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BACKGROUND OF THE INVENTION
Field of the Invention.
The present invention relates to new polynucleotides deriving from the nucleotide
20 sequence of the erythropoietin gene (EPO) and comprising new SNPs, new polypeptides
derived from the natural erythropoietin protein and comprising mutations caused by these

SNPs as well as their therapeutic uses.

Related Art.

25 The erythropoietin gene, hereinafter referred to as EPO, is described in the publication
Jacobs K. et al. (1985) "Isolation and characterization of genomic and cDNA clones of
human erythropoietin"; Nature 313 (6005), 806-810.

The nucleotide sequence of this gene is accessible under accession number X02158
in the GenBank database.

30 The erythropoietin protein is known to act on proliferation, differentiation, and
maturation of progenitor cells of erythropoiesis. It determines their differentiation and
~maturation into erythrocytes. -

EPO is also known to act as autocrine factor on certain erythroleukemic cells and to

be a mitogen and a chemoattractant for endothelial cells.
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stinul ate activated and differentiated B-cells and to enhance B- Cell '

i mmunogl wboibz/esspreoduct i on and proliferation. EPO synthesi spifrpodijssst to a
conpl ex control circuit which I'inks kidney and bone narrow in a feedback

| oop. Synthesis depends on venous oxyge@n partial pressure and is 5

I ncreased un hypoxjc conditiaons. EPO production is influenced also by a
variety of o'?%‘e(? ls?;zﬁ%hqwrf Gyigpulateaehipated and @é&&éﬁ'@?ﬁdrﬁ:celﬂhmctnhmnﬁe,

rowt h henlni®Rfinoslobuli@ %b@di&fﬁdlﬁﬁ lifelatfio@nt rast, sever al cytok! nes such as
?L- 1, IL-6, andogleF- al E;;ha, reduce Eﬁo synthesis. In the cell, binding of

EPO to its rdd&pspmhesisircaubject 10 a canplet eameol(n‘ircpﬁn@hiaﬁeixmlblck&lﬂmglgna:[q)?,e -
the synthesis ;of, AL3S. | ycgrol, .- an increase in intracellular calcium
| evel &, Mo i o ek, o¥ T Siabesi gFpgadpian WSRQUS oxieem pamiak @respure and is
| nt r & elihdibaed phde BYPL1iB*SAdiAAdnand phosphol i pase C, the latter 15 inducing
fos and nyc oncogenes. Excess of EPOis known to |l ead to erythrocytosis.

This is accomFshpeslustionns iinfluenged alsorbybh cadety bf ot thanastsl faafofd, aGclp Wk pPut

. [ d I hypert ion. A
argni 1 iR B Bprmene et Rarmadn, 2B calesbetimagsoin oniest sereel her
f'idver se celokiet swh BNLEKIESS afd TE@QAIFKQ rga-ﬁlcg@@@%?ﬂ%giscer ebral enbolism

i.e. the sudden obliteration of a bl ood vessel clot or an extraneous

conpound t r ad’ Braeldbipgingred BROhtedits reteptordndisdtest ut es a seri ousfadver?‘e e
ef f rel ate P S | on, However, when the anount of synthesize
@t 6\%&19&5 o P?]f'ul{ln%éhQCSgE%lle&

EPO is too | as It is severe Kkidney insufficiencies,
anem as are ei}teesynobsiero\femcyfrgysemi,EPO is often adm’ ni st er ed to 25 patients
with severe kidney insufficiency, with hematocrit below 0:3, in particular
in dialysis -patMcEsdss In mracekdar qalpiemdeyats, conpl i cation in the treat nent

with EPOis h : WiG . §fseg in urea, potassium and phosphate
| evel s, an i n%:ﬁ?ggzgée)‘ﬁighn %F&g%%iu\rg%spcd@?y, an expansi on of thronbopoietic

progeni tor celdnsimnehseiincintratélngarpphésphéligase 342 ER@ b&sahéﬁbgg@b ,Og% pgki vat e

' | | owi ng the collection of autol ogous " donor
er yt1%r bR ugi%lg%bs aa}]d myc ogcogenes.

Excess of EPO is known to lead to erythrocytosis. This is accompanied by an increase
in blood. viscosity and cardiac output and may lead also to heart failure and pulmonary
hypertension. A significant reduction of platelets is also observed.

Thrombosis is another adverse effect of an excess of EPO.

20 . Pulmonary and cerebral embolism, i.e. the sudden obliteration of a blood vessel by a
clot or an extraneous compound transported by the blood, al.so constitutes a serious adverse
effect related to EPO consumption.

However, when the amount of synthesized EPO is too low as it is in the case of severe
kidney insufficiencies, anemias are often observed. Thus, EPO is often administered to

25 patients with severe kidney insufficiency, with hematocrit below 0.3, in particular in dialysis
patients.

The most important complication in the treatment with EPO is hypertony, the
increases in urea, potassium, and phosphate levels, an increase in blood viscosity, an
expansion of thrombopoietic progenitor cells and circulating platelets.

30 EPO is also used to activate erythropoiesis, allowing the collection of autologous

“donor blood.



3 0 DEC 2005 WO 02/085940 PCT/ EPO2/04331 3 Moreover, EPO use hgﬁ Dg s
suggested al so for non-renal fornms of anem a induced, for exanpl $
chroni ¢ wo exdssews, inflanmatory processes, radiation thempgnyerodgsssi
cytostatic drug treatnment. To a certain extent EPOis also a stinulating
factor of negakaryocytopoiesis. The 3 activity of EPOis synergized by

| L-4. EPO seens to possess neuroprotective capabilities since it has been
deronst r at edMbteaver, EPO prediasdtesn neggested sd@ajonsionaeaid] foess &f zirnﬂli@ﬁdiubéfd

i schem reduci n free radicals production and by reducing
oxi dat |f§& 75“8’?‘23%3’%‘?@&‘9 é“f%?‘IOYI ‘?WaRIOIE%éeSEﬁé'%j@ﬁéhe@py rARg oY togtatip

di ffer efMig (HestRAndi sorders and/or 10 di seases, such as different cancers

i ke carC| nonas, nel anonas, nyenomas, tunors, |eukem a, and cancers of the

I iver, neck Tmea:drtamnd(tWKcE@ss atsar aisimakting dactoi 6£ asgakHUcIVt@DidefsaThe
di seases such as those not related to the i mMmune system

; t
I i kgé gtfég?'ﬁgopﬁ#ﬁfseﬁﬂe%?dd? ¥ in particular viral infections such as
Hepatitis B,EpteRadmd ﬂo%o%es@ﬂéhr@ﬂn@§:c ”@mﬁm Qsintd ﬁq{agg;leé/rfe%&m)ﬂshht%d kNt ral

nervous system di seases such as | sease I zophrenia, and
depr essERM pnvtp@s SuIMS GIggast gclhfdeatheqnémmoby ischemiis pretadbiyn gy radm:ﬁngafree

al l ergy mul tiple scl.erosi. 0Sf eopQr0si s; psoriasis; rheumatoid
arthri tIL"%’m’?l @Hc%c’n %ﬂdgt@'a? “mﬁﬁt%l%ﬁéuﬁqsse@[&%s and di sorders; genital or
venereal warft§s kgawh! @an RS EPtRlgendiis MY I@Q%féibﬁtohﬁ'xﬂﬁr? é’dr@ér?%

treatnments by chenot herapy. The |nvent ors have found new poqv pept i de and
newl @oldiseasssepichde da’fmﬁtrﬂganems hkﬂacar@moxﬁﬁ’gngadmmmpaiybbnmk ﬂuamlrsn teukemia,

di fferent functl fro he, nat.u W | d-t PO protein.. These new
pol ypeptf @O [IE JH{%&I Ut 3?8%“ A ﬁgP%I faiﬁég‘@éggaft SEFISé%uS“QIlr afprbéaﬁént
the di SRSEr He@bolil ARBERS sHEIR s AHSdeY ndERIAEN RS (RS dmie Cydlen ke R &gf t he
di sadvant ages, Wwhich are tied to-them 25 BRI EF SUMVARY"OF THE I

The i nvafeciieis disessessin pastieylprsyiral hipfectionsenclpes FepatitioB] Hematitisa?, add fAIBS; f r om

t he I e refer encs PO at the

conpr | e Gahir R B TR SR & AR SR e e D e AP Emer S e, Y
nuct @Otmhheoﬂﬁ'qnue,nﬁm SE@ehiibrNlesile adr bl'(}@ n et NrefeRti6f; ROANnAY hgalingp%néﬁ)@ gene
30 is conposed of 3398 nucl eotjdes and conprises a ‘codi n sequence of 2149

nucl eotdlgesy; asthsi ‘HHI&‘P@O?‘EI‘%F@S’G:lBSIFQE‘&PQIS’CB%II‘}‘S% sheumateid cardsitisd £rotme g
(stop GRAQY - aulithinle E%fosﬁé mgopﬂgfﬁgs réenﬁthllv Or %%@&aww&& pg%?trox}xt%s faafn the

nucl eot1 de Sequence are t
disorders; and disorders related to treatments by chemotherapy

The inventors have found new polypeptide and new polynucleotide analogs to the

20 EPO gene capable of having a different functionality from the natural wild-type EPO protein.
These new polypeptides and polynucleotides can notably be used to treat or prevent

the disorders or diseases previously mentioned and avoid all or part of the disadvantages,

which are tied to them.

25 BRIEF SUMMARY OF THE INVENTION
The invention has as its first object new polynucleotides that differ from the
nucleotide sequence of the reference wild-type EPO gene, in that they comprise one or
several SNPs (Single Nucleotide Polymorphism).
The nucleotide sequence SEQ ID NO. 1 of the human reference wild-type EPO gene
30 1s composed of 3398 nucleotides and comprises a coding sequence of 2149 nucleotides, from
nucleotide 615 (start codon) to the nucleotide 2763 (stop codon).

The EPO gene is composed of five exons whose positions on the nucleotide sequence
SEQ ID NO. 1 are the following:



30DEC2005 WD 02/ 085940 PCT/ EP02/ 04331 4 Exon 1: from nucl eoti djegﬁ??m%
nucl eotide 627 (conprises the start codon at position 615). Exon 2:

nucl eot i ¥€0 0248859400 nucl eoti de 1339. Exon 3: from nucl eot i per/ib&ssn
nucleoti de 1682. 5 Exon 4: from nucl eotide 2294 to nucl eotide 2473. Exon 5:
from nucl eotide 2608 to nucl eotide 33%/ (conprises the stop codon at
position 2763). The applicant has identified 12 SNPs in the nucl eot |‘de
sequence of E¥m hdremanekeotide 397 to pecl&mided@idcombprisesabestin cONBIs aBpesitidie
foll ow &g, 465- 486 (deletion), c577t, g602c, c1288t, c1347t, t1607c,
gl644a, §2228a, g2357a, c2502t, c2621g, g2634a. It is understood, in the

sense of theExvnexeftbmi ni¢kiotiden194 tatucldagid@ysperi ng corresponding to the )
positioning of the SNP previously defined is relative to the nunbering of

the nucl eot i Bionsk diramaucisptala M nucleatident®2l etters a, t, ¢, and g
corrgspond rr@,:stp_e 1 . i,frogeno ses adenine, thym ne, .
cyt ogi ne an guaﬁﬁoﬁhﬁé&féer Itgf’PgF&b%ﬁ‘Qgponds to the wld-type

nucl eoti de, Mivar sagronhecRstidt S608M o HRNERRIRONYY t&rﬁﬂ?ﬁeéﬂeﬂ@ts@ ﬁwdnes?t“ de.
Thus, for,_exa%)l e, the SNP gl644a corresponds to a mutation of the

nucl eotRe§iiog 2763). (guani ne) at position 1644 of the nucl eotide sequence SEQ

i-|-d EP j. 0t leotide a .
(adeni ne) . 8 BRB-RERE BIRE: 18 ¥RR5 e Aol Sehett Sfbeaelmienvit cn
the 22 wppeEPOlged&s from positions 465 to 486 of the nucl eotide sequence

SE 6D NO. I_of the reference wild-type EPO gene have been del eted. These
SNSL have eadi§shddmNiscaeithe dellawingriosadifi (dedaton)<iSAdt, 2662¢)atl @8t nh347(nln OI25
roces CLi | j t) a appli,cati on FR 00 22894, entitle
'F')Pr oce?é&?gf éitfﬁgg’ %iggg?%iﬁg??,oc%%%ﬁ %)fn\t%tl%’rg%gééér al functional

pol ynor phi srif sip imddriteodiuch ki sinse esflieRe eprefend inRERFR], SHAEGhE %IB&&%‘
candi date gene and its a,P_ij cations' and filed Decenber 6, 2000, cited
her e bf%imagmﬁéf)é% Regtioning of the SNE preevsly dafined istrckatipete the mymberingt i on

Per ! SRR hagricsEmae (o1, 30 several) preedsting S o ot
of the presdlite letterary, itpo, amd froagreepuindaksgdetivelyab ahé infteo LAGUEBERs Aflerdie
thymine, cytosine and guanine. ' _
The first letter corresponds to the wild-type nucleotide, whereas the last letter
corresponds to the mutated nucleotide.
Thus, for example, the SNP gl644a corresponds to a mutation of the nucleotide g
20 (guanine) at position 1644 of the nucleotide sequence SEQ ID NO. 1 of the reference wild-.
type EPO gene into a nucleotide a (adenine). The SNP 465-486 (deletion) corresponds to a
mutation in which the 22 nucleotides from positions 465 to 486 of the nucleotide sequence
SEQ ID NO. 1 of the reference wild-type EPO gene have been deleted.
These SNPs have each been identified by the applicant using thé determination
25 process described in applicant’s patent application FR 00 22894, entitled "Process for the
determination of one or several functional polymorphism(s) in the nucleotide sequence of a
preselected functional candidate gene and its applications” and filed December 6, 2000, cited
here by way of reference.
The process described in this patent application permits the identification of one (or
30 several) preexisting SNP(s) in at least one individual from a random population of )
individuals. |
In the scope of the present invention, a fragment of the nucleotide sequence of the

EPO gene, comprising, for example, the coding sequence, was isolated from different



EPO gene, conprising, for exanple, the coding sequence, was i soljg®d Miom
di fferent 30 DEC 2005 WO 02/ 085940 PCT/ EP02/04331 5 individuals in a

. popul at i WO @fossdi vi dual s chosen in a random rmanner. SequerCIVER)2/0§331 hese
fragments was then carried out on certain of these sanples having a

het erodupl ex profile (that is a profilge. different fromthat of the
reference wild-type EPO gene sequence) after analysis by DHPLC

(" Denatindividralsiigh pepulhtomafimdiidenls chosén fohr amdorognapey” ) . The fragnent
sequenced in_this way was then conpared to the, nucl eotide sequence of the

fra%rrent of Yaquencnsof fbesenfrpgmeRts vaspthensgiethQut RB SsKipY Pﬁq%ﬁfsam%y X
Wt tr}?av%dgne}’ ﬁ&[e}og{??l'eg%%jjl%:(gﬂé rssﬁgxﬁyﬁtl%gﬁfe%ﬁa’roﬁ ?%%?%ﬂef&%e%@ltﬁfc them

is present Jin certain indi opul at1 on.

r ef er ernfRO vednd- segpendePQfge nmatysteby f DHPAR i('TPataturmgptighe Perfafinah®8 lagnido
acidg, _correspondjng to the am no acid sequence SEQ ID NO. 2, that will be
conver t eomstogr e protein of 166 am no acids, by cleavage of the

si gnal pepti j -oful ! b ds. : t44r e of
t he natural ﬁ\ﬁ %%?{’/%dé@E %qgfdo{ngﬁlr? d(l:%yrsr%'?slztzl g@e? og?reﬁgdl) ?%e%u%éﬁgﬁigsdeak?ﬁ%,d{ C,
and D. tfhadragment af the refetence vaid-§p© EROdeex add vthe ISNPeirERG foptigptath the

i ndi cates that. .onl]y. the three helices A, C -and D are involved in EPO

bi ndi ng™¥¢eniidentifisdent or (Syed et al.  (1998). Efficiency of signaling

t hrough cyt ofgi,ne i & | s s FoLl
R L S R T T R R AL

act 10e world pomlationEPO denonstrates that changes in amino acids situated, in
helix B have_.a li.mted effect n EPO act.i vi t. liott et al. (1997)..

Vappi ng of & HaF EeCarpire vd-brsrER Bemeadin for n manue e By op dineAdide.  so:
493- 502 grrebdhdirg @ the bh%Rfdcid BEYHeREOBPQED ROSL! tat Wik bk UBR¥ErRA to a mature

rel ati onships. Identification of functionally 1 nportant domains. J. Biol.

Chem 2@otedpeftes anmuaayridspby Elsavegsfofithesignalipsptidnihat tcludae therfirstd 7 amino
nanmel y: 09%5644& g2357a, c2621 g, causes nodifications, at the |level of the
am no aci d sequence, of the protein encoded by the nucleotide sequence of

t he1EPO geneThd afurdBditel radirhORHd-itypel EFO proteia cofipsisecauehelRest Aleing B,
foll owi ng: The coding SNP gl644a causes a mutation of the anino acid

aspar 16> & B Ty cryetal Soucgisiof ERO vomplexedheith s EBDeeptmseicnAicales tHEORPO
gene, e SRR £ 10 B0t BBk O oo 438303201 o
(1998). Efficiency of signaling through cytokine receptors depends critically on receptor
orientation. Nature 395:511-516). In addition, site directed mutagenesis studying the active
20 site of EPO demonstrates that changes in amino acids situated in helix B have a limited effect
on EPO activity (Eliott et al. (1997). Mapping of the active site of recombinant human
erythropoietin. Blood. 89: 493-502 ; Wen et al. (1994). Erythropoietin structure-function
relationships. Identification of functionally important domains. J. Biol. Chem. 269:22839-
22846). |
25 Each of the coding SNPs of the invention, namely: gl644a, g2357a, c2621g, causes
modifications, at the level of the amino acid sequence, of the protein encoded by the
nucleotide sequence of the EPO gene.
These modifications in the amino acid sequence are the following:
The coding SNP gl644a causes a mutation of the amino acid aspartic acid (D) at
30 position 70 in the immature protein of the EPO gene, corresponding to the amino acid
| sequence SEQ ID NO. 2, in asparagine (N) and at position 43 of the mature protein. In the
description of the present invention, one will call the mutation encoded by this SNP D43N or

D70N according to whether one refers to the mature protein or to the immature protein



description of the present invention, one will call the nutation f&ﬁopm by
this SNP D43N or D70ON according to whether one refers to the nat 2 5,
protein WO 0x8sdw® i mmature protein 3 0 DEC 2005 WO 02/ 085840EP02/04331

PCT/ EP02/ 04331 6 respectively. The coding SNP g2357a causes a nutation of
the am no acid glycine (G at positiorg 104 in the immature protein of the
EPO gene, corresponding to the am no acid sequence SEQ ID NO 2, in serine
(S) andrespecpesytion 77 of the mature protein. In the description of the 5

present inveption, ope.w/lJ._call the nutati encoded. by this_SNP G/7S or
GL04S accor df HcoRRe &ﬁ&#@rﬂﬁﬁé"ﬁcéﬁé?%ta'ﬂg‘ Pﬁ&'er?é?‘ﬂ?éc’ﬂrﬁb"épﬁ (6) at ppsitipn .

i mmat ur ﬁ)mh%@jnﬁ‘mﬁtﬁ%ﬁ(@ﬁséif{ 8f the BRI g&%g E&Qesﬁbﬁdiﬁ% ¢ thehnfAb 363 ¢ 91%%1&%9%#3@4‘ hgf

the ami no acid serine at position 14771 n the I nmature pro

EPO gen® Nébrd, au senui 69 el sthposatiomd7 a€ite smature peateiBEQ theDd@doripon of the
cystgine (QC).and.at posi.tion 120 of. the nptuyre pr in_In the description
of e Freten! iSERiS, ABE Rt Al Briufation cashded v RuE 7S HgS asgordites S
S120C Qb whefleroné FTEditH the hRuSORST 0PRAnE fhBhRrd rotein or to
the i muature p?ote_i n resrfect iuvely. T(I)Ie codlﬁ;r'lg Slr\ngmréé}lgﬁé}g%&é%%E?a, and
c2621 g, caube easing SOE 2634 gafausdsen sptationlof therfrineratidaseriaé (Shat position

I ' ' f 1t i, t ' tion,, d.to t. I tid
P eoRer R T GRSt otie P Bene FarEespppdine U e grins avidgesirore SRR | 15
These MBING. oaii QREISACHMARTBLNEH 10 of AEhib BRAin T RE WeakipiBHBF R0

[T k erson ski e IR

according to nmethods that are well known to a p e art,
maklGg Rrgsenbinvention, ops aithcal] thehrputatiotebnaeded by tlss SNPrRI2OC( drf148€anpording

SEQFCOL I honol for . exanple ER/MSI), nminimzatjon of the
fo?ge IRI{) g/ﬁf}%{ §pe 5{%%? e IRRUERIBRIN O (g jmiature é‘ﬁ&e/‘%Fes%thé’G ar dynanics
(for exanpl eTheCfdﬂiﬁ@SNPSZQII(‘J/ﬁ&a,”EiﬁS’aPBn@H%Ql"%’@ﬁﬂxs% ﬁB&ifﬁhﬁf&% @P(hggs@a ijer in

the experinental *section. |/ Conputational nolecular nodeling in tes
t hat t Henfarmatipe rofDAIEN potypepedesmin anonfbrmityumithpthe enventionotaresared sor thet ur al

nodi fi ion,: | gcat bet ween lix ,A and heli of the EPO
pr ot ei ﬁ’aotl seg%g% Fécg’ge(ggg gl}el £ Cl?ec?g]gf ﬁeq“ﬁ'écescffjrqﬁ% YVE'P'etyB? re?ﬂﬁ“qeoﬁ%g B
cont&cting Hedse emotifitatlon? dant be BRENRAOLYI Romputditnal’ Solouldd RiRiihe 1133
am no acids, 25 Those residues are |located in front of the nutated ani no

aci d NAScogingcle mefnedsnihebereowell knowp daeenpripsaskiliafeinsthe rart, ivdking waesfRES
vt vk e B, ' B G o sPROIAG AL o, L1,
conser \axdmiple, VIODEBXERMSB) ogniesization of whed féroe nficld| (forbexstapls, WISGOVER,
Do B BRI L SR e T et S 50 foroerved 11 PO
thrzg- di MensEQfilecOrtueh ARIdERMArd £i98A hereinafter in the experimental section.
" 1/ Computational molecular modeling indicates that the mutation D43N on the
mutated mature protein involves a structural modification of the loop located between helix A
and helix B of the EPO protein, as well as a variation in the structure of the long loop
connecting helices C and D of the EPO protein in the area from P129 to 1133 amino acids.
25 Those residues are located in front of the mutated amino acid N43. Since this mutation is
located near the short helix F48-R53 involved in the binding to the EPO receptor, it may have
an effect on the interaction of the EPO protein with its receptor. The D43 residue is highly
conserved in all EPO orthologues. It could form salt bridges with positively charged residues
(K45, R131), which are also conserved in EPO orthologues. _
30 Thus, the mutated protein possesses a different three-dimensional conformation from
the natural wild-type EPO protein encoded by the wild-type EPO gene.
Computational molecular modeling also predicts that the presence of the asparagine

amino acid at position 43 involves a significant modification of the structure and of the



the natural wild-type EPO protein encoded by the wild-type EPO gengp DEC 2005
Conput ati onal nol ecul ar nodel ing al so predicts that the presence of the

- aspar agi WO 0208590 aci d at position 43 involves a significRaI/ErRSdio#iscat i on
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20 Computational molecular modeling also predicts that the presence of the cysteine
amino acid at position 120 involves a significant modification of the structure and of the
function of the natural wild-type EPO protein.

Other SNPs in conformity with the invention, namely: 465-486 (deletion), ¢577t,
g602c, c1288t, c1347t, t1607c, g2228a, c2502t, g2634a, do not involve modification of the

25 protein encoded by the nucleotide sequence of the EPO gene at the level of the amino acid
sequence SEQ ID NO. 2. (

The SNPs c1288t, t1607c, g2634a are silent and the SNPs 465-486 (deletion), ¢577t,
g602c, c1347t, g2228a, ¢2502t are non-coding.
Genotyping of the polynucleotides in conformity with the invention can be carried out

30 in such a fashion as to determine the allelic frequency of these polynucleotides in a

population. Two examples of genotyping are given, hereinafter in the experimental part, for
the SNPs g1644a and c2621g.
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prevention and the treatment of certain human disorders and/or diseases.
Such molecules are particularly useful to prevent or to treat anemia, in
20 particular in patients under dialysis in renal insufficiency, as well as anemia resulting from
chronic infections, inflammatory processes, radiotherapies, chemotherapies, as well as to
prevent brain injury.
Such molecules are even more particularly useful to increase the production .-
of autologous blood, notably in patients participating in a differed autologous blood

25  collection program to avoid the use of blood from an other person.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1A represents the modeling of the encoded protein according to the
invention comprising the SNP D70N and the natural wild-type erythropoietin. Figure 1B
30  represents the modeling of the right part of the mutated and wild-type proteins.
In Figures 1A and 1B, the black ribbon represents the structure of the natural
wild-type erythropoietin and the white ribbon represents the structure of the mutated

erythropoietin (D70N).
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results from two independent experiments, respectively.

Figure 5 represents the effect of purified G104S mutated erythropoietin and
purified wild-type erythropoietin on proliferation of cells from 32 D murine cell line stably
transfected with human erythropoietin receptor. Figures SA and 5B represent the results from

20 two independent experiments, respectively. _

Figure 6 represents the erythroid colony formation after stimulation by G104S
mutated erythropoietin (white triangles) or wild-type erythropoietin (black squares).

Figure 7 represents the binding capacity of G104S mutated erythropoietin
(circles) and wild-type erythropoietin (stars) to the external part of human EPO receptor. The

25 data obtained with two concentratior}g of erythropoietin are represented: 7.5 nM in white, and

15 nM in black.
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20  unusual bases such as inosine.

"Polypeptide" is understood as a peptide, an ohgopeptxde, an oligomer or a protein
comprising at least two amino acids joined to each other by a normal or modified peptide
bond, such as in the cases of the isosteric peptides, for example.

A polypeptide can be composed of amino acids other than the 20 amino acids defined

25 by the genetic code. A polypeptide can equally be composed of amino acids modified by
natural processes, such as post-trar;slational maturation processes or by chemical processes,
which are well known to a person skilled in the art. Such modifications are fully detailed in
the literature. These modifications can appear anywhere in the polypeptide: in the peptide
skeleton, in the amino acid chain or even at the carboxy- or amino-terminal ends.

30 A polypeptide can be branched following an ubiquitination or be cyclic with or
without branching, This type of modification can be the result of natural or synthetic post-

translational processes that are well known to a person skilled in the art.
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20 acid sequence but whose glycosylation level has been increased.

"Isolated polynucleotide” or "isolated polypeptide” is understood as a polynucleotide
or a polypeptide such as previously defined which is isolated from the human body or
otherwise produced by a technical process.

"Identity” is understood as the measurement of nucleotide or polypeptide sequences

25 identity. Identity is a term well known to a person skilled in the art and well described in the
literature. See COMPUTATIONAIj MOLECULAR BIOLOGY, Lesk, A.M., Ed., Oxford
University Press, New York, 1998; BIOCOMPUTING INFORMATICS AND GENOME
PROIJECT, Smith, D.W., Ed., Academic Press, New York, 1993; COMPUTER ANALYSIS
OF SEQUENCE DATA, PART I, Griffin, AM. and Griffin H.G., Ed, Humana Press, New

30 Jersey, 1994; et SEQUENCE ANALYSIS IN MOLECULAR BIOLOGY, von Heinje, G.,
~Academic Press, 1987. _

The methods commonly employed to determine the identity and the similarity

between two sequences are equally well described in the literature. See GUIDE TO HUGE



COMPUTER, Martin J. Bishop, Ed, Academ c Press, San Di ego, 1994, ?@@ECZBDB
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in the amno acid sequence encoded by this nucleotide sequence.
2005 em%g@g@c@@ylmgq thg mggleotide sequence SEQ ID NO. 1 comprising at least one

of the SNPs of the invention.

20 Similarly, usually a polypeptide according to the invention possesses the same or
practically the same biological activity as the amino acid sequence SEQ ID NO. 2 comprising
at Jeast one of the coding SNPs of the invention.

A vanant, according to the invention, can be obtained, for example, by site-directed .
mutagenesis or by direct synthesis.

25 | "SNP" is understood as any natural variation of a base in a nucleotide sequence. A
SNP on a nucleotide sequence can be coding, silent or non-coding.

A coding SNP is a polymorphism included in the coding sequence of a nucleotide
sequence that involves a modification of an amino acid in the sequence of amino acids
encoded by this nucleotide sequence. In this case, the term SNP applies equally, by extension,

30 to a mutation in an amino acid sequence.

A silent SNP is a polymorphism included in the coding sequence of a nucleotide
sequence that does not involve a modification of an amino acid in the amino acid sequence

encoded by this nucleotide sequence.



13 A non-coding SNP is a pol ynorphi smincluded in the non-codi ng}ﬁfﬁuﬁﬁ'ﬂ%e
of a. nucl eotide sequence. This pol ynor phi sm can notably be found’Fr*a

- intron, wWOos@osgd4ng zone, a transcription pronoter or an eglraProgosssite
sequence. "Functional SNP" is understood as a SNP, such as previously
defined, which is 5 included in a nugheotide sequence or an am no acid
sequence, having a functionality. "Functionality" is understood as the

bi ol ogi cal aAtriontaodingf SNPpis| y pofsmatphism ofchaled pol Yheusineatdinge seqiieace of a.

functionality of a po eptide or of a | ypucl eqt.i de ,accordipg to the
inventi%‘eohéﬁseﬁ?&q%sﬁxgry%i‘“e%g’ép\/%ﬁ’iWﬁa,%liﬁe g‘ﬁ’é‘ ReRIRE, 25PHEREEPRGA or a
Suppr esgdn@étipionphémSlePbPS EHancek@itdséduehts/ Of the pol ypeptide encoded by

t he nucl eotide sequence of the wild-type reference gene or of this latter

nucl eoti de s&ynetivnel SNEE fsunedersed ias 2 SNPa speh wpapevioudy afefinkd,awhich is

pol yaucl eot,i de accprdiing to the invention can equally consist. in a change
in tﬁe lﬂ(glfl %’Jeréglgéifn%t% %8g 7 T BGPeas” %cﬁ"?lg?ff/’g&fsq'{cﬁ‘gc’ I"Wé‘p@%‘éo“.ab}'}'coded by the
nucl eoti de s¥gnaivmaligh ffsh@)de@it&_fcﬁ%%é’\ﬂb!i&ip%i}éﬂea@m of aOﬁol&%egﬁdkaértSf‘ a 15
nucl eoti de sequence. The biological activity can, notably, 't nked to the

af fini tBﬂlm‘lcleéti@%e absence of affinity of a polypeptide according to the

i nvention w P cl eotides. . -2Q Th resent ipvention has

for its first o Fgetg({%%gﬁp{)gglpgi%g& E‘io‘ﬁ é/)rn?fg? ESWngle%tbqe?p%cgf(ﬁlbg. toaghednhﬂ’glpgoti de

sequenaen endistdn atcohsasdtioB) ataugindiitation, apediceivoabl ¥ sappresasit ofMle Kioldgent i ty,
pr ef er abl | east, 95 % identity and still nore preferably at | east

t
5 99 i KLY t°§¥%aP?iYP?féld§eﬂweﬁ@ebsﬁa§ Peslagtide) segpencesofcibai wild-S@gusfreanceof
the nu e§9tol'Qﬁh@%tter%%cfe@ﬁd@%h@x%‘ de 2763), it being understood that this

nucl eot de sequence conprises at 25 |east one of the follow ng coding
SNPs: gl1644&Theg8&8¥mality2624 pglypeptide) orofhal pblyntéldetidecapcerding wothglinvantoary to
a nucl eot i deb@)‘egljence under ent invention relates equally to

.. . h |
2| Sl D AP BT dbih Heng8 i e FAREE & TionwolRERGENED SLdRRPEEGH D

NO. | Qinchded 69Hh8ImRRMHABCSqurdcebSE Gk rgfgftﬁE§F&9@.qu§ag%rﬁa§g cg‘Nggm%geé sda.

sequences conprises at |east one of the ow ng cadi
92357 a, nuekefidesequends) a nucl eoti de sequence conplementary to a nucl eoti de

. /[ / / 31.14
B ot oranl v, Tircosel AP 6% G TR 5, TEHERGY 1 b P ebEBE K ce

SEQ | D affinity of a polypeptide according to the invention with a receptor.

Polynucleotides.
20 The present invention has for its first object an isolated polynucleotide comprising:
a) a nucleotide sequence having at least 80 % identity, preferably at least 90 %
identity, more preferably at least 95 % identity and still more preferably at least 99 %
identity with the sequence SEQ ID NO. 1 or its coding sequence (of the nucleotide 615
to the nucleotide 2763), it being understood that this nucleotide sequence comprises at
25 least one of the following coding SNPs: gl644a, g2357a, c2621g, or
b) a nucleotide sequence ;omplcmentmy to a nucleotide sequence under a).
The present invention relates equally to an isolated polynucleotide comprising:
a) the nucleotide sequence SEQ ID NO.1 or its coding sequence, it being
understood that each of these sequences comprises at least one of the following coding
30 SNPs: g1644a, g2357a, c2621g, or

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



NO. | or its coding sequence, it being understood that each of thejsg £C 2005
sequences conprises at |east one of the follow ng coding SNPs: ¢l Qﬁb
g2357a, O2ODY0gR94According to the invention, the pol ynucl eptrgpoRs@ayi ousl'y
defihed conprises a single 5 coding SNP selected fromthe group consisting
of : gl644a, g2357a, and c2621 g. A pol £ucl eotide such as previously
defined can equally include at least o of the follow ng non-coding and
si | ent SNPs: Prfiéralilyt thel pbBinuoRptide of fhe i1940E6n D488 of Thb3&Ghence! Ségol?[?
g2228a,, 62502t, g2634a. The present invention equally has for 1ts object an
i sol at eBI%p |%tfcq°éa%a HQUERHtp it beinyundemstend theheachtdfithessfseqienche complieoti de
sequenc I s bt i equence, it being
understggsgt%?ﬁg?!ﬁe}ggﬁa‘g?{gt%@é@e@gg%g%&a’%%?rpr g%@é{ | east one of the

fol | owing néncarditigng the irsiehtion, thiNPSlynudAEstideSietidedi9ideifidd coiliprides 2GRRC. C
1288t, 0%34 t 16870, g2228a, c2502t, g2634a, or 15 b% a nucl eotide
sequinc® %@Bﬁﬁ‘ﬁ?‘& Jrom, the grown %Qi’tslsﬂég§§(ﬂ%éﬂ’&% g4adita; ang c2621gi s under st ood
that the fol ' iJget FA PR 7 4 e _l.ocated i.n the
codi ng sequeﬁ%ﬂlg’f%cﬁéﬁéﬁﬁﬁg‘?yﬁ% Pie seg’ug%fgxggé&ﬁqggﬁb%qﬁ%e]eﬁ?é’%ﬁf the

i nvent i foiowing: semsoding canensilend ISARd 4664486 U@kletion)l@STPN$66L4, N1 288t 2 1 P4tt Of :

"L Dol nd50%0 Eamit C1 00k BBaf-cach of these soquences’ conpri ses at | oast  one
of the foll ovhdgresiirinvepfian %g%l(ﬂﬁs%i ﬁ?gbgicgg%%olatgg%gﬁfgu&%%é%)t COéxgpln?éld'ng ’

t1607c, gl644a, g2228a, 09235 c2502t,
nucl‘@ot@fcr@nslé‘@ﬂﬂe@f(;e conplenentary to a nucl eotide sequence under a). said

i sol at ed pol ynugl.eotide being co f-.at least 10 nucl egtides. 25 The

pr esent inventi%ntg?alnggle té‘ge ?egl?e'?ctré?%@ﬁg OaLoir PECESANpES Goding sestuenes. dodi ng

for a pol bedepuneiestcodidt Hallg of Mest hsq@mésoc@%r@ke%ﬂwsl?égﬂékg}oy&i , Of
uded betwee

b) the am no acj d sequence conpri &i n? the am no acids 1nc
posi ti ons B eaing on sidgnt (NP e 46EA8E (detletion)neS 7461 gfiH265€) 288, D342, tRD7¢

bei ng unde t SR the am no acid sequences under a) and b)
- conpri ses %%%b?%%g?b%hé OP’ (?rfhe foll ow ng coding SNPs: D70N, GlL04S, S147C.

It 15 understod@,aﬂu&lddﬁdeseqi&ﬁc@éorﬁ;b]ern%tﬁ.%e@taﬂd&Ve%EHE ueh&Alndef's). NUTDET i Ng
corres&gndi n to. the t]?osi t1oni ngl of the D70ON, G104S, 9%1270 SnNPsg)i's
r 1

rel ativb§ B"‘?%O%M?é adolgwipg silgny SUPS cd288:C116006 sA6392/ 8J0ckded in the
PCT/ Ep%d%%%&uéée of the nucleotide sequence SEQ ID NO. 1.

The present invention concerns also an isolated polynucleotide consisting of a part of:

a) a nucleotide sequence SEQ ID NO. | or if necessary its coding sequence, it being
20 understood that each of these sequences comprises at least one of the following SNPs: 465-
486 (deletion), c577t, g602c, c1288t, c1347t, t1607c, gl644a, g2228a, g2357a, ¢2502t,
€2621g, g2634a, or
b) a nucleotide sequence complementary to a nucleotide sequence under a).
said isolated polynucleotide being composed of at least 10 nucleotides.
25 The present invention also has for its object an isolated polynucleotide coding for a
polypeptide comprising:
a) the amino acid sequence SEQ ID NO. 2, or
b) the amino acid sequence comprising the amino acids included between
positions 28 and 193 of the sequence of amino acids SEQ ID NO. 2,
30 it being understood that each of the amino acid sequences under a) and b) comprises at least one
‘of the following coding SNPs: D70N, G104S, S147C.
It is understood, in the sense of the present invention, that the numbering corresponding

to the positioning of the D70N, G104S, S147C SNPs is relative to the numbenng of the amino



acid sequence SEQ ID NO 2. According to a preferred object of t & DES 2005

i nvention, the previously defined pol ypeptide conprises a singl codi ng
SNP suchwas02dssdsned above. Mre preferably, the present i mwpcardpo90433ks0 has
for its object an isolated polynucleotide 5 coding for a polypeptide
conprising all or part of the am no ac{gl sequence SEQ ED NO. 2 and having
SNP G104S. Preferably a pol ynucl eotide according to the invention is
conposeatidteqaerdRSES) ID RA 2ol ecul e. - A pol ynucl eoti de according to the

i nvention can be obtai ned by standard DNA or RNA synthetic nmethods. A

NA or. 1 ]
pol ynuc! eot i BECOREIRE (18 % BreferTachabipeifnihe daveatian.che arexjously defingdrredynsptide
si te-di E&ﬁﬁJ%gsaﬁHéléggﬁ‘l&A@iW§&ﬁta£ g&-“fegggb‘%fhe nucl eoti de sequence of the EPO
modi f e wld- e

gene by ying th type nucl eot by the nutated nucl eotide for
each SNP on Moes prabiratdy,i ttie psesemtencantiSi@lsb Mas D itsi abjekh al-(solatadapairiicleatide

pol ypucl eptide according to the invention, conprising a SNP. g2357a can be
" obta ne&odg'i‘ﬂ &?@P&PFB%‘F%‘H’WS ‘Hgg‘i %?Q‘?‘Fiaﬂg& ‘i‘%‘i’ﬁ?‘lﬁ'@"“rﬁﬁéé@im Lafuence
of the LER aepeibysodi fying the nucleotide g by the nucleotide a at
position 2357 on the nucleotide sequence SEQ ID NO. 1. The processes of
si t e- di r ect eBrefaratdyenpelysucisatide accobding rtp| theremtention ris tchinpoyaly ofis NAOome! |

known twﬁg{s&n skilled in the art. The publication of TA Kunkel in 1985
in "ProcC, °FM®Acad. Sci. USA" 82:488 can not ably be nentioned. An

i sol ated pol -y} aelédhae Caoiiatd hd okl cdiPbe SXATRdCyY @Mﬁ%ﬁ@tﬁﬁﬁ or

sequences coding for pre-, pro- or pre-pro-protein amnd acld sequences or
mar RBr BMNiMnwynthetid metkefisences, such as hexa- hi stidine peptide. 25 A

pol ynucl eoti ge_of t d.ovent i.on .c equal ly be associated with .nucl eotide
sequences cogipr?gmu(%!%%gfi%g?&ﬁgl&get?i@e &%eﬁy%{%ﬁeq‘“ﬁgﬁﬁﬁﬁ’ﬁ’?"ﬁ‘%Wﬂ@ﬁ ¥t St ai n
fusion pueizeiRt sartingtfhe tRuhidédtiel LHuadicedOEHSEPD RaAk BRURbER:AHheas i@ di ng
to the invention can equally include nucleotide sequencés such as the 5
and/ or BPec guFlcetids higthsdavlaisdauiclestide fofeach SNPogm the| micleotide sequeneedSBR Hon-

30 tranggy jbed sequences, translated or non-translated sequences, splicing
si gnal sequences, pol yadenyl ated sequences, ribosone bi ndi ng sequences or
evefSsequencEsr example, sit pdlihicievtidatabéordin@ tHitke #¥ehtion\CoRPHsing HSNP g2357a

PCT/ Epoga{nolf'eg)gl:}ta%l%d by site-directed mutagenesis starting from the nucleotide sequence of the
EPO gene by modifying the nucleotide g by the nucleotide a at position 2357 on the
nucleotide sequence SEQ ID NO. 1.

The processes of site-directed mutagenesis that can be implemented in this way are

20  well known to a person skilled in the art. The publication of TA Kunkel in 1985 in "Proc,
Natl. Acad. Sci. USA" 82:488 can notably be mentioned. '

An isolated polynucleotide can equally include, for example, nucleotide sequences
coding for pre-, pro- or pre-pro-protein amino acid sequences or marker amino acid --
sequences, such as hexa-histidine peptide.

25 A polynucleotide of the invention can equally be associated with nucleotide
sequences coding for other proteinsl or protein fragments in order to obtain fusion proteins or
other purification products.

A polynucleotide according to the invention can egually include nucleotide sequences
such as the 5’ and/or 3' non-coding sequences, such as, for example, transcribed or non-

30 transcribed sequences, translated or non-translated sequences, splicing signal sequences,
polyadenylated sequences, ribosome binding sequences or even sequences which stabilize
mRNA.



A nucl eoti de sequence conpl enentary to the nucl eotide .dr pol ynucggo;AEdzﬁ;
sequence is defined as one that can hybridize with this nucI eot i 0

sequence,wongessesé ri ngent conditions. By "stringent hybri Eb%ﬂ:tphﬂ&”l
conditions!' is generally but not necessarily understood t em cal

conditions that permt a hybridization gnen t he nucl eoti de sequences have
an 5 identity of at |least 80 % preferé |y greater than or equal to 90 %

still more prehedadiae segﬁé?ﬁé%m?mn@i ry SR nuk Rofige 3P S819niHE 1d9r§c{u%59p{§

greater than or equal to 97 % The stringent conditions can
accor di rﬁigﬁv@d apeanigdbiat opp hybReigamwithahis HUprBdmsﬁﬂkmdeeuhdem strhgeairdond:mdns f or

Comri ot ng- 5o Rl fay AR RGN PectlBru ot psestart Pauiond e

ci t r at e)chernRalbmditiomsd ihat feafP aHyBrifRhlion WwHeh. th5xnd@¢é6|ﬁﬁé dsteq%cb'st 0 %
dextran sulfate and 20 pg denatured sal non sperm DNA, foll owed by was i ng

the 11 ddgdityof @t Isast80, Yoaprefeadly, grppten thant hlée@‘!%p@ ¥ % 1s61li moeenprietarablyhen
the str 'gp&‘?é?tthm&r blﬁtétds% aﬁ8%éeh{%?§?abqgf§géa}er ' di Zﬂp r?gn,{?of the

nucl eotide seq uenc aving an i ucl eoti de 15

sequence is dmasstﬂﬁgem cfoadimenstcbhwd Mbtﬁiih@@'d%ﬁ&ﬂirﬁgr Yo hibtﬁc'&‘tﬁ‘. wenlieeWnd® a
sequence such as_ .described under a). It is understood within the neaning

of Ithe peeser skilled yr the 3h andy fer ramplednest 1mebatp@cﬂféh@eokyonplbem,tar4,2°@ ah
P
Mventi s SRR LAY SEO fBnanfde X886 A8 mRCOER Gl ART B SR e

SNP 191 64#teate)j 5($mM@|ﬁpbchnmrmmsyhaw(ﬁ}€@t7l 6l 5% Opnhace Seph] BB, ddxrah sulfate
nucl eoti d t equival ent of position 1644. ldentification, hybridization

and/ or ARPIZOHEcSamaBired salmasosRFAD dPNAs ifelloveeshby ivaishige 2he fﬂ@rqaﬂb@éntssc at
inventiggogl so has for its object the use of all or part of a previously
defined polynucl eotide, in order to identify, hybridize and/or anplify all

or part of  aVitnhyheisdopetof dee inoeastic; iwhen die tHegdny lybodizateorb esidaNHS poflt | D
NO 1 or j f...neces fa'%’g its &ﬁ?dl ng sequence (of the nucleotide 615 to t he

nucl eot PIRADFHION ofj the gurlegtide, sequencss at"i’i'&tanelééﬁlt)’(ﬁ%aloﬁo 19%e theampglaotide
co S e 0
e " aapBhee BISmeRRRedlo bRy SomBRENEy (385 diticolie ShAle sy as
c2621g, dg@@@dsaundbr(a) DEC 2005 V\D 02/ 085940 PCT/ EP02/ 04331 17 Genotypi ng
and determ nation the fre ncy of a The present invention equally
has for its ]eB{‘&{ﬁ8°‘§ “BEL{EFI'XW'%P?'}E? péese‘gtollv’ﬁﬂ'd?rééb?td@e d&’@&ﬁoﬂfiﬁg to
the inveejuente torhpleRRnGey 8 MPhitdedilde Behiklc QohiprissL U RACE oM bftlsense SNP
according to the invention.

20 Thus, for example, if the nucleotide sequence comprises the SNP gl644a, its

complementary nucleotide sequence comprises the t nucleotide at equivalent of position
1644.

Identification, hybridization and/or amplification of a polynucleotide comprising a SNP

25 The present invention also has for its object the use of all or part of a
previously defined polynucleotide, in order to identify, hybridize and/or amplify all or part of
a polynucleotide consisting of the nucleotide sequence SEQ ID NO. 1 or if necessary its
coding sequence (of the nucleotide 615 to the nucleotide 2763), it being understood that each
one of these sequences comprises at least one of the following SNPs: 465-486 (deletion),

30  c577t, g602c, c1288t, c13471, 11607c, g1644a, g2228a, g2357a, c2502t, c2621g, g2634a.



has 90 to 100 %identity wth the nucl eoti de sequence of EPO geng ich
conprises at 5 |least one of the followi ng SNPs: 465-486 (deletio c577t,
-.g602c, cHWB8P85eM347t, t1607c, gl644a, g2228a, g2357a, 021*:(&21:1;02102@21 g,
g2634a. According to the invention, the genotyping nmay be carried out on an
individual or a population of individtals. Wthin the neaning of the

i nventi enot 0 i s defi d roce for the 10 determ nation of
t he geng%’:lﬁg'pu. %.B.dl mnnalmmo?fh éeq“@ DBt on of indi vi dual s. Genotype

consists of the a%@';ﬁ‘&eﬁf ARRAlioRleqRAR BEs BRI % SBIBEH {HeCudeOG anl "oPﬁElH'&‘&O”
of individual s" is understood as a group of determ ned I ndividua
sel ect egolymuelgeiateracoprdirgntor tha devenfias fivrdhe g@imegeng nflawnudiealide soqoerze whisians,

oot caes B Y 20T S e PiclieuiR Gt éaﬁkéogq%s%%éo%{s@; GORISeT Al
i ndi\§ dyaissosabf B f‘éﬂb\@ﬁigeSIN“PQCWSdtim(defktnfoH}e'ch7ﬂt Bo %@zft araot 4 gyl o

their phenot;g/g2 not abl y those who are affécted 1 ow ng di Sot der s
and/ or @il&¥as deag%-’ér'/'& c2ahat, FZﬁﬁi@sg263|4faect| ous d| seases vener eal

di seases, i munol qQqi cal eases, and/ or 20 aut ne di seas

and di sorders, ca?‘gf%\aa{l t8|t§?’ mdl © BSHRDRIG T BS gaéggfgglﬂ ‘H’eﬁﬁ‘t’?gﬂ‘”ﬁ’éf}vous
system drspaplﬁsuorg@ﬁhamdmtagstl nal d| sorders sand di sorders connected with
chenot herapy treatments. Said cancers and tunors include carcinomas

conpri si ng net ast Y&thin fhe mesning otthe dnvestion, senetypingriadefinedmstagmecsss fomphé si ng

cor) s (EratRaP aF bt XA BAlFE or of 4ol RLSHPL ek Ommatype

cancer Sconisxithefﬂheuﬂéles presdat abeworanerelshelifiy foci.mul ti pl e nmyel omas, carcinoid
tunors and tunorg that, appear fol |l ow ng an imrune deficiency conprising
Kaposi's sarcoma ifPRUion<ddadiyrdualsis undsrstpadrasecgrpumisf detsmaivedindnddunde

viral igfeqtd QE'SraE&HH?rdrsh rdndbMeh Gﬁpaﬁh dd ?ncﬁvlﬁ'ﬁ s Can 38k %%%%%n@rha

i nf ecti ous pneunoni as, venerea I seases, such as genit
i mmunol Ugcmatgaylsam@ralmmi mrunol ogi cal 'y rel ated di seases may include the

rejeggtion of tiss a ra | 1 er |es ast hma,  psori asi s,

rheﬁﬁat oid arthri pe ‘éﬁfyngf“?igﬁ?‘g’ é(‘:‘?déY‘ u3lg 3 BPHFes &t E?F‘%‘eb(g@e‘éﬂ% wreferably ve
colitisfrot P00BG08PRondO 02/ 085940 PCT/ EP02/ 04331 18 Said cardi ovascul ar
di seases may include brain injury and anem as including anema in patients
under di al ysiThejipdivisivals ¢ansbé fselstted cagcordingwiel theirsethnieity sorr asaldiigne ftliedm
chronic

phenotype, notably those who are affected by the following disorders and/or diseases: cancers
and tumors, infectious diseases, venereal diseases, immunologically related diseases and/or
20 autoimmune diseases and disorders, cardiovascular diseases, metabolic diseases, central nervous
system diseases, gastrointestinal disorders, and disorders connected with chemotherapy
treatments.
Said cancers and tumors include carcinomas comprising metastasizing renal N
carcinomas, melanomas, lymphomas comprising follicular lymphomas and cutaneous T cell
25 lymphoma, leukemias comprising chronic lymphocytic leukemia and chronic myeloid
leukemia, cancers of the liver, neckf head and kidneys, multiple myelomas, carcinoid tumors
and tumors that appear following an immune deficiency comprising Kaposi’s sarcoma in the
case of AIDS.
Said infectious diseases include viral infections comprising chronic hepatitis B and C
30 and HIV/AIDS, infectious pneumonias, and venereal diseases, such as genital warts,
Said immunologically and auto-immunologically related diseases may include the
rejection of tissue or organ grafts, allergies, asthma, psoriasis, rheumatoid arthfitis, multiple

sclerosis, Crohn’s disease and ulcerative colitis.



I nfections, inflammatory processes, radiotherapies, and chennthegiqgg 05
Sai d netabolic diseases may include such non-i nmune associ ated difseases -as
obesity. wb dSassd4eli seases of the central nervous system maycrfigobiRs; '

Al zhei ner' s di sease, Parkinson's disease, schizophrenia and depression.
Sai d di seases and di sorders may al so igﬁ{ude wound heal i ng and

ost eoporosis. The conpounds of the inv ion may preferably be used for the
Preparation caid cardiusiaanfiH discaSymay WL RHAAH) P 2h8 ShERRS ihdIGRE Abifl O
of autol ogous blood, notably in 10 patients participating in a ered,
aut ol ogdbsPEdsdndern fiabysion pnehinskfficiersyopsi weHeasugnemig resiilting flbmochratic

ot her p . ' according to the inyention is preferably
genot ypgé&?ﬁo%g?\]pr};d&%%tlg%mg%g?sh(rﬁ \ll?tgﬁfﬁﬂgs?’ aﬁéﬁseq‘%%ﬁ?ameégi es exist which
can be i npl erg:id awtabolioditesset magancludducENCE-ihtffie al@ciRdPdikdhsEMR obesity.

Phar macogenonj ¢s, ..2000, vol 1, pp 95-100. "H gh-throughput genotyping
ass a;? appr oactfed "discassse o6 the ctarbRbgiepw s ystsas suY inainde dklzbdimer oudisease,

fol I ow g Bhided 5;%@;@'6 chizlosﬁn@%ﬁgig%&sg&} gonucl eoti de hybri di zati on,

ol i gonucl eot | de el ongat'i on oxynucl'eoti des optionally in the

presence of dakgisemsteaid dissrdetsigat dledinefudewonhe heman fidost@pberuc! eot i des
or cl eavage S'Itd'l al |l el e speci gi ¢ oligonucleotides. Each of these technol ogies
20 can be couli€etPRRPURdE Of dbe inyentign teay RigEarably hectsed fondhr prepatatiacof ar

ol ari Ladar . . . i Ng C ot ahl.y .be
Por 1l a Herabqud/ GRARIAE in@hadFRSIBREGE Bl O BloRt S Blbaf Y B e o
by diQf epa_e'nmts fpatwiming ie s) differtdcaitclogeiNTisod 2oltkctiba meddramotd dvakeihedise of

ddNTPs) ,..in jl%onnect ion with a polarized fluorescence scanner. The

m ni seqUPRd FEMERARFERErSSB: wi th readi ng of pol arized fl uorescence (FP-TDI
Technol ogy orp RMB6ESCRGP i | I =gl --Term nat.or

I ncorporation) is \%/e?l kng\%ﬁg&{j@%g gltéér g@ﬁ“@ﬁ?lpg%ﬁ{a%h{ Eéér{oéﬁéﬁ lﬁt% f@gﬁ’%ﬁ%"
carri ed ofumdividuaspr oduct obtai ned after anplification by polynerase chain
reaction (PCEQ,1 of tEIEIDNA of. eaﬁh i ndividual . This PCR g)roduct i s selected
to cover the B PRIRQIGEET GEIsHURICR A edMPISREMEhIhardend genpiYReSNRIP(SeR( t er
t he 13Stnotdb®P Kiwbk PRarffalogéhohli&y, MORYC VA 1, pHesNl0at eHi _mr?ﬁ i

pol ari zed fl uorescence scé':ﬁ]r?er f’or a readi ém’g of O?hem%%abe e%&gg?g@%%}n%si ng
f 1 uor opHesay appERAchest). clhsise dedhonlogied aseribassidom pi¢ péitle fotndollowimggiringiplesal ues

f the |abel . t.ed h. For the P lification, i
Che cascSF o BRRRET BiBohGIRiE] WrhaUat, Shaobiiedide SeongaiSi iy
02/ 0859 4lddexyiicRadides 3itlonkly inrtid [reseee pf dexyBucle@FRReCligadhYof 2088 spasfity be

sel ected bz\; a éaerson skilled in the art according
oligonucleotides or cleavage of allele specific oligonucleotides. Each of these technologies

20 can be coupled to a detection system such as measurement of direct or polarized
fluorescence, or mass spectrometry. |
Genotyping can notably be carried out by minisequencing with hot ddNTPs (2
different ddNTPs labeled by different fluorophores) and cold ddNTPs (2 different non labeled - -
ddNTPs), in connection with a polarized fluorescence scanner. The minisequencing protocol
25 with reading of polarized fluorescence (FP-TDI Technology or Fluorescence Polarization
Template-direct Dye-Terminator Incorporation) is well known to a person skilled in the art.

It can be carried out on a product obtained after amplification by polymerase
chain reaction (PCR) of the DNA of each individual. This PCR product is selected to cover
the polynucleotide genic region containing the studied SNP. Afier the last step in the PCR

30 thermocycler, the plate is placed on a polarized fluorescence scanner for a reading of the
~ labeled bases by using fluorophore specific excitation and emission filters. The intensity
values of the labeled bases are reported on a graph.

For the PCR amplification, in the case of a SNP of the invention, the sense and



to the position of the SNPs of the invention. For exanple, the sepgmgqm

anti sense nucl eoti de sequences for the PCR anplification of a fragnent

- whose seM®ausssonpri ses the SNPs g2228a, ¢g2357a, ¢2502t, pCI/Epd68433g and/ or

g2634a can be, respectively: SEQ ID NO 3: Sense prinmer (A):

TTGCATACCTTCTGITTGCT  SEQ I D NO. 4: Angd sense primer (B):

CACAAGCAATGITGGTIGAG These nucl eoti de sequences permt anplification of a

f r agmenentseusepyimersgrspdstively, Gacasily be stledetby afpetshe skilled dothedst &6/ t he

nucl eotide 2817 in.th cleptide sequence 10 SEQID NO. 1. A statistical

anal ysi §°®pr’ﬁé°? ngﬁi?ﬂ@%‘f ocﬁﬁeég'é’ﬁmé‘?q'el e (allelic frequency) encoded by

. the gene conprisiRer eRmSRP the) stite BRPUALNGN ritlebdl Leaualss irs: Hhepcr
achieved, which permts determ nation of the inportance of their | npact

and t hemplifieationfta &iaginant whosedselapencsntonprisesy theuPNPsgA228x, F2B§7a, ic2502t,
. necesgsar I hni roups. that constitute this 15 popul ati on of
i ndi \?/)i dﬁ%?zsltg%ﬁ%&'éggn%@fgl}’r?g r%g?egg\é@g, anal yzed in order to estinmate the

di stributi onSEQ EONONGYSese plithed (AJ: rRICABACSTICTIYBEIGEY i n the studi ed
popul ations. The calculations of the allelic frequencies can be carried

out with theSER P NP. dofntizanse pimpr 63): CASAACCAATGTERSTGAG SPLUS( 1)
Mat hSoft). Th i SQA: i.c. dist iUt f a SNP of t
hventi on 20 ar oL DR PRBAES sclEndEs bEE albEALiaH of 8 Maeenfavie £len h°

i ndi vi dufib26 madledtides; axfithe dudiedtide)? 192 am sheotucldokide 9817 wathe ridldotlié Nguknand
SAS-, sui %ggli)D Bhi present invention also concerns the use of a
poIQ uc W&¥Oadcor di ng to the invention for the research of one

variation in the EP LAS: S ' n .odi i du 25 Ps of the
i nventi og@gs‘sgl;ng‘lgi (g:2 a%‘?l?g?‘%bggs %E?%nggﬁlﬁ %%@?0%%8648&&&2[‘ / E%f‘ﬁy 331
20 \WWee e shevpetief gammgrisingh thiei SNRlin seqpepeigionalf igdinkiualsels Ghenpichisve, |
splici n%siht es .‘c%di g{g?arnggi ,og)har!e l'ikely_ to,. be di rgct I y,ie,l g?éﬁ to di sease
suscept PHig REymys dete Mepan 08 I IMPasigpee of thedr impst angh thedn fisirbption oy hee

val uabl giffEhénk 8LB. o s aRd rotBNy. if hedsPn (BE aiveRE RfiniE GHAIR! MBSRASIMRVElY e
in these disease states and, consequently, may be indirectly rellated to

t hed® dpemdationsfandiside@se Cargill et al. (1999). Nature Genetics

(2000) . Sci ence- SHF SEARHPTROI HELAMITHa B R 4 EREHb AN SR Eer ns
a dat absequenoypf ttri differht dRA&totRBRe@fn the studied populations. The calculations of the
allelic frequencies can be carried out with the help of software such as SAS-suite® (SAS) or
SPLUS® (MathSoft). The comparison of the allelic distributions of a SNP of the invention
20  across different ethnic groups of the population of individuals can be carried out by means of
the software ARLEQUIN® and SAS-suite®.
The present invention also concerns the use of a polynucleotide according to
the invention for the research of one variation in the EPO nucleotide sequence in one --

individual.
25 .

SNPs of the invention as genetic markers



the follow ng SNPs: 465-486 (deletion), c577t, g662c, c1288t, 01?5437{552 2005
t 1607c, gl644a, 2228a, g2357a, c2502t, c2621 g, g2634a, in a ?
pol ynucl eg0iodess940 t he EPO gene. 10 It is understood that seargrpNsssss €
nunbered in accordance with the nucleotide sequence SEQID NO 1. This
databank may . be analyzed for determ mighg statistically rel evant

associ ations between: (i) at |least one of the follow ng SNPs: 465-486
(del etion), c577t ,Wheeas SNRL@difying fodQibnnl, stqfddes, of fehda (e g2 d2&Hoter,

g2357a, ) t,, Cc2 2634a, j.n.a | ynucl eot i de, of the EPO gene, and
(ii) a cf?’ﬁég Sites) ???%u}%%fg%‘% cBre, kel dgg’ﬁa@é‘?“'?h@l'%?‘%%%ﬁ'fseﬁsﬁv%ﬁﬁ Rildy 95
concer nedistendss sl SNPa{(funeasihal @R 8oQmd i ' ; : :

(del etiore1)1, c577t get(gzc, cla288t?gcl 7??‘9?{%‘3’%‘3‘?%?%g'ﬁaf?ﬂ‘ggk‘@g‘?“g“f&ﬁa,

20 c2502ne %28829?35 penpsgnuelved in these|djseass states ded.ofonstrpichy) menee ifidirectly

q P . . . 7 . . ; ot
di sonpe g p AR Blce i AR Gl ol SlarBy i ertiss &2 E oy
i ndi r ectal.y(20@0) sPicaraiaeshenOmicsdi: SR ABER Ser@ 11, X0V E5Ehck 286 FH%Q%@?{. .
Preferably, these _diseases may be those which are defined as nenti oned

above. 25 Expressilgws\tbe prssenirinvention atselcontRimes pratsleank dompeisiniganieatame lodis

for its | a.r hod V, cQ I Si ast. .qne ynucl eoti de
ccor di e tovpyide; SBEAERRG EELET" 3T 36PT, Srepbraludh B sl alet e,
for exagRR28a, g3 ape2foes,c2630z, @R634u)i5a p@hgﬁw&didéidfmmlgaﬁé particularly,
t he reconbi nant vectors used can be derived from bacterial plasm ds,
tran@posons, yeastt ébiWwgmtoqd,dhatt said SNBsrease snurgbesed | inc hecordasomevith the

el ement Srlucl%t’id’esfcﬁuéﬁgrsw[@?@l]ow rus, papilloma viruses such as SV40,
vacci nia viruses, adenoViruses, fox pox viruses, pseudorabies viruses,

retroviruses. 30 DBG Adbank\Onfy/ G85A48lyEAT/ HPO2OABRThe2 btatiTh@RP relevant
reconbi nant. yectors can equally bée cosm d or phagemd geri vatives. The
nucl eot PHYCREGRLPHYETUN be inserted in the reconbi nant expression vector by

met hods wely k JN N I, : f ex e,
t hose t hat :Stlr)e Eg‘ﬁ?ﬁ g%% inﬁﬁé %%%&EA%@&%F%6@%E§§%@Y %%)f&?ﬁu&ﬁmh
Santhboolk] 47t 607c2'sd64%h, 22228ad 2235 78pc25091, lA6DLY, gRabd; i @ pYlyREEERide@TtRe

Spring 0 Y. (1989). The reconbi nant vector can include nucl eotide
sequenc??@%%’tb’ 4grl’élnt rol the

(i) a disease or a resistance to a disease.
The present invention also concemns the use of at least one of the following
SNPs: 465-486 (deletion), c577t, g602c, c1288t, c1347t, t1607c, gl64da, g2228a, g2357a,
20 c2502t, c2621g, g2634a, in a polynucleotide of the EPO gene, for developing
diagnostic/prognostic kits for a disease or a resistance to a disease. '
A SNP of the invention such as defined above may be directly or indirectly
associated to a disease or a resistance to a disease.
Preferably, these diseases may be those which are defined as mentioned above.
25
Expression vector and host cell
The present invention also has for its object a recombinant vector comprising
at least one polynucleotide according to the invention.
Numerous expression systems can be used like, for example, chromosomes,
30 episomes, derived viruses. More particularly, the recombinant 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 viruses,

adenoviruses, fox pox viruses, pseudorabies viruses, retroviruses.



regul ation of the polynucleotide expression as well as nucleotide;z g@ngm}ges
permtting the expression and the transcription of a polynucleotide of the
-.inventi oNWQPUIRPH transl ati on of a pol ypeptide of the i nkawERR/0433nese
sequences being sel ected according to the host cells that 10 are used.
Thus, for exanple, an appropriate secrg@tion signal can be integrated in the
r econbi nant vector so that the pol ypeptide, encoded by the polynucl eotide
of the invention, IN&EE rECHBbIgARIYCETS cansauallt he cPsmishon phagemididopatiesi ¢
reticul e ne _or

(ot ULl NS LRIy PR Sec IR BRGNS Sy hOBLASE e
_a host mlllknownpolasperg)rasklﬂed)mfmtheam suchesd, gor exanspleli thsd that B dd3weHdd BN

The int i no vector in a host cell can he carried
out acc@&g{ﬁ%ug ;{?Agﬁ% I‘F MaMY4 L Barplreslrer gki P']taé%ﬁ-j @oldhe
.art such HA®SE I~ Elaipg\ﬁ ECULAR BI OLOGY, Davi s
et al. ;_)Lﬁrgg and II\J/%%ECBPQFRQ? Ito}%éﬁ“éy% LAl O&kﬁj%%MANUAL supra, such as
transfecti on by c'éhmrmwmmm&mmtoe catriacistie atucientithy seucelediat @0ntrol the
transfectl ection, transfection b ca nic |ipids,
el ectr oﬁcépﬁ{‘?%r?f%fer 8&5’85@?‘?‘&9‘? BPTESTeB A ‘Bﬁql agrﬁlé“"ﬁ?fé‘f %EQPF“Q?EWCBE“"%)FM
exar’rpl ee éeiofrandlth€ GhhRripton of 8 p%?ﬂnh@le@tﬁdeséfr HP§A%A66A and ?lfﬁ]‘aﬁ) 9%?' E.
col i aci |l lus subtilis, cells fungl such as yeast cells ceIIs of
25 AspePij’IPqpilée oS@heemgmfwreﬁhesa rssqwncasd:ielng slretedamconling tooﬂlemoslscmlblthata S2
and.,af %Q%godot era S19, animal cells, such as CHO COS, HeLa, Cl127, BHK, HEK
293 ‘el 'S "8Ad human cell's of the subj ect to treat or even plant ceI | s. The

host cells CHfus)eforSetmpler aﬁxaﬁmb&xat&Ose%mbﬁ%lgﬁalp%i/p@aotnhfégra@éd tx}?et

invention or. as active product in pharmaceutical conpositio as WI
seen hefepibinget vectny sprhatabhe polyneptie; eesusd bpdi pelyRnddaiie ﬁZhParhw:pem i des
The pre i f its object an iso , ept.i de
conpri s?ﬁpbgrqﬂéﬁlgél%&g%ﬁﬁéﬁ%eﬂ%‘z%nc§f His, dgPlagmic e gf“@ﬂl %’Wﬁfgﬁﬁ*‘%g IJRSIRIGy ab) y
at |easspa&€) oftthemeinbtane om’ﬂ)dS\eardBtmre&f@dfeﬁllhlak‘ edtirdriemednk, 95 % identity and still
rmrﬁlépref eraﬁ*l‘%/ at least 99 %identity with: a) the am no acid sequence SEQ
2 or Hreﬁﬁmtlﬁléenémnn@s%éﬁﬁ fcge‘gﬁJ@‘PJé‘é ‘tbfﬁ!rqeﬂl wgnmmﬁengamrn@mwlaw
i ncl udegechRtaeiBing RO Blelih @ 8 and 193 of the am no acid sequence SEQ I D
NO. 2, it being uﬁderstoo at each of the ami no acid sequences under a)
and b) cont almsingrothection of]tBe ortembinantreeciarlih aiostoceticinig caMiRal oubatddrdieg04S,
S147C.

to methods that are well known to a person skilled in the art such as those described in

BASIC METHODS IN MOLECULAR BIOLOGY, Davis et al., 1986 and MOLECULAR

20 CLONING: A LABORATORY MANUAL, supra, such as transfection by calcium

phosphate, transfection by DEAE dextran, transfection, microinjection, transfection by
cationic lipids, electroporation, transduction or infection.

The host cell can be, for example, bacterial cells such as cells of streptococci,

staphylococci, E. coli or Bacillus subtilis, cells of fungi such as yeast cells and cells of

25  Aspergillus, Streptomyces, insect cells such as cells of Drosophilia S2 and of Spodoptera S,

animal cells, such as CHO, COS, HgLa, C127, 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 invention or

as active product in pharmaceutical compositions, as will be seen hereinafter.



The pol ypeptide of the invention can equally conprise: a) the am r[PD!?ﬁCQ[]ﬂiS
sequence SEQ ID NO. 2, or b) the am no acid sequence containing thHe am no

aci ds i ncwWodedsiset ween positions 28 and 193 of the am no geirgpgaeidgnce SEQ
ID NO 2, 15 it being understood that each of the am no acid sequences '
under a) and b) contains at |east one2f the follow ng coding SNPs: D7QON,
GlL04S, S 147C. The pol ypeptide of the ifivention can nore particularly

consist of: a) the am no acid sequence SEQ ID NO. 2, or, b) the am no acid
sequencepg)(l)ntﬁ?i ning the am no acids included between positions 20 28 and

193 of CHIPERIES: aci d sequence SEQ ID NO. 2, it being understood that each

f th i i [ t. Least one .of the
Fol | owi ng. Cod e aren HLaGn WSO tor Ftheecs SANAaMD B GBAC salPrsige an

accor di #§ine apidescpensathayimacanieast 89 % idemtiyy cprebaably BNBast 90106 Gaedty, adRet he

gr oup: consd. sk f+ o OLON, 043, .and S147C. 25 More preferably, a

pol yli)sep%?%]ee&tgbggrl%shg @*ﬂ%%iﬂgéﬂﬁmeemﬁb{g/&l% Yeidertity 28th: t hr ough
193 of the amjno feisthifeasiarRequentcSEQ MNO223Rdifias SNP G 104S. The present
invention al so concerns a hypergl ycosyl ated anal og of a pol ypeptide

accordi ng t o ®he thevamincoracidn sequgnce taomprisingy ¢hé tamnihb esdde Yhdladdar BEEFdehes.

Pr ef er abl y:.: Nt 4 nyention, concer | ycosyl at ed anal ogs of a

pol ypepﬁ%‘go}lggg %%Gﬁp%r%l %fithgxwﬁon ’%\quagnﬁ&sq(ﬂw&(ﬁ' %93 of the amino acid

sequencét &g LhidNRoo it Gattnyf 1@ anBhb dei0dquenes Qm_@%xe;)e&@bn%)yconuﬁ?s %@?ﬁ nt
e’ conprising no

invention concerns pegyl ated_anal ogs of a pol ypepti
aci 2§"?ﬂ?g’l§§wl%§'§gﬁpdmﬁ§lﬂ?ﬁ R3d0¥e G104 €e SEQ ID NO 2, and having 30

DEC 2005 Mﬂg/gggi‘é?ngdePﬂhgﬁlQ%AtQ&Sga% a6 1045, | ndeed, it is known in

the art that th osacchar i de conporient’ cHPR%ni ficant |y af fect
properties re@)evaht amineidid samugnaf SBQUDN@PEWI ¢ gl ycoprotein, including
physi cal stamlit , _resistance to protease attack, interactions with the
i Mmune syste pHﬁF AR AN @ PFRISNCE R PNRIRIP S ther arainpiagidsgndededaetwedntposititae,

f | ' 3, 17516 (1988); Del t al.
or exanplid 163'8emHet 0, %céd(;%b%@@[ﬁﬁgﬁga » ( ) orne et a

Bi ochem stry 31, 9871- as“human wi | d-type urinary derived
EPO1&nd itrteingrimidesstooduhiati eaghpef themriinERGdCRhéices 1HE&e2) Nl B)k@eafich Q0%

Cotal moreSUrErOREaRro g SRES BN AP 1 S oti 1| possible to
i ncrease t heThe pobegtideCIROMY RN ARRRIE Dartituldfy RRSEELL-
a) the amino acid sequence SEQ ID NO. 2, or
b) the amino acid sequence containing the amino acids included between positions
20 28 and 193 of the amino acid sequence SEQ ID NO. 2,
1t being understood that each of the amino acid sequences under a) and b) contains at least
one of the following coding SNPs: D70N, G104S, S147C.
Preferably, a polypeptide according to the invention contains a single coding SNP --
selected from the group consisting of: D70N, G104S, and S147C.
25 More preferably, a polypeptide according to the invention comprises amino acids 28
through 193 of the amino acid sequer;ce SEQ ID NO. 2 and has SNP G1048S.
The present invention also concems a hyperglycosylated analog of a polypeptide
according to the invention in order to improve its therapeutic properties.
Preferably, the present invention concerns hyperglycosylated analogs of a polypeptide
30  comprising amino acids 28 through 193 of the amino acid sequence SEQ ID NO. 2 and having
SNP G104S.
More preferably, the present invention concerns pegylated analogs of a polypeptide

comprising amino acids 28 through 193 of the amino acid sequence SEQ ID NO. 2, and having



10 Techni ques that permit the increase in the nunber of carbohydrgiﬁap@ I ns
on a protein are well known by the one skilled in the art, inclé

- f ol | owi WO 02/085%40 oduct i on of new sites avail able for gl yceeyleRoi/@nsusi ng
site-directed nutagenesis <creating am no acid residue substitution or
addition (see EP0640619 and U. S. Pategt Application No. 09/853731, _
publ i shed as Publication No. 20020037 21, for exanple). 15 - glycosylation
engi neeBNR@16BSpr ot ei ns by using a host cell which harbor the nucleic aC|d

a1 yoopr ot ei nrBkgh g ey E6 &5 o i Biearcainide CSmpiest et e berodsadeg
I T 36 Ndf ept 1,0 I {eg{ ] s for
e b oo By o A Pl e el y

defi nedreﬁ’é@flcecé? Pratease (Attepk; aintegactiang Wil ther enmgme ﬁﬁﬂ!ﬁm,rrphmasdunbtlcs and

“purt BT oepepits Mo e Sty (R el Btple FRaF Shet T B cRgny B b o G0RaRT
known tDemnﬁeétSﬂ.rBlskhdnhlaﬂy Bn gtsnwav& (1392}). PheRas SRk 8dQfperbrifang BaRleiopi C
agents _such as salts, in particular_anmoniumsul fate, ethanol, "acetone or

trichl oFBRc#] eecqmibiank ayild-typs thusean ERO icomaiax drem e linkedonad dglea@alynked

hospho cti,on, chro raphy;
a7 ok shaeRERRRHAEH BRRer AR ARl B0or P BA] T ALk eGP B
chr omat glgc@pdnexasxt i§ &ill pogsiblerroingreasd memndmeﬁbp@ﬁba@d&eh@ chaRd Ux'i”tﬂd"pfd’f&!rph the
i nvention is jsolated or purified. This nedium can be

I f th
poné fgglqg%th@%waiéhq tereasenipdhermbarf sprbphwdrate|chaingen lypseleip are well
Technl q V@th% l&qn%ew ﬁ’gﬁﬁﬁth% ﬁ)‘i’lolvgh&t he art equally permt 30 him
|

or her tog an active’co I on t he pol ypeptide, if the

conf ormati on- mIlroéwathn qfoIeyvpsw'sladmlaMafsfoml dleoeylatibur using stlmsdlra‘tﬁdarhutggerﬂsxst _Ill_ﬁ
purification. 30 DEC 02/ 085940 PCT/ EP02/ 04331 24 Anti bodi es e
present i nvefff1'88 488 aﬁéswvg’e Sbstipien oF addifipp (seesERHA08LT andh g, Batent

i munospeci fAﬁplﬁaﬁérbNGyw/ss%ﬂﬁi gqgushea%mﬁsé&ﬂgé 2%‘62%65‘3&&'? f&gex%Pf%?I onal ,

pol ycl onal , meric, sinple chai n, humani anti I es as welfl"as the
Fab1Pr agment sgly¢osylation engineahing of proteins dylusing laihost cellpyiesishabor thdomanigic acid

broduct =, A0 BERPE e SR B e SR e 2
relates to amodifigGITERS rarfepait iab afbgedt@d byPWIBISRSHL iffficafonor ding 10 to
the inventl 0"Phe grlégent ?ﬁveggfoxlx ggl?al r}?a\gl f%? ?tls ob)ect a process for the preparation of the
above-described polypeptide, in which a previously defined host cell is cultivated in a culture
20 medium and said polypeptide is isolated from the culture medium.

The polypeptide can be purified from the host cells’ culture medium, according to
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 chromatography; phosphocellulose chromatography; hydrophobic

25 interaction chromatography; affimty chromatography; hydroxyapatite chromatography or
exclusion chromatographies.

"Culture medium” is understood as the medium in which the polypeptide of the
mvention is isolated or purified. This medium can be composed of the extracellular medium
and/or the cellular lysate. Techniques well known to a person skilled in the art equally permit

30  him or her to give back an active conformatien to the polypeptide, if the conformation of said

polypeptide was altered during the isolation or the purification.



A pol ypeptide according to the invention, one of its fragnents, ag qgﬁuﬁg,
one of its wvariants or a cell expressing this pol ypeptide can al Q € used
to producwoionwesyaspeci fic antibodies. The term "i nmunospegiciigpe2/gB3ns t hat
t he anti body possesses a better affinity for the 15 polypeptide of the
invention than for other polypeptides wn in the prior art. The

i munospeci fic anti bodi es can be obtained by adm nistration of a

pol ypeptdntébodies. t he i nvention, of one of its fragnents, of an anal og or of
an epitopic fragnent or.of a cell expressing this polynucleotide in a
manmal , pref et pIRFEIBh WYRRROD e lasndor otsrettierds 2 wsddesk nfown obtaeiningears on

skil'l ed jhfiniMRp&Rific a&ﬁ,oﬁg_r the preparation of nonoclonal . antibodies,
typi cal nethods for antibody production can be used, starting from cell

lines, such asintibedylyls iddemtdodchniingledioKanbsocl@ial, pblyclohal Whimérd 7sSipho6:
495-497), the tri.o techni que, the human B cel | hybridoma techni que
(Kozbor Bfiny !”f’@’?r%ﬁﬁ'&fﬁ%?g’%s%édﬁ%ﬁ 251 9g Jyb fragments, inglyding Egyvonymmi ulin

t echni qu&ptdssib® liBfarPproduMeNOCLONAL  ANTI BODI ES AND CANCER THERAPY, pp. 77-
25 96, Alan R Liss, 1985). The techniques of single chain antibody
producti on susthimmugespecifiseahtibbdy cex depibeainédnby iiGnRmizatibn NG.antan@48l, WA acan

equal |y y . Trapsgenic.ani pals such as mce, for exanple, can equally

be used H%g”pﬁﬁﬁ‘g%%c oSt s it emiPPvodi es. 30 . 30 DEC 2005 WO 02/ 085940

PCT/ EP02/ 0433thedfverfBAMiso felth /18 G iRfhiolfect CaRtlo 9h! 4 B81vBLaddaGel AR On
as f groce 3P ERE g

The {)resent Invention equally has for its object a
i dentd f ite she igvensionasich agdafinedprievieuslyg or i nhi biting a pol ypepti de

according to invention,,.co i sing..a) the.preparation of a reconbi nant
vect or conpr iépﬁgpg&bo %fﬁﬁ‘& ‘%ﬁo g’@ 133%6 b A ?{)ﬁﬁ ﬁ'ggmﬁmﬁﬂ%ﬁ'ﬁ]% oagvfdisni ng
at | eastvafiagts 00 @i ¢edl Sh¥ressing e polBaRIdRtdaf ISy bERSEq f@b}%%uﬁgﬁfngg?#gcﬁic

reconbi nant vector according to aj), c¢) the contacting o
accor di ’§PeAies) with an agent to be tested, and d) the determination of the

activating orfrul.pil.bit | » gener.at by.the agent to test, ..
pol ypept i de ggl'gcq)r | nlghﬁ%l%%héecqﬁ%v’gﬁ?'?sotﬁa@gﬁa‘iq%ogyl?@%ms tef Gmnéyé?b%ss
f or 1510 petypeptidensf the imventictsthah #br dm&,?fo@q;tepmgshdonm ihRSgriGoppounds can be

activating (agonists) or.inhibiting (antagonists) agents of intrinsic
activity of 3 fRegHicentibodies sar be phlained \haradnynistritiens of & potypeptidle of an

equal 'y 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 to methods
well known to a person skilled in the art.

20 For the preparation of monoclonal . antibodies, typical methods for antibody
production can be used, starting from cell lines, such as the hybridoma techniqué (Kohler et
al.,, Nature (1975) 256:495-497), the trioma technique, the human B cell hybridoma
technique (Kozbor et al, Immunology Today (1983) 4: 72) and the EBV hybridoma --
technique (Cole et al, MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp. 77-

25 96, AlanR. Liss, 1985).

The techniques of single chain antibody production such as described, for example, in
US Patent No. 4,946,778 can equally be used.

Transgenic animals such as mice, for example, can equally be used to produce
humanized antibodies.

30



be ligands or substrates of a polypeptide of the invention. See g‘I‘EEQ?H!USEt
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P Jl'ﬁ{cf:sc: cefl§ or Membrane extracts of these cells are then placed in the presence of

compounds to be tested.

20 The binding capacity of the compounds to be tested with the polypeptide 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 implemented by using an agent to be tested that is
directly or indirectly labeled. It can also include a competition test, by using a labeled or non-

25 labeled agent and a labeled competitor agent.

It can equally be dctermingd if an agent to be tested generates an activation or
inhibition signal on cells expressing the polypeptide 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

30 oligonucleotides or polypeptides, such as proteins or antibodies, for example.

The present invention also has for its object 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 polynucleotide according to the



Det ecti on of diseases The present invention also has for object 3@@0@5@5
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b
pol ynuc!'8%F1U98 Cauaining 3t leasionerrading @ i on in a subject: 20 c) Deternining
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devel op di.sease, an indisposition or a disorder

pr esencgg %gn%{’ r%p ﬁ%tfvﬁfyugﬁye‘?ﬂ PeieyatieR OF ap ighibisionHa the)pessericornfahid/polypeptide.
pol ypeptlihdeagame,odotiivigd to? ihkiitl ' . Thes hseases can he disorders
and/ or  huran di seases, s'dchsggd]\ggrﬁ%%f@- lgﬂgg(fqtf}ﬁn%ggﬁe Pﬁ%’%‘?ﬁﬁﬁ@gth%l’%’éa%%,
vener ealcam PeRss of polnentideogichads, Yorr elantpde] emBARESOARGISH UM KA es

di sqase isorders, .cardi ovascul ar .di seases, netabolic diseases,
cent oal ﬁ’r’m@?@éﬁ@""‘s@%@%EP{'BF’EEQE&?S’ Sagscpption figtor oppolypndesidss. PCT/ EP02/ 04331
27 gastrointestinal disorders, and disorders connected w th chenot herapy

treatnments. Said cancers and tunors include carcinomas conprising
met ast aBieteckign phdiseasesar ci nomas, nel anomas, | ynphonmas conprising fol licul ar

| ynphonmas an . .cel | ymhong, | eukem as_conprising chronic
| ymphocytic ff‘ggﬁgﬁlﬁgpg}%}}gﬂ? owoclhﬁi/ng?rog@e@ P RIRESHS ofor amplysing &k bihbgidaber ,
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i si e i L d. H \/ Al DS, i nf ect.i i as,
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aut o- i mithogagmealflagubjedtat ed di seases may i ncl ude the

b) Determining the level of expression of a polynucleotide according to the invention in a
subject;

20 ¢) 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

¢) Determining the functionality of a polypeptide according to the invention in a subject.

25 These biological characteristi__cs may be analyzed in a subject or in a sample from a

Ld

subject.

These biological characteristics may permit genetic diagnosis and/or determination of
whether a subject is affected or at risk of being affected or, to the contrary, presents a partial
resistance to the development of a disease, an indisposition or a disorder linked to the presence

30 of a polynucleotide according to the invention and/or a polypeptide according to the invention.
These diseases can be disorders and/or human diseases, such as cancers and tumors, infectious
diseases, venereal diseases, immunologically related diseases and/or autoimmune diseases and

disorders, cardiovascular diseases, metabolic diseases, central nervous system diseases
Y



rejection of tissue or organ grafts, allergies, asthma psori asi S;.0 DEC 2005
rheumatoid arthritis, multiple sclerosis, Crohn s di sease and ulcerative
~colitis. WanP0852840di ovascul ar di seases may i ncl ude brai n i mawEPeNEs3anen as
including anema in patients under dialysis in renal insufficiency, as
wel | as anem a resulting fromchronic 245 infections, inflammatory
processes, radiotherapies, and chenotherapies. Said nmetabolic diseases may
i ncl ude gs&imntMnah dwmms,aigédmoaieesctodnm& elmrrmbmm}weatxﬁémsj di seases of

t he central VQUSce mer's disease, Parkinson's
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be carri ed@gut starting from biol ogi cal sanples fromthe subject to be
st udi ed 28 @¢ RS- cel I's, bl ood, urine, saliva, or startl ng froma bi opsy or

an autopsy sed for

an autopsy g I,pgggyéy &séas&ﬁn%dé%ggkn?em'fﬁpﬁogg? ?gcmmg%ms B O

cDNA c aaneHIGIATDS) énfectivs ipnewmariias, hﬁdvér@@é‘ul diteadet, sush b gshiRPSEHP! € to
n’gﬁre t he Ieotl d Ol ence of a pol ynucl eoti ‘de_accor di ng to the

i nvertion wi Fn tWémH P%‘&H‘kj énd gytrstemupiogisalby related risegeasomay Ghclodee the

subj ect re t I e arried, out

by sequeie o U AR Sl grits, MferBi, SR psSTAE MRG0 PR ES RREPE ' ne

DNA f r agplemsis, @)nmha’rsdlwlam:arrd).ﬂmratem&lmj with or wthout denaturing agents

or by nelting te ratur.e difference. Mers et al., Science (1985)
230: 1242. s H%PY%SE‘&PT ﬁEaSF%mtaHé“%‘Pﬁ? Eﬁam Wiyy andengoisdeclpdios angnia

02/ 08594 patfehtsEmtter Qi Pets 2@ redbll GhPhiLilhicyS G WRIF s %erﬂlapxreglﬁhﬁglaﬁ%% nﬂrgcan

equal Iy, be reveal ed by nucl ease protection tests, such as e s
1 ndél eaé@t@ns,angmtochpmccssbs c#@aﬂmragleagmdtcsxemsmrﬁiﬁst on et al. Proc.
Nat . Acad. S§L,drﬁk’§ﬁ>oﬁ Se)a 85: 439 7-44 onucl eotl(ge probes :
conprising a ICICSBIPHE PPLIGHRLE s ‘W?e’“ﬂ '\‘Rﬁﬁsﬁ?fﬁate AisgasEnds SPepily- used

to conduct tEadsdrse&m ng. tHé bérial RIrPAES syedrh MBPVicluBe aAEﬁEx%ﬁPss&'sJ:dsgd in

the art Cﬁn be used to determne the expression of a polynucleotide of the
i nvent i DFxH§AN F&’ﬁe%nfqm@mlagﬁﬂedqpﬁsﬂaﬂi ability of this polynucleotide

(See Chee et sl giseSibah &glsgl]&?ynu%F( b ikl de»{?&r@%%né zu}d%s'?%%po%gﬁantlthe

| evel of expression of the po fying
t he2Pevel of THsfresessoalsdpermpits geretip aliagnasis eHi ddaasé aneksizenta b £ dkease linked
pol ypep{o tgce Eyresence in a subject, of the mutant allele encoded by a SNP according to the invention.
Preferably, in step a), the presence or absence of a polynucleotide, containing at least one
coding SNP such as previously defined, is going to be detected.
The detection of the polynucleotide may be carried out starting from biological samples
25 from the subject to be studied, such as cells, blood, urine, saliva, or starting from a biopsy or an
autopsy of the subject to be studied. "I"he genomic 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 nucleotide sequence of a polynucleotide according
to the invention with the nucleotide sequence detected in the genome of the subject.
30 The comparison of the nucleotide 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 melting temperature difference.

See Myers et al., Science (1985) 230: 1242, Such modifications in the structure of the



10 according to nethods well known to a person skilled in the artﬁ@fﬂfgﬁﬁ
exanpl e, by PCR, RT- PCR, RNase protection, Northern blot, and ot - 5
hybri di za¥Pda/08¥hods. In step c) and d) the presence or theTapseHHs; as
wel | " as the concentration of a polypeptide according to the invention in a
subject or a sanple froma subject mayoJge carried out by well known

met hods such as, for exanple, by radi oi nmunoassay, conpetitive binding 15
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i nvention may be. carried out by nmethods well known to a person s

the art PRYynuelgptidedSee Lhapptal., Sgienee (1996) Mad 274, pruei)-618)above nenti oned or
by an use of I S| | d ol tide. K Therapeutic conpounds
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t her apewuantifgmgpbe fevel SORDGNErioded by thiY poBMubleo@dd (v c@gﬁngtfor a ?%ﬁ;ﬂﬁd%s i de
accordin the i n and/or a hyperglycosyl ated anal og 8 e

to vent i
pol yWep???Pé‘?‘Egﬁ‘bm odg Wk owactocrspersen shilledyin the art @k, foh exarapie iy BERJRT-
sequenc : | S .JThe .inventi.on also relates to
t he useepocgﬁzT éﬁbﬁdgf pet?ocg‘loggﬂ 8@@#‘%@ do&ﬁ%ée]l%’ibrqggﬁ{]?’bﬁ"e $For a 3 0 DEC 2005

WO 02/ 085940 LPGTRPESD 24 Ihe FBesehyd oF thy abseticatRdwan alsOte Wonkbtiralish Yrept | de
conprising a '(ﬁo‘ aci.ds 28 through 193 of the am no acid sequence SEQ I D
NO. 2 aﬁa%sﬁr FOENBINg: 19 Hae MVERtIQN i 3 sbisck ek v Fample from  sebiagtanay e caomebund

I nt ende@uf ENRnEWSE Hthd R ool rent human. disor.ders
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A person skilled in the art can identify the threshold above or below which appears
20 the sensitivity or, to the contrary, the resistance to 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 functionality of a polypeptide according to the --
invention may be carried out by methods well known to a person skilled in the art as, for
25 example, by in vitro tests such as a}gove mentioned or by an use of host cells expressing said

polypeptide.

Therapeutic compounds and treatments of diseases

The present invention also has for its object a therapeutic compound

30 containing, by way of active agent, a polypeptide according to the invention and/or a

hyperglycosylated analog of the polypeptide comprising amino acids 28 through 193 of the
amino acid sequence SEQ ID NO. 2 and having SNP G104S.

The invention also relates to the use of a polypeptide according to the invention and/or a
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rejection of tissue or organ grafts, allergies, asthma, psoriasis, rheumatoid arthritis, multiple

sclerosis, Crohn’s disease and ulcerative colitis.

20 Said cardiovascular diseases may include brain injury and anemias including anemia
in patients under dialysis in renal insufficiency, as well as 'anemia resulting from chronic
infections, inflammatory processes, radiotherapies, and chemotherapies.

Said metabolic diseases may include such non-immune associated diseases as obesity.

Said diseases of the central nervous system may include Alzheimer’s disease,

25 Parkinson’s disease, schizophrenia and depression.

Said diseases and disorders Ii'r;ay also include wound healing and osteoporosis.

The compounds of the invention may preferably be used for the preparation of a
therapeutic compound intended to increase the production of autologous blood, notably in
patients participating in a differed autologous blood collection program to avoid the use of

30 blood from an other person.

Preferably, a polypeptide according to the invention and/or a hyperglycosylated
analog of the polypeptide comprising amino acids 28 through 193 of the amino aﬁid sequence

SEQ ID NO. 2 and having SNP G104S can also be used for the manufacture of a therapeutic
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manuf&@ct ur e ab iscréRetthe basuritid i n faor the prevention or the
treat ment of di]ffrergnt Euman ]%Iis:ggrg@g%?gs gﬁéﬁbg&%lgégfége@gBﬁ”‘&g’aﬁ%é‘e{is

and tunors, ideed puiologeus bipodsollvaivarmragrati tbensiithe ukdBEBRARGA2h Yihe
rel ated di seﬁggsgpaarh% or autoi mune di seases and di sorders, cardi ovascurar
abolic

. T .
di seases, me I seases, central nervous system di seases,

gastroi nt est itnptevemiteaif@hfry.and di sorders cennected w th chenot her apy
treatments. 25 Said cancers and tunors include carcinonmas conprising

met astasi zing r engenawféhﬂmmsqundebmnmg,toIojomhﬂﬁq)%lﬁﬁﬁ@dé KB bltheul ar
|y e ell .| hone, .| eukem as conprising chronic

| yggmgg'ziegﬁ%ﬁ%ﬂaﬁgﬁazg ﬁ}pg Apds %?r}g'lnﬁii &r “%leéllﬁ‘lf’éﬂibé{, orciiemethis piflypeptide carer
neck, hékewaabekigbdess, thelthtiapbRicie LRQK % dqmors  and t unors
that appear follow ng an im*n?ﬁe gefiiéﬁgﬁgyfg@érrﬁlﬁgb%o apSs S & BRFPEIRE i n

ea
t he SOQ%IBB%“”& Al DS. Said infectious diseases include viral infections
conpri sing chroni¢pikepatyhi $,.B,a0d . C. and H Y/ AlLDS,_ infectious pneunoni as,
and venereal diseases, Sl?é/lhﬁlaes pgéég?tt e alsochas) fornpnnebiseti @athesapeutit

aut o- i neampdundi coaldiyingcbyvag ofl £606 ABeRBY JolsludRBLENS 02 veMD

02/ 95594(§)tP.CT/ EPQ2/ 04331 31 rejecti %n of ]jti[@_sue or ocrcggﬁﬁérta % Mmvention

al | e gi eI Atacas) oBe previusly, definedt VR apremidusiysdefimad treqolrbingt veEeS izS,

& ohn” Sod hsh 1 i Y o . oo ;12
ohn' spéiReasdeh st eL1Rtay . car.di pvascul ar di seases may

i ncl ude br ai n§i njury and ane%5§$l%c+"l§,lsi %@%ﬂé‘ﬁf’&&' n patients under

gi al ]Ysi s i n Fenuivenirauhlsd geletes yto thsuwebfgﬁﬁol Bofdé %éd&%m%%ofu{eo&wgm gni ¢
i nfecg [ tory. processes,_ radi ot herapi es, an enot herapi es.

Sai d net&gg_‘{)ﬁﬁp% ag:iéseE !agg%pT%@pp“F&c‘f%%@gm T préviovshyritefined oesomtbedintver@rsas as

obesi t ypreviously defined host cell, and/or a previously defined antibody for the manufacture of a
20 therapeutic compound intended for the prevention or the treatment of different human disorders.

and/or diseases such as cancers and tumors, infectious diseases, venereal diseases,
immunologically related diseases and/or autoimmune diseases and disorders, cardiovascular

diseases, metabolic diseases, central nervous system diseases, gastrointestinal disorders, and - -
disorders connected with chemotherapy treatments.

25 Said cancers and tumors include carcinomas comprising metastasizing renal

carcinomas, melanomas, lymphoma; comprising follicular lymphomas and cutaneous T cell
lymphoma, leukemias comprising chronic lymphocytic 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 Kaposi’s sarcoma in the

30 case of AIDS.
Said infectious diseases include viral infections comprising chronic hepatitis B and C

and HIV/AIDS, infectious pneumonias, and venereal diseases, such as genital warts.

Said immunologically and auto-immunologically related diseases may include the



Sai d di seases of the central nervous system may include Al zhei ner’ st‘d c
di sease, Parkinson's disease, schizophrenia and depression. . Sai d L'}sfe@&ses
and di soMf:e240858 al so i ncl ude wound heal i ng and ost eopor egiTsEP01043B5he
conpounds of the invention nmay preferably be used for the preparation of a
t herapeutic conpound intended to incregse the production of autol ogous

bl ood, notaply in patients participating in a differed autol ogous bl ood
col | ect FOFFIIRGYtiatHe & gen arafvealigaienastisha peomasisnrbeunttt bidrarpheitis Omultiple

Prefer ap&lé’msits,f@rohﬂ*é%'i"geh&”awgé’rﬁﬁkfe ‘{OE? use of -a polynucl eotide according
g a

to the 15 invention containin ‘48t one previ ously defined SNP, a

. previously d8aidracicwsscut dizedsey Ry ficlude BafVinpi§nddabmNRAn 098 he GRbhia

and/ or a grevi o‘g?f”/ d?f i.ned antibody for the nmanufacture o? a tﬁerapeutl C
conpounl! Pftc@kqurger dilysis)inyeny insuiligienay, apevallaas pmemiarreswting from ch@nicent s
~ undep dj hS it i (oIt . as I anem a resulting from
chroni cln?éﬁ‘(%g %’_iuI())f'lrj]]as?ti xﬁ?ﬁh/ %}r?’r@rgét%gf ;gd]%g%ng’easn\ggcg ?m?)lg’& 5 %er api es,
chenot her api 8aid naatabiodic disehsesinmyriaciade silvh rionddinineCRsctiatéd BREAGOMSHaLIRR
notably in pst.i ent s gsa;@i %iqpati ng in a differed autol ogous bl ood

0

col I ection pryfrdiseas ??T@rags‘?r\(ﬁusb%@é?@ frpgyniaglude hiskzheiper’s odiseaaed/ or

- to premRidsons AlsBadeNdcHibphreRial of a polypeptide and of the other
conmpounds of the inver?ti oﬁ, ulsaeﬁloqgr;eggg?'i ve agent, depends on the choice

of the conpobaid disetses amddiapeiets may aldo ortiderwountddieamsiearf osteddBidaisSt I at i on,
the1 ature o% ethe forq%ul q.t 'hon, the nature of the subject and the judgnent
of 'The doct OF¢ SURBMNIS GTthe Jayeniion 1ay prefergnibe wsedoioy et prsparaterootiang t o
the i nvé@sfapeitic Sorgnal dhiende B ARMRE HEHR d | et ween .1

and. 300 Sﬁ)t s/ kg of the su,bieect. Thae [ nvfénlglu(@;&nona{?ég‘iﬂg)gggésBgﬁg’oﬁﬁg@@ ]

phar macRAlERSRaricpabagiini2odifieret awologeisnislpod sollentioh yeogrganto, awid tiRagk dIne
above- ! C ound such as a pol ypeptide according to the invention;
a hypep%%%ggydaé]toe%gé)n%sf)gg of the polypeptide conprising am no acids 28

t hrough 30 DEC 26t ,08¢ (Hedéh finté ‘ , e Seid
seq;ljgnc.e SEQ 1 D NO. erza\l‘i!a@;]d havi ng SNP Gl?g?l?sﬁ{&g%‘gélp}m&lﬁ%&l%%&%g‘i&c rogt:ﬁre]g to

t he!? nVBREISR cOBRiMG rhigagtonequetiovsly dpfinad SNBJ 3 prvidushddeed recamiteninous| y
defi ned,LggobHRR e i 0 defined host cell, and/or a
previ ously def F neg)tu Slgn? %@’gecfy?mg{s%ég’l #ﬁ%/ér & ﬁﬁ%f??r‘é?@édielﬁ%ﬁ‘il I ?‘tﬁeg)ép%éb‘%
exci pi enanufécting of helsraphac tampoindiatendediposi ti ons, the active agent is
advant ageous] y lpresent at . . . .

- lo” prevent or treat anemia, in particular in patients under dialysis in renal

insufficiency, as well as anemia resulting from chronic infections, inflammatory
20 processes, radiotherapies, chemotherapies, and/or
- to increase the production of autologous blood, notably in patients participating in a

differed autologous blood collection program to avoid the use of blood from an other

person, and/or
- to prevent brain injury.

25 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

30 administered at doses ranging between 1 and 300 units/kg 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 polypeptide according to the

invention; a hyperglycosylated analog of the polypeptide comprising amino acids 28 through



physi ol ogically effective doses. These pharnaceutlcal conp05|t|ons can %e,
for exanple, solids or liquids and be present in pharmaceutical ¥ b s 2003
curr ent | YWQO92@85940 human nedi ci ne such as, for exanple, sippirgEpPozoQeAt €d
tablets, gelcaps, granules, caranels, supposi tories and preferably
injectable 10 preparations and powdersghor injectables. These
pharmaceutical forns can be prepared according to usual nethods. The
active dgéraf(thy agumo beidi sequenporSEQAD NOo 2earsd baving SNPsGab4S: £pblyaN@ebtide

har nace o oSi ti,ons such.as c, Arabic | act ose, starch,
gext rose'&orﬁ&?@et 0 lng?q{b%f’(”ﬂﬁ‘&%%ﬁ ?ﬁ‘?‘?‘st”é"alpéﬁvé°usgbé‘6ﬁ"%§f\@n a B}GM@@EIS’ or

non- aqueRHged/ ebtoflb@sant fadkcldr, SURRVRAGGSdemeB ha! (2! af °¥%g§'te%P°ugl§' g[ﬁllg' gr

paraffinic derivatives, gl ycoI S, various wetting agen I 'sper

enul si f ja8HBodyppewel @&?W@Sﬂacﬁh@caéldtalcmt@bgem(pl)enaccor ding to the i nventi on
can enpl o conmhi n er .conpounds such as

t her laisgeut i C ggghp%h%g&g"g%cg Hﬂgag °8P}P8F3189 'JRf r‘?&@ve 28R 1%, adyantagepusiy prasenrat

i nt er f ephpsiolopioallpeffeqive.dodés. The different fornulations of the

phar maceut i cal sitions are adapted according to the node of

adm ni strati Jhesqggamaﬁlﬁw@éﬁpm@amenmm bei fors exampléesadidii ori quidseand e

di ff k kil] ed th t.
The | nvereE i iehr Kis TS AR, it RiBonPPiog et i Gt wvmmple,
cont ai nsimpls or B&te&tabweis , a8 ps, g&hndl@ﬁ%hraﬁfé@s aPYRIOREY M&Q{&W%@&aﬁé‘m

pol ypeptide according to the invention, all or part o
poI 3r(?uclp aljgns, @p rEﬂ‘mf’rﬁ dor Hajeptablemt These ah@rrrmmnu:sl forhesf caredbe prepared
reconbi Raddrdine & ual Fheﬁfo‘a i ously defined host cell, and/or a previously
defined anti body, as as a suitabl e phar maceut i cally acceptable

exci pi ent. THhs ahta/gnagetnt(fs) campdei fricorpor@tyd Ciand adxBipidrdd M@?'&n pléfkd in
approprlﬁte exci p iaent li.ke 30 those generally usec? I n the diagnostic

conposi PMYPASEHIFaL COBRPTIHORS sHeh a5 Wik rAzabicyawm, lrstospr sarehy déximosnit glyeerol,
[ t | f t
equa Yeﬂﬁﬁolaﬁlagﬁbsﬁ}?h Qﬁ&aﬁ@%ob@ﬁ?ur%%}t gtfﬁ'e (’Pﬁ’\r?g'n % avehﬁ & {V?C ! %sg%g% 940

quantlty of a pol ypeptide accor

3 0 1BECoS omémalPorT/ viege@be4 38itir3 3parhffinid danpahmmélﬁms Oearit§ Oweliting igentshe
|nvent|8n cell fromthe subject to be treated,

oSt
previ ousl ;'?efa"?‘f Y %nglfgjeﬁ’é’b‘ﬁ?‘é(aﬁv‘?sher apeutic conpound intended to increase
the expressi @Re O4ctivBeagmt(sy idcYording %o the invention can be employed alone or in

combination with other compounds such as therapeutic compounds such as other cytokines
such as intérleukine or interferons, for example.
20 The different formulations 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 contains, as
25 active agent, at least one above-megtioned compound such as a polypeptide according to the
invention, all or part of a polynucleotide according to the invention, a previously defined
recombinant vector, a previously defined host cell, and/or a previously defined antibody, as
well as a suitable pharmaceutically acceptable excipient.
This diagnostic composition may contain, for example, an appropriate excipient like
30 those generally used in the diagnostic compesition such as buffers and preservatives.
The present invention equally has as an object the use:

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



subj ect, of a polypeptide according to the invention. 5 Thus, to treﬁ a
subj ect who needs an increase in the expression or in the activitgoo (all03
- pol ypept Wee024B5%4Be i nventi on, several methods are possi bl #CTIRPOR/8433bsSi bl e
to admnister to the subject a therapeutically effective quantity of a

pol ypeptide of the invention; of a hyp® glycosylated iinalog of the

pol ypepti de conprising amno acids 28 through 193 of the am no acid
sequence SEQP) ¢ awolymiCleatdasspsksNp theoinwsrdies; andiRl/ or of the activating

agent and/ orc)@&%%g%ﬂ @&ﬁmeS%ergllt??e%@é%&:gﬁ{i%usg%éﬂgg’ possibly i n

conbi nat i on, arnmaceut1¢c xcrprent. It is |ikew se

_ possi bl & prepiracr teseeithecensandnateaddr adikidass tef expressionpspiht detiafy, ine
i nventi on,bg dm ni stering pol ynuc . .ieotide according to the invention

to the ypse ?Pﬁd’?epébgﬁﬁﬁ‘foé&%m CHEPBRItl eoti de can be inserted in a
cretrgviral exphessitN aBbldl whotEbithn Bl jnkRe E8elfod SPlARER OB GE! | S

havi ng been infécted by a retroviral plasmd vec cont ai ni ng Godi ng
f or t heppgpeptidpbf the in¥entibe, semerahmiethods ame pousiblea f ashi on that the transduced

cells produge infectious,viral partic]es coptaining the gene of interest.
See Gene Theﬁdbfoéﬂla]eo‘f’h%qmmmreteu gsu ﬁ'e?itg@r%%@gﬂ%éﬁféﬁ'é\tﬁ Aeantiphpbaches,

Chapt er tide [de B iVizh |&ra n ' idg! isi

Sci ent i ?(i?]ggeﬁlgugl i she;ﬂyeLﬁgM( 19%6@51%%1%%:%?‘%%%&?? Wﬁ’etldléncver?{llsgﬁ, a
pol ynuchminoi ahedsch tiabugind9aitof | thasminmecid ceijmencSNEQ IDcNCaE pidehavings SNP
def i,ped . oi t e preferably used. It. is,equally. possible to

admhﬁi sf}éﬁ“%oa'{&%oé (gfu%'jee VR 28 _tlggg’é!%hﬁ?tﬁ‘b agﬁmh?%h ‘(SQB'_EC&OB@I%L@CﬁB%qLI s),
these hgsdibtein confbivydtidd, WREA phaghd il dbcdpiittDepiisieiodi fied so as to
express the pol éEepyl de of the invention, as previously described. 25 The
present i nvehti$ dikewigeapssyble ¢ép anczease the ¢endogsrousgrodictiantdfar palyepiidadf the

o ert e SMAY Ll SR KoL ST 6235 o B SRS r

of a polynucl eoti ng 1n

pol ynuckesipielahisgodandicotddd Oar Beinservedtini Dretro{ial preddion) veefor SSurASE veedr!
fromthe subject tg be.treated, as previously defined in order to prepare a

t herlapetAn be doipsslifiam petlisnbrodng beqrotnfected R derqiovdel plesmid vhgomeantaining, i n
3052 B gty B ER AR B enl RNSRAP e SRRERRE R0, 2°
a t her apeduccialdctiows fiead pantielaywantairiyg tie gene bfiftdresti B¢ GewaTheasy oK dtlieran
ant| bOdX'lo eou araaex[l)ertﬁz\-/ti)a%g‘f | ¥hg§geiug(cad}kpg%%§1iaegl ydxa?atego %l nxzrilt iH%rr]rian Molecular
Genetics, Strachan and Read, BIOS Scientifics Publishers Ltd (1996). |
20 In accordance with the invention, a polynuclieotide containing at least one coding SNP
such as previously defined is going to be preferably used. |
It is equally possible to administer to the subject host cells belonging to him
(autologous cells), these host cells having been preliminarily taken and modified so as to __
express the polypeptide of the invention, as previously described.
25 The present invention equally relates to the use:
a) of a therapeutically effccti:/; quantity of a previously defined immunospecific
antibody, and/or
b) of a polynucleotide permitting inhibition of the expression of a polynucleotide
according to the invention, and/or
30 c) of a host cell from the subject to be treated, as previously defined
in order to prepare a therapeutic compound intended to reduce the expression or the activity,

in a subject, of a polypeptide according to the invention.



with a pharmaceutically acceptable excipient.. It is equally possible to
reduce the endogenous production of a polypeptide of the 5 inventild M3 '
admi ni st rea@M8swot he subj ect of a conpl enmentary pol ynucl egicrdgoassef di ng
to the invention permtting inhibition of the expression of a

pol ynucl eotide of the invention. Prefergbly, a conplenentary polynucleotide
containing at_|east one coding SNP such as previously defined can be used.
The present i hhusattiiepossiivicde admirlister tonthe sabject a thempyhtivatlp eiftiive QA &F

and/ or 0. | y¢ at anal og for the preparation of a therapeutic
corrpoundgr? 15‘? }&?ﬁegga;ﬁé Egirynd{ ’ ooﬁg&anghfg' i”tcééf‘ RETYfOUstY %ﬂ&@iF@ﬁﬁlb}Yal\V'iCﬁglbmatlon,
di sor derwiih a?hﬁk&maﬁt&aqglasﬁi)tme @xcﬁﬁ@n\[ari ant linked to the presence in
t he genone of_ said patient of a nucleotide sequence having at | east 95%

identity (prifiteastly poside éerduey therendogenedseprablictictioss a gehipeptideastlthe

partigul; . % A dent it itih .th ucl eotii de sequence SEQ ID NO. 1,

provi %ed’ ﬂ?%{g{o;lgog'i %fhﬁﬁgkltt %‘ﬁ?‘?’ &é\nt’g"ea‘{}’é‘?{?@@?&mﬁﬂg@@ti@' BRldmgleqtle aceprdmgi tag
SNPs: 46he #B@nfiaepainining intdbitidh of resSibA S ta pofihdfiébtidd AR Frventfigro 42
g2228a, @g2357a, .c2502t, c2621 g, g2634a. Preferably, said therapeutic

conpound i s USEH#3Y, & ermplemgaiany prypuclediidetooptainiegibt lefst one codihg ISNP such
di Seasesas?éﬁ&&s?déﬁxféﬁ‘cﬁﬂ%e%&p consi sting ef cancers and tunors,
ou S

i nfecti di seases, venereal diseases, imunologically related di seases

and/ or aut oi rThenprederteasesti@n doties®y ARoS the2 QsE dF A QYﬁﬁ&?Bﬁﬁind.r%%?eﬁl or
central nervous system di seases,” gastrolntestl nafv

rretaﬁgl i,c di eases, '

di so er}§'P°’§in°EIY aise duples deoyrthe preparasion of altberepewsic spyponahfardin prevéniod or
| > | meisin ta i zi.ng,r enal

Car ol non e e e € IR o AR S BV R R ar e bp he

cut aneoysestneeinl the gendmyerpfigaia patieinlofai rBleo 609 bédukRe Kavirpatedsy m%é’ﬁtitﬁ
eukem a, cancers of the liver, neck, head

| eukem g_and .chranic nyel oid 25 ..cal .

and ki d?ﬁBS?E";ra 1%@‘%‘3%@’6?{&?!@*]6@%1 Sfoddeniity prd partieulariynd PQ%4 identitypwithr

f ol | ow REe aticlbdiRene: e 8 RO bhsd [ in the case of
AIDS. Said inf ectic,&g@fﬁ?e";?g? i ncl uggd‘{?/?era ??#‘%c “?%ﬁg‘?c AOFPS SR S ni ¢
hepdtd t icsepfathe Olloaridg HINPA 455486 (ddetian)s cHIELEE0LESC1 288 ¥IBA9L, eabo7c,

di sease C gen Lal ) 0 Sajd i mmunol ogically and
aut o- | lﬁg og?fézz‘ﬁar §ﬁr5§?aﬁz\§@5{ﬁ%%é§e§?%' include the rejection of tissue
or organ gr afPréferably, &fi@itRFapeasd E5iBpound % 1216 the PF&%}O?L' dl RS &%grlhéﬂtso’fonc

mul tiple, sclerosis, Crohn's disease and ulceratfive colitis.
car di ov&§&hn diseagesseclocted fherp thegrawpecopsisting oh¢ancers and taners] asectiony disiases,

S, S M Y L R o
20  cardiovascular diseases, metabolic diseases, central nervous system diseases, gastrointestinal
disorders, and disorders connected with chemotherapy treatments.

Said cancers and tumors include carcinomas comprising metastasizing renal
carcinomas, melanomas, lymphomas comprising follicular lymphomas and cutaneous T cell --
lymphoma, leukemias comprising chronic lymphocytic leukemia and chronic myeloid

25 leukemia, cancers of the liver, neck: head and kidneys, multiple myelomas, carcinoid tumors
and tumors that appear following arﬁ immune deficiency comprising Kaposi’s sarcoma in the
case of AIDS.

Said infectious diseases include viral infections comprising chronic hepatitis B and C
and HIV/AIDS, infectious pneumonias, and venereal diseases, such as genital warts.

30 Said immunologically and auto-immunologically related diseases may include the
rejection of tissue or organ grafts, allergies, asthma, psoriasis, rtheumatoid arthritis, multiple

sclerosis, Crohn’s disease and ulcerative colitis.

Said cardiovascular diseases may include brain injury and anemias including anemia



I nfections, inflammatory processes, radiotherapies, and chenot herzg e

Sai d netabolic di seases may i nclude such non-i nmune associ ated di &s@smés
- obesity. WOR§5HPseases of the central nervous system nay POTGRO2/@4331

Al zhei ner's di sease, 5 Parkinson's disease, schizophrenia and depression.
Sai d di seases and di sorders may al so i3&l ude wound heal i ng and

ost eopof0si S, . The ¢ ounds of .the Lnvention referably be used for the
pr epar a{ @4‘”8? yndey ﬁ el f%naédrh%’gtj Ef’ciynf%ﬁvtfgla Xst %’qr?férré%{gé"& Brempekyguist i on
of aut olnfgauss, MAdEmatep) plokyssed) radisthbRples, Machbmbiiakdpig in a differed

aut ol ogous bl ood coll ection programto avoid the use o 10 bl ood from an
_other per sonSalﬂ/mﬁéthéw@eﬁmmuaeludfns@@oporryxperptasmmmsmem dblesitySNP

h
bi ol ogi cal ot v ik e PR P R Soal rdBrionn AR s gHstet nat

_of the Bﬁkmp@’ﬂbdd;easefsch&op)lreﬁm:ﬂﬂ deptedsispquence SEQ I D NO. 2, or b) am no
acid sequengﬁq 1iotrprl sag(g the am no acids included between positions 28 and

193 of the dissases amd diseiises 'BE(?IFQ)'UQ@dCZVOLWﬂé?@almmaItMeogaxodlsam no acid

sequences unggr .a) @uﬂﬁ r t P. i cal. ivity

may be eval uated 5)@{rﬁg\gmébf}8?rex£ uﬁjen%%’:@% ? gﬁgﬂ‘ P‘i‘r@?%ﬁ P%/

acti vi tt&xempexﬁml otamlicnmm mmderb tcﬁﬂﬁrmé lthd pMuaVcﬁxr oﬁ&tﬁlb&@éh@gldohen(ﬁmy

receptor, roid col ony. formatjon or. binding capacity to EPO receptor
As nentREHARS Hyaﬁl‘PWém@xﬁér lrﬁ"ém putplegpus blead cpller§omnregran BRIt theans ef

cel ygl atF]oodJFrQJn';Inecl,’tHér Rof murine 32D cell line over-expressing the EPO
receptor 2 to 5t nore than the wild-type EPO 25 As nentioned in the

experi ment al sectlon t he GlO4S nmut at ed EPO has a hi gher capacity to

sti mul e & thr0| ddco 0 : pe EPO. As nenti oned

i SR B QI : 3% nut ated EPO to EPO

receptor is fye &eeﬂchavbmaﬁt waeewﬁ% Ykl : EEQy A new

conmpound of th ebl nventlon1 S?Jch as epreV|nous‘fd?ﬁp(§ﬁﬁhlﬂa§kng\r{r\%b%]gégﬁss X1ty 39

b| ol oguseléstamlliywmglarsmﬂsglmun edrhparisonitd that ofithe balypertidel: GL04S nut at ed EPQ,
. €4 V\:hl ch her..t han t e.natural wld-type EPO Said conpound

may aI o) ha\)e aar%lﬁ%flga|58%1‘1‘en§%$?:‘901{[{/&\%‘|?{:‘?{ I s even higher than that of the

GL04S nut attgd Eiitno adid defhent@RompRshig/ HSaRMMd RGdd FRARIAD3RVeer Dositions 28
and 193 of the amino acid sequence SEQ ID NO. 2;

provided that said amino acid sequences under a) and b) comprise the G104S SNP.
Said biological activity may be evaluated, for example, by measuring cellular
20 proliferative activity on cells from murine 32D cell line over-expressing the EPO receptor,
erythroid colony formation or binding capacity to EPO receptdr.

As mentioned in the experimental part, the G104S mutated EPO increases cellular
proliferation of murine 32D cell line over-expressing the EPO receptor 2 to 5 times more than
the wild-type EPO.

25 As mentioned in the experimental section, the G104S mutated EPO has a higher
capacity to stimulate erythroid colori")} formation than the wild-type EPO.

As mentioned in the experimental part, the binding capacity of G104S mutated EPO
to EPO receptor is higher than that measured with the natural wild-type EPO.

A new compound of the invention, such as previously defined, may possess a

30 biological activity substantially similar to that of the G104S mutated EPO, i.e. which is
“higher than that of the natural wild-type EPO.

Said compound may also have a biological activity which is even higher than that of

the G104S mutated EPO.



A conpound according to the invention may have at | east one functg’ QBEE 2005
associ ated with EPO acting upon an EPO receptor and an activity 9%
subst ant i BWIG82/08594D| ar to that of pol ypeptide of am no aci ¢cgaees81 SEQ | D
NO. 2 conprising the GLO4S SNP. Said conpound may al so have at | east one
function associated with EPO acting upa® 5 an EPO receptor based on

tivit i nd f i ; t i EPQO t bst tiall
S lar to an o rReRl EEbiE B BTGB P8 Ralk g G5t o Bryheparasiad
anmino awitl ERQuetiog BBQ 4DBYO recep@iPinds b Qcliviey GAOd 13N 5L 1&Q§gqogfnd
or

may be a_Rhi ochem cal . co und, such as_a pol ypeptide or a peptide
exanpl e,P YP%RHS%PG%IHW %ﬁfg?ﬁqearce&ﬁ{%yaw- Zseompprasingathe (HOMS tINP.

pl e PO R D Ssphprissnehe (510 y
Compound havi i e g 9 BBey SACIB B Ry (Y Ebesile e B fiorie 520

cel | 9irn EP6F resgpoedesatyon hetiE indwedtinr effédting 5 cRak@ B s&ihnmfohrw{k%r
than that The present invention al so provides a ne

f wild-t EPO.
corrpou_nd5 "Rgt@?tyf\#élyél’ﬁﬁgrﬁ'@ra”c ERSE ppSp sush BERO SCEPiar éi”_tdé,’céfi by larpol xpeptideoofyamino
formati qid &bqﬂeﬂ@ym mw@%m{ﬂ}gﬁgg@@pﬁ@ﬁm ion al so provides a new

conpound havi ng a bindi ng capacity receptor that is higher than
that of wil d-st%eOrEP@.demeypaaﬁmhehﬁmmbmﬁur&i,%ﬁclﬁ@@@@b?@eﬁt’i‘& StSEpQhide
pol ypeptt'tnd%x,‘g)r;l l%he i nventi.on cons aining the GL04S SNP, for the

i dent i ficatrorP of Ok 3 FEEURFIEMGR! £OmpeRRth cch 1§\ symthetith peptidssaimetic for

i nvett i emambRo concerns a process for the identification of a conpound of
the invention, conprising the following steps: a) Determning the

bi ol ogi cal ackhie\aresent inxentior alsp ipnovides @ gewfdosmpiound haeing a ¢¥IRNdripeslaetaie Of

32D cel I 44 [ eSSi t he human EPO-receptor, on erythroid colony
f or mat | Sﬁ{,‘b‘gﬁg? %?ﬁ%ffﬁﬁf’wgnesﬁg i‘i.‘@‘ ¥ PiEeXRiEsHppihe EBP reseptey that i3t t9) 5
Conpar i migesihigheh thadhatbftwildgheEMoled in step a) of the conmpound to be

tested, with _ii) the activity of the polypeptide of am no acid sequence SEQ
ID NO. 2, or I&F Présenhanveatian sdsqupnevisles anew somgobink havinga higheiScipaciyided

bet %e”sgﬁxu%@er}ﬁﬁoigfco}a%h%mt{b% tﬁﬁggigﬁf%OSEQ I D NO. 2; 30 provided

that said amno acid s ences co 4S SNP; and c) Determ ning,

on the basi s The présent inveations @lo gaovidesla Giv ddinSdual 1AV i
corrpoun%Pbo be tegt ed P@s a subg?ant_i ally simlar or mg‘é‘%?&ﬂ@ﬁcg[ %J\P?flf)' to
conpar ed COrSEFRAPT thakis hrghep Biap thay of Béldgyp&BP@o aci d sequence SEQ ID NO. 2,

or of am no Fak dpregs SRSt Conldns t}{pu%g/gﬁgggo y;liap TP A Bt

the mvention
containing the G104S SNP, for the identification of a compound such as defined above.

20 The present invention also concemns a process for the identification of a compound of
the invention, comprising the following steps: |
a) Determining the biological activity, such as stimulating effect on cell
proliferation of 32D cell lines over-expressing the human EPO-receptor, on erythroid
colony formation, and/or binding capacity to EPQ receptor, for example;
25 b) Comparing:
1) the activity determined in step a) of the compound to be tested, with
i) the activity of the polypeptide of amino acid sequence SEQ ID NO. 2, or of
amino acid sequence comprising the amino acids included between 28 and 193 of
the amino acid sequence SEQ ID NO. 2;
30 provided that said amino acid sequences comprise the G104S SNP; and
c) Determining, on the basis of the comparison carried out in step b), whether the
compound to be tested has a substantially similar or higher activity corhparcd to that

of the polypeptide of amino acid sequence SEQ ID NO. 2, or of amino acid sequ;snce



37 conprising the am no acids included between positions 28 and.193 of the
am no acid sequence SEQ ID NO 2; provided that said am no_aci dzm%s
- conpri se WP8208940045 SNP. Preferably, the conpound to be tRSVEP/3P e
previously identified fromsynthetic 5 peptide conbinatorial |ibraries,

hi gh-t hroughput screening, or desi gned3by conputer-aided drug design so as

h h 1. -di i ] ical..eff h
of the. pol ypeptPHenG e I RRIALLSE HE PR B TSH R il B3 4
sequence COREJueat§EEDaN@; agrodided Nhatushidl ahghovaeild RQGkRded torPrigd@he 93

of the amno acid sequence SEQ ID NO 2, provided that said am no acid
. sequences co oNfhe G 04S SNP. 10 The methods to identi fy and design

OfS
conmpounds ar i i . Pyl | i
referring t o?)tr %;fgljs?{e)]ylr'(rewg occ)il?}S(r)rlxi:{;/doE)re,5(9?e osféaell)?gﬁg,leeé} GYIB%?Y 3%%"%@%8%@%%%85% .
- " Or gd@ni peptidentanbbiyatofialDlibigrig shigh tlandghput gerdeningndr. desfigrdesyi corhfpiearsaidddst
edition (Ja&wary 15, }g92 .15 - Anderson S and Chiplin J. (2002).
" St r uct GFug IGERGRI A0 havaherigmerbreeyimersional sriure fadiog sherpycalelfscs apthat
Today. ; R c ] E d Tar Qi t . ’
emer g1 g R DB R e e B o oh Ar il Seo s oy g
Di scov. comgaying Te2dmih0 Aeitis Gocludddihebi ebgepobition 28tand i1 98/of Biexdntino Beid sejudace S.

(2001). . esign b chine .20 |.earning: support v chi nes for
bar mac S HANU % Broaiiee B gei wmfip arid sestinpesssrproe tng GRS Lar -t
(1996) . " Peptrindendthdtlth Gdéhiidgand Besk@TBSouRds RGO ERTowAHy RHERBE Sitifled in |

14(6): 709. The conpounds of the invention may be used for the preparation
of a théhmeaggbutic 25 conpound intended for the prevention or the treatnent

of one of the di.seases selected fromthe group consisting of cancers and
tunors, inf e?t"gid 104p §eé$9§'é]§30@éeﬁ%fn§m°dﬁf’€aé’§§e§’? e?‘?mifﬁol ogically related
di seases and/gilveath® RIBUTEISH)S eOSEMiAMHeMisty 8€ Diug OB YAS Ihtugr Adlicheases,

met aboli ¢ di seases, central nervous system di seasés, gastrointestinal
di sor derArademig Riessol tedniondfamwanyeld, 189%h chenot herapy treatnments. 30 Said

can s and t i . Gar el Sw riSing. netastasi zi ng, renal

o dthomme. (A L ahy CRAr £ 0T SANRELPLIRATE 3454 SO ALEE AR roe
cut aneoussignThhlg Disyom Today. 1(Rukesri@x conprising chronic | ynphocytic

| eukem a and _chronic_nye | eukem a, cancers of the liver, neck, head

oi d _h
and ki dneys,” Salifk 15 ge‘iﬁé’l’ & As Tapbiy M, 2092)- [ Fhe smersing impsstinee of predictive
ADME simulation in drug discovery". Drug Discov. Today. 7(2):109-116.

- Burbidge R, Trotter M, Buxton B, Holden S. (2001). "Drug design by machine
20 learning: support vector machines for pharmaceutical data analysis". Comput. Chem. 26(1):
5-14. |
- Kauvar L.M. (1996). “Peptide mimetic drugs: a comment on progress and prospects”
14(6): 709.
The compounds of the invention may be used for the preparation of a therapeutic
25 compound intended for the prevention or the treatment of one of the diseases selected from the
group consisting of cancers and tumiors, infectious diseases, venereal diseases, immunologically
related diseases and/or autoimmune diseases and disorders, cardiovascular diseases, metabolic
diseases, central nervous system diseases, gastrointestinal disorders, and disorders connected
with chemotherapy treatments.
30 Said cancers and tumors include carcinomas comprising metastasizing renal
. carcinomas, melanomas, lymphomas comprising follicular lymphomas and cutaneous T cell
lymphoma, leukemias comprising chronic lymphocytic leukemia and chronic myeloid

leukemia, cancers of the liver, neck, head and kidneys, multiple myelomas, carcinoid tumors



30i EC2005 PCT/ EP02/ 04331 38 and tunors that appear follow ng an i nmune
deficiency conprising Kaposi’'s sarcona in the case of AIDS. Saidj{pfp 005
i nfecti ouWOi298¥4es  nclude viral infections conprising chrariEpPolyessal | ti é B
and C and H V/ AIDS, infectious pneunonias, .and venereal diseases, such as
genital warts. 5 Said inmunol ogically &8d auto-imunol ogically rel ated

di seases include the. .reiection of tissue or organ grafts, allergies,
ast hma, 35’53¥P3§i ‘b‘% WSﬂn@l‘B\*ﬁ‘%ﬂ Imppngde rﬁmCiY;ﬂOElP“éagégwsg,s sgehiinsthe

di sease @RéopAges.ative colitis. Said cardiovascul ar di seases nmay i nclude

brain injury and anem as including anema in patients under dialysis in
renal i nsuffi%aieindections digetses dncladeeriia mfestidrisicomphising ohbsrie hepatiti® B and C

i nfecti onS,yt . rocesses, radi ot her.api es, and chenot her api es.
Sai d mt{a@oqwkh!ﬁgggéegég el”W(?Fl?ﬁ’ea“gL}’c?ﬁerﬁBln‘LF é“‘i‘ﬁcﬂ@ﬂﬁ%lé’bﬁf@i seases as
obesi§y. Saighidligarnemgifally %d%ﬂ&ﬁﬁbdﬁ%b‘g@ﬁéﬁrsﬁéﬁ&mﬁ@%{sek gﬁé}g f1ude. the

Al zhei mer ' s disease, Parkinson's disease, “schizophrenia an pressi on.

Sai d di geisen afntissde 9pommanserafly aliergies; asthudepseniasis, theamarogd anktitis, multiple

ost eopor Qgl S. he ;. ds _of. the.invention may preferably be used for

the pr epsgfeg%fsoﬁ%}% Sgdlg%)%g%gé;g%ﬁa@vEB und i ntended to increase the

product i on ofSaiditalipgastaldhldaedses Mdyadchde braif FhjuAPhsd Bﬁxﬁih?ﬁrﬁ%?dkg%n}e%ig
00

di ffered autol ogous bl ood collection programto dvoid e use o
f r om an 'Bthe8entp dpdesrdiabygisvip ropaloigsgigieacy, 3BDRE) 26 GiemRCTésERDR/ HetB Xhronic

EXPE Ao : I of e protein encoded by a
pol yir?uclv:-:r eot | J‘S@L‘%ﬁ%‘gﬁp %cgsisegh%g%@%ergc%smaﬁ Q}Wsotgﬁgplng gl 644a, g2357a,
or c2621 g arldidbfetabelipdistaenmeyariiaid sbyh'hbx@irﬁhh%h@%sb@i%ted&ﬁ@d@@%@oQésitB/.he

w | d-type reference gene, 5 In a first step, the three-dinmensional
structure of ng‘ﬂbﬁ%‘&%él et ithe \GaBral oA PYE: tsyBfems mayt insdpder drzheimer’ sdisehsep| e

-in the migﬁywﬁsé’ggﬁg@%@m&@ésﬁ%ng the software Mddeler (M,

San Di ego, mat ur ypep ragment was then nodified in such

a fashion as Saul disqasexchndalitdrdersmiagtal orinEadwo G ORG AL aS&@Zt@odpo‘!\oiiﬂousa”d

nol egul ar  m.nim zation s}e s.were conducted on this nutated fragnment by
usi ng t he pr p, of the invention may preferably be used for the preparation of a

therapeutic compound intended to increase the production of autologous blood, notably in

patients participating in a differed autologous blood collection program to avoid the use of

blood from an other person.

20



“force fi

10 and DI SCOVER (MsI: Mol ecular Sinmulations Inc.). Two nol ecul ar am ¢
cal cul at'%n runs were then carried out with the sanme program and s Qféé[}ﬁﬁ
g’ {208 M cach case, 50,000 st eps were cal cul at ed PRET/ERORR4331

term nated by 300 equilibration steps. The result of this nodelingis
shown in Figures 1, 2,-,and 3. 15 Exar%@l e 2: Genotyping of the SNPs gl644a
and c26 o of individuals. The genotyping of SNPs is based
on the %&%&%nggﬁmem sequenci ng wherein the product is detected by
a readi Bxangfle gdoIM geteen ercodEt it £k

fl uorescent. .m :
. Tenpl atwﬁé&ﬁ—@ ‘ 40 82 1dgd bivethe pth
perfOrugu%e@fﬂfe(ldﬂ@t%&(}efé@kb%b%j by PCR from genom c DNA Of each
i ndi vi dual of the population PCR product is chosen in such a manner
-thatdit covelnsatfiret gt@m ¢he dyeodinasiomahistracttiiee o SNB thropbitigewad ypedruchlt er
elimna r t.he, dNTPs ave not been
i ncorpo%ta %% 2 a}’tnfﬂ/f’ éﬂﬁéﬂéﬁ%gﬁé dgigpsse GOE‘)%E%E*‘E@”%W yang e sefgware
consi Stslodélel (MSK BEADRE0, TMIOMHE e BolyodGHA hriBhent WATHA hiled RLIEAM Of

the site of the SNP, b u5|ngapolyrrerae25e yne an uoro
di deoxyhd@shiost asdtgs repr qsrtbduvutatlemﬂ)’tOMgGﬂoztﬁnot I8 194 7ICe g tth@us bt mddEcRSS | S

directl a rea ol ar fluorescence. Al these steps,
s el | HiDARRHEE el e AP B0 BB Es Rogmem o5 wemacke proarens AMBER. he
gento ypanagms-ﬁmVERS(wsstma&culaﬂ)snmmm GRY)! %Qh&’fé&@d amit "dalcufidbhon ©f
the PCR product by enzymatic digestion 3) "El ongation

ol i gonudPE¥eradep camisd ot vRERtiersgME)prograny mrdethatsanre fofcetfﬁnflds ehdeatg c‘é&

PR anpl .ﬁ%’ﬁ%%?%ﬁ%ﬁ%&@?%e0433i‘rgs%ye?%ql%qq’?ﬁﬁ'eia%w "o bt ou

starti rt@sfmmﬁeinggiﬁlﬂoﬂm%ngmm ngl,ﬁﬁd)m 268 individuals of ethnically diverse
origins. These genom c DNAs were provided by the Coriell Institute in the
United States. The 268 individuals are distributed as follows: Ph to

eni 5 Popshié ONGBRRAIiAE ot A BH&M@&E@H (w8 pSiGE STRLL SRADRS ri can

The genotyping of SNPs 1s based on the principle of the minisequencing wherein the

product is detected by a reading of polarized fluorescence. The technique consists of a
fluorescent minisequencing (FP-TDI Technology or Fluorescence Polarization Template-
direct Dye-terminator Incorporation). The minisequencing is performed on a product
20 amplified by PCR from genomic DNA of each individual of the population. This PCR
product is chosen in such a manner that it covers the genic region containing the SNP to be
genotyped. After elimination of the PCR primers and the dNTPs that have not been
incorporated, the minisequencing is carried out. The minisequencing consists of lengthening
an oligonucleotide primer, placed just upstream of the site of the SNP, by using a polymerase
25 enzyme and fluorolabeled dideoxynucleotides. The product resulting from this lengthening
process is directly analyzed by a reading of polarized fluorescence. All these steps, as well as
the reading, are carried out in the same PCR plate.
Thus, the genotyping requires 5 steps:
1) Amplification by PCR
30 2) Purification of the PCR product by enzymatic digestion
3) Elongation of the oligonucleotide primer
4) Reading
5) Interpretation of the reading



Aner i ndSouth Arreri can Andes1066. 7 South West American | ndi an55333?tJ DEC I005
Subt ot al Car i bbeanCari bbean10100. 0 Subtotal 103. 7 Eur opean 2005,
Caucasoi rolzﬁ RAri can Caucasi an7979. 8 | beri an1010.1 |t al PEWBEDAD04B31
Subtot al 9936. 9 Mexi canMexi can10100. 0 Subt ot al 103. 7 Nort heast

Asi anChi nese1050. 0 Japanesel1050. 0 Subt 40al 207. 5 Non- Eur opean

Caucasoi dG eegggé}hﬁﬁggggatﬁllﬂﬁ [ 9.- 24. 3 M ddl e- East er n2054. 1

Subt ot al 3713 acific |Islander741. 2 South Asi anl058. 8

Subt ot al 176. 3THE0RCR Anplificaiobaft the Aiklcbsad 24RO oSl phal é&% i chiffedl 98100
Phyl ogeni ogul ations are adapted from Cavalli-Sforza, P Menozzi, and A
Pi azza. @@‘E)S PREERPEtcI Y Aaerining dema gAY inshviduakael etinieally'divérse omgihonThese

Princet t e each one of
heoe” oI ONAk wer Chie5RIed B9 RO ol P deR Th i PRELTE, (HeofReGRER RS
car r i®ed apudistriboted ps follems: whi ch can easily be designed by WO 02/085940 30
DEC 2005 PCT/ EP02/ 04331 41 t he person ski I I ed in the art on the basis of

C |k Smmneraheha _ . a, the PCR
;n& In;J i &YI9gH ; _m:_ ________________ thaic POPU|at'°n
Afrlcan Amerlcan African American 50 100.0
Subtotal 50 18.7
Amerind South American Andes 10 66.7
South West American Indians 5 33.3
Subtotal 15 5.6
Caribbean Caribbean 10 100.0
Subtotal 10 3.7
iEuropean Caucasoid North ;\merican Caucasian 79 79.8
Iberian 10 10.1
itatian 10 10.1
Subtotal 99 36.9
Mexican Mexican 10 100.0
Subtotal 10 3.7
Northeast Asian Chinese 10 50.0
Japanese 10 50.0
Subtotal 20 7.5
INon-European Caucasoid Greek , 8 21.6
Indo-Pakistani 9 24,3
Middle-Eastern 20 54.1
Subtotal 37 13.8
Southeast Asian Pacific Isiander 7 41.2
South Asian 10 58.8
Subtotal 17 6.3
South American South American 10 100.0
Subtotal 10 3.7
Total 268 100

* Phylogenic populations are adapted from:
Cavalli-Sforza, P. Menozzl, and A. Piazza. 1994. "The History and Geography of Human Genes.”
Princeton: Princeton University Press. pp 80.

The genomic DNA coming from each one of these individuals constitutes a sample.

10 The PCR amp]iﬁcation is carried out from primers which can easily be designed by



followng prinmers: SEQ ID NO 5: Sense priner: TTCAGGGACCCTTGACTCdﬁ%ﬁ@S@hP
NO. 6: Ant.isense priner: GATCATTCTCCCTTTCATCC These nucl eoti de se

pen-ni t g&?%’%?%ﬁtion of a fragment of a length of 208 nuECEBEOYHEE3T from
t he hucl eotide 1557 to the nucleotide 1764 in the nucleotide sequence SEQ
ID NO. 1. For the genotyping of c2621 ‘%1 the PCR anplification is carried

out usi Hp pensen skidled dmiiecarpon MR basis b@tl@%@cie&i&@eﬂheﬁ%@%%
TTGCATACCTTCIGITTGCT SEQ I D.NO. 8: Antisense priner: TGTTGGTGAG

These nucl eof PdhS EGONRBE poeAb44aantpe i FCR aamphification #r cayriehtoudfusing @Rgt h
of 626 mg“ggé%,qi,ggps: fromthe nucleotide 2192 to the nucleotide 2817 in the
. nucl eotide sequence SEQ ID NO 1. For each SNP to be genotyped, the PCR

product wi| | SEQDeN@sS:Beneerplirate TRCAGBESACCCTTOAETQUENci ng. The tot al

reacti on vol J@f éhoe&gR reaction is 51 per sanple. This reaction
. voluite is co#g@ NGf Ot hiseaeERE: CATIGATHITCRCERECAIIAGW ng t abl e:
Suppl i eTRhetenersalRea | 18%”9%‘ . knal .t ub e. Life
Technol ogyDel i vgtr ed \?V?%EB%JP#@I! %8“@?5{%:@&? grgﬁ% ISWE)@% ?@EPEHCW&M sS4
mv600. 2fomph@iusicotitie 15 YDB3AOBIOREe ( Todih A6 rlcdti¥sdqaeee SESERSROPY i Mer
(Li M 100. 10.% Oaﬁ(rze%qst.Anté{se e Primer MLOO.10.2 Life
Technol ogy11304M52 87201988 HuRtd! 8 sho RER. amplificatipnrs dafriet 098 uBiNA the
(sanpl efoRofintrith&®: N rxn Total volunme$ 1 These reagents are distributed in

a bl ack PCR-§) ate having 384 wells provided by ABGene 20 (ref :TF-0384-k).
ThelBl at e | sSEQAPND. T &iensd friged TTGEATACATECTGTTTGdRr nocycl er for

384-wel | pl f M R d d the foll ow
i ncu\tl)gt i oﬁ: a@%é@%%s?ﬂsﬁm&’?g%@%&%ﬁﬁﬁ% Oer%é‘\gscl gs g\(l)mnggsed of 3
steps (Tiesé atcledide qienc&Opeh@ft-anilifleBtidm of a Eh%nerﬁtof gqer%@é?sg g@%%’},ides’

Purifi cgt ion of the PCR product by enzymatic digestion.
om the nucleotide 2192 to the nucleotide 2817 in the nucleotide sequence SEQ ID NO. 1.

For each SNP to be genotyped, the PCR product will serve as a template for the

15 minisequencing,

The total reaction volume of the PCR reaction is 5 ul per sample. This reaction

volume is composed of the reagents indicated in the following table:

Supplier Reference Reactant Initial | Vol. per Final
: _ Conc. | tube (ub) Conc.
Life Technology | Delivered w/Taq Buffer (X) 10 0.5 1
Life Technology | Delivered w/Taq MgSO, (mM) 50 0.2 2
AP Biotech 27-2035-03 dNTPs (mM) 10 0.1 0.2
On request Sense Primer (uM) 10 0.1 0.2
Onrequest  |Antisense Primer (uM) 10 0.1 0.2
Life Technology 11304-029 Tagq platinum 50/ ul 0.02 0.1 U/rxn
H,0 Qsp 5 ul 1.98 --
DNA (sample) 2.5 ng/ul 2 5 ng/mxn
Total volume 5ul

These reagents are distributed in a black PCR plate having 384 welis provided by ABGene
20  (ref:TF-0384-k). The plate is sealed, centrifuged, then placed in a thermocycler for 384-well
plates (Tetrad of MJ Research) and undergoes the following incubation: PCR Cycles: 1 min

at 94° C, followed by 36 cycles composed of 3 steps (15 sec. at 94° C, 30 sec. at 56° C, 1 min
at 68° C).

25  Step 2) Purification of the PCR product by enzymatic di gestion.



3 0 DEC 2005 PCT/ EP02/ 04331 42 The PCR anplified product i's thengg@rlf@d
using two y Shrinp Al kali ne Phosphatase (SAP) and exonucl ease |

1). The fW Or”éﬁ’f(}ma permts the dephosphorylation of the PENERZKE3EH have
not been incorporated during the PCR a Iiflcatlon wher eas the second
elimnates the remaining single strand in 5 partlcul ar the pr| mer s

urLon. have nofhdPeR %sq{l Q&’ﬁkékﬂx&*??ltf%uJ@dSth "ﬁlnﬁ";f u&@" %lkalt"F per

addition, in each wel
sanpl e. Hivisphatasact(SAR) mandureeonmlmapdse{ﬁx@f I). h@h%olﬂr@w yhR agﬁ%ﬁs ¥ 1

' d, trif d, th | aced”in
Cher nocyAPEPTaR s RE) e pfIRUBS whh: have 99t iiseRaDeapeMechiriadibe gBER ¢ he
f ol | owi N@npITRdled, Wheres 9GSt @B IR Res 4he iR aél"éfo%bﬂ%?@)%@ at. 80

C. Step 3)El ongation of the oligonucleotide priner
m ni sequrmétulay the ppimess whinh laverrice beentseanduririgsthe IPGR UEs BERstPEUohe b@,

d npl dicated’in
The 1 or 15itisd: i@ Wit BER altacotal EhesBRanarTacs a1 Pe seowle.|  ubo. Hi nal
conc. Conc. 1 Afs @a@ﬁcﬁ@ﬂﬁrﬁ?@%X&%Bbse‘d/ofWeg %g&e% &%BI ot ech070073ZExo |10

U 10.11/rxn_AP_Ri ot echSupnl i ed st OAt51et H2|OSS|D 5 13F|9nal
PCR pr oduct|5 alj v Suppl | rgnde Cl ¥ol./nibel | 0 per
concl.ot ube 1 Shpolflt I oﬁ%‘g i8R Bu ffe]?é’aﬁagggar atCare( X) 51du1) Final cone.
- AP Biotech E70092X SAP 1 U/ul 0.5 0.5/rxn
AP Biotech 070073Z Exo] 10 U/ul 0.1 1/mxn
AP Biotech | Supplied w/ SAP | Buffer SAP (X) 10 0.5 1
H,0 Qsp S ul 3.9
PCR product 5ul
Total vol. 10 pl

Once filled, the plate is sealed, centrifuged, then placed in a thermocycler for 384-well plates

(Tetrad of MJ Research) and undergoes the following incubation: Digestion SAP-EXO: 45
10 minat 37°C, 15 min at 80° C.

Step 3)Elongation of the oligonucleotide primer
The elongation or minisequencing step is then carried out on this digested PCR product

by addition of a reaction mixture of 5 pl per prepared sample, as indicated in the following table:

. Initial Vol. per Final
Supplier Reference Reactant conc. tube ( ) conc.
Own Elongation Buffer' '
. 5 1 1
preparation X)
Life Miniseq Primer (pM)
Technologies On request AorB 10 0.5 1
. 27-2051 ddNTPs’ (uM) 25 0.125
AP Biotech (61,71,81)-01 2 are non labeled of each 025 of each
ddNTPs® (uM)
NEN Nel 472/5 |5 are labeled with 23 025 | 012
and Nel 492/5 | -« of each of each
Tamra and R110
AP Biotech E79000Z Thermo-sequenase 320/l 0.125 0.4 ‘?’V
reaction
H,0 Qsp § pl 3.125
digested PCR product 10
Total volume 15

15

The 5X elongation buffer is ¢composed of 250 mM Tris-HCl pH 9, 250 mM KCJ, 25 mM
NaCl, 10 mM MgCl, and 40 % glycerol.

: For the ddNTPs, a mixture of the 4 bases is carried out according 1o the polymorphism

studied. Only the 2 bases of interest (C/T for gl644a read in antisense or C/G for 2621 g) composing the



LifeOn requestMniseq Prinmer (M100 1 5 Technol ogi esA or B. AP ) BEC T00%
Bi ot ech27- 2051dNNTPs (M 2. 50 0.125 25 (61,71,81)-A 2 are non Iabelia@l(g\'Eb 3
. each. of WRM/RE¥ el 472/ 5ddNTPs (M 2.50 0.125 2 are | abePEWERPYH381 and

Neld492/5Tanra and RI 10of e 'of ea h ach AP _
Bi ot echE79000ZTher no- sequenase3. 2 U #8.1250.4 U reaction H2OQs 5 13.125 i

di gest ed RCR:RREMSEE 12064 Reher ¥ @bhEBLARTf3e 5X el ongation buffer is conposed

of 250 nM Tri s-H 10 MM MgCl 2 and 40 %

gl ycerol . 2 For™ gﬁca&d’d%érﬁé’mypé{‘nm%??ﬁ? i}'e(??"“t'%"g%ﬂq%ééé@‘”f’% d¥arried out
according to the -pol y%ﬁ}r"bﬁldml’ns't'@bdlp@d Only the 2 bases of interest (Crf
. for gl644a read i-n antd ,Iesr38a®hofGhdded, OF c2621g) conposi ng the WO 02/ 085940

5 1030 DEC 2005 PCT. 4 S | e either in
TanSSa or in R 1io0. Izﬁr\géjdéc)égéjm?%ﬂ’fd genot %a]eda"w rfédﬁi('%?'ﬂ'é'amk)?)cure of
.ddNTPs is conposed of25PM°f2d0§Pp1M7€)#Mdfd’m"HdeelF%éPé?d,uM of ddCTP R110 fabeled).

In the case of the genotyping ¢2621g, the mixture of ddNTPs is composed of:
- 2.5 uM of ddA TP non labeled,
- 2.5 uM of ddTTP non-labeled,
10 - 2.5 uM of ddGTP (1.875 uM of ddGTP non labeled and 0.625 pM of ddGTP Tamra labeled),
- 2.5 pM of ddCTP (1.875 pM of ddCTP non labeled and 0.625 pM of ddCTP R110 labeled).

The sequences of the two minisequencing primers necessary for the genotyping were
determined in a way to correspond to the sequence of the nucleotides located upstream of the
15 site of 2 SNP according to the invention. The PCR product that contains the SNP being a
double stranded DNA produét, the genotyping can therefore be done either on the sense
strand 'or on the antisense strand. The selected primers are manufactured by Life
Technologies Inc.
For the SNP gl644a, the minisequencing primers tested are the following:
20 SEQ ID NO. 9: Sense primer (A): tgcagcttgaatgagaatatcactgtceca
SEQ ID NO. 10: Antisense primer (B): cctcttccaggeatagaaattaactttggtgt
The minisequencing of the SNP gl644a was first validated over 48 samples, then
genotyped over the set of the population of individuals composed of 268 individuals and 11
negative controls. Several minisequencing conditions were tested and the folllowing optimal
-0 condition was retained for the genotyping of gl 644a:
Antisense primer + ddCTP-R110 + ddTTP-Tamra
For the SNP ¢2621g, the minisequencing primers tested are the following:
SEQ ID NO. 11: Sense primer (A); ttggcagaaggaagccatct
SEQ ID NO. 12: Antisense primer (B): ctgaggccgcatctggaggg
30 The minisequencing of the SNP ¢2621g was first validated over 48 samples, then
genotyped over the set of the population of individuals composed of 268 individuals and 10
negative controls. Several minisequencing conditions were tested and the following optimal
condition was retained for the genotyping of ¢2621g:
Sense primer + ddCTP-R110 + ddGTP-Tamra
35 Once filled, the plate is sealed, centrifuged, then placed in a thermocycler for 384-well plates



- 2.5 pMof ddATP non-1labeled, - 2.5 pMof ddTTP (1.875 pM of ddTT DP[?@]

| abel ed and 0. 625 pMof ddTTP Tanra |l abeled), - 2.5 pMof ddcTP ¥ 408740HMm
of ddcTP WSH2%¥¥Ped and 0.625 gM of ddCTP Rl 10 | abel ed) . POIEROPR4ISASE Of
t he genotyping c2621 g, the m xture of ddNTPs is conposed of: - 2.5 pM of
ddATP non | abeled, - 2.5 pMof ddTTP rh-| abeled, - 2.5 pMof ddGIP (1.875
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The sequaiSGes, ffllowtd HYES eNcldsSRepREE XD REPITBDSeIAESTSO I (! arldR8 ¢,
genot ypi ng wergg determned in way to correspond to the sequence”’of the
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popul ation of individuals conposed of 2 and
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opt i 4l ] Ltion was retained for the genotyping of gl644a: Antisense
plroi rr‘it;(:)ral Ieaéiééﬁ%?%%itfbs dCHdTTP- Tanra For the SNP 2621 g, the m ni sequencing
primers testedZahdghtheshahl owing: SEQ ID NO 11: Sense priner (A);
.ttggcagaaggaagccatct SEQ ID NO 12: Antisense priner (B):

ct gaggccgcat ct ég@gg@jorseurrhe m ni sequenci ng of the SNP c2621 g was first

val i dated over .25, qd@ enotyped over the set of the popul ation
of i ndi vi dual shﬁg g(gg'!él%gfl 6 i”ﬁg‘f'vi dual s and 10 negative controls.

Several m ni seRaerdatanghitsoeslints/@es were tested and the foll ow ng opti nal
condition was retajned for the genotyping of c2621 g: Sense priner +
ddC%yéE R110 + dﬁt‘a‘ﬁﬁt‘?aﬁ"r"éaté%’:@ﬁ&’é”fi |led, the plate is seal ed, centrifuged,
then placed i npgd ha | r 384-wel |l plates WO 02/085940 30 DEC 2005
PCT/ EP02/ 04331 44 QAP EKE! Gimstd

PMT setup: Smart Read (+), sensitivity 2

Dynamic polarizer: emission
Static polarizer: S
20 A file result is thus obtained containing the calculated values of mP
(milliPolarization) for the Tamra filter and that for the R110 ﬁlter. These mP values are
calculated from the intensity values obtained on the parallel plane (//) and on the
perpendicular plane (1) according to the following formula :
mP =1000(// - gL )/(// + gl).
25 In this calculation, the valug_ 1 is weighted by a factor g. It is a machine parameter

that must be determined experimentally beforehand.

Steps 4) and 5) Interpretation of the reading and determination of the genotﬁes.
The mP values are reported on a graph using Microsoft Inc. Excel software, and/or
30 Allele Caller® software developed by LIL Biosystems Inc.
On the abscissa is indicated the mP value of the Tamra labeled base, on the ordinate is

indicated the mP value of the R110 labeled base. A strong mP value indicates that the base



(Tetrad of MJ] Research) and undergoes the follow ng incubation: Elg qgui E@
cycles: | mn, at 93 C, followed by 35 cycles conposed of 2 steps Eél '“sz .
‘at 93 C,WOP2OEYH0 45t 55 Q After the last step in the t henBEEEPIZH433t he
plate is directly placed on a polarized fluorescence reader of type

Anal yst(r) HT of LJL Biosystems Inc. ™ plate is read using 5 Criterion
Host (r) Y/ i : e. [l permis reading the Tanra
[ abel el Pact WEh Y itrbbet OIRERRPAR ald eobbbrbiiy L WEak otk Ve sl e

f | uor opdbeeree € xotrmratom A3bis b@se.ri m emni ssi on 580-10 nm and the second
permts read‘irn? t.he E&I 10 | abel ed base by using the excitation and
enission filtRISMIBCEPPPBENOYF STPHPS Of| nusIeB it prauERSes haumigahiffaigot ganotypes

em SSi Offe obtdRed0 rim. In the two cases, a dichroic double mrror

(RI'10/ Tanra) is used and the other 10 reading paraneters are: Z-height:

- 1.5 5m At t €Pheatsewf theuAlldlaCatler® softw triePeimils) OnEOBe It ficatRAVG AR @ freRink S:
counts/sec 15 Switch pol arization: b%/ well Plate settling tinme: 0 nsec PMI
set up: SSARRStIS RAEILA( QYt, to; sty ¢xtrapt 2he pgnosyecdgfied for each mdivaduabrin Sttd¢ i ¢
polarizgr, S 20 Afile result is thus obtained containing the cal cul ated
values of nP (mlliPolarization) for the Tanra filter and that for the R
10 filter. These nP' values are calculated fromthe intensity val ues

obtain op the parallel . . on the rDerpendi cul ar plane (1)
accor disHga He THIUSEQUENHAR A G DTS Aaand@2p2le. g1)/(// + gl). 25 1In
t hi g0 cal cul a4 wQne LoROILBONESF thel | gt 1L, 1S a machine
paraneter that rr%st e deterref‘ig'r%]x(;éél\@gg1 @?&Hcg%ttgﬁﬁieiggg?%g}ghom §q§o(%:§s§t§ and

5) | nt ghpimgnadiadnobihe pphpuletiarddhigpdandualefos tind wat fuacticfal SNPs gaagdHeeswad he nP
val ues are rePor.t ecL 0 M crosoft Inc. Excel software, and/or

n a sin
30 Al | SREEQU B5ipg fhegzieR éprg’@aé’%g%d by LJL Bi osystems Inc. On the
absci ssa i s RopdihgabR® the44d il W e I n e
ordinate is indicat edtgt he nP \i?altégg&fg# pﬁe;{%ﬁ%q g‘%g{cg}(ﬁg@gc’@ gttG?oﬂrg nP
val ue ihstirezygets GAgr homezygeteAd B (DEESRO (i vidrle Ih G&ARENBGT ARRARBAEI3 1 45

| a e (th this fluorophore is incqrporate nd, .C rsely, a weak nP
valbﬁ%a S}é%époszylghé’e gengtypengls hot %etlecte np 8‘16 popu at?on of ]D8R’Y§Uﬁ s. y

Similarly, for the SNP ¢2621g, this genotype is in theory either homozygote CC, or
heterozygote CG, or homozygote GG in the tested individuals. In reality, and as shown
below, the homozygote genotype GG is not detected in the population of individuals.

The results of the negative controls, of the distribution of the determined genotypes in

20  the population of individuals and the calculation of the different allelic frequencies for these

two functional SNPs are presented in the following tables:

Number of individuals Number of controls Percentage

tested genotyped tested genotyped of success
gl644a 268 267 11 11 99.6
c2621g 268 250 10 10 93.5




absence of incorporation of this base. Up to three hormgenous grou*ggE 0
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the Allel ?r) software permts, once the identificatPiCIrERIR/04352
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control sPerc ' c ] ]

164422682671 oG 82 - : DEC2003

PCT/ EP02/ 043Frsas B, ~ Aot 22l b clotsl]

AA % Total A ner1 can5050 27050 Armeri nd1515°400"8 Cari bbean1010| 18010
Arhérh 1 -

Eur opean Cau¢agghd990.5 (0, 1./5).87)199.0 1 1.098 \/égq c%@lOlO 10010 ;g

Non- Eur opean %éﬁ%%&'c%l% 100365 05 (0, 1.9 |91 980 1 1.1 92

, Mexican 10 8 100 8
Non-European Caucasoid | 37 32 100 32
Northeast Asian 20 19 100 19
South American 10 8 100 8
Southeast Asian 17 16 100 16
Total 268 | 0.2 (0, 0.6) 249 996 1 04 250
In the above table.

- Nrepresents the number of individuals. .
- Y represents the percentage of individuals in the specific sub-population.
S - the allelic frequency represents the percentage of the mutated allele in the specific sub-
population,

95 % IC represents the minimal and maximé] interval of confidence at 95 %.

By examining these results;.___by population, it is observed that, in the case of SNP
g1644a, the only heterozygote individual GA comes from the sub-population European
10 Caucasoid of the population of individuals.
Similarly, by examining these results by population, it is observed that, in the case of
SNP ¢2621g, the only heterozygote individual CG comes from the sub-population European

Caucasoid of the population of individuals. -
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mut & edthélﬂdcl%ti&'ﬁdéﬁﬁml:eﬁ%@EBi\@l $&qjuence). Thus, we first restituted the natural wild-type
E143 (A427AG) sequence using the Exsite PCR kit (Stratagene) and the following primers:
SEQ ID NO. 13: Sense primer: CCAGAAGGAAGCCATCTCCCCT
SEQ ID NO. 14: Antisense prirﬁer (phosphorylated on the 5’ end):
GCTCCCAGAGCCCGAAGCAG
15 In parallel, the G104S (G3,0GC => AGC) mutated erythropoietin was obtained
using the Exsite PCR kit (Stratagene corp.) and the following primers:
SEQ ID NO. 15: Sense primer: CGGAGCCAAGCCCTGTTGGTCA
SEQ ID NO. 16: Antisense primer (phosphorylated on the 5’ end):
CAGGACAGCTTCCGACAGCA
20 To remove the polyhistidine tail and isolate the nucleotide sequences corresponding to
the complete EPO protein (i.e. natural signal peptide and mature protein), whether mutated or
wild-type form, a PCR amplification was carried out using the following primers:
SEQ ID NO. 17: Sense primer: ATGGGGGTGCACGAATGTCC
SEQ ID NO. 18: Antisense primer: TCATCTGTCCCCTGTCCTGC
25 The PCR products are inserted in the eukaryotic expression vector
pcDNA3.1/GS/HisTopo (TOPO™-Eloning,; Invitrogen Corp.) under the control of the CMV
promoter. This vector allows the constitutive expression of proteins in eukaryotic cell lines.
After checking of the nucleotide sequence of the vector region coding for the
recombinant proteins, the different recombinant expression vectors are transfected into the

30 Chinese Hamster Ovary cells (CHO) using Superfect (QLAgen).

b)  Selection of clones over-expressing natural wild-type or mutated EPO

Two days after the transfection with the various EPO constructs, the CHO cells are
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1/ H s- Tog80d2%P*hg ™ t he geneticin-resistance gene In conpZETEFA2/433t he
sequence of the erythropoeitin protein published in Sw ssProt, the

pol yhi sti di ne tagged EPO cDNA from t he 48enest orm cl one (H X02158M -

I nvi t 43F . G tation.(.t unb ' b i pt
cor r espanatta o et e A SR R G B SERTBh by 2 SN e
first restietlp@ivih ethesd euldre Wohdit I - ' t.h

E;(;;st er PCReki tB (St rat agene) T%ﬁ% dtj?\?ég gﬁ?lgvacﬁiof)#ﬁnéégmg%gge%%ﬂ%’%@gr:he ©

Sense pracHepre thenelangdpnthedrerodittipngeahod Moty tionepfroinsestls erapsfecred with

hosphaqy: ; - Q%CA' GCOCGAA 15 llel, th
(Gliogfgp( %‘f‘%@é@@ﬁ%&%&‘g e EFLP V%é}o%gfiggf ﬁxﬂ\lﬁgﬁ%‘of’gf}ﬁeﬁfﬁu&%@ PFCiég F}X’siet e
PCR kbt HISDrHEI&gefRasDoSysiomanSetdrel EPOL 'd%?iggrdg\ﬁtfb_&%re $HReli RnldGept FozaiE NS e
. ntisense priner

primer: CGGA GCCCTGTTGGTCA SEQ | D NO. t _

( phosphdtPP38 gﬁcf"b rthe [lons pradyping tf@/?@@h@d\@mwm@ﬂmmmtm orempiatedt BRO
pol yhi sty £l 364 kR IEPHRAsd sishalint he nucl eotide sequences corresponding to
t he conpl ete EPO prot el nﬁ?l .e. natural signal peptide and mature protein),

whet her mutated or wld-type form a PCR anplification was carried out

usi ng the fol | ow primers: SEQ ID NO 17: Sense primer:
ATGGGGGTGCAC@AATGﬂi-mﬁ'iﬁl)@rﬂsmér:ls Antisense priner: TCATCTGTCCCGIGTCCTGC
25 T PCR progiatso alSreliSE Mot ukar L ression.vect qr

pcDNA3. 1/ GS/ Hi sTopo (T%%O} - f’{ @gld;]}go Jlmr:}\t}xl%f rh%gée{'(r?l&tforrngé nh‘r?acézpquﬁ%edc%rhspgl of
t he CW rppr dero@r mintitéss perrsitting akdavesy tdfetheomlerriatdnity Thex pupResda® 8f then

roteins in eukaryotic cell _Ijnes. After checking of the nucleotide
g equencé OB?e"Frﬁég\}éctf'BFS PRgE &ﬁiWB A ipgre P?F@"brﬂlé'bg% stahdialyprdoegaingt 3 litere

di ffer et tudep s 80tmPK NASISh9 ) rek t | e .30
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sel ect edEPOrpeotein is analyzed by SDS-PAGE gel characterization followed by a quantification

using densitometry (Biorad densitometer GS800).

20 The second step consists of preparing 32D murine cells over-expressing the EPO

receptor.

d)  Cloning of the natural EPO receptor in_the eukaryotic expression vector .

pcDNA3.1/GS/HisTopo carrying the zeocyn-resistance gene:

25 To further insert the cDNA in frame with the V5 epitope and a polyhistidine tail, the
complete sequence of the natural human EPO receptor cDNA from the Genestorm clone (H-
M60459M - Invitrogen) is amplified by PCR using the following primers:

SEQ ID NO. 19: Sense primer: ATGGACCACCTCGGGGCGTC
SEQ ID NO. 20: Antisense primer: AGAGCAAGCCACATAGCTGGGGG

30 The PCR product is inserted into the eukaryotic expression  vector
pcDNA3.1/GS/HisTopo (TOPOm-cloning; Invitrogen Corp.) under the control of the CMV
promoter. This vector allows constitutive expression of proteins in eukaryotic cél]s lines. In

this case, the EPO receptor is tagged with an additional C-terminal sequence containing a
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the murine 3 lIs over-expressing the EPO-Receptor.

The ability of wild-type EPO and G104S mutated EPO to induce cell proliferation is

assessed on murine 32D cells over-expressing the EPO-Receptor (32D-EPOR cells). This test
20 was performed first on protein extracts containing the different EPO proteins produced in the
previous steps, and, second, on purified EPO proteins obtained as previously described.

The principle is that 32D-EPOR cells are inoculated in a 96-well plate at a cell density
of 2.10* cells/well in a 200 ul final culture medium containing 10% fetal calf serum. 32D-
EPOR cells are incubated with serial dilutions of either wild-type or mutated EPO (from

25 0.024 to 140 ng/ml in the case of protein extracts and from 0.76x107 to 400 ng/m] in the case
of purified EPO), at 37°C, for 5 days("aﬂer which Upfib]ue (Uptima) is added to the cultures.
The rate of cell proliferation is quantified by measuring the fluorescence emitted at 590nm
(excitation 560nm) after an additional period of incubation of 24 hours in the case of protein
extracts and 4 hours in the case of purified EPO.

30 The proliferative activity of the natural wild-type and the mutated EPO is based on
the determination of the EC50 value corresponding to the EPO concentration (ng/ml) for

which cell proliferation reaches 50%.

First, two experiments such as described above have been carried out using the
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50 proteins extracts containing EPO, each experinent being repeate ree
times. THECF®EMPts of these experinents are represented in Figure 4A and

Figure 4B, ra3Retdowaiies obfhifdddid these EOves are the following:

- in the first experiment: 2.38 ng/ml for the wild-type EPO and 0.58 ng/ml for the
20 G104S mutated EPO

- 1n the second experiment: 2.57 ng/ml for the wild-type EPO and 1:12 ng/ml for the
G104S mutated EPO.
Thus, Figures SA and 5B and the EC50 values indicate that the purified G104S
mutated EPO stimulating effect on cell proliferation of 32D cell lines over-expressing the
25 human EPO-Receptor is 2 to 5 times higher than that of the purified natural wild-type EPO,

confirming the results obtained with the protein extracts.

g) Stimulation of erythroid colony formation by G104S mutated erythropoietin

The capacity of G104S mutated erythropoietin to stimulate erythroid colony
30  formation was evaluated and compared to that of wild-type erythropoietin.
To do so, human bone marrow cells from healthy individuals were collected and

separated on a ficoll gradient. Nucleated cells (2.5x10° cells) were plated in semisolid methyl
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20080 PoptEmeR¢tdu331 51 cel lul ose. Miutated or wild-type erythropoietin
ranging fromO0.25 to 10 ng/n. was then added to the culture medium After
10 days of culture, erythroid col onies were counted.

h) Interaction between EPO and the EPO receptor

The interaction between EPO and its receptor (EPO-R) was determined using Surface
Plasmon Resonance technology (Biacore, SPR).
15 To compare the affinities of G104S mutated EPO and wild-type EPO, quantitative
measurements of the binding interaction between EPO and the extra-cellular part of the EPO-
R are carried out using the EPO-R target ligand immobilized on a sensor chip surface and
then passing, on the chip, different concentrations of an analyte consisting of the EPO --
proteins to be tested.
20 The carboxymethylated dextran layer of the chip is designed to bind nickel to mediate
the capture of ligands via metal chefation of a poly-histidine tail.
For this reason, we designed an EPO-Receptor corresponding to the extra-cellular part
of the mature human receptor (amino-acids 25-247) followed by a C-terminal V5 epitope and
a poly-histidine tail (KGF SFNWGGKPIPNPLLGLDSTGVDHHHHHH-C-ter).  The
25 corresponding cDNA fragment was inserted into the Pichia pastoris vector pPICZalpha his-
topo (Invitrogen) using the following specific oligonucleotides:

SEQ ID NO. 21: Sense primer: GCGCCCCCGCCTAACCTC
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filtration onfo a labscale apparatus (cut-off 5000 Da) and buffer is exchanged by dialysis
against sodium phosphate 50mM, Tris(Cl) 10 mM, pH 8,0, NaCl 150 mM, imidazo! 10 mM .
Poly-histidine EPO-R is then captured onto a Hi-Trap pre-loaded with nickel-sulfate
(Amersham Pharmacia). Fractions containing the protein were desalted using a gel filtration
column (buffer Tris(Cl) pH 9, NaCl 50 mM) and then purified at about 95% onto an anionic
exchange chromatography. Purity and concentration were estimated using SDS-PAGE gels.

The sensor chip NTA is then activated passing over nickel sulfate 500 pM with a flow
of 20ul/min. The EPO-R is then captured onto the surface at a concentration of 50 nM in a
HBS-P buffer (10mM HEPES, NaCl 150 mM, 0,005% P20 EDTA 50 pM) with a flow of
10pl/min. Concentrations of wild-type EPO and G104S mutated EPO ranging from 0.45 to
15 nM were then passed over the sensor chip. A regeneration using HBS-P, EDTA 0,35M B
was performed after each concentration test. An automatic procedure permitted to evaluate
the binding interaction of the wild-type EPO and G104S mutated EPO for the six
concentrations in the range indicatéd above.

Figure 7 shows the results of the binding measurements for two concentrations (7.5
and 15 nM) of G104S mutated EPO and wild-type EPO.

These results indicate that the G104S mutated EPO binds more quickly to its receptor
than the wild-type EPO, confirming the effect observed at the cellular level (see examples
described in 3f and 3g ). As a consequence, this demonstrates that the strong positive effect of
(G104S mutated EPO on proliferation of murine 32D cells over-expreésing the EPO receptor
is related, at least in part, to a better affinity of G104S mutated EPO to its receptor.

gt EPO
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53 This effect on EPO potency of a nutation affecting the amno acid at
position 104 in the inmmture EPO protein sequence is extrenely surprising.
| ndeed, the crystal structure of EPO conplexed to the EPO receptil DEC 2005
indicates that only the three helices A, C, 5 and D of EPO (out of the four
helices A, B, C, and D) are involved iﬁ the binding with EPO receptor
(Syed et al. Efficiency of S|gnaI|ng t 1ough cyt oki ne receptors depends
critically on receptor orientation.Ch&iM$e 395:511-516(1998)). In
addition, site-directed nutagenesis analyzing the structure-function
relationship in EPO denonstrates that changes in amno acids situated in
helix B, in the neighborhood of residue 77, have no substantial effect on
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15 activity on its human receptor.
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| east 9 %lden e nucl ide sequence SEQ ID NO. | or its coding

sequence. @. l)Alﬂ or part of thel nypdoyide sdqeatck SEQADMSH ST, bﬂgs @idn%)sem)en&,] RigcRart of
t he, gucleotl or its codi sequence, rOVI ed 15

t hat such nuqﬂee?}fe gnglnfség%éegg‘ém(%nﬁﬂp’gﬁ o deastyong; Slgr%e*e%ﬁlpd Feome thteegrobp om t he
group consi eirkisingoff 4658861816l etiod)] eX7ITD pd02c A 7T, clgﬁﬂzglﬁmlgﬁtg?,ég%%t
ot |

gl644a, g222 9 502t c2621&, g2634a; or 1i) a nuc
sequence corrg%%o ; 3%’5 %g%%ﬁé nucl eoti de sequence under a); said isolated

pol ynuel eoti nl)exmleqummmemmalﬁaamudl@oﬂ&ueéqeeﬁdc@ggcrgpd having at 20
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Z0 least one of said SNPs; or

b) an isolated polynucleotide as defined under a), which additionally comprises nucleotide
sequences such as the 5° and/or 3’ non-coding sequences, such as transeribed or non-
transcribed sequences, translated or non-translated sequences, splicing signal sequences,
polyadenylated sequences, ribosome binding sequences or sequences which stabilize
mRNA.

4. An isolated polynucleotide according to any one of claims I to 3, characterized in that it

N
(%]

contains at least one coding SNP selected from the group consisting of g1644a, g2357a,
and c2621g.
5. An isolated pelynucleotide that codes for a polypeptide comprising all ot part of the
30 amino acid sequence SEQ I NO. 2, and having at least one coding SNP selccted from
the group consisting of D70N, 1048, and S147C.
6. An isolated polynucleotide that codes for a polypeptide comiprising all or part of the
amino acid sequence SEQ ID NQ. 2, said polypeptide having the SNP G104S.
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sepalfsat i’%gnﬂ‘s"g’.°§% %%ﬁ"f?p%’f,‘{‘,%gé? ﬁedﬁﬁq?tﬁgpﬁlﬁw%@é‘%ﬁéwmﬁgﬁaci@ﬁ 4The pol ypepti de
encoded 1ByAn Iselatedalodptpeptideclospptising ah iachin Ageid Sdghélﬂ:e thavigk al 1hd 80%3ide 'Iﬁﬂg

i sol at ed pgl,ypepti de conprising an am no acid sequence having at [east 80%
identity with. a) the amno acid sequence SEQ ID NO 2; or b) am no acids
28 t hr ougts) 18 amiinct doed smwamoe SEQADINQLEREe SEQ 1D NO. 2; .0 provided that

sai d pol yRSPLLAS a5 2@l 5AT5s 8PRe GOSN L 458 fo 9N the group

=0 provided that said polypeptide has at least one coding SNP selected from the group
consisting of D70N, G1048S, and S147C.
14. An isolated polypeptide according to claim 13, wherein said amino acid sequence identity
is at least 90%, preferably at least 95%, and more preferably at least 99%.
12. An igolated polypeptide comprising:
i5 a) amino acid sequence SEQ ID NO. 2 and having at least one coding SNP selected from
the group consisting of D70N, G1048S, and S147C; or
b) a part of the amino acid sequence under a) comprising at least one of said SNPs and
having the same or practically the same biological activity.
16. The polypeptide according to claim 12, comprising amino acids 28 through 193 of the
50 amino acid sequence SEQ IID NO. 2, and having at least one coding SNP selccted from
the group consisting of D70N, (1048, and S147¢C.
17. The polypeptide according to claim 12, comprising amino acids 28 through 193 of the
amino acid sequeace SEQ ID NO. 2 and having SNP G104S.



consisting of D70N, C 104S, and S 147C. 14. An isol ated pol ypepti de
according to claim 13, wherein said am no acid sequence identity s at
| east. 90% preferably at |east 95% and nore preferably at |east 99§DEL5005
An isol ated pol ypeptide conprising: .:'S a) am no acid sequence SEQ I D NO
2 and having at |east one coding SN P ggl ected from the group consisting
of D70N, §IO4S, and gll 47C, or g&] a part¥of the am no acid sequence under a)
conpri si hty Abypesgixsosyiated graleg pfthemplypaptide ceenprifigy aminoseide 28 thripugic t 6T af | v
t he sane bi i : Nt & ; i cording to claim12,
conpri sing tgém&ﬁ%sg{::lflggéd%éet%%égng%mig?}#ﬁg%%@ﬁo acid sequence SEQ IT)
NO. 2, ahli Meantihedyaimouaspecifivdocapolygerie asekding Rchnf 088bf a;mglsqrzng g

ing to

consi sti 0 / and S 1470. 17. The pol ypepti de accor
claim 12@6‘0%‘6&@%@%&%‘4&8‘% %%e“izLémP% SBYRT TWEC spmpopnds sorbe destast Which
sequence Skivalls NDizhibiesdthb aiivigy SNen Qsolé?&ﬁpolﬁep@d@a&coﬁig%%; SQ'S% : %g 'SQ‘?

hyper gl ycosyl ated anal og of the pol ypeptide Coiprising
t hr ough™ 193 HICd CABPEHGI0 aci d sequence SI'2Q ID NO. 2 and havi ng SNP 0104S.

19. An ant gPqglyyidiaEums R fdofpril p i.d cordi to any one of
claims 12 tjojqﬁyvé 20. A net Hggn}.ﬂgg %ﬁe%gt"?‘?‘gﬁ‘%’lé g?\&%g@?ﬁ 0“!5{%%&6 g‘ﬁtmo? nor e
conpounds t o cpetaingmet ¥deashionh coding INK atledted fromnthe lprbis Ednsistusd bFiglyasf an

i sol ated pol ypept,i Agsy-ding to claim12, said nethod conprising: a)
provi di ng ho?t ce %{? con%‘;’i sing the reconbi nant vector according to claim9

cont'8i ni ngblacontactize saiddogcdilny USkiEd sempatnds td featestédje gr oup consi sting of
gl644a, 3 : 14, contacting said host cells with said
corrpoundsg%)o‘z—_i%tgmiugisPl et@@?%ﬂv@%ne% glf li)n'%hrll Iﬁﬁg Pﬁ%“td@% %?%@‘%Pf FHthipelvdeplddeef f ect
upon the act whereby sfid sctivatiggpdryipisipitingagensheidenifiegai d activating or

i nhi biti,ng, agent, ;s.hdeptified.  21. A nethod for identifying an agent,;
anong orblg' %rn%ﬁlgoordgfoé 6‘#}5@%’&_&% Sg?éfafné’&?é’ﬂe\ﬂﬁd’é‘g" CBRRPPUAIE YO b8 tqstrdewhosat ed or
i nhi bi t ed dotivignisipetntstediopinhibited by de istaed fbolpgptide gdca}mgjg,clﬁal . shi q°

met ig)d conpr Sdcr&(ﬂ?: %P providing host cells conprising the reconbrnant
vector accofrding 5 ®aim9  containi ng at | east one codi ng SNP sel ected

from the @) oprpvidomshesti cufs ofonydflifn the gednibiant 38Elof 20chkiing b cRALASTI NG
said host cells.with i.d_conmmoun t o, be . test 2 3 c) determning the

potenti ati ng"%r THh ﬂolﬁ: Ty e EE SNp SRettd o ﬁ%l §rQuUR FOnsSitipE o6 @A td4a,
22357a, and c2621g;
b) contacting said host cells with said compounds to be tested,
2 ¢} determining the potentiating or inhibiting effect upon the activity of said agent
whereby said potentiated or inhibited agent is identified.
22. A method for analyzing the biological characteristics of a subject, comprising performing
at lcast one of the following steps:

a) Determining the presence or the absence of the polynucleotide according to any one of

[N
L T}

claims 1 to 6 in the genome of a subject;

b) Determining the level of expression of the polynucleotide according to any one of claims
1 to 6 in a subject;

¢) Determining the presence or the absence of the polypeptide according to any one of
claims 12 to 17 in a subject;

39 d) Determining the concentration of the polypeptide according to any one of claims 12 to
17 in a subject; or

¢) Determining the functionality of the polypeptide according to any one of claims 12 10 17

in a.subject.



whereby said potentiated or inhibited agent is identified. 22. A nethod for
anal yzi ng the biological characteristics of a subject, conprising
performing at |least one of the follow ng steps: a) Determning the0DtC 2005
presence or the absence of the polynucl eotide according to any one of 2.5
claims | to 6 in the genone of a subjegt; b) Determning the |evel of
expressi?? /gftht he pol ynucl eoti de accordi ng to any one of clains | to 6 in
a subj ect?: ‘¢) "BARUERH FEFRg CRORRIINE 9BACYH BT nemamﬂmmleoo‘edtmnpmeygﬁupi de
accordi ng tgnadingene of claims 12 to 17 in a subject; 3') d) Determning
the concentr<<tion of the polypcptide according to any one of claims 12 to
17 in a subj ecan isglated)pobeueleatidei avgonding th ung tone el thotd“gr%g&}’ e :{giede
according to ' 12.tq 17. in a..subject. 3’ 57

23. A ther ape%ﬁeggggogﬁ{le@%n%ﬁ%? %P@HB‘“’B:P“ )re conpounds sel ected fromthe
groug consi stairagpnibinant vatoricsmbasieg s Pscl@ghi.de according to any one of
clains 4 to 6, 13k annucl eotide seqguence conpl ementary to said

pol ynucl eot | d&:20% cell goppasing said recorpbinant vegtompr i si ng sai d pol ynucl eoti de; -

a host cell G@ﬁﬁblaﬁdqglﬁgﬁbtqﬁcra@mfgkE@%'O\ﬁg%ﬁ%fms-R’;}@&'Zsol ated pol ype. ptide

according to any one of ainms 12 Yperg yl ated anal og of the
pol ypept i gEQégg?;Eggﬁsyé?&?q%@% Qfsth‘ZBI;Wghorgﬂ:lﬂﬂnpﬁmd@thaﬁ ZbBo%@&dsg% .
sequence 1 in@Aeid - ; 1 Q.- an antibody ecific
for said pol ypeptide. lr124_. Us@(gdc_g% %ﬁ%g%ﬁ%gu ?E’ag_ﬁegwﬁ@%%ﬁfﬁg to claim23
fo(rj_@_hg plrepa;%%ﬂ“@ﬁd)bﬁpc?lﬁM@drmmeﬁde. preventing or tr]?atl ng in an 4

i ndi vi duglyg dHask d t he gy.oup.consisting of cancers an
tunors, infectious iug_(gg.eré,g&\?;ec{rlf é)aﬁlwa%etﬁg&e,?"?ﬂmﬁ%loﬁgiDMidamenet'cmt ed

di seases PAYGOE GuTekinEimendndividsalsa disehselisslonelhiom G8"ShAVASSULAS of

di seases, [ | S| central.nervqous system di seases;

gast r oi nt gggi{e ﬁglg hg?%‘%%’aé_r sﬁﬁ‘éﬁl‘? Sgﬁé‘?egerg‘@rgﬁéisfﬁmuﬂﬂoglﬁ%ﬁﬂaﬂqéldtspgses .

i ncl'udi ng anenia in patients undet ol a‘fs§§? s PFQfAFTEn disorders (gomnestahovith as wel |
as anemi achesatierdpydreatinenim tehlingif svoundseaidiop BsteopoRfslsammat or y processes,

ecor iy P 8oL Bty ShOTRLE SR L8 R0 Sl 1s5hoes Ml ek nd amemiss
including anemia in patients under dialysis in renal msufficiency, as well as anemia resulting
from chronic infections, inflarnmatory processes, radiotherapies, and chemotherapies.

20 r 26. Use of a therapeutic agent according to claim 23 for the preparation of a medicament for
increasing the production of autologous blood, notably in patients participating in a
differed autologous blood collection program.

27. Use of a therapeutic agent according to claim 23 for the preparation of a medicament for

increasing or decreasing the activity in a subject of the polypeptide according to claim 12

N
W

28. Use of a therapeutic agent according to claim 23 for the preparation of a medicament for
preventing or treating in an individual a disorder or a disease linked to the presence in the
genome of said individual of the polynucleotide of ¢laim 1.

23. A method for determining statistically relevant associations between at least one SNP
selecled from the group comsisting of 465-486 (deletion), c577, 8602¢, c12881, c1347t,

30 gl644a, g2228a, g2357a, c2302t, c2621g, and g2634a, in the EPO gene, and a diseasse or

resistance to disease, said method comprising the steps of:

a) Genotyping a group of individuals;

b) Determining the distribution of said disease or resistance to disease within said group

of individuals;



i ncreasi ng the production of autol ogous blood, notably in patients
participating in a differed autol ogous bl ood coll ection program 056 H%ﬁ]ﬁ
of a therapeutic agent according to claim23 for the preparation RECU0
medi cament for increasing or decreasing the activity in a subject of the
pul ypeptide according to claim12. 23 8. Use of a therapeutic agent
according t@ héRr .athon.of, a nedi canent for preventing or
treating in éﬁ?ﬁ%?d%ﬂ?eﬁg%e%%g{ﬂo{gwf‘%‘@@&’é ©f|spigkdigease ot mesigtaresece i n
the genone ofdisasegandndi vi dual of the pol ynucl eotide of claimi1. 29. A

nmet hod for t Lning .statistically,.relevant associ ati ons between at | east
one SNP seﬁg(fﬁeag)éﬁgg%dtcﬂ@pﬂ?%ﬁ Ofc%é&pgqllyﬁglemt aBbeiddhs( del etion), c577t,

g602c, cl3Pgat methdBfoftdiapnddntbr @4 ni:ﬂ@g 2 7a,. €c2302t, c2621g, and
026343, in (a,hrge EPO g_o_rtaeg,'naanécglJ 21 diéglease %%@g@é’fé‘rﬁ%&eaﬁwﬂam&@ummm

met hod conpPPEFNEPRATEINgtdessting at legst Con 8NP pelngedifrah Abghp kbl &g%l ‘@é‘ b)

Det er m ni ngygsh@cidiisid)! & [ 0 i.d di,sease or resistance to dfsea

wi t hin sai (;!lgttgafl _(%'f j?ﬁ%ﬁ@?b ﬁfeclil%b?dt’sf)gﬁ%cgg&f}& §5328%)2285a aR500, ¢l621g,

genot ype deAng 8dpi4a, intike ERQeeticbut i on of said di sease or resistance to

di sease; M7 I 0 rison for statistically rel evant

associ at | g%d%hg ﬁ:% !%éi{lﬁ%%??&?mg? Lg%ar%%q%é’nﬁ Pr R SPmPAI ta bp tesddavingof a

di sease or adielegicaltaatindty substantially iRi@36 of B i154 ti | east one
SNP -ggl ect %?’d%e%m Epge nels 04[5 £ si sti ng gf 6%—%5%6 ?@e‘ﬁ%ﬁ%ﬁkﬂlﬂ?g
g602c, 0288t,” T134 t}“:;ff'éP %,‘°€%‘2‘2§é§ﬂ1€g@35t¢eﬁ,ofc25ozt, c2621g, and g2634a,
in the EPOapddaermiding Menttblogidall sutivitg @ptshifi i cgnpound amopng one or, nore
conmpounds to cbﬁ te{?r,e A havki/%ld_ a lgi gl og?’gﬁ}"ﬂg%‘tﬂﬁdv% agtfgg’t%?‘gﬁfey‘t ermlar
to or higher ThafPtifE a8t PV iPe] 6#11 olinesa svamswprewing e ERRaGERPORLAGMG! . Sai d

met hod conpr istinbtiad) effaétens eafthdld Belos) Thiifg, t heybi ol ogi cal activity of
sai d corrpoun$ su;E as sti__rruf}fati ng eff%ct&b)aﬁgn’c%}d(orpﬁlf}g e RR¢N D the3 2D
cell lines ovePaa Pég‘éﬁpf?@ t he human FPO .receptor, stimulating effect on

erytfiroi d EolCampafi i | {4 [ o.th human

"EPO 1 eceptof ;]ﬁgért;‘f "é’%&ﬁ‘f’?ﬁ;ﬁ?ﬁ%&éﬂ 9 D9 530 Sttt Sty s axgioly obhesai o
conmpound wi t 1P (18) ?Q/S" Predet. g 04S nut at ed EPO gene product. c)
Det er m ni ng, DeRmhilthgPasithe Bhsit BE teD ' rried.out in step b), whether
said conpound hasdia%sub%éanstli,al ly glptﬁﬁ%rgp c%‘r?k%io&ﬁé‘} SR Mhpther stidr ed t o
that of the “BHRYAB &t TSRSy cHimilar, o igher activity compared to that of the

G104S mutated EPO gene product,

#0  32. The method according to claim 31, wherein said compounds to be tested are identified
from synthetic peptide combinatoria} libraries, high-throughput sereening, or designed by
computer-aided drug design to have the same three-dimensional structure as that of the
polypeptide of SEQ ID NO. 2, or of amino acid sequence comprising the amino acids
included between positions 28 and 193 of the amino acid sequence SEQ ID NO. 2,

5 provided that said amino acid sequences comprise the G104S SNP.

33. Molecules characterized by belices A, B, C and D having cellular proliferative functional
characteristics at least equal to that of wild-type human erythropoietin and capable of
binding to an crythropoietin receptor, having at least one alteration in the amino acid
sequence of the helix B thereby resulting in binding to the erythropoietin receptor with

3n bigher affinity than that of wild-type human erythropoietin.

34. A method for improving the cellular proliferative functionality of an erythropoietin-like
molecule having a portion corresponding to the helix B portion of wild-type

erythropoictin and capable of binding to an erythropoletin  receptor comprising



20 32. The method according to claim 31, wherein said conpounds to be
tested are identified fromsynthetic peptide conbinatorial |ibrafilddl 2005
hi gh-t hroughput screening, or designed by conputer-aided drug design to
have the sane three-di nensional structure as that of the polypeptide of
SEQ ID NO 2, or of ami no acid sequencg conprising the am no acids

i ncluded b NP - 93 .0f the amno acid sequence SEQ I D NO
2, 25 pro?‘ltl geg {gﬁaté @ﬁ%agﬁl%ﬁg‘ﬁg]g%(?%&gﬁﬁg P@&chgﬁﬁm@ewn@nmemew. 33.
Mol ecul es chaespohding oethe halixi® bf wig-tyc dBythfopapginD having cel | ul ar
proliferative ug&tional . char cteriaiitics at |east equal to that of

wi | d- t ype- KuRSHog 0t HPRSRYne &bs Fngtion b abhemar wilshtipé mytiropaietin molecule
cryt hropoi ghviRe hEERPKUOB, CNahd DG Led teratign in the amno acid
M X RO WA ol
recept or [ Auénica e hatik @16 vRer

eryt hr opoi %hﬁg ﬁﬁnty’%f R%%J‘%rib%{‘??r%g .the cel lular prCOI ife rgzlf%e

functi og%l |% an“erythropol et FLRIBF R Ay ng a portion
cor r esp@6dimgmethod o€ claghi3% & 350 whieein 0f aMfinddadi . LGt n
it L

capabl e of _.bindi 0 an eryth.ropoietin receptor, npri si

59 nodi fy?la%wﬁi@a#ﬁsﬁ T cgi d sequence of the.portion of the

er yt hr o3Gi Biel methblk of sRlneGYl @ 35C AhEREPAN LIS dc kx B of wld-type

erytr opoiﬁ' ﬂm\%g A tgcgdg'{gor i nprovi ng thgI %%ﬁcgwg?‘% 'igt@y%'f‘c Ha‘l"rg

wi | d=type Q/ Gi R IPROFHVHR S¢8e- havi ng helices A, B, C and 1? conpri sing

nodi fyi Bg. BaicdmpehRitptb@ie® by thelfiBo L0 hol ecyl es_wher eby the
nen hel” Ol oty BAE Y TGt 0.

am no acid sequence of the helix .Bis bi ndi ng
affinity of said nolecule for an erythropoietin receptor. 36. The method of
claim 34 or 35, wherein an am no.acid corresponding to glycine 104 of SEQ
IDNO 2 is altered. 37. The nethod of claim34 or 35, wherein an am no
acid corresponding to glycine 104 of O SEQID NO. 2 is replaced with
serine. 38. The conmpound produced by die nethod according to any one of
clainms 34 to 37.



