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laagttccact
[cactegegct
[ccagagacta
[attattgeea
[gegcctetgt
O
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L
C
L
L
C
L
L

L

{170) PatentIn Ver. 2.1

sapiens

gagcegeeeaa gaagaaaate gecataagig gagtecctgt getaggattt 60
cigigctgat gagegetcag gaatcaigeg ctatcaaaga agaacatgig 120
ccgagitcta tetgaateet gaccaatcag gegagtttat gtttgacitt 180
agattttcca tgtggatatg graaagaagg agacggictg geggetigaa 240
gatttgecag ctitgagget caaggtgeat tggccaacat ageigiggac 300
tggaaatcat gacaaagege fccaactata cteegatcac caatgtacet 360
cigtgctcac gaacageect giggaaciga gagageccaa cgicectcate 420
acaagttcac cccaccagig gtcaaigica cgiggeticg aaatggaaaa 480
caggagigic agagacagtc ticctgecca gggaagacca cetttteege 540
atctcccctt cctgecctca actgaggacg tttacgactg cageggigegag 600
tggatgagee tctictcaag cactgggagt titgatgctce aageccicic 660
cagagaacgt ggigigigee ctgggectiga ctgigggict ggtgggeate 720
ccatcttcat catcaaggga figcgcaaaa gcaatgceage agaacgcagg 780
aaggcacatg gagetgatgg tgttitctta 819
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{210y 2

{211) 254

((212) PRT

(€213) Homo saplens

[(400> 2

[Met Ala Ile Ser Gly Val Pro Val Leu

[ 1 b

%eu Met Ser Ala Glo Glu Ser Trp Ala

[ 20 25

[Ile Gln Ala Glu Phe Tyr Leu Asn Preo
35 40

[Phe Asp Phe Asp Gly Asp Glu Ile Phe

: 50 bb

[Glu Thr Val Trp Arg Leu Glu Glu Phe

" 65 70

'ala Gln Gly Ala Leu Ala Asn Ile Ala

[ 85

[Ile Met Thr Lys Arg Ser Asn Tyr Thr

[ 100 105

[Glu Val Thr Val Leu Thr Asn Ser Pro

[ 115 120

(al Leu Ile Cys Phe Ile Asp Lys Phe

[ 130 135

(Thr Trp Leu Arg Asn Gly Lys Pro Val

(145 150

[Val Phe Leu Pro Arg Glu Asp His Leu

[ 165

[Pro Phe Leu Pro Ser Thr Glu Asp Val

[

[ 180 185

(Trp Gly Leu Asp Glu Pro Leu Leu Lys

[ 195 200

Ser Pro Leu Pro Glu Thr Thr Glu Asn

. 210 215

[Thr Val Gly Leu Val Gly Ile Ile Ile

[225 230

[Gly Leu Arg Lys Ser Asn Ala Ala Glu

L. 245

I [ |
O Ooogogoog
OO ogogog
I O [
I [ I [y
O 0o oo

OooooooOgooQgQo
OooooooQgogoaoQg

O

O

O

O

O

(]

OooooogogaQg
OooooogogaoQg
Ooooooogogaodg
Oooo0oooogoad
OooooooQgooQgQd

(20)

Gly Phe Phe Ile Ile Ala Val
10 15

Ile Lys Glu Glu His Val Ile

30
Asp Gln Ser Gly Glu Phe Met
45
His Val Asp Met Ala Lys Lys
60

Gly Arg Phe Ala Ser Phe Glu

75 80

Val Asp Lys Ala Asn Leu Glu
90 95

Pro Ile Thr Asn Val Pro Pro

110
Val Glu Leu Arg Glu Pro Asn
125
Thr Pro Pro Val Val Asn Val
140

Thr Thr Gly Val Ser Glu Thr

155 160

Phe Arg Lys Phe His Tyr Leu
170 175

Tyr Asp Cys Arg Val Glu His

190
His Trp Glu Phe Asp Ala Pro
205
Val Val Cys Ala Leu Gly Leu
220
Gly Thr Ile Phe Ile Ile Lys
235 240
Arg Arg Gly Pro Leu
250
0
O
O
O
O
O
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Methods for obtaining inhibitors of TIRC7? ligand binding and uses

thereof

The present Inventian relates to the use of an inhibltor interfering with the interaction
of TIRCT with its ligard(s) for the preparation of & pharmaceutical compaosition for
the treaiment of graft versus host diseass, autcimmune disegses, allergic diseases,
nfectious diseases, sepsis, for the freatmant of tumors, for the improvement of
wound healing or for inducing o maintaining immune unresponsivensss In &
subject. In addition, the present invention relates to the use of a nucleic acid
molecute encoding said inhibitor and of & vector comprising said nucleic acid
molecule for the preparation of a pharmaceutical composition for amelioration.
treatment and prevention of immunclogical diseases, Additionally, the present
invention provides methods of identifying an agent capable of interfering with the
interaction between TIRC7 and its ligand and/or of identifylng a {poly)pepide
involved in the regulation of the immune respense in a subject In a further
ambaodiment, the present invention relates to @ method of refining an inhibitor, an
agent or a (poly)peplide as defined herein or ideniilied by the meihod({s) of the
invention. Furthermore, the inventlon relates to the preparation of pharmaceutical
compositions comprising the agents, {poly)peptides identified and/or refined by the

‘methods as disclosed herein. In a further smbodiment, the present invention relates

to the use of arn inhibitor, an agent or a {poly}peptide as identified andfor refinsd by
the methods as disciosed herein for the preparation of & pharmaceutical
composition.

Several docunsnts are citad throughout the text of this spedification. Fach of the
documents cited herein (including any manufacturer's spacifications, instructions,
etc.) are hereby incorporated herein by reference; however, thare is no admission
that any document ciled is indeed prior arl as to the present invention.
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T-celt activation 5 a serfal process involving muitiple signaliing pathways and
seduential changes in gene expressicn resuling In differentiation of T-cells into
distinst subpopulations, i.e. Tht and Th2, which are distinguishable by their pattern
of cytokine production and characterize the mode of osliular immune response. The
T-celi response ig initiated by the Inferaction of the antigen-specific T-cell recapior
(TCR} with peptide presented by major histocompatibllity complex (MHC) molecules
on the surface of antigen presenting cells (APCa). Additional signals are provided hy
a network of receptoriigand interactions medialed by a number of membrang
proteins such as CD2BICTLAZ and B7, CD40/CD4OL, LFA-1 and 1CAM-1
(Lenschow, Science 257 {1992}, 789-792; Linsley, Annu. Rev. Immunol. 11 {1993},
191-212; Xu, Immunity 1 (1984}, 423-431; Bachmann, Immunity 7 {1897}, 549-557;
Schwartz, Cell 71 (1992), 1085-1068) collectively called postimulatory signals
(Perez, Immunity & (18987}, 411). These membrane proleins can aller T-cell
activation in distinct ways (Bachmann, Immunity 7 (1997), 549-557} and regulate the
immune response by the integration of positive and negative signals provided by
these mokecules (Bluestone, Immunity 2 (1995}, 555-559; Perez, immunity 6 (1997),
411). Many of the agents which are effective in modulating the cellular immune
response either interfere with the T-cef receptor (Cosimi, Transplantation 32 {19817},
535-039) block costimuatory signaling {Larsen, Mature 381 {1996), 434-436; Blazar
J. Immuno. 157 (1996), 3250-3259; Kirk, Proc. Natl. Acad. Sci. USA 94 (1897),
a783-8794; Linsley, Sclence 257 (1292), 792-85; Turks, Proc, Nabi. Acad. Scl, USA
B9 (1992), 11102-11105) or inhibit intracellular activation signals downstream from
these primary cell membrane triggers (Schreiber and Crabtres, Immunology Today
13 (1992), 136-42). Therapeutic prevention of T-cel aclivation In organ
transplantation and autoimmune diseases presently relies on panimmunosupressive
drugs interfering with downstream intraceflular svenls. Bpecific modulation of the

immune response remains a longstanding goa! in immunclogical research.

]ﬁ view of the need of therageutic means for the freatment of discasas related to
immune responses of the human body, the technical problem of the present
invention is io provide for means and methods for medulgtion of the immuns
response such as immune unreépc.nsiveness in a subjsct. The solution to said
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technical problem is aghieved by providing the embodiments characterized in the

claims.

Accordingly, in one aspect the present invention relates to the use of an inhibitor
interfering with the interaction of TIRC7 with its ligand for the preparalion of a
pharmaceutical compesition for the treatment of graft versus host disease,
autcimmune diseases, allergic diseases, infectious diseases, sepsis, for the
trestment of tumars, for the improvement of wound healing or for inducing or
maintaining immune unrespansivenass in a subject.

The term "TIRC7" as used in accordance with the present inverntion, denocies a
pretein invelved in the signal fransduction of T-cell activafion and/or proliferation and
that, preferably in & soluble form is capable of inhibiting or suppressing T-cell
proiiferation in response to alloactivation in a mixed lymphocyte culture or in
response to mitogens when exagensously added to the culture. i vitro transiated
TIRCY protein is shle to efficlently suppress in a dose dependent manner the
profiferation of T-cells in response to alloactivation in a mixed lymphecyte cultura or
in response fo mitogens. TIRCY is known to the person skilled in the ar ard
described, inter aliz, in WOS9/11782 and in Utku et al,, Immunity 9 {1988), 509-518.

Thea term “inhibitor intsrfering with the interaction of TIRCY with its ligand” means in
accordance with the present invention an agent capable of inhibiting andfor
modulating the interaction of TIRCT with iis comresponding ligand, Since the
interaction of TIRCY wih ils ligand(s) modulates events which are valuable in
sourse of immune responses, such inhibitor should also be capable of maodulating
immune responses. In accordance with the present invenfion, said inhibitor
preferably interacts with the TIRCY-ligand, for example by specifically binding to
said ligand. "Specifically binding” means “"specifically Interacting with” whereby said
interaction may be, inter alla, covalently, non-covalently and/or hydrophobic. Such
inhibitors are defined herein below ar may be cbiained by methods described
herein. Potential inhibitors ihclude small molecules which tind to, interfere with
andfor occUPy relevant sites on said ligand, Examples of small molecules include

small peptides or peptide-like molacules,
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The term “immune unrespensiveness™ comprises non-unresponsiveness of immune
cell subsets like T-cell or B-cells, NK-cells, monocytes and/or macrophages.
Immune untesponsiveness can be maintained by blocking the stimulation of each
ligand protein which binds to TIRCY in a subject who has an avtcimmune disesse to
alieviate symptoms of the autoimmune disease. In these cases, a TIRC7 or its
ligand inhibitory agent is administered to the subject in an amount and over 2 pericd
of time sufficient to maintain immune unresponsiveness. Aliernatively, immune
unrespensiveness can be reversed In a subject bearing a tumor fo stimulaie a fumor
specific immune response or in a_subject receiving & vaccine fo enhance the
efficacy of the vaccine, For example, a cell (e.9. & tumor cell) can be modified to
exprass a TIRCY ligand or a TIRCY stimulatery agent can be administered to the
subject bearing a tumor or whe has nad a tumor surgically removed to prevent
recuirence. of the tumor. Additionally, antigen-specific responsiveness can be
restored 1o anergized immune cells in vitre by stimulating the immune cells thraugh
TIRCY or its ligands. Responsive cells generéted in vitro can then be administered
10 a subject.

The terms “treatment”, "treating” and the like are used herein to generally mean
cbtaining a desired pharmacolegical and/er physiological effect. The effect may be
prophylactic in tarms of completely of partially preventing a disease or symptem
thereof and/or may be therapeutic in terms of partially or completely curing a
disease andlor adverse effect atributed fo the disease. The term "treatment” as
used horeln covers any treatment of a disease in a mammal, particularly a human,
and includaes: {a) preventing the diseaze from oecurring in & subject which may be
predisposed to the disease but has not yet been dimgnosed as having it (b}
inhibiting the disease, i.e. arresting its development; or {c) relieving the disesss, ie.

causing regression of the dissase.

Furthermore, the ferm “subject’ as employed herein relates to animals in neasd of
amelioration, trealmant andfar provention of immunolegica! diseases as disclosed
herein. Most preferably sald subject is a human.
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In a preferred embodiment, said ligand is HLA-(Human Levkecyle associated
Antigen) class |l alpha (&) chain, also referred to as HLA-DR o-chain. These terms
are used interchangeahly herein.

HLA class Il is & heteradimer of two transmembrane glycoproteins, the alpha and
beta chains. Oriented with their amino terminal ends on the outside of the call, both
chaing comprise two extracellutar demains, each of 80-100 amino acids, connectsd
to @ short cytoplasmic tafl by a hydrophobic acid seguence that makes a single pass
through the cell membrane. In the alpha chain the membrane distal domsin is
known as alpha 1 and the membrane proximal domain as alpha 2. Likewise, in the
betz chain the membrane distal domain s known as beta 1 and the membrane
proximal domain as beta 2. Both membrane proximal domains possess structural
characteristics of Ci-type immune globuiin domains. The alpha 1 and beta 1
demains are polymorph and occupied with presentations of peptides (12 — 24rmers)
to the T-cell receptor during the course of T-cell activation. Studies using site-
specific mutants have mapped the site of CD4 binding o the membrane proximal
bata 2 domain ¢f the HLA class {l malecule,

Expression of certain HLA class I molecules .and their polymarphism are strongly
associated with a number of diseases such as insulin-dependent diabetes mél[itus,
Goodpasture  syndrome, Pemphigus vulgaris, Systemic lupus erythramatosus,
Multiple sclerasis, Grave's disease, Rheumatoid arthritls and Myasteniz gravis.
Many of the dissase associated with HLA polymerphismus do not involve active
infections and thefr symptoms are caused by a chronic state of inflammation andfor
autoimmunity. In the case of diabetes, one generai mechanism which has been
proposed is that T-cell is aclivated by presentation of a microbial antigen
subsequently crossreact with eelf peptides to which they were tolerant before
aclivation. Thus, Coxackie virus infections have been comrelated with diabetes and
various bacterial infections of the intestine with the HLA class |l associated
diseasss.

in infectious diseases relatively litde s known of the effects of HLA polymorphism.
Fram studies on cohorts of AIDS palients HLA effect can be seen, such as quicker
progression of the disease (Roger et al., Faseb, 12, 1998, p. 625-32, Marsh,
Parham and Barber, “The HLA-FACS-Book®, Academic Press (2000), 37-47).
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During the development the human response becomes tolerant of the normal
components of healthy cells and tissues fo which lymphocytes are exposed. Of the
particular importance is that a person’s immune system develops folerance to the
self HLA class | and Il allotypes expressed on the surface of that same persen's cell.
By contrast & parson’s immung system is not tolerant of the many hundreds of non-
self HLA a\fotypes exprossed by other human beings such as after organ
transplantation. Therefore, once a person recelves a transplant, hyperacute or acute
tajaclion of the transplantad organ is likely to cocur if the recipient and donor are not
compatible in their HLA anfigen types expressed on the celi surfacs.

In context of the present invention, it was surprisingly found that the HLA-class Il «
chain is capable of interacting with TIRC? as shown in the appended examples.
Therefore, and without being bound by theory, it is envisaged that interfering with
sajd binding/interaction between TIRC? HLA-class 1l o chain and lzads to
modifications of celiular responses due te the correspending raceptorfigand
interaction. Said medifications comprise, but are not limited {o, inhibitory as well as
stimulatory cellular respenses. Preferably, However, irrespective the theory behind
the malecular mechaniem of action, a the inhibltor for use in accordance with the
present invention can be characterized by (1} interacting/binding to TIRCT or ils
ligand, and {2) being capable of inhibiting praliferation of mitogen-stimulated PBMCa
in an assay as described in WOS/11782 and in Utku et al., lmmunity 9 (1998), 509~
518. Preferably, said inhibiter interacts/binds to said Ngand of TIRC? or o TIRCT
such that sald inhibitor prevents said ligand from interacting with TIRC?, for exampla
by occupying the site of TIRCY with which said ligand intsracts. As mentioned
before, preferably said figand is the HLA-class |l & chain. Mucleotida and amine acid
sequences of human MHG class )| HLA-DR-alpha chain are known to the person
skilled in the arf and can be retrleved from publc databases, e.y., Genbank
sceession numbers V00523 and MB0334. The nucleolide and amino acid
sequances of the HLA-Class Il o chain that have been identified in accordance with
the prasent invention are depictad in SEQ ID NO: 1 and SEQ ID NO: 2, respectivaly.

Accordingly, in a preferred embodiment of the present invention, said inhibitor is

selected from the group consisting of:
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{8}  an agent binding to andler interfering with a (poly)peptide or (a) fragment(s)
thereof compristhg an amino acid sequence as depicted in SEQ 1D NO:2

(&) an agent binding to a {poly)peptide or (a) fragment(s) thereof encoded by a
palynuciectide comprising a nucleotide serquence as depicted in SEQ 1D
NQ:1; and )

{c}  an anslogue of derivative of the {poly)pepiide or the fragment{s) thereof as
defined in {a} or {b};

Class Il Major histocompatiblity antigens (MHC) are composad of two noncovalently
associated polypeptide chains, The beta2, alpha? chains which contain intemal
disulfide bonds and judged by their amino acid sequence, belong to the Ig
superfamily and the alphal, betal chain which is the peptide binding domain of
MHC class It molecules. The expreselon of MHC molecules on different cell fypes
determines whsather or not T-lymphocytes can interact with foreign antigens present
on the surface of these cells. MHG class Il molacules are expressed on most
immune and nen-immune human cells. The expressien of MHC gene produsts is
highly reguiated at the level of transcription both by cell type specific factors and by
inflammatory and immune stimuli, including cytokines like IFN-gamma. Some celis
such as macrophages can be induced to express class [| molscuias by cylokines,
especially IFN-gamma whereas other cells and B lymphocytes constiiutively
exprass class i melecules, The activation of CD4 heiper T-cells by‘ anligen requires
the participation of cells other than T-lymphooyles; these cells are ofien called
accessory cells which axpress MHC class 1| molecules on their surface. The
obligatory role of accessory cells in lymphoceyte activation follows in two ways:

First, accessory vells are antigen presenting cells (APC) and they convert protein
anfigens to peptides and they present peptide-MHC-complexes in a form that can
be recognized by CD4+ T-cells. The conversion of native proteins to MHC-
associated peplide fragments by APCs is called antigen processing. The second
funciion of accessory cefis is o provide stimul to the T-cell, beyond those inliiated
by peptide-MHC complexes binding to the T-cell antigen receptor. These stimuli,
referred jo as costimulator activities, 2re required for full physiologic aciivation of the
T-cells which are provided by membrane-bound or secrefed products of accessory
cella.
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Immune sesponse is strongly dependent on successfully presentation of antigens to
T-calls by MHC class | or Il molecules an APCs. In cass of insufficlent aniigen
presentation to CD4 cells, the craation of immune raspanse will not occur. instead,
unrespensiveness or ignorance will take place. This will lead to significant decrease
of the ability of the immune system to destroy foreign particles required in such as
Infectious diseases as well as wound healing and sepsis. As demonstrated by Utku
et al, Immunity 9 (1998), 508-518, targeting of TIRCY by specific antibodies inhibit
immune response and decrease TH-1 type lymphocyte cyiokine expression such as
IFN-gamma. :

In context of the present invention, it was surptisingly found that the palypeptide as
depicted in SEQ 1D NO: 2 is a protein capable of interacting with TIRCY, the cDMA
of which has been isolated by screening of a yeast two hybrid lbrary from human
fymphocytes against TIRCY polypeptide. As mentioned before, SEQ IO NO: 2 and
its encoding nucleotide sequence as depicted in SEQ ID NO: 1 relate to the HLA-
DR a-chain. HLA-DR binds tofinteracts with TIRC7 as shown in the appended
examples. Therefore, and without being bound by theory, i is envisaged that said
bindingfinteraction leads to modifications of cellular responses to the corresponding
receptorfligand interaction. Said modifications comprise, but are not limited to,
inhibitory as weill as stimulatory callular responses.

The ferm “agent” as employed herein above relates to molecules like (poly)peptides,
anorganic, andfor organic substances as well &s synihefically synthesized
moleculas. For example, said “agent’ may comprise "smali molscules’, like
peptides, anorganic and/or organic substances or peptide-like molecules, lke
peptide-analogues comprising D-amino acids. Said “agent” may also comprise
nuclsic acid molecules, like specific (oligojnuciectidas, PNAS andfor aptamers. In
accordance with the present invention the term *agent’ as empleyed herein also
comprises substances which may ba eingle substances or a plirality of substances
whigh may or may net be identical. Seid agent/compound may he comprised, for
example, in all exiracts from plants, animals or micrcorganisms.
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The above mentioned polypeptide as set forth in SEQ I NO: 2 is derived from a
cDNA-clone  “cDNA-screen?” as llustrated in the appended examples. In
accordance with the present invention the above recited polypeptide, corresponding
te HLAILDR comprises net only the precise amino acld sequence a8 set forth in
SEQ ID NO:2 but aiso comprises polypeptides which comprise amino acid
sequencss which shew homology to said amino acid sequence and are capable of
functioning as the HLAII-DR molecule ("cDNA-screen?” gene product) as disclosed

fierein. These homologous amino acid ssquences may comprise, inter alia,

“variants” of HLAI-DR. The term "variant’ tomprises but is not limited to allelic
variants, splice variants, synthetically produced varianis or genetically engineered
varlants, These varlants can vary at either the polynuclsctide and/or the polypeptide
tevel. Altlemalively, non-naturally coourring varlants ars alse comprised as binding
pariner of the above identified agent. These non-naturally occcuntng variants may,
inter alla, be produced by mutagenesis fechniques or by direct synthesis. Therefore,
{an} ageni(s} binding to and/or interfering with the herein above defined polypeptide
also refer to agents which ate capable of inferacting with, binding to and/or
interfering with such variants. In accordance the term " fragment{s)” as usad herain
above refers to peptides and polypeptides that are derived from said MLAI-DR-
molecule and that are capable of to be bound andfor inferacting with the above
mentioned agent. '

The term “analogue or derivative” of the polypeptide or fragment thereof as used
herein above denotes analogues or derivatives of the amino acid sequence as
shown in SEQ ID NO: 2 andfor of HLAII-DR which are in contrast fo the above
defined variants of said molecule capable of specifically inhibiting the interaction of
HLAI-DR. and TIRCY. These analoguas/derivatives, tharefors, comprise, inter alia,
chemically and/or genetically modified HLAIl-DR-molecules which are not capeble
of elisiting physiological and/or cellular responses normally mediafed by HLAI-DR ~
TIRCY interactions. These analogues and/or derivatives may also, in accordance
with the Invention, be fusion proteing andfor mosaic polypsptides which comprise
HLAI-DR and/or fragments thereof In cambination with further molecules or
polypaplide-fragments capable of interfering with the above recited HLAT-DR —
TIRC? interaction. The perscn skilled in the & is fully aware of methods/iechniques
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for the preperation of such analogues/derivatives, fusion proleins andfor mosaic
polypeplides; sed, inter alia, Sembrock ef al. (Molecular cloning; A Laboraiory
Manual Second Edition, Cold Spring Harbor L aboratory Press; Cold Spring Harbor
NY {1989)) or Gxender and Fox (1887) "Protein engineering”, Liss Mew York. Thase
tachniques comprise, e.g., muiagenesis techniques, direct biochemical andior
chemical synthesis. Accordingly, said analogues/derivatives may be of natural origin
or synthetic or semksynthetic molasules.

In a further preferred embodiment of the present invention, said inbibitor is an
aptamer or antibody specifically binding to the HLA-I! o chain. It is envisaged that
blockads of binding of TIRCY by using anti-HLA-OR-antibodies leads to blockads of
positive signals leading to inhibition of proliferation and is of great impaortancs fo
modulate undesired immune reactions,

The term "aptamer” means nuclelc acid molecules that ¢an bind io target melecules,
in accordance with this invention, Le. the target molecule HLAII-DR as defined
herain above, Aptamears commonly comprise RNA, ssDNA, moedifies RNA/DNA. The
preparaticn of aptamers is known in the art and may involve, eg. the use of
combinatorial fibraries to identify binding sites (Gold, Ann. Rev. Bicchem, 64 {1995},
7I6-797),

Ag mentioned hersin above, inhibiiors capable of interfering with the interaction of
TIRCY with its fgand(s) mey also comprise artibodies specifically binding to HLAH-
DR-moleculzs as defined herein, Said, antibodies may comprise monoclonal,
polyclonal, synthetic, chimeric, humanized, xencgeneic andfor semi-synthstic
antibodies. The term *antibody™ also comprises fragments such as Fab, Fv or soFv-
fragments. Antibodies, fragments thereof, derivatives may be produced andfor
obtained by known methods as described for exampie in Harlow and Lane
“Antibodies, a Laboratory manual® CSH Press, 1988. The preparation of chimeric
antibodies is described in WOB85/09622.

Furthermore, the prasent invention relates to the use of a nucleic acid molecule
encoding said inhibitor for the preparation of a pharmaceutical compesition for the
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treatment of an immunclogical disordsr, like graft versus host disease, autoimmune
di , atergle di , infectious diseases, sepslg, for the treatment of tumors,

for the improvement of wound healing er for inducing or maintaining Immuna
unrasponsivenass in a subject. Nucleic acid molecules as employed in the present
invention cormprises RNA, fike mRNA, DNA like cDNA. The term alsc comprises
PNAs. In addition, the present invention relates to the use of a vector comprising the
nuclzic acid melecule as described herein asbove for the preparation of a
pharmacsutical -compesition for the treatment of the above defined immunolegical
disorders or for the improvement of wound healing or for inducing or maintaining
immune unresponsivensses in a subject. The vector of the present invention may be
a plasmid, cosmid, virus or other vector used, e.g. in gens therapeutic approaches.
For further details see, for example, Molecular Cloning: a Laboratory Manual: 2nd
edition, Sambrook et al, 1889, Celd Spring Harbor Laboratory Press. Many known
techniques and protocols for manipulation of nuclefc acld, for exanple in preparation
of nucieic acid constructs, mutagenesis (see above}, sequencing, introducfion of
DNA inte cells and gene expression, and analysls of proteins, are described in detail
n Current Protocols in Molecular Blology, Second Edition, Ausubet et al. eds., John
Wiley & Sons, 1924 and updated issues. The disclosures of Sambrook et al. and
Ausubel &t al. are incomporated harsin by reference.

Furthermars, the present invention relates to a method of identifying and obtaining

an agent capable of interfering with the interaction ketween TIRCY and ke ligand

comprising the sieps of

{a) testing a collection of {poly)peptides or suhstancas for their ahility to inhibit
interaction betwesn TIRCY and HLAII-BR using a suitable readout system;
and 7

(b}  identifying (paiy)peptides or substances which test postiive Tor inhibition of
the interaction of TIRCT with its ligand in slep ().

The above menticned test of step (a) may, inter alia, comprise the testing of said

{poly)peptides or substances {e.g. agents as defined hersin above) in assays which

gllow the deteclion of binding to HLAI-DR-molacules. These (poly)peptides or

substances may, by spedifically binding fo HLAI-DE-malecules, be capabte of

interfering with the TIRCT ~ HLAI-DR signaling pathway. Said "tesi for abllity fo
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Interferefinhibit" the interaction between TIRC? and Its ligand, may, therefore, be
carried out by specific immunological and/or bicchemical assays known in the art.
Such assays, comprise the measurement of complex formation, assays wherein
binding pariners are deteclad, like ELISAs, RIAs and the Jke. Said interaction
assays may also comprise read-out systems known in the art like, two-hybrid
systems wherein, Inter afia, binding partners of HLAI-DR can be detected (which
may he used to interfars with the HLAI-DRITIRCT Interaction) or in vitre binding
assays. Said assays and comasponding read-out éystems may also comprise the
detection of complex formation and/or inhibition of such compiex formations. For
example, it can be fested, whether an in vitro complex of TIRCZ/HLAI-DR {or
fragmants thereof} forms in presence of the (polylpeplide substance, agent to be
delected. Read-out systems in this coniext may be, inter alia, fluorescanse kits and
immunoassays, like immunupreclpitatinﬁ assays, (i is also envisaged that high

- throughput screening be employead in the mathods of the presant invention.

Hence, in one embodiment, the invention relates to a method for identifying and

isolafing an agent for treatment of immune diseases comprising the steps of!

fa)  screening a host cell comprising a reporier gene whose tramscription is
directly or indirectly activated by dimers compr]éing TIRCY and HLA-class Il ¢
chain or their corresponding interacting binding domains with a compound to
be screened; and

{£}  selecling a compound that represses aclivation of the raporter gane

Thus, compounds that prevent the formation of dimers or multimeric complexes
comprising TIRCY ‘and HLA-<class Il o chain can be used as a2 therapsutic
intervention In TIRC7 associaied dissases. Accordingly, this embodiment of the
invention provides a method for the discovery of compounds that inhibit TIRC7
mediated and HLA-class |l o chain associated signal transduction in responses of
the Irnmune systam. The basic set up for assays in accordance with the mathod of
the present invention are weil known ta the person skilied. This cen be achieved by
assays well known in the arf, for sxample, as described in Scofield (Science 274
(1996), 2083-2065) by use of the so-called yeast “two-hybrid system”, In this system
the protein encoded by the TIRCT encoding nucleic acid maoieculss ar a smaller pad
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fhereof can be linked fo the DNA-binding domain of the GAL4 transcription factor, A
yeast strain expressing this fusion profein and comprlsing a lacZ reporter gane driven
by an appropriaie promoter, which is recognized by the GAL4 franscription factor, is
transformed with a vector which expresses the protein ligand of TIRGY or peptides
thereof fused to an activation domain. Thus, In the absence of substances which
intarfere with the formation of dimers or muttimeric complexes comprising TIRG?
and said ligand, e.g. HLA-Glass || . chain, the complex is able to direct expressian of
the reporter gene. For example, the two-hybrid assay system described in the
Examples can be adapted accordingly. Thus, it s no longer used to screen an
intersction pariner of TIRCY but for wentification of substances that interfere with
the interaction of TIRGY with the already identified binding partner of TIRG7, i.e. the
HLA-glass Il o chain. Thus, in s preferred embodiment of the above described
method, the host cell used in the screening assay comprises a least one expression
vector containing a DNA moleculs sncoding at least the HLA-class Il o chain or a
fragment thereof operatively linked to a fransactivation or DNA binding domain, A
simitar strategy can be pursued with the so called three hybrid system.

Other methods for identifying compounds which interfere with farmation of dimers or
multimerc complexes comprising TIRC7 and sajd ligand, e.9. HLA-class §i ¢ chain
are, for example, the in vilo soreening with the phage display system as well as fiter

birding assays or "real tima" measuring of interaction using, for exampls, the BlAcors
apparatus {Pharmacia), see references cited supra,

In & preferred embodiment, the present invention refates to a method of identifying

an agent capable of interfering with the inteeaction betwean TIRCY and its ligand,

further comprising the step of '

{c)  repeating steps a) and (b) with the (poly)peptides or substances identified
“one or more times wherein the newly identified {poly)peptide or substance
replaces the previcusly identified (paly)pepfide or substance as a bait for the
idendification of & further interacting {polyjpeptide or substance.
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Additlonally, the prasent invention relates to 2 method of identifying and cbiaining 2

{polvipeptide Involved in the regulation of the immune response in a subject

cornprising the steps of

{a) contacting = collection of (polylpeptides with (&) (polylpsptide(s) or
fragmani(s) thereof having an amino acid saquence as deplcted in SEQ ID
NO: 2 or being encoded by SEQ 1D NC: 1 or obtainable by the methods as
disclosed herein, under suitable conditions that allow binding of said
{pely)peptides; . .

(b}  removing (po[y)pepﬁdeé fram said coliection of (poly)peptides that did not
bind to said {poly)peptide(s) or fragment{s) thereof as defined in (a); and

(c) identifying (poly)peptides that bind to said (poly)peptide(s) or fragment(s)
thersof as defined in (a}.

The compounds and collection of (poly)peptides which can be tested and identified
according to & method of the invention may be expression libraries, o.9., cDNA
exprassion libraries, peptides, proteins, nucleic acids, antibodies, small organic
compounds, hormones, peptidomimetics, PNAS or the like {Milner, Nature Medicine
1 (1995), 879-880C; Hupp, Cell §3 {1895), 237-245; Gibbs, Cell 79 {1994), 193-158
and references cited supra). In & preferred embodiment of any one of the above
described methods of the invention, cell lysates are used derived from, for example,
fumer tissue or cells of the immune system, most praferably a human lymphocyte
iysate is used; see the Examples and Figure 3.

Furtharmore, the present invention relates to a method of refining an inhibitor as
defined herein or an agent ot a (poly}peplide identified by the metheds as disclosed
herein comprising

(a) modeling said agent or {poly)peptide by peptidomimetics; and

(b}  chemically synthesizing the modeled compound.

Thus, the above-described metheds can, of course, be combined with one or more
staps of any of the ahove-described screening methads or other scresning meathads
wall known in the art. Methods for clinical compound discovery comptises for
example ulirshigh-throughput screening (Sundberg, Curr. Opin, Biotechnol. 11
(2000), 47-53) for lead identification, and structure-based drug design (Verlinde and
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Hol, Structure 2 (1984), 577-587) and combinatarial chemistry (Salemme et al.,
Structure 15 (1997), 318-324) for [gad optimization. Once a drug has been
selecled, the mathod can have the additional step of repeating the method used to
perform rational drug design using the medified drug and to assess whether said
modified drug displays belter affinity according.-to for example interaction/energy
analysis,

Accordingly, the compounds isolated by the above methads can also serve as lead
compounds for the development of analog compounds. The analogs should have
stabilized electronic configuration and molecular conformation that allows key
functional groups to be presented to TIRCT or its ligand in subsiantially the same
way as the lead compound. In pariicuiar, the analog compounds have spatial
electronic properties which are caomparahle fo the bindihg region, buf can be smafler
moiecules than the lsad compound, frequently having a molecular weight below
aboul 2 kD and prefarably below about 1 kD. Identification of analog compoynds
can be performed through use of techniques such as self-consistent fiald {SCF)
analysis, configuration interaction {Cl) analysis, and normal mode dynamics
analysis, Compuler programs for implementing these technigues are available; e.g.,
Rein, Compuier-Assisied Modeling of Receptor-Ligand Interactions (Alan Uiss, New
York, 1989). Methods for the preparation of chermical derivatives and analogues are
well known to those skilled in the art and are described in, for exampla, Beilstein,
Handbook of Qrganic Chemisiry, Springer edition New York Inc., 175 Fifth Avenue,
New York, N.¥. 10010 U.S.A. and Organic Synthesis, Wiley, New York, USA,
Furthermore, said derivatives and analogues can be tested for their sffects
according io .- methods known In  the art; see also supra. Furthermore,
peptidomimetics andfor computer aided design of 'appmpriate derivatives and
analogues can be used, for example, according to the methods described above,
Methads for the lead generation in drug discovery also include using praieins and
detection methods such as mass spectrometry (Cheng st al. 2. Am. Chemn. Soc. 117
(1995), 835D-3860) and some nuclear magnetic resonance (NMR) methods {(Fejzo
et al., Ghem, Biol. 6 (7999), 755-769; Lin et al,, J, Org. Chem. 82 (18¢7), 8930-
8921},
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The inhibiter, agents and {polylpeptides used in the compositions of the present
invention preferably have a spacificity at least substantially identical fo the binding
specificily of ihe TIRC7 with its ligand, said ligand preferably being HLA-class i o
chain, in particular if TIRCY stimulation is desired. An inhibitor can have a binding
affinity to the HLA-class }l o chain pretein of at least 10° M, prefarably higher than
107 M and advantageously up to 10" M in case TIRCT mediated proliferation of
immune cells shouid be suppressed. In a prefarred embodiment, a suppressive
agent or inhibitor has an affinity of at least about 107 M, preferably at least about 107
¢ M and most preferably at least about 107" M. In case of antisense nucleic acid
molecules it is preferred that they have a binding affinity to these encoding the HLA-
class 11 o chain of at most 2-, 5 or 10-fold less than an exact complement of 20
consecutive nucleotides of the coding sequence.

Praferably, the inhibitor, agent or (poly)peptide is not farger than the "bivavailability
waldl" of 500-800 D= In order to be able to cross tha lipophilic cell membrane infe the
cefl, On the other hand, in protein therapy & has been recently demonsirated that
enzymes fused to part of a protein from the HIV virus can cross cell membranes
while retaining their enzymatic aclivity in vivo in mice (Schwarze, Sclence 285
(1999), 1589-1572). It has heen known for approximately ten years thati the
fransautivating regulatory profein (TAT protein) from the HIV virus has an unusual
ahility to cross call membranes without using receptors of transporters, or requiring
ATP (Gresn and Loewenstein, Cell 55 (1988), 1179-1188), Although ifs exact
mechanism is unknown, it has been shown that the protein transduction dormain
(PTD) of TAT opens a “hole" in the cel membrane lipid bilayer, pulling anything
covalently attached through it, before closing it again. This is a specific process that
does not otherwise damage the cell. Thus, a functional inhibitar agent or
(po!y;)pepiide identified by a method of the present invention may be coupled to PTD
via a linker in order to et them cross the cell membrane; see also for review DDT 4
(1999}, 537.

In addition, tha present invention relates fo & method of producing a composition
comprising formulating the inhthitor as disclosed herein, an agent identified by the
methods as disclosed herein, the (poly)peptide identified by the method as
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disclosed herein or an agent or (poly)peptide refined by the methad as disclosed
herein and, optionally, a pharmaceutically accaptabls carrier andfor dilvent,

Once a drug has been selected in accordance with any one of the above-described
methods of the present invention, the drug or & pro-drug theraof can be synthesized
in & therapeutically effective amount. As used herein, the term "therapsutically
effective amount” means the fotal amount of the drug or pro-drug that is sufficient o
show a meaningful pefient benefit, ie., freaiment, healing, prevention or
amalioration of for sxample an immune disease, or an increase in rate of treaiment,
hegiing, prevention or amefioration of such conditions. in addition or alternatively, In
particular with respect to pre-clinical tasting of the drug the term "ther'apeut'\ca[\y
effective amount” includes the total amount of the drug or pro-drug that is sufficient
io elicit a physiological response, preferably upon its binding io its target TIRCT or
its igand, in an non-human animat test,

Drugs or pro-drugs after their /in vive administration are metabolized in order te be
eliminated either by excretion or by mstaboiism to ane or mare active or inactive
metabolites (Meyer, J. Pharmacokinet. Biopharm., 24 (1896}, 448-459). Thus, rather
than using the actual compound or drug identified and obtained in accordance with
the methods of the present invention 2 cofresponding formulation as a pra-drug can
be used which is converted into its active in the patient. Precautionary measures
that may be taken for the application of pro-drugs and drugs are described in the
literature; sea, for review, Qzama, J. Toxieol. Sci. 21 (1996), 323-32¢.

In g preferred embodiment, the present invention relates to the methad as disclosed
herein, wherein the composilion is a pharrﬁaceutica) compesition, For this
emhbodiment any one of the above descrived methods may comprise the steps of (a)
modifying an agant identified by the method of the invention as a lead compound to
achieve (i} modified site of action, spectrum of activity, organ specificity, andfor (i)
improved potency, andfor (i) decreased foxicity (improved therapeutic index),
andfor (v} decreased side effects, and/or (v) modifisd onset of therapeutic action,
duration of effect, andfor (vi) modified phamakinetic paramsters {resorplion,
distribuiion, metabolism and excretion), andfor (vil) modified physico-chemical
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parameters {solubility, hygroscopicity, color, taste, odor, stability, state), and/or {vil)
improved general specificity, organfissue specificity, and/or (ix) optimized
application form aﬁd route by (i) esterification of carboxyl groups, or (if) estersification
of hydroxyl groups with carbon acids, or (ifi) esterification of hydroxyl groups to, e.g.

. phosphates, pyrophosphates or sulfates or hemi succinates, or (iv) formation of

pharmaceutically acceptable salfs, or {v) formation of pharmaceutically accaptable
complexas, er {vi) synthesis of pharmacclogically active polymers, o (vil}
introduction of hydrophilic moieties, or (viii} introduction/exchange of substituents on
aromates or side chains, éhange of substiluent pattern, or (ix} medification by
infreduction of isosteric or bipisosteric moieties, or (X) synihesis of homolagous
compounds, or {x) introdustion of branched side chains, or (xf) conversion of alkyl
substituents to cyclic analegues, or (xiii) dervatisation of hydroxy! group to ketzies,
acetales, or {xiv) N-acetylation to amides, phenylcarbamales, or {xv) synthesis of
Mannich bases, imines, or (i) transformation of ketones or aldehydes io Schiff's

"bases, oximes, acetales, ketales, enolesters, oxazelidines, thiozolidines or

combinations thereof; and (b} formuwiating the preduct of said modification with a
phamaceutically acceptable carrier.

The various steps recited above are generally known in the art, They include or rely
on gquantitative structure-action relationship (QSAR) analyses (Kubinyi, 1. Med.
Chem. 41 (1998), 22553-2564; Pharm. Unserer Zeit 23 {1994), 281-290),
combinatorial biochemistry, classical chemistry and cthers.

The term “pharmacewtical composition®, in context of this invention, optionally,
furiher comprises other molecules, either azlone or 0 combination, like e.g.
maleculas which are capable of modulating and/or interfering with the immune
system, The pharmaceutical composition may be in solid, liquid or gaseous form
and may be, inter alia, in a form of (a) powder(s}, (a) tablet(s), {a) solution{s) cr (an}
aerosal(s).

The pharmaceutical composition of the present invention may further comprise a
pharmaceutically accepiable camier. Examples of suitable pharmaceutical carriers
are well known In the art and include phosphate buffered saline solulions, water,
emulsions. such as oiliwater emulsions, various types of wetting agents, sterile
soluions etc. Compositions comprising such carriers can be formulated by well
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known  conventional metheds, These pharmaceutical compositions can be
administerad to the subject at & suitable dose. Administration of the suitable
compositions may be effected by different ways, e.g., by intravenous,
intraperitoneal, subcutaneous, intramuscular, topical or Intradarmal administration,
The dosage regimen will ba determined by the aftending physician and clinical
factors. As s well known in the medical arts, dosages for any one patient depends
upon many factors, including the patient's size, body surface area, age, the
particular compound to be administered, sex, time and route of administration,
general heatth, and other drugs being administered concurrantly.

Furthermare, the present invention relates to the use of an inhibiior as disclosed
herein, an agent or a (poly)peptide as identffied by the methods as disclosed hersin
or of an inhibitor as refined by the method as disclosed herein for the preparation of
a pharr}laceutical composition for the ireatment of graft versus host disesse,
sutoimmune diseases, aliergle diseases, infectiovs diseases, sepsis, for the
treatment of tumors, for the improvement of wound healing or for inducing or
maintaining immune unresponsiveness in a subjact.

Additionzlly, the present invenfion relatss fo a pharmaceutical scarsposition
comprising an inhibitor, a nucleic acid moleculs, a vector andfor an agent as defined

herein and/or a {poly)peptide identified by the method disclosed herein.

Furihermore, the present invention relates to a2 non-human transgenic animal
overexpressing a gene product encoded by a nuclelc acid sequence comprising 2
nuclectide sequence as defined herein above. Furthermore, the present invention
also provides for a nor-human transgenic animal, wherein the nucleic acid melecule
as defined herein above or & homolog, paralog or artholag thereof is silenced andfor
mutated. Said non-hurman transgenic animals are partticularly usefu! for medical and
scientific research purposes and may comprise mics, rats, dogs, sheep and the like
as well as non-vertebrates, like C. elegans or Drosophita, The nen-human animal
can ba used in accordance with a screening meithod of the invention dessribed
herein, Production of transgenic embryos and screening of thase can be performed,
e.d., as described by A L. Joyner Ed., Gene Targefing, A Practical Approach
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(1993), Oxford University Press. The DNA of the embryonal membranes of embryos
can be analyzed using, e.g., Southern blots with an appropriate probe.

Furthermare, the present invention refates to the use of the HLA-class I « chain or a
fragment or detivative for the Identification of dugs for the treatment of an Immune
disease or lumor or as z ligand in any one of the above defined metheds. |

In & further aspeci, the present invention retates to a method of diagnosing a

pathologicat conditlon or a susceptibility to a pathologicai condition, fn & subject

related fo a disorder which is mediated by or responsive to the activity of TIRCT,

comprising:

(2} determining the presence or absence of a mutation in a polynuciectide
encoding HLA-ctass Y « chain; and

(b} diagnosing a pathological condition or a susceptbility to a patholegica!l
condition based on the presence or absence of said mutation.

In addition, the present inventioh relates to & method of diagnosing a patholegical

“condition or & susceptibility to a pathological condition in a subject related fo a

digorder which is mediated by or responsive to the activily of TIRCY, somprising;
(a) determining the prosence or amount of expression of 2 HLA-class Il & chain
palypeptide in a biological sample; and :
{b) diaghosing a pathological condition or 5 susceptibilty to a pathological
condition based on the presence or amount of expression of the polypeptide.
In these embodiments, the HLA-class il o chaln polynuclectides, nucleic acid
molecules, (poly)pepiide, antibodies or compounds wentified above ars prefarably
detectably labeled. A variety of technigues are available for labeling biornolecules,
are well known {o the person skiled in the art and are considered o be within the
scopa of the present invention, Such techniques are, e.g., described in Tissen,
"Practice and theory of enzyme immuno assays”, Burdeh, RH and von Knippenburg
({Eds), Volume 15 {1985), “Basic methads in molecular biology”; Davis LG, Dibiner
MD; Baltey Elsevier (1990), Mayer st al, (Eds) "Immuncchemlcal methods in sell
and molacular biology” Academic Press, Lendon (1987), orin the series "Methods in
Enzymology”, Academic Press, Inc. There are many differant labels and methods of
labeling known to those of ordinary skill in the art. Commenly usad (abels comprise,
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inter aiia, fluorochromes (ke fluorescein, rhadamine, Texas Red, eic.), enzymes
{fke horse radish peroxidase, P-galactosidase, alkalne phosphatase), radicactive
isolopes (ke P or '¥), biotin, digoxygenin, colloidal metals, chemi- or
bivluminescent compounds (ke diexetanes, luminol or acridiniums). Labeling
procedures, like covalent coupting of enzymes or bistingl groups, iodinations,
phosphorylations, blotinylations, randoem priming, nick-franslations, tailing {using
terminal transferases) are well known in the arl. Detection nethods comprigs, hut
are not limited to, auteradiography, fluorescence microscopy, dirsct and indirect
enzymatic reactions, atc.

In addition, the above-described compounds etc. may be attached to a solid phase.
Solid phases are known to those in the art and may comprise polystyrens beads,
latex beads, magnetic beads, collaid matal particles, glass andfor silicon chips and
surfaces, nitrocellulose strips, membranes, sheets, animal red btiood cells, or red
biood cell ghosts, duracytes and the walls of wells of a reaction iray, plastic {ubes or
other test tubes. Suitable methods of immabilizing HLA-cless VM o chain nuclsic
acids, {poly)peptides, proteins, antbodies, elc. on solid‘phases incluce but are not
limited to fonic, hydrophobic, covalent interactions and the like. The solid phase can
retain one or more additional receptor(s) which hasfhave the sbility fo aitract and
immehilize the region as defined above. This receptor can comprise a charged
substance that is oppositely charged with respect to the reagent iiself or o &
charged substance conjugated to the capture reagent or the recepior can be any
specific binding parfner which is immobilized upon {attached to} the solid phase and
which is able fo immuobilize the reagent as defined above.

Commonly used detection assays can comprise radioisotopic or non-radioisotopic
methods. These comprise, inter alia, RIA (Radlofsotopic Assay) and IRMA (immune
Radicimmunometric Assay), EIA (Enzym lmmuno Assay). ELISA (Enzyme Linked
immuno Assay), FIA (Fluoréscent Imimuno Assay), and CLIA (Chamicluminescent
Immune Assay). Other detection methods that are used in the art are those that do
not utilize tracer moleculss. One profoiype of these methods is the aggluiination
assay, based on the property of & given molecule to bridge at lzast two particles.

For diagnosts and quartifcation of {polyjpeptides, polynudieotides, sic. in clinical
andfor scientific specimens, a variety of immunological methods, as dascribed
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above as well as molecular biolegical methods, like nucleic acid hybridization
assays, PCR assays or DNA Enzyme Immunoassays (Manfero et al., Clinical
Chemistry 37 {1991), 422-429) have been developed and are well known in the art.
In this context, it should be noted that the HLA-class |l o chain nucleic acid
molecules may alse comprise PNAs, modified DNA analogs containing amide
backbone linkages. Such PNAs are useful, inter alia, as pmbes for DNARMA
hybridization.

The above-described compositions may be used for methods for detecting
exprassion of & HLA-class | « chain polynuclectide by defecting the presence of
mRNA coding for a HLA-class 1l o chain (poly)peptide which comprises, for
example, obiaining mRNA from cells of a subjert and contacling the mRNA so
chizined with a2 probs/primsr comprising a nucielc acid molecule capable of
specificalty hybridizing with & HLA-class 1l o chain polynuciectide under suitshle
hybridization conditicns, and detecting the presence of mRNA hybridized to the
probeforimer. Further diagnostic methods leading to the detection of nucleic acid
molecules in & sample compiise, e.g., polymerase chain reaction (PCR), ligase
chain reaction {LCR), Southern bletting in combination with nucleic acid
hybridization, comparative genome hybridization {CGH) or representative differenca
analysis (RDA). These methods for assaying for the presence of nucleic acid
moleculss are known n the art and can be caried out without any undue
experimentation.

Furthermore, the invention camprises methods of detecting the presence of a HLA-
class Il & chain brotein in & sample, for example, a cell sample, which comprises
obtaining a cell sample from a subject, contacting sald sample with one of the
aforementioned antibodies under conditions permitting binding of the antibody 1o the
HLA-class Il o chain protein, and detecting the presence of the antibody so bound,
for example, using immuno assay techniques such as radicimmunoassay or
enzymaimmunoassay. Furthermore, one skilled in the art may specifically detect
and distinguish polypeptides which are functicnat HLA-class Il @ chain proteins from

mutated farms which have lost or altered their HLA-ciass It o chain aétivity by using
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an antibody which either specifically recognizes & (poly)peptide which has HLA-
class Il & chain activity but does not recognize an inactive form thereof or which
specifically recognizes an inaciive form but not the corresponding polypeptide
having HLA-class Il o chain activity.

Furthermare, the present invention relates ta a rethod as described above whearein
said sampie is or is derived from hair, bload, serum, sputum, feces or another body
fiuid. The sample 1o be analyzed may be treated such as fo extraci, inter alia,
nueisic acid molecules, (boly)peptides, or antibodies.

Preferably, the condition or immune disease medisied by TIRCY and to be
diagnosed in accordance with the above described matheds s one of the group
consisting of graft versus host disease, autoimmune disease. allergic disease,
infectious disease, sepsis, tumer, in paricular those involving immune cells,
deficiency in wound healing and deficiengy of a subject to elict appropriate immune

rasponses.

The present inveniion also relates to kit compositions containing HLA-class |l o
chain specific reagents such as those described hersin-before. Kits containing HLA-
class Il o chain DNA or RMNA, antibodfes to HLA-class Il @ chain, or HLA-class Il o
chain protein may be prepared. Such kite are used to detect DNA which hybridizes
to HLA-class Il & chain DMA or RNA or to delect the presence of HLA-class It o
chain protein or peplide frapments in a sample. Such characterization is useful for &
variely of purposes ineluding but not fimited fo forensic analyses, diagnostic
applications, and epidemioiogical studies in accordance with the above-described
methods of the present invention. Tha recombinant MLA-class |l o chain proteins,
DNA rolecules, RNA maolecules and antibodies lend themselves to the formulation

of kits suitable for the detection and typing of HLA-class ! & chain. Such a kit would

typically comprise a compartmertalized carrier suitable to hold in close confinement
at least one container. The carrfer would further combrise reagents such as
racombinant HLA-class |l & chain protein or anti- HLA-class |l ¢ chain antibodias
suitable for detecting HLA-class |l o chain. The carrier may also contain a reans for
detection such 2s labseled antigsn or enzyme substrates or the fike,
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The disclosure content of the documents as cited in this specification is herawith
incorporated by reference.

These and other embedimenis are disclosed and encompassed by the description
and axamples of the: presant invantion. Furthsr literature conceming any one of the
methods, uses and compeunds to be employed in accordance with the present
invention may be relrieved from public librares, using for example electronic
devices. For example the public database "Medline" may be ulilized which is
avaitable on the Internet, for example under
hitp:/wwaw nebi.ntm.nih. goviPubMed/mediine.ftmi.  Further  databases  and
addresses, such as  hitpi/fiwww.ncbi.nimanih.govw!,  hitpiiwww.infobiogen fr/,
hitpzfhwwrer fmi.chibiology/research_tools.intml, http:/fwww.tigr.orgd, ars known o the
person skilled in the art and can alsa be ohtained using, e.g., hitp:/fwsn tycos.com.
An overview of patent information in biotechneclegy and a survey of relevant sources
of patent information useful for retrospective searching and for current awareness is
given in Berks, TIBTECH 12 (1894}, 352-364.

This disclosure may best be undersicnd in conjunction with the accompanying
drawings, incorporated herein by references. Firthermore, a better understanding of
the present invention and of its many advantages will be had from the following
examples, given by way of itlustration and are not intendad as limiting.

Untess siated otherwise in the examples, all recombinant DNA fechniques are
performed according to protocols as described in Sambrook st al. (1988}, Molecular
Claning: A Laboratory Manual Cold Spring Harbor Laboratory Press, NY or in
‘olumes 1 and 2 of Ausubel et al. {1994), Current Protocols in Molecular Biclogy,
Current Protocols.
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The figures show:

Figure 1'a: Showm is the cDNA sequense of human HLA DR alpha chain which
contains 819 nuclectides and demonstrafes the cONA which has beer
isolated by screening of a yeast two hybrid library from human
lymphocytes.

Figure 1b:  Ths amino acid sequence of HLA DR molecule is shown which
eludes 254 amine acids starting with 2 methionin.

Figure 1¢  Shown is the coimmunprecipitation of TIRCY protein with HLA DR
protein from human lymphocyte lysate by using specific ant-TIRC7
and anti HLA DR alpha chain antibodies.

The examples illustrate the inventlon.

Example 1: ldentification of a ligand of TIRC7 by using two hyhrid library
screening

The TIRCY cDNA published by Uiku ef al., Immunity 9 (1988}, 509-518, was used to
perform two-hybrid screening using the HYBRZAP 2.1 system by Siratagens, La
Jolia, UBA. Positive clones were assayed following the instructions of the distributor.
The clone “cDNA-screen?” revealed a cONA insert of 818bp length which showed
100 % identify with human leukocyte antigen class i[-DR (Figure 1a — 1b}.

Example 2: Immunoprecipitation of HLA-DR alpha chain

Coimmunoprecipitation was performed as described in Jone et al., Histochem. Cell.
Bicl, 1998, 111(4), 313-8. Briefly, activated human peripheral blocd lymphooyte
lysate (Figura 1¢, lane 1) was used for immunoprscipitation of HLA-DR alpha chain
by utilizing the ©BL120 monoclonal antibody {Cybus-Biotachnolony) (Figure 1,
lane2}. In contrast, the control antibody, tsotype 19G1 (Phamingen) doss not show
any precipitation {Figurs 1c, lane 3}
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Claims

Use of an inhibitor interfering with the interaction of TIRC7 with its ligand for
the preparation of a pharmaceutical composition for the treatment of graft
versus host disease, autoimmung diseases, allergic diseases, infectious
diseases, sepsis, for the freatment of tumors, for the improvement of wound
healing or for inducing or mairtalning immune unresponsiveness in a subject.

The use of ciaim 1, wherein said ligand is HLA-(Human Leukocyte associated
Antigen) class 1} alpha (o) chain.

The wse of claim 2, wherein said inhibitor is selected from the group

consisting of:

(a) an agent binding te and/or interfering with & (poly)peptide or {(a)
fragment{s) thereof comprising an amino acid sequence as depicted in
SEQ 1D NO:2

() anagent binding to a (poly)poptide or (a} fragmsnt(s) thereof encoded

" by a palynucleotide comprising @ nucleotide sequence as depicted In

SEQID NO:1; and

{c) an analogus of derivative of the (poly)peptide or the fragment(s)
thereof as defined in {a) or {b);

The use of any one of claims 1 1o 3, wherein said inhibitor is an aptarmer or
antibody specifically binding to the (poly)peptide(s) as defined in dlaim 2 or 3,

Use of & nuclete acid malecule encoding the inhibitor of any one of clafms 1
te 4 for the preparation of a phammaceutical compesition for ie treatment of
graft versus host disease, autoimmune di , alfergic di , Infectioys

disoases, sepsis, for the treatmeni of tumars, for the improvement of wound
healing ar for inducing or maintaining immune unresponsiveness in a subject,
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The use of claim 5, whereln said nuclsic scid moleculs is comprised in a

vector.

& mathod of identifying and obtaming an agent capable of interfering with the

interaction between TIRCY and its tigand comprising the steps of

(a) testing a collestion of (poly)peplides or substances for their ability to
inhibit interaction between TIRCT and HLA-class Il o chain
{polyjpepticdes or (a) fragment{s) thersof using a sultable readout
systsrmn; and

{b) identifying (poly}peptides or substances which test positive for
inhibition of the interaction of TIRCT with its ligand in step (a}.

The method of claim 7, whersin seid HLA-class 1t & chain {poly)peptides or
{&) fragment(s} thereof comprise an amino acid sequence derived from SEQ
Il NCr: 2 or being encoded by SEQ 1D NO: 1.

The mathcd of claim 7.or 8, further comprising the step of

(c} repeating steps (&) and (b) with the {poly)peplides or substances
identified ene or more fimes, wherein ithe newly identified (poly)peptide
or substance replaces the previously identified {poly)peptide or
substance as a bait for the ientificetion of a further interacting
{pclyipeptide or substanca.

A method of identifying and obtaining & (poly)peptide involved in the

regulation of the immune response in a subject comptising the steps of

(a) contacting a collection of ‘nolylpeptides with HlLA-class |  chain
{poly)peptides or (a) fragmeni{s) thereof or with a {poly}peptide or
stibstance obtainable by the method of any one of claims 7 to 9, under
suitable conditions that allow binding of said {puly)peptides; and

(B} removing (paly)peptides from said collection of (poly)peptides that did
not hind to sald (poly}peptide(s} or fragment(s) thereof as defined in
(a} and
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(c} idenfifying {polylpeptides that bind to said (poly)peptide(s) or
fragment(s} thereof as defined in (a).

A method for ideniifying and isolating an agent for treatment of immune
diseases comprising the steps of:

{a)  screening a host c2ll comprising a reporter gene whose transcription is

directly or indirectly activated by dimers comprising TIRC7 and HLA-.

class ! ot chain or their corresponding interacting binding demains with
a compaung to be screened; and ’

(b)y  selecting a compound that represses activation of tha reporter gena.

The method of claim 11, whersin said host cell comprises a least one
expression vector containing a DNA molecule encoding at least the HLA-
class |l o chain or a fragment thereof operatively linked to a transactivation or
[CHNA binding domain.

A method of refining an nhibitor as defined in any one of claims 1 to 4 or ap
agent identified by the msthod of any one of claims 7 10 8, 11 or 12 orof &
{poly)peptida identified by the method of claim 10 comprising

(a)  modeling said agent or {poly)pepfide by peptidomimetics; and

{b}  chemically synthesizing the modaled compound.

A mathod of preducing & composition comprising formulating an Inhibftor as
defined in any cne of ¢laims 1 to 4 or an agent identified by the method of
any one of claime 7 te 9, 11 or 12 cor of a (poly)peptide ideniified by the
msthod of claim 10 or an agent or (poly)paptide refined by the method of
claim 13 and, optionaily, a pharmaceutically acceptable carrier andfor diluent.

A method of producing a composition comprising the steps of the method of
any onz of ciaims 7 fo 13, and a further step of formulating the agert or
{poly)peptide and, optionally, a pharmaceutically acceptable carrier and/or
diluent, ‘
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Tha method of claim 14 or 15, wherein the composition is a pharmaceutical
sompasition.

Use of an agent identified by the method of any one of claims 710 9, 11 or 12
ar of & (poly)peplide identifiad by.ths method of claim 10 or an agent or
{poly)peptide refingd by the method of claim 13 for the preparation of &
pharmaceutical composition for the tresfment of grafl versus host disease,

autoimmune d . allergic di . infectious diseases, sepsis, for the
treatment of tumors, for the improvement of wound healing or for inducing or
maintzining immune unresponsivenass in a subect.

A non-human fransgenic animal overexgressing a gene product encoded by

a nucleic acid molecule segquence carpprising & nuclectide sequence of the

nuclsic acid molecule as defined in claim 5.

A non-human fransgenc animal, wherein the nucleic acid melecule defined in
claim 5 ar a homoleg, paralog or ortholag thereof is silencad and/or mutated.

Use of the HLA-class |l @ chain or a fragment or derivative for the
identification of dugs for the treatmenrt of an immune disease or tumor,

A method for treating of an immune disease or tumer comprising the
administration to a subject of an effective amount of an agent obitained by the
raethod of any ong of glaima 710 2 or 11 10 13,

A method of diagnasing a pathologica[ condition or a susceptibility fo a

pathological condition In a subject related 1o & disorder which is medialed by

or responsive to the activity of TIRC?, comprising:

(a) determining the presence or absence of a mutation in a polynucleotide
enceding the HLA-class (| « chain; and

b}  diagnosing & pathological condifion or a susceptibility to a pathological
condition basad on the pressnce of absence of said mutation.
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A method of diagnosing a pathological condifion or a susceptihility to a

pathological condition in a subject related to a disorder which is mediated by

or responsive fo the activily of TIRCT, comprising:

(a) determining the presence or amount of expression of HLA-class Il o
chain polypeptide In a biological sample; and

(b}  diagnosing a pathclogical condition or a suscepttbility to 2 pathological
condilion’ based on the presence or ameunt of expression of the
polypeptide.

A kit useful for the method of claim 22 or 23, sald kit comprising a HLA-class
Il @ chain polypeplide or a biologically active fragment thereof, & nucleic acid
molecule encoding HLA-class Il o chain or a nucleic acid molecule of at least
15 nucleotides in length hybridizing to a HLA-class ll‘cx chain gene, or &n anti-

HLA-class [l ¢« chain antibody, and optionally sultable means for detection.
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Figure 1b
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SEQUESCE LISTING

<110> GenPat 77 Pharmacogenetics AG

<120> Use of inhikitors of TIRC? ligand oinding

<130> E 238

<1504 EF 0O
<151> 2001~

<lé0> 2
<170> Pater

<210% 1
<21ix 819
212> DMA
<213 Homo

<400= 1

actcocaaaa
ttezteatay
atoatooagy
gatggtgaty
saatttaggac
agagocasc
ocagaggbaa
tottteatag

aagrtecact
cactogggyct
cocagagacta
atlatigogs
gageotatgt

210> 2
<211»> 254
<212» PRT
<2137 Homo

<ann> 2

5 PCT

12 3666.0
10-30

tIn Ver, 2.

sapiens

gagegeoceaa
cigtgetgaet
aogagtteta
agattticca
gatttgoeag
tygaaatcat
cetgtgctcan
acaagtteac
caggagtgre
ateteceett
tygatgagoe
cegagaacgh
ceatetieat
aaggoacaty

sapisns

1

gaagaaaatyg ggoatasgty
gagcogoteag gaatcatggg
totgaatect gaccaatcey
tgtggatatg graaagaagy
ctttgagget caaggtgcat
gacaaagege tecaactata
gazacagooct glggaactga
cecaceagiy ghoaatgtra
agagacagto thectgecea
cclgoecteoa actgaggacyg
tettoicaag cactgggagt
ggtgtgtges otgggootos
catcaaugga ttgcgeoamaz
gaggtgaigg tgtttotba

et Alz Tle Ser Gly Val Pro Val Leun Gly Fhe
1 5

Ley ket Ser

10

Ala Gln Glu Ser Trp Ala ITle Tys

20

25

Ile 8ln Ala Glu Phe Tyr Leu Asn Pro Asp Gln

33

40

FPhe Asp Fhe Rap Gly Asp Glu Ile Phe His val

gaghouch

ot

otateoaaaga
gogzgtitat
agacggtotg
tgocoaacat
cteggateac
gagagocceaa
cgtagritcg
gygLagated
ttthzegactyg
ttgetgotor
ctgtggghot
Foastgcage

Fhe Tls
Glu Glu
Ser Gly

45

Asp Met

Ile

His

30

Glw

Ala
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gotaggatit
agaacatotg
gttigactt
goggetloaz
agetgtggac
caatgtacct
cgtectoate
azatggazaa
evethbbcege
cagggtgoay
azgcoctere
ygtgggeare
agaacgoagy

Rla Val
15

Val Ile

Phe Met

Lys Lys

60
120

180

240
300
3ed
420
480
540
600
660
120
780
aie
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50 55 &0

Glu Thr Val Trp RArg Leu Glu Glu Phe Gly Arg Phe MAla Ser Phe Glu
65 0 75 a0

Bla Gin Gly Ala Leu Ala Asn Ile Ala Val Asp Lys Ala Aso Leu Glu
85 ) 35

Tl Met Thr lys Arg Ser Asn Tyr Thr Pro Ile Thr Ash Val Pro Pro
100 105 119

Gl: Val Thr Val Leu Thr Ban Ser Pro Val Glu Leu Arg &lu Pro Asn
115 120 . 125

Val Leunt Ile Cys Phe Tle Rsp Lys Fhe Thr Pro Pro Wal val Asn val
130 135 140

Thy Trp Leu Arg Asn Gly Lys Pro Val Thr Thr Gly Val Ser Glu “hr
135 150 158 160

Yal Fhe Deu Pro Arg &lu Asp His Leu Phe Arg Lys FPhe His Tyr Leu
1:5 270 175

Pro The Leu Pre Ser Thr Glu hsp Val Tyr Rsp Cya Axg Val Clu Ris
150 183 180

Trg Gly Leu Asp S)u Pro Leuw Leu Lys His Trp Glu Phe RAsp Ala Fro
185 200 205

Ser Pro Leu Pro Glu Thr Thr Gluw Asn Yal Val Cys aAla Leu Gly Leu
21¢ 213 220

Thr val Gly Len Val Gly Il= Il2 Tle Gly Thr Ile Phe Ile Ile Lys
z28 230 238 240

Gly Lev Brg Lye S=r Asn Bla Ala Glu Arg Arg Gly Pro Teun
245 250
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Continuation of Box I.2

Claims Nos.: 1-6,13,14,16,18,19 (a1l partly), and 15,1721

Present claims 1-6,13,14,18,19 relate to the use of an inhibitor (or its
encoding nucteaic acid) defined by reference to a desirable characteristic
or property, namely its property of interfering with the inferactien of
TIRC? with its ligand.

The claims cover all inhibitors/agents having this characteristic or
property, whereas the application provides support within the meaning of
Article 6 PCT and/or disclosure within the meaning of Article 5 PCT for
onTy a very Timited number of such agents. [n the present cass, the
claims so lack support, and the application so Tlacks disclosure, that a
meaningful search over the whole of the claimed scope 1s impossible.
Independent of the above reasoning, the claims also lack clarity [Articie
G PCT). An attempt is made to define the inhibitors/agents by reference
te a result to be achieved. Again, this lack of clarity in the present
case is such as to render 2 meaningful search over the whole of the
claimed scope impossible. Consequently, the search has been carried out
for those parts of the claims which appear to be clear, supported and
disclosed, namely those paris relating to the inhibitors/agents as partly
defined in claims 2-4, namely antibodies specifically binding to
HLA-cYass II alpha chain, more precisely, antibodies specifically binding
te and/or interfering with a polypeptide comprising an amine acid
seguence a5 depicted in SEQ ID NO:2 {encoded by a polynucleatide as
dapicted in SEQ ID NO:1)

Claims 13,14 (both partly),15, 16(partly},17 and 21 encompass a genus of
compounds defined only by their

function wherein the relatfonship between the structural features of the
members of the genus and said function have not been defined. In the
absence of such a relationship either disclosed Tn the as—filed
application or which would have been recognized based upon information
readily avallable to ore skilied in the art, the sk¥lled artisan would
net know how to make and use compeunds that lack sfructural definition.
The fact that one could have assayed a compound of Tnterest using the
claimed assays dogs not overcome this defect since one wouid have no
knowledyge beforehand as to whether or not any given compound {other than
these that might be particularly disclesed in an application) would fall
within the scope of what 15 claimed. It would require undue
experimentation (be an undue burden) to randomly screen undefined
compounds for the claimed activity. Therefore, no search has been
performed for claims 13,14 (hoth partly}, 15,16 {partly). 17 and 21 {Art.
83 and Art. 34 EPC).

The applicant’s attentlion is dirawn to the fact that clatms, or parts of
claims, relating to inventions in respect of which no international
seairch report has been established need not be the subjecit of an
international preliminary examination {Rule 66.1{e) PCT). The applicant
is advised that the EPO pelicy when acting as an International
Preliminary Examining Authority is normally not to carry out a
preliminary examinztion on matter which has not been searched. This is
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the casa irrespective of whether or not the claims are amerded following
receipt of the search report or during any Chapter 1I procedurs.
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