WO 2011/ 0891941PCT/ EP2011/ 050780 Descri pti on Met hods and uses relating to
the identification of conmpound involved in pain as well as nethods of

di agnosi ngoabpgasbd45 The present inventlion relates to apoetdresi10§07s0
identifying a conpound involved in pain, the use of Lrrfipl nucleic acid or
erfipixg¥9 in for identifying a conpound involved in pain as well as

nmet hod 3 n05|ng al gesia involving the sane. 10Physical painis a
typical sensory experience that nay be described as the unpl easant

awar eness of a noxious stinulus or bodily harm |Individuals experience pain
by various bgthgdsnand ssemielaigte, therideribivetiomes compouge imwteed erpains

et i ned by the |t ornat | SnPT ASabeiafs B CidioB kB aeBY o "B P 1'asP) as

"ansunpl easant sensory and enotional experience associated 15vv|th actual or
potent| al tissue damage, or described in terns of such damage". Pain of any
type i shenerasgst 'rb/@ﬁﬁﬁrrh relaiestp ﬁdﬂeBWsOfcidﬁﬁt'B/maIQ%WWq WVPH/@dUﬁl R\,

Lt e 4t RERY gndiohicl Akl MIBHAABREN BEHerBrhg coRpEuAd tklce i |

is amjor s nrran I ons it er ering
with a gamagmetl wmlethqucrffdl@grios‘img algésgeineolaingfthecanuni ng. D| agnosis i s
based on characterizing pain in various ways, according to duration,
intensity, type (dull, burning, throbbing or st abbi ng), source, or location

| 11500nysRuAbb 2 mpﬁéa%n%y@géertern%@tt hneod BERCHKKY 5,15 BhbRasant

measur es as resting or ta an anal gesi I's then ¢

‘acute avmeneSSBof a |nDX|ml>$ singdud ec dadily harractrmﬂmmuala@xdememampamtby aarious
Condltlr(fa@ (igj: gnl c $i n itn vvhitc gﬁ ' onger (cq nsi der
synpt oMt FESES HYNT SoBgtime S, thrgy tm9reea?§r'°LfSng”lérf S5aPw h%r
attr aCts%férfFﬁB)ér@' élfrﬁé&rﬁurbbéééj%aﬁv@déﬁnéﬁlég rfﬁéth&Natld?%ll”A@@b@ﬂaﬂ@N for the
nursing, dentistry, physiot her apy, and psychol ogy. Pain is part of the

body s Stedy 08 Pady $AER) as layenplegsant sensory madcemetiona experigoce fassasiated

Opa1 Nl S M M3 1AM 1SRRI b BEAIAY 11806 EaPaHggdance of that

2011/ 0891942PCT/ EP2011/ 050780

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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test conmpound on the test systemrelative to a control is detected. WO
2011/ 0891943PCT/ EP2011/ 050780 The first aspect of the present invention
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differing in their pain sensitivity were examlned. 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 Lrrfip1 (see
Example). Therefore, Lrrfip1 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 Lrrfip1 nucleic acid or a Lrrfip1 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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protein is provided.
The Lrrfip1 gene or synonymously GCF2, TRIP or Flap gene encodes the
transcriptional repressor Lrrfip1. Lrrfip1 is also referred to as Leucine-rich repeat
flightless-interacting protein 1, LRR FLIl-interacting protein 1, TAR RNA-interacting

protein, GC-binding factor 2, GC-rich sequence DNA-binding factor, FLI-LRR-



20nucl eus. Human Lrrfipl is conposed of 808 am no acids (cf.

Uni Pr ot KB/ Sw ss-Prot B2MzZ4 (LRRF1_HUVAN, SEQ ID NO 1). Amno acid
sequenceswo®b11/08884 constitute a DNA- Wi ndi ng donmai n, amcmEpacildsi7d®8 - 250
constitute a coiled coil domain and ami no acids 25 567 - 593 represent a
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AS| RElI KELN ELK QDVE GKYMQUGLKEM KDSLAEVEEK YKKAMVSNAQ 190200210220230240

LDNEKTNFMY QVDTLKDMLL ELEEQLAESR RQYEEKNKEF EREKHAHSI L QFQFAEVKEA WO

TNGETSOTEN RUch R FRER R RS RERR el 55t ikt Protei b

5 little homology to recognized transcription factor families. It has been previously

identified as a protein interacting with the human ortholog of Flightless-I of Drosophila
melanogaster. The protein acts as a transcriptional repressor which preferentially binds
to the GC-rich consensus sequence 5'-AGCCCCCGGCG-3' (SEQ ID NO: 7). It has
been suggested to regulate expression of TNF, EGFR and PDGFA. Thereby, Lrrfip1
10  has been reported to be a TNF-a repressor occupying the polymorphic promoter site of
the TNT-a promoter at nucleotide 308 in cells that do not produce TNF-a. The TNF-a
308 promoter polymorphism is a G-to-A transition which has been statistically
associated with various autoimmune disorders. Some studies have found that it may
directly mediate the increased transcription of TNF-a in some circumstances. Moreover,
15 the Lrrfip1 protein is a positive regulator of NF-kappaB activity. It has also been
suggested to control smooth muscle cell proliferation following artery injury through
PDGFA repression and to bind to double-stranded RNA. It may also interact with FLII.
There appears to be a relationship between Lrrfip1 and breast neoplasms and
glioblastoma. Lrrfip1 is ubiquitously expressed and is located in the cytoplasm and the
20 nucleus.

Human Lrrfip1 is composed of 808 amino acids (cf. UniProtKB/Swiss-Prot Q32MZ4

(LRRF1_HUMAN; SEQ ID NO: 1). Amino acid sequences 485 — 584 constitute a DNA-

binding domain, amino acids 128 — 250 constitute a coiled coil domain and amino acids
25 567 — 593 represent a Lys-rich domain.
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SRRNTSASDE DERMSVGSRG SLRVEERPEK DFTEKGSRNM PGLSAATLAS
LGGTSSRRGS
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35 GDTSISIDTE ASIREIKELN ELKDQIQDVE GKYMQGLKEM KDSLAEVEEK YKKAMVSNAQ

190 200 210 220 230 240
LDNEKTNFMY QVDTLKDMLL ELEEQLAESR RQYEEKNKEF EREKHAHSIL QFQFAEVKEA



5 EVEVKNEI VA NVCGKREI LHN TEKEQHTEDT VKDCVDI EVF PAGENTEDQK SSEDTAPFLG
370380390400410420 TLAGATYEEQ VQSQ LESSS LPENTVQVES NEVMGAPDDR TRTPLEPSNC
WEDL DGGNHV0 207iAB4%@ 450460470480 ENVGEAR/TQ VEEQAGTVAS CRCGHBBIRITV5IMBIDDKCMEVY
PQELETSTGH SLEKEFTNQE 490500510520530540 AAEPKEVPAH STEVGRDHNE EEGEETGLRD
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370 380 390 400 410 420
TLAGATYEEQ VQSQILESSS LPENTVQVES NEVMGAPDDR TRTPLEPSNC WSDLDGGNHT

10 430 440 450 460 470 480
ENVGEAAVTQ VEEQAGTVAS CPLGHSDDTV YHDDKCMVEV PQELETSTGH SLEKEFTNQE

490 500 510 520 530 540
AAEPKEVPAH STEVGRDHNE EEGEETGLRD EKPIKTEVPG SPAGTEGNCQ EATGPSTVDT
15
550 560 570 580 590 600
QNEPLDMKEP DEEKSDQQGE ALDSSQKKTK NKKKKNKKKK SPVPVETLKD VKKELTYQNT

610 620 630 640 650 660
20 DLSEIKEEEQ VKSTDRKSAV EAQNEVTENP KQKIAAESSE NVDCPENPKI KLDGKLDQEG

670 680 690 700 710 720
DDVQTAAEEV LADGDTLDFE DDTVQSSGPR AGGEELDEGYV AKDNAKIDGA TQSSPAEPKS

25 730 740 750 760 770 780
EDADRCTLPE HESPSQDISD ACEAESTERC EMSEHPSQTV RKALDSNSLE NDDLSAPGRE

790 800
PGHFNPESRE DTRGGNEKGK SKEDCTMS
30

SEQ ID NO: 1

There are several amino acid modifications within the protein. Amino acids 16, 115,
116, 120, 124, 521, 581, 618, 638, 713, 714 and 733 are phosphoserine residues and
35 amino acids 123, 295, 676 and 711 are phosphothreonine residues.

Three isoforms have been reported which are produced by alternative splicing. Isoform
1 (identifier: Q32MZ4-1) as represented by SEQ ID NO: 1, isoform 2 (identifier:
Q32MZ4-2) which differs from isoform 1 in that amino acids 137-160 are missing and

40 isoform 3 (identifier: Q32MZ4-3) which differs from isoform 1 in that amino acids 52-83
and 137-160 are missing.

A series of natural variants have been reported, i.e. 68 S — C (VAR_036037) in a
breast cancer sample, 275 Q — R (VAR_027291) dbSNP, 418 N — S (VAR_027292)
45 dbSNP, 609 E — K (VAR_027293) dbSNP, 633 K — E (VAR_056111) dbSNP, 645 P
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MTSPEGAQNK EIDCLSPEAQ RLAEARLAAK RAARAEAREI RMKELERQQK EVEERPDKDF

70 80 90 100 110 120
15 AEKGSRNMPS LSAATLASLG GTSSRRGSGD TSISMDTEAS IREIKDSLAE VEEKYKKAMV

130 140 150 160 170 180
SNAQLDNEKT NFMYQVDTLK DMLLELEEQL AESQRQYEEK NKEFEREKHA HSILQFQFAE

20 190 200 210 220 230 240
VKEALRQREE MLEKHGIILN SEIATNGETS DTVNDVGYQA PTKITKEELN ALKSAGEGTL

250 260 270 280 290 300
GKAKEVEVKK EIVEKVGQRE TLONSEQEQP KPNTGKDCVD RGVSHPGEKA ENQRPAEDSA
25
310 320 330 340 350 360
LSPGPLAGAK CEQQVQSQDQ ENTSDLKNSE QIESHKVTNK SDSRASNSPE QSSCLEGLDS

370 380 390 400 410 420
30 EVPGPTEDLK TDLGKGSFEP CPDYILGQTA EIDKVTCTDS RGTGGNQRED EVQAGDTTVE

430 440 450 460 470 480
DQVGTVASGP AKQSKGTENH GESCLKDGLG QSSERELTQE VAEPEEAIVQ IPQAGGENTI

35 490 500 510 520 530 540
TKADDAEGRD EKPIQAEAQA SPGAPINQSG HQDTTGPGST DAQRTPPHAK ERKKQGKSEQ

550 560 570 580 590 600
QAEALDSPQK KTKNKKKKNK KKKAATPAET CRDANEELNC QDPDVGDMEE EERLQVTDKK
40
610 620 630 640 650 660
QASGSPEQKI RAGSREPVED PQSGSSGKQN KVEEDGPTEG PTDILDQNSP QCEDREISPV

670 680 690 700 710 720
45 GEKGPQCDTS QIGSEEGHVT SQHGGQAVEN HNLDNSDLSG QLEGFNSESG
GQAREEVGNS

KSKEDCTMS
SEQ ID NO: 2



708090100110120 15 AEKGSRNMPS LSAATLASLG GISSRRGSGD TSI SMOTEAS | RElI KDSLAE
VEEKYKKAW 130140150160170180 SNAQLDNEKT NFMYQVDTLK DMLLELEEQL AESQRQYEEK
NKEFEREKHAOHS! 1@FQFAE 20190200210220230240 VKEALRQREE MpEiHBbdl1Ns@38d ATNGETS
DTVNDVGYQA PTKI TKEELN ALKSAGEGIL 250260270280290300 GKAKEVEVKK El VEKVGQRE
TLONSEQEQP KPNTGKDCVD RGVSHPGEKA ENQRPAEDSA 25 310320330340350360
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SPGAPI NOSGhBSDTAtGrESHINEREIRIFERHAK ERKKQGKSEQ 550560570580590600

5
Three isoforms have been reported which are produced by alternative splicing: Isoform

1 (identifier: Q3UZ39-1) as represented by SEQ ID NO: 2, isoform 2 (identifier:
Q3UZ39-2) which differs from isoform 1 in that
- amino acid 51 (E) is replaced by
10 EIYQVQKKYYGLDTKWGDIEQWMEDSERYSRRFRRNTSASDEDERLSVG
SRGSLRTNGYDGDYCGSQSLSRRSGRGLSCSNLGLPSSGLASKPLSTQN
GSRASMLDESSLYGARRGSACGSRAPSEYGSHLNSSSRASSRASSARAS

PV SEQ ID NO:3
- amino acid 104 (1) is replaced by
15 IKELNELKDQIQDVEGKYMQGLKEM SEQ ID NO: 4

- amino acid 193 (E) is replaced by
EEIRQLQAKQAGFIREISDLQETIEWKDKKIGALERQKEFFDSIRSERDDLRE

ETVKLKEELK SEQ ID NO: 5
- amino acids 241-394 (GKA...IDK) are replaced by
20 DVRLKKLIDERECLLEQIKKLKGQLEGRQKNNKLDLLRAEDGILENGTDAHV

MDLQRDANRQISDLKFKLAKSEQEITALEQNVIRLESQVTRYRSAAENAEKI

EDELKAEKRKLQRELRSALDKTEELEVSNGHLVKRLEKMKANRSALLSQQSEQ ID NO:

— and amino acids 395-729 are missing.

25 Isoform 3 (identifier: Q3UZ39-3) differs from isoform 1 in that amino acids 1-239 are
missing and amino acid 240 (L) has been replaced by M.

There is also known a further isoform of the Lrrfip1 protein which is available under the
accession number NP_001104782.1 from the NCBI (National Centre for Biotechnology

30 Information; National Library of Medicine 38A, Bethesda, MD20894, USA,
www.ncbi.nih.gov; corresponding nucleic acid sequence: NM_001111312.1). This
isoform was identified in the Examples and is therefore preferred for mouse.

Furthermore, in the following species variants are exemplified:

Organism Human NCBI accessions




QAEALDSPQK KTKNKKKKNK KKKAATPAET CRDANEELNC QDPDVGDIVEE EERLQVTDKK 40
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QCEDREI SRv0o@éa80090700710720 45 GEKGP@:DTS Q GSEEGHVT SQH®EBoHIYIEb780
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Non-naturally occurring variants may be obtained by a limited number of amino acid
5 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).

It should be noted that the Lrrfip1 variant of the present invention is a functionally active
variant, in that the variant maintains its biological function, e.g. its involvement in pain

10 (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
more preferably 95 % of the activity of the natural occurring Lrrfip1. The biological
activity may be determined as known to the skilled person. For example, the

15 manifestation of the pain phenotype “mechanic hyperalgesia” can be determined as
detailed in the 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 Lrrfip1
20 protein or a variant thereof as detailed herein and at least one further component. In
one preferred embodiment variant may be a fusion protein comprising (i) a Lrrfip1
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
25 (GST) tag). If e.g. a highly purified Lrrfip1 protein or variant should be required, double
or 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

30 polyhistidine-tag), the 6xHis-Strep-tag (6 histidine residues fused to a Strep-tag), the
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category, such as a fluorescence marker or a radioactive marker, which allows for the

detection of Lrrfip1. In a further embodiment, Lrrfip1 could be part of a fusion protein,

10 wherein the second part could be used for detection, such as a protein component
having enzymatic activity.

In another embodiment of the present invention, the Lrrfip1 variant could be a Lrrfip1
fragment, wherein the fragment is still functionally active. This may include Lrrfip1

15  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).
Additionally, the Lrrfip1 fragment may be further modified as detailed above for the
Lrrfip1 protein.

20 Alternatively or additionally, the Lrrfip1 protein or variant thereof as described above
may 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,

25 among the amino acids having acidic residues, among the amide derivatives, among
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
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Changing from A, F, H, I, L, M, P, V, W or Y to C is semi-conservative if the new
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 Lrrfip1 protein or fragment or variant with substitution may be modified as detailed
above for the Lrrfip1 protein or fragment or variant. In the following description of the

10 invention all details given with respect to Lrrfip1 protein also relate to functionally active
variants thereof, unless stated otherwise.

It is noted that the above modifications of the Lrrfip1 protein may be combined. The
variant of the present invention may be e.g. fragment of Lrrfip1 having a marker fused to

15 it, or a Lrrfip1 protein fragment comprising one or more amino acid substitutions.

However, most preferably, the Lrrfip1 protein is a naturally occurring Lrrfip1 protein as
detailed above, still more preferably, a naturally occurring human Lrrfip1 protein (e.g.
SEQ ID NO: 1).
20
The term Lrrfip1 nucleic acids encompasses nucleic acids coding for the above Lrrfip1
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
Lrrfip1 gene, wherein these sections are of a relevant size in order to be specific for that
25 gene. Examples of those regions are introns, exons or regulatory elements such as a
Lrrfip1 promoter.
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30 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
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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
5 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
been generated by combinatorial chemistry techniques. They are especially suitable for
high-throughput screening and may be comprised of chemical compounds of a
10 particular structure or compounds of a particular 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.

15
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.

20

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.

25 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

30 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.
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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
5 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.

10 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
preferably at least 75 % and most preferably at least 90 % of the control, either positive

or negative.

15 For the method of the invention any suitable method of detecting may be used. Suitable
methods may be chosen depending from the characteristics of the test system and

agents to be tested.

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

compounds are only mixed and measured.

The test method may be either a continuous assay or a discontinuous assay.
25 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
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
30 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

are very general, since many reactions involve some change in heat and with use of a
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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
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
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.

Discontinuous assays are when samples are taken from an enzyme reaction at intervals
and the amount of product production or substrate consumption is measured in these
samples. Radiometric assays measure the incorporation of radioactivity into substrates
or its release from substrates. The radioactive isotopes most frequently used in these
assays are '“C, *°P, **S and 'I. Since radioactive isotopes can allow the specific
labeling of a single atom of a substrate, these assays are both extremely sensitive and
specific. They are frequently used in biochemistry and are often the only way of
measuring a specific reaction in crude extracts. Chromatographic assays measure
product formation by separating the reaction mixture into its components by
chromatography. This is usually done by high-performance liquid chromatography
(HPLC), but can also use the simpler technique of thin layer chromatography. Although
this approach can need a lot of material, its sensitivity can be increased by labeling the
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 Lrrfip1 nucleic acid or protein. Accordingly, the interaction/binding of
test compound to the Lrrfip1 nucleic acid or protein could be determined by detecting
the complex of (i) the Lrrfip1 nucleic acid or protein and (ii) the test compound. Suitable
methods of detecting complexes of two or more components are detailed below.

Q
L;
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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
10 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 Lrrfip1 protein, (ii) the test compound and/or (iii) a further component
of the test system may be labeled with at least one detectable marker.
15
Common labeling methods may be used for labeling of one or more functional groups of
the component. For a protein, these could be for example the primary amino groups,
present at the N-terminal of each polypeptide chain and the side chain of lysine
residues; sulphhydryl groups, present on cysteine residues made available by treating
20 disulphide bonds with reducing agent or by modifying lysine residues with a reagent
such as succinimidyl-S-acetylthioacetate (SATA); or carbohydrate groups, usually
present in the Fc region of antibodies, which may be oxidized to create active aldehydes
for coupling. The component or compound may be labeled with a series of different
agents, such as biotin (for avidine-biotin chemistry), enzymes, activated fluorescent
25 dyes for labeling amines, sulphhydryls or other functional groups with e.g. FITC,
fluorescein, rhodamine, Cy dyes or Alexa fluos. Radioactive label such as °H, P, *S,
25 or ™C as well as common enzyme labels including penicillinase, horseradish

peroxidase and alkaline phosphatase may be used as well.

30 In an embodiment of the present invention the marker is a radiolabel, particularly ’H, 32p,

33P, 358, 125|, or 14C.
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may be a known cheni cal conpound not yet known to have a therapeutic effect

i n anotexempiedhond peeferred enobedivempareddetaijed herein.

Different types of chemical labels or tags can be conjugated to secondary or primary
25 antibodies and other molecules to facilitate their visualization (i.e., detection and
measurement) by various methods. Radioisotopes were used extensively in the past,
but they are expensive, have a short shelf-life, offer no improvement in signal:noise ratio
and require special handling and disposal. Enzymes and fluorophores have largely
replaced radioactive isotopes as detectable tags for assays. A number of advancements
30 in reagents and instrumentation make these newer technologies more versatile and
powerful. Enzymatic tags such as horseradish peroxidase (HRP) are most commonly
used for blotting, immunoassays and immunohistochemistry methods. Fluorescent tags
are used predominately for cellular imaging, nucleic acid amplification and sequencing



WO 2011/ 08919412PCT/ EP2011/ 050780 be a novel or so far unknown chem cal
conpound. The agent may be also a m xture of test substances or test
conmpoundswol2n1ia3e19enbodi ment of the sci éeni ng net hod of pChaEPpeie®s0780
invention, the test substance 5 is provided in form of a chem cal corrpound
l'i brary Cheri cal c ound Jlibrari es de a urla 11y of cJQoem Cﬁ
conpouriid DR DORFVEL S ?%%?”P?oﬁ?%@o%ir XS P'89§88'rdéye " aPREP g
chem cah aff Yypdeesi #pdyspl ecul es or natural products, or have been generated
by conbi natori al chem stry techni ques. They are especially suitable for

hi gh-t hroughput screeni ng and may be conpri sed of chem cal corrpounds of a
10_par biuh@lecidl BT HHERIPbRER TRAIES ufY 8 RRSEEEHEUnBOARA SBCHAfGRS R

pl ant. € context resent I nventl o em ca corrpo d

| i bpar wet@ctrmnecsfeuaﬁxw peotéinboraawaoerrptherecfgrrralthelude @pecifit Y pdipt i aieibody.
smal | r\tgsanr ¢ nol ecul es. Preferabl Z? a small organic nolecule is less than
500 dalABiRedies agaigst lﬂ&ﬁ*&réﬁﬂ ﬁY@'k? ﬁemwr@mq«oalww@aﬁ%ﬁs Cé‘i%%ﬂw[\‘@ SC-

CO”pourB‘é]gsﬁE’orJ ?% Bob 7 sl fr%trﬁ%a%fta (16, %M”?e I%g,hthpr S3AMd grﬂﬁr’ e@%\' ‘PJBAt be

effect o st conpound on the test sys is detecte
f ol | owicatplog@ I\kerabé’§598 fobrﬁfAehrcanm Iref @atnbmdgeyk/l/kgriﬂsm) IAIteJaanlwy,ramtmd)dnes
nore detail ver, it sh

under st o that these ar xtﬁgg) gldand
o her - Bt bs jAse SRl IR Shas BOTNSeS BRI niare. Sigars WReeoate
COmOUnGrigs &9 BRI oA Bt SrIcHGGAN o A0 bil Asin B babitel o

conpound is identifTed as corrpound™ nvolved in pain. For th the effect
of the anelspuoﬁnaioon(ﬂnob veuoys reainpanies speciabze lpaamtrbnsﬂyaprth@tloemrmes

oo onegetifl o PelhdnitabEhdoPe RAokRRl. TRelo e n it e Rines of
Cont r olspedifienparé eatsd ¥ @ Sl primaigeaitaRiay. Tomarhbqest #few persmatdrs, on

a particular system In a controlled experinent one set of | es have
been (@&ntibgdiesimayde H@F@@Pﬂ@b@rfﬂoéyp'% stiepligdnas a@é{sewrn@a iRity-piréfied

el yber SHAERL Sl \BioRRY B SR URSIRLUE SONERI aliecspected o show a

nit ange (posi i V& Cont canh - Be et ermined in one
test run together with the test substance It can be determ ned before of
after deterrr_i ni ng@t he effect of the test corrgound or it rray be a known

val ue. AM@nHBady @tlgeppaﬁeaeeﬂs@oiarseis@ﬂﬁgerr SteairTipdnplolAUTIRAY hgTest s
TheCeL plled e tfithagy BTN 189 dhifoddy, 1 MK it 21 AreBOdlechGT PR 19,

the test syste srgna e conte e present 1nvention t est
corrpouradrtlgas ianpasside t Usua&y)mpowesem the @irncamnyt aolibodyf is het tasdled ot eimect

t th th L d f ly |lo
b Gher delestions Insigad B saSS Y anibedy (hacags oot Bnded Wbl BelespRIftRe e
test C%@E}ﬂé‘d“’ﬁ a s@&%n@%rtér?'tb él@ﬂé A thé‘ phh%r?ra‘htlba SiERLS BbUﬁé”to RO er €s
to assess whether two values are significantly different from each ot

such a@rrﬁgedeﬁhus the mtlgen ishtletegtest indirestly.. APoatheteforimr ef lmdieecsmerteetﬂ)n
person

Phe si dnars O8Ha'€ oty or 2nihody BBk feria Phde8 i s AR B SU

as biotin. Then a secondary (or tertiary) probe, such as streptavidin that is labeled with

25 the detectable enzyme or fluorophore tag, can be used to probe for the biotin tag to
yield a detectable signal. Several variants of these probing and detection strategies
exist. However, each one depends on a specific probe (e.g., a primary antibody) whose
presence is linked directly or indirectly to some sort of measurable tag (e.g., an enzyme
whose activity can produce a colored product upon reaction with its substrate).

30
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

needed. Most primary antibodies are produced in mouse, rabbit or one of several other
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15  either avidin or streptavidin. Both kinds of biotin-binding proteins are available in purified

forms labeled with enzymatic or fluorescent tags that enable detection in many kinds of

assays systems.

Enzymatic labels are most commonly used as secondary antibody (or streptavidin) tags
20 for detection in blotting and immunoassays. Enzymes provide detectable signal via their
activity; reaction with a specific substrate chemical yields a colored, light-emitting, or
fluorescent product. While reporter enzymes like beta-galactosidase and luciferase
have been successfully used to make probes, alkaline phosphatase (AP) and
horseradish peroxidase (HRP) are the two enzymes used most extensively as labels for
25 protein detection. An array of chromogenic, fluorogenic and chemiluminescent

substrates is available for use with either enzyme.

Alkaline phosphatase, usually isolated from calf intestine, is a large (140 kDa) protein
that catalyzes the hydrolysis of phosphate groups from a substrate molecule resulting in
30 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.
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The use of fluorophore-conjugated probes in blotting and immunoassays requires fewer
steps compared to the use of enzymatic labels because there is no substrate
development step to perform. While the protocol is shorter, fluorescent detection
30 requires special equipment and the sensitivity is not a high as that which can be
obtained with enzymatic chemiluminescent systems. Although not as sensitive as
enzymatic detection, fluorescent detection methods reduce chemical waste and have
the added advantage of multiplex compatibility (using more than one fluorophore in the

same experiment).
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tags for assay enen
designed as a competltlon binding experiment, in which the displacement of the binding

of a known Lrrfip1 ligand from Lrrfip1 by a test substance is studied. Successful
displacement of the known ligand from the protein is an indicator for binding of the test

30 substance to the protein. In this approach, it is advantageously to label the known
Lrrfip1 ligand which allows for convenient testing of multiple test compounds (e.g. of a
library), whereby not each of the test compounds needs to be labeled.
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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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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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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).
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Fluorescence polarisation (FP)-based assays are assays which use polarized light to
excite fluorescent substrate in solution. These fluorescent substrates are free in solution
and tumble, causing the emitted light to become depolarised. When the substrate binds

25 to a larger 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
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ionization to detection. The term “signal” refers to any response generated by a
15 biomolecule under investigation. For example, the term signal refers to the response
generated by a biomolecule hitting the detector of a mass spectrometer. The signal
intensity correlates with the amount or concentration of the biomolecule. The signal is
defined by two values: an apparent molecular mass value and an intensity value
generated as described. The mass value is an elemental characteristic of the
20 biomolecule, whereas the intensity value accords to a certain amount or concentration
of the biomolecule 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 Lrrfip1 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.



Tritiumis highly reconmended as it suits SPA very well. It is due to the
1.5 pmpath | ength through water, which is very short. So, when the
fl-particwe 208/08btohi n that particul ar 285 range of 1.5 porwipkéiibeso
scintillant bead, there is sufficient energy to stinmulate the scintillant
bead to emit light. If the distance between the greater than 1.5 pm then
the 11- particle is incapable of traveling the required distance to

stiml gt {die cbapduad ddifd ®el @esigﬁeti fd Girknto anegtlatorhgsdidneeadfSBedltrfipl
assortnment of bead coatings available that allows this method to be applied
to a bigsae oradngdroirlagene daelf oiherebyichedesicenppeund sayld kawe a0 influgneeiafuno
assays., Fl ance energy transfer (FRET) describes a

radi at itggggﬁ@gé@ﬁgﬁpé$§§3fer bet ween two chronophores. A donor
chrgnophore in its excited state can transfer energy by a non-radiative

| ong-range di pol e-di pol e coupling mechanismto an WD

2011/ 0SSLOISIRGIYT/ B2 BINEINGS P 819 ShcCUPPBHNG | Qo isHHEBWIALRTY c FBSEEHIC EORIT e
(typic - ; | 25: t & er
s 0t ¢ Setdhmidoy B qereBRek{® EnGEY Y HE oqualoRy SElbentd'Sr 8PRE Mha GRS oh
t he endegtycorspowtd. Buitaddlé ynethads fof rdetetting ¢dropleses exideo ¢rRBOré omposehtd
tool to detect and quantify protein-agent interactions, protein-protein

i nt era@(?gﬁga,”ed %?%‘t ei n-DNA i nteractions, and protein-conformational
chapges. For nonitoring binding of a protein to an agent, one protein to
another or a protein to DNA, one of the nolecules is | abeled with a donor
and t hdhet hegulaiory sequaocepsod seginerieske ONAovlogrieoreguidione droteinsc slels aw e

m xed. ,Wien .they. are present. in.a bound state, donor, emi,ssion i.s

det ect ST SpORIGYGSTe i Btreie oo e adleBerS ol B Bt arkenes

10 and AqURAL Gdlledr Reduiftgghtediondr WKIcA ¢ apgrophiatehf ¢RBitidhedNhsShieodehdme,
predom nantly observed because of the internolecular FRET fromthe donor to

the acespely a Suor fhstenpei'gpsiceam’ of teREenarkeirg draulaied. HRy oingase, these
kil eqo At LrORgls Wil bodii Abhd prohAe G SUIABY 80 & HIOA BB A8E. In

| abel s used herein-w espeéct to

cor r espioisdvang they ephivol, germpexmepsiodi Mpe regliletaytseqasnee ireudes theymvartent
15 noi ety havi n%an emn ssi on s_rﬁ)ectrum t hat overl ags with the excitation

spect r GRIIGN WCTHGIRAIlY PHRERer)  RAGETS iR ISha 60 \Walsy sEsHonH | (EnhARsRTEach
t her. [ h ' f 1:5S t h
accept TEaRaS! Hopr S R R Ty e g LB P B o et o

nm sugenas at |east 80 nm at |east 100 nmor at |east 150 nm greater than
t he _wavel engt h maxi mum of the excitation spectrum of the 20 donor.
Regpesent ative donor fluorescent noieties that can be used with various

accept qtehh MRS HABL effBt EBIE DihdingRET the tEROtQEPoling et IuBREEIdh the
Luci fer Yellow, ™ B-phyco- erythrin; 9-acridineisothiocyanate, Lucifer Yellow

VS, 4- geseatrboscriptions oot dey aeseciedi indirectty . bieoretis, 2thedefact dawostiean, the
7-di et hyl.am no- 3- (4' i sot hi nat ophenyl) - 4. met byl counar | S 1. ni nd

T pyr e iy PEod i 56 BERRNT P SRAL Pl SR RIPEC AT Ris drar Bl L s
aci d derdnéritionelatBeRbaSEi1atbVIE 166 cerirdiinéd . UIr 656 @ntbdtimeht, ebe glapendbng
upon the donor fluorescent noiety used, include LC-Red 610, LC -Red 640,

LC2Red L67@ MBNA eelirriiol pratgi, is dpteded |Alieraativaly rthe edigchel Bndingrierfe GC-
chiori dey LEdHTBENYqUudMeeaBn the expression of TNF, EGFR or PDGFA or on NF-

kappaB signaling may be determined.

Suitable methods of detecting mRNA are described herein and include e.g. Northern
30 blot analysis, nuclease protection assays (NPA), in situ hybridization, and reverse
transcription-polymerase chain reaction (RT-PCR).

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
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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
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
25 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
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.
30
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
include for example Nick translational labeling, random primed DNA labeling, PCR
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the newly synthesized complementary DNA strand.

The polymerase chain reaction (PCR) allows the amplification of minute amounts of

25 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
steroid hapten, may be used to label DNA, RNA, or oligonucleotides for hybridization,

30 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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reverse transcription-polynerase chain reaction (RT-PCR). WO
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ol i gonucl eoti des. Additionally, sequences with only partial honology (e.g.,
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”Rlz\'ﬁs Fg%efrggr%eﬁt (z:fonjtugateéD wnh aII?a?fnlétnh%rsphatase (AP)) may be used in the detection
of biotin-labeled nucleic acids by enzyme immunoassay with luminescence on nylon
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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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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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 Lrrfip1 protein or variant thereof could
be determined by detecting the complex of (i) the Lrrfip1 protein or variant thereof and
(i) the test compound. Suitable methods of detecting complexes of two or more
components are detailed above and in the following.
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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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encodeothg FPus FL BRORR Rl i Weid b6 Bt AF PRt i rona
expsessnolectiar gvelghtlthagikeren \Westem blotting isghh, artettﬁucengmudwezlu%edateedetebt ch

catal yzes a reaction with Iu0|fer|n to produce light, and the red
fl uoresg@@ﬁtf'cpp'iﬁt%'ﬁﬁ N Gnoivee §ane I Fhe HSS Uk SOMIIEGRroN exthack df yses gel

bact er igfe i, gth'&g i§%6 98 Sraté“hbr%tel %‘ etﬁetl'é‘ﬁ B Yretra &oﬂ?e\?\;ﬁ%@sgd&%ﬁmny"' S

enzynme caus er|a xpreSS|ng gene ap ear rown o
medi umcbhdttlone)tolabylﬁtet &d stmbetUrabtethermbt&gn ){hajaﬂe/ tan-demdturerg cariditoarisy. such
as |PTGis also 15 needed under the native pronoter). An exanple of a

sel ect abl e-marker reporter in bacteria is the chloranpheni col

acepyl tmansdg gﬁf%ehr(k@ﬁT%mGrﬁﬂ%soYﬁ’érﬁha@Qé’sf &S E’LQSASt@”éedFa@anﬁ‘c %ﬂth@idOtbe

chl or anpheni c The 1 nfluence of a test conpound may be~detected by t
det er mgniantjtativelya@pusembfuanidatively edategmining edratdiv econceatrations otiromz@loml

detail ed _above, in _a second a ho enti.f un
ol vaipsthey Sort'of BESRGe B ARGt b5 sMTHR Blase 5l AsPE 1 9B SABR B
SYStempFétéprBr@bdg bratéingin Bbmﬁh@hrar@rad@oifbedctblms dMafeét A‘v‘tﬂbd@l@s%’ibbcﬁ‘lb%leOf
b) contacting the test systemwith a test conpoun and 25 c)determ ning

the ef e t profein hef inigrest cargouRed ol Prebe dke @Iam eRpckgronad nist Aunimised by

t
780t pinisihd g i Snd eniRy RS BEIOL RG] RopReRpintg Eng Bl yla 2
det ect emeséﬁb@cobpoblmﬂ yind triegy altive dongrolyf. Dasttlcfmnmmttk tie Ubeallyr cdlomnetrlc
protein or variant thereof could be determ ned by detecting the conpl ex of

(|) t hOr CPRMIYMIRGIAEECR bsedari ant thereof and (ii) the test conpound.

Sui t abl e net hods of detecting conpl exes of two or nore conmponents are
detail ed above and in the followng. W) 2011/08919432PCT/ EP2011/ 050780
Sui t abIEbemtmmmdisrdamopylemreEM ragnaberwded o esttedyjélse rdejeitech enieraardhitecturel afie

tecti bel t f t
Gef0cr dbpienar eals Irmada B RRuS Brlietiof ot Prdin B daur Ry sl
pr ot ei RekHHHEORREISGAES ahbelbd 'Wﬂ@ﬁbg%é%‘l’%@&% (e'_i%“yd?l@?'éﬁri hagdird&sft ern
blotting, spectrophotonetry, enzyne assays etc e nmethod may require

pr ot ei vigualised @atngotnarpﬁmeslmoelehteordmlerescomy While ivoweuiudiin detectieg prepsebn

ol ubi b It GRHSTOEARI SRR IR-ERCan BetboRedl) HgrBig, @hRofole,

I MUNoSing requmelri@oecsusaétﬁtirh@dnorbesﬁabu@ﬁmentahod@*oeeésuag $msthbds.c protein in
a 10 sanple. The termimunostaining was originally used to refer to the

nohi st ochem cal staining of ti ssue sections. Now however,
|m"runo I u LSt ,
| TnOSURLRUARENSETIRESS o MHARE CRIAE (B8 LASHBLA BRI et L 00
met hoderrfimepmtmn doutd be detyt:tedhadirectttyy Fafr thiss shee effect dowastosarmethes mipich
are preserved L}{ fixation
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

Lrrfip1 gene and/or the Lrrfip1 protein.



15 While the first cases of |IHC staining used fluorescent dyes, other

non-fl uorescent nethods using enzynes such as peroxi dase and al kal i ne
phosphat ase 2an@saow used more often. TAfse enzymes are eepairbe1050780
catalysing reactions that give a coloured product that is easily detectable

by I|g 0 ivel r adi actlve elerrets e das

el &R TE R BRYan CrhaL Ak oS arae bRt SReSST S0 abrisiRN B e

prepar %It@@ cm‘ rich*his@Asli$ segsaTtel ahd has beld RURRetarid igutite @blession of

nor phol_l_g\g% EG}F ti ssue architecture. I nappropriate or prolonged tixation may
t

si gni fi RianchPB&hAe anti body binding capability. Many antigens can
be successfully denonstrated in formalin-fixed paraffin-enbedded tissue
sections. Optim sation of fixation nmethods and 25 tinmes, pre-treatnent

W th blHwkéves, Wdé&;lsiaFe:kba\tvhrw)oanthebslghelﬁravistdmwbglpaﬂawy oflnefiwpin paisi ng
post - anti body wash buffers and wash tinmes may nportant for obtaining
hi gh qJé]qr@fprq: nttuedidaPri AGSirakie tter identibt FPHUDOQIePB‘iA@fttHS gighak tiapgdeetion
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or tissues, before or after an urifi rotel are generally
separ atmdbyrmsdacmm o Lgép1 ;et@ddrblqodeteeseds 'Iﬂm‘sermlbelbregaddlaommiargms tfor a
synt hetic rrenbr é gal cally nitrocellul ose or PVDF) via dry, sem -dry, or
wet bl cﬁ‘?q'ﬁ@mﬁﬂ Sn'BM Iv rane can then be probed using antibodies
uskpg nethods simlar to |mTunohi stochem stry, but w thout a need for
fixation. Detection is typically performed WO

2011/ 089 arefrEr emRodimMeBOY 8ide preaent rareniin sk compredd amalesHingzain alters
catalyseacemlumnesce reaction. Western bl o ng i.s. .in

ol ecuri i BRGu el ohPhal 25  oBRnaLER e chiftiobnbratdny ARy By, or
quant i taﬂtbrn/ﬁivblyCQﬁBaé&npb@rﬁ@l|ﬁvcbl%f@||ﬁ Beih \@Iedts exghAcC transdiigiodl agsteedraret i on
prior to blotting allows the protein nolecular weight to be gauged as
conpar d@wiistiearh Lr@DﬂrtﬂthﬁalF?aﬂ*“%ﬁ%tWhﬁéellﬂeﬁ*@ CoREpOnG st exnessinaaf
an%yt 'tﬁ@lerIng?g{é que used to detect specific proteins in a given sanple of
ti sSue homo or extract. It uses gel electrophoresis to separate

proteins by the |l ength of the pol ypeptide (denaturing conditions) or by t he
3-D structure of the proteln (native/ non- denaturlgg condi tions)

enzyrreAS @nl&%%ﬂ% AeiaHed ePuR: thealigrt mayenetUly HeLlegie 'H&gtqrbth?e'?M%'oOffléFf 'p1
t t
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for mat downsséelayn. Qﬁeam;blbs npxeiud@ltia& &JrfipBrgeadd kevep(upstieam bﬁtheoLrwfi;i)blpretem)

d t S. 0 s,specific for the protein of inter
B1,odhe riRBAoBuel hidsfRareo! kit kit Hioein afdidtinstesth 81§ L2l dists).
b' OCk' M8e pRsteRIRDEN@oWRSHEEM &ﬁﬁefLQFﬁdﬂ‘@ne)aéF@ HBYHeNoBdeVIel 8l (@6%%&%#1 a
the presence of positive and negative controls. Detecti'on nethods are
usual | pfte brrfipkgene and prhtaim). umi nescence based. El ectron microscopy or EM
can be used to study the detailed mcroarchitecture of 20 tissues or
cells. Imuno-EM all ows the detection of specific proteins in ultrathin

tissue |§seqirefdtfed émbolpaérsof!tiad prdseht WMdhtibeany corlpalnBafvd e ;ﬁ@m Bindo! d)
can_be directly visualised using transm ssion electron m croscop

ile
podBr f U & ﬁelﬂéare@qmagurﬂ%@aweusceartmlrzsailngdaathewnairtraﬂsdacmrbpéthway RhiiGo- EM
can be trﬁfbﬁ”é&fé a}ﬁdfd?athkq_'}%d‘lg cgﬁié’ieg)%rth%lar‘?;P%h ereitl the 6dzrg8(ilﬁ’r‘rbgmvolved

Optl m sat I on t1ssue 11 Xat'l O rocessin rnati ve

t he ef foadri binelsdo tie Lefipy geot drhiee Lasip1 pootein rdpeaoially e LifibLerateinon t he
Lrrfipl protein could be detected indirectly. For this, the effect
downstreamthe Lrrfipl protein could be detected. For exanple, the effect

on the mk y . :
ot o1 gAYy IRe ofhding o & EBRPOGRE 16 o CelliaiheFpbing HERFANP barfidbathdh
coBfourtbe iSW' tradsductioen pathsvay afeheulrdipicgen®and/anaherlatfipy] pratein digsamioay i n
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cellular compound naturally participating in the signal transduction pathway leads to
inhibition of the pathway. However, the artificial compound may be designed to activate



WO 2011/ 08919434PCT/ EP2011/ 050780 As detail ed above, Lrilipl acts as a
transcriptional repressor which preferentially binds to the GC-rich
consensusweequaise®4and has been sugges@@d to regul ate erpraPssiensaio TNF,
EGFR and PDGFA. 5However, few details are known about the signal

transd ctlo at h f Lrrfip for It would sirabl e
to 1 deoriiAtaBRolerRE csretntBlopfab hatpt AEE Oh ey, BattaiirElheY
cel | ul Qﬁaw@@@ﬁg‘t,\s,ty RAlicpa@l | y suspected of being involved in the signal
transduction of Lrilipl, could be detected. These could be additional

targets for nedicaments involved in pain. 10 In a pref erred enbodi nent of

the or S3e0orbRYEN LRCLIRGAORPINODLOug! 5dudh R BRIy BB In par

t ransducti upstr eam or ovvnst re rref I ein. tl ona , Ofr

al t gr nahibied ysighdletransgpudtioth upseéaed or ndcmmstr@rh ethe $indipal genahpdutidulaty
upstream or downstreamthe Lrrfipl gene, part| cularly wherein the corrpound
al t er s WgieEs $hen compegpf e iNfibits LXRhRRION AQT dNee&diPd e O8NEedNafoEeiartRd

ef f ect efmod?&ten%ﬂpg résd W/Q%rpﬂlﬁet?@nlt%\éeéorﬂ‘)oﬁﬁ fihlydt H Plath Hhigigne:

but al so on a signal transduction or expression [evel upstream or
downst rsagrral tinadpétesn upstteste drldewnstrbapﬂtr@eltreﬁpb*epmtelhupattlcetanyohher‘rw the

Lrrf 1 t t | t d
Hownst oRtRad hinds, 1 i Tagind) Bretist iBates on B rcsbunt theararoiend’ &
Lr g pJexaea%h ad g BhopBLYIES a'r@‘(:%bab@%‘ﬂ%%?tﬁlmﬂt of rbliScihd rda'rplTrQﬁ'@%ré”d

protein). In a preferred enmbodi nent of the pres |nvent| on the corrpound
i nvol vdiey areppiieferdéchds 25 to a cellular conpound naturally participating
in the signal transduction pathway of the Lrrfipl gene and/or the Lrrfipl
protein, particularly wherein the conpound involved in pain binds to the

Lrrfi pln gRRen e prefsrdd ehigobiment 6f he prRRAL ahvantibRehbriebi BystBfroiseinna cell,
Evidently, the binding of a conpound to a cellular conmpound naturally

parti cisv&hiasgn aningp cehedastigwarly erraasmaiandiellpasperialiiod huran eelki p1 gene
andLtor the Lrrfipl protein has nost |likely an effect on the signal
transduction. Oten, binding of an artificial conpound to a cellular

conpourid ceirbased Isysteat ts atpattaggousiy t becauisgnaklldwarisdeasy emmacéwtyof treds
to inhibition of the pathwa However, the artificial conpound nmay

desi gndest t%’séﬁmbyaP@paﬁet"i@ﬁ? 6893 a9 eteaEmeanaNiH e O ﬁ&n%ér@ﬁﬁﬂyct'qm
bot h cagfthorehfs l&bﬂmsﬂgaﬁ?‘ﬁf s i ?FHOMSEF ) rﬂ@%%regﬁpo? rL"P‘f*pr' toteinl &€1Y

that pain'sensitivity I's altered. I'n a preferred I ment e present
i nvent igenet las tbeapanayl benusﬂd/ardorder;iai aetect a signal indicative for altered glucose

20 uptake of a cell.

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,

25 EAHY 926, F98, GH3, GP&envAM12, H-295 R, H-4-II-E, HACAT, HACAT A131, HEK,
HEL, HelLa, 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 I, Neuro 2A, NIH 3T3, NT2/D1, P19, primary neuronal
cells, primary dendritic cells, primary human myoblasts, primary keratinocytes, SF9, SK-

30 UT-1, ST, SW 480, SWU-2 OS, U-373, U-937, and Y-1. Other suitable cells are known
to the one of skill in the art.

Cells that are cultured directly from an animal or a person are known as primary cells.

With the exception of some cell lines derived from tumors, most primary cell cultures



5 inhibits signal transduction upstream or downstreamthe Lrrfipl gene,
particularly wherein the conpound inhibits expression of the Lrrfipl gene.
I'n a prefworzed/msaivadi ment of the presed® invention wher ecmmrbe1osivpoUNd
involved in pain inhibits signal transduction upstrean1or downstreamt he

Lrrf i I t h t fipl
or ot ef MVBJaPt RBRe T LG ¢ el FlMed Gy ROPEIATN IO Rat del Spatod R e
conpounfisceyscofcripeBtendd ahdBidy dividthd wHilkdseHarglyritaininghaslsigr e, they are
preferred. In another preferred enbodi ment” of the presént invention the

telslt systemis in a cell, such as an animal cell, particularly a mammalian
Cel L o BAPEEHPI o BB e oA P 5k heATRET R/ 0. BB BABMTRY

t he5celdithentittoagh Irah@asmrmotmmscsmdel@egatesngdmbamasramu@é artificzMesprasion
downstream of insulin or downstream or upstream of Lrrfipl protein or gene,
as thesd ”r‘&%)}e@@“elﬁ@% geReorl Bere et nemeEeuUsWell faskab |ISH&F1&%”| Nnest iepregantatoe

gl ucosg, i&%?t@&ﬂgrec tybesChid i ﬁéwuﬁ%hefkn‘b@\hé e%'rft@é) .Meg ﬁé;%ﬁ?@ts%ct%f

the pres I nven | ncl ude w thout I'rm ta adi pocytes,
HEK 293uitZdie-oll Ime431 atrial myocytes, BxPC3, C5N, Caco-2, Capan-1, 00531
CFPAC, CHO, CHO K1, COs-1, COs-7, C\/—l, EAHY, 25 EAHY 926, F98, G|—|3,
GP&envAML2, H 295 R, H4-11-E, HACAT, HACAT A131, HEK, HEL, HelLa, Hep &2,

Hi gb FiA‘t%ord‘lﬁ%Ig?ﬁTa é)\’g %ﬂed'@ﬁ"{bg&r’r@ﬂd 'filré/Trﬁ@hﬁon 'tr'?&célhs b%@lllﬁe Auééﬂaﬁne K
562, KARPAS- 299, 29, LIN 175, MAt-LYLU

NCTC 2314 pepalation, ofleell m@pagateld3m3pulmre/ trnat a?egdermredrénoyn neud dharefo@ |'s,

primary de dr't rimar hurran bIa rinary, kerati t
Gro " SeMEREah 18nfia & Singf® g MTERnCR51S! A5 Brefiieligl R g EK 255
sui tabl(@ll§§ﬂ)ﬂlrﬁ Cﬁ}/l@uﬁﬁ@ﬁ\@?ntb ohM|@'T@y)OBstellé (mUnha%nﬁsryon\Alﬂbroblasts) CHO
2011/ 08919436PCT/ EP2011/ 050780 have limted lifespan. After a certa

nunmber céfls ﬁ@btmleéemﬁnsigugvawbél%ﬂ §etme‘§‘rlg@n greerpekey cetl |l§@hé’é@eﬁw@%“9and
St ?8 ? Lﬁ{l sgggec%mgh{)%ne has aé?éclljrﬁcﬁé n qﬁé%)quat't%”g @Mm&f\ gﬁ%‘gﬁgp fééél}ﬁ%)g,? |ér|#<t ely

5 ei t hex d¢dir dagisteamshoml iidnaly ﬂharo@tasﬂ)elanuanat:a goltd (Hueadn breass behcers.
artificial expression of the tel omerase gene. There are nunerous well
established cell lines representative of particular cell types and it is

Wi L1 0 Tl o e8ptine! rdjenakiddilanprieared, elriiad bl 28! Sofiffdnehise

10Accordingly, in a preferr nt of the invention the ce
cell | ineeded foeddatelchoreo;fanaefﬁmhu«aﬁa’rtﬁmlm*fy pl@lférsecﬂ)ceh)agateadompassdass ar@rtehat

d d f |y id I
ngfst 5o tor TR s The BnfioR LS APeSierorsiSt sistem I e ghareion
enbryo%%‘ﬁé’%ﬁlrolléﬂé Cée%cgwdd&rﬁlénﬁy eAENERRiCE!, T b 8RS @BLivaly g’ﬂf?ecemése

( Chi nese "hamst er ovary) cells” (African green nonkey cell |ine), Hela
cel | s promoter systems are weII known to the skllled person,

Alternatively, cell lysates (crude, fractionated or purified) may be used. Exemplary
25 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.

30
High-throughput screening (HTS) is a method for scientific experimentation especially
used in drug discovery and relevant to the fields of biology and chemistry. Using for
example robotics, data processing and control software, liquid handling devices, and
sensitive detectors, High-Throughput Screening or HTS allows a researcher to quickly



15(human epithelioid cervical carcinom), JURKAT cells (human T-cell
| eukaem a), BHK 21 cell (hanster nornal_kidney, fibroblast), and MCF-7
celI's (huwenobvmest cancer). The cell 8f cell line may lpeTgeoetiosesdy
nodi fied to include Lrrfipl or conponents needed for detection of an

ef fect icularly prefe d cell .line.enca ses ene 20.c for
e peoDABET oFSa Rt b v iRt o IRV ER: SYDRtonT A" SPGRGESE 35 em
nmay be THROLGIPhiIdHrBcess Bnei dURIIMIG @é(ntﬂ}i(ét@%(?@m &In&o%ﬁhbbe‘be@ denes
active. Those J)rormt er systems are well known to the skilled person,

Al t er nathige mpdutaie|a P@@léU'ééb(forlQlG@U'af patWaynat ed or purified) may be used.
Exenpl ary 25 net hods for producing these are known to the skilled person
and may include fragnmentation, centrifugation and resuspending. In a

preber rusliatigpTSrames aftotadoptesemt scre@nbdf amabsey againeda iibrary of candldate
hi gh-t hrough-put _screening nmethod. 30 Hi gh-throughput screening b%
met hod SPAWPEdsntTiyPical Ellse SCrRaning iliBrariespaci ¢geke (Fa8dCoMaty if@”blﬂ e 12 and

rel evarpﬁorrega% “?p(ﬁ(b(?béé cBan%'uQHng and chem stry. Using for exanple

robotics rocessing and control software, liquid handling devices,
and sensitive detectors, Hi gh-Throughput Screening or HIS allows a

h KI 2011/0 9 PCT/ EP2011/ 780 d t d
or  over It afRshane el tehghean bhEY i< 1t TAMRIOF GO CAICToaSiS MeReBgh
Lhho PrAERTIARET0F TS gBhdlaty kRl diner s, 136, ABIBOUNGAGE NI AHERE e AEnes

whi ch nodul'ate a parti Cul ar |orml ecul ar pat hway. 5Usual |y, HTS uses
aut orratmuihphee Orfl% aefﬂsentlegrthefor@maiéiﬁayelhgad:n@ptata Withb® xri2 8mne spacedwells.

I in.
T00" 0005 ols” el EonBeih S Tl LS Sty BhRn 47 2cREHLS sGukger
vessel dihetilBsufokibe (LWIS@?}%H' sdPh@lotheér cﬁérﬁlbﬁpb@mgouh@d@fenlattéﬂ ofwHigPiAt es
for HTS generally have eit 96, 384, 1536, or 3456 wells. These are all

mul tipl rent g eachrweltacrogs the plﬂ*@gﬂh%lptf%' ‘wiellsi may deopnatye intenaed for use 9mm
spaged contain experinentally useful matter, often
anagqug\éﬁ@@g?w&éﬁr{ﬂﬁ?ﬁg%mh& sul foxi de (DVBSO) and sone ot her chem' cal
conpound, the latter of Wmch Is different for each well across the plate.
The ot her wel | s _na i ntended for use 15as optional ex er| ment al

cont r ol ' PFESARR &Y L areA e seseaychemills achawelh & the plate yuibrserre PigJegicak
2;32‘:' ‘rgém:t]l%}/ ﬁfggﬁeb{)%ﬁﬁ'vﬁ@b%igt?]'tcbﬁggé{afheh@x&nrﬁm Ypsas the b‘r@Qéﬂcéaéé"ﬁwe
test system comprising a Lrrfip1 nucleic acid or protein is to be filled in. After some

20 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

25 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.

30 In a preferred embodiment of the present invention the pain is neuropathic pain.
Neuralgia or neuropathic pain can be defined as non-nociceptive pain, or in other words,
pain that is not related to activation of pain receptor cells in any part of the body. It is
believed that neuralgia is pain produced by a change in neurological structure or

function. Unlike nociceptive pain, neuralgia exists with no continuous nociceptive input.



test systemconprising a Lrrfipl nucleic acid or proteinis to be filled
in. After sonme 20 incubation tinme has gassed to all ow the biol ogi cal
matter towehsowdsyishi nd to, or ot herwi s@Sreact (or fail wPoT/EPacti)sowsh the
conmpounds in the wells, nmeasurenments are taken across all the plate's
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indication of 25 protein binding). In this case, the machine nay out put
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this, generating thousands of experinmental data points very quickly. 30ln a

preferred enbodi nent of the present invention the pain is neuropathic pain.
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t hat t heowdes tle nsedf Liofip tlpwsteippion glemtivyime b lvorhmfundi ingolosd gpaind treati ng
this pain and Lrrfipl nucleic acid and protein provide an interesting
target therefore. In a third aspect the present invention provides the
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e vaaehRop e pfeseet fieatipadltisnBiee et i melifess AT inss S0P UE B SV et
of the 2Rd7st ihedgeriifiddienpr esent invention. It is noted that the methods

descri bed above nay be used for the identification. In a preferred
enbodi nent of the third or forth aspect of the present invention, the
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coul d be used as a nedi canent. For the production of the medi canment the
i dént i fanekpdigiegés oighejmethod 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
30 consisting of a mixture of ingredients such as pharmaceutically acceptable carriers or

auxiliary substances combined to provide desirable characteristics.

The formulation comprises at least one suitable pharmaceutically acceptable carrier or

auxiliary substance. Examples of such substances are demineralised water, isotonic



pharmaceutically acceptable salt has to be in a pharnmaceutical dosage form
in general 30consisting of a mxture of ingredients such as

phar maceuwvocallogemecept abl e carriers ofauxiliary substaorerconsizsed t o
provi de desirable characteristics. WD 2011/08919439PCT/ EP2011/ 050780
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chosen according to the prevailing dosage form and identified compound.

The pharmaceutical composition can be manufactured for oral, nasal, rectal, parenteral,
30 vaginal, topic or vaginal administration. Parental administration includes subcutaneous,

intracutaneous, intramuscular, intravenous or intraperitoneal administration.

The medicament can be formulated as various dosage forms including solid dosage
forms for oral administration such as capsules, tablets, pills, powders and granules,



lotions, gels, powders, solutions, sprays, inhalants or patches. The
specific therapeutically effective dose level for any particular patient

wi || depewd 2upamemsvari ety of factors fcluding the act ipeirtap2@fi/osdveo
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conpounRons: 98!St H@WS?&@SE?U“PH%W@M% inBalagks/of PAENeY e or nul tipl e doses.
In a fifth aspect the present invention provides a nmethod of diagnosing

al gesia, conprising the steps of a)determ ning the | evel expression of the
Lrrfi pThgespeedific shemappetddlly sffeqiive, dased 28b Yordemy iplyticudart patiesﬂijiﬂccﬂewd
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Accordingly, the expfession |evel may be used in or to di agnose
Lrrfi pIa¢terSawetHkBOWalllg§$¢ meditat adlgpr essi on | evel of a gene may be detected
on the gene |level, the nRNA | evel or the protein level. WO

2011/ 08919441PCT/ EP2011/ 050780
The total daily dose of the compounds of this invention administered to a human or

other mammal in single or in divided doses can be in amounts, for example, from about
15 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

treatment from about 10 mg to about 1000 mg of the compound(s) of the compounds of
20 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
a) determining the level expression of the Lrrfip1 gene in a subject’s sample, and
25 Db) identifying the subject as algesic, if the level expression of the Lrrfip1 gene is
increased in the subject’s sample relative to a control.

As shown in the Example, the expression level of the Lrrfip1 gene is correlated with
algesia. Accordingly, the expression level may be used in or to diagnose Lrrfip1-related
30 algesia. The expression level of a gene may be detected on the gene level, the mRNA

level or the protein level.

Increased expression level could be due to increased copy number of the Lrrfip1 gene.
A series of diseases are known, which are due to an increased number of copies of a



gene. For exanple, one cause of breast cancer may be HER-2 anplification.
Gene anplification nmay be determ ned b% i mmunohi st ochem stry (NC) and
ei t her siwopeniy/mshroenogeni ¢ or fl uoresc ht in situ hybr i ¢csatre@n/050780
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gepgne rég éﬁtgl co. In addition numerous PCR-based net hodol ogi es have al so
beeRn dEEYTHEd above. 30Alternati vel y, or additionally, Lrrfipl expression

| evel may al so be det ect on NRNA or protein level. In this case, the anpunt
of NMRNA or Lrrfipl protejn is detected. Suitable nethods for detecting nmRNA
or pr otpéleﬁn%tiv@lﬂe&e&lel Facligsien cande §ieiedied byvideeiTkarrolypdeeemPaRalve

i nvent 'C@éh Jrfich gbgal%‘gfrlgr?nb%tforﬂﬁlspﬁfr &r\’érﬁﬁn @PQ%@?ﬁon Waﬂ?}&(}?éé’maé)

reagents escrl ecause they nay er m nol ogy
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otherwise. Simlarly, the words "conprise' contai n® and "enconpass" are
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other Wiﬁlee’ h;%rlldiéést%rr]lnisiﬁﬁgl %Pedn8| l:eise otr'efa'cﬁ pr%EJe ard use%nlgy %Beg AL gglff‘ware to
generate a log2 ratio of test/normal for each probe on the array. Knowing the address of

25 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.
In addition numerous PCR-based methodologies have also been described above.
30 Alternatively, or additionally, Lrrfip1 expression level may also be detect on mRNA or

protein level. In this case, the amount of mRNA or Lrrfip1 protein is detected. Suitable
methods for detecting mMRNA or protein are detailed above.



10 herein have the same neani ngs as comonly understood by one of ordinary
skill in the art in the field of the invention. Al though any nethods and
mat eri al sweinilmpiver equi val ent to tho$@ described her eipuT@Eeoohesaursed in
the practice of the present invention, the preferred nethods, and materials

are desgcri bed ereln elnv ntio further illustrat t he
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i dent i fiyé peefareamehods, ARYH AN ate BbstibEE erem.chr oni ¢ neur opat hi ¢ pain
was carried out (see also Persson et al., 2009, Mdlecular Pain 5:7). In

sumary, RNA sanples of dorsal root ganglia (DRGs) of inbred nouse strains
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strains rom
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.

FIGURES:
20
Figure 1 shows for every individual mouse its neuropathic pain phenotype scores
(mechanical hypersensitivity, X-axis) and the corresponding gene regulation of Lrrfip1
(log 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
25 performed and revealed a significant negative correlation of the two parameters pain
phenotype and log ratio gene regulation. This means for individual mice that the lower
the L5 DRG expression of Lrrfip1 in Chung-operated neuropathic mice was, the more

pronounced the mechanical hyperalgesia as exhibited in the behavioral test.
30 This significant correlation indicates a causal relationship of Lrrfip1 gene expression for
the induction of the neuropathic pain phenotype. (R(Pearson)= -0.684; p-value=

0.00012; FDR= 0.026)

Figure 2 shows exemplary intensity data for Lrrfip1 of L5 DRG (3d p.o.)



10 (Bar Harbor, Mg, USA). The spinal nerve at position L5 of Chung-operated
(Chung nodel of neuropathic pain (Kimand Chung, 1992, Pain 50: 355-363)
and of cowoespemdiong sham operat ed confol ani nal s wer e Pewlgpeet OsH78O
axotony. Sanples were profiled with Affymetrix m croarrays (MIE430 2.0). At
| east five animals of each group were tested. The manifestation of the pain
phenotype "nmechani c hyperal gesia" 15 was determned at all mce before
removal of DRGs (Persson et al., supra, particularly section "Behavioral
testing”). The three nouse strains differ in their phenotypes. In CBA m ce,
C57/B6 mice and AKR mice, the phenotype is manifested at a | ow, m ddle and
hi gh | evel, respectively. 20ln order to carry out gene expression
experinments, a nmethod for isolating total RNA of murine DRGs was devel oped
(Persson et al., supra, particularly section "RNA extraction for TagMan and
m croarray anal ysis"), wherein the nethod provided for RNA in a sufficient
anount (> 300 ng) and quality. After having extracted RNA from L5 DRGs of
the three nouse strains, either Chung-operated or sham operated control
animals, the 25 RNA probes were hybridized on Affynetrix m croarrays
(MDE430 2.0). The Affymetri x gene expression data were statistically

anal yzed and filtered prior to a correlation analysis. The followng filter
criteria were used: 30- Abs. fold-change in at least 60 (:)/0 of al
Chung-operated animals 1.5 or in at least 20 (:)/0 of all Chung-operated
animals 2.0 (each with respect to the nmean val ue of all sham operated
control animals) and gene expression intensity in at least 5 animals > 50
(background level ). WD 2011/08919445PCT/ EP2011/ 050780 Phenotype data of
the individual mce of the three strains and their gene expression data
(expressed as log ratio (Chung-operated vs. sham operated)) or expression
intensity of Chung-operated animals were used for correl ation anal ysis.
5For each gene which fulfilled the above filter criteria, a Pearson
correlation coefficient of gene expression data and phenotype data
(mechani ¢ hypersensitivity) was cal cul ated (Persson et al., supra,
particularly section "Correlational analysis"). In order to determne the
significance of correlation coefficients of the single genes, a "fal se

di scovery rate" (FDR) was introduced (Storey, J.D. (2002) J. R Statist.
Soc. 64, part 3, 10 479-498). Pearson correlation coefficients of genes
havi ng an FDR > 0.05 were regarded as significant. Using the log ratio data
(Chung- operated vs. sham operated) 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 15and
hyper al gesi a. For the Lrrfipl gene which was anong the genes with the best
correlation of expression and pain phenotype, the correlation anal ysis of

|l og ratio data and mechanic



hypersensitivity yielded a Pearson correl ation coefficient of -0.684 (p
val ue of 0.00012) 20 and an FDR of 0.026. WD

2011/ 089 1\WA46A@EIFEP2011/ 050780 Cl ai s 44 net hod of i dentcirgipoe1as@espound
i nvolved in pain, the nethod conprising the 5steps of: a) providing a test
system Ei ng Lrrfipl nucleic acid, b) contacting the test systemwth
a testfﬁﬁﬁg ﬁ d, and c) determning the effect of the test conpound on the
test system wherein the test conmpound is identified as a conpound

i nvol ved in pain, when a 10significant effect of the test conpound on the
t est sydertificatipaof Lefipd ag rreiein Hivolveddetaégesédl. 2. A net hod of identifying a
conpound i nvolved in pain, the nethod conprising the steps of:

15a) providing a test systemconprising Lrrfipl protein or a functionally

act bve Inardento ideatiBohewaprgetnfacpainghelepyt estorsaiationalvaridysis fasideatiypgund,
and genes whose regulation contributes to chronic neuropathic pain was carried out (see
also Persson et al., 2009, Molecular Pain 5:7). In summary, RNA samples of dorsal root
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).



b) determning the effect of the test conpound on the test system
wherein the test conpound is identified as a conmpound involved in pain,
when a 20sognifiiseeat effect of the tesfdconpound on t he prestP26yH5EH
relative to a control is detected. 3. The nethod of any of clainms 1 or 2,
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wherein the conpound involved in parn alters signal transduction upstream
or domtenémggbummepqtegle@uréalﬁ wergsJspeforreeriel@tion aaalysit. clains 1 to 4,
wherein the conmpound involved in pain alters signal transduction upstream
or downstreamthe Lrrfipl gene, particularly wherein the conpound alters
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met hod of any of claim1l to wherein the conpound i nvolved in pain binds
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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

15 and hyperalgesia.

For the Lrrfip1 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 -0.684 (p value of 0.00012)
20 and an FDR of 0.026.



159. The nmethod of any of clains 1 to 8 wherein the test systemis in a
cell. 10. The nethod of any of clains 1 to 9, wherein the nethod is a

hi gh-t hr omghopuisorvet hod. 2011. The netf®d of any of cl aipes/Eb2619/08€¥80 Wher ei n
the pain i s neuropathic pain. 12. Use of Lrrfipl nucleic acid for

I dentifying a conpound involved in pain. 13. Use of Lrrfipl protein
for id ?W%§ing a conpound involved in pain. 25 14. The use of claim12 or
13, wherein the use is further defined as defined in any of clains 3 to 8
and 11. 15. A method of diagnosing al gesia, conprising the steps of
30a)determ ning the | evel expression of the Lrrfipl gene in a subject's

S22 BB o b T B Retn SRBLAE e g b Ser AT B
congrol .  steps of:
a) providing a test system comprising Lrrfip1 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
10 significant 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 Lrrfip1 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 Lrrfip1 gene and/or the Lrrfip1 protein.

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

signal transduction upstream or downstream the Lrrfip1 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 Lrrfip1 gene, particularly wherein
the compound alters expression of the Lrrfip1 gene.
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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 Lrrfip1 gene and/or the Lrrfip1 protein, particularly wherein the compound
involved in pain binds to the Lrrfip1 nucleic acid or the Lrrfip1 protein, especially
the Lrrfip1 protein.

The method of any of claim 1 to 6, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the Lrrfip1 gene, particularly wherein
the compound inhibits expression of the Lrrfip1 gene.

The method of any of claim 1 to 7, wherein the compound involved in pain inhibits
signal transduction upstream or downstream the Lrrfip1 protein, particularly
wherein the compound binds to the Lrrfip1 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 Lrrfip1 nucleic acid for identifying a compound involved in pain.

Use of Lrrfip1 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 Lrrfip1 gene in a subject’'s sample,
and

b) identifying the subject as algesic, if the level expression of the Lrrfip1 gene is
increased in the subject’s sample relative to a control.



