WO 2012/ 052189PCT/ EP2011/ 050771 1 Descri ption Methods and uses relating to
the identification of conmpound involved in pain as well as nethods of

di agnosi ngoabpase®e5 The present invention rel ates to apowtEPeet1050771
identifying a conpound involved in pain, the use of Car3 nucleic acid or
Car3 protein for identifying a conpound involved in pain as well as nethods
of dia nosi_ng al gesia involving the sane. 10Physical pain is a typical
sensor%@@ﬂ@ PR@nce that may be described as the unpl easant awareness of a
noxi ous stinulus or bodily harm |Individuals experience pain by various
daily hurts and aches, and sonetines through nore serious injuries or
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I nternational Association for the Study of Pain (1ASP) as "an unpl easant
sensor PBSaMell aspistieds okdigenpeingalgesiadci at ed 15with actual or potenti al

ti sgue damage, or described in terns of such damage”. Pain of any type is
t he nost conmon reason for physician consultation in the United States,
pronpt iThg preséntoihvahtionretates an s rhetheelel( idedifgiay acesrapaumdi aviowed ih pasn,a

maj or synptom.in ny nmedical conditjons, significantly interfering with a
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(dull, burning, t I ng-or stabbing), soufce, or location in body.
Usual I'y pain stops wi thout treatnment or responds to sinple neasures such as
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situation 1n the future. WD 2012/ 052189PCT/ EP2011/ 050771
15 with actual or potential tissue damage, or described in terms of such damage”.

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 iliness 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,



2 having a toothache, or wal king after an extensive surgical operation.
Chronic painis a '"painillness', it is felt day after day, nonth after
nont h, amnsloeens2isapossi ble to heal. I n general, physi cipamsrasia/osome
confortable treating acute pain, whichsually is caused 5by soft tissue
damage, infection and/or inflammation anong ot her causes. It is usually
treated sinmultaneously with pharnaceuticals, commonly anal gesics, or
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sensitivity and expression there was Car3 (see Exanple). Therefore, Car3 is
an_ jnteresting target for the identification of conpounds involved in pain
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involved in pain, the nmethod conprising the steps of: a) providing a’test
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wherein the test conpound is identified as a conpound invol ved in pain,

when a _significant effect of the test conpound on the test systemrelative
tola cdriy Brovies tael Rew egproaghes gl tergets dwEairthrrapy @5 sl needed.

Surprisingly, it has now been found that Car3 is involved in pain. In a screening assay
for the identification of genes involved in pain, three different inbred mouse strains
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 Car3 (see Example).
Therefore, Car3 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 Car3 nucleic acid or a Car3 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.



3 The first aspect of the present invention relates to a test system
conprising a Car3 nucleic acid and the second aspect relates to a test

syst em conprosyosgisa Car3 protein, or a functionally actipeg/prasii@si77t her eof .
5 The test system of the invention may 3e used in order to elucidate
mechani sns involved in pain. Particularly, the test systemnmay be used to
devel op, identify and/or characterize agents involved in pain, which
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the diagnosis of algesia. A variety of test designs is known in the art to
whi ch the test systemaccording to the present invention nay be adapt ed.
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be capabl e of adapting the test systemto the study design, i.e. be chosen
suitabl e buffers, cofactors, a substrate, one or nore different antibodies,
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i nvent ingthads &% thesise Ao OTHY test BgstemGaBY be usedidDréecCtoadetermidedhe &ffeat 3
gene or Car3 cDNA or Car3 nmRNA or Car3 pronoter, or_30protein is provided.
Théd carol adenlkCneowd on iize st sy pieah eeskiltaazpersan vgllbe ahle éo desiePraeigst o as

1 msSRANER Y abbina ERhACAR s SEE Ankkjor Wit PR G M
2012/ 0s218BIeGoH! HR2PArlic0Ia0 st ndetbe itand. protein (EC 4.2.1.1) is a nmenber of
t he al pha-carboni ¢ anhydrase famly, a
In addition to Car3 nucleic acid or protein or functionally active variant thereof, the test
20 system of the invention may comprise one or more further components. Depending from
the test design and method of detection the test system may include, e.g. a known Car3
ligand, a component of the Car3 signal transduction, means for detection etc. The
skilled person will be capable of adapting the test system to the study design, i.e. be
chosen suitable buffers, cofactors, a substrate, one or more different antibodies, a
25 marker, an enzyme or any other necessary agent. The test system may be in a cellular
system or a 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 Car3
nucleic acid, e.g. a Car3 gene or Car3 cDNA or Car3 mRNA or Car3 promoter, or
30 protein is provided.

The Car3 gene encodes the metalloenzyme Car3. Car 3 is also referred to as Carbonic
anhydrase lll, Carbonate dehydratase Ill or carbonic anhydrase Ill, muscle specific or
abbreviated CA-lll or CAlIl.



multigene famly that is present in manmal s and that encodes carbonic
anhydrase i sozynes. The carboni ¢ anhydrase enzynes found in mammal s are

di vi ded, wocordisege5to their location within the cell, ipotr®pb@unsimmpad
subgroups which, in turn, consist of at4least 15 isoforns. These carbonic
anhydrases are a class of netall oenzynes that catal yze the reversible
hydrati on of carbon di oxide (catalytic activity H2003 = 002 + H20). The
cofactor of the enzymes of the al pha-carbonic anhydrase famly is zinc ion.
The zinc ion is coordinated by the im dazole rings of three histidine
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mechani sm of differentiation- ge end nt Car3 expression is not understood.
So'1bar thistenzymesiepgedietaren dAceandr Q)ffe@ﬁ@nér%frﬁ@cpéduncl ear, however, it is
supposed that it may not act sinply as a carbonic anhydrase. Car3 has been
inplicated a function in fatty acid netabolism Thereby, Car3 could
facilitate rapid conversion of WD 2012/ 052189PCT/ EP2011/ 050771 5
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high to moderate levels in the notochord.

25 Carbonic anhydrase isozyme 3 has several characteristics that distinguish it from the
other isozymes, especially its low specific carbon dioxide hydratase activity, which is
only 3% that of Car2. The enzyme is remarkably rich in male liver, skeletal muscle and
adipocytes, constituting up to 5%, 8% and 25% of the soluble fraction of these tissues.
Car3 expression is negligible in preadipocytes, becoming substantial upon

30 differentiation, but the mechanism of differentiation-dependent Car3 expression is not
understood. So far, the physiological function of the enzyme is unclear, however, it is
supposed that it may not act simply as a carbonic anhydrase. Car3 has been implicated
a function in fatty acid metabolism. Thereby, Car3 could facilitate rapid conversion of



103 utat hiol ati on of one of the two cysteine residues (Cys-186 in rat) as
referred to above is required for phosphatase activity, while

gl ut at hi ovet2omsefset he ot her cystei ne residue (Cys-181 ipoT/ERR)11b@yeks
phosphat ase activity. Thus, glutathiold&ion is a reversible coval ent

nodi fication that can regulate Car3, which may function in the cellular
response to oxidative stress. 15 It has been found that Car3 pronotes
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SEQ ID NO 1). The displayed sequence is further processed into a nature

form It conprises a netal binding site at ami no acids 94, 96 and 119.
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glutathiolation serves to reversibly regulate the phosphatase activity of Car3.

10  Glutathiolation of one of the two cysteine residues (Cys-186 in rat) as referred to above
is required for phosphatase activity, while glutathiolation of the other cysteine residue
(Cys-181 in rat) blocks phosphatase activity. Thus, glutathiolation is a reversible
covalent modification that can regulate Car3, which may function in the cellular
response to oxidative stress.

15
It has been found that Car3 promotes transformation and invasiveness of hepatoma
cells. Moreover, a proportion of carriers of Duchenne muscle dystrophy have a higher

Car3 level than normal.

20 The human Car3 protein is composed of 260 amino acids with a molecular weight of
29557 Da (cf. UniProtKB/Swiss-Prot P07451; CAH3 HUMAN; SEQ ID NO: 1). The
displayed sequence is further processed into a mature form. It comprises a metal
binding site at amino acids 94, 96 and 119.

25 10 20 30 40 50 60
MAKEWGYASH NGPDHWHELF PNAKGENQSP VELHTKDIRH DPSLQPWSVS YDGGSAKTIL

70 80 90 100 110 120
NNGKTCRVVF DDTYDRSMLR GGPLPGPYRL RQFHLHWGSS DDHGSEHTVD
30 GVKYAAELHL

130 140 150 160 170 180
VHWNPKYNTF KEALKQRDGI AVIGIFLKIG HENGEFQIFL DALDKIKTKG KEAPFTKFDP

35 190 200 210 220 230 240
SCLFPACRDY WTYQGSFTTP PCEECIVWLL LKEPMTVSSD QMAKLRSLLS SAENEPPVPL

250 260
VSNWRPPQPI NNRVVRASFK
40 (SEQ ID NO: 1)



6 A natural variant has been reported, i.e 31 V ->1 (VAR 016180). The gene
maps to chronobsone 8. 5 The Car3 gene is conserved in human, chinpanzee,
dog, cow,woabi2/@ei9chi cken as exenplified in the foll owpogEPNgas7sm : Human
:Simlarity :NCl 31 accessions dog:89. ® (nucleic acid):NM 001145172.1
(Canis famliaris):90.38 (am no acid) NP 001138644 1 chi npanzee: 99. 74
(nucl ei ¢ aci d): XM 001164040. 1 (Pan troglodytes):99.22 (am no acid): XP
001164@40aturaivarieBbbas heen ssr@ied 7.e(HLY| e oV _@168§0338 (amino acid) NM
001034437.1 NP 001029609.1 rat187.44(nucleic acid)NM 019292.3 (Rattus
norvegi cus) 191.54 (am no aci d) NP 062165. 2

The gene maps to chromosome 8.

5 The Car3 gene is conserved in human, chimpanzee, dog, cow, rat, and chicken as

exemplified in the following.

Organism Similarity NCBI accessions
dog ................................................ 8974(nucle|ca0|d) ................................ NM_0011451721 ...................................................
%(Canis familiaris) 290.38 (amino acid) N P_001138644.1
Chlmpanzee ........................ 9974(nuc|elcaC|d) ................................ XM_0011640401 ...................................................

(Pan troglodytes) ~ 99.22 (amino acid)

cow :84.87 (nucleic acid) - 001034437.1

%(Bos taurus) 285.38 (amino acid) NP_001029609.1

rat 87.44(nucleicacidy ~ NM_0192923
%(Rattus norvegicus) 91 .54 (amino acid) §§NP_0621 65.2

'ﬁur'ﬁé[j"s"é ....................................... 8705(nucle|ca0|d)NM_0076063
%(Mus musculus) 91 .92 (amino acid) NP_031 632.2

Chlcken .................................... 6927(nuc|elcaC|d)XM_4183191 ..............................................................

%(Gallus gallus) é69.92(amino acid) 55XP_41831 9.1

Accordingly, the term Car3 also encompasses naturally occurring variants.
10

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

15 It should be noted that the Car3 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
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

20 more preferably 95 % of the activity of the natural occurring Car3. The biological activity



nmousel87. 05 (nucl eic acid)NM 007606.3 (Mus nuscu/us):91.92 (am no aci d) NP
031632. 2 chi cken: 69. 27(nucl ei ¢ acid) XM 418319.1 (Gl lus gal | us) 169. 92(am no
aci d) XP 482aab28acordi ngly, the term Car3 al so enconpaesar2matseral | y
occurring variants. 10 Non-naturally occurring variants nay be obtai ned by
a limted nunber of am no acid deletions, insertions and/or substitutions,
particularly deletions, insertions and/or substitutions of at nost 10, 9,
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conponent. For exanp D’grotel n nay be coupled to a nmarker, such as a
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this case the proteins are purified in two or nore separati
chil 8natce§e abzing e affinity adacfirst 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-
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

20 (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
antibodies include anti-HA (such as 12CAS5 or 3F10), anti-6 His, anti-c-myc and anti-
GST. Furthermore, the Car3 protein could be linked to a marker of a different category,

25 such as a fluorescence marker or a radioactive marker, which allows for the detection of
Car3. In a further embodiment, Car3 could be part of a fusion protein, wherein the
second part could be used for detection, such as a protein component having enzymatic
activity.

30 In another embodiment of the present invention, the Car3 variant could be a Car3
fragment, wherein the fragment is still functionally active. This may include Car3
proteins 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).



15case utilizing the affinity of a first and then of a second tag. Exanples
of such double or tandemtags are the GST-Hi s-tag

(gl ut at hiwoeof3/dsemasf erase fused to a pol yhi sti di net ag) pCtther2011/050771

6xH s-Strep-tag (6 histidine residues faused to a Strep-tag), the

6xH s-tagl00- tag (6 histidine residues fused to a 12-anmino-acid protein of
manmmal i an MAP- ki nase 2), 8xHi s-HA-tag (8 histidine residues fused to a
haemagdidditionaty eipie: Gp@- ragentiney MeRURDeHMedifieg as.delailed agowaferdbe-Garddi ng
protel}rb FLAG HA-tag (FLAG tag fused to a henmggl utini n-epitope-tag), and
the FL (f? ‘ep-tag. The marker could be used in order to detect the tagged
protein, V\/nerei n specific antibodies could be used. Suitable antibodies

i ncl ude anti-HA (such as 12CA5 or 3F10), anti-6 H's, anti-c-nyc and
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del et i camsor(gptr‘@ ammmaldmbawhgamdmsesmﬂ)es Bonorigthelamides]erivativeéd, amang 12,

11, .10,, 9, m nQ aci(a?. VWO . .

2019/ o%@%é%ﬁﬁﬁ?d&'iﬁ B§ﬁ§ﬁs'gu§§ioqrttﬁ%ﬁgnp9 acy é“w?%a'f%@%rrﬁs'%- be

fur t herryimedil Gemilcanséalobavéd 8Ad RBAYErVRAVe EhBstiatichPatein. Alternatively or

additionally, the Car3 protein or variant thereof as described above may 5
conprise one or nore am no acid substi tut| on(s) However, sem -conservative

e subdyTigack Sf?ﬁj?ﬂ% B OB Rl 5ol Py R R, 2

substi %tl ons are a he ali phatl o am ’vé:(&d anong the am no acids
havi ng sl i phati ¢ hydroXyr side chain, anorg vt m no acids having acidic

resi dués, anong t he BNa& derivatives, a ,1 tfveRalti no acids with basic
resi duds, or the am RBoQadN ds havi ng aronat/?\c,S,rEstﬁeH Typi cal

seni - cdnservative anW;cGrisddMat i ve substi tluvi Bns are: Am no

aci dCorGGervative subAtitutionSem -conserva;iNelsDpEf Nt @i on

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

V ALl M;T;C; N

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

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

Changing from A, F, H, I, L, M, P, V, Wor Y to C is semi-conservative if the new

15 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
not be introduced into parts of the protein which have an alpha-helical or a beta-sheet

structure.
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T, K R HFW Y; L; M H; V, A AS, N T  EE N Q VY, F, KK RL;, M A
[V, L; MwbBpi2xis2M G R HD, E N, Q S, T, ALM |; Vecirr20M1osy77H, C M,
l; Vi AR, Y, W C Q@ B S T, A GXK v, IL, AMWY S T C F
QD E; A S, T; L; M K RRK HN Q S K

Db E A A T, G ND E R
N WF; Y; HL; M l; V, C
tution may be modified as detailed

TA; S G N WO, EE R K | VA L; IM T,
The Car3 protein or fragment or variant with subst

mOﬂma

above for the Car3 protein or fragment or variant. In the following description of the
invention all details given with respect to Car3 protein also relate to functionally active
variants thereof, unless stated otherwise.

It is noted that the above modifications of the Car3 protein may be combined. The
variant of the present invention may be e.g. fragment of Car3 having a marker fused to

it, or a Car3 protein fragment comprising one or more amino acid substitutions.

10  However, most preferably, the Car3 protein is a naturally occurring Car3 protein as
detailed above, still more preferably, a naturally occurring human Car3 protein (e.g.
SEQ ID NO: 1).

The term Car3 nucleic acids encompasses nucleic acids coding for the above Car3

15 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 Car3
gene, wherein these sections are of a relevant size in order to be specific for that gene.
Examples of those regions are introns, exons or regulatory elements such as a Car3
promoter.

20
The most preferred Car3 nucleic acids code for the naturally occurring Car3 protein as
detailed above, still more preferably, a naturally occurring human Car3 protein (e.g.
SEQ 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

25 most common (and therefore preferred) nucleic acids are deoxyribonucleic acid (DNA)
and ribonucleic acid (RNA). Most preferably, the term Car3 nucleic acids relates to Car3
gene, promoter, DNA, cDNA or mRNA.

Artificial nucleic acids include peptide nucleic acid (PNA), morpholino and locked

30 nucleic acid (LNA), as well as glycol nucleic acid (GNA) and threose nucleic acid (TNA).
Each of these is distinguished from naturally-occurring DNA or RNA by changes to the
backbone of the molecule.
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Furt her nowe,20i2ns2mki | | ed person will appreciate that gl ycrmeoawsetrerically
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I ntroduced into parts of the protein which have an al pha-helical or a
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15
The agent tested with the test system of the present invention may be any test
substance or test compound of any chemical nature. It may already be known as a drug
or medicament for a disease. Alternatively, it may be a known chemical compound not
yet known to have a therapeutic effect in another embodiment and the compound may
20 be a novel or so far unknown chemical compound. The agent may be also a mixture of

test substances or test compounds.

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

25 include a plurality of chemical compounds and have been assembled from any of
multiple sources, including chemical synthesized molecules or natural products, or have
been generated by combinatorial chemistry techniques. They are especially suitable for
high-throughput screening and may be comprised of chemical compounds of a
particular structure or compounds of a particular organism such as a plant. In the

30 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.
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chem cal “synthesized nol'ecul es or natural products, or Have been generated
by coniongdoumidadr itimayiktst a knowohwaluwpies. They are especially suitable for

hi gh-t hr oughput screening and nay be conprised of chem cal conpounds of a
particul ar structure or conmpounds of a particular organi smsuch as a plant.

In the @%;@gfﬁ?‘rgp%n& Hﬁviﬂ?%ﬁé‘ﬁeét%ﬁ%bité&safgféggm%g&%ﬁ ifeABRYRG | Tbrary is

prefera ary conprising proteins a ptides or [l organic
noP@c ulirereasingfagdeislgasing itae tesirsyateine’s sigred.uhdhe sohtexs of thenprédentdal t ons i n

si ze, Fljr?\;etr{tfc:)lﬁl %rel thsf cgr(rjllpg%g ha8 3 & ei ?nngérinpc)arigcgrg%né %oﬁfl)’gIP %L{Hg 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
25 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.

In a preferred embodiment, the signal of the test system is altered by the test compound
by at least 10 %, preferably at least 25 %, more preferably at least 50 %, still more
30 preferably at least 75 % and most preferably at least 90 % of the control, either positive

or negative.



WO 2012/ 052189PCT/ EP2011/ 050771 11 In a third step of the method of the
present invention, the effect of the test conpound on the test systemis
det ect ed.wonot2ns21s9l | owi ng, a series of different detectcomEpsysosovsrwill be
described in nore detail. However, it $hould be understood that these are
exenpl ary and other test systens and nethods nmay be al so appropriate. 5 If
the test conpound has a specific and significant effect on the test system
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changi ng, 20I ncreasi or decreasing, the test systenis signal. In the
context of the present invention, the test conpound has an effect in
conparison to a,control ., if the test systemcontacted wth the test
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| east 25 % nore preferably at |east 50% still nore 30preferably at |east
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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
measurement of the heat released or absorbed by chemical reactions. These assays

20 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
reactions produce light and this can be measured to detect product formation. These

25 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
solution. Given a fixed total concentration of one or more species over the

30 measurement time, the scattering signal is a direct measure of the weight-averaged
molar mass of the solution, which will vary as complexes form or dissociate. Hence the
measurement quantifies the stoichiometry of the complexes as well as kinetics. Light
scattering assays of protein kinetics is a very general technique that does not require an

enzyme.
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assay. As used herein, a heterogeneous assay is an assay which includes one
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20 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 Car3
nucleic acid or protein could be detected indirectly. For this, the effect downstream the
Car3 nucleic acid or protein could be detected. For example, the effect on the

25 transcription and translation related to Car3 could be determined. In one embodiment,
the amount of Car3 mRNA or Car3 protein is detected.

Many known methods for detection that are designed to measure the presence or
quantity of specific proteins or other nucleic acids depend on the use of tags, markers or

30 labels. A component of the test system or the test compound may be labeled in a
variety of ways to allow sufficient detection or purification. In one preferred embodiment
a detectable marker is used in order to detect an effect on the test system. For this, (i)
the nucleic acid or Car3 protein, (ii) the test compound and/or (iii) a further component
of the test system may be labeled with at least one detectable marker.
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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
25 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
proteins, and they are not specifically detectable in an assay system unless they are
labeled for visualization or secondarily probed with another molecule that is labeled.

30 A marker (or tag or label) is any kind of substance which is able to indicate the presence
of another substance or complex of substances. The marker can be a substance that is
linked to or introduced in the substance to be detected. Detectable markers are used in
molecular biology and biotechnology to detect e.g. a protein, a product of an enzymatic
reaction, a second messenger, DNA, interactions of molecules etc. Examples of
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20
The detection of protein often involves the use of specific antibodies. Accordingly, the
detection of Car3 protein or a variant thereof may include a specific Car3 antibody.
Antibodies against Car3 are available from commercial suppliers (e.g. catalog No:
15197-1-AP from Proteintech Group, Inc. (Chicago, Il, USA) or catalog No: sc-50714,
25 sc-50715, sc-50716 from Santa Cruz Biotechnology (Santa Cruz, CA, USA)).
Alternatively, antibodies can be raised using well established techniques for immunizing
animals with prepared forms of the antigen. A variety of reagents is available to assist in
antibody production and purification, and various companies specialize in antibody
production services. Depending on the application to be performed, different levels of
30 purity and types of specificity are needed in a supplied primary antibody. To name just a
few parameters, antibodies may be monoclonal or polyclonal, supplied as antiserum or
affinity-purified solution, and validated for native protein or denatured protein detection.
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20 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,
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

25 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.

With biotin-binding proteins as probes, the highly specific affinity interaction between
biotin and avidin or streptavidin protein is the basis for many kinds of detection and

30 affinity-purification methods. Biotin is very small (244 Daltons), so its covalent
attachment to antibodies or other probes rarely interferes with their functions. Yet its
presence as a label on a probe allows efficient and specific secondary detection with
either avidin or streptavidin. Both kinds of biotin-binding proteins are available in purified
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As a label for Western blotting, AP offers a distinct advantage over other enzymes.
Because its reaction rate remains linear, detection sensitivity can be improved by simply

20 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
a byproduct of the reaction. HRP functions optimally at a near-neutral pH and can be

25 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
small size of the HRP enzyme, further increases in sensitivity may be achieved by using

30 poly-HRP conjugated secondary antibodies and may eliminate the need for using ABC

type amplification systems for some researchers.

Fluorescent Labels for Detection were historically used in a small number of cell biology
applications such as flow cytometry (FC), fluorescence-activated cell sorting (FACS)
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the added advantage of multiplex compatibility (using more than one fluorophore in the

same experiment).

20 Alternatively or additionally, two markers may be used in order to detect proximity of two
substances, e.g. the test compound or the known Car3 ligand and the Car3 protein. The
markers may be, e.g. one radioactive or fluorescent marker and one scintillator (e.g. for
a scintillation proximity assay) or two fluorescent markers may be used (e.g. for FRET).
In one example the Car3 protein and the test substance could be labeled with a first and

25 asecond 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 Car3 protein and test substance. This test could
be designed as a competition binding test, wherein a known Car3 ligand carries one of
the labels.

30
Examples of suitable marker combinations include

radiolabels *H, **P, **S or "C, "I combined with scintillator such as Yttrium silicate

or polyvinyl-toluene, e.g. compartmented in a microparticle or
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25 to activate downstream signal transduction. Ligands include inhibitors and activators.

Carbonic anhydrases (CAs) are typically inhibited by several classes of compounds,
including the metal complexing inorganic anions (e.g., cyanide, cyanate, thiocyanate,
azide, hydrogensulphide etc.) and the unsubstituted sulphonamides possessing the

30 general formula RSO2NH: (R = aryl; hetaryl; perhaloalkyl). The first type of inhibitor was
important for understanding in detail the catalytic and inhibitory mechanisms, whereas
the second led to the development of several classes of pharmacological agents.
Inhibitors of both types directly bind to the metal ion within the enzyme active site, either
by substituting the zinc-bound H, or adding to the co-ordination sphere, leading thus to
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Selective ligands have a tendency to bind to very limited types of targets (biomolecules)
such as enzymes, while non-selective ligands bind to several types of targets. This
plays an important role in pharmacology, where drugs that are non-selective tend to

25 have more adverse effects, because they bind to several other biomolecules in addition

to the one generating the desired effect.

For competition binding experiments a known ligand is labeled with at least one
detectable marker and added to the incubation step of b). After step b) bound labeled
30 ligand is separated from non-bound ligand. The separation may be done by a common
separation step such as filtration, centrifugation, immobilization, phase separation and
removal of liquids etc. The amount of signal provided by the label is indicative for the
amount of ligand bound and therefore also for the amount of test compound bound to
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The binding of an inhibitor can stop a2bi nding partner frominteracting
wi th the 15bi onol ecul e and/ or hi nder the bionolecule from being active or
activated. Inhibitor binding is either reversible or irreversible.
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det ect abl e marker and added to the incubation step of b). After step b)
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transfer) assay or a FP (fluorescence polarisation) assay. SPA

( séPnt ideteatedwSHgGIMiliBlionsoHpterss a type of technol ogy that is used for
bi ochemi cal

In more detail, when the radio-labeled molecule is attached or is in close proximity to
bead, light emission is stimulated. However, if the bead remains unbounded by the
radio-labeled molecule, the bead will not be stimulated to emit light. This is due to the
20 fact that the energy released from the unbounded radioactivity is too dissolute when it is
too far from the SPA bead, hence the beads not being stimulated to produce a signal.

Tritium is highly recommended as it suits SPA very well. It is due to the 1.5 ym path
length through water, which is very short. So, when the 3-particle is within that particular
25 range of 1.5 um with the scintillant bead, there is sufficient energy to stimulate the
scintillant bead to emit light. If the distance between the greater than 1.5 um, then the 3-
particle is incapable of traveling the required distance to stimulate the bead as there is
insufficient energy. There is also an assortment of bead coatings available that allows
this method to be applied to a broad range of applications, such as enzyme assays and

30 radio-immuno assays.

Fluorescence resonance energy transfer (FRET) describes a radiation-free energy
transfer between two chromophores. A donor chromophore in its excited state can
transfer energy by a non-radiative long-range dipole-dipole coupling mechanism to an
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Representative donor fluorescent moieties that can be used with various acceptor
fluorescent moieties in FRET technology include fluorescein, Lucifer Yellow, B-phyco-
erythrin, 9-acridineisothiocyanate, Lucifer Yellow VS, 4-acetamido-4'-isothiocyanatostil-
25 bene-2,2'-disulfonic acid, 7-diethylamino-3-(4'-isothiocyanatophenyl)-4-methylcoumarin,
succinimdyl 1-pyrenebutyrate, and 4-acetamido-4'-isothiocyanatostilbene-2,2'-disulfonic
acid derivatives. Representative acceptor fluorescent moieties, depending upon the
donor fluorescent moiety used, include LC-Red 610, LC -Red 640, LC-Red 670, LC -
Red 705, Cy5, Cy5.5, Lissamine rhodamine B sulfonyl chloride, tetramethyl rhodamine
30 isothiocyanate, rhodamine x isothiocyanate, erythrosine isothiocyanate, fluorescein,
diethylenetriamine pentaacetate or other chelates of Lanthanide ions (e.g., Europium, or
Terbium). Donor and acceptor fluorescent moieties can be obtained, for example, from
Molecular Probes (Junction City, OR) or Sigma Chemical Co. (St. Louis, MO).



observed because of the internolecular FRET fromthe donor to the acceptor.
Sui tabl e nei ghbors for FRET are known in the art and the skilled
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f or mat f%“gﬁ?ﬂ sWile FRET has already 5 been described above, TRF takes
advant age tﬁe’ uni que properties of |anthanides or any other donor with
|l ong half-life. Suitable donors for TR-FRET include, anongst others,
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| ant hani des i ncl ude samarium (Sn), europium (Eu), terbium (Tb) and
dysprosium (Dy). Because of their specific photophysical and spectral
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application in biology. Specifically, ave a large stroke's shift and
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when C%m%ﬁ%lé,ocamfn% t%reae%itttjeM@ht {CJ H@éo?‘ﬁg(areﬁal'arised. When the substrate binds
25 toalarger molecule, i.e. the acyl group, its tumbling rates are greatly decreased, and
the emitted light remains highly polarized.

Alternatively, mass spectrometry may be used. The term “mass spectrometry” refers to
the use of an ionization source to generate gas phase ions from a sample on a surface
30 and detecting the gas phase ions with a mass spectrometer. The term “laser desorption
mass spectrometry” refers to the use of a laser as an ionization source to generate gas
phase ions from a sample on a surface and detecting the gas phase ions with a mass
spectrometer. A preferred method of mass spectrometry for biomolecules such as
acylated acyl acceptor is matrix-assisted laser desorption/ionization mass spectrometry



Usual Iy, organic chronophores are used as acceptors. These include

al | ophycocyanin (APC). Suitable details on TR-FRET as well as acceptors are
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concentorf%el Bidmolecule with the corresponding apparent molecular mass value. Thus, the

“signal” always refers to the properties of the biomolecule.

As detailed above, in a first aspect the method of identifying a compound involved in
25 pain, the method comprising the steps of:

a) providing a test system comprising Car3 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
30 significant effect of the test compound on the test system relative to a control is

detected.

The effect of the test compound on the nucleic acid may be determined on a variety of

expression or signal transduction levels.



of the bionolecule with the correspondi ng apparent nol ecul ar mass val ue.
Thus, the "signal" always refers to the properties of the bionolecule. As
det ai | ed wbaueyosers9a first aspect the nethod of identifycmgpraoiaosgound

i nvol ved in 25pain, the nethod conprispPhg the steps of: a) providing a
test system conprising Car3 nucleic acid, b) contacting the test system
wth a test conmpound, and c¢) determning the effect of the test conpound
on the test system wherein the test conpound is identified as a conpound
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t he t edlbe e¥RiRSSIAN @IdDE@PERGve an i nfluence on the expression of the gene. 5
Accgrdingly, the binding of test conpound to the regul atory sequence could
be determ ned by detecting the conplex of (i) the regulatory sequence or
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call ed regulatory regions, are appropriately positione
genone areseddileg reersimort di st ance 'upstream of the gene being regul ated. By
doiﬁg so, these 15regulatory proteins can recruit another protein conplex,

cal1 ed the RNA polynerase. In this way, they control gene expression. The

regul atmieyregRfISHCRquBRLE LS sehfhdt @FDING wheed fsyuMtoRpreteiak IsyicMaisks i n
concert with othér re% atory regi ons (enhancers, silencers, boundary
t

el emrenttkgnisadplien wctgrstoindipredetentipky.| ese regulateryfreiens bindde shogisitwichisne.

of DNA called regulatory regions, which are appropriately positioned in the genome,
usually a short distance 'upstream’ of the gene being regulated. By doing so, these

15  regulatory proteins can recruit another protein complex, called the RNA polymerase. In
this way, they control gene expression. The regulatory sequence includes the promoter
region which usually works in concert with other regulatory regions (enhancers,
silencers, boundary elements/insulators) to direct the level of transcription of a given
gene.

20
Alternatively, the effect, e.g. binding, of the test compound and the influence on the
gene transcription could be detected indirectly. For this, the effect downstream the Car3
gene could be detected. For example, the effect on the transcription and translation
related to Car3 could be determined. In one embodiment, the amount of Car3 mRNA or

25 Car3 protein is detected. However and preferably, the binding is detected by
determining the enzyme activity of Car3 using any of the catalytic activities, including
the specific activities for carbon dioxide hydration and for ester hydrolysis as well as the
activity of a phosphatase (cf. e.g. Cabiscol and Levine, 1995, J Biol Chem 270: 14742-
14747).

30
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).
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degradation than Northern analysis since cleavage is only detected in the region of
overlap with the probe (probes are usually about 100-400 bases in length).
20
In RT-PCR, an RNA template is copied into a complementary DNA (cDNA) using a
retroviral reverse transcriptase. The cDNA is then amplified exponentially by PCR.
Relative quantitative RT-PCR involves amplifying an internal control simultaneously with
the gene of interest. The internal control is used to normalize the samples. Once
25 normalized, direct comparisons of relative abundance of a specific mMRNA can be made
across the samples. Competitive RT-PCR is used for absolute quantitation. This
technique involves designing, synthesizing, and accurately quantitating a competitor
RNA that can be distinguished from the endogenous target by a small difference in size
or sequence. Known amounts of the competitor RNA are added to experimental
30 samples and RT-PCR is performed. Signals from the endogenous target are compared

with signals from the competitor to determine the amount of target present in the sample.

The above methods may include nucleic acids labeling. A series of techniques are
known to the skilled person allowing for labeling of DNA, RNA or oligonuleotides. These
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25 The polymerase chain reaction (PCR) allows the amplification of minute amounts of
DNA. The only prerequisite is that some sequence information of the target sequence is
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
probes from small amounts of a respective target sequence. For example digoxigenin, a

30 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.
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met hod of detection may be enpl oyed for detection of biotin |abeled nucleic
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for several |rmunol ogl cal detection systems For this, strept avidin e.g.

from St avidinii could be c ed to all ’Iase or to
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membranes. This method of detection may be employed for detection of biotin labeled
nucleic acids on membranes (e.g. Southern blots, dot blots), in cells and tissues (e.g. in
situ hybridization), immunoblotting, immunohistochemistry or ELISA. Streptavidin
25 conjugates are used for the detection of biotin-labeled substances (e.g., biotinylated
antibodies) which can be used for several immunological detection systems. For this,
streptavidin e.g. from Streptomyces avidinii could be coupled to alkaline phosphatase or
to R-peroxidase. This method of detection may be employed with immunoblotting,
immunohistochemistry or ELISA.
30
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
interaction of the antibody with the filter. Alkaline phosphatase-conjugated antibody,
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products form a water insoluble dark blue to brownish precipitate, depending on the

type of membrane.

20 Various reporter molecules can be coupled to detecting antibodies to visualize the
specific probe-target hybridization including, but not limited to, enzyme-coupled
antibodies, fluorochrome-labeled antibodies (detection by fluorescent microscope and
specific filters which allow visualization of the wavelength emitted by the fluorescent
dye) and antibodies coupled to colloidal gold (detection by electron microscope on

25 cryostatic sections).

Multiple simultaneous hybridizations can be performed by using combinations of
digoxigenin-, biotin- and fluorochrome-labeled probes to localize different chromosomal
regions or different RNA sequences in one preparation. Such multiprobe experiments

30 are made possible by the availability of different fluorescent dyes coupled to antibodies.
These include fluorescein or FITC (fluorescein isothiocyanate; yellow), rhodamine or
TRITC (tetramethylrhodamine isothiocyanate; red) and AMCA (amino-methylcoumarin
acetic acid; blue).
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thgdetermining the amount of the above signal relative to a control.

20 As detailed above, in a second aspect the method of identifying a compound involved in
pain, the method comprising the steps of:
a) providing a test system comprising Car3 protein or a functionally active variant

thereof,

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

25 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.

30 Accordingly, the binding of test compound to the Car3 protein or variant thereof could
be determined by detecting the complex of (i) the Car3 protein or variant thereof and (ii)
the test compound. Suitable methods of detecting complexes of two or more
components are detailed above and in the following.
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catal ysing reactions that give a coloured product that is easily detectable
by | i gitrotéic ingciopgtaiming és antintibdgy-baseld owmihod & deteckatsperificamotesn isad as
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be suc&asompaspes eminad rangriof iechoiowasiused ik bistplagwf ¢alinbielogy dard maleeuler

b1 ook 1ag kil Atk ABufovsb4%d BT Wil i, Bh S DRy of'
post - anissbe dgctidsomedlarisiclaade pesdervedrpg fikayorbe i nportant for obtaining

hi gh qual ity inmmunostaining. Western blotting allows the detection of
sp gific proteins (native or denatured) from 30extracts made fromcells or
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fixati Qoglattestis @asiiy dbiRtAM by IIBRE ARErBBELPY. Alternatively, radioactive elements
20 can be used as labels, and the immunoreaction can be visualized by autoradiography.
Tissue preparation or fixation is essential for the preservation of cell morphology and
tissue architecture. Inappropriate or prolonged fixation may significantly diminish the
antibody binding capability. Many antigens can be successfully demonstrated in
formalin-fixed paraffin-embedded tissue sections. Optimisation of fixation methods and
25 times, pre-treatment with blocking agents, incubating antibodies with high salt, and
optimising post-antibody wash buffers and wash times may be important for obtaining

high quality immunostaining.

Western blotting allows the detection of specific proteins (native or denatured) from

30 extracts made from cells or tissues, before or after any purification steps. Proteins are
generally separated by size using gel electrophoresis before being transferred to a
synthetic membrane (typically nitrocellulose or PVDF) via dry, semi-dry, or wet blotting
methods. The membrane can then be probed using antibodies using methods similar to
immunohistochemistry, but without a need for fixation. Detection is typically performed
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Electron microscopy or EM can be used to study the detailed microarchitecture of

20 tissues or cells. Immuno-EM allows the detection of specific proteins in ultrathin tissue

sections. Antibodies labelled with heavy metal particles (e.g. gold) can be directly
visualised using transmission electron microscopy. While powerful in detecting the sub-
cellular localisation of a protein, immuno-EM can be technically challenging, expensive,
and require rigorous optimisation of tissue fixation and processing methods.

25
Alternatively, the effect, e.g. binding, of the test compound and the influence on the
Car3 protein could be detected indirectly. For this, the effect downstream the Car3
protein could be detected. For example, the effect on the phenotype, e.g. the
manifestation of algesia phenotype, could be determined.

30

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 Car3
gene and/or the Car3 protein.
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nat ur al e signal transduction pathway of the Car3 gene
and/or the Car3 protein, particularly wherein the conpound involved in pain
binds to the Car3 gene or the Car3 protein, especially the Car3 protein.
w1201 In @pretssradreppodimernsy #rg present invention the compound involved in pain alters

signal transduction upstream or downstream the Car3 protein. Additionally, or
alternatively, the compound involved in pain alters signal transduction upstream or
downstream the Car3 gene, particularly wherein the compound alters expression of the
Car3 gene.

20
As already detailed above, the effect may not only be determined on the level of Car3
protein or gene, but also on a signal transduction or expression level upstream or
downstream. Examples include the Car3 gene level (upstream of the Car3 protein), the
MRNA level (upstream of the Car3 protein and downstream of the Car3 gene), the

25 protein level (downstream of the Car3 gene) and the phenotype (downstream of the
Car3 gene and protein). Preferably, a change in catalytic activity or intracellular pH is

detected.

In a preferred embodiment of the present invention the compound involved in pain binds

30 to a cellular compound naturally participating in the signal transduction pathway of the
Car3 gene and/or the Car3 protein, particularly wherein the compound involved in pain
binds to the Car3 gene or the Car3 protein, especially the Car3 protein.



Evidently, the binding of a conmpound to a cellular conpound naturally
participating in the signal transduction pathway of the Car3 gene and/or

t he Car 3 woaveies2tsas nost |ikely an effect on the signalpcrEepsidvsdzizon.
Oten, binding of an artificial conmpouBd to a cellular conmpound naturally
participating in the signal transduction pathway |eads to 5 inhibition of
t he pat hway. However, the artificial conpound may be designed to activate
t hat paﬁwdmﬂy, the bipdingeefsreompaend io 8iostulsasompoand eturaty pREiqRatingsy, so

enbodt faneiae FrtsRabarE MwSERT s okt obls AR e, v Bete R i st

10i nhi hikély &1 effiedt I thessigied! it@imsdpetiore Diter, biteding bf aamArtifittal Gdhdpdleiteo a
particularly wherein the conpound inhibits exgresm on of the Car3 ene

a pr ef &etlelar eameoune metyally partisiraiidgtinithe signebladsicdion Rateweay IfRsisHa
I I
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Based mhnatt;t&thweyullnttsotbfcatsée tBEEUIﬂIﬂIBg hiat anseféeqbentthd paltavay, sostaatl & iliedyinds
are capabl e .of 1nhi @ :%%dor reduci ng pain. Therefore, they are preferred.

I n anothaP3ih SPRFIEY ¢dent of the present invention the test systemis
in a cell, such as an animal cell, particularly a manmalian cell,

especially a human cell. 20A cell-based systemis advant ageously, because

i t all doa ﬁrefermsisqmb)oplnhémtmtth@prea‘entt frvention tissy sormpobnd pmvabeashini pajnt he

| hani .g. Si | t [ t :
dothot PEHRTS PeRC iR TTF Gron JRLeREER St d BN b LaPaehGREIRTYNECRE, as
t hese nRY cBmposiad infibRs BRprekssioReifase Gardiganal In Adreratred nhistdidiehebethe
gl ucose uptake of a cell. 25 Exanples of cells suitable in the context of

the pr @sesantiimyaniionswherai iheecampaiand invplviedan peim inbibitelsignal Yesddetipicyt es,

1 205 by P AL b Sy S St 0055
GP&env AME TarBtprsteirRBaded-dnl the, rebliiite \dt thBAGAMA 3iL is difgectedtndtthogdela, Hep
G2, High Five, Hs 766T, HI29, HW-EC R24, HUV-EC-C, |EC 17, |EC 18, Jurkat,

5@2 W?@e cgpgbl@ OfL'i”NbEW‘Q orNRguging painvdmhereforpeney ﬁ’F@p@ e'mdf N64,
NCTC 2544, NDCK I, Neuro 2A, NIH 3T3, NT12/D1, P19, primary neuronal cells,
primary dendritic cel | s, primary human nyobl asts, primary keratinocytes,
SF9, SHa ankﬁ!he?@léﬂeﬁ‘éﬂ]@ﬁﬁmhﬁmmﬂﬁe)ﬂ@ﬁémt ByehfloritheSEst Sptdd0s irbeldel, OS,

U- 373, U937, and Y-1. itable cells are kno t he one of Skl||
> b slih Gece Pama £ell e TeuRt paaeaIaIAn ek BeRe RN APHEI ol oer son ar e

known as primary cells. 5Wth the exception of sone cell lines derived from
tunors, nost primary cell cultures
20 A cell-based system is advantageously, because it allows for easy amplification of the

test system by propagating the cells and cellular mechanisms, e.g. signal transduction
components downstream of insulin or downstream or upstream of Car3 protein or gene,
as these may be used in order to detect a signal indicative for altered glucose uptake of
a cell.

25
Examples of cells suitable in the context of the present invention include without
limitation L6 cells, 3T3 adipocytes, HEK 293, 745-A, A-431, atrial myocytes, BxPC3,
C5N, Caco-2, Capan-1, CC531, CFPAC, CHO, CHO K1, COS-1, COS-7, CV-1, EAHY,
EAHY 926, F98, GH3, GP&envAM12, H-295 R, H-4-1I-E, HACAT, HACAT A131, HEK,

30 HEL, Hela, Hep G2, High Five, Hs 766T, HT29, HUV-EC R24, HUV-EC-C, IEC 17, IEC
18, Jurkat, K 562, KARPAS-299, L 929, LIN 175, MAt-LYLU, MCF-7, MNEL, MRC-5,
MT4, N64, NCTC 2544, NDCK Il, Neuro 2A, NIH 3T3, NT2/D1, P19, primary neuronal
cells, primary dendritic cells, primary human myoblasts, primary keratinocytes, SF9, SK-



have limted |ifespan. After a certain nunber of popul ation doublings cells
undergo the process of senescence and stop dividing, while generally

ret ai ni ngwoi2atedsetsy. An establi shed or immortalised cel ipcirippeothaso7acqui r ed
the ability to proliferate indefinitel 10either through random nutation or
del i berate nodification, such as artificial expression of the tel omerase
gene. There are nunerous well established cell |ines representative of

particMbdl, &4l BV ﬁrﬁ@sSéMd 2 ©S; §-3r3.HI93¢ handt Yol Sthes spiitableecetlriare kgoyar son
to sel | i ne. 15Accordingly, in a preferred enbodi nent of
nidd il BRdh fifs e - e -

the in acell line. Acell line is a population of cells
propagated in culture that are derived from and therefore genetically
identical to, a single common ancestor cell. Preferred cell |ines are HEK

293 ceIQ&J'S(tB?'i W%'W&%ﬁ'r@ﬁ%mi@ RN PT @ BEr30R’ 8re §NeWh @Sy ireamyrSedAi ¢

fi bgobl reen
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i brobl as 7 ce n br canc . .The ce or ce i ne
my be RGeS GTRANFSRERd FEdSIa AN AV i s TS BRsIHR S ayded  or
detection of an effect. A particularly preferred cell |ine enconpasses a

gene coding 25 for Car3 under the control of a known pronoter system The
pr onot én egtebkiashe«htyr ibenealises deﬂblr\e has @qdin@ddb'etabéiitmo pratiferatec adefioitely

t't t Th known. to the skilled
© onG ether Bibudi kandion [R5t of fRliarete RpflEator AithaediliCel Sutrtesbly) ©
rray be d#wtekﬁm@meageme?@m@?é la%iﬁuifr@rro@ AelestblishES eellifek AspiBséatie

skil I ed person and may include fragnmentation, centrlf%Patlon and

r esus p@i@anigularcel tppes and éds sitbiui ovdedge ef eesidliad persentto salecha net hod
is a hlgﬂ %(%ﬂqm put screening nethod. WD 2012/052189PCT/ EP2011/ 050771 36
High-tﬁ 85 p sgreening (HTS) is a method for scientific experinmentation

especially used in drug discovery and relevant to the fields of biology and

chem stry. Using for exanple robotics, data processing and control
sof 5marp@cor¢'ﬂ9|yd'nh%ﬁfﬁfﬁﬂgd @mh%@enhﬁﬁthesnmmm@eaé% acedlige. A cell line

Hi gh- The g‘iﬂ{ﬂﬁ%loﬁ% @%ﬁgd‘%@ur@ LIRNE tRat SESRIGBA I, SHH fHerdfop@nduct

t housand even iochem cal, genetic or pharmnacol ogi cal
t est s. gEmeticajly |dbntscairt@®smgtmeommmnrameetqr oetﬂeﬁteféyedcckailxhaesarmbilﬁl@l293

ant i bodi es or es i nmodul a bi o I ecul
oUsuAIE)S (Rira0aBam At CORRPBR RO avind b Sefeuniare SReaianly Taghiams). £HO
l'ibrar 36eﬂ§ (CRE5ERPnster ovary), COS-7 cells (African green monkey cell line), HelLa cells
20 (human epithelioid cervical carcinoma), JURKAT cells (human T-cell leukaemia), BHK
21 cell (hamster normal kidney, fibroblast), and MCF-7 cells (human breast cancer).

The cell or cell line may be genetically modified to include Car3 or components needed
for detection of an effect. A particularly preferred cell line encompasses a gene coding

25 for Car3 under the control of a known promoter system. The promoter system may be
controllable, e.g. inducible by a chemical, or constitutively active. Those promoter
systems are well known to the skilled person,

Alternatively, cell lysates (crude, fractionated or purified) may be used. Exemplary
30 methods for producing these are known to the skilled person and may include

fragmentation, centrifugation and resuspending.

In a preferred embodiment of the present invention the method is a high-through-put
screening method.



conpounds. Typical HTS screening libraries or "decks" can contain from
100,000 to nore than 2,000,000 conpounds. Mst often, the key testing
vessel ofwbbsids2tshe nulti-well plate or mcroplate. Mdaeermeri&miosoropl at es
for HTS generally have either 96, 384,38536, or 3456 wells. These are all
mul tiples of 96, reflecting the original 96 well mcroplate with 8 x 12 9mm
spaced wells. Mst of the wells contain experinentally useful matter, often
an aqueous sol ution of dinethyl sulfoxide (DMSO and some other chem cal

Ther ot napryRaRhuSBealG Gtk Enmefiofdh tEEr GRS Mo REiSTRar bl e
COﬂtr0|L%edT@dﬁHg3§@b©vér9Farﬁfre$§\myto tHeefigles efbhsyy dnd tiseraRely. Weldg fof t he
plate with some biological entity that he or she w shes to conduct t he

oxper | REAMAIREPOUCE, S Rpeessing ad @onrr@l %@fgfea@ybwﬁwf@@ﬁﬁm geM@ea g 3
I
kel el erdUckel ot Told ol SELahihO HECEIGATE aSiaekbatiQroly e

reECt (oondt:authlowamwmlte)vam mMIlcbdruaofclmoplmemh ital, |gen're:t||e on/@hbg'naaﬂagmﬁemsm s are
t aken 0SS t he ate's er. manual |y or a machi ne

speci al'i %EQ%&F%HERC@& W51 GA rsapr'éal)él'ﬁer%' %%?F"ﬁelﬁprﬁp?i‘dﬁfg%la”\é?’o‘é'ﬁﬁé’ir i9§BR%s on
the weldiick sitsch a?cé asﬂ%r‘ﬂb IQrBan%I &Qdr f)éﬂhma on _them and neasuring

reflectivity, can be an in |cat on o 30 protein binding). In this
case, the nachlne nay output the result of each experinent as a grid of

val ue W th each punber nmappin t t he val ue obt ai ned om.
OB o Uty Arsitse ARG I8y BRE i i ark Bsa oS e MBS at Eaidote oo
in the c@ﬁmn@% AypHiew ms@cﬁéedmgﬁbﬂameg or9888KksAtdaRtontsIH Fe 3 001000 to
experi nment al data gm nts very quickly. WD 2012/052189PCT/ EP2011/ 050771 37

In a pegrerthad 80@eampeundRe present invention the pain is neuropathic
pain. Neural gia or neuropathic pain can be defined as non-nociceptive pain,
or in other words, pain that is not related to activation of pain receptor

cell s iNogtftepattie Réy tedeingedyselldf HES ketheaviel welaplarreeur ﬁdl@b@laté M@d@rn
produced by a change in neurological structure o

08P coRIFAPI SRR HoSGATST A NORT R ST 45, 4 SRS rICHPWEN D dERP e it
Ne |
neur al 4 BtPREcl B tAcERa TR, BAG AR s IR AR L 80 12 SpabaPlRle.

mec haml\&mat ofitea wgtls eonlir enpemmastally hjseftdznvcﬁtdneoﬁ)eman ragcileans salutlpnsﬁnm tive
and cre ct nal ; cross signals between | a nd _s

1 ber o daRmyhawRHER | GMRd s hRges] damalepaind, a8 Guiiof Wien is

Neur al Q)'n‘?erbﬁt o 162 Wl AGHbs tH@pth@W@S&heﬁ%nm bé 6%@?&‘#%%8@8%:‘ idd e
or no effectiveness. Diagnosis typically involves Iocatl ng the danmage

ne20e B¢ optiomal expergnentatconfralensory or notor function. This nmay invol ve

tests such as an EMG test or a nerve conduction test. Neuralgia is nore
difficult to treat than other types of pain

To prepare for an assay, the researcher fills each well of the plate with some biological
entity that he or she wishes to conduct the experiment upon. In the present case the
test system comprising a Car3 nucleic acid or protein is to be filled in. After some

25 incubation time has passed to allow the biological matter to absorb, bind to, or
otherwise react (or fail to react) with the compounds in the wells, measurements are
taken across all the plate's wells, either manually or by a machine. A specialized
automated analysis machine can run a number of experiments on the wells (such as
shining polarized light on them and measuring reflectivity, which can be an indication of

30 protein binding). In this case, the machine may output the result of each experiment as
a grid of numeric values, with each number mapping to the value obtained from a single
well. A high-capacity analysis machine can measure dozens of plates in the space of a
few minutes like this, generating thousands of experimental data points very quickly.



15because it does not respond well to normal pain nmedications. This proves
that there is a need for devel opi ng new net hod of diagnosing and treating

t hi s pai nwaendi2@ae39nucl eic acid and protein provide an ipor@resitiiong7t ar get

t heref ore. In a third aspect the pr8sent invention provides the use of a
Car3 nucleic acid for 20identifying a conmpound involved in pain and in a
forth aspect the present invention provides the use of Car3 protein for

i dent i flyieryetereashembadinmentsifilel presgpainventn ithe paines heucopailictpgines " Car 3

" PRl isyor GR0eRl Tt Pl rahEe deiPh s i rRubaRRR o Bralfeewiitons
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be used for the identification. In a preferred enbodi nent of the third or
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accgr diN@ra@fia feﬁlsnmtegmtcdtegmﬁ' hsi: cpgtraluﬁefi_lrbtgiajaad pesipher_r&dbuﬁa‘@iat Thisor t Ihle
pro uction o t.he | nment the | Nntifreag target or I1ts ar eutl ca Yy
P oapt haueLpdin e oLGP L be Bk ol Tt BaSIBA MBESARISTES I Sa16 geREbtoe
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as pha?ﬁ%ﬁ%ﬁﬁéﬁﬁéﬁccep% ﬁ%ﬁg@ggﬁglﬁgfEhgrg:r%%;lglaﬁaﬁéélgggnaérlfggggéggﬁg%%ed to
provi déetigeen trge anidzsraelt Gbérst ang matfumction euledoidamagsnior theezeniial prcsissone

sui rabl e pharmaceutically acceptable carrier or 5auxiliary substance.
Exé | es of such substances are dem neralised water, isotonic saline,

Ri nger 'Neuralgit istterPdifiicerto dgRIZeC aRd M @At enfCdbiy Ald dpares as wel | as
their salts, sodiumchloride, sodi um hydrogencarbonate, sodiumcitrate or

di cal ciefiechverassabiagrgisisciypically invelvesdpepineine darmaeed nestedhsidsntifyings et hyl
ol eat e and et rs C e,
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emul si fiegve condlctian teshWNeurdlgrhiglmoresdifiicORYd treat than other types of pain
15 Dbecause it does not respond well to normal pain medications. This proves that there is a
need for developing new method of diagnosing and treating this pain and Car3 nucleic

acid and protein provide an interesting target therefore.

In a third aspect the present invention provides the use of a Car3 nucleic acid for
20 identifying a compound involved in pain and in a forth aspect the present invention

provides the use of Car3 protein for identifying a compound involved in pain.

With respect to the terms “Car3 nucleic acid”, “Car3 protein” and “identifying a
compound involved in pain” it is referred to the definitions provided in the context of the
25 methods of the present invention. It is noted that the methods described above may be

used for the identification.

In a preferred embodiment of the third or forth aspect of the present invention, the
compound and/or the pain is as defined above in the context of the preferred

30 embodiments of the method of the present invention.

The compound involved in pain identified according to the present invention could be
used as a medicament. For the production of the medicament the identified target or its
pharmaceutically acceptable salt has to be in a pharmaceutical dosage form in general



al cohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propyl ene glycol, 1,3-butylene glycol, dinmethyl formam de, oils such as

gr oundnutwoizb12/etsbonseed oil, corn oil, soybean oil, castr@r@illoso7synthetic
fatty acid esters such as ethyl ol eate38i sopropyl nyristate, polyneric

adj uvans such as gelatin, dextran, cellulose and its 15derivatives,

al bum ns, organi c sol vents, coaneX|ng agents such as citrates and urea,

st abi | icoBBisting @f B mixtyse &Y drgredientssiusreas pharmacauticrly apeestablgmagriansrast i ni n,

ox; aat PO, PP G BERIb Ao B B RPYR BB "S bl ) zers such as

EDTA. Col ouri ng agents, rel easi ng agents, coating agents, sweetening,

flavouring and perfum ng agents, preservatives and 20anti oxi dants can al so
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carrier or auxiliary substance are well known to tRhe one of sKi in the

art. Pigéyqeda,c%atbtmeleng ghtscobstimpthy! éatmanaide, aiffdsuaixas peaundsubel aatiensaed a.
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nmanuf acgapregylfryricia®, polyaseric adjeead sugrhas geritial dextegn, wllulosering iy vagi nal
dm nistration. Parental admnistration includes subcut aneous,

i nfl PacGlesNabyes, aﬂbﬂm@ﬁu@r@@n& SO'V@Wﬁa‘J@'ﬁB'{%'r@ragQﬂt$ gpeh e siEaies and urea,
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t abl et %,cudoo# bépstammepsewwlatgfe%mujca%s theripyl dlcdh@lagﬁldfaﬁbﬁﬁnﬁlblltor@rs@bh as
adm ni stration such as pharmaceutically acceptabl e emul si ons,

ni cr oe®@OEITB8YIPhES) Wﬁ?‘%‘h@nd Staplizess sHeN agﬁ[@, - @AYuENg Agests, |r‘h|jeé§'!7§bl e
D her BGSA coffig SRTE! SncBl40id Sl ShleRHfaY 08P RpOANRs anc
pr 20er abitipxislaptsosarn alsod®e pr@asdntlingbg&omposition. The physiological buffer solution
preferably has a pH of approx. 6.0-8.0, especially a pH of approx. 6.8-7.8, in particular a
pH of approx. 7.4, and/or an osmolarity of approx. 200-400 milliosmol/liter, preferably of
approx. 290-310 milliosmol/liter. The pH of the medicament is in general adjusted using
a suitable organic or inorganic buffer, such as, for example, preferably using a
25 phosphate buffer, tris buffer (tris(hydroxymethyl)aminomethane), HEPES buffer
([4-(2-hydroxyethyl)piperazino]ethanesulphonic acid) or MOPS buffer (3-morpholino-
1-propanesulphonic acid). The choice of the respective buffer in general depends on the
desired buffer molarity. Phosphate buffer is suitable, for example, for injection and
infusion solutions. Methods for formulating a medicaments as well as suitable
30 pharmaceutically acceptable carrier or auxiliary substance are well known to the one of
skill in the art. Pharmaceutically acceptable carriers and auxiliary substances are a. o.

chosen according to the prevailing dosage form and identified compound.



forns for topical or transdermal adm nistration such as ointnments, pastes,
creans, lotions, gels, powders, solutions, sprays, inhalants or patches.
The speciwoeotnspmpeutically effective dose | evel for amgTmEeRdiiosd7ar
patient will depend 15upon a variety o89factors including the activity of
the identified conpound, the dosage form the age, body wei ght and sex of
the patient, the duration of the treatnent and |ike factors well known in
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Si ngl e dose conpositions may contain such amounts or subrmultipl es thereof

to make up the daily dose. In general, treatnent reginens according to the

re ent [ ch 25
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As_ shown in the the pr.essi eve ene i.s
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or to %mﬂﬁ%&eéﬁoﬁ@é@d@@m& 88%iristrdtith S0dW £56intehRY phstek, are@erﬁse may be
detected on the gene level, the nRNA level or the protein |evel.
Increaé@w@XQEQWWﬁlerSe\ﬁ@IUt@BGl sPreys dobaleots ercpaiehest copy number of t he
Car3 gene. A series of diseases are known, which are due to an increased
nunber of copies of a gene. For exanple, one cause of breast cancer nay be
HER- 2 amel sgedifis ﬂh@mpeeeueallpaﬂé¢tfwmseqev@mr éﬁy gattumErrtiehywill depend

[ rmunohl stochem str (tNC and. either silver, 10chronogenic or fluorescent
i n18i t WPPPIFH y@rleotmqfﬁqp ors|insludingHheastiyity of the identified compound, the dosage

form, the age, body weight and sex of the patient, the duration of the treatment and like

factors well known in the medical arts.

The total daily dose of the compounds of this invention administered to a human or

20 other mammal in single or in divided doses can be in amounts, for example, from about
0.01 to about 50 mg/kg body weight or more preferably from about 0.1 to about 25
mg/kg body weight. Single dose compositions may contain such amounts or
submultiples thereof to make up the daily dose. In general, treatment regimens
according to the present invention comprise administration to a patient in need of such

25 treatment from about 10 mg to about 1000 mg of the compound(s) of the compounds of
the present invention per day in single or multiple doses.

In a fifth aspect the present invention provides a method of diagnosing algesia,
comprising the steps of
30 a) determining the level expression of the Car3 gene in a subject’s sample, and
b) identifying the subject as algesic, if the level expression of the Car3 gene is
increased in the subject’s sample relative to a control.



In situ hybridization (1SH) of the probe takes place within the cell or
tissue. Since cellular structure is maintained throughout the procedure,

| SH pr oviweoinmfsorsaat i on about the | ocation of nRNA wi t lrcm/EPb& 15E&sLIE

sanpl e. The procedure begins by fixing48anples in 15e.g. neutral -buffered
formalin, and enbedding the tissue in paraffin. The sanples are then sliced
into thin sections and nounted onto m croscope slides. (Alternatively,
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visualized with liquid filmdried onto the slides, while nonisotopically

| abel edeYst Obe BrateiRdAVRni ent |y detected with colorinetric or fluorescent
reagents. Alternatively, gene anplification can be detected by virtual
karyotypi ng or Conparative 25Genom ¢ Hybridi zation. Platforns for
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us by special.ized software t. ner at e I | f test/normal for
eaiﬂ pF@B&“Sﬂe@'ﬁé’rgllupfﬁﬁ.ceRLM'ﬁ‘g&%{@%ﬁngglgfc@ﬁh be on the array and
t he address of each probe in the genone, the software |ines up the probes

i n chronosonal order and reconstructs the genonme in silico. WO
2012/ 042 380 bghridieatian (1850 of thet prabe t@des piane withiartae selbortissign dince cellular
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probe accessibility, and a labeled probe is then hybridized to the sample sections.
20 Radiolabeled probes are visualized with liquid film dried onto the slides, while
nonisotopically labeled probes are conveniently detected with colorimetric or fluorescent

reagents.

Alternatively, gene amplification can be detected by virtual karyotyping or Comparative
25 Genomic Hybridization. Platforms for generating high-resolution karyotypes in silico
from disrupted DNA have emerged, such as array comparative genomic hybridization
(arrayCGH) and SNP arrays. Conceptually, the arrays are composed of hundreds to
millions of probes which are complementary to a region of interest in the genome. The
disrupted DNA from the test sample is fragmented, labeled, and hybridized to the array.
30 The hybridization signal intensities for each probe are used by specialized software to
generate a log2 ratio of test/normal for each probe on the array. Knowing the address of
each probe on the array and the address of each probe in the genome, the software

lines up the probes in chromosomal order and reconstructs the genome in silico.



"a", "an", and "the" include plural reference unless the context clearly
dictates otherwise. Simlarly, the words "conprise", "contain" and
"enconpaswO 2armstmobe i nterpreted inclusively rather thaorepedussorely.

15Unl ess defined otherwise, all technigal and scientific ternms and any
acronyns used herein have the sane neani ngs as commonly understood by one
of ordinary skill in the art in the field of the invention. Al though any
met hoddn additieatramernosis S1GRtkasedrmelfodolwgies have alsobeecnainscribed ahevei n can
be used in the practice of the present invention, the preferred nethods,
and materials are described herein. 20 The invention is further illustrated

by t he Alirhgtwieng driagiditenanyg, Cx@etpessibih g mdytaldd be deedtrstemSRINRGrt hat

the exanples are included nerely for purposes of illustration and are not
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neuropathi ¢ pain p ype scores (nmechanica ypersensitivity, X-axis) and
t he correspondi ng gene regul ation of Car3 (log ratio(Chung vs. Sham
control), Y-axis).in the L5 DRG Myuse data are s ol - 30 coded dependi ng
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i nducti on of ‘the neuropathic pain phenotype. (R(Pearson)= 0.654; p-value=

0. 0002$imiterky the 0BIYS AComgiise’, Scartiains aad ppeeampassitasado g interareted Car3 of
LS DRG{ Gdsife§-rhtrefMi-Exclusively.

15  Unless defined otherwise, all technical and scientific terms and any acronyms used
herein have the same meanings as commonly understood by one of ordinary skill in the
art in the field of the invention. Although any methods and materials similar or
equivalent to those described herein can be used in the practice of the present invention,
the preferred methods, and materials are described herein.

20
The invention is further illustrated by the following figure and example, although it will be
understood that the examples are included merely for purposes of illustration and are
not intended to limit the scope of the invention unless otherwise specifically indicated.
25 FIGURES:

Figure 1 shows for every individual mouse its neuropathic pain phenotype scores
(mechanical hypersensitivity, X-axis) and the corresponding gene regulation of Car3
(log ratio(Chung vs. Sham control), Y-axis) in the L5 DRG. Mouse data are symbol-

30 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 Car3 in Chung-operated neuropathic mice was, the more
pronounced the mechanical hyperalgesia as exhibited in the behavioral test.



10l dentification of Car3 as protein involved in algesia In order to
identify new targets for pain therapy, a correl ational analysis for

i denti f yiwg 20emssisshose regul ati on contri butes to chronipCcT/EPRO1QPEI7TAI C pai n
was carried out (see also Persson et al2, 2009, Ml ecular Pain 5:7). In
summary, RNA sanples of dorsal root 15 ganglia (DRGs) of inbred nouse
strains AKR/'J (AKR), C57BL/6J (C571B6) and CBA/J (CBA) were exam ned.

| nbred nouse strains obtained from The Jackson Laboratory (Bar Harbor, ME,
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Sanpl es 20 Wereéroflled with Affymetrix mcroarrays (ME430 2.0). At |east

five afh QQQ?s9é:fD O3 oup were tested. The nmnifestation of the pain
phegot ype "nmechani ¢ hyperal gesia" was determ ned at all m ce before renoval
of (Persson et al., supra, particularly section "Behavioral testing").
The t hrdguredtisieows eaemplaly firitensityndataefor Cah®odbLy DRG (Ba pBA mi ce, C57/ B6

m ce and AKR nmice, the phenotype is manifested at a | ow, m ddl e and 25hi gh
| evel , respectively. In order to carry out gene expression experinents, a
met hod ghespps gl ating total RNA of nmurine DRGs was devel oped (Persson et

al ., supra, particularly section "RNA extraction for TagMan and m croarray
anal ysis"), wherein the nmethod provided for RNA in a 30 sufficient anmount

(>,300 nqg)...and quality. After hav racted RNA from L5 DRGs of the
hflée r‘r%%itg'céﬂ?%ﬂ??r%??HPé?tetEhlﬁ‘Ha'V&ﬁé ¥F'dr sham operated control

ani mal s, the RNA probes were hybridized on Affynmetrix mcroarrays (ME430

2.0). V\D 2012/ 052189PCT/ EP2011/ 050771 43 The Affynmetrix gene expression
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sed ratio (Chung-opera rate or expressi
| nt en5|(Bgr HarbthrMEo;me)t edhemmadalsneweeawpmitlcbrmn_&of %Iuagrapera@ﬂl g&”nung For

ool f1 e 6 RREPEI cRANoARHA &N prencte. BaFa rechanc) and of "
hyper s@Rsiesp¥hding ¥RsmcHlefatedt 86htrol animals were subjected to axotomy. Samples
20 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”
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

25 high level, respectively.

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

30 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
RNA probes were hybridized on Affymetrix microarrays (MOE430 2.0).



15 (Persson et al., supra, particularly section "Correlational analysis").
In order to determne the significance of correlation coefficients of the
si ngl e gewme12@s3fsal se di scovery rate" (FDR) was introdecedkpe@ioseyr J.D.
(2002) J. R Statist. Soc. 64, part 3,4379-498). Pearson correl ation
coefficients of genes having an FDR > 0.05 were regarded as significant.
Using the log ratio data (Chung-operated vs. shamoperated) 20 and

expr esshhenAffinetiss gong £xperpsiait dataawegre siptigtioally, am@lyp@tﬂndeﬂllgered\mr@r to a

cor el efsletln e e kBB A SRRt B e iR <"0%05)  and were not
known to be involved in pain and hyperal gesia. 25 For the Car3 gene which

was anong the Renes with the best correlation of expression and pain
phenot ype, borfold-ahange iaratllgastdhble <Pf(ﬁj| chyngropataied RAiM@ls Fahiocor

hyp rsen5|t|V|ty ) on _corr tion coetficient of O 654
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C aims 1A net hedaafvdlgest aif ghave-cberat@acsontrol BMPhal€fand pai n, the method
conprising the Ssteps of: a) providing a test system conprising Car3

nucl ei ¢ aci d, @§neBXPrESBIONgNtENSity ésat lepst 2anital >a5Q ackgoslievel)and c)
determ ning the effect of the test conpound on the test system
wherein the test conpound is identified as a compound involved in pain,

when a PHisiotypd daanbf &id erdiviabalt e 66 the direeustehing atnlﬁietHeﬁSgen?e'%ksféssmn
relative to a control is detected. 2. A nethod of identif a conpound
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For each gene which fulfilled the above filter criteria, a Pearson correlation coefficient of
gene expression data and phenotype data (mechanic hypersensitivity) was calculated
15 (Persson et al., supra, particularly section “Correlational analysis”). In order to
determine the significance of correlation coefficients of the single genes, a “false
discovery rate” (FDR) was introduced (Storey, J.D. (2002) J. R. Statist. Soc. 64, part 3,
479-498). Pearson correlation coefficients of genes having an FDR > 0.05 were
regarded as significant. Using the log ratio data (Chung-operated vs. sham-operated)
20 and expression intensity 74 sequences and 114 genes, respectively, were identified.
The data 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

and hyperalgesia.

25 For the Car3 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 0.654 (p value of 0.00029)
and an FDR of 0.032.



a) contacting the test systemw th a test conmpound, and b) determ ning the
effect of the test conpound on the test system wherein the test
conpound we 20thasstishi ed as a conpound i nvol ved in pain, woempraid@si7gni fi cant
effect of the test compound on the tesg4systemrelative 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
in the @aigmal transduction pathway of the 25Car3 gene and/or the Car3
protein. 4.The nmethod of any of clains 1 to 3, wherein the conpound
involved in pain alters signal transduction upstream or downstreamthe Car3
protein. 305.The nethod of any of clains 1 to 4, wherein the conpound
involved in pain alters signal transduction upstream or downstreamthe Car3
gene, par t ifeMedhreq ofidandiiing IreCcepRpat d\Alved & Bxipr e maihed comprisiiBthgene.
WO §012/ OS%iléj%Pgr/ EP2011/ 050771 45 6. The nethod of any of claim1l1 to 5,
wherei n the conpound involved in pain binds to a cellular conpound

natural 'y @artipeoydingregtashsydtenscgmnptising @erduticiednapiat hway of the Car3 gene
and/ or the Car3 Erot,ei n, Parti cul ar l'é wherein the corgound i nvol ved in pain
binds to tRd C&PBIAHRYdNe leRtiSySiem WiHB ac&s5CoMePEN®, A% peci al Iy the 5Car 3

prot ei n. 7-c)“%e'f@-’rhﬂrﬁiﬂ99ﬁe%!ﬂ%c f thb3b4p rﬁﬁb&dt‘!ﬁ‘ﬁ{eefe%té%qgﬁp”pound

i nvolved in“pain i ts signal transduction upstreamo ownstreamt he
Car 3 gene, wiareinctheatesl comeoend i$ iderdifiep aamd dontpdaindsinegivedssipain oivhehe
CaﬁS gene. s?‘gonificant effect of the test compound on the test system relative to a control is

detected.

2. A method of identifying a compound involved in pain, the method comprising the
steps of:
15 a) providing a test system comprising Car3 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
20 significant effect of the test compound on the test system relative to a control is
detected.

3. 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
25 Car3 gene and/or the Car3 protein.

4. The method of any of claims 1 to 3, wherein the compound involved in pain alters
signal transduction upstream or downstream the Car3 protein.

30 5. The method of any of claims 1 to 4, wherein the compound involved in pain alters
signal transduction upstream or downstream the Car3 gene, particularly wherein
the compound alters expression of the Car3 gene.



8. The method of any of claim1l1l to 7, wherein the conpound involved in pain
I nhi bits signal transduction upstream or downstreamthe Car3 protein,

parti cul avbyownsesbn t he conpound binds to the Car3 protrerErP2d39s507he net hod
of any of clains 1 to 8, wherein the t45t systemis in a cell. 10. The

met hod of any of clains 1 to 9, wherein the nethod is a high-through-put
nmet hod. 2011. The nethod of any of clains 1 to 10, wherein the pain is

neur op& hi dheanathotof anyeoiafiaitail 30 duviheraindiae ¢ompounddnalyvsgd ingpainduimifoind

vol ved i@ Bl ampgBiia Ret(raly B itiethe 31 gle'Sghel e g o FERRL My o
further defihgeQars gl red/drn teNYCOB3 Preters Batteufirigndhbleinlthe Aomydied of

di agnosi ng al (Tzle5| a, conprising the steps of 30a)deternining the |evel
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sub{sect asc?al?%?b nif the level expression of the Car3 gene is increased
he subjec sarrpl e relative to a control.

7. The method of any of claim 1 to 6, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the Car3 gene, particularly wherein
the compound inhibits expression of the Car3 gene.

10

8. The method of any of claim 1 to 7, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the Car3 protein, particularly wherein
the compound binds to the Car3 protein.

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

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

method.
20 11. The method of any of claims 1 to 10, wherein the pain is neuropathic pain.
12. Use of Car3 nucleic acid for identifying a compound involved in pain.

13. Use of Car3 protein for identifying a compound involved in pain.

25
14. The use of claim 12 or 13, wherein the use is further defined as defined in any of
claims 3to 8 and 11.
15. A method of diagnosing algesia, comprising the steps of
30 a) determining the level expression of the Car3 gene in a subject’'s sample, and

b) identifying the subject as algesic, if the level expression of the Car3 gene is

increased in the subject’'s sample relative to a control.



