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1. Title of Invention

New polynucleotides and polypeptides of the [FNalpha-2 gene

2. Claims

1. Isolated polynucleotide comprising:

@ anuclectide secuence having af least 80 % identity with ihe sequence
SEQ 1D N°1 or its coding sequence, it being understood that this nucleotide
sequence cortains at teast one of the following coding SNPs: c527a or g1023a, or

b}  aruclectide sequence complementary (o a nuclectide sequence under
a).

2. Isplated pelynucleotide comprising:

a)  the nucleotide sequence SEQ ID N° 1 or its ceding sequence, it being
understood that each one of these sequences comprises at lsasl one of the
following coding SNPs: ¢527a, g1023a, or

b} & nuclestide sequence ccmplementary to & nuclectide sequence under
al.

3. Polynucleolide according to any one of clams 1 o 2.
characterized in that it consists of the seguence SEQ ID N°1 or ils coding
sequence, it being understocd that each one of the sequences contains at least
one of the follawing coding SNPs: ¢527a, g1023a.

4. Polynucleotide according to any one of claims 1 to 3,
characterized in that the nucleotide sequence a) contains a single coding SNP
selected from the group consisting of: ¢527a and g1023a.

5. Isolated polynuciectide comprising:

a) the nucleotide seguence SEQ ID N1 or if necessary its coding
seguence, it being und.erstood that each cone of these sequences contains at
feast one of the following SNPs; 96-100del{aattt), 1110z, 138-144del(acttta),
{1338a, 1383c, c427t, c1047¢, or

b}  a nutlectide sequence complementary 1o a nucleotide sequence under
&).

8. Isciated polynucleotide consisting of a part of:

a) a nucleotide sequence SEQ ID N°1 or if necessary its coding

seqguance, it being undersicod that each ore of these sequences contains at
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least one of the fellowing SNPs: 96-100del(aattt), 1110c, 138-144del(acttta),
t338a, t363c, c427t, ch27a, g1023a, ¢1047¢, or
b]  anucieotide sequence complementary to a nucleatide sequence under
a);
said isolated polynucleotide being composed of at least 10
nuclentides.
7. Isolated polynuclectide, characterized in that it codes for a
polypeptide comprising:
a) the amine acid sequence SEQ ID N° 2, or
b} the amino acid sequence comprising the amino acids included
between positions 24 and 188 of the amino acid seqguence SEQ ID N° 2;
it being understood that each one of the amino acid sequences
under 2) and b} contains at least one of the following coding SNPs: ABD, M1711.
8. Palynucleotide according 1o claim 7, characterized in that it
codes for a polypeptide containing a single coding SNP selecled from the group
consisting of: ABD and M1711,
8. Use of all or part of;
a) a polynuclectide having 80 to 100 % identity with the nucleotide
sequence SEQ ID N°1, and/or
b}  a polynuclectide according to any one of claims 1 to 8
in order fo identify, hybridize and/or amplify all or part of a
polynucleotide having 80 to 100 % identity with the nucleotide sequence SEQ)
IDN® 1 or if necessary its coding sequence, it being understood that each one
of these sequences comtains at least one of the following SNPs: 98-
100del(aattt), 1110z, 139-144del(actita), 1338a, 1363c, c427t, ¢527a, g1023a,
c1047t,
10. Use of all or pat of:
a) a polynucleotide having 80 to 100 % identity with the nuclectide
sequence SEQ ID N°1, and/or

b} a polynucleotide according to any one of claims 1 to §:
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for the genotyping of all or part of a polynucleolide having 80 to
100 % identity with the nucleotide sequence SEQ ID N°1 or i necessary its
coding sequence, it being understood that each one of these sequences
contains at least one of the fellowing SNPs: 96-100del(aattt), t110c, 139-
144del(actita), 1328a, 1363c¢, c427t, ¢527a, g1023a, 10471,

11. Use according ta claim 10, in which the genotyping is carried
out by minisequencing. ’

2. Recombinant vector comprising a polynucieotide according fo
one of claims 110 8.

13. Hos! cell comprising a recombinant vector according to claim
12.

14. Process for the preparation of a polypeptide, characterized in
that a host cell accerding to claim 13 is cultivated in a culture medium and said
polypeptide is isolated from the culture medium.

15. lsolated polypeptide comprising an amino acid sequence
having at least 80 % identity with:

a) the amino acid sequence SEQ 1D N 2, or
b} the amino acid seguence containing the amino acids included
between pasitions 24 and 188 of the amino acid sequence SEQ 1D N° 2;

it being undersiced that each one of the amine acid sequences
under a) and b) contains at least one of the following coding SNPs: ABD, M171],

16. Polypeptide according to claim 15, characterized in that i
COMpPrises:

a) the amino acid sequence SEQ ID N° 2, or
by the amino acid sequence confaining the amine acids included
between positions 24 and 188 of the aminc acid sequenice SEQ 1D N° 2;

it being understood that each one of the amino acid seguences
under a) and b) containg at least one of the following coding SNPs: AGD, M1711.

17. Polypeptide according to any one of claims 15 and 16,
characlerized in that it consists of:

a} the amino acid sequence SEQ D N® 2,00
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b} the amino acid sequence containing the amino acids included
between positions 24 and 188 of the amino acid sequence SEQ 1D N° 2;

it being understood that each one of the amino acid seguences
under a) and b) cortains at least one of the following coding SNPs: ABD, M1711.

18. Polypeptide accerding tc any one of claims 15 to 17
characlerized in that each one of the amino acid sequences under a) and b)
contains a single coding SNP selected from the group consisting of. ABD and
M1711.

18. Preocess for obtaining an immunospecific antibody,
characterized in that it is obtained by immunization of an animal with a
polypeptide according to any one of claims 15 to 18,

20. Immunospecific antibody for a polypeptide according to any
one of claims 15 to 18,

21. Process for the identification of an agent activating or inhibiting
a polypeptide according to any one of claims 15 to 18, comprising :

a) the preparation of a recombinant vector comprising a pelynucieotide
according to any crne of claims 1to 4 and 6 (0 §,

B} the preparation of host cells comprising & recombinant vecter
according to a),

c) the contacting of the host celis accarding to b) with an agent {o be
tested, and

d) the determination of the activating or inhibiting effect generated by
the agent to be tested.

22. Process for the identification of an agent activated or inhibited
by a polypeptide according to any one of claims 15 to 18, comprising:

a) the preparation cf a recombinant vector comprising a polynuclectide
according to any one of claims 110 4 and 6 to 8,
b) the preparation of host cells comprising a recombinant vector

according fo a),

) the contacting of the host cells according to b) with an agent to be
fested, and
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b]  the determination of the activating er inhibiting effect generaled by
the polypeptide on the agent to he tested.

23. Process for analyzing the biolegical characteristics of a
polynucleotide according to the invention andfor of a polypeplide according to
the invention in a subject, comprising at least one of the following:

a) Defermining the presence or the absence of a polynuclectide
according 1o any one of claims 1 to 8 in the genome of a subject,

b)  Determining the jevel of expression of a polynucleolide according to
any one of clairms 110 B in a subject,

¢}  Determining the presence or the absence of & polypeptide according to
any one of claims 15 to 18 in a subject,

d)  Determining the concentration of a poiypeptide according to any one of
claims 15 to 18 in a subject, and/or

e}  Determining the functionality of a pelypeplide according to any one of
claims 15 to 18 in a subject.

24. Medicament comprising by way of aclive agent at least one
polypeptide according to any ore of claims 15 ta 18.

25. Use of a polypeptide according to any one of claims 15 1o 18, for
the preparation of a medicament intended for the prevention or the treatment of
one of the diseases selected from the group consisting of cancers and tumors,
cardiovascular diseases, metabolic diseases, infectious diseases, diseases of the
central nervous system, Immunoiogicaily and auto-immunologically related
diseasas, healing of wound, disorders connected with chemctherapy treatment,
anemia in dialyzed patient, osteoporosis, gastreintestinal disorders, venereal
diseases.

26. Use of a polypeptide according to any one of ¢laims 15 to 18,
for the preparation of a medicament intended for the prevention or the ‘reatment
of one of the diseases selecied from the group consisting of carcinormnas
comprising metastasized renal carcinomas, melanomas, lymphomas comprising
follicular lymphomas, leukemias comprising tricholeucocyte jeukemia and

chronic myeloid leukemia, cancers of the liver, neck, head and kidneys, multiple
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myelomas, carcinoid tumors and tumors that appear foliowing an immune
deficiency comprising Kapoesi's sarcoma in the case of AIDS,cardiovascular
diseases, obesily, viral infections comprising chrenic hepatitis B and C and
HIV/IAIDS, and infectious pneumonias, Alzheimer's disease, Parkinson's
disease, muitiple sclerosis, schizophrenia and depression, the rejection of
tissue or organ grafts, allergies, asthma, psoriasis and rheumatoid arthrilis,
healing of wounds, disorders connected with chemotherapy treatment, anemia
in dialyzed patient, osleoporosis, Crohn's disease and ulcerative colitis, and
genital warts.

27. Medicament comprising by way of active agen! at least one
polynucteotide accerding to any one of claims 1 to 4 and 6 fo 8, a recombinant
vectar according o claim 12, a host cell according to claim 13 andfor an
antibody according to claim 20.

28. Use of a polynucleotide according to any ane of claims 1 to 4
and b to 8, a recombinant vector accarding to ciaim 12, a host cell according to
claim 13 and/or an antibody according to claim 20, for the preparation of a
medicament intended for the prevention or the treatment of cne of the diseases
selecled from the group consisting of cancers and tumors, cardiovascular
diseases, metabalic diseases, infectious diseases, diseases of the central nervous
system, immunologically and auto-immunciogically related diseases, healing of
wound, disorders connected with chemotherapy ireatment, anemia in dialyzed
patient, osteoporosis, gasirointestinal disorders, venereal diseases.

29. Use of a pelynucleatide according to any one of claims 1 to 4
and 5 to 8, a recomhinant vector according to claim 12, 2 host cell according to
ciaim 13 and/or an antibody according to claim 29, for the preparation of a
medicament intended for the prevention or the treaiment of one of the diseases
selected from the group consisting of carcinomas comprising metastasized
renal carcinomas, melanomas, lymphomas comprising feliicular lymphomas,
leukemias comprising fricholeukocyte leukemia and chronic myeleid leukemia,
cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid

{umors and tumors 1hat appear following an immune deficiency comprising
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Kaposi's sarcoma in the case of AIDS cardiovascular diseases, obesity, viral
infections comprising chronic hepatitis B and C and HIV/AIDS, and infectious
pneumonias, Alzheimer's disease, Parkinson’s disease, multiple sclerosis,
schizophrenia and depression, the rejection of tissue or organ grafts, allergies,
asthma, psoriasis and rheumatoid arthritis, healing of wounds, disorders
connected with chemolherapy treatment, anemia in dialyzed patiant,
csteoporosis, Crohn's disease and uicerative colitis, and genital warts.
30. Pharmaceutical cemposition containing by way of active agent
at least one polypeptide according to any one of claims 15 to 18, all or part of a
polynucleclide according to any one of claims 1 10 4 and 6 to 8, a recombinant
vector according to claim 12 a host cell acecording to claim 413 andf/er an
antibedy according to claim 20, as well as a pharmaceutically acceptable
excipient.
31. Diagnostic composition containing by way of active agent at
least one poiypeptide according to any one of claims 15 to 18, all or part of a
polynuclectide according to any one of claims 1 to 4 and 6 to 8, a recombinant
vector according to claim 12, a host cell according {o claim 13 andfor an
antibody according to claim 20.
32, Use:
a) of a therapeutically effective quantity of a polypeptide according to
any one of claims 15 to 18, and/or
b)  of a polynuclectide according to any one of claims 1 1o 8 and/or
¢}  of a host cell according to claim 13, this cell coming frem the subject
o be {reated:
in order to prepare a medicament intended fo increase the
expression or the activity in a subject, of a polypeptide accorcing o any one of
claims 15 to 18.
33, Use:
a) of a therapeutically effective quantity of an antibody according 1o
claim 20, and/or
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b) cof a polynuclectide permitting inhibition of the expression of a
polynucleotide according te any one of claims 1 to 8;

in order to prepare a medicament intended to decrease the
expression or the aclivity, in a subject, of a polypeptide accerding to any one of
claims 15 to 18,

34. Use of a IFNe-2 protein for the preparation of a medicament
for the prevention ar the treatment of a patient having a disorder or a disease
caused by a IFNa-2 variant finked to the presence in the gencme of said patient
of a nucleclide sequence having at least 85% identity with the nuclzotide
sequence SEQ ID N° 1, provided that said nucleotide sequence comprises ane
cf the following SNPs: 96-1 COdel(aattt), 1110c, 139-144dei(acttta), 1338a, t363¢,
c427t, ¢527a, g1023a, c1047t.

35. Method for determining statistically relevant associations
between: at least one of the following SNPs: 96-100dei(aattt), t110¢, 130-
144del(acttta), 1338a, t363c¢, c4271, ¢5273, g1023a, c1047t, in a polynuclectide
of the IFNa-2 gene, and a disease or a resistance to a disease comprising:

a) genotyping a graup of individuals,

b)  determining the distribution of said disease or resistance to disease
within said group of individuals,

c}  comparing the genotype data with the distribution of said disease or
resistance to disease, and

d)  analyzing said comparison for statistically relevant associations.

36. Use of at least one of the following SNPs: 96-100del{aaitt),
1110c, 139-144del(actila), t338a, t363c, c427t, ¢527a, g1023a, c1047t, in a
polynucleotide of the IFNa-2 gene, for developing diagnostic/prognostic kits for
a disease or a resistance o a disease,

37. A new compound having a biological activity substantially
similar or lower in comparison to that of the M171| mutated IFNa2 gene product

28. A compound according to claim 37, wherein said biological
activity being evaluated, for example, by measuring celiular antiproliferative

activity on Daudi Burkitt's cell line or signal transduction capacity.
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38. A new compounc having a celluler antiproliferative activity on
Daudi Burkitt's cell line at least 13 times lower than that of the natural wild-type
[FNw-2.

40. A new compound having a signal transduction capacity on
MCF7 cells at least 10 times lower than that of the natural wild-type IFNa-2.

41. Use of a polypeptide according to any one of claims 15 to 18,
containing the M171] SNP, for the identification of a campdund according to any
one of claims 37 to 40,

42. Process for the identification of a compound according to any
one of claims 37 to 40, comprising the following steps:

a) Determining the biological activity, such as the cellular
antipreliferalive activity on Daudi Burkitt's cell fine or signal transduction
capacity,

b)  Comparing the activily determined in step a) of the compound to be
tested, with the activity of M1711 mutated IFNG2 gene product, and

b)  Determining, on the basis of the comparisan carried out in step b),
whether the compound to be tested has a substantially similar or lower activity
compared to that of the M171] mutated IFNa2 gene product.

43. Process according to claim 42, characterized in that the
compound to be tested is previously identified from synthetic peptide
combinatorial libraries, high-throughput screening, or designed by computer-
aided drug design so as o have the same three-dimensional structure and/or
chemical effect as that of the polypeptide of M1711 IFNo2 gene product.

44. Use of a compound according to any ane of claims 37 to 40, for the
preparation of a medicament intended for the preventicn or the treatment of one of
the diseases selected from the group consisting of cancers and tumors,
cardiovascular diseases, metabolic diseases, infectious diseases, diseases of the
central nervous system, immunolegically and aulo-immunologically  related
diseases, healing of wound, disorders connected with chemotherapy {reatment,
anemia in dialyzed patient, osteoparosis, gastrointestinal disorders, venereal

diseases.
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45, Use of a compound according to any one of claims 37 {o 40,
for the preparation of a medicament intended for the prevention or the treatment
of one of the diseases selected from the group consisting of carcinomas
comprising metastasized renal carcinomas, melénomas, lymphomas comprising
follicular lymphomas, leukemias comprising tricholeukocyte levkemia and
chronic myeloid leukemia, cancers of the liver, neck, head and kidneys, multiple
myelomas, carcincid . tumors and tumers that appear following an immune
deficiency comprising Kaposi's sarcoma in the case of AIDS cardiovascular
diseases, cbesity, viral infections comprising chronic hepatitis B and C and
HIV/AIDS, and infectious pneumonias, Alzheimer's disease, Parkinson's
disease, mulliple sclerosis, schizophrenia and depression, the rejection of
tissue or organ grafts, allergies, asthma, psoriasis and rheumatoid anbritis,
healing of wounds, discrders connected with chemotherapy freatment, anemia
in dialyzed patient, osteoporesis, Crohn's disease and ulcerative colitis, and

genital warls.

10
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3. Detailed Description of Invention

The present invention relates to new paiynuclectides derving from
the nucleotide sequence of the |FNg-2 gere and comprising new SNPs, new
polypeptides derived from the natural IFNg-2 protein and comprising mutations

caused by these SNPs as well as their therapeutic uses.

PRIOR ART

The interferon alpha-2 (IFNa-2) gene is described in the following
publications:

- Olopade Ol, Bohlander $k. "Mapping of the shortest region of overlap of
deletions of the short arm of chromosame 9 associated with human
neoplasia.” Genomics. 1992 Oct: 14(2):437-43;

- Ezekowitz Ra., Mullken Jb., "Interferon alpha-2a therapy for life-threatening
hemangiomas of infancy” N. Engl. J. Med. 1992 May 28, 326(22):1455.63 ;

- Dithmar 8., Rusciano D., "Necadjuvant interferon alpha-2b treatment in a
murine model for metastatic ocular melanoma: a preliminary study” Arch.
Ophthalmol. 2000 Aug; 118(8):1085-9.

The nucleotide sequence of this gene is acoessibie under accession
numbear JOD207, Y11834 in the GenBank database.

The IFNw are known for their cellular antiproliferative effects and
their involvements in antiviral and antiparasitic responses.

The IFNe are also known to inhibit the expression of several other
cytokines at the level of the hematopoietic stem cells, as well as to inhibi! the
celiular proliferation of certain lumeors.

The IFNa are also known to reduce the expression of EGF
receptors in renal carcinamas, 1o inhibit the expression of certain mitochandrial
genes, to inhibit the proliferation of fibroblasts, monocyles and B lymphocytes,

especially in vitro, and ta block the synthesis of antibodies by B lymphocytes,

11
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The IFNo are also known to induce the expression of tumors
specific antigens on the suface of tumor cells ang alsc fo induce the genes
placed under the control of promoter regions of the ISRE type {Interferon-
Stimulated Response Element) by acting on the specific transcription factors of
these ISRE.

Itis known that the IFNo are involved in different disorders and/or
human diseases, inciudin'g but not limited to the diﬁereﬁt cancers such as
carcinomas, melanomas, lymphomas, leukemias and cancers of the liver, nack,
head and kidneys, cardiovascular diseases, metabclic diseases such as those
that are not connected with the immune system like, for exampie, obesity,
infectious diseases such as hepatitis B and C and AIDS, preumecnias,
ulcerative colitis, diseases of the central nenvous system like, for example,
Alzheimer's disease, schizophrenia and depression, the rejection of tissue or
crgan grafts, healing of wounds, anemia in dialyzed patients, allergies, aslhma,
multipie sclerosis, osteoporosis, psoriasis, rheumatoid arthritis, Crohn's
disease, auleimmure diseases and disorders, gastrointestinal disorders, and
disorders connected with chemctherapy treaiments.

The IFNo are paricularly used for the treatment of cerain
leukemias, metastasized renal carcinomas as well as tumors that appear
following an immunodeficiency, such asg Kaposi's sercoma in the case of AIDS.
The IFNa are also effective against other types of tumars and against certain
viral infections. The IFNa are also recegnized by the FDA (Food and Drug
Administration) for the treatment of genital warts or venereal diseases.

However, the IFNa and in particular IFNa-2, have numerous side
effects when they are used in pharmaceutical composilions, such as reactions
of acute hypersensitivity {urticaria, bronchoconstriction, anaphylactic shock
€tc), cardiac arrythmias, iow blood pressure, epileptic seizures, problems with
thyroid functions, flu-iike syndromes (fevers, sweats, myalgias) etc.

Furthermore, patients treated with IFNa can develop antibodies to

these molecules, which neutralize and thus decrease their effectiveness.

12
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The present invention is drawn o new polypeptide and new
polynuclectide analogs to the IFNo-2 gene and its corresponding protein
capable of having a different functicnality from the natural wild-type IFNg-2
protein. In  parlicular, cerain of these new polypeptides  and - new
polynucleotides have a cellular antiproliferative activity significantly inhibited by
comparison with the natural wild-type IFNo-2. .

These new polypeptides and pofynucieotides'can notably be used
to treat or prevent the disorders or diseases previously menticned and avoid all

or part of the disadvantages, which are tied to themn

THE INVENTION

The present invention is directed to new polynucleotides that

differ from the nucleotide sequence of the referance wild-type IFNa-2 gene, in
that it comprises one or marz SNPs (Single Nucleotide Polymarphism).

The nucleotide seguence SEQ ID N°1 of the human reference
wild-type IFNa-2 gene is composed of 1733 nucleotides and comprises a
coding sequence of 567 nucleotides, from nucleotide 511 {start codon} to
nucieotide 1077 (stop coden),

The applicant has identified ¢ SNPs in the nucleaotide sequence of
the reference wild-type IFNo-2 gene.

These 9 SNPs are the following: 96-100del{aattt), t110c, 139-
144del(acttta), 1338a, t363c, c427t, ch272a, g1023a, c1047t.

It is understood, in the sense of the present invention, that the
numbering corresponds to the positioning of the SNPs previously defined and is
relative 1o the nucieotide sequence shown in SEQ ID N°1,

The letters a, t, cand g correspond respectively to the nitragenous
bases adenine, thymine, cytosine and guaning,

The first letter corresponds to the wild-type nucleotide, whereas
the last lefler corresponds to the mutated nucleotide.

Thus, fer example, the SNP ¢527a corresponds to a mutation of
the nuclectide cytosine (c) at position 527 of the nucleotide sequence SEQ 1D

13
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N*1 of the reference wild-type IFNa.-2 gene inte an adenine {a) and the SNP 98-
100cel(aattt) corresponds to a mutation in which the 5 nucleotides aattt from
positions S8 to 100 of ihe nuciectide sequence SEQ ID N°1 of the reference
wild-type iFNa-2 gene have been deleted.

These SNPs were identified by the applicant using the
determination process described in applicant's patent appiications FR 00
22894, filed December 6, 2000 and US 10/010 749, filed n December &, 2001,
cited here by way of reference.

The process described In these patent applications permits the
identification of one (or several) preexisting SNP(s) in al least one individual
from a random population of individuals.

In the scope of the present invention, two fragments of the
nucleotide sequence of the IFNa-2 gene, one of which comprises the complete
coding sequence, were isolated from different individuals in a population of
individuals chesen in a random manner.

Sequencing of these fragments was then carried out on certain of
these samples having a heteroduplex profile (that is a profite different from that
of the reference wild-type IFNg-2 gene seguence) afler analysis by DHPLC
("Denaturing-High Performance Liquid Chromatography™).

The fragment sequenced in this way was then compared to the
nucleolide sequence of the fragment of the reference wild-type IFNa-2 gene
and the SNPs in conformity with the invention identified.

Thus, the SNPs are natural and each of them is present in cerlain
individuals of the world population.

The reference wild-type (FNo-2 gene codes for an immature
protein of 188 amino acids, corresponding to the amino acid sequence SEQ 1D
N2, that will be converted to a mature protein of 165 amino acids by cleavage
of the signal peptide that includes the first 23 aming acids.

Each of the coding SNPs of the inventicr, namely: ¢527a and
01023a, causes modifications, at the leve! of the aming acid sequence, of the

protein encoaded by the nucleolide sequence of the IFNo-2 gene,

14
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These madifications in the amino acid sequence are the foliowing:

The SNP c527a causes a mutaticn of the amino acid alanine {A)
at positicn 8 in the immeture protein encoded by the IFNe-2 gene,
corresponding 1o the amino acid sequence SEQ U N*2, in aspartic acid {D) and
is not present in the mature profein since it belongs to the signal sequence. In
the description of the present invention the muiation encoded by this SNP will
also be called ABD. -

The SNP ¢527a affects an amino acid residue located in the signal
sequence of the protein. This signal sequence ccntains all the information
necessary for the proper targeting of the mature protein. Thus, the SNP ¢527a
may affect the final localization of the mature protein,

The SNP g1023a causes a mutation of the amino acid methionine
(M) at position 171 in the immature protein encoded by the IFNg-2 gene,
corresponding to the amino acid sequence SEQ ID N°2, in isoleucine (I} and at
position 148 of the mature protein. In the description of the present invention,
the terminciogy M1481 and M171) will be used to refer to the mutation encoded
by this SNP according 1o whether one refers respectively to the mature protein
or 1o the immature preiein, respectively.

The SNP g1023a causes modifications of the spatial conformation
of the polypeplides in conformity with the invention compared io the polypeptide
encoded by the nucieotide sequence of the reference wild-type IFNa-2 gene.

The modifications in the spatial conformation can be observed by
computational molecular modeling, according ta methods that are well knewn 1o
a person skilled in the ant, making use of, for example, the modeling tools de
novo {for example, SEQFOLD/MSI), homology (for example, MODELER/MSI),
minimization of the force field {far exampls, DISCOVER, DELPHI/MSY and/or
molecular dynamics {for example, CFF/MSI).

One example of such modelings is given hereinafter in the
experimental part.

Computational molecular modeling permits the observation 1hat

the mutation M148! on the mature mutated protein causes a change in the
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lateral chain near the point of mutation, on helices A and E of IFNa-2. The
mutated lateral chain 1148 is engaged into a salt bridge with the lateral chain
E141, which causes some changes in spalial conformation of the mature
mutated protein. Whereas, in the three dimensional conformation of the wild-
fype IFNa-2, the R144 lateral chain is oriented towards the interior of the
molecule, the R 144 lateral chain is oriented towards the exterior in the mature
mutated protein. Likewise, in the mature mutated protein, the R22 and E141
lateral chains are displaced. Thus, the mutated protein possesses a three-
dimensional conformaticn different fram the natural wild-type IFNe-2 protein,

Thug, computalional molecular medeling permits the. prediction
that the presence of the amino acid methionine at position 148 invoives a
significant modification of the structure and of the furction of the reference wild-
type IFNo-2 protein.

Gther SNPs in conformity with the invention, namely. 9B6-
100del(aattt), t110c, 139-144del(acttta), 1338a, t383¢, c427t, 10471, do not
involve madification of the protein encoded by the nucleotide seguence of the
IFNe-2 gene at the leve! of the 2mine acid sequence SEQ ID N°2,

The SNP c1047t is silent and the SNPs 96-10Cdel(aattt), 1110z,
138-144del{acttta), t338a, 1363, c4271 are non-coding.

Genotyping of the pelynuclestides in conformity with the invention
can be carried out in such a fashion as o determine the alielic frequency of
these polynuclectides in a population. Six examples of genotyping are given,
hereinafter, in the experimental part,

The determination of the functionality of the poiypeptides of the
invention can also be carried out by a test of their biolegical activity,

In this regard, it is possibie to measure, for example, the
antiproliferative effect of polypeptides in conformity with the invention on a
Davudi Burkitt's cell line and compare with the natural wild-type iFNg-2 protein,

One example of determination of functionaiity is given hereinafier
in the experimental part.

16
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The invention is also direcied to the use of polynuclectides and of
polypeplides in conformity with the invention as well as of therapeutic molecules
obtained and/cr identified starting from these polynucleotides and polypeptides,
notably for the prevention and the treatment of certain human disorders and/or

diseases.

the inventien comprising the SNP M148! and the natural wild-type 1P
protein. |

Figure 2 represents a close up of the model of thé right part of
each one of the proteins represented in Figure 1.

The darker ribbon of Figure 1 represept the structure of the
natural wild-type IFNo-2 protein. The lighter ribbger of Figure 1 represents the
structure of the M148I mutated (FNg-2 protei

Figure 3 represents the refulls of the test for measuring the
antiprofiferative effzct of & polypeptide of the invention and a polypeptide
encoded by the reference wilddype gene of human (ENo-2, on the Daudi
Burkitt's cell line.

In this figCre, the abscissas correspond to the logarithm of the
pratein cencentrghtn in picomoles (pM) and the ordinates correspond to the
percentage of€ell proliferation.

The antiproliferative effect of the wild-type IFNG-2 is represented

by tiiéngles and the antiproliferative effect of the mutated IFNe-2 is represented

DETALED DESCRIPTION OF THE INVENTION

Definitions

By "nucleolide sequence of the reference wild-type gene" is
understood fhe nucieotide sequence SEQ !ID N° 1 of the human gene.
This sequence is accessible in GenBank under Accession number

J0G207, V11834 and described in Olopade Of , Bohlander Sk. "Mapping of the

17
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shortest region of overdap of deletions of the short arm of chromosome 9
asscoiated wilh human neoplasia.” Genomics. 1992 Oct;14(2):437-43.

By "natural wild-type IFNu-2 protein’ is understood the mature
protein enceded by the nuclectide sequence of the reference wild-type IFNa-2
gene. The natural wild-type immature IFNo-2 protein corresponds to the peptide
sequence SEQ ID N°2,

By "polynuclectide" s understood a polyribonucleotide or a
polydeoxyribonucleotide that can be a modified or non-modified DNA or an
RNA,

The term polynuclectide includes, for example, a single strand or
double strand DNA, a DNA composed of a mixture of one or several single
strand region(s) and of one or several double strand region(s), a single strand
or double strand RNA and an RNA cemposed of a mixture of one or several
single strand region(s) and of one or several double strand region(s). The term
polynuclectide can also include an RNA and/or a ONA inciuding one or several
triple strand regions. By polynucieatide is equally understood the DNAs and
RNAs containing one or several bases modified in such a fashion as lc have a
skeleton modified for reasons of stabilily or for other reasons. By modified base
is understood, for example, the unusua! bases such as inosine.

By "polypeptide" is understood a peptide, an oligopeplide, an
oligomer or a protein comprising at least two aminc acids joined tc each ather
by a normal ar medified peptide bond, such as in the cases of the isosteric
peplides, for example.

A polypeptide according to the invention can be composed of
amino acids other than the 20 amino acids defined by the genetic cadeand can
equally be composad of amino acids modified by natural processes, such as
post translational maturation processes or by chemical processes, which are
well known to a person skiiled in the arl. Such modifications are fully detailed in
the lterature. These modifications can appear anywhere in the polypeptide: in
the peptide skeleten, in the amino acid chain or even at the carboxy- or amino-

lerminal ends.

18



(81) 0oOoooooooo

A polypeptide can also be branched following an ubiquitination or
be cyclic with or without branching. This type of madification can be the result of
natural or synthetic post-translational processes that are well known {c a person
skilled in the art.

Polypeptide medifications may include, for example, acetylatian,
acylation, ADP-ribosylation, amidation, covalent fixation of flavine, covalent
fixation of heme, covalent fixation of a nucieotide or of a ‘nucleotide derivative,
covalent fixation of & lipid or of a lipidic derivative, the covalent fixation of a
phosphatidyiinositol, covalent or non-covalent cross-linking, cyclization, disulfide
bond formation, demethylation, cysteine formation, pyroglutamate formaticn,
formylation, gamma-carboxylation, glycosylaticn, GP! anchor formation,
hydroxylation, iodization, methylation, myristoylation, oxidation, proteolytic
processes,  phospharylation,  prenylation,  racemization, seneloylation,
sulfatation, amino acid addition such as arginylation or ubiguitination. Such
modifications are fully detailed in the literature: PROTEINS-STRUCTURE AND
MOLECULAR PROPERTIES, 2" Ed., T. E. Creighton, New York, 1983, POST-
TRANSLATIONAL COVALENT MODIFICATION OF PROTEINS, B. C.
Johnson, Ed., Academic Press, New York, 1983, Selfter ef al. ‘Analysis for
protein modifications and nonprotein cofactors”  Meth, Enzymol. (1990)
182:626-646, arnd Raftan et al. "Protein Synthesis:  Post-transiational
Medifications and Aging", Ann NY Acad Sci (1992} 663: 48-62.

By ‘isolaled polynucleotide” or ‘isplated polypeptide" s
understood a pelynucleotide ar a polypeptide such as previously defined which
is isclated frem the human body or otherwise produced by a fechnical process.

By "identity" is understood the measurement of nucleatide or
polypeptide sequence identity.

Identity is a term well known to a person skilled in the art and well
described in the literature. See COMPUTATIONAL MCLECULAR BIOLOGY,
Lesk, AM., FEd., Oxford University Press, New York, 1998 BIOCOMPUTING
INFORMATICS AND GENOME PROJECT, Smith, DW., Ed , Academic Press,
New York, 1993, COMPUTER ANALYSIS OF SEQUENCE DATA, PART |
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Griffin, AM. and Griffin H.G., Ed, Humana Press, New Jersey, 1904, and
SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY, von Heinje, G, Academic
Press, 1987.

The methods commonly employed to determine the identity and
the similarity belween two sequences are equally we!l described in the
iiterature. See GUIDE TO HUGE COMPUTER, Martin J. Bishop, Ed, Academic
Press, San Diego, 1984, and Carillo H. and Lipten D., Siam J Applied Math
{1988) 48 1073,

A polynucleotide having, for example, an identity of at least 95 %
with the nucleotide sequence SEQ 1D N* 1 is a polynuciectide which cantains at
most 5 peints of mutation over 100 nucleotides, compared o said sequence.

These points of mutation can be one (or several) substitution(s),
addition(s) and/cr deletion(s) of one (or several) nucleotide(s).

In the same way, a polypeptide having, for example. an identity of
at least 95 % with the amino acid sequence SEQ 1D N° 2 is a polypeptide that
cantains at mest 5 points of mutation over 100 amino acids, compared to said
sequence.

These points of mutation can be one (or several) substitution(s),
addition(s) and/or deletion(s) of one (cr several) aminc acid(s).

The polynucleotides and. the polypeptides according {o the
invention which are not lotally identical with, respectively, the nucleotide
sequence SEQ 1D N®1 or the amine acid sequence SEQ ID N°2, containing at
least one of the SNPs of the invention, are considered as varianis of fhese
sequences.

In general, polynucleotides according to the invertion possess the
same or practically the same biological aclivity as the nucieotide sequence SEQ
10 N®1 comprising at least one of the SNPs of the invention.

In similar fashion, polypeptides according to the invention
generally possess the same or practically the same biclogica! aclivity as the
amino acid seguence SEQ ID N°2 comprising at least one of the coding SNPs
of the invertion.

20
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A variant, according to the invention, cen be obtained, for
example, by site-cirecled mutagenesis or by direct synthesis.

By "SNP" is undersiood any natural variation of a base in a
nuclectide sequence. A SNP, in a nuclectide sequence, ¢an be coding, silent or
nen-coding.

A coding SNP is a polymerphism in the coding sequence that
involves @ modification of one or more amino acids in the seguence of amino
acids encoded by this nucleotide sequence. In this case, the term SNP applies
equally, by extension, to @ mutation in an amingo acid sequence,

A silent SNP is a polymorphism in the coding sequence of a
nuclectide sequence that does not involve a modification of any aminc acid in
the amino acid sequence encoded by this nucleotide sequence.

A non-coding SNF is a polymorphism in the non-coding sequence
of a nuclectide sequence. This polymorphism can notably be found in an intron,
a splicing zone, a franscription promoter or an enhancer site sequence.

By "functional SNP" is understood a SNP, such as previously
defined, which is included in a nucleotide sequence or an amino acid sequence,
and has scme functionality.

By 'functionality" is understood the biclogical activity of a
polypeptide or of a polynuclectide,

The functionality of a polypeptide or of a polynucleotide according
to the invention can consist in a conservation, an augmentation. a reduction ar a
suppressicn of the biclogical activity of the polypeptide encoded by the
nucleotide sequence of the reference wild-type gene ar of this latter nucleotide
seguence.

The functionality of a palypeptide or of a palynucleotide according
to the inventicn can equally consist of a change in the nature of the biological
activity of the polypeptide encoded by the nucleotide sequence of the reference

wild-type gene or of this lafler nucleotide sequence.
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The bological activity can, notably, be linked to the affinity or {o
the absence of afiinity of a polypeptide according to the invention with a

raceptor.

Pelynucleotide
The present invention is directed to an isclated polynucleotide

comprising:

a) a nuclectide sequence having at least 80 % identity, preferably at least
90 % identity, more preferatly at least 95 % identily and still more preferably at
least 98 % dentity with the sequence SEQ 12 N° 1 ¢r its coding segquence
(nucleotide 511 o nucleotide 1077}, it being understood that this nucieotide
sequence comprises at least one of the following coding SNPs : c527a or
g1023a, or

b} a nucleatide seguence complementary to a nucleotide sequence under a).

The present invention relates equalty to an isolated polynucleotide
comprising:

a) the nuclectide sequence SEQ ID N° 1 or its coding sequence, il being
understood that each of these sequences comprises at least one of the following
coding SNPs: ¢527a or g1023a, or

b} a nucleotide sequence complementary to a nucleotide sequence under
a).

Preferably, the polynuclectide of the invention consists of the
sequence SEQ 1D N° 1 or its coding sequence, it being undersicod that each of
these sequences comprises at least one of the following coding SNPs: ¢527a,
g1023a.

According to the invention, the polynucleotide previously defined
comprises a single coding SNP selected from the group consisting of: ¢527a
and g1023a.

A polynucleotide such as previously defined can also include at
least one of the following non-ceding and silent SNPs: 86-100del(aattt), 1110c,
139-144del{acttta), 1338a, 1363¢, c427t, ¢1047t

22
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The present invention is also directed to an isclated polynuciectide
comprising or consisting of:

a) the nuclectide sequence SEQ 1D N° 1 or if necessary is coding
sequence, such that each of these sequences comprises at least one of the
following non coding or sient 5NPs: 85-100del({aattt), t110c, 139-144del(acttia),
1338a, t363c, c427i orc1047t ; or

k) a nucleotide sequence complementary to a nucleotide sequence under
a).

It is understood thal only the silent SNP ¢1047t is located in the
coding sequence of the nuclectide sequence SEQ 1D N° 1.

The present invention also concerns an isclated polynuclectide
consisling of a part of:

a} a nuclectide sequence SEQ ID N°1 or if necessary its coding
sequence, such that each one of these sequences coniains at least one of ihe
foliowing SNPs: 96-100del(aattt), t110c, 138-144del{actita), t338a, t363c, cd271,
cE27a, g1023a, c1047t; or

b) a nuclectide sequence complementary 1o a nucleotide sequence under a);

said isolated polynucleofide being composed of at least 10
nuclectides.

Preferably, the isolated polynuclectide as defined above s
composed of 1010 40 nuclectides,

The present invention is alse directed to an isolated polynuclectide
coding for a polypeptide comprising:

a) the amino acid sequence SEQIDN® 2, or

b) the amino acid sequence comprising the amino acids included between
positions 24 and 188 of the sequence of amino acids SEQ 1D N° 2;

it being understood that each of the amino acid sequences under a)
anc b) comprises at least one of the following coding SNPs: A6D, M171!

it is understood, in the sense of the present inveniion, that the
numbering corresponding to the positioning of the AGD, M1711 SNPs is relative to
the numbering of the aminc acid sequence SEQ 1D N°2.
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In a preferred embodiment of the invention, the previously defined
polypeptide camprises a single coding SNP such as defined above.

Preferably a palynucleotide according to the invention Is
compoesed of a DNA or RNA molecule.

A polyruclectide according to the invention can be obtained by
standard DNA or RNA synthetic methods.

' A polynucleotide according to the invention can equaly be
obtained by site-directed mutagenesis starting from the nucleotide sequence of
the IFNo-2 gene by madifying the wild-type nuclectide by the mulated
nuclectide for each SNP on the nucleotide sequence SEQ 1D N° 1.

For example, a polynucleotide according to the invention,
comprising a2 SNP g1023a can be obtained by sie-directed rutagenesis
starting fram the nucleotide sequence of the IFNo-2 gene by changing the
guanosine (g) at position 1023 in the nucleotide segquence SEQ ID N°1 to
adenosine (a),

The processes of site-ditected mutagenesis that can be
implemented in this way are well krnown 1o a person skilled in the art, see the
publication of TA Kunkel in 1985 in "Proc. Natl, Acad. Sci. USA" §2-488,

An isclated poiynuclectide can egqually inciude, for example,
nuclectide sequences cading for pre-, pro- or pre-pro-protein amino acid
sequences or marker amino acid sequences, such as hexa-histidine peptids,

A polyrucleotide of the invention can egually be associated with
nucleotide seguences coding for cther proteins or protein fragments in order ta
obtain fusion preteins or other purification products.

A polynucleotide accerding to the invention can equally include
nucieotide sequences such as the 5' and/or 3' non-coding sequences, such as,
for example, iranscribed or non-tfranscribed segquences, 1ranslated or non-
translated sequences, splicing signa! seguences, polyadenylated sequences,

rinosome binding sequences or even sequences which stabilize mRNA,
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A nucleotide sequence complementary to the nuclectide or
polynuclectide seguence is defined as one thal can hybridize with this
nucleotide sequencea, under stringent hybridization conditions.

By ‘“sitingent hybridization conditions” is generally but not
necessarlly understood the chemical condilions thal permit hybridization only
when the nuclectide sequences have an identity of at least 80 %, preferably
gr'eater than or equal to 90 %, still more preferably greater than or equal to
95 % and most preferably greater than or equal to 97 %.

The stringent conditions can be obtained aceording to methods
well known to a person skilled in the art and, for example, by an incubation of
the potynuclectides, at 42° C, in a sclution comprising 50 % formamide, 5x8SC
{150 mM of NaCl, 15 mM of trisodium citrate}, 50 mM of sodium phosphate {pH
= 7.8}, 5x Denhardt Solution, 10 % dextran sulfate and 20 pg denatured saimon
sperm DNA, followed by washing the filters at 0.1x SSC, at 65° C.

Within the scope of the invention, when the stringent hybridization
conditions only permit hybridization of the nucleotide sequences having an
identity equal to 100 %, the nuclectide sequence is considered o be slrictly
complementary to the nucleotide sequence such as described under a).

It is understood within the meaning of the present invention thal
the nucleotide sequence complementary to a nuclectide sequence comprises at
least one anti-sense SNP according to the invention.

Thus. for exampie, if the nuclectide sequence comprises the SNP
g1023a, its complementary nucleotide sequence comprises the thymine

nucleotide (1) at the equivalent of position 1023.

Identification, hybridization andfor amplification of a polvnucleotide COMPrising a
SNP

The present invention is alsc directed to the use of all or pan of;
al a polynucleotide having 80 to 100 % identity with the nucleolide
sequence SEQ 1D N1, and/or



(88) 0oOoooooooo

b} a polynucleotide according to the invention comprising at leasi cne
SNP,
in arder to identify, hybridize andlor amplify all or part of a
polynuclectide having B0 to 100 % identity with the nucleotide sequence SEQ
IB N® 1 or if necessary its coding sequence (nuclectide 511 {o nucleatide 1077),
it being understood that each one of these sequences contains at least one of
the follawing SNFs: 98-100del(zattt), 1110c, 139-144dei(actila), t338a, t363¢,
c427t c527a, g1023a, 10471,

Genoctyping and determination of the frequency of a SNP

The present invention equally has for its object the use of all or
part of:

a} a polynucleatide having 80 to 100 % identity (preferably at least 90 %
identity, mare preferably 95 % identity and particularly 100 % identity) with the
nucleotide sequence SEQ ID N*1, andfor

b} a polynucieotide according to lhe invention comprising at least one
SNPE:

for the genotyping of all or part of a polynucleotide having 80 to
100 % identity (preferably at least 90 % identity, mere preferably 95 % identity
and particularly 100 % identity} with the nuclectide sequence SEQ 1D N° 1 or if
necessary its coding sequence (of the nucleotide 511 to the nuclectide 1077 ), it
being understood that each one of these sequences comprises at teast cne of
the following SNPs: 96-100del(aattt), 1110¢, 139-144dei(acttta), t338a, 1363¢,
c427t, c527a, g1023a, c10471.

According to the invention, the genotyping may be carried out on
an individual or a population of individuals, most preferably in a population of
individuals. A genotype consists of the determination of the aileles present at
oNE of more specific locl.

Within the meaning of the invention, genotyping is defined as a
process for the determination of the genotype of an individua! or of a population

of individuals. Genotype consists of the alleles present at ore or maore specific
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loci.

By "population of individuals” is uncerstood a group of determined
individuals selectad in random or non-random fashion. These incividuals can be
numans, animals, microorganisms or plants. Usually, the group of individuals
comprises at least 10 persons, preferably from 100 to 300 PErsons,

The individuals can be selected according fc their ethnicity or
according to their phenotype, notably those who are affected by the following
disorders and/or diseases:

cancers and tumors, such as carcinomas comprising metastasized
renai carcinomas, melanomas, lymphomas cornprising fallicular lymphomas,
leukemias comprising tricholeukocyle laukemia and chronic myeloid leukemia,
cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid
tumors and tumers that appear following an immune deficiency comprising
Kaposi's sarcoma in the case of AIDS,
- cardiovascular diseases,
- metabolic diseases, such as nom-immune assaociated diseases
comprising obesity,
- infecticus diseases, such as viral infections comprising chronic
hepatitis B and C and HIV/AIDS, and infectious pneumonias,
- diseases of the ceniral nervous system, such as Alzheimer's
disease, Parkinson's disease, mulliple sclerosis, schizophrenia and depression,
- immunologically and auto-immunologically related diseases, such as
the rejeclion of tissue or organ grafts, ailergies, asthmaz, psoriasis and
rheumatoid arhritis,
- healing of wounds,
- disorders connected with chemotherapy treatment,
anemia in dialyzed patient,
asteoparcsis,
gastrointestinal disorders, such as Crohn's disease and ulcerative
colitis, and

- venereal diseases, such as genital warts.
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Muitiple technologies exist which can be implemenied in crder to
genotype SNPs (see for example Kwok Pharmacogenomics, 2000, vo! 1, 95-
100. "High—throughput genotyping assay approaches"). These technologies are
based on one of the four following principles: allele specific cligonucleotide
hybridization, oligonucleotide elongation by dideoxynucieotides optionally in the
presence of deoxynuclectides, ligation of allele specific oligonuciectides or
cleavage of allele specific oligonuclectides. Each one of these technolegies can
be coupied to a detection sysiem such as measurement of direct or polarized
flucrescence, or mass spectrometry.

Genotyping can notably be carried out by minisequancing with hot
daNTPs (2 different ddNTPs labeled by different tiucrophores) and cold ddNTPs
{2 different non labeled ddNTPs}, in connection with a polarized fluorescence
scanner. The minisequencing prefocol with reading of polarized fluorescence
(FP-TDI Techrolegy or Flucrescence Polarization Template-direct Dye-
Terminator Incorporation) is well known to a person skilled in the art,

FP-TDI can be camied out on a product obfained after
amplification by polymerase chain reaction (PCR) of the DNA of each individual
This PCR product is selected to cover tha polynucleatide genic region
containing the studied SNP. After the last step in the PCR thermocycler, the
plate is then placed on a polarized fluorescence scanner for 3 reading of the
labeled bases by using fluorophore specific excilation and emission filters. The
intensity values of the labeled bases are reported on a graph.

For the PCR amplification, in the case of a SNF of the invention,
the sense and antisense primers, respectively, can easily be selected by a
person skilled in the arl according ta the position of the SNPs of the invertion in
erder to amplify a region of interest containing the SNP ar SNPs.

For example, a first set of sense and antisense nucleotide
sequences for the PCR amplification can be:

Sense primer; GCCTCTTATGTACCCACAAA
Antisense primer; CACCAGTAAAGCAAAGGTCA

These nucleotide sequences permit ampiification of a fragment
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having a length of 535 nucleotides, from nuclectide 3 to nuclectide 537 in the
nucleotide seguence SEQ ID N° 1.

For exampla, a second sel of sense and artisense nuclectide

sequences for the PCR amplification can be:
Sense primer: CACCCATTTCAACCAGTCTA
Antisense primer; AGCTGGCATACGAATCAAT

These nucleotide sequences permit amplification of a fragment
having a length of 855 nuclectides, from nuclectide 470 1o nucleotide 1124 in
the nuclectide sequence SEQID N° 1

A statistical analysis of the frequency of each allele (allelic
frequency) encoded by the gene ccmprising the SNP in the population of
individuals is then achieved, which permits determination of the importance of
their impact and their distribution in the different sub-groups including the
diverse ethnic groups that constitute this population of individuals.

The genotyping data are analyzed in order to estimate the
distribution  frequency of the different alleles observed in the studied
populations. The calculations of the allelic frequencies can be carried out with
the help of software such as SAS-suile® (SAS) or SPLUS® {MathSoft). The
comparison of the allelic distributions of a SNP of the invention across different
ethnic groups of the population of Individuals can be carried out by means of
software such as ARLEQUIN® and SAS-suite®.
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SNPs of the invention as genstic markers

Whereas SNPs maodifying functional sequences of genes (e.g.
promoter, splicing sites, coding region) are lkely to be directly relaled to
disease susceptibility or resistance, all SNPs (functional or not) may provide
valuable markers for the identification of one or several genes invclved in these
disease states and, consequently, may be indirectly relaied to these disease
states (See Cargill et al. (1999). Nature Genetics 22:237.238, Riley et al.
{2000). Pharmacogenomics 1:39-47; Robers L. (2000). Science 287 1898-
1899).

Thus, the present invention also concerns a datebank comprising
at least one of the following SNPs: 98-100del(aattt), 1110c, 139-144del(acttta),
1338a, t383¢, c427t, ¢527a, g1023a, 10474, in a polynuclectide of the IFNg-2
gene.

It is well understood that said SNPs are numbered in accordance
with the nucleatide sequence SEQ ID N°1.

This databank may be analyzed for determining statistically
relevant associations between: at least cne of the following SNPs: 96
100del(aattt), t110c, 138-144del{acttta), {33Ba, t363c, c427t, c527a, g1023a,
c10471, in a polynuclectide of the IFNe-2 gene, and a disease or a resisiance 1o
a disease, comprising

a) genotyping a group of individuals,

b}  determining the distribution of said disease or resistance to disease
within said group of individuals,

c)  comparing the genotype data with 1he distribution of said disease or
resistance to disease, and

d)  analyzing said comparison for statistically relevant associations.

The present invention alse concerns the use of at least one of the
following SNFs: 86-100del{aattt), t110c, 138-144del(actita), 1338a, 1363c, c4274,
c327a, 910238, ¢10471, in a palynuclestide of the IFNg-2 gene, for developing

diagnostic/prognostic kits for a disease or a resistance 1o a disease,
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A SNP of the invention such as defined abecve may be direcily or
indirectly associated to a disease or a resistance {o a disease.
Freferably, these diseases may be those which are defined as

menticned above.

Expression vector and host cell

The present invenlicn is also directed to a recocmbinant vector
comprising at least one polynucleotide according to the inventian,

Numerous expression systems can be used, including, for
example, chromosomes, episomes, derived viruses. More particularly, the
recormnbinant vectors used can be derived from bacterial plasmids, transposons,
yeast episome, insertion elements, yeast chromosome elements, viruses such
as baculovirus, papilloma viruses such' as SV40, vaccinia viruzes,
adenoviruses, fox pox viruses, pseudorables viruses, retroviruses.

These recombinant vectors can equally be cosmid or phagemid
derivatives, The nucleolide seguence can be inserted in the recombinan
expression vector by methods well known tc a persan skitied in the art such as,
for example, those tha! are described in MOLECULAR CLONING, A
LABORATCRY MANUAL (supra) Sambrook et al,

The recombinant vector can include nucleotide seguences that
control the regulation of the polynucleotide expression as well as nucleotide
sequences permilting the expression and the transcription of & polynucieoctide of
the invention and the translation of a poiypeptide of the invention, these
sequences being selecled according to the host cells that are used.

Thus, for example, an appropriale secretion signal can he
infegrated in the recombinant veclor so that the palypeptide, encoded by the
polynuclectide of the invention, will be direcled towards the lumen of the
endoplasmic reticulum, towards the periplasmic space, on the membrane or
towards the extracellular environment,

The present invention is alse directed 10 a host cell comprising a
recornbinant vecler according to the invention.
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The intreduction of the recombinant vecter in a host cell can be
carried out according lo methods that are well known to a person skilled in the
art such as those described in BASIC METHODS IN MOLECULAR BICLOGY,
Davis ef al, 1980 and MOLECULAR CLONING: A LABORATORY MANUAL,
2" Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1988,
such as ftransfection by calcium phosphate, transfection by DEAE dexiran,
transfection, microinjection, transfection by cationic lipids, electroporation,
transduction or infection,

The host cell can be, for example, bacterial cells such as cells of
streptocacai, staphylococci, £. colf or Bacillus sublifis, cells of fungi such as
yeast cells anc cells of Aspergillus, Strepiemyces, insect cells such as cells of
Drosophilia 2 and of Spodopfera S19, animal cells, such as CHO, COS, Hela,
€127, BHK, HEK 293 cells and human cells of the subject to treat or even plant
cells.

The host cells can be used, for example, to express a polypeptide
of the inventicn or as an active product in pharmaceutical compositions, as wil:

be seen hereinafter.

Polypeptides
The present invention is alsc directed to an isolated polypeptide
compriging an amina acid sequence having at least 80 % identity, preferably at
ieast 80 % identity, more preferably at least 95 % identity and still more
preferably at least 99 % idenlity with:
a) the amino acid sequence SEQ ID N® 2. or with
b) the amino acid sequence comprising the amino acids included between
positions 24 and 188 of the amino acid sequence SEQ ID N° 2:
it beirg understood that each of the amino acid sequences under
a) and b) contains at leas! one of the foliowing coding SNPs: 48D, M171].
The polypeptide of the inventien can equally comprise:

a) the amino acid sequence SEQ IDN° 2, or
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b) the amino acid sequence containing the amine acids included between
positians 24 and 188 of the amino acid sequence SEQ D N°® 2;

it being understood that each of the amino acid sequences under
a) and b) contains at least one of the following coding SNPs: ABD, M1711,

The polypeptide of the invention can more particularly consist of:

a) the amino acid sequence SEQ ID N° 2, or..
B) the amino acid sequence containing the amine acids included between
positions 24 and 188 of the amino acid sequence SEQ D N° 2;

it being understood that each one of the amino acid sequences
under a) and b) contains at least one of the following coding SNPs: ABD, M171IL.

Preferably, a polypeptide according to the invention contains a
single coding SNP selected from the group consisting of ABD and M1711.

The present invention equally has for its object a process for the
preparation of the above-described polypeptide, in which a previously defined
hast cell is cullivated in a cukivre medium and said polypeptide is isolated from
the culture medium.

The polypeptide can be purified siarting from the hest cells’ eulture
medium, according ‘o methods well known to a person skilled in the art such as
precipitation with chaotropic agents such as salts, in particular ammonium
sulfate, ethanol, acetone or trichloroacetic acid, acid extraction: ion exchange
chrematography, phosphoceliulose chromatography; hydrephobic interaction
chromatography; affinity chromatography; hydroxyapatite chromatography or
exclusion chromatographies,

By "cullure medium” is understood the medium in which the
poiypeptide of the invention is isolaled or purified. This medium can be
composed of the extracellular medium and/or the cellular lysate. Techniques
well known {o a persan skilled in the art also permit the latter to produce an
active conformation to the polypeptide. i the conformation of said palypeplide

was altered during the isalation or the purification.
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Antibodies

The present inventicn also concemns a process for obtaining an
immunospecific antibody.

By "antibody” is understood the moncclonal, polyclonal, chimeric,
simple chain and/or humanized antibodies as well as the Fab fragments,
including Fab or immunoglobulin expression library nreducts.

An immunospecific antibody can be obtained by immunization of
an animal with a polypeptide according fo the invention.

The Invention also relates to an immunospecific antibody for a
polypeplide according to the inventicn, such as defined previously.

A polypeptide according lo the invention, one of its fragments, an
analog, one of its variants or a cell expressing this polypeptide can also be used
to produce immunospecific antibodies.

The term "immunospecific" means that the antibody possesses a
vetter affinity for the polypeptide of the invention than for other polypeplides
known in the prior art.

The immurospecific antibodies can be obtained by adminisiration
of a polypeptide of the invention, of one of its fragments, of an analog or of an
epitopic fragment or of a cell expressing this polynucleotide in a mammal,
preferably non human, according 1o methods well known to a person skilled in
the an.

For the preparation of monoclonal antibodies, typical methods for
antibody procuction can be used, starting from cell ines, suck as tha hybridoma
technigue (Kohler et al,, Nature (1375} 255; 495-487), the trioma lechnique, the
human B cell hybridoma technique (Kozbor ef al,, Immunology Today (1983}
472y and the LBV hybridoma technigue (Cole et al., MONOCLONAL
ANTIBODIES AND CANCER THERAPY, pp. 77-96, Alan R Liss. 1985).

The techniques of single chain antibody production such as
described, for example, in US Patent N° 4,946, 778 can also be used.

Transgenic animals such as mice, for example, can also be used
to produce humanized antibodies,
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Agents interacting with the pelypeptide of the invention

The present invention equally has for its object a process for the
identification of an agent activating or inhibiting a polypeptide according to the
invention, comprising:

a) the preparation of a recombinant vector comprising a palynucleotide
according to the invention containing at least one coding SNP,

b) the preparation of host cells comprising a recombinant vector according to
a),

c) the contacting of host cells according to b} with an agert tc be tested, and

d) the determination of the activating ar inhibiting effect generated by the
agent to test.

A polypeptide according to the invention can also be employed for
screening compeounds that interact with i,

These compounds can be aclivating (agonisis) or inhibiting
{antagonists) agents of inlrinsic activity of a polypeplide according to the
invention. These compounds can equally be ligands or substrates of a
polypeptide of the invention. See Coligan et al. Current Protocols in
Immunciogy 1(2), Chapter 5 (1981). '

In general, in order to implement such a process, it is first
desirable to produce appropriate host cells that express @ polypeptide according
to the invention. Such cells can be, for exampie, cells of mammals, yeasts,
insecis such as Drosophilia or bacteria such as £ cofi,

These cells or membrane extracts of these cells are then put in the
presence of compounds ta be tested,

The binding capacity of tha compounds fc be tested with the
polypeplide of the invention can then be observed. as well as the inhibition or
the activation of the functional response.

Step d) of the above process can be Impiemented by using an

agent to he tested that is directiy or indirectly iabeied. it can also include a
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competition test, by using a labeled or non-labeied agent and a labeled
compeiitor agent,

It can alsc be determined i an agent to be tested generates an
activation or inhibition sigral on cells expressing the pelypeptide of the invention
by using detection means appropriately chosen according to the signal to be
detected.

Such activating or inhibiting agents can be polynucleotides, and in
certain cases oligonucleolidss or polypeptides, such as prateins or antibodies,
for example,

The present invention  also concems a process for the
identification of an agent activated or inhibited by a polypeptide according to the
invention, comprising:

a) the preparation of a recombinant vector comprising a polynuciectide
accarding fo the invention containing at least one coding SNP,

b) the preparation of host cells comprising a recombinant vector according to
a,

¢} placing host cells according ta b) in the presence of an agent to be tested,
ang

d) the determination of the activating or inhibiting effect generated hy the
polypeptide on the agent 1o be tesled,

An agent activated or inhibited by the pelypeptide of the invention
is an agent lhat responds, respectively, by an activation or an inhibition in the
presence of this polypeptide. The agents activated or inhibited directly or
indirectly by the polypeptide of the invention, can consist of polypeptides such
as. for example, membrane-bound or nuclear receptors, kinases and more

preferably tyrosine kinases, transcription factor or polynucleotides,

Detection of discases

The present invention also has for an cbiect a process for

analyzing the biological characieristics of a polynucleotide according to the
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invention and/or of a peolypeptide according to the invention in a subjeci,
comprising at least one of the following:

a} Determining the presence or the absence of a polynucleotide
according to the invention in the genome of a subject,

b} Determining the level of expression of a polynuclectide according to
the invention in a subject,

¢)  Determining the presence or the absence of a polypeptide according to
the invention in a subject,

d) Determining the concentration of a polypeptide according to the
invention in a subject, and/or

e} Determining the functionaiity of a polypeptide accarding to the
invention in a subject,

These biological characteristics may be analyzed in a subject or in a
sample from a sublect.

These biclogical characteristics may permit to carry out a genetic
diagnosis and to determine whether a subject is affected or at risk of being
affected cr, to the contrary, presenis a partia! resistance to the development of a
disease. an indisposition or a disorder linked to the presence of a polynuclectide
according {o the invention and/or a polypeptide according to the invention.

These diseases can be disorders andfor human diseases, slch as;

. cancers and tumors, such as carcinomas comprising metastasized
renal carcinomas, melanomas, lymphemas comprising follicular lymphomas,
leukemias comprising tricholeukocyte leukemia and chronic myeloid leukemia,
cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid
tumors and tumors that appear following an immune deficiency comprising
Kapoesi's sarcoma in the case of AIDS,

cardiovascular diseases,

- metabolic diseases, such as non-immune associated diseases
comprising obesity,

- infectious diseases, such as viral infections comprising  chronic

hepatitis B and C and H\VIAIDS, and infectious pneumonias,
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- diseases of the central nervous system, such as Alzheimers
disease, Parkinson's disease, multiple sclerosis, schizophrenia and depression,

- immunclogically and auto-immunalogically related diseases, such as
the rejection of tissue or organ grafts, allergies, asthma, psoriasis and
rheumatoid arthritis,

- healing cf wounds,

- disorders cannected with chemotherapy treatment,

- anemia in dialyzed patient,

- osteopornsis,

- gaslrointestinal discrders, such as Crohn's disease and ulcerative
colitis, and

- venereal diseases, such as genital warts,

This process also permits a genetic diagnosis of a disease or of a
resistance to a disease linked to the presence, in a subject, of the mutant aliele
encoded by a SNP acceording to the invention.

Preferably, in step a), the presence or absence of a polynucleotide,
containing at least one coding SNP such as previously defined, will be detected.

The detection of the polynuclectide may be carried out starting from
biclogical samples from the subject to be studied, such as cells, bload, urine,
saliva, or slarting from a biopsy or an autopsy of the subject to be studied, The
gencmic DNA may be used for the detection directly or after a PCR amplification,
for example. RNA or cDNA can equally be used in a similar fashion

It is then possible to compare the nuclectide sequence of a
palynucleotide according fo the invention with the nuclestide sequence detected
in the genome of the subject.

The comparison of the nuclectide sequences can be carried out by
sequencing, by DNA hybridization methods, by mobility difference of the DNA
fragments on an electrophoresis gel with or without denaturing agents or by
melling temperature difference. See Myers et al, Science (1885) 230 1242
Such modifications in the structure of the nucieotide sequence at a precise point

can equally be revealed by nuclease profection tests, such as RNase and the
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351 nuclease or also by chemical cleaving agents. See Cotton et al,, Proc. Nal.
Acad. Sci. USA {1985) 85: 4397-4401. Oligenucleotide probes comprising a
polynuclectide fragment of the invention can equally be used te conducl the
screening.

Many methods well known fc a person skilled in the art can be
used to delermine the expression of & polynucleotide of the invention and te
identify the genetic variability of this polynucleotide (See Chee et al., Science
(1888}, Voi 274, pp 510-613).

In step b), the level of expression of the polynucleotide may be
measured by quantifying the level of RNA encoded by this polynuclectide (and
coding for a polypeptide) according to methods well known to a person skilled in
the art such as, for example, by PCR, RT-PCR, RNase protection, Northemn
blot, and other hykridization methods.

In step ¢) and d) the presence or the absence as well as the
cuncentration of a polypeplide according to the invention in a subject or a
sample form a subject may be carried cut by well known methods such as, for
example, by radicimmunoassay, compelitive binding tests, Western blot and
ELISA tests.

Cansecutively to slep d), the delermined concentration of the
polypeptide according to the invention can be compared with the natural wild-
type protein concentration usually found in a subject.

A person skilled in the art can identify the threshold above or
below which appears the sensitivity or, to the contrary, the resistance ‘o the
disease, the indisposition or the disorder evoked above, with the help of prior art
publications or by conventional tests or assays, such as those that are
previously mentioned.,

in step e), the determination of the funclionality of a polypeptide
according te the invention may be carried out by methods well known to a
person skilled in the art as, for example, by in viiro tests such as above

mentioned or by an use of host cells expressing said polypeptide.
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Medicaments and ireatments of diseases

The polypeptides of the invention possess very interesting
pharmacological properies. In paricular, they can bind to the human |FNo-2
receptor. These properties are in accordance with the use of the polypeptides of
the invention for therapeutic freatment of human body, i.e. as a medicament ar
therapetitic composition.

Thus, the present invention is also directed to a medicament
containing, by way of active agent, a polypeptide according fo the invention.

The invention also relates to the use of a pulypeptide according to
the Inventian, for the manufacture of a medicament intended far the prevention or
the treatment of different human disorders and/or diseases, such as:

- cancers and tumors, such as carcinomas comprising metastasized
renal carcinomnas, melanomas, lymphomas comprising follicular lymphomas,
teukemlas comprising tricholeukocyte lsukemiz and chronic myeioid leukemia,
cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid
tumors and tumors that appear foliowing an immune deficiency comprising
Kaposi's sarcoma in the case of AIDS,

- cardiovascular diseases,

- metaboiic diseases, such as neon-immune asscciated diseases
comprising chesity,

- infectious diseases, such as viral infections comprising chronic
hegpatitis B and C and HIVIAIDS, and infectious pneumonias,

- diseases of the central nervous system, such as Alzheimer's
disease, Parkinson's disease, multiple sclerosis, schizaphrenia and depression,

- immunclogically and auto-immunologically related diseases, such as
the rejection of tissue or organ grafis, allergies, asthma, psoriasis and
rheumatoid arthritis,

- healing of wounds,

- disorders connected with chemaotherapy treatment,

- anemia in dialyzed patient,

- ostecporosis,
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- gastroinlestinal disorders, such as Crchn's disease and ulcerative
colitis, and
- venereal diseases, such as genital warts.

Certain of the compounds permitting to abtain the polypeptide
according to the invention as well as the compounds cbtained or identified by or
from this polypeptide can likewise be used for the therapeutic treatment of the
human body, i e. as a medicament.

This is why the present inventicn also has for an object a
medicament containing, by way of active agent, a polynuclectide according to
the invention containing at least one previously defined coding SNP, a
previously defined recombinant vector, a previously defined host cell, and/or a
previously defined antibody.

The inventien zlso relates to the use of a polynuclectide according
to the invention containing ai least one previously defined coding SNP, a
previousty defined recombinant vector, a previously defined host cell, and/or a
previously defined antibody, for the manufacture of a medicament intended for the
prevention or the freaiment of different human disorders and/or diseases, such as:

cancers and tumors, such as carcinomas comprising metastasized

renal carcinomas, melanomas, lymphomas comprising follicular lymphamas,
leukemias comprising tricholeukocyte leukemia and chronic myeloid leukemig,
cancers of the liver, neck, head and kidneys, multipie myelomas, carcinoid
tumors and tumors that appear following an immune deficiency comprising
Kaposi's sarcoma in the case of AIDS,

- cardiovascular diseases,

- metabelic diseases, such as non-immune associated diseases
comprising chesity,

- infectious diseases, such as viral infections comprising chronic
hepatitis B and C and H\V/AIDS, and infectious preumonias,

- diseases of the central nervous system, such as Alzheimer's
disease, Parkinson's disease, multiple sclerosis, schizophrenia and depression,

- immunologically and auto-immunologically refated diseases, such ag
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the rejection of tissue or organ grafts, allergies, asthma, psoriasis and
rheumaioid arihritis,

healing of wounds,

disorders connected with chemotherapy treatment,

anemia in dialyzed patient,

ostecporosis,

gastrointestinal disorders, such as Crohn's disease and ulcerative
colitis, and

- venereal diseases, such as genital warts,

The dosage of a polypeptide and of the other compounds of the
invention, useful as active agent, depends on the choice of the compound, the
therapeutic indication, the mode of administration, the nature of the formulation,
the nature of the subject and the judgment of the doctor.

When it is used as active agent, a polypeptide according to the
invention is generally administered at doses ranging between 1 and 100 ugkg
of the subject,

The invention also has as an object a pharmaceutical composition
that contains, as active agent, at least one above-mentioned compound such as
a polypeplide according to the invention, a polynucieotide according to the
invenlion containing at least one previously defined SNP, a previously defined
recombinant veclor, a previously defined host cell, and/or a previously defined
antibedy, as well as a pharmaceutically acceptable excipient.

in these pharmaceutical compositions, the aclive agent is
advantagecusly present at physiologically effective doses,

These pharmaceutical compositions can be, for example, solids or
liquids and be present in pharmaceutical forms currently used in human
medicine such as, for example, simpie or coated tablets. gelcaps, granules,
caramels, suppositories and preferably injectable preparatiors and powders for
injectables. These pharmaceutical forms can be prepared according to usual

methods.
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The active agent(s) can be incorporated into excipients usually
employed in pharmaceutical compositions such as talc, Arabic gum, lactese,
starch, dextrose, glycerel, ethanol, magnesium stearate, cocoa butter, aqueous
or non-aguecus vehicles, fatly substances of animal or vegetable origin,
paraffinic derivatives, glycols, various wetting agents, dispersants or emuisifiers,
preservatives.

The active agent(s) according {c the invention can be employed
alone ar In combination with other compounds such as therapeutic compounds
such as other interferons-a. or other cytckines such as interleukine. for example.

The different formulatians of the pharmaceutical compositions are
adapted according to the mode of administration.

The pharmaceutical compositions can be administered by different
routes of administration known to a person skilled in the art.

The invention equally has for an object a diagnostic composition
that containg, as active agent, at least one above mentioned compound such as
a polypeptide according to the invention, all or part of a peiynucleotide
according to the invention, a previously defined recombinant vecior, a
previcusly defined host cell, andlor a previously defined antibody, as well as a
suitable pharmaceutically acceptable excipient.

This diagnostic composition may contain, for example, an
appropriate excipient like those generaily used in the diagnostic compaosition
such as buffers and preservatives.

The present invention equally has as an abject the use:

a)  of a therapeutically effective quantity of a polypeptide according to the
invenlion, and/or

le)

b)  of a polynuclectide according to the invention, and/or
} ofahost cell from the subject to be treated, previousty defined,
to prepare a medicament intended to increase the expression or the
activity, in a subject, of a polypeptide according ta the inrvention.
Thus, 1o treat a subject who needs an increase in the EXpression

or in the activity of a polypeptide of the invention, several methods are pessible.
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it is possible to administer {o the subject a therapeutically effective
guantity of a polypeptide of the invention with & pharmaceutically acceptable
excipient.

It is iikewise possible 1o increase the endogenous production of a
polypeplide of the invention by administration to the subject of a polynuciectide
according to the invention. For example, this polynucleotide can be inserted in a
retroviral expression vector. Such a vector can be isclated starting from celis
having been infected by a relroviral plasmid vector containing RNA encoding for
the polypeptide of the invention, in such a fashion that the transduced cells
produce infectious viral paricles containing the gene of inlerest. See Gene
Therapy and other Molecular Genetic-based Therapeutic Approaches, Chapter
20, in Human Molecular Genetics, Strachan and Read, BIOS Scientifics
Publishers Lid (1998).

In accordance with the invention, a polynucleotide containing at
least one coding SNP such as previously defined will be preferably used.

It is equally possible fo administer to the subject host cels
belonging to him, these host cells having been preliminarily taken and modified
so as to express the polypeptida of the invention, as previously described.

The present invention equally relates to the use:

a) of a therapeutically effective quantity of a previously defined
immunospecific antibody, andfor

b) of a polynuciectide permitting inhibition of the expression of a
palynucieotide according to the invention;

in order to prepare a medicament intended to reduce the
expression or the activity, in a subject, of a polypeptide according 1o the
invention.

Thus, it Ts possible to administer to the subject a lherapeutically
effective quantity of an inhibiting agent and/or of an antibedy such as previcusly
defined, possibly in combination, with a pharmaceutically acceptable excipient.

It is egually possible 1o reduce the endogenous production of a

polypeptide of the invention by administration {o the subject of a complementary
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polynucleclide according to the invention permitting inhibition of the expression
of a polynucleotide of the invention.

Preferably, a complementary polynuclentide containing al ieast
one coding SNF such as previously defined can be used.

The present invention concerns alse the use of a IFNa-2 protein
for the preparation of a medicament for the prevention or the treatment of a
patient having a disorder or a disease caused by an IFNg-2 variant linked {o the
presence in the genome of said patient of a nucleotide sequence having at least
G5% identity (preferably, 97% identity, more preferably 99% identity and
particularly 100% identity) with the nucleatide sequence SEQ 1D N° 1, provided
that said nuclectide sequence comprises one of the following SNPs: 86-
100del(aatit], 1110c, 139-144del(actita), 1338a, 1363c, c427t, cb27a, 910234,
cl0471

Preferably, said medicament is used for the prevention or the
treatment of one of the diseases selected from the group consisting of:

- cancers and tumors, such as carcinomas comprising metastasized
renal carcinomas, melanomas, lymphomas comprising follicular lymphomas,
leukemias comprising tricholeukocyte leukemia and chronic myeloid leukemia,
cancers of the liver, neck, head and kidneys. multiple myelomas, carcinoid
tumars and tumors that appear following an immune deficiency comprising
Kaposi's sarcoma in the case of AIDS,

- cardiovascular diseases,

metabolic diseases, such as non-immune associaled diseases
comprising abesity,

- infectious diseases, such as viral infections comprising chrenic
hepatitis B and C and HIV/AIDS, and infecticus pneumonias,

diseases of the cenfral nervous system, such as Alzheimer's
disease, Parkinson’s disease, muftiple sclerosis, schizophrenia and depression,

- immunologically and auto-immunologically related diseases, such as
the rejection of tissue or organ grafis, allergies, asihma, psoriasis and
rheumaloid arthrifis,
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- healing of wounds,

- disorders connected with chemotherapy treatment,

- anemia in dialyzed patient,

- ostecporosis,

- gastrointestinal disorders, such as Crohn’s disease and ulcerative
colitis, and

- venereal diseases, such as genital warts.

Mimetic compounds of a IFNg-2 polypeptide comprising the SNP M1711

The present invention alsc concems a new compound having a
bialogical activity substantially similar or lower in comparison to that of MA74
IFNe2 gene product.

The M1711 mutated IFNa2 gene product corresponds o a
polypeptide of :

a) amine acid sequence !D SEQ N°2, or
b) amino acid sequence cormprising the amino acids included between
positions 24 and 188 of the amino acid sequence SEQ 1D N°2:
provided that said aminc acid sequences under a) and b) comprise
the M1711 SNP.

Said biological activily may be evaluated, for example, by
measuring cellular antiproliferative activity on Daudi Burkitt's cell line or signal
transcuclion assays on MCF7 cells using iuciferase reporter gene as described
below in the experimental pant.

As mentioned in the experimental part, the M171] mutated IFNg-2
possesses a cellular antiproliferative activity on Daudi Burkitl's cell line which is
lower than that of the natural wild-type IFNg-2.

As mentioned in the experimental part, the signal transdusclion
activalion in the breast carcinoma cell line MCF-7 measured in presence of the
M1711 mutated IFNu-2 is lower than that measured with the natural wild-type
IFNc-2.

A new campound of the Invenlion, such as previcusly defined,
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may possess a biological activity subsiantially similar to that of the M171I
mutated IFNe-2, 7.e. which is lower than that of the natural wild-type 1FN-2.

Said compound may alsc have a biclogical activity which is even
lower than thatl of the M171] mutated IFNg-2.

Said compound may be a biochemical compound, such as a
polypeptide or a peptide for example, or an organic chemical compound, such
as a synthetic peptide-mimetic for example,

The present invention also provides a new compound having a
cellular antiproliferative aclivity on Daudi Burkit's cell line at least 15 times
lower than that of the natural wild-type iFNe-2.

The present invention also provides a new compound having a
signal transductien capacity on MCF7 cells at least 10 times lower than that of
the natural wild-type IFNg-2.

The present invention also concerns the use of a poiypeplide of
the invention containing the M1711 SNP, for the identification of a compound
such as defined above.

The present invention also concerns & process for the
identification of a compound of the invention, comerising the following steps:

a) Defermining the biological activity, such as the cellular
antiproliferative activity on Daudi Burkitt's celi line or the signa! transduction
capacity,

b} Comparing the activity determined in step a) of the compound to be
tested, with the activity of the M171| mutated IFNg-2 gene product, and

) Determining on the basis of the comparison carried out in slep b)
whether the compound to be tested has a substantially similar or lower activity
compared to that of the M1711 mutated iFNo.2 gene product,

Preferably, the compound to be iested may be previously
identified from synthetic peptide combinatorial ibraries, high-throughput
screening, or designed by computer-aided drug design so as to have the same
three-dimensional structure and/or chemical effect as that of the M171 mutated

IFNw2 gene product. The methods to identify and design compounds are well
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known by a person skilled in the arn.

Fublications referring to these methods may be, for example:

- Sitverman R.B. (1982). "Organic Chemistry of Drug Design and Drug
Action". Academic Press, 1st edition (January 15, 1982).

- Anderson 5 and Chiplin J. (2002). "Structural gencmics; shaping the
fulure of drug design? Drug Discov. Teday, 7(2):105-107.

- Selick HE, Beresford AP, Tarbit MH. {2002). "The emerging importance
of predictive ADME simulation in drug discovery" Drug Discov. Today.
7(2):109-1186.

- Burbidge R, Trofter M, Buxton B, Holden S, (2001). "Drug design by
machine learning: support vector machines for pharmaceutical data analysis™.
Comput. Chem. 268{1): 5-14,

- Kauvar L.M. {1996). "Peplide mimetic drugs: a comment on progress and
preepects” 14(8); 709,

The compounds of the invention may be used for the preparation
of a madicament intended far the preventian or the treatment of one of the
diseases selected from the group cansisting of:

- cancers and tumars, such as carcinomas comprising metastasized
renal carcinomas, melanomas, lymphomas comprising follicular lymphomas,
leukemias comprising tricholeukocyte 'eukemia and chrenic myeloid leukemia,
cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid
tumors and tumors that appear following an immune deficiency comprising
Kaposl's sarcoma in the case of AIDS,

cardiovascular diseases,

metabolic diseases, such as non-immune associated diseases
comprising obesity,

infectious diseases, such as viral infections comprising  chronic
hepatitis B and C and HIV/AIDS, and infectious preumonias,

- diseases of the central nervous system, such as Alzheimer's
disease, Parkinson's disease, multiple sclerasis, schizophrenia and depression,

- immunoiogically and auto-immunclogically related diseases, such as
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the rejection of tissue or corgan grafts, allergies, asthma, pseriasis and
rneumatoid arhritis,

- healing of wounds,

- disorders connested with chemotherapy treatment,

- anemia in dialyzed patient,

- osteeporosis,

- gastreintestinal discrders, such as Crohn's disease and ulcerative
colitis, and

- venereal diseases, such as genital warts.

EXPERIMENTAL PART

Example 1: Modeling of a protein encoded by a polynucleotide of nucleotide

sequence containing_the 01023a SNP and of the protein encoded by the

nucleotide sequence of the reference wild-type gene

In a first step the threedimensional structure of 'FNe-2 was
construcled starting from that of human IFNw-2 whose structure is available in
the PDB database (cade 1ITF) using the software Modeler (M3I, San Diego,
CA).

The mature palypeptide fragment was then modified in such a
fashicn as to reproduce the mutation M148],

A thousand molecular minimization steps were conducted on this

mutated fragment by using the programs AMBER and DISCOVER (MSI:
Molecular Simulations Inc.).

Twa molecular dynamic calculation runs were then carried out with

the same program and the same force flelds.

In each case, 50,000 steps were caleulated at 300°K, terminated
by 300 equilibration steps.

The result of this modeling is visualized on Figures 1 and 2.

49



(112) Dooooooooo

Example 2. Prediction of the addressing of the protein encoded by a

polynucleotide of nucleotide sequence containing the c527a SNP and of the

protein encoded by the nucleotide seguence of the reference wild-type gene

The ci27a polymorphism involves an ABD polymarphism at the
level of the immature IFNo-2 protein. This position is focated on the signal
peptide comprising the first 23 amine acids of the immature protein. The signa!
peptide coﬁtrols lhe addressing of the protein and the intraceliular or
extracellular compartment where the mature protein will be expressed.

PSORT is a software available in the public domain that analyzes
the amino acid sequence of the immature protein and predicts in which
compartment the mature protein will be localized (Nakai K and Kanehisa M
(1892),

A knowledge base for predicting protein Incalization sites in
eukaryotic cells. Genomics 14, 887-911).

PSORT predicts that the ABD polymorphism changes the IFNo-2
localization at the cellular level. Indeed, it predicts that the wild-type mature
IFNa-2 protein is secrefed, meaning an extracellular localization, whereas the
D& rmutated IFNa-2 will be in the nuclear andfor the mitochondrial
compartments,

Even if the ABD mutant of IFNu-2 is probably not affected in its
structure and function in comparison to the wild-type protein, its activity will not

be feund where it normally would have been.

Example 3. Prediction of changes in IFNg.2 expression caused by the deletion

139-144del(acttta) in the polynuclectide seguence SEQ 1D N°1

The effects of the 138-144del{actita) deletion on putative binding
sites have been evaluated after a run in Match (Transfac). Although this
deletion is not located in the regulatory region common o all inlerferons, it
cancels three putative binding sites for transcription factors:

- the putative binding site for Msx-1 encompasses nucleotides 134 to
142 on the wild-type reference sequence 10 SEQ N°1. The effect of this deletion
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on this binding site cannot be estimated properly since this transcription factor is
not well known ard its function has been proposed to be related to limb
development but has nat been clearly identified (Hwang et al. (1988). Am. J.
Med. Genet. 75:418-423},

- the putative binding site for Oct-1 encompasses nucleotides 141 to
163 on the wild-type reference sequence 1D SEQ N°1. Although this binding site
is located al about 400 nucleotides upsiream of the transcription initiation site,
its deletion may have an important effect since the transcription factor that
recognizes this sits is invelved in different mechanisms of transcription initiation
in lymphocytes T and B (Uliman et al. (1981). Science. 254 558-567  Kemler et
al. (1989). EMBO J. 8:2001.2008 ; Kamps et al. {(1850). Mol Cell Bicl. 10:5454-
5472).

- the putative binding site for Hoxa3 encompasses nucleotides 143 ‘o
151 on the wild-type reference sequence 1D SEQ N°1. Hoxa3 ic a transcription
factor that is involved in the regulation of fetal thymic epithelial cells to pramote
thymocyte development (Su et al. (2001}. Dev. Biol, 236:316-329),

As a resull, the 139-144del(acttta) SNP may affect the normal

regulaticn of iIFN-2 expression.

Example 4. Genotyping of the SNPs t110c, 133Ba. t383c, £427t, c527a and
g1023a in a population of individuals

The genotyping of SNPs is based on the principle of the
minisequencing wherein the product is detecied by reading polarized
fluorescence. The technique consists of a fluorescent rminisequencing (FP-TDI
Technology or Fiuorescence Polarization Template-direct  Dye-terminator
Incorporation).

The minisequencing is performed on a product amplified by PCR
from gencmic ONA of each individual of the popuiation. The PCR product is
chosen in such a manner fhat it covers the genic region contzining the SNP {g
be genotyped. After elimination of the PCR primers that have not been used

and the dNTPs that have not been incorporated, the minisequencing is casried
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out.

The minisequencing consists of lengthening an oligonucleotide
primer, placed just upstream of the site of the SNP, by using a polymerase
enzyme and fluorolabeled didecxynuclectidas. The praduct resulting from this
lengthening process is directly analyzed by reading polarized fiuorescence.

All these steps, as well as the reading, are carried out in the same
PCR plate.

Thus, the genctyping requires 5 steps:

1) Amplification by PCR

2) Purification of the PCR product by enzymatic digestion

3) Elongation of the oligonucleatide primer

4) Reading polarized flucrescence

=) Interpretation of the reading

The genotyping steps 1 and 2 are carried ou in the same
conditions for each of the SNPs t110¢, 13383, t363¢ and ¢427t an the one hand
and each of the SNPs ¢527a, and g1023a on the other hand.

The steps 3, 4 and 5 are specific to each one of these
polymorphisms,

1) The PCR amplification of the nucleatide sequence of the [ENe 2 gene is
carried out starting from genomic DNA from 268 individuals of ethnically diverse
origins,

These genomic DNAs were provided by the Coriell Institute in the
United States.

The 268 individuals are distributed as follows:
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Phylogenic Populatian Specific Ethnic Population Total %
African American African American &0 100.0
Subtotal 50 18.7
Amerind Scuth American Andes 10 66.7
South West American Indians 5 333
Subtotal 15 5.6
Caribbean Caribbean : 10 100.0
Suhtotal 10 3.7
European Caucasoid North American Caucasian 78 798
Iberian 10 101
Halian 10 10.1
Subtotal 99 36.9
Mexican Mexican H 100.0
Subtotal 10 3.7
Northeast Asian Chinese ia 50.0
Japanese i0 50.0
Subtotal 20 7.5
Non-European Caucesoid Greek 8 218
inde-Pakislani 9 24.3
Middle-Easlern 70 541
Subtolal 27 13.8
Scoutheast Asian Pacific Islander 7 412
South Aslan 10 58.8
Subtotal 17 6.3
South American South American 10 100.0
Subtotal 10 3.7
Total 268 100

The genomic DNA coming from each one of these individuals

constitutes a sample.

For SNPs t110c, 1338a, 1363¢ and c427t, the PCR amplification is

carried out starting from the following primers:
Sense primer: GCCTCTTATGTACCCACAAA
Antisense primer; CACCAGTAAGCAAAGGTCA
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These nuciectide sequences permit amplification of a fragment of a
length of 535 nuclectides, nuclectide 3 to nuclectide 337, in the nucleotide
sequence SEQ ID N7 1.

For SNPs ¢527a, and g1023a, the PCR amplification is carried out
starting from the following primers:

Sense primer. CACCCATTTCAACCAGTCTA.
Antisense primer: AGCTGGCATACGAATCAAT

These nucleotide sequences permit amplification of a fragment of a
length of 855 nuclectides, nuciectide 470 to nucleatide 1124, in the nucleotide
sequence SEQ |D N® 1,

For each SNP, the PCR product will serve as a template for the
minisequencing

The total reaction volume of the PCR reacticn is 5 pl per sample.

This reaction volume is composed of the reagents indicated in the
following table;
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. Vel. per Final
i Reactant Initial Cone. :
Supplier Reference tube [ pl) | Cone.
if liv ith
Hie | Delveredwih | er 00 10 0.5 1
Technology Taq
i i d with
Life Deilivered wi MgSO, (M) & 0.2 5
Technology Taq )
AP Bictech | 27-2035-03 dNTPeg {mM) 10 0.1 02
Sense Primer
Cn request 10 0.1 0.2
(M)
Antisense
Onreguest ] 10 C.1 0.2
Primer {pM)
Life 11304-029 T {atinur S5U/ il 002 C.1 Ly
- a8 atnum . .
Technology i ap reaction
H20 Qsp 5 i 1.98
DNA
2.5 ng/ i 2 5 ng/
(sample) reaction
Total volume 5yl

These reagenis are disiributed in a black PCR plate having 384 wells
provided by ABGene (ref: TF-0384-k). The plate is sealed, centrifuged, then

placed in a thermoecycler for 384-well plates (Tetrad of MJ Research) and
undergoes the foliowing incubation: PCR Cycles: 1 min at 94° C, followed by 36
cycles composed of 3 steps (15 sec. at 94° C, 30 sec. al 56° C, 1 min at 68° C).

2} The PCR amplified product is then purified using two enzymes: Shrimp

Alkaline Phosphatase {SAP) apgd excnuclease | (Exo 1). The first of these
enzymes permits the dephosphorylation of the dNTPs which have not been

incorperated during the PCR amplification. whereas ihe second eliminates the

singie stranded DNA residues, in particular the primers which have not been
used during the PCR,

This digestion is done by addition, in each well of the PCR plate,
of a reactional mixture of 5 ! per sample.

This reactional mixture is composed of the following reagents;
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Supplier | Reference | Reactant | cane. ol, per
tube { ul} cone.
AF Bictech | ET70092X SAP 1TU 05 0.5/
‘ ’ reaction
i 1
AF Bictech | 0700732 Exof 10 U7t 0.1 reacion
AP Biotech | Supplied |Buffer SAP | 4q 03 ]
with SAP X)
Hz0 Qsp 5l 3.9
PCR
5yl
product
Total vol. 10 4l

Once filled, the plate is sealed, centrifuged, then placed in a
thermocycler for 384-well plates (Tetrad of MJ Research) and undergoes the
fallowing incubation: Digestion SAP-EXC: 45 min at 37° G, 15 min at 80° C.

The elongation or minisequencing step is then carried out on the
product of PCR digested by addition of a reactional mixture of 5 pl per prepared
sample.

The minisequencing 3) and the r=ading steps 4) and interpretation
of reading 5) are specific ta each SNP t110¢, 13383, t363c, c427t, ch27a, and
g1023a.

All these steps are described hereinafier outlining the specific
conditions uged for each one of these polymorphisms.

3) Minisequencing

The sequences of the two minisequencing primers necessary for
the genolyping were determined in a way to carrespond to the sequence of the
nucieclides located upstream of the site of 2 SNP according to the inventian,
The PCR product that contains the SNP being a double stranded DNA product,
the genolyping can therefore be done either on the sense strand or cn the
antisense strand. The selected primers are manufactured by Life Technolegies

Inc.
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The ‘ollowing table indicates, for each SNP, the sequence of the
miniseguencing primars that have been tested and the oplimal condition

retained far the genotyping:

SNP Primers tested Optimal condition retained
' for the genotyping
1110¢c Sense primer: taaltiaattittaattigtt antisense primer +
Antisense primer: {ctitttgetitetitatac ddATP-R110 + ddGTP-Tamra
t338a Sense primer: ctgaaaacccatgtaaagag Sense primer +
Antisense primer: tcititigctttctiiatac dTTP-R110 + ddATP-Tamra
| £383c Sense primer: aaagaaagcaadaagagaag | sense primer +
Antisense primer, atgceecigtgtiacttict ddTTP-R110 + ddCTP-Tamra
427t Sense primer: tcocciatttaaggetaggea sense primer +
Antisense primer: lictctgaagaccitgetit ddTTP-R110 + ddCTP-Tarmra
cd27a | Sense primer,; tacaatggoctigacctity antisense primer +
Antisense primer.ccaggagggecaccagiaaa | ddGTP-R110 + ddTTP-Tamra
g1023a | Sense primer: gtigtcagagcagaaatcal sense primer +
Antisense primer: gltgacaaagaaaaagatet | ddATP-R113 + ddGTP-Tamra

The minisequencing of the SNPs was firsl validated over 16
samples, then genotyped over the set of the population of individuals composed
of 268 individuals and 10 controls,

The elongation or minisequencing step is than carried out as

indicated in the following table:
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Initial Vol per Final
Supplier Reference Reactant conc., tube conc.
R
Cwn Elongation Buffer' 5 1 1
preparation (X
Life ) Miniseq Frimer { pM) 10 a5 1
Technologies ©n request A orzB
. ddNTPs ( pM) 25 0125
Bistech 27-2051 . 025 .
AP Blotes (61,71,81)-01 | 23renonlabeled | ofagaen of each
Nel 472/5 ddNTPs” ( pM)
NEN and Nel 2 are labeied with ofz;gch 025 o[f}.;a.?r?h
492/5 Tamra and R110
; 0.4 LY
AP Bictech E790002 Thermc-sequenase | 3.2 U/ pl 0.125 reaction
MO Qsp St 3.125
digested PCR "
product
Total velume 15 i’

1

The 5 X elongation buffer: is composed of 250 mM Tris-HC| pH 9, 250 mM

KCl 25 mM NaCl, 10 mM MgCl, and 40 % glycerol.

2

duNTPs : For the ddNTPs, a mixture of the 4 bases is carried out accarding to
the polymorphism studied. Only the 2 bases of interest (wild-type nucleolide {
mutaled nucleolide} composing the SNP are labeled, either in Tamra, or in
R110. For example:
For SNP ¢527a, the mixture of ddNTPs is composed of
2.5 pM of ddATP non labeled,
2.5 UM of ddCTP non-labeled,
25 pM of ddTTP (1.875uM of ddTTP non labeled and 0825 UM of 4ddTTP
Tamrz labeled),
2.5 UM of ddCTP (1.875 uM of ddGTP non labeled and 0625 LM of ddGTP
R110 labeled).
For SNP g1023a, the mixture of ddiTPs is composed of ;
2.5 uM of ddCTP non labeled,
2.5 pM of ddTTP nen-labeled,
2.5 pM of ddGTP (1.875 M of ddGTP non labeled and 0.625 uM of gdGTP
Tamra labeled),
2.5 M of ddATP {1875 pM of ddATP non lsbeled and 0,625 UM of ddATP
R110 labeled).
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Once filled, the plate is sealed, centrifuged, then placed in a
thermecycler for 384-well plates (Teltiad of MJ Research) and undergoes the
following incubation: Elengation cycles : 1 min. at 93° C, followed by 35 cycles
composed of 2 sieps (10 sec. at 83° C, 30 sec. at 55° C).

After the last step in the thermocycler, the plate is direclly placed
on a polarized fluorescence reader of type Analyst® HT of LJL Biosystems Inc.
The plate is read using Criterion Host® software by using two methods. The
first permits reading the Tamra labeled base by using emission and excitation
filters specific for this flucrophore (excitation 550-10 nm, emission 580-10 nm)
and the second permits reading the R110 labeled base by using the excitation
and emission filters specific for this fluorophore (excitation 490-10 nm, emission
520-10 nm). In the two cases, a dichroic double mirror (R*10/Tamra) is used
and the other reading parameters are:

Z-height: 1.5 mm

Attenuator: out

Integration time: 100,000 psec,
Raw data units: counts/sec
Switch polarization: by well

Plate seftling time: 0 msec
PMT setup: Smart Read (+), sensitivity 2
Dynamic polarizer: emission
Static polarizer: S
A Tile result is thus oblained containing the calculated values of
mP (milliPolarization) for the Tamra filter and that for the R110 filter, These mP
values are calculated starting from intensity values obtained on the parallel
plane {//) and on the perpendicular plane (1} according to the following farmula
MP =1000(/ - gL)/(/1 + g1).
In this calculation, the value L is weighled by a factor g. ltisa
machine parameter that must be determined experimentally beforehand.
4) and 5] Interpretation of the reading and determination of the genctypes.

The mP values are reported on a graph using Microsoft Inc, Excel

59



(122) Dooooooooo

software, and/or Allele Caller® software developed by LJL Biosystems Inc,

On the abscissa is indicated the mP value of the Tamra labsied
base, on the ordinate is indicated the mP vaiue of the R110 labeled base. A
strong mP value indicates that the base !abeled with ihis fluorophore is
incerporated and, conversely, a weak mP value reveals the absence of
incorporation of this base.

Up to three homogenous groups of nucleotide sequences having
different genotypes are obtained.

The use of the Allele Caller® software permits, once the
dentification of the different groups is carried out, direct extraction of the

genotype defined for each individual in table form,

Results of ihe minisequencing for the SNPs t110c, 1338a, 1363¢c, cd427t, ch27a,
and g1023a

After the completion of the genotyping process, the determination
of the genotypes of the individuals of the poputation of individuals for the SNPs
studied bere was carried out using the graphs described above.

For SNF 1110c, the genotype is in theory either homazygote TT, or
heterozygote TC, or homozygote CC in the tesied individuals. In reality, and as
shown below, the homozygote genotype CC is not detected in the population of
individuals.

For SNP 1338a, the genotype Is in theory either homczygote TT, or
heterczygole TA, or hemozygote AA n the tested individuals, In reality, and as
shown below, the homozygote genotype AA is not detested in the population of
individuals,

For SNP t363c, the genotype is in thecry either normozygote TT, or
heterozygote TC, or homozygote CC in the fested individuals. In reality, and as
shown below, the homozygote genotype CC is nol detected in the pepufation of
individuals.

For SNP c427t, the genotype is in thecry either homozygote CC,
or heterozygole CT, or homozygote TT in the tested individuals. In reality, and
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as shown below, the homozygote genotype TT is not detected in the population
of individuals.

For SNP ¢527a, the genotype is in theory either homozygote CC,
or heterozygote CA, or homozygote AA in the tested individuals, In reality, and
as shown below, the homozygote genotype AA is not delected in the population
of individuals.

For SNP g1023a, the genotype is in theory either homozygote GG,
or heterozygote GA, or homozygote AA in the tested individuals. In reality, and
as shown below, the homozygote genctype AA is not detected in the population
of individuals.

The results of the distribution of the determined genotypes in the
popu'ation of individuals and the calcuiation of the different allelic frequencies

for the 6 SNPs stucied are presented in the following tables:
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t110e
Phylogenic Populaticn Total i {95% Cl} TT % TC % CC % Total
African American 50 8.0 (2.7, 13.3} 42 846G 8 180 50
Armerind 15 15 100 15
Caribbean 10 10 100 10
European Caucasoid g9 1.0 (0, 2.4) 97 @80 2 20 o]
Mexican 10 0 100 10
Non-European Caucasoid 37 37 100 37
Northeast Asian 20 e 200 100 20
South American 10 50 0, 14.6) 9 80¢ 1t 100 10
Southeast Asian 17 17 100 17
Total 268 2.1 0.9, 3.3) 257 959 11 4.1 268

1338a
Phylogenic Population Total f 1 35% Cf) TT % TA % AA %% Total
African American a0 17.0 (9.4, 24.8) 31 660 16 34.0 47
Amering 15 15 160 15
Caribbean 10 5.0 (G, 14.6) g 806 1 100 10
Evropean Caucasoid 99 0.5 (0, 1.5) g6 950 1 10 98
Mexican i0 10 100 10
Mon-European Caucasoid 37 1.4 {0, 4.0} 3 973 1 27 3r
Norheast Asian 20 20 100 20
South American 1¢ 18 100 10
Southeast Asian 17 17 100 17
Total 268 2.6 {2.0, 5.2) 246 928 19 7.2 265

t363c
Phylogenic Population Total f (95% Cl) iT % TC % CC % Tfotal
African American 50 [43 100 48
Amerind 15 185 100 15
Caribbean i i0 100 10
Zurcpean Caucascid 99 0.5 (0, 1.5) 97 89.0 1 A0 38
Mexican 10 10 109 14
Non-European Caucasoid 37 36 100 36
Northeast Asian 20 20 100 20
South American 10 10 100 10
Southeast Astan i7 17100 17
Total 268 0.2 {0, 0.6) 263 996 1 0.4 264
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cd27t
Phylogenic Papulation Total f {95% CJ) CC % CT % TI % Total
African American 50 s0 100 50
Amering 15 15 100 15
Caribbean 10 10 100 10
European Caucasoid 893 99 700 g9
Mexican 10 0 100 10
Non-European Caucasaid 37 37 100 37
Northeast Asian 20 20 100 20
South American 1¢ 50 {0, 14.6) 9 8040 1 100 10
Southeast Aslan 17 17 100 17
Total 268 8.2 {0, 0.6) 267 99.6 1 04 268
c527a [A6D)
Phylogenic Population Total 7 (85% Cl) CC_ % CA % AA % Tolal
African American 50 50 100 50
Amerind 15 15 100 15
Caribbean 10 5.0 {0, 14.6) 8 800 1 1090 10
European Caucasoid 98 85 100 g5
Mexican 1¢ 10 100 10
Non-European Caucasoid 37 37 100 37
Mortheast Asian 20 2¢ 100 20
South American 10 10 100 10
Southeast Asjan 17 17 100 17
Total 268 0.2 {0, 0.6) 263 896 1 04 264
q1023a (M1711)
Phylogenic Population Total f {55% CJ) GG % GA % AA % Tatal
Aldrican American 50 50 100 50
Amerind 15 14 100 i4
Caribbean 10 5.0 {0, 14.6) g 800 1 100 10
European Caucasoid a8 87 160 87
Mexican 10 10 100 10
Non-European Caucasoid 37 37 100 37
Neortheast Asian 20 20 100 20
South American H 10 100 10
Southeast Asian 17 17 100 17
Total 268 a.2 {¢, 0.6) 264 996 1 04 2635
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In the above tables,
- Nrepresents the number of individuals,
- Y% represents the percentage of individuals in the specific sub-population,
- ihe alielic frequency represents the percentage of the mutated allels in the
specific sub-population,
85 % IC represents the minimal and maximal interval of confidence at 55 %,
It is necessary to epecify that, for example for the 5527a SNP that
nas been genotyped in antisense, the allele g read in antisense corresponds to
the allele c read in sense, and to the presence of a alanine at position & of the
amino acid sequence of the immature IFNa-2 protein and therefore that the
allele t read in antisense corresponds te the allele a read in sense
correspending to an aspartic acid for this position in the sequence of the
corresponding protein.
By examining these results by phylegenic population, and by SNP,
it is observed that:

- for BNP t110c, the 11 heterozyaote individuals TC come from the
phylogenic populations African-American, European Caucasoid, and
Scuth American in the population of individuals.

- for GNP 1338a, 19 heterozygote individuals TA are found, they come
frem the phylogenic populations African American, Caribbean, European
Caucasoid, Non-European Caucasoid in the population of individuals.
for SNP 1383c, the only heterozygote individual TC comes from the
phylogenic  population Eurcpean Caucasoid in the population of
individuals.

- for SNP c427t, the only heterozygole individual CT comes from the
phylogenic population South American in the population of individuals.
for SNP ¢527a, the only heterozygote individual CA comes from the
phylogenic popuiation Caribbean in the popuiation of individuals.
for SNP g1023a, the only helerozygole individual GA comes from the
phylogenic population Caribbean in the population of individuals.
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Example 5. Study of the biolegical function of mutated M1481 IFNg-2 compared

to that of natural wild-type IFNg-2

a} Cloning of the natural wild-ivpe 1FNg-2 and mutated (M148)) IFNo-2 in the

prokaryeotic expression vector pTro/His-topo

The nucleotide sequences coding for the natural wild-type and
mutated IFNe-2 protein are amplified by PCR,
The PCR primers permitting such an amplification are:
Sense primer; CACCCATTTCAACCAGTCTA
Antisense primer: AGCTGGCATACGAATCAAT
The PCR products are inserted in the prokaryotic expression
vector pTre/His-Tope under the controt of the Tre hybrid promoter, inducible by
IPTG (Ise-Propyl-Thic-Galactoside!, by TOPOTM-cfom‘ng (Invitrogen Corp.).
This vector pemnits the heterclogous expression of eukaryotic
proteins in the bacteria thanks 1o the presence of a mini-cistronic unit
The wild-type protein and the mutated protein are produced in the
form of fusion proteins carrying an N-terminal extension composed of a 8-histidine
tail and the epitope for a specific antibody.
It is possible 1o cleave this additional region by using the
Enterokinase endoprotease.
After checking of the nucleotide sequence of the region of the vector
coding for the recombinant preteins, the Top 10 strain of E. coli {Invitrogen) is

transformed with these recombinant expression vectors.

i2)_Heterologous expression in £, coli and purification of the natural wild-type

IFNo-2 and mutated M148| mutaied polyhistidine [FNg-2

Two saturated pre-cultures of 100 ml of LBA medium {Luria
Bertont + 100 pg/mL ampicillin) containing, respectively, a clone coding for wild-
type IFNo-2 or that coding for M148 IFNe-2, were carried out for 24 hours at
30°C at an agitation of 200 rotations per minute (rpm). After 24 hours of growth,
the cultures were used to inoculale, at 1/10, 900 ml of LBA medium

(preinculbated over-night at 37°C)
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When the second set of cultures reaches a cellular density
corresponding to an eptical densily of 0.8 measured at a wavelength of 60C nm,
the expression of the poly-hystidine proteins is then induced by the addition of
IPTG al a final concentration of 1 mM and the culture is kept for 5 hours at 30
°C with an agitation at 200 rpm.

The pellet of bacteria oblained after centrifugation at 4000 x g, 20
min, 4 °C, is resuspended in 25 mL of buffer A (Tris 56 mM, pH 8, NaCl 50 mM,
imidazole 10 mM, PMSF 0.1 mM pH 8).

A preincubation of 30 min in ice in the presence of 0.5 mg/ml of
lysozyme and 20 units of DNase I precedes a sonication carried out in three
steps with control of the temperature of the sample (a step delivered 240 Watt
per impulse of 10 sec with 10 sec stop, for 1 min). The cell suspension is then
clarified by centrifugation al 15,000 x g for 30 min at 4 °C.

The centrifugation supernatant is next fitered ¢n 0.22 micromeler-
filter,

The polyhistidine proteins present are then purified by HPLC on
HiTrap™ Nickel Affinity resin {Amersham Pharmacia Biotech) previously
equllibrated in 50 mM Tris, 300 mM NaCl pH 8.0 (Buffer 8). After copiously
washing the column with 1M NaCl in 50 mM Tris oH 8.0, the elution of the
proteins was induced by a linear gradient of imidazole with concentrations
ranging from 0.01 to 0.25 M in buffer B.

The presence of the palyhistidine protein in the collected fractions is
verified, on the one hand by SDS PAGE electrophoresis and on the cther hand by
immunodetection with the aid of a specific antibedy directed against the N-terminal
end of the fusion protein.

At this stage, the protein of interest is pure up 1o 80%.

The last step of the purification consists of a separation of the
proteins on an ion-exchange chromatography column.

The fractions containing the fusion prolein are injected on an anian-
exchange column (MiniQ PE 4.8/50, Pharmacia) that was praviously equilibrated

in bufter 50 mM Tris pH 8. The eluticn of the proteins is carried out by the passage
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of an NaCl gradient ranging from 0 to 500 mM, in buffer 50 mM Tris pH 8.

The purity of the protein of interest is estimated on the SDSIFAGE
gel and the protein concentrations were measured by BCA assay (bicinchoninic
acid and copper sulfate, Sigma).

The purified wild-type and mulated IFNg-2 proteins containing the
N-terminal polyhistidine end are used during the functional fasts that consist of
measurement of the antiproliferative activity of these twe forms o-f [FNe-2 on the

celi growth of the Daudi cell line.

¢} Evaluation of the capacity of natural wild-type and mutated M148] IFNe-2 to

induce the antiproliferation of the human iympheblasts of Daudi Burkit!'s cell line

These tests are carried out on two differeni types of IFNg-2,
namely. natural wild-type IFNo-2 and M148| IFNa-2. Cells (human Daudi
Burkitt's lymphoma cell line, hereinafter called "Daudi cells") cullivated
beforehand in a RPMI 1640 medium (supplemented with 10% fetal calf serum
and 2 mM of L-Gluiamine) are inocuiated in 96-well plates at the cellutar density
of 4.10* celis/ well.

!n cach weli, Daudi cells are placed in contact of increasing
concentrations of either natural wild-type or mutated IFNa-2,

Faor each of the wild-type and mutated IFNo-2, final concentrations of 0.003 pM o
600 nM are tested,

Eight different cultures, and therefore different measurements, are
carried out in parallel for both proteins and for each concentratisn,

The Daudi cells are then cultivated for 66 h al 37 °C under 5% Co..

After 88 h of growth the antiproliferative effect of each IFNo-2 is
determined by the number of living cells still prasenting mitochondrial
dehydrogenase activity. The activity of these dehydrogenases can be delected in
the presence of 12 mM MTT(incubated 4 h at 37 °C), by menitoring the optical
density at 550 nm corresponding fo the formation of formazan crystals derived

frorn cleaving the tetrazolium salt, MTT.

The anfiproliferative activity of the wild-type IFNa-2 or M148]
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mutated IFNo-2 is based on the measurements of the 1C50 corresponding to the
concentration of IFNa-2 inhibiting 50% of the cell growth.

The results obtained are iliustrated in Figure 3.

For each conceniration of wild-type and mutated {M148l) proteins,
the points represented on the graph are the mean of four measurements
performed on the four cultures made in paraliel for gach of the proteins and
concentrations.,

The average IC50 value measured for the wild-tyze IFNa-2 is 0.3,
whereas the average IC50 value measured for the mutated M1481 [FNo-2 is
5.0. Thus, the ratio corresponding ta the value of the ICS0 of the mutated
protetn over the value of the natural wild-type protein reaches 15.3.

This fest demonstrates that the cellular antiproliferative activity is
greatly decreased in the case of M148! mulated IFNg-2 by comparison with

wild-type IFNa-2.

d} Evaluation of the capacity of natural wild-type and mutated M148] IFNa-2 to

activate signal transduction in the breast carcinema cell line MCF-7

The interferons are known to act through signaling pathways
invelving the JAK {Janus Kinase) and the STAT (Signal Transducers and
Activators of Transcription) proteins. The binding of interferon 1o its receptor
induces phosphorylation of the JAK proteins which in turn activate by
phesphorylation the STAT proleins. Activaied STAT proteins transiocate to the
nucleus where they hind to interferon response elements on gene promoters,
whnich stimulates transcription of the respective genes. To study the signaling
pathways initiated by interferon, the reporter gene technigue was used. The
procedure ig described hejow.

The breast carcinema cells MCF-7 (ECACC) were seeded at a
density of 1.10* cells/well in 56-well plates in RPMI supplemented with 10%
fetal calf serum for 24 hours. Celis were then transfected for 6 hours with a
reporter gene construct (pISRE-Luc) coding for the Firefly Luciferase placed

under the central of the Interferon-Stimulated Response Element (Clontech)
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using Superfect {Qiagen) according to the manufacturer's instructions. Then,
culture media were changed and cells were incubated over-night in a CC,
incubater at 37°C after which they were stimulated with various doses of wild-
type or mutated IFNc-2 protein for 6 hours at 37°C. After stimulation, culture
media were discarded and replaced with 100ulAwell of Phosphale Buffered
Saline (PBS)1mM MgCl,. Luciferase activity was measured in a MicroBeta
counter {Perkin-Elmer} following addition of 1DD|.11{'W€”-Of the subslrate Luciite-
Flus {Packard).

Results are expressed as the percertage of maximal stimulation of
the Luciferase activily. The measurements were performed three times, and the
values given here represent the means of the triplicate determinations.

The ability of the wild-type IFNa-2 or mutated M148] IFNo-2 to
trigger the signal transduction cascades is based on the measurements of iheir
Efficacy Doses at 50% (EC50's) corresponding 1o their respective concentrations
stimulating 50% of the Luciferase activity (the maximal stimulation is considered
as being 100% activily).

The average EC50 value measured for the wild-type IFNg-2 is 12,33
pM.

The average EC50 value measured for the mutated M148! IFNa-2 is
122 pM.

Thus, the ratio corresponding to the EC50 value for the mutaled
protein over the EC50 value for the wild-type protein reaches 9.91 {with a
standard deviation of 3.4).

Consequently, this test demonstrates that the biologicai activity of
muiated M148] {FNa-2 is 10 times less than that of wild-type IFNo.-2 based on

its capacity o activate the interferon signaling pathway.
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4. Brief Description of Drawings

Figure 1 represents a model of the encoded protein according to

the invention coemprising the SNP M1481 and the natural wild-type IFNo-2
protein. ’

Figure 2 represents a close up of the mode! of the right part of
each one of the proteins represented in Figure 1,

The darker ribbon of Figure 1 represents the structure of the
natural wiid-type IFNa-2 pretein. The lighter ribbon of Figure 1 represents the
structure of the M148l mutated IFNo-2 protein.

Figure 3 represents the results of the test for measuring the
antiproliferative effect of a polypeptide of the invention and a polypeptide
enceded by the reference wild-type gene of human IFNa-Z, on the Daudi
Burkitt's cell line.

In this figure, the abscissas carrespond to the logarithm of the
protein cancentration in picemeles {pM) and the ordinates correspond to the
percentage of cell proliferation.

The antiproliferative effect of the wild-type IFNa-2 is represented

by triangles and the antipreliferative effect of the mutated IFNo-2 is represented

by ciicles.
EETA D B ESERIPHON O THE N VENTON —
Definitions /’///,

By "nuclectide sequence Wwild-type gene" is
undersiood the nuclegtide se g SEQ ID N 1 of the human gene.

faled a0 H 3
9 11834-and deseribedin-OlepadeOl—Bohlunder Sk—"Ma
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FIGURE 1
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FIGURE 2
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1. Abstract

The present inventicn relates to new polynuclectides deriving from
the nucleatide sequence of the IFNe-2 gene and éompﬂ&ng new SNP(s). The
present invention also concerns new polypeptides derived frem the natural wild-
type protein IFNo-2 and comprising a mutation caused by the SNP(s) of the
inventicn, The present invention is alsc directed to the therapeutic uses of said

new polynuclectides and polypeptides.
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