg gene and/or the l12rg protein.

The method of any of claims 1 to 3, wherein the compound involved in pain alters

signal transduction upstream or downstream the 112rg protein.

The method of any of claims 1 to 4, wherein the compound involved in pain alters
signal transduction upstream or downstream the l12rg gene, particularly wherein
the compound alters expression of the l12rg gene.
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10.

11.

12.

13.

14.

15.

WO 2011/089192 45 PCT/EP2011/050776

The method of any of claim 1 to 5, wherein the compound involved in pain binds to
a cellular compound naturally participating in the signal transduction pathway of
the ll2rg gene and/or the 112rg protein, particularly wherein the compound involved
in pain binds to the l12rg nucleic acid or the ll2rg protein, especially the ll2rg
protein.

The method of any of claim 1 to 6, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the lI2rg gene, particularly wherein
the compound inhibits expression of the 112rg gene.

The method of any of claim 1 to 7, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the 112rg protein, particularly wherein
the compound binds to the ll2rg protein.

The method of any of claims 1 to 8, wherein the test system is in a cell.

The method of any of claims 1 to 9, wherein the method is a high-through-put

method.

The method of any of claims 1 to 10, wherein the pain is neuropathic pain.

Use of l12rg nucleic acid for identifying a compound involved in pain.

Use of l12rg protein for identifying a compound involved in pain.

The use of claim 12 or 13, wherein the use is further defined as defined in any of

claims 3to 8 and 11.

A method of diagnosing algesia, comprising the steps of

a) determining the level expression of the 112rg gene in a subject’s sample, and

b) identifying the subject as algesic, if the level expression of the 112rg gene is
increased in the subject’s sample relative to a control.



