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1 GLYCOSYLATED | L-7, PREPARATI ON AND USES The present
invention relates to new and i nproved interl eukin-7
pol ypeptides, as 5 well as to conpositions conprising
the same, their preparation and uses. The invention

nore particularly relates to hyperglycos
pol ypepti des having inproved propertie WWE @ﬁﬂ@ %&
their manufacture and therapeutic uses. on
al so di scl oses novel IL-7 polypeptides havingondified
am no acid sequences containing artificially created
gl ycosyl ation site(s), as well as 10 correspondi ng

nucl ei ¢ acGd-YGOSYLAEED Ilv-ZcPREP ARATIORCANDIUEEE host
or host cells. The invention also relates to the use

of . such pol ypeptides, cells or nucleic acids for
curative or preventive treatnent of mammal i an

%%é qEI ud human subj.ects. BACKGROUND COF THE

ﬁ\%\ﬁl‘—_‘ %\P‘i%“ 'E”afﬁ °y?ﬁ¥h88§t"é‘§f°a’|eé iptedeysin-fepojypeptides, as

vedlif e€ tto rcongidsition$ dohprisimgUhe $§4HE OthelrSp regﬁlra ?n Gl uses. The
e

s are c er erive ulti mat
RS e taiary ates Yo M peiRBYReR lar? bolvpeplides having
mmpravew pMDa’upg Oﬁgﬂhélpras%elrpﬁ%ﬁl:lfa%ﬁfre Caef'ldl ﬂwerapeutlc uses. The

esentin | Stingui shabl e stages im
"a‘f*ﬂ' eqq acﬁ?%‘??eﬁf ¥R hiled pplypepti Qﬁéla\ringemodlfldévahmp acid
s2ugaices C icpAlaining nal‘tlhﬁaw‘ywé&edprgﬁdb@?lg .é(rbf SifdiE)2 83 well as
W

GBrecursor cel | ‘grat es fromth one

f&es RWWS"‘QG'%R“'@&{FPIW eRgeectars andyawmmm host or host celis.
T(H@\lmemﬂﬂﬁ also relaYéH’tB%@' uge?H ?@p‘é@ﬂ@&t % rfﬁg R9e0ias for

, survival I'on
%%‘g% Béareefﬁnv'&rtﬁﬁy@e@&q dvmnn@bam §UbJNEtabe¢lsdmg hiimah subjects.
are active on mature peripheral B and T cells,
including I'L-1, IL-2, IL-4, IL-5, interferon gams,
BSF-2, 25 neur BAGKGROUNDZDE THIENINWENTION h f act or
beta and IL-7. "Interleukin-7" or "IL-7" refers to a

mamel i an endogenous secretory glycoprotein which is
BC%BIM“I@JTOCM%LRW e pmmanyfm‘fea:tqranellmﬁf thenmmune responses. Both

{
cBb leRted Bfc KERLias IR0 it JRIRABD fdh heBipRistE: 9SR s in
thesimammehiany i bagiel ynamomi, ved ﬁmgenﬁdweonstpréuwéorebélﬁePépr@éentmg
dfstiR@ASnABE SRS §h thd biffSrentibiidh bf each class. Mature T cells develop

principally in the thymus, presumably from a precursor cell which migrates from the
bone marrow to the thymus at an early stage of T lymphocyte development.
Lymphoid celis development is dependent on growth, survival and differentiation
factors produced by various stromal calis. Numbers of factors are active on mature
peripheral B and T cells, including IL-1, IL-2, IL~4, IL-5, interferon gamma, BSF-2,
neuroleukin, transforming growth factor beta and IL-7.

“Interleukin-7" or “IL-7" refers to a mammalian endogenous secretory glycoprotein
which is capable of inducing proliferation of bone marrow-derived lymphocyte
progenitors and precursors, including the specialized precursors known as pre-B
cells. Originally derived from the stromal element of a bone marrow cell line, IL-7 is

\\Il\\\\||\\||\\|II\\\Il\\\II\\l\\I\\II\
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2 also secreted by thymc stromal cells, intestina
and other epithelial cells, sonme dendritic cells and
follicular dendritic cells, keratinocytes and
generally all lynphoid tissues. Alternative
designations for this nolecule are "pre-B cell growh
factor" and "lynphopoietin-1 ". 5 EP0314415 (or

US4, 965, 195) descri bes mamalian interl eukin-7
proteins and corresponding PNAs. Human | L-7 am no
aci d sequence contains three putative N |inked

| ycosyl ation sites, |located at Asn residues at
ag%%ﬁwsﬁé baothyonic stiemal eells, Tntaaty‘iaémndr@ibembpiﬂmﬁhl cells, some

f 7 |Is a
o%hﬂﬁl‘i’éé%}l?s%gglf?lggdf?r dé@lﬂ@@ﬁl\%k@fﬂb&@?ﬁ al gﬁ?erﬁbhﬁnﬁ/mphmd
tispues, Alternative-degignations fwahnssnméculappmrpwe call growthefactor” and

gbout 20, 24 and 28 kDa (Cosnan et al.
Wr%’%?(l ne "Receptor Interactions; 1989; 179: 229- 236) .

St abl e reconbi nant expression of hiIL-7 in BHK cells
I m’n]%%f@ é&e t%& {9%2 %%g%%tﬂgﬁqg“%wcz?t‘éﬁghgr?b Srotelns and
cgrrespmwiingt DISAS sitamas llo¥7 amaihoraald squéﬁc%éf éérﬂgltng;{ﬁge p#tatlve N-
c syl ati on u
il v RABY itkshioshtsl B fafl adiomat poRGoRaRcPTomd 1.
Ttralaﬁlgityemwtblmmcnxpgsrs{dglf HID-71 ahuﬁ’manrlggzm}i % Qﬁg’% E@éﬁéd the
\%@%anatlﬁﬁn& ?Eulﬁ. X e 'I,EE;HJ man @@hhregsprotem bands of
an)paxent meltbcutar Eﬁ[@}m éﬂé&uut eBh2dhbhd 28 kB3, (égigmgﬁlte‘i‘ QP'SLymphokme
activity i
B L TR Lk T MR AR A N

HZBHKfcelIalwaSLmsd Fed YAenitdRRt Al TRE
b0 5ch tegeretlafl 1 sourﬁéh@mnmw%ggo

;
122%33 <, W‘!ﬂ‘@%ﬁ;}ﬁ? glycosyrionsdetis of asturaliviacourringdwman IL-7,
paHticarsly e O@%co\éﬂaﬂ&%@ﬁf@ Bas AbasHReR %o@ﬂlggﬁiedvq‘? stud led and

conf or ner _of

| L-7
g JMPeFYEf bied leggsyiatjpn( @ng'@rzl)f?l |ir_2]g75 nrasetties Aes aleder been
canﬁdé@é#%ﬁmor@%ng%&ylﬁéd rﬁ?étﬁ%%n?é R ?g#‘ﬁanﬂ ;85(\1/\%ced in

sanme ‘and the uses there

har.act eri zjn )
Egrqoﬂ1 ASdeyerthe c'f‘oé%@“é@ﬁ @’9"!"?)1@1 ﬂéﬂWsBamrlmmomnar weight -
aﬁdtdls)ﬁléy,é d/\ﬁiéh hBﬁ/lty'lﬁ @H/‘bt 6:9§‘pé2:§f|0%@#§5§é) B?gécf&ln he proliferation

varlous { Ihocytes populatléns' Other cytokmes and ‘growth factors, such as
G-CSF, GM-CSF, IFN, HGF, etc, also display full therapeutic activity without
glycosylation.

WO02004/018681 discloses an active conformer of human IL-7, comprising the
following disulfide bridges: 1-4 (C2-C92), 2-5 (C34-C129) and 3-6 (C47-C141), as
well as methods of producing or characterizing the same and the uses thereof.

IL-7 was originally disclosed as a cytokine whose principal activity was the
induction of precursor B cell proliferation (Namen A.E. et al.; Journal of
Experimental medicine; 1988; 167:988-1002). IL-7 has more recently been
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30 Experinental nedicine; 1988; 167:988-1002). IL-7
has nore recently been 3 disclosed as being invol ved
in the survival and. proliferation of thynocytes
(T-Cells) during early stage of T-cell devel opnent
(Schluns K. S. et a/.; Nature |Immunol ogy; 2000;
1(5):426-432). IL-7 pathway is essential for

| ynphocyt e devel opnent notably on devel opi ng

t hynocytes (Maeurer MJ. et @/ .; Int. Rev. Immunol.
1998; 16:309 5 22 - Fry T.J. at al.; Blood; 2002;
&9 389 904% V and col | aborators further

IgfdoRect aseping involyed jn Ptandvahend pselferation of thymocytes (T-Cells)

ddﬂr‘\t I?IZWE{EI{ %—%@émérﬁ‘i§eﬁﬁ 51%1 ét%laNgturﬁéraTunology,
ﬁ?’@e) 536%@ 438 3)-7 naEhVVaypete@aemtyal fardgtuphoyte c}ialmewpeneﬁt notably
t T
sty IR RSB IS THORE T SAd, dbad 1000
@el’l@y(Wr Ghett; Bloed; 2002, 9P:3892p004).0 Fivechng d(ﬂ&Eorators further
|&§Htg|%§ ?g—??gn b&tgztt rlnﬁdlﬁﬁt%f ﬁ? {h%hhcf-f?}rgﬁangr%zuq?ﬁ Jegeneration in a
gmm;lgkaq;thm (Rey Tal..et d.; Hioqul; 200d; 97@@325-3!833)17@-7 potently
rﬁg‘ﬁ"@tﬁ?ﬁ&‘“ Pl o ool 1l TRRAChi 12085 T ol 1 my
infiengs dhe deveiepmemtmﬂ atitigen poésenting céffs méﬂquéﬁf@tét@ﬁ 9f Exp.
tib t
o0 BR80T sy s
tbqﬁi)@ am, Caaﬁ silbsdté mmd?@hmmjmrz lﬂat ef.; mampi Wed?‘teido%r 19?1797-
e articul ar
8|j(§§terée?e§ |ng ;%%3 v _L,'eZ(ng}‘F 4:}3%?\%3' I L- g nol ecul es

is for i rmune reconst [ t ution of |ynphopenic patients:
for a atients havin

ient reat e anc
DS 1E0 Fud ' B hfasiufiS heial for tae n Beanndtion of the
poaltferatiors op T ekt ptéongsors) o @AtibodyeRfetBf RIS, 'lmfﬁti#rﬁmulatlon of
q‘g%m e\r/]ed'?;T hderlé Eatl ents or any pati ent
9% ! Re'RR¢ral,eXRansioBs apd dn PWdtJﬁfeorabﬁ hallt/g T-cells
asfwell &s dthep hpmathportio @il Rkl €A %ﬂlcﬁraﬁ‘ |ul\t§ré§.5|né %e‘?é&eqmg use

ipeglfllgwools |0 order. to produce of I ncrea

pSCVEi 't MARRISSe Sy s'@‘%“‘{"\?a&qoﬁﬂ'té'ﬂﬂ’faﬁﬁ dyraphopenR5patients:

paItIGMSQfeatéchdr @émmﬂ)&leﬁ@ I%nga e?:ew%E oﬁec‘ marrow or a stem
rable interest in devel oping a]'l-

CE@J“’”\’)% ©h rP%“ﬁ%‘F RIRRPTFIDG AN RSAYiFRSheN Grnstic mamuae eieﬁuenab letelerly
pfaﬂéntefci‘ lafy patients RAVIAY RN ¢ CD4Lb%ﬁﬁt dtﬂertl,ﬂihﬁeg f‘e%Po%CB 'the ability of

| gonﬁg Ee vari ous, cytokines and
b PIOLUPS )’/"e‘é(vnaﬁ'}’%t&[é“ Tsealle atirte Wﬂﬂ)ﬁnemﬁmrmgﬂmm order to
pt&du@e or irtiisbapesifidihmuné F¥3onses (vaccine enhancement).

In view of its therapeutic potentials, there is considerable interest in developing
biologically active or improved IL-7 polypeptides that are suitable for efficient
therapeutic uses. In this respect, among the various cytokines and growth factors
commercially available, some are poorly immunogenic (e.g., Interferon alfa “IFNa”,

granulocyte colony stimulating factor “G-CSF”) so that the correspondlng drug

substances do not require a very specific polypeptide purity other than
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granul ocyte colony stimulating factor "G CSF") so that
the correspondi ng drug 30 substances do not require a
very specific polypeptide purity other than 4
conventional |evel usually accepted for reconbi nant
proteins. In contrast, other growth factors are nore
i mmunogenic (e.g., Beta interferon "f3-1FN'

Granul ocyte Macrophage Col ony stinulating factor

"GW CSF") or their specific gctivity is so critical
for life (e.g., Erythropoietin "EPO') that drug

subst ance pol ypeptide purity 5 and profile nust be
copeaitionglalevel ssuallyeatcapidd rfar mé@cbrﬁlﬁﬂahtnﬁﬂo@e?nquwﬁﬂtrast other

«%6 {% reserve fromi mguno eni ci t
0B ol B, FRERE HDRRNE (7 e et fseliamonrig- BN datsnatpoyte
avgysiteigieeSoloh -sf “
M’%r X ffﬁha 7&; %go"n“é”?@gtf?ftﬁe‘?wﬁﬁ?’?ﬁw oSl eagtivy o o
C? on {re rRropeietie (R QD) tf‘ﬁh@“@w‘smbs@oes@olyp@btnée purity
a“ﬁ‘;‘:“;%‘a'f".“%‘ o8 ?pv%F?%"V SiiH°ar P mehfhalef 8 @;gf‘afmw limits to
p&?ﬁef‘ffgé‘?"@émmoﬁ%f)gw | L-7 pharmacoki netic and
IR U i Var i ous
1l G4 S il s, 1
h84berappulic aganb rﬁgpamwlarw prahe ¢ gihgpoantprET In@lﬁunogemmty
(SRAUENBAG Q)rgneutrﬁﬂ‘il rﬁfﬂ)odfegfl %?sd@arsg m d?ttx ls7geleter|ous for

truncated fTorns) ent or’’non
thalopg ﬁ@’mstheaanﬁntuagcta@g otthatproteir. AhtidB-Tantibodibe sam Rbdify IL-7

phﬁ‘r?nddokﬁetla— BRE ﬁ%@t dé?izé'its 'thseb%éhﬁ.'g%g o define IL-7

\)oo ypepti des an rch are nore
grigug &-7| '%@f@"’pﬁf ene lrtvolve(htne trigdezing | anti-lagy rrmﬂaﬁdaq@mcnkleﬁ&ong

s [ t
VA PSIOERR SRR Shall ke oGEL S, FRodl gesidpos or
tmn@t%fcmrr@b eJovaltehteoram covalendpfL-7 muTtumlérsclsudheésaéga@egaQed- IL-7
no rt i cu to nmean
%({ucﬁ ence Eh%qu%nghg'%[ﬁg/ﬂ@‘:@ﬁc# ﬁﬂ%ﬁﬂ? }éQiwa_tldeS and drug
sq@bm whnvle @are oorel |st=ab|eom prens aﬂ%temléé{%}t ddgrgq\%mn less
bst.ance conposi tions re
'"‘*@P%‘ u arI St"%@'g‘r"ﬁ@ G Ba‘%%‘f H‘Q‘@Er{gﬁ)@‘élww pf mospgrugs is
W‘*@d'yj‘”‘?sm D T Bt oPTolajed, fo falfife
P a}’rfé?%r rﬁe¢]8%t§?a£%ﬂ?%ﬂng nﬁ?'se?%ﬁ@ﬁsed si al yI at i on
and fucosylatlon
SUMMARY OF THE INVENTION

The present invention discloses new and improved IL-7 polypeptides, drug
substances and compositions. More particularly, the invention discloses novel IL-7
molecular species having a high degree of glycosylation and an oligosaccharide
profile shifted to a higher molecular size with increased sialylation and fucosylation
of the carbohydrate moieties and a lower isoelectric point. The invention shows
that these new oligosaccharide profiles confer improved chemical and
pharmaceutical stability to these new drug substances and a prolonged
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of the carbohydrate noieties and a | ower isoelectric
poi nt. The invention shows that these new
ol i gosacchari de profiles confer inproved chem cal and
pharmaceutical stability to these new drug substances
and a prolonged 5 pharmacokinetic profile after in
vivo adm ni stration, characterized by an increased
nmean residence time (MRT), allowing a | ess frequent
dosi ng schedul e. The presentsinvention therefore
provi des novel highly glycosylated or 5
hypergl ycosyl ated IL-7 pol ypeptides having inproved
AEpRGakinetic profie aftorint emadminisiration ctresastemadeby bh ifcreased

RGP e YRTY. TPy L B e AElehna RS o o)

as well as corresponding nucleic acid nnlecules

ct nd._r econbi host aqr. host The
T:ﬁ%v eﬁjtélg%'ﬁ gpv%ﬁnop elt «largior? o AIAEYeR ”8‘(‘3(i s JBSP\"“Y glycosylated or
hyperghyepsyiated , ILe Ipblypeptldes chapling ampdﬁreél Opropéttias. YRe Ghvention

o8 PSS! il ST o Bbatior Bvng c2aeied 1apane | asit iseggences

cdintadlings artificialyetreatedi gry&:obidatTorDQIEe(ﬁ)e BbiwifiSas ¢bris WRondlng nucleic
conpasi tions,

TSRS B RS 0 B el o o sl
relatqsrtmt tel ysé of authapgympates) ncell%dMla'ﬁhélGi%OHédé FoV ckifstive or

act i red ed i pmunogenicity,
rEPirs, EeAmangY i TRBRban GRS, oincligeg: huigan) subjects. The
preumnmvemonﬁssmé@oé& me%aﬁ\%ﬂn_-ﬂ p@%@ﬁﬁdgﬁn drug substances

cts. this invention‘resi
aﬂ§ pJBEiJ m%s@fﬁait JéCZ!“FPCLS'“P"@Eo ich texhibit Angreasede rstamtmctreduced

suécetdtibiﬁtyl 3% Qﬁétb@l?s@eérhdj%ggfébaﬁorﬁ’gélti\?édrgébegus in vivo long. term

COS (g I L-7
aﬁé‘ﬂ %1%@8&%‘? RURQgeniciy, %Eﬁhﬁh %@W@mmr@‘éﬁdaglotlday“cspemﬁc
irhuRe rdspdh¥ePeWedSératadi 25 A
furthe?épgbj ect (??éthlr% |nd\}gﬁmeﬂ‘ab§§t§%es to the use of
hypergl ycosylated IL-7 for the manufacture of a
AFRSHSa BPIHis HOBRIoRrbSidedh 7
andja phaSr maceutlrca Ieynaaz%%t@% e&%')t(%ﬁflglsﬁézjzc?ﬁﬁéjslt|oln
vehicle, for treating a mammalian subject.

Pl;1 lﬁﬁg%g%ﬁj”gdggg@ ttg% eg rl%rﬁlol} ERLE O é%lﬁfﬁgé hﬁer&i&co%ys/lgted IL-7

polypéptide.

Such hyperglycosylated IL-7 polypeptide contains at least three N-glycosylated
amino acid residues.

A further object of this invention relates to the use of hyperglycosylated IL-7 for the
manufacture of a medicament consisting of said hyperglycosylated IL-7 and a

pharmaceutically acceptable excipient or vehicle, for treating a mammalian subject.
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conposition for the manufacture of a nedi canent for
treating a mammalian subject. 5 A further object of
this invention is a nmethod of causing or stinmulating
an immune response in a subject, conprising
adm nistering to the subject an effective amount of a
hyper gl ycosylated I L-7 conposition. A further object
of this invention is a nethod for ex-vivo enhanci ng
expansion of T 10 cells, whgch nmethod conprises
contacting T cells with a hypergl ycosylated IL-7
‘golypeptlde or conposition, hereby enhanci ng expansi on
fiurthas objeat|df ghis| lnvawtparnteﬂaiaﬂ; do teeriviediofeanthypéry/cosylated 1L-7

t S|t|on LS OS|t|on
O HoK 7 b8, Blndragrd 707 aey s S B £8P0, Hrgamaian
bjact.| L-7 15 pol ypepti des which are gl ycosyl ated on
at least three distinct am no acid residues. Such
resi dues may be either naturally present wthin an

A furthep objeptegftthiddneatjoans @ methad of oauémé of smbatifg @AtifFhune

t ites ur t er particul ar
’g%%&‘gg?{r‘i%ﬁ”g’teﬁ Cﬂ%’éF'bP 3?98@9'?%('8@ tq th eﬁ%’dﬁ% @8iaffestiva amount
o a BPerghposated (In7 eomposiibRg at | east 80 % preferably
bet ween 80% and 95% IL-7 polypeptides which are
gl ycosylated on fromthree up to eight distinct am no

Aaturtther Db;ectobfelsls imvetionisg n%tﬁo@for@k%&ﬂ’eﬁr%n%% ansuon of T

d ?%ﬁ ﬁ b@n sites. Such residues

ACh e & ;7“‘% ad SAMPHSes icANtakting T7cglls ‘9/5'@;& hwéerghfqeswaied IL-7
poiyeptide arrdonipogitioh, herebeariiam es(s).

25 In this rggarld arf u»:at her chigﬁég%ﬂ?ﬁ%?ﬁ taitrﬂhgﬁ; ﬁ%}%ntl on
relates to IL-7 polypeptides having a nodified am no

lacad paftituin CembydinTeRt N tha Hypﬁ@l%‘d%@l% &PMpL SS&TI?(%SIUOH is a

| east..one artificiall cr eat ed cosy Iatlon S

CREWPGEIPR Fomprising tatclgps! SQer%o@er@fﬁb betvveen L80% and 95%, IL-7
pRRpE pRdds vitesh aife él?éo%yla‘ﬂéﬁeé‘ﬁ I I'éaQPfFP%é Sitirkt a?mnc'b3 ragld résidues.

blfl ially crea cosylatio 0 site
SSP fr@T" gsymay be efiherna @F@% pmeet itkin @ndb-l7ypoly;mptlae séguence

_ afidldr ahﬁlci@"?’6!'89%@%137005%%{6&‘&%5‘(%he artificially created

gl ycosyl ation sites are preferably N-linked
gl ycosylation sites. The IL-7 pol ypeptides of this

Ih Y AiHHeP BafRYUiaP @riBdiaRY the hyperglycosylated IL-7 composition is a
composition comprising at least 80 %, preferably between 80% and 95%, -7
polypeptides which are glycosylated on from three up to eight distinct amino acid
residues, including one O- and up to seven N-glycosylation sites. Such residues
may be either naturally present within an IL-7 polypeptide sequence and/or
artificially created N-glycosylation sites(s).

In this regard, a further object of this invention relates to IL-7 polypeptides having a
modified amino acid sequence, wherein said sequence comprises at least one
artificially created glycosylation site. According to particular embodiments, the IL-7
polypeptides of this invention comprise 1, 2, 3 or 4 arﬁﬁcially created glycosylation
sites, more preferably 1, 2 or 3; even more preferably 1 or 2. As will be disclosed
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mammal i an origin, particularly of human origin.
Furthernore, such IL-7 polypeptides may conprise the
sequence of a mature |IL-7 pol ypeptide, or further 5
conprise additional am no acid residues, such as a
secretion peptide for instance. |In addition, or in
the alternative, the IL-7 polypeptide is preferably a
specific conformer conprising the follow ng three

di sul fide bridges: Cys: 1-4 1Cys2- Cys92); 2-5
(Cys34- Cysl29); 3-6 (Cys47- Cysl4l). Specific
exanpl es of such nodified |L- 7 pol ypeptides conprise
futhareotbe @nidficialiynsreaied alyevsvationi miteas adi spieterablyi N-linked

10 . Dbe ) j.nalg t.hereof . A further
ohESefauct sip o TR pRUPRRLLECY Mls TR waychd, TR any
maneeliane erigindi paytiawlany- of7 mwhgmenptigide Bartitbraonsseatich L-7

. n L ' uLe may b n . or
oBRREe2 i ol B SodRUBRA" Bomalier 07 RoVREPYGH: g futner
comjpgiee additioml samine anidiresidues istiels a'slra @ed’r\ettdne;:béptia% Ié% ilns[.;ance.

e oglin et O n conpri si .
A" PG Fecsestiflee e 1L BoRReaRE! b preddbisa secific
canfoeaeocoropriging therfollavinithres disakided bri&@eéﬂﬁiy@?wt#(C%Z Cys92);

0L . ve e g rokaryotic or _

BTN BI By TRICYY: TPy SPedi eimstmes bhersprmodten L-
7@@@@@; emmseI atdeast olpé aﬁmhéi acitl Phedine Bion _I@El'ﬁisc%téﬁiiﬁjirable

1 vector,.. artifici chronosone, etc. e vector
1xdae§gvk'o%%r9°§%b'3%§9n t[":érﬁﬂ‘at ory sequence al | owi ng proper
expression of the coding nucleic acid in a selected
h cel.l .d.,. a pronoter, termnator, polyA origin
ARher Shioct o ffs inBalord fsidks o TUBRoROIdmdloasie saeinie an IL-
75polypeplide ustdisnssat sisbveeThe MecieldTHdid ﬁ{dl“ecu@ﬁ\a?%%%y DNA or

cleic acids and ctors may be used for i1nstanceto
W%W@”%Myﬁaﬁb&m?&mean | L-7 pol ypeptides in
various conpetent host cells, as well as for gene

t herapy purposes. 30 8 Another object of this
A i et o thiss invention srsidas inst nudleic asid Imolecule encoding
SEErER6n §§gﬁ§ dMpPHsHgESEQAGIND:Ofg & vector as discl osed

above. Such a reconbi nant cell may be

A further object of this invention resides in a vector comprising a nucleic acid
molecule as defined above. The vector may be any prokaryotic or eukaryotic
vector, typically a eukaryotic vector, and may be selected from a plasmid, episomal
DNA, cosmid, viral vector, artificial chromosome, etc. The vector may comprise any
regulatory sequence allowing proper expression of the coding nucleic acid in a
selected host cell, e.g., a promoter, terminator, polyA, origin of replication,
homologous region, intron, genes 5' or 3’ untranslated regions (UTR) etc.

The above nucleic acids and vectors may be used for instance to produce
recombinant mammalian IL-7 polypeptides in various competent host cells, as well
as for gene therapy purposes.
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prokaryotic or, nore preferably, eukaryotic, such as a
yeast, insect, plant or mammlian cell, for instance,
nore preferably, reconbinant host cell transduced to 5
express or over express a glycosyltransferase and/or a
2-6-sialyltransferase gene, e.g., fromhuman origin.

Anot her object of this invention resides in a drug
substance conprising an IL-7 pol ypeptide as descri bed
above, typically a hyperglycgsylated IL-7 polypeptide.

10 More preferably, the drug substance contains |ess

t han about 10% of un- or -nono gl ycosylated IL-7
Wﬁiﬁ?g@ffﬁ\?ﬁ/ iprentonassidas iiald ;eotbmmr:rmt ¢fost| cell comprising a
RicRiY ki [ i1ies. nvention al so

relates to ta he ltJOSregg#ﬁ fsgfoa?%gab§8§3§gﬁ§é3 5%006@%@““}‘@& may be
Regkav¥oticnor, heorel Prefarablya csultaryotit, susrediscanpayst,( idB4Y plant or

1" tical tign. Th
PR bap o E0RRH0S Al FiateBR, 2o hoet ol ransouced o
Qpresk s iongr exprees & ghjcovyitrangierate @hdAR al 3-6%igMHrMGEaEE Gene,
é?%dﬁ'&ﬁ%matn'@r Pr drug substance as described above
a

one or nore pharnaceutically conpatible carriers
or 20 excipients. The invention al so provides an
nts or derivatives

i Il as. f
@ﬁéﬂreggc}%}ecé %iéﬁ%i 'Bg?aﬂ’c‘g?“{’a #rR EcHiugesuhstancgreampriging an IL-7
RoUPppiclt peledlezsribief iabovk, ahiealy ahihicrgIgsRyRRd 17 Widypepide.

t _produce said antibody, as we as conpositi
h&({l}lgtp 5%?@%5'5 %feoarug i Sé'gﬁtég?% ‘,¥°'§§'§‘§Je$§r than @bayty10% op uisénTgono-
ghmosylated | WeTly polyberGide NaRd/6r i§leEdseniil ige '
i%ﬁrther aspect of this i nver:ti or? [ gé%ﬁ?&/ﬁ'gd%gmd&t related

%"&l?éi ng an |IL-7 polypeptide as described above,
from prokaryotic or eukaryotic host cells, as well as
.@ net hﬁd o{ 9 detecting or neasuring the presence of
Gdvenfion plse relgtapda i vee ofra drugswbbtance as described above in the
nedTRIf=RRIre Iof &enédiSanent¢dnl hid L =
net hod of proddci ng gn Hj‘-"?dg%)ydéi’g‘%‘ﬁﬁae&z@g%é*'PWSE"'°%-
above conprises: a) culturing a reconbi nant host cell

Tag MOsntRA Y el to a pharmaceutical composition comprising an
effective amount of an IL-7 polypeptide or composition or drug substance as

described above and one or more pharmaceutically compatible carriers or
excipients.

The invention also provides an antibody, as well as fragments or derivatives
thereof, specifically immunoreactive with an IL-7 polypeptide as defined above:
hybridoma cell lines that produce said antibody, as well as compositions suitabie

for diagnosis, assay or therapy comprising said antibody, fragments or derivatives
thereof.

A further aspect of this invention is a method of producing an IL-7 polypeptide as

described above, from prokaryotic or eukaryotic host cells, as well as a method of
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- b) collecting the IL-7 pol ypeptide produced from said

cell. According to a preferred enbodi nent, expression

is perfornmed under conditions 10 allow ng efficient

gl ycosylation notifs to be added to the IL-7

pol ypeptide, in particular sialic acid residues. In a

further preferred enbodi nent, the production is

performed in a fed-batch or perfusion node

mai ntaining the cells at thegend of exponential growh

phase. Such 15 conditions increase the quality of
ost-transl ati onal nodifications and contribute to a .
Rfflies on ewesuring thei preseraei arsupk anliL-7 hohpeptiedti A8smple, or to

AaFRichHA% gaqmﬂgrtl cular enbodi ments, the encodi ng

nucl el c acid conprises a secretion S|gnal and/ or an

optim zed nucl eic acid sequence and/or the host cel

j y.Qti ost cel e.dg,,. manmal i an or
o o Bhad, MR meifodsf Ridiinn b jleé: Paspertide as defined
abpvenoinprisesel ates to the use of an |L-7 pol ypeptide or

r gl ycosyl.at | |L-7 co 03|t|on as defi ned
azbo%&g'bggﬂ? %‘?'ﬁ%’ﬂa@a‘oﬁl_ﬁ%t fifed ageeanded above, for
b) hecotiestirigpitie UL polypaptidaproanssd frésafsgRosi tion to
cause or nodul ate an i nmune response in a subject,

particularly to induce prolonged 25 |ynphopoiesis

As:bondlngatd arpreﬁedéorerﬁlﬁbtﬁﬁﬁhﬂ fekpRIBsioATY! n 5
aies to the use of rabae ?‘5’”?*89" ifbitions

BB APE! BBcbealoniin do dio sgarcinahienk-2 pobpapite, in

pasticdizs eialibadd absdgas. f or the manufacture of a
pharmaceutical conposition to prevent or treat a

di sease associated with an i munodeficiency. 30 10 As

Inval further refertteis@dbbhfe thd ?&B&l&ﬁ@ﬁﬁ’g bgﬁtﬁr{r‘? fdl fnge'x i?]cb-batch or

ﬁ&ventl on exhi bit an extend l"asma
Usion adgdpriatainingsthe,gells jgt ﬁwmd ¢frexpbrentiabgmpitio phase. Such

condifsrRCintiea e
h l;?. DR dse ?rfédq@élﬁye gfs bdist t%g{aﬁér}a?n?nd%ﬁgaré%ﬁr&q pentribute to
ghyd esreremf n¥jalylation mﬁfeﬂ--? opalypeptides. vActatingofo particular
ﬁfmbhmhm G i BLS
TR A SO 088 850, SR RIFbgot acor o
g m{zZeg gucleic acid sequence and/or the host cell is a eukaryotic host cell (e.g.,
a mammalian or insects or yeast cell). |

Another object of the invention relates 1o the use of an IL-7 polypeptide or a
hyperglycosylated IL-7 composition, as defined above or obtained by a method as
described above, for the manufacture of a pharmaceutical composition to cause or
modulate an immune response in a subject, particularly to induce prolonged
lymphopoiesis stimulation and/or to amplify an immune response.

The invention also relates to the use of an IL-7 polypeptide as defined above or
obtained by a method as described above, for the manufacture of a pharmaceutical
composition to prevent or treat a disease associated with an immunodeficiency.
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Figure 1. Plasm d ph-pgk. EP7-hlIL-7: 10 efla pA
"elongation factor 1 al pha" poly A sequence ; hgh pA:
“human '.growth hornone" poly A sequence ; SpA:
syntheti c pol yA sequence ; hph: hygromycin resistance
; Anp: Ampicillin resistance ; MAR rabbit (3gl obin:
putative rabbit Rglobin " Matrix Attachnent Regi on
pr. tk: thym di ne kinase pronmoter , sv40 enh.: sv40
enhancer ; pr pgk: phosphoglyjcerate kinase pronoter ;
5'UTRintl: 5" 15 untranslated region conprising a
chireric intron SthI obi n-i munogl obul i ne) EP7-hl L7: ,
Apwilkbe discussedrbelaw, the Pispeptites e thifs riovenEBR e&h@ﬂ&in extended

) EP7-hl |L-7: B

Asihs 4801 S i EHBSEN RIS REH il g Bigmeracon

md@mlylm anééop laésmpmVed)Stabélt)oahﬂf/mtesbéﬂ-loﬁ% ltérrrmm‘i@ﬁdg%ﬂncny,
actL or rom

(bR, OB e es® B By i ainolptoal csrfens in

mamalia Suiegfs,rmardculElyrio mmagsapjetis. fract i onati on of
rec-hlL-7glycoforns throughout purification process:
SDS PACE anal ysis of the protein content in the

different el uti on BEGENDSAG THBIFIGBHYS |L-7
gl ycof ornms were separated during both the capture and
H C steps. Buffer gradients were used so as to elute

Fagdreer Elas'midi bl- pghEPmHu-_7 gI ycof orns according to
egjgée Ioﬁh“ | ff Jphysi co-chem cal properties.
PA é\cfl B‘E)% e‘?ﬁi’éﬁt saqepge i; gl pAa deuroan growth
Horraohe™ opolﬁIAdemd;naé es‘;s,? CWIG%IyFQfse&L%cBw hi‘ht Hyg%mycm
reconhi nan

r%%%%gg t’%‘"ﬂn tA‘H‘pl @lin §G§§§a"%|’éﬂ B rahm Bglobirei rputatlve rabbit

B@Hb‘ﬁ’? k&'l\ﬂétrd(‘@lt&eﬁmaﬁtr gg%é?_)a) pr Zﬁv%tk,ngﬁé fqr%[e9qe5m§v40
enhBlsvgg er@pm:qrorpl‘fPgictnl‘oamome:’e-t%kmaéérprérﬂbfehels’UTRmﬂ 5
t ta
BPHBERL R TS A e LR o)
EFfrblL3peptimizedihiman iL-E BRINA Ufistream fiom APl Sigias p@ét.dehe |

purifi.ed reconbi nant hlL-7 on SDS PAGE. Sarrpl es of
the purified reconbinant hiL-7 were | oaded on SDS PAGE

Figie 2: Plagmid pBh-pgk.EP7-hIL-7 :
Bcl2: Bel2 ¢cDNA ; IRES: Internal Ribosome Entry Site

Figure 3: Expression of recombinant hlL-7 in mammalian cells cultured in

Bioreactor from day 1 (D1) to day 10 (D10) Westen blot of intracellular versus
secreted IL-7.

Figure 4: Chromatographic fractionation of rec-hlL-7glycoforms throughout
purification process: SDS PAGE analysis of the protein content in the different
elution fractions (B1- B10). IL-7 glycoforms were separated during both the capture
and HIC steps. Buffer gradients were used so as to elute differentially the hiL-7
glycoforms according to their slightly different physico-chemical properties.
Fractionation and subsequent selection of adequate fraction allowed an enrichment
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conditions. Cels were revealed by: 10 A Coonassi e
staining B. Western blot MMM : nol ecul ar wei ght
markers (10 ; 15 ; 20 ; 25 ; 37 ; 50 ; 75 ; 100 ; 150
25CkDa). Lane 1: HG 37-147 ; Lane 2: HG 40-104 ; Lane
3: HGhlL-7 ; Lane 4: E. coil hlL-7. 15 Figure 6:
Conpar ati ve SDS- PAGE apparent nol ecul ar wei ght of
purified glycosylated rec-hl.L-7 products. Lane M=
Mol ecul ar wei ght marker, Lane 1 = schematic
representation of purified product as described by
Nggegﬂet al. in patent # US 5 328 988 (about 25 KbDa),
o5 §hq ik thyee alygesylated secampimansdlict? (BUN4 dreziNbastdutated with 10-

heRA. | i i parifed by, o
SPRE R MM rdicin A B Whleh il GR1T0 - B5 @b e 50
3s; 180 antRl d 220kDaypBi-&110, ehitivoufractionsi ;gBﬂ-Bgt)@%’ﬂdrﬁﬁﬁctions

5 b et o=l b 7, i,f.ed
f‘zﬁ’ﬁ%ﬁ dorRnG b C7 Jiadbf BSosBiay s S ubgre of percoss
el FIW {ransfecied with tlaansarhe oplimized hiled cBPR\.PAGE under
reduci ng conditions after deglycosylation. Sanples of

- the purified reconbi nant gl ycosylated human I L-7 were

Figue St ddalypes PGS purified scorabinant BIPT o8 $DSTPAGE SaheRs of

n,gel. 12 ot her sanple (OO N) )
the Flfied FeomBRURE 5770 ete Hagetl op" S BAGE nder educing
cghditions. Getsew@elrevdaled byt osi dase/ neur anmi ni dase/ N- Acet yl
gl ucosam ni dase. As a control, glycosylated hunan

el Ao SR ™ Ine 10, “T0 gl yeororms and

deglgcosyl ated human IL7 were then separated
accordiVegterdblohei r MV estimated on the gel at 33, 27,

i PRl g G DL o 0§ 29 ace7r 080 piTe. 7100 ; 150 ;

26Dkea)f bames1: HG-37-147 ; Lane 2: HG-40-104 ; Lane 3: HG-hIL-7 : Lane 4: £,
coli hiL-7. | |

Figure 6. Comparative SDS-PAGE apparent moleéular weight of purified
glycosylated rec-hlL-7 products. '

Lane M = Molecular weight marker, Lane 1 = schematic representation of purified
product as described by Namen et al. in patent # US 5 328 988 (about 25 KDa),
Lane 2 = CHO rec-sIL-7 product purifed by the Applicant, Lane 3 = CHO rec-hiL-7
product purifed by the Applicant, Lane 4 = hiL-7 1N- and 2N- glycoforms as
standard for apparent molecular weight comparison, Lane 5 = E.coli rec-hiL-7
product purifed by the Applicant (CYT 99 007).

Figure 7: Analyses of the purified recombinant human IL-7 on SDS PAGE under
reducing conditions after deglycosylation.

Samples of the purified recombinant glycosylated human IL-7 were digested by

PNGase F : Kinetic samples from 2 minutes to 24h were loaded on gel.
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10 - 23 kDa (23179 Da): Rec-hlL-7(CHO S, 2N+3N) - 25
kDa (25127 Da): Rec-hlL-7(CHO S, 3N) Figure 9: 2D

el ectrophoresis analysis of the purified reconbi nant
hyper gl ycosyl ated human |L-7 pol ypeptide. After Iso

El ectric Focusing (pH range 3- 15 10), glycofornms were
separated on SDS PAGE under reducing conditions
(Coomassi e blue staining) Figure 10: Mass spectrum
anal ysi s of reconbi nant hlL-5 N-glycan conplexity.
Purified glycosylated hlL-7 sanples were enzymatically
di gested wwth an 20 endogl ycosi dase such as
@f@gherdeaamnﬁ y@@dr\aawsF c(g@mesyerRaahe)mthquM@g@éi + O-

r.e] ea tein sanpl e b
%AOS%SQ’Q? %@E%CF “*%@BQP%%’E’&‘?@@W?W%@%@S@J
A3 almhtlrole gtynobyimadi ylaﬁﬁnhu-ﬂ\&deE &6 hiIMRSS IL7 were als% loaded on

tggc rorretry The m z val ues corresponding to ea
wer e searched against international databases

mmcal NS I, aﬁ@gly@@lﬂh‘né Iaﬁatdeggc@éylé@@ hAARA! ILPTwdE then

€] I I
Eaucd BRcordhoc Torh 51 Slaios o e st oh 4t 21 24718 and 17

kDH, Rgspep@ly.i ¢ lectins (lectin blot). After
separation of protein sanples and blotting to
menbrane, products were revealed wth either one of

Ftl@.ﬁ'ew\mds@@béétmnﬁ Mhdlysié BPG‘HM%_%? bﬁﬁegi o8l ?Qﬁ)(cz)for

ane pr ot

@éﬁ{ﬁaﬁ( 337%@"") }ﬁeﬂgh'l-i(l(@HO& QNéBN Lane 2, fetuin

-DEa@L@519T Dad RecHILF 3, hlL-7, Lane 4, hlL-
7 trefl‘?ed Wltaﬁ si al |dg§20é‘l§?§zre 12: Lectin affinity

of hyperglycosylated |L-7 polypeptide (ELISA screen).
t t
F?%Lf*?."cﬁﬂf’&?E?!i&@ﬁ‘*‘f'gpeéﬁéﬁfeioﬁ3#h%Beﬁ@f%ﬁremﬁ"pmam
hyRerekicasyiatad BHeias 'LﬂCDDIYneOhdmnﬁtwﬂﬂmEIecthatlug {pHAkrdnge 3-
o] r Al ari.c
16? Sglo@lafgﬁﬁg %ﬁe %?%%aseo § Bﬁé&; r’gﬁg equc/‘lng conditions

(Gapmgssie QH-@sSt%lBIGQ) to bind identical amunts of

reconbi nant purified hlL-7 preparations. Anounts of .

bound IL-7, depending on the 10 lectin specificity to
Rigie g1q/cMﬁssr@pe@trtee analysis obveadneltindnt WILSPBCHIfEsh 3Biblexity.

Fikiied glycosylated hIL-7 samples were enzymatically digested with an
endoglycosidase such as peptide-N-glycosidase F (PNGaseF, Roche). Released
N-linked oligosaccharides, released protein sample by enzymatic digestion were
separated from the peptide structure and analysed by MALDI-TOF Mass
Spectrometry. The m/z values corresponding to each peak were searched against
international databases and allowed accurate identification of the panel of N-
Glycans on the hiL-7 molecule.

Figure 11: Characterization of O-glycans on récombinant hiL-7, using specific
lectins (lectin blot). After separation of protein samples and blotting to membrane,
products were revealed with either one of the two lectins (MAA, from Maackia
amurensis, PNA, from Arachis hypogea). Lane 1: standard protein fetuin, a
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anti body (Ab) coupled to Biotin. The Lectin - IL-7 -
Ab sandwi ch was revealed wth a

st rept avi di n- peroxi dase conjugate. Figure 13: Bi oassay
of reconbi nant human IL-7 activity. Dose-response
kinetics of 15 PB-1 cell growth induced by

ungl ycosylated r-hlL-7 (expressed in E. coli) or
highly glycosylated r-hlL-7 (produced in manmalian
cells). Figure 14: Bioassay 89f reconbinant human IL-7
activity. Dose-response kinetic data and curves
obtained routinely in a typical bioassay: the PB-1
siglilatecyproiaim Leas 2, fuinriceatastiwily asiaiidgse dyphaBe HIL-7 Hldne 74, hil-

7(tﬁe?é?éoeﬁ/ﬁﬁg|ah & coli), highly glycosylated or

hypergl'ycosylated r-hlL-7 (produced in manmmal i an
cells). (Data points represent the nean SD of

AR R Y T hisBvodeiRa dre ipeBtoe GELISA Soreer),
Lbytpsr (j.ll—:fe?emaﬁ%c@ﬂerlstooﬁ e:swzwmw? Ih wéuts/?] ;idhe ITFIt/(t;‘Lllngavulgare UEA.I
fr ndu )? é{'r%ﬁél pr'\gsen @nam"??ﬁs’% é% fiom tAmearanthus

camates tAdAt frdirh Artorhipist mte@@ﬁbw ACBAJ pﬁzérhl ,fﬁatr;&t:s ldfspérwpoA L
cosylation profil

han ng

g PRBSIITY pilderrhBving o baret lifes hyhiel Bid identipbgmounts of
r@bm.mwlﬁw PILLTS prephpations! mahﬁtaroy bb@nd rL-7/I de{i)%neﬁ\ %n the
| h t thﬁ @% 6% |vo activity can be ach i eve
‘1&'“78%’—8 ¢ ;55? ithR 9780 Rgieties.| wees revealgdphyeResrasific anti hiL-7
aﬁﬂh‘d@l (Ad) cé‘bdlédﬁﬂé@oﬁ'll Yt ch LAD-7L W8 SandicR s, revealed with

t @jgﬁycos ation site and maximzed term
ass,r gﬁ - °6'fja $1EP¥gABsacchari de noieties. The
present invention also 5 discloses artificially
creabgd hygerglycosylated | L-7 pol ypeptides, which

Figuee (1t BiopssavdH gecprakinant hupnan l#e? agfiyity) Desg-riegpanse kinetics of

oo Simssaa o LoaMatT T S 53

glyeoerylatgélahll--wry |'E!§§ﬂf&fﬁ§|lm§ﬂ§h| tions repr esent

hi ghly val uabl e and useful active nolecules for use

| n regul ati ng an i mmune response in a subject,

Figuee Ul Rjoassay ®f Haermbisany beman AL{T asﬂwtmbpese-re)a‘pohbe Kinetic

|
ool 8 bes BeyeRSLR (2 AT PRRLER ML b Gown vas
indbcag dy v@ly%wa@é bhlLl-igqﬁ@xpges,aedsnyn Bt edi)) bighhyf glycbdyated or

hyperglycosylated r-hiL-7 (produced in mammalian cells). (Data points represent
the mean + SD of triplicate determination).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to hyperglycosylated IL-7 compositions, their
manufacture and their uses in the pharmaceutical industry. The present invention,

for the first time, shows that the activity and/or properties of IL-7 may be enhanced

depending on the glycosylation profile of the polypeptide. The present invention
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15 manuf acture of a nedi canent consisting of said
hypergl ycosylated IL-7 and at | east one
pharmaceutically acceptable carrier or excipient, for
treating a mamalian subject. A further object of
this invention is a nethod for causing or stinulating
an i nmmune 20 response in a subject, conprising

adm nistering to the subject an effective amount of a
hyper gl ycosyl ated IL-7 conpagition. A further object

of this invention relates to the use of a

hyper gl ycosyl ated (and referably highly sialylated)
3l$Q FisElesase SuPrisholyandiasatranrta fmiitradata fthat timdesiammnwb acuwty

S T KB SRR s

nglycwta’mpnwtesaand btie O4jokgch gtybostﬂatldﬂmesweg l@aﬁ eﬁaxﬁlmlzed

ATy 3 BB it Fochar S B
disclfses awtificialiyh erddted hypérgpepsylaiedl k-B dajtlvﬁmptldds— tszhlch exhibit
C s _a therapeuti
SORAREER (BRSPS Pl o PRS0, St
dwr?seqbltr Ionrgtten?ﬁpemumgmmlltw (])crnsuﬁnﬂgl B Yutility oft IL-7, such
| i Qn e e any. ot her
AR SR8 o Bobhi RS iy e ot SR actve
makgyepfordese 5n vegulatirnandmpalneprRbbAs: nPraeél%jé&dlncludlng a
human IL pol ypeptides of this invention conprise an

t&‘ma}?oug ; sequence as described in EP 314 415 or in
W2004/ 018681 A2, as well as any natural variants and

ereof . .The sequence of human IL-7 is al so
AFLoSPR 55 G egior s Fabidesn e TopBiapsyRled -y sempositon.
protein conprl ses 152 am no acids and, opti onal ly, an
t|o I}J-termnal met hi oni ne re&due@? Q ID NO
‘?? hevaﬁ ghitf dhisiRyesen relates de thenksecoliveptalvepsylated IL-7 for the
raiufalireabf Q' mediéameAN tondigtitg! &f E&dﬁ%@@\g%&ﬂé@h L7 and at

oI yrmr ph‘_. i ncl udi ng SNPs, I Ci aria
12080 ¢ PRgrMacedtigaliyi ﬁﬁ?ﬁptal}'%e@réﬁrm QrL_-excipising:p den nmtmg a

mgmmgﬁéﬁ stifleslesi gnat e a pol ypepti de having .15 the
sequence of SEQ ID NO 1 or natural vari ants t hereof .

In a further embodinment, the IL-7 polypeptide is a
A AR objbct/ofMAlsYiRGdttioR Gs a lmethdd for causing or stimulating an immune

response in a subject, comprising administering to the subject an effective amount
of a hyperglycosylated IL-7 composition.

A further object of this invention relates to the use of a hyperglycosylated (and

preferably highly sialylated) IL-7 composition for the manufacture of a medicament
for causing or stimulating an immune response in a subject.

IL-7 Polypeptide

Within the context of the present invention, an “IL-7 polypeptide” designates a

mammalian (e.g., human, simian, bovine, equine, feline or canine) L7
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regard, the invention discloses, for the first tine,
the sequence of an isolated IL-7 polypeptide, which
represents a further object of this application. In
particular, the 20 invention relates to an IL-7

pol ypepti de conprising am no acid sequence depi cted
in SEQID NO 7, as well as any natural variants,
honol ogs or distinctive fragnents thereof. The term
(< variants )> or " honologsg " refer to pol ypeptides
that differ from SEQ ID NO :7 by a deletion,
substitution or addition of one or a limted nunber of

p@imm‘d@i Mere preferablybite duérpojyneptifie ds ér htrosol lbgspalraptide,
RRAGHHRRE o EAAY FVabHRL ARUREY, UodBaifTEP use i

|y superior
n%wmamﬁmam exparmngnis ou mevetemnary) agal%atwms) tBEQ- Polypeptide

R Rl S T RO T —

oraewm@pmiwﬁptldeas used herein, neans that the

pol ypepti de i s obtained or 30 derived froma

recombi nant expression system i.e., froma culture of
Praderrect diuheanl 6.-7 (molgpeptides o bihisl inveniiors @oinpise naamins acid

[ f ic pl i mal s
BRI of dlrsPlioad B e A A e oV oRe s po{InE R st amgany
natardl Lvaﬂan'qsohyqbd‘pﬂnpcdegs 'tidresfo bt seqﬁrﬁésoﬁ @uman IL-7 is also
alGEBE A 85 Rivsr TS RRRE B it ISR cnmpries T2 Sino acids
apdi,y optiuhatyei as armd@namkr)\Etleﬂ‘ﬁ:ﬁﬁﬁlmalﬁlomN@rn%ﬁféiH@n(tSB@tIBfTﬁo 1).

e e hos

ssed t cel
VAﬁ%"Yi”F &Lﬂﬁe? &%ﬁey Y5 e ferahly, hB‘?t”F?étqugq’ varights Jesdfing from
nhrumsgamarmm amnmg | Ses, %bﬁéiﬁ(%WérfaﬂféSf 8icA3R a specific
and/.or ? ng ase ene ol ypepti de can
eqbod 8?5%' @-r palypeniid u@ﬁﬁw&%@ ate g RodpepPligechaving
thesequbhce GTSEQ IDING Dbyl Gdriéﬁt%ftﬁé@%ff and/ or
sialyltransferase nol ecul es, or by gra ting

ol i gosaccharide structures. 10 A specific exanple of a

I 6 FBAhdrlenfbdthiE Re Itﬁé de7 ?§lyéeﬁ%@elﬁg%°&érﬁlﬁe at7 %&?pé@sduom this

ri sing the disul
r%@d%m@c&ﬁ&cwgaﬁomlfugt time thg, Senuerrce of an isolated IL-7
pBRbYRRB! Wﬂﬁ:ﬁ r@firetsaﬁtspéf ﬁﬁfﬁEF objg f&tth%napgﬁ&t ”ﬁj?é;ﬁcﬁlgle the

séquence of mature | L-7 "pol ypepti
inveR{iRN edaterién an ddl p%meﬁbdeaéwapwag amieo agid a&quq@eadeplcted

ugggbagerga?e?%wggﬁ Ry hitaaPRrfants B RAdSR br BN Srefments
thereof. The term « variants » or « homologs » refer to polypeptides that differ from
SEQ ID NO :7 by a deletion, substitution or addition of one or a limited number of
aminoacids. Preferably such variants or homologs show a percentage of identity
that is superior to 85%, preferably superior to 90%, preferably superior to 95%,

most preferably superior to 98% with SEQ ID NO:7.

The IL-7 polypeptide used in the present invention is preferably a recombinant IL-7.
The term “recombinant”, as used herein, means that the polypeptide is obtained or

derived from a recombinant expression system, i.e., from a culture of host cells
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include, without limtation, a signal peptide selected
fromthe group consisting of the EPO signal peptide,
SEAP signal peptide, |gGkappa signal peptide,
Lactotransferin/vitronectin signal peptide,

VI P/vitronectin signal peptide and 20 cytostatin bis
signal peptide. The sequence of these signal peptides
is set forth, respectively, in SEQID NO 13 to 18. In
a specific enbodinent, the sjgnal peptide is a hybrid
construct made by the inventors, between sequences
derived fromthe EPO and |IL-7 signal peptides. The
(Setyu an@rebler ot lissch by rpddnt parp triatemalizm) rmdrﬁﬁyt?aﬁgenﬁ%ants or

S r 19 and represe a
par? eyt {nEQb eé Eccgpkqlﬂl nBgle|Ch RSl p ‘ﬁec‘g‘? encoding an IL-7
mmpgugcdywamma telfer% 40d résomsifariti weMét Mhatd R bacterial

sen |,,nv ntion, the term
péps%?) I Q)éséél{jis a{l\@n §|t8nr§pgg\b5\qni glygoproteins made in
rpadnmm'an ieslprebsivn Qgst@hs | ﬁ@ﬁﬁll b EREuREE LHélcﬁ\Fj all of trrm]ese host cells

fat lOI’] sites havi ng east
Sg\"y (ﬁ%[?ééf SRS ‘a'&’?‘iﬁ 'P%@T%Me%f aﬁ?r tjwweawatammppromate
gtydoeyltrdege@@atm/@nsaa@manefemed éﬁ?' A UE oo gtpégﬁﬂié)%ahnalgo be

ol h bject t
é’gﬁ?{) ﬂ%ﬂ‘? “ﬁ‘lﬂ S@ésﬁléa C'P!ﬁ g’ 5"€’P lREtl@n rVé/O gigsashyitransferase
aidfer sigyleansierasaivolechies! HASEYafing i Qﬂg@éa{cﬁﬁal{de &Eyecu&g¥

amno acid residue or region 10 I'n pept
all ows the attachnment of a car bohydrate structure

A bpesiihexdpli r@ka%}naanﬁmbols)p&hbd%%lé' pﬁﬁr?}p%ﬁtiéé bf8EQ 1D NO: 1
%F% quﬂ acid resi due or
°§?H}P>F'§E‘§t disiiffice hridgesdns2cGyso Cd%%@mﬁ@famj Cys47-Cys141.

car bohydrate structure through 0- |inkage). Consensus
ﬁe ﬂences for glycosylation sites are known per se in
Alsp, 1537 polypeptiges pf thespreaent dnvertiop anaye neprise the sequence of a

n&tdtey ﬂ_oﬁbb@béﬁtlaesblt ﬁl}'lfhlép b&@hhye i tl&l?aef ﬁﬂ%g(}naﬁlgn%adges such

structure:
ag)&g?ﬁretmrbpqzmlge qugns,uantpe tf@efemegcaxamuesmﬂsumh seuehon peptides

u‘iﬁhYd@SN tridtt ﬁlrr‘lltéﬁotneﬁ kb%gﬁgée %gléeﬁ@?fgr altb¥ do up consnstlng of

thin an -
ﬂ&‘?tEP pc@W%’ QG@@G EAPealgml wpetide. sigiGltapp gsignsie peptide,

L%@toTrEﬁskﬁﬁmtroh?‘ﬁﬁr QJ»%‘% éép?fc%d xl\/hv/\% S ogistér@gsge;g@% and

desi %nat es an I"0h

cyfosfatinbig @lgnﬁb peptidles Tha\B@qaemteea'Sthesda rsiab pepideddis set forth,
rédpecavely, 3hISED ID NO 13 to 18. In a specific embodiment, the signal peptide
is a hybrid construct made by the inventors, between sequences derived from the
EPO and IL-7 signal peptides. The sequence of this signal peptide, termed EPy7 or
EP7, is set forth in SEQ ID NO: 19 and represents a particular object of this
invention.
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sites, i.e., having at |east three glycosylated am no
acid residues. Preferably, such a conposition
conprises at |east 80% of IL-7 polypeptides that are
gl ycosyl ated, at |east, at three N-glycosylation
sites(s) and, optionally, at one O-glycosylation site.
25 Such a conposition is nost preferably essentially
devoid of un- or nono- glycosylated IL-7 pol ypepti des,
and thus conprises at nost 2% of bi-glycosyl ated

| L-7 pol ypeptides. In a preferred enbodi nent, a
hyperglycosylated I L-7 conposition deS|gnates an | L-7
i Josylatedilla-7véniddBormpoditeast 90% of | L-7

polypeptldes are glycosylated at three N-glycosylation-
sites(s) and, optionally, at 30 one 0-glycosylation

Withig . t 3u©¢nt@xtc0fnﬂms ptasent irventiod, theefepmaltiyper lycosylated IL-7"
gl ycosy % at ed

1 of un no-
ERRGAE U ) ‘ﬁé@eep@%&%vm%a&:'&ﬁw”“ ogRUNRSE glyagsiagen sites,
i, haivigh yat tespt thteedglyédsiplated avhinbGigid reeiieeS gl ycosy! at ed
I L-7 polypeptides. IL-7 primary am no aci d sequence
conprises-three putative N glycosylation sites, 5

Aoyl Adgrasite) Ideelghé\%@)any%ﬁhlﬁé' Qéld%bSlBQé 'oF 'rélj?én it% pStpeptide

116 h
ik, B ettt 18 bR ot e efiaqhaniesf @ carhahysrate siucture
Sougtez aites lare tgghéthNIdly&gs%llgﬁ)ringtenE ($8%iﬁ¥‘ ggmfgnééi? ?_ﬁs"t;@ &Sregion
ty 83‘?"3}){5%"&5 éﬁ?'t 'E’t‘ﬁ"sltfé attlaﬁh'aebé@ft 3 carbohydnsts sfruature, theough
Nyiilens) Mﬁd)'ﬁb’béﬁlﬁﬁasylbtﬂn Biﬂisy(ﬁ%Ptdn?ean‘?i o LR @sﬁﬁg% Fegion in a

peptide 10 having t

vent|on |
PPB(P@%“% W@o@wét t?i‘%@?"b@f:amaéfépfwgsaie|8§uetdlr<mhmogh 0-
Pt i s oS iy o
A@oEﬁ)ﬁ EII'%/ 1 aBH“-l A cansensust Ne@lyensylgion diitel typicaliy Ihgpethbi idiswing
sBru6tul: YRshSYISRl /e fr, alvhdrBex l@%ﬂ\f%ﬂ%g é’c?@%%{:@[}t Is’rghreI tfﬁgwll be

and, optionally, also at ycosylation

dﬁ‘?‘%%é’@h"‘é §ueh gyreswatinraites mayytpmegme;rcrmhm p@sbht-Within an
Il£l¢| YBRBEpRR @&u&%@rdnﬁfor Sl N3dad tdf 'cgqqieé(* Y within  said

added "or created gl ycosylation sites. "Accor

SRPYWEICE! ycosyl ated | L-7 pol ypeptide of the present
invention is an IL-7 polypeptide having at |east

three N-glycosyl ation sites and one O gl ycosyl ation
Tgpttgrrgcuqﬁr@ﬂ:osylgqudws? cempbsition] ddsidnates an IL-7 composmon in

\Ag'ﬁr’]c%tj#éaﬁ%éthg(’)g/g Pf I_I f‘gg@ﬁ%ﬂ'ﬂrgs Ef%(/éfak geﬁﬁtw?e? gﬁ&fdpéé: %q?sylptlon
SEW@SMEW\Q atrhea,q’q ﬂmﬁe glycbsvated gtihobcid residues. Preferably, such
a composition comprises at least 80% of IL-7 polypeptides that are glycosylated, at
least, at three N-glycosylation sites(s) and, optionally, at one O-glycosylation site.
Such a composition is most preferably essentially devoid of un- or mono-
glycosylated IL-7 polypeptides, and thus comprises at most 20% of bi-glycosylated
IL-7 polypeptides. In a preferred embodiment, a hyperglycosylated IL-7
composition designates an IL-7 composition in which at least 90% of IL-7
polypeptides are glycosylated at three N-glycosylation sites(s) and, optionally, at
one O-glycosylation site. Such a composition is most preferably essentially devoid




10

15

20

25

I L-7 pol ypeptides are glycosyl ated at four

gl ycosyl ation sites(s) at least, said sites being
either naturally-occurring and/or artificially
added/created. In this regard, the present invention
now di scl oses | L-7 polypeptides having a 25 nodified
am no acid sequence, wherein said sequence conprises
at least one artificially created glycosylation site.
According to particul ar enbqggi nents, the IL-7

pol ypepti des of this invention conprise 1, 2, 3 or 4
artificiaIIL created glycosylation sites, nore

obuef e mpNg-glycosylated 3. -7epobypepiides, pnéftmmmmprasee rat Zaost 90% of

TENEH B P S LR Fen SBRAEHTeL pofipndlisus
N-gI ycosyl ation sites typically have the fol |l ow ng ;
am no aci

"§'t7lrc"H é@%&?'ﬁ%ddxsesﬂ?ﬁéng?hrmgvm hB‘?Fi EPﬁ%gge Maglyensylation sites,
nanmm Aspavaginel (ash)absituesnkt posftroamms se hmheﬁe Wi‘tﬂtr{ikﬁie'ct:to the
es _or_us chni ques includin

T (M e R IR M o
showsethgt #e rllo?aceqijeﬁe@l%@ontamé oh®! by ‘chBgyléﬁhEﬂséquﬁénely

nown e(rr ée n t(lge re. tBecause the no

(Wﬂfgt B JREfye 8 PI5itioRe 14Bi | it y2 t barligWar cambadiment, a
hyﬁagbyt:@sylatédh a_gl pohpptiad bﬂfhe%brb%rﬁ)m@&xt?oﬁ i§ ANl ﬂ@@peptlde
etabl ate[tgj thin region(s) or domain(

r@ﬁ'é'g E %lt &P °§@ﬁ%%@%¢%l%eé@plw orinpkto one
ocbdpied O- f

i %"“’"“"i&"“é??;‘a‘gm "‘*ﬁé‘“ﬁ?ﬁ"ﬁ% P Rafbosili & ap L7
GBHIE"’%' %’héﬁ/ WTE‘F ghde e O ﬂéﬁynmdeqmeee Qlysbsyated at the
abuve NtglRosyI BTG Hbitdstarie, Gﬁﬂdﬁhﬂy’ ao dthRe duc%lgé&ﬁlatlﬁn site,

resi dues. Preferably, ey are intro
flexible region, avoiding 15 regions that are nor e

Ih t
p'a%%gg??f dgmgﬁﬁr ggfyyéﬁpﬁg@lcér{tgg tl[uicwl&ﬁe de rtﬂgy comprise

agpifieealy [aptificially s jadded 0o ereateds fgimosﬂayorwst&m nAcmdldglq a
hzgé’r@l M@e@dét@d EI’L— 'pﬂl&};{)épﬁg% 9f g&g&egg‘rt%\(een@é apﬂc g &oeptlde
M'"BH’é "FW é'?'ﬁ@tm'gwcﬁylat@ﬂﬁltpélay@dma @eglymosﬁatld)rs site occupied,

s’éfélg.ﬁ]@seoéugff%ﬁﬁ&r natﬁﬁig OC%L?R %é%ao'reagg%?alland 7%:93%?;1 and a

hypereWeesyisted & a@@mmektjw isgan -7 hemaosition trywblf:h theast 80% of

IR9 Wﬂbﬂld& A 4%yc»osgl"a a%;%lvcoﬁ%%?ap gg%%( 3t[ Ifag%, salg sites

bgmg@g;thgrr raturally-occurring and/or artificially added/created.

in this regard, the present invention now discloses IL-7 polypeptides having a
modified amino acid sequence, wherein said sequence comprises at least one
artificially created glycosytation site. According to particular embodiments, the IL-7
polypeptides of this invention comprise 1, 2, 3 or 4 artificially created glycosylation
sites, more preferably 1, 2 or 3; even more preferably 1 or 2.
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typically created by nutation, deletion or addition of
one or several amno acid residues within the primry
sequence of a reference IL-7 polypeptide, to create a
typical consensus glycosylation site. 25 In a
particul ar enbodi ment, the present invention relates
to I'L-7 polypeptides conprising the sequence of a
human (or manmalian) IL-7 polypeptide conprising one
or several am no acid nodifigations selected from
Lys28Asn - Ile308er - 11e30Mr - |1e30Asn - Ser32Thr -
Leu35Ser - Leu35Thr - Qu38Ser - d u38Thr 30 Phe39Ser

Thethﬂéiﬁlh,r crea%tf@%@giy_/ll%tno?h efiad gﬁres eprr@ek’a'iﬂﬁw-hnke@' HREdYiation
adld )

3}&?@3@ nsusAﬁd;‘m:géﬂatjorAplgps bﬂpjs@Hy ha@_\mmﬁpﬂﬁwmg structure: Asn-

H-86 D >here X-RUEHYANSR0 aci dxe88 Plbline. @ u106Ser -
Leu128§gr - ﬁSThr - Ie14§tAsn - Met147Thr -

Met 147Ser - I\/Iet 147Asn - Thr 149Ser (or from ||

S r
W@@mﬁgé’@gﬁ'@g by 20 crddd | adBel Bhorially TP ssembled
B@Lé@é@'%@!’? eofidehi Lpipgnsevamalc tagbniques tindudiagi mutagenesis
n@éihéhsméfj'\fdnﬁﬁi d;ﬁ%?tloﬂf L I ;ké%haﬂun%egg %oi%ln%eland

poal ype pti ana am no anges
f 'Vmstﬁc niqueso saewn I—EE’SKSGLVSZBASﬁﬂ IB®30§¢1rthe HeEdaified IL-7

G i VLT M N T
ipHarg THost preferably created within region(s) or domain(s) of the IL-7
polypeptide sequence which do(es) not alter the ability of IL-7 to bind an IL-7
receptor. More preferably, the site(s) is (are) introduced outside of the- alpha
helices of the polypeptide, preferably except at immediate proximity of the glycine
residues. Preferably, they are introduced in the most flexible region, avoiding
regions that are more rigid and important for tertiary structure of the polypeptide.
Preferably, the creation of a glycosylation site does not affect any Cystein residue
involved in a disulfide bridge (e.g., Cys 2, 34, 47, 92, 129 and 141), nor any critical
residue involved in the interaction of IL-7 polypeptide with its cognate receptor
(e.g., Ser 19, Leu 23 and 77, Tyr 12, Val 15, Gln 22, Lys 81 and Glu 84) , nor any
conserved residue involved in the activity of the polypeptide (e.g., Arg 133, Gin
136, Glu 137, Lys 139 and 144, Thr 140 and Asn 143) . The glycosylation sites are
typically created by mutation, deletion or addition of one or several amino acid
residues within the primary sequence of a reference IL-7 polypeptide, to create a
typical consensus glycosylation site.

In a particular embodiment, the present invention relates to IL-7 polypeptides
comprising the sequence of a human (or mammalian) IL-7 polypeptide comprising
one or several amino acid modifications selected from Lys28Asn - lie30Ser -
lle30Thr - lie30Asn - Ser32Thr - Leu35Ser - Leu35Thr - Glu38Ser - Glu38Thr -
Phe39Ser - Phe39Thr - Phe42Ser - Phe42Thr - Glu52Ser - Glu52Thr - Val82Asn -



H&0a Phe42Ser HGAOb Phed42Thr HG0a G u52Ser  HG50b
G u52Thr HG82a Val 82Asn ; d u84Ser HGE82b Val 82Asn ;

G u84Thr H®7a Lys97Asn ; Arg99Ser H®7b Lys97Asn ;

Arg99Thr HGLO02a Al al02Asn ; LeulO4Ser HGL02b

Al a102Asn ; LeulO4Thr 21 HGLO04a LeulO4Asn ; d ulO6Ser
HGLO4b LeulO4Asn ; G ul 06Thr HGl26a Leul28Ser HGL26b
Leul28Thr HGl45a |1eld45Asn ; Met 147Ser HGL45b

I | el45Asn ; Met 147Thr HGl472d\/bt 147Asn ; Thr 149Ser The
above am no acid nodifications create N-glycosylation
sites without substantially altering the binding

GluB#A T yCloB48&r -N.ysDNesrebirgD9FaE | AgyJoRBF OXRA0DAsT - l-eu104Thr -
P I1 R {i ﬂ%?l'ta or di éﬁ%the resent i nvention. e
NS, £ s 0L ¢ ABIORTHy o /GletBSer - HeeL2B@Pg Leu128Thr -
lEf1bABh y- KietldgThihat Méte4rseardin (g LY Thi1 40k

altered be reduced wt hog/t'et?érrééléglti nglhﬁne °h (or from

.Or g . _
QH'R‘P&P%'?CP%Q;P%S'?{Q%GPtheﬁg*wraﬁ#amlé-z pelgpeptidésin with t he
receptor. When quantified in vitro, the binding

ffinit be reduced by | ess than 50% preferably
?%eﬂf'nct ﬁ%ﬂmn%%o?dhev@nhw palypapdides tofi ghis 30vention comprise the
amiiab eerithyditiestons BRBIAEYIn ‘Pélﬁéﬁfb%h%l)v)’- | ess than 5%

Al so, the above nodifications can beé conbined to
create several additional

Table 1
IL-7 polypeptide analog amino acid changes
HG28a Lys28Asn ; lle30Ser
HG28b Lys28Asn ; lle30Thr
HG30 lle30Asn ; Ser32Thr
HG33a Leu35Ser
HG33b Leu35Thr
HG36a | Glu38Ser
HG36b Glu38Thr
HG37a Phe39Ser
HG37b Phe39Thr
HG40a Phe42Ser
HG40b Phe42Thr
HG50a Glub2Ser
HG50b Gius2Thr
HG82a : Val82Asn ; Glu84Ser
HG82b Val82Asn ; Glu84Thr
HG97a Lys97Asn ; Arg99Ser
HGO7b Lys97Asn ; Arg99Thr
HG102a Ala102Asn ;: Leu104Ser
HG102b Ala102Asn ; Leu104Thr
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gl ycosylation sites wwthin an IL-7 polypeptide of this
invention. In this regard, the invention relates to
any biologically active IL-7 polypeptide having the
primary 15 sequence of (human or manmal i an)
interleukin-7 nodified by the addition of at | east
fromone to four additional (N-1inked) glycosylation
sites. A further preferred enbodinent of this
invention is a biologically gctive I'L-7 pol ypeptide
conprising the primary sequence of interleukin-7
conprising one or two additional (N-1inked)

gl ycosyl athi@no4d t es. 20 Most | peefotAsnd Gil106Ser

pol ypept i des-of—this—invent+6p—are biological |y
active, iﬂg.é?d‘#‘hey are capaa'—%uwpﬁﬂri@ﬁboﬁ'f@ran
i nterl eukifGT26zecept or and SNP¥,{28ggFtTO activity in a
speci fi c i nd/or have an |ncreased nean

resi dence TPHOY MRT) in vivo|Lew28Tbnpari son of
activiti GWWW and
the hyp lycasylated |L-7 S addre é i7'a dose /
response U‘ﬂ’@?ﬂ@ay study in WetthAsn ; BREO4TRHrue
correspo a dose equal feat-t—of —axi-nal
activity. 1457er al ycosyl ati onMemsAZQ‘F’PyTPE{é@§efo

decreased activity in the bioassay, which does 5 not

e .l reas i.n vivo activity. In the
Tﬁe:g%dr?? Esfahﬁ'éf?i %«ﬁ& ?]ﬁoed%%?b%'??de‘aeatﬁi r{‘é'ﬂlyegﬁflaﬁqm Sitgp | without
e S pg o nnding iy oot L7 therddy &Bbify Ahproled 17
é@&%f’b%@ %%%Q%ﬁ)qgo\?;ﬁe BEﬁ*?ﬁBtr'P%ﬁiOBetween di fferent |
sanmples with the sane | evel of glycosylation. In this
typi cgl EDS50 val ues for a non glycosyl ated

e A i %hﬁgﬂaﬁ'ﬁag Aernethe binding giimity” Fgans ihat harbinding
affinityeishygi eal ()] (57 i i ' ;
SR e o SRS I G4 o s

"?%’ 6%rp é‘l“’y@ 9<|:t5>(né/&uﬁ] tbefe(ﬁpﬁgfp\émqnmnﬁfﬂed ihevitro, the binding
affiniigniay hesiaauca by NSO bt i :
] o g ﬁd%g ANDY IRIOWEA 5ok, Sehabil des TR A%, Broferably
FiRaN BO%. Pielerably legsdnan20%: prefarabii lpsstiban 5% y "
"extended half-life and nean residence tine" is to be

‘g?deg\set ood in cofnpari son to non-glycosyl ated forns.
%t HieapbQve; Reedificaliprs sanobe Heoambingd o wreate kewsal additional

ohpoufiation sitisOhBHiRRINYILEE pbi§astid® W YhisAntéhid ¥ in M?sapegard, the
invention relates to any biologically active IL-7 polypeptide having the primary
sequence of (human or mammalian) interleukin-7 modified by the addition of at
least from one to four additional (N-linked) glycosylation sites. A further preferred
embodiment of this invention is a biologically active IL-7 polypeptide comprising the -

primary sequence of interleukin-7 comprising one or two additional (N-linked)
glycosylation sites.

Most preferred IL-7 polypeptides of this invention are biologically active, i.e., they
are capable of binding to an interleukin-7 receptor and show in vitro activity in a
specific bioassay and/or have an increased mean residence time (MRT) in vivo.
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residence tine (MRT) neans the average of the
residence tinme of each IL-7 20 nolecule in the bl ood
of patients after initial dosing. Preferably, the
increase of MRT is at |east about 2x, or preferably
at | east about 4 to 10x conpared to the MRT of

non- gl ycosyl ated fornms. For instance the plasnmatic
hal f-1ife of the hyperglycosylated formwas shown to
be in the range of 30 to 40,hours, whereas the
plasmatic half-life of the non- 25 glycosylated form
is usually 5 to 8 hours (when both fornms are
Gatparisen e ok dadtivitiche betnarm  tlos dndm ogjlscoswa@ed | lafitfd and the

t aneo resi dence tine
o RRebRted 4R VAR S ddRR oL HF PO s saustudy in
which amEDQD yakuepbaeepbrfderme dd3e dqtlalstb Qirhb(hah%f XGRS Rty
'ﬂ'ﬂ% vent| a2 %ﬁo e asses any distinctive
Eq&e OnaHS\"’E ly-de Spdgeﬁr@ dactiyity & the biagssayn which does
riot translaﬂeyinfor @egjﬂﬁs‘edciﬁ o §dtﬂﬂy aR thé"ﬂrégén@@.itﬁiatlon the extended
k&’}ﬁ%ﬁ Cgf? (ﬂ ? scl o? above, any fragne
PIETHY R ac(siupprp Qﬂ'ﬂ)}’“@r%'t"% gl ycosyl atl on site
as di scl osed above. Such fragnents typically 5 contain
at | ea 5, an.n cid residues, typically at |east 8,
) Sp'.’[?)"?&‘f fafgr@? 0 daes; noiidsfleck 7¢ iyfeyyofBatlaririn wivor @ allows
cdfhpaRfon Bé&webR dﬁferémfs%nﬁ%hsﬁﬁﬁfthé’ §arﬁ5‘lé\fél aFglgcosylatlon In this
reS| ﬁ'\‘ﬂﬁ uch fragments may be used as ant

| valyes ioe adpont @y@%eflatq!cl stapgardhwete sanging between
065 &02. OVM@;l IL97 1 Hﬁmﬁh@%@péﬁ?y&?sy@éié@ E%%#dld\ylg%é}@\@%@ﬁge Between

reference to t human
S%[ﬁgﬁ@éhyp?rg geMlteB d-dhads st ood t hat the pr esent

i nvention al so enconpasses |L-7 pol ypepti des havi ng
the primary sequence of mammlian IL-7 nodified by

TRsnBYRRgIYcosviated ilbrs prlypeptides! phrthe ciquentioes shdvasad lmproved
e T e v

h@ﬁ@} &b derm yimaravied estahility”, “exiengssbbaltlife andnmears residepoe time”
ﬂ]tg Sgér/ %\SEI&S&H&”E} I%%l‘rﬁ)aﬁ?@r{ fbcﬁt;rl-é\%ossl/la?eecj SShed gre?erably the
increase of half-life is at Ieast about 3x, preferably at least about 5 to 20x. Mean
residence time (MRT) means the average of the residence time of each IL-7
molecule in the blood of patients after initial dosing. Preferably, the increase of
MRT is at least about 2x, or preferably at least about 4 to 10x compared to the
MRT of non-glycosylated forms.

For instance the plasmatic halfdife of the hyperglycosylated form was shown to be
in the range of 30 to 40 hours, whereas the plasmatic half-life of the non-
glycosylated form is usually 5 to 8 hours (when both forms are administered in the
same conditions, i.e. in one injection, subcutaneously)..

The mean residence time (MRT) was around 40 hours versus around 10 hours
with the non glycosylated form.
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Phe39Ser - Phe39Thr- Phe42Ser - Phe42Thr - LeulO4Asn -
G ul06Thr - 20 G ulO6Ser - Leul28Ser - Leul28Thr -
Met 147Asn and a conbination thereof, or a distinctive
fragnent thereof. Mst preferred nodified IL-7

pol ypeptides of this invention are disclosed in Table
2 below 25 Table 2 IL-7 pol ypeptide anal og anm no
acid changes HG37a Phe39Ser HG7b Phe39Thr HG40a
Phe42Ser 24 HGAOb Phe42Thr ,3HGL04a LeulO4Asn ;

G ul06Ser HGL04b LeulO4Asn ; d ul06Thr HGL26a
Leul28Ser HG 126b Leul28Thr HGL47 Met 147Asn ;

itTishauld See understodie thabathei mwkatiorn kg eneédmpdyisss any distinctive

TN P dNRBE HERSY LBt e 85 Bt Sscanng an
aauw(aacu5 rﬁbdl@«:&ﬁmncbﬁﬁrdlsﬂ:&)slddl htﬁo@tect)rsbp]g?ét@gﬁarﬁ%mpnsmg an
n attac
BERTL e B SEGIRR H6res FlssTosht tmys vy Bemyeats dypically
cbitain pblegset alinoodcid hesidusty apsitaRy é?talﬁaétea ya§o,abf €12 or 15
for.ins e, N-acefyl glucosam ne
RO T B8 SPRBIG R A0, ShmAcRbor gl PSREUIVG amino acid
r@ldlmESudhuerQrﬂenthm&)‘B%e abets Lérsoéht?%@rﬁ%? or ééjli'ﬁﬂmnggens to

lic acids. More pre

gﬁg)%rg eg?@ﬁc%r rﬁ'?%f‘*ﬂ 7 pol ypepti des corrprl se (or are
enriched in) NIlinked and/or Oinked carbohydrate

f 15 manmal i an type sugar
'L\iﬁ?::"ﬂ"('lse ¥ e%%jm'%r’ %?ﬁepwt%sga@yee@@mmn Byi@eference to the

human IL-7 polypeptlde sequence, it should be understood that the present
invention also encompasses IL-7 polypeptides having the primary sequence of
mammalian IL-7 modified by homologous mutations in mammalian sequences
based on sequence alignment against human sequence.

A preferred embodiment of this invention relates to new biologically active IL-7
polypeptides comprising one or several amino acid modification(s) selected from
the group consisting of:
Phe39Ser - Phe39Thr— Phe42Ser - Phe42Thr - Leu104Aén - Glu106Thr -
Glu106Ser - Leu128Ser - Leu128Thr - Met147Asn and a combination
thereof, or a distinctive fragment thereof.

Most preferred modified IL-7 polypeptides of this invention are disclosed in Table 2
below:;

Table 2
IL-7 polypeptide analog amino acid changes
HG37a Phe39Ser
HG37b Phe39Thr
HG40a Phe42Ser
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cells; b) a sugar chain conprising a conplex
N- car bohydrate chain (e.g., a triantenary or
bi antenary structure), nore preferably containing high
mannose and acetyi gl ucosam ne nol ecul es and hi gh
termnal sialic acid 20 residues; c) a sugar chain
conprising an O carbohydrate chain w thout and
preferably with a terminal sialic acid residue; d) a
sugar chain sialylated by alpha?, 6-sialyltransferase
or al pha2,3- sialyltransferase ; and/or 25 e) a
siaIyIated sugar chai n displayi ng between 3 to 30
sialyl - H{Mﬂbyl gal act osam nePhe4XEfgrably 7 to 23.

Parti cul ef-erred—cat bo“"ﬂrﬂt&_chal_agﬁ_cmprl se
a triant e#ﬁyﬁ{% bi ant enary EeutOdden i Gu iR S$rpart| al
or conpl etGi@bM nal sial yT aj| amo4a8ht &h1dgrRfer ed
car bohydrlate-chains conprisei{trian eﬁé?ﬁustructures

and tri qr'®1268 alyl ati on, ahkew28Ser di ant enary

struct ur ¢ ygidppdi st aryrartony & 'Th s—of —steh

car bohydrlates are _disclosed| (n e 4, includijng
noti fs #24¥81472623, 2785 and M@gizWAm Ahciedeng [to a
further specrfictenboditents—the nypprgl”"ncylafed

i nterleukin-7 polypeptide of this invention has an
Aafusthey patticdlat object of thisi inventiohes |aomyﬁeﬁ3|%o'éy@féa .07 Eolypeptide

BHIRAR SAPREE P 8 Selort Bl scktdeabover " 7n s+ 10

gl ycosyl ation), preferably between 28 KDa and 35 KDa

3N + 10 gl ycosylation ), by gel
QIfiDsa 'déehtsa (confirmed by 15 Western blot) which

is translated to 25 kDa by mass spectronetry anal ysis.

I h I lated IL-7
T S50, R R L S i
glmnamuamns@l mcmy;baglye@sylmé@m_-7tﬂwpe§ﬁ@@ bv X m{v%ﬁﬁcl‘ﬁ? can be

%ﬁﬁﬁ Itransferae and presents a deficlenc
Rleujg ey Y 8= At i Wptapce. o oNmcetykr @mosasammo N-acetyl
mlagtossyira, i lfﬂnanlﬁt‘.uategﬁtrga,l.'ﬂ(}‘ﬁ*}ls“eh @héﬁ%@s)fh&iéeorkyidé@' idwonic acid,

i ncl.ude | ucosam ne, N-a

'%?'38?8@5?94%“%%‘8% gal act ose, gI ucose f ucose,

More preferably, hyperglycosylated IL-7 polypeptides comprise (or are enriched in)
N-linked and/or O-linked carbohydrate chain(s) selected from:
a) a mammalian type sugar chain, preferably of the type expressed by CHO
cells;
b) a sugar chain comprising a complex N-carbohydrate chain (e.g., a
triantenary or biantenary structure), more preferably containing high
mannose and acetylgiucosamine molecules and high terminal sialic acid
residues;

c) a sugar chain comprising an O-carbohydrate chain without and preferably
with a terminal sialic acid residue:

d) a sugar chain sialylated by alpha2,6-sialyliransferase or alpha2,3-
sialyltransferase : and/or
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xyl ose, glucuronic acid, iduronic acid and/or sialic
acids. In an other enbodi nent, the hyperglycosyl ated

I L-7 polypeptide is produced by 25 reconbi nant

technol ogy in a human host cell, which nay be sel ected
fromhuman stromal or epithelial cell lines, HEK-293
(Human Enbryoni ¢ Kidney), HER (Human Enbryonic

Retina), HEK (Human Epi dernal Keratinocytes), hunan .
thynmus or hunman cortical epjsthelial cell lines, human
bone marrow or human bone marrow stromal cell Iines.

30 26 Most preferred hyperglycosylated interl eukin-7

]|¢ool ypepai dialylatéd L hhgﬁgi rcheint id)s:pla)glrhgs pbetweehe 3f qb; @IWI Ghlyl-N-
eat - a)_they have jnprqyed secretion profile
and %?%%%‘PF*&%”P epfeﬁerﬁglé’?)ﬁﬂ%ed productive cell

lines; and/or 5 b) they contain a high degree of

talic acid residue per, 1L-7 polypeptide, |eading to
%@@?”é%@'epﬁe%@deﬁrg?'ayd&?rﬁLhE\'ﬂi?)u%ofﬁPfésq 8 triapleseny erebiantenary
stresfucenaith t ipaktial 2B/ ebmpletd he¥miHa? RIAISINCd FURREP preferred
|@%hr-nylggﬁlar agﬁre ation; and/ or theg_have_
PRANVYFS il eorBPiie &@t?n_awoﬁtwﬂy% and 4 @r bi-sialylatiomyand/or
o QliEntéranTBiredrel Withd ARy Sidne SExdnfiie € Gri A ﬁgl#&;ﬁ@rates are

abi Tty to

. nqgeni c liabjlity, .10 reduced vul ner

JA‘%@%@%@ ?ﬁ@ﬁ 4pF’§£’QH19y IRgtife #2420, 2628t 2485, ansk MWssi ng and
presentation through a MHCI | nol ecul e; and/or f) they
have i ncreagsed chem cal stability; and/or g) they have
%?O@Uige &diuptngr sgeeiie embodimente the hyparglycosytajedidnterieukin-7
poBpEefide &‘fthistim?énﬁoﬁma@,agne&r%rgge;]iggelg&%%ﬂﬁ Yrdhi&de 8,5 ppd an

ave an | ncreas

ar ent e%éde, and/or 15 _
P(?Gep?&la GQiesuian waight sineyiot tnBarkeds, thetween 28 KDa and 65

DS B8 £ B o T3S 8500 S

mean residence tine

KL (pgerowadai agNst Hetalveosyltion),thyr gat electrophoresisgsordirmed by
weskr v which i& #anhted6 95 D '

fortni th!? for tﬁg nor e {5Ong%@?ﬁ%&p@%ﬁﬁgrﬁgﬁYanalysxs.

In a particular embodiment, the hyperglycosylated IL-7 polypeptide of this invention
is produced by a mammalian glycosylation mutant that stably expresses 2,6
sialyltransferase and presents a deficiency in CMP-Neu5Ac Hydrolase activity,
preferably a CHO glycosylation mutant. Such glycosylation typically includes N-
acetyl gluoosamine, N-acetyl galactosamine, mannose, galactose, glucose, fucose,
xylose, glucuronic acid, iduronic acid and/or sialic acids.

In an other embodiment, the hyperglycosylated IL-7 polypeptide is produced by
recombinant technology in a human host cell, which may be selected from human
stromal or epithelial cell lines, HEK-293 (Human Embryonic Kidney), HER (Human
Embryonic Retina), HEK (Human Epidermal Keratinocytes), human thymus or

human cortical epithelial cell lines, human bone marrow or human bone marrow
stromal cell lines.
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20 and/or j) they display an inproved pharnmacoki netic
profile (decreased peak concentration and inproved
nmean residence tinme) and/or k) they display an average
nol ecul ar wei ght above 25 KDa as determ ned from Mass
Spectronetry analysis or 27 KDa as determ ned from
SDS- PAGE anal ysis 25 and an average isoel ectric point
bel ow 6,5. The polypeptides of this invention nmay be
in the formof a nonomer, gassociated or conpl exed
with a particul ar conpound é% choice. In this regard,
in a particular enbodinent, the IL-7 confornmer is

Mesto erefereet thetg@cneylgtauom@rr?nggew boliémitldés 2cf ltJhls invention
: i mer e heterodi mer may be
ﬂﬂ@:nep@eﬁq LF‘%@ conpl exati on or by d
a)etrtavbhmnmpmvedo‘smetno(n peofile band) gieduictioh U@ - rdcBmbined
[ﬁgdlgﬁlg 'gﬁgtsl Cnci{ enbodi ment, the IL-7 pol ypeptide
ctf I’9 Ptached to a 5 Fc portion of an 1gG
H)émwcmﬂmn ra, higly degreklof stdlic @u@iveaidne et fle7 Bb%épt{cfeg ing to

otentially increase

st a%sﬁ' '%ﬁb’; F?Pé"e‘f"a|“iefaé’ R 'WBKPHG =ty rP@'ée"‘Fﬁ)'i"EP yen@or

aytisy gre efceeabdi Jromm .ht@rcmuécﬂﬁk a@{;régal%n edgta/dglg og her
y I I

|
cﬁ?&tﬁt I'?%ﬁgfgﬁ"ipn‘g§§8%‘?p§b@a' tPGrOtTE'Y%lS%m&N serum al buni n

e() thlé‘;Aba)ntam mapksd baiyepic StddSrefidtting rfe&'@de‘arinﬁﬁl%og Ric liability,
Si o no| e hgéehave potentTally 1 ncrea 3

’STL’J wﬁkverg tYpr tigen presenting gelld)vespturg, processing and

m@seen‘dtnoﬂfthrbbgﬁau\nwemmdi&ules andfoyper gl ycosyl ated IL-7
c&ngg& tjon. Such conposi tions preferably conprise at
aygingteased capraiselstahiityeand/®n o, and 95% 15 | L-7

) ahoPRAIG HR exWHdEd bﬂﬂ&@&él%ﬁﬁﬁé %%ﬁxﬁ%o@;{ glctﬁ%s{so%%e IL-7)

di sti nct am no acid residues, arall
Ompagstt tothe Hnglyeasylptedpasentynselide;eadisquence (e. g.

0 NFEG [ d;0- r S
rgnn%gr art :\? + cﬁgﬁls’&?rgat‘)ééﬁ %{/@gééjﬁg@xﬁo%&i\"&e E’%)ared to
ugg'va?%ﬁe% garegh Bxpéem zoomcduajtm@ betiepmesi casidence time (MRT);
asarEi fic, enbodinents, the invention relates to
h per gl ycosyl ated IL-7 conpositions conprising: a) a

Y PeERit {essdeprpept ddsingasthedute; frotrhtimecd Ofdur times a week down

t@rt\ﬁé R FRbY REE bPBhce every fortnight for the more long acting products:
and/or

j) they display an improved pharmacokinetic profile (decreased peak concentration
and improved mean residence time) and/or

k) they display an average molecular weight above 25 KDa as determined from
Mass Spectrometry analysis or 27 KDa as determined from SDS-PAGE analysis
and an average isoelectric point below 6,5,

The polypeptides of this invention may be in the form of a monomer, or associated
or complexed with a particular compound of choice. In this regard, in a particular
embodiment, the IL-7 conformer is associated to the hepatocyte growth factor
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about 95% of interleukin-7 glycosylated on the 3
consensus N-linked carbohydrate sites (Asn 70/91/116)
and further glycosylated or not on 1 0 25 |inked

car bohydrate site (Thr 110) ; preferably, the
conposition contains a mnority (< 20% preferably

| ess than about 10% of interleukin-7 glycosylated on
2 consensus N-|inked carbohydrate sites only
(associated or not to 1 O-ljsmked carbohydrate site)
and/or is essentially devoid of nono- or

yn(gl gcosyl ated protein ; or 28 b) a mpjority (> 80%
(1@F'er 881 9 haterodintean m%emum]mpr ehay a6l ybtaPed ER@cally, by

%SWQ%XS?%S?W%EM#%SM'X%@ f el o quence

rmdlfled to |ntroduce one addltlonal site of

| ked bohydr at
1 8 e Bt hE T L amaptisio s Toncionaly Mg to a
ﬁﬁammwdf ahdgsi fﬁ@v"ﬁfﬁmnll@)ca“yﬂhﬁ,@ﬁ Qabbé/ptndbnﬁnge re ion. Such

LT TR L N

niety i miist prekeablg amosiandget @rggdes only (associated
or not to 1 OIlinked carbohydrate site) and/or is

essentially devoid of nono- or unglycosyl ated protein

In an bthbﬁ paiticalamenmodinyert,thd 0%y Mﬁ%ﬁﬁ@@%ﬁ%@foﬁay‘%omatw to

t th
| I?H Tng%k'f'ﬁag’um"bpgé&b{”le? pa%traw ahgPfogs ahtwsiongprotedn. Such

flidiorY mofeculeshave BhleAtiAR ifore SELLEAGHI :
i ntroduce two additi o‘r?lal sites of“@%ﬁ(ﬁé@)g/vg% half-life in vivo.

gl ycosyl ated on 5 N-1inked carbohydrate sites and

A furthee objegtt \of QRi¥ | iRl r
car boggdjr ate site ﬁlﬁﬁlﬁo%ohyﬁé?&?eljab%ﬁ(ﬁlg ?Qr?épos't'on Such

CRTRBYLPRS Wﬁ &by 39%\9"%5 a |ﬁ@$tl &Q/%of)retfdsreblsmwvema&wg ahd 95%,
||2,®0/ septigs I 0 osyl.ated on
P i, % DIVCORIPA i of ot k) Bi CemPg i
r?ﬁ'd‘ﬁ“& whighmay pe ARl or %ﬁﬂw withinearsiLe 2 pdypb‘.-plidelsequence (e.g.
c@ﬁﬁﬁl@bs AN didlk !
protern e fo 10 iBked e aongliald SPesR, SHiseialy prpatec
G%V’T‘H%ts‘tﬁﬁ ,éséiﬁc}dsiﬁi%bqwean 20 about 95% of an
interl eukin-7 biologically active. anal og, having the
I L-7
According to particular, specific, embodiments, the invention relates to

hyperglycosylated IL-7 compositions comprising:

a) a majority (> 80%, preferably more than 90%, most preferably more than
about 95%) of interleukin-7 glycosylated on the 3 consensus N-linked
carbohydrate sites (Asn 70/91/116) and further glycosylated or not on 1 O-
linked carbohydrate site (Thr 110) ; preferably, the composition contains a
minority (< 20%, preferably less than about 10%) of interleukin-7
glycosylated on 2 consensus N-linked carbohydrate sites only (associated
or not to 1 O-linked carbohydrate site) and/or is essentially devoid of mono-
or unglycosylated protein : or
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primary am no acid sequence nodified to introduce
three additional sites of glycosylation, glycosylated
on 6 N-linked carbohydrate sites and further

gl ycosylated or not on 1 O linked carbohydrate site
(Thr 110) ; preferably the conposition contains a
mnority of the sane analog (< 20% preferably 25 | ess
t han about 10% glycosylated on 5, 4, 3 or 2 NIlinked
carbohydrate sites only assgciated or not to 1

O linked carbohydrate site and/or is essentially
devoi d of nono- or unglycosylated protein; or e) a

maP]E)ra' mpjofity Gow%ﬁlméfefm ?dgmggl&art ?G%, %l%}t pii'?r‘ét"akbly more than
re r .abpu 0 n Jj nterl eukin-

b o SR S8 4 e hoRE g 4 BbSob b o 1.7
p[j iOI mtpriwaa)n‘rarrgi::caabidf segmnac?mdwrﬁdf io@ﬁtrb@uc%@bh@‘#d@ﬁio Alite of
addi nal _sites o y ation cosyl ated on

S HRABle R ShahnEbe b E N BRaar e s S Tt
gl ycajebsyiatdd ar riovtono GHlikkdd BdrBOhyRIREIBONEAITRE ©118) t Dreferably
(Thr hllog : {Jtefer bl t he ,COF?DOSIII on contains a

mi nofq §OTBPORHRN €IS AmKQribvofibs,sapiepralon (5 20%e peeferably

t han ledsomian Kbt 90%) Qfydoaliatbosh 6 o2 Kuinked Lamohydrate sites
sites onl Yy aSSOocCl a eg or %OF

N-Iinkd(carb?h drate t
to 1 °68'| PROSIRIRS PHBRY I hPdinked sabelydiaty site) endianis asdeptially

devoiddveidl ofmdfo- 6 urigh@o¥AeY Iprdter RFotein. The
i nvention al io rel ates to pharnmaceutical conpositions

coftbr? SRty 2 89k REefersahip srare itkars 98%. niast areferably more than

substaae@e5% P oNafl iRteFieaRihgS bididgiiali) %Vctif?éjaﬂﬁfog”ha\tng]l; She IL-7
i nvent.ion resides in a nuclelicacid nol ecule“encodrng

an | PIMANL8MYIReReid Reauence mediisd do dnmduce the additioaaksites of
bl PSR e 0P Sl TS gt e
i nv_eIQMCBW"ﬁ‘tgd & et 108 t Qrlinkedcearpotivsiratg sitec(Taotlitde; preferably
25 By 00l NG s Syt L ot
t her dass thamabout 10%) glycosylated on 4, 3 or 2 N-linked carbohydrate sites
only associated or not to 1 O-linked carbohydrate site and/or is essentially
devoid of mono- or unglycosyiated protein; or
d) a majority (> 80%, preferably more than 90%, most preferably more than
about 85%) of an interleukin-7 biologically active analog, having the IL-7
primary amino acid sequence modified to introduce three additional sites of
glycosylation, glycosylated on 6 N-linked carbohydrate sites and further
glycosylated or not on 1 O-linked carbohydrate site (Thr 110) ; preferably
the composition contains a minority of the same analog (< 20%, preferably
less than about 10%) glycosylated on 5, 4, 3 or 2 N-linked carbohydrate
sites only associated or not to 1 O-linked carbohydrate site and/or is
essentially devoid of mono- or unglycosylated protein; or
e) a majority (> 80%, preferably more than 90%, most preferably more than
about 95%) of an interleukin-7 biologically active analog, having the IL-7
primary amino acid sequence modified to introduce four additional sites of
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A further object of this invention is a nucleic acid
conprising SEQID NO 4, as well as any distinctive
fragnent thereof, variants thereof (having at | east
90% identity with SEQID NO 4), and the

conpl enmentary strand thereof. 25 A further object of
this invention is a nucleic acid conprising SEQ | D NO
6, as well as any distinctive fragment thereof,
variants thereof (having at jhgeast 90% identity wth
SEQ ID NO 6) and the.conplenentary strand thereof. A
specific object of this inventionis a nucleic acid

conpolysosyatione Iglysosylated esn Fudslinkedt oarENﬁgldnéteSE@sl éhd further

NO I I varj s ther avi.n

90% gﬁeg%'"ﬁg o gt & dﬁ;f 8‘%@""% tf’?@ﬁf 146 broferably

conplmlausytlcmt crc:ntains hegmcﬁty dfhhelsamna%g 6t 30%, preferably

enco tide e such segue

(o o PSR 3RGH By it cionsiBiee] G v B fepe> 24 I0ewtoarpomate

i n reitext oaly bssawiate|cei Gotats d KRIikkedP earbbhydthieY sitd and/or is

desi gnat s a nu&qerotl de seaulence t hat é(dri di zes to

the PBYR QWC%GVQ SRV~ GhY QYC%%YH“%@@WE Bondition -

and/ or encodes a pol ypepti de having the sanme type of

ctivit s the pol ypepti de encoded by the reference

Ué‘?ﬂ?é” %@%{gﬁtﬁgﬂ%rﬁﬁ@g’“w tigak compagifignst comprisingsthe above

daﬁtpogmanéaasﬂfe%ca%/@m@st&aoe. 92% 93% 94% 95% 96%

97% 98% or 99% identity with the reference

sequence. 10 A further specific object of this

Nutledheig® 1S a nucleic acid conprising the sequence

of : CTG AAT AAC GAA ACT AAC SEQ ID NO 8 AAC TTC ACT
AAG SEQ ID NGO 9 15 GCC AAC GGI' ACC SEQ ID NO. 10 CTG

Mh@“@?é%f'f@ inveRtiorrd¥fdestid a r‘RIcIé’Q_ Qggem élége i dﬁ@an IL-

, or a conbination thereof
Topolypeptide @s sliscyssast abaves The valeicoacid mqmwfemauéae any DNA or

RNJ&hﬁj}&d et et forth in any one of SEQ
- yp?&"?gAgurﬁer 0

8 to 0j ect of this invention
reS|des in a cloning and/ or expression vector

A specific object of this invention is a nucleic acid comprising nucleotide residues
79 to END of SEQ ID NO: 2, as well as distinctive fragments and the
complementary strand thereof.

A further object of this invention is a nucleic acid comprising SEQ ID NO: 4, as well
as any distinctive fragment thereof, variants thereof (having at least 90% identity
with SEQ ID NO: 4), and the complementary strand thereof.

A further object of this invention is a nucleic acid comprising SEQ ID NO: 6, as well
as any distinctive fragment thereof, variants thereof (having at least 90% identity
with SEQ ID NO: 6) and the complementary strand thereof. A specific object of this
invention is a nucleic acid comprising nucleotide residues 79 to END of SEQ ID

NO: 6, as well as variants thereof (having at least 90% identity with SEQ ID NO: 6)
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conprising a nucleic acid nolecul e as defined above.
The vector may be any prokaryotic or eukaryotic
vector, typically an eukaryotic vector, and may be 25
selected froma plasmd, cosmd, viral vector
artificial chronosone, etc. The vector may conprise
any regul atory sequence all ow ng proper expression of
the coding nucleic acid in a sel ected host cell

e.g., a pronoter, term natorg pol yA, origin of
replication, integration region (e.g., honol ogous
region), intron, UTR sequences, narker gene, etc. 30
apd tha wamplerotrdaryobframd tbérephi Fheninwentiorn als® @Acompasses a

' r..GO .S an ' id nmol ecul e
pgﬁﬁérgtftﬁn%oéggbg§u&ﬂ%gﬁ%€§’(§.%i gﬁéﬁbﬁ‘é%t de, operably
l'inked to regulatory elenments all ovvi ng expression of

» aCi or host cell. 5

TR (P Sy BF et RV R APtioh &8 Ui asitbmers specifaly

dmhgmhtemymhﬁcmeb getj@shcehathodridizbs ta that r‘efé'ﬁend‘eréé@ihence under
| ul ar,,and s nthetlcR?p grmters i ncl udi ng
qlyRep

stoh80t oA o @eneotes BiadRHe Peving deaame et of activit
asrthp grolypeptide chtadedt be thyy ﬁéf@reﬁ@é‘%e&héﬁ& Rlost 'E)?ef%d variants

X r, Fa onpt nd rreoallg’thl onei n pronot er.
PP R L e B 300 Bl ke A het e b DorRathro: 06%
ondo %) mdnh@\M&%@Tréfeﬂfncébbéuérf@éem' on i ncl ude, without

limtation, a Bcl-2 gene, UTR sequences and MAR

sequences. In a preferred enbodi nent, the vector is an

AERHRAGNS SocHEBLRSH 0P thiy RGERton 3% r:m?elé‘geiﬁ%oﬂ'}ﬂnﬁlsﬁg‘{hé sequence

?C|ds and vectors may be used for instance to
econbi nant mammalian | L-7 pol ypeptides in various

CT@RATEAC A AeT Asbeead Ro: gas wel | as for gene
AYA&; é (?urposes Anot her Obj ect of this invention
T HeAGHAAG BEGIBINGMR host cel | conprising a 20
g@@hwgzgm,chrsmy@ﬂb;qoas di scl osed above. Such a
reconbi nant cel %Q rokaryotic or, nore

HEABLHBAG, A@@Rﬁﬁ&/ﬁ cH,® a yeast, insect, plant
ATC TTERRS UG 88d 1D I(I@F 1 TPt bination thereof,

Specific examples of nucleic acids of this invention comprise the nucleotide
sequence as set forth in any one of SEQ ID NOs: 8 to 12.

A further object of this invention resides in a cloning and/or expression vector
comprising a nucleic acid molecule as defined above. The vector may be any
prokaryotic or eukaryotic vector, typically an eukaryotic vector, and may be
selected from a plasmid, cosmid, viral vector, artificial chromosome, etc. The
vector may comprise any regulatory sequence allowing proper expression of the
coding nucleic acid in a selected host cell, e.g., a promoter, terminator, polyA,
origin of replication, integra_tion region (e.g., homologous region), intron, UTR
sequences, marker gene, etc.
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In a preferred enbodi nent, the host cell is a

mamal i an cell, preferably selected 25 from PERCS,
NSO cells and BHK cells, preferably CHO cells; or a
human cell line. The vectors, constructs and

reconbi nant cells will be disclosed in nore details,
but not limted to, in a subsequent section of this
application. 32 Drug Substance and Pharnaceutica
conposi tions Another object gf this invention resides
in a drug substance conprising as the desired
Eroduct an | L-7 pol ypeptide as descri bed above,

yartisalar wact) Bf Hy?gwehwvwhateaﬂrebémﬂ \J@t@id(%hlipri‘éﬁg a nuclefc
upst ance contajns |less
R TG 58 el ek o e iR 31 56 erttves opgrmept I to
regdatory elsmeatssaliowirag éxprdssim df sdid PiueriCAciH §h ﬁtrﬁéimmag;an host
%:}E’a{%ﬂl es. The invention also relates to the use o

bstance as described above in the 10
manuf acture of a nedi canent ( drug product") or

Fp@ r ceutll cal co Siti 8 referred drug substance

TR Y @%QIFH‘EBF%'PF&V facio a5y Which naw Pa selected, without

Iinmatibn tircn vurél5céf1u!d?ldﬁdtévﬁthéﬁé‘b%ot8fs H&ﬁj ?fgeéb‘?{é itutive, tissue-
at i he term "drug substance’

BB EF bt Poraroy EubaIca NG D the Brayei aeeRistinn of the CIV

predibteaTEFa 'Bm'notéf Ugind Sﬁﬁﬁélléﬂ%emacﬁ%g@té}g lf-'ﬁtﬁel?' §%gulatory

invention is, nature, a conpl ex
‘?'%'EE% that mqysbep¥m6?¢ Bithimethe UéCtPé? @f thisriexsmiibh frefideDRhout

indiEIRoe, PBM2 getfd, TR SURSRs AR gdi scl oses
that, in ord%r to proéﬁ%e esfél cl eﬁtégaﬁgﬁ%&peutl c and
vacci ne enhancenent effects, an |IL-7 drug substance or
Inla ré‘l’%ﬁr@él'bh%linmé?@'m@%é a'mgﬂé ' he
rmjaﬁf)r mol ecul ar speci es, tbPi’éh %gggé g{‘g%eé?@[,?

pol ypepti de conposition. 25 The term "substantially

'IfHee aboveahubieRd aAE Ay v’eEl‘alr']é: ?‘ﬁégl; n%,thaéeot Bs: ?%sggyﬁo%tproduce

substance contains no sig or adve
’SFO'BP'BGF‘ddﬂamGla&Q@H-?' wplypeptides imnarioysr amesstenteioat ethost cells,

A5 4d o ally, the drug substance
sshoul d cog?%%\ﬁéﬁﬂ‘%@g t({?g% 5% nore preferably |ess

than 3% even nore preferably |ess than 2% of

I t d [QEess I e
M&E&rﬂﬁb dct o"iil\@g |h\mll’i¥>}é rrlraﬁgeéar}b aprecom Pant hadohy comprising a
nucleic acid or a vector as disclosed above. Such a recombinant cell may be

prokaryotic or, more preferably, eukaryotic, such as a yeast, insect, plant or
mammalian cell, for instance.

In a preferred embodiment, the host cell is a mammalian cell, preferably selected
from PERC8, NSO celis and BHK cells, preferably CHO cells; or a human cell line.
The vectors, constructs and recombinant celis will be disclosed in more details, but
not limited to, in a subsequent section of this application.
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33 substances contain | ess than about | % of
product-related inpurities and only trace anount of
process-related inmpurities. |1L-7 product-rel ated
substances designate IL-7 nol ecul ar variants, which
include, 5 for exanple, active or inactive peptide or
pol ypeptide fragnents of IL-7. IL-7-related inpurities
i nclude, for exanple, human |IL-7 pol ypeptides
conprising nono or bi-disuldide bridges, truncated
I L-7, deam dated reconbinant 1L-7, dineric or
multimeric protein conprising IL-7, oxidized

a amareaticddicombositiond her eof . 10 What ever
their biological activity, these IL-7 nol ecul ar
variants and IL-7-related inpurities should be
Anothest dbjeatiafi thisziedentiondiesides dada idhynstibstasisa! &omprtn)mg as the

RNE SBRCt, cary by PobaRlideacas  desoribed mhaver clypisally a
Wpe@h&ﬂwte‘f‘ ¢e7i @lyqﬁﬂﬁ?@ofgb*a@ féﬂig?ﬁl?\ nﬁgsd'i‘lng {%ggtlahg% contains
' s%n‘@@ﬂ th%‘ﬂ ?:‘g%pi’%/\e g Ol "PBQ@!%FQJ kke{gmlxpeptlde and/or is

geseitialipbbyoidbf proagdt-r8BlednpoRiicH! | mDre preferably at
| east 99.5% by wei ght of a hyperglycosylated IL-7
conposition according to the invention. 20 The

Tmumunuom a&bfiélafe@ 18RS usPofn ehugfsﬁﬁa%H&é séhe&grmﬁ%'bbb@fh the
risi ng ffective anoun tance ofr

e oha ?d“?'ﬂ-(ﬂr%ﬁrﬁéwtf)l%mhaﬁnmbﬁaIMpoawone
and one or rmre phar maceutically conpatible or
acce glg carriers, excipients or diluents. 25 The
A er@ﬁ’frie WHoRKOstARGe (i furtherc substantialiynfresi of qmacess related
iMPdfitidsSi Ng a hyperglycosylated IL-7 conposition as
descri bed above clearly increase the vaccine
properties of IL-7 and its capacity to stinulate

Vaitlin @R3cseR iof tife brESERSppliERR"BR%erm “drug substance” refers to a
product suitable for use as the active pﬁnciple of a medicament. The “drug
substance” according to this invention is, by nature, a complex product, i.e., as a
result of its production method (e.g., recombinant DNA technology).

The present invention now discloses that, in order to produce efficient therapeutic
and vaccine enhancement effects, an IL-7 drug substance or pharmaceutical
composition should contain, as the major molecular species, a hyperglycosylated
IL-7 polypeptide composition.

The term “substantially free”, as used herein, indicatés that the drug substance
contains no significant or adverse amount of product-related impurities and
process-related impurities. More specifically, the drug substance should contain
less than 5%, more preferably less than 3%, even more preferably less than 2% of
product-related impurities and process-related impurities. Most preferred drug
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30 34 The pharmaceutically conpatible or
physi ol ogically ac( diluent may be sel ected from
neutral to slightly acidic, isotonic, buffered saline,
solutions or suspensions and nore preferably from
sucrose, trehal ose, and amno acid. The

phar maceutically conpatible carrier is preferably
contained in an 5 appropriate buffer to form an

i sotonic solution. An appropgsi ate buffer has
preferably a pH range conprised between 4.5 to 7.5,
preferably 5.0 to 7.0, even nore preferably . of about
sybsfaneRs Gontain dassrtha gbaut 18 ghnlodustarietatacingmiritids ind only trace

AR AR prébddsabhit ng%ﬁtng_ an anmoni um acetate buffer.
al co

The pharmaceuti c nposition may be in the form of
a suspension, solution, gel, powder, solid, etc. The

1 SE i AN | lj qui d ._The
e A oARRT Rl loSbes B6abhdte it MitlFoulsR yRkiantSyiioh dnotude,
feyipxamplea aictie erinative pppiidecomolyrsiptitia Gagmicnts ofliic7. The

i . ' [ lution, . .
1P EPEE R (AT, Yo By huen 6 pogimntides camerising
msinarore-elisuifice briigemdniricated 18<K; eeditlidhté® rédddebirane Nt-¥ Ofimeric

B 382l SR S bt B 52 22 Bnaton

thareafei n, or any ot her hi gh nol ecul ar wei ght nol ecul e
of natural origin, reduces exposition of IL-7 to the
host i mmune system and therefore avoids secondary 20

vmmemaheiw@ogfsfaﬁi&?,ytheww-p[]mb@cma} S/aHQr'ilts and IL-7-related
. ¢ in.the subj.ect, such as_ any protein o
rOTRERSSRRY e b cinghERdor Btcaicit v e Scirianpe
human serum al bum n. The surfactant may be sel ected

f rom known .surfact.ant h as Pol ysorbate products,
PriEra felBE) FRUERBRNG, DN adotmnsAcahezs: druses, stc,
conposition of this invention conprises human serum

| bum f bly. 2 to 5 /m 25 | bat
A Rt 50 SUBHACE 5 o Bydr8 OBAARCe Whak thetfetal amount by
o . \ | . !
et S A e
PrieraRlY Rl ﬁ?ﬁa%ﬁgmbé{ﬁ‘éﬁ'@)t’ Bore; prrieraply. af. leasf 8596 dhy weight of a
hyserbigtesfated P cbabdsiticiPR&BIEnGfo the invention.

The invention also relates to a pharmaceutical composition comprising an effective
amount of a drug substance or hyperglycosylated IL-7 compoasition as described

above and one or more pharmaceutically compatible or acceptable carriers,
excipients or diluents.

The invention shows that pharmaceutical compositions comprising a
hyperglycosylated [L-7 composition as described above clearly increase the

vaccine properties of IL-7 and its capacity to stimulate antigen-specific immune
responses.
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preventing IL-7 i munogenicity due to protein
aggregation and/or | ocal persistence of the drug
product at injection site after adm nistration of the
conposition. 30 35 In this respect, particular
objects of this invention reside in pharnmaceutica
conposi tions containing a hyperglycosyl at ed

interl eukin-7 conposition at a concentration of about
1 nmg/m to 50 ng/m, preferafly of about 3 ng/nl to 20
nmg/m . Preferably, the effective anmount of

gl ycosyl ated interleukin-7 to be-5 admnistered is

Thenhaimsaceulicaliyeesmpadtible orlShyisibl@fitallygick g/ week,

bout 1
AEShEnBES ST Thud 18 R BB i sane
sblutionsor smsnelmenonnmd\rﬁ@kemref@&afﬁly ﬂsnﬂéudrdb% Iﬂ@héﬂB@@térﬂﬁémno

itions, of t 0 i nventj on,
B, TR baPS ishl, cormParae, caer osnreiRAbh sowipgd in an
abpﬂmrlafertmﬂmem foymtehﬂeoirahicwoltﬁbh AR lﬁbﬁﬁipﬁb%ﬁ‘& has preferably
ductsm an gqslva ens{gmgt to obtain arab
i

r%ﬂ!?@ﬁt?%“ﬁﬁ' gtweRB, iRegferaply 540 éot i gaen ‘more
peef’emdlymhébom 6553 aﬁ@ﬂ@‘bﬁéfé#a@ﬂsaﬁb?ga?ﬁﬁ%ﬂ §él§&t%g frorh 'a'@édlum

er week, ‘once once eve

k, 2 tinmes
3 :ﬁe e RT 35 aRMENim 1acetate huffr. Thﬁ @Bamaqwﬁcal composmon

nvC Nt nmf@:ﬁn betf ar sushensiodl 8biufién,Va&IC n
Bref red do regi nsénncony sts ’l]nagld ni s??efc'?“r?g Ff‘tﬁ'e The

5 RrE yal bﬁﬂiﬂ%‘ﬂt‘?rﬁh once every 7, 10 or 14
days. Preferred adm nistration routes are parenteral
outes. The parenteral route is preferably an
MRt FUORQFHINaMaY ramprise estebilizing agantsnistieh wersugar,oamino acids,

pﬁdt@mQ U%@ﬂ‘ﬂ&ﬂé’ﬁts &L, afid '&bﬁ\bbéﬁlbﬁ’r}na)L tcohﬂ:?l dn%@'c u{a@% solution,

a-arterial, intra-peritoneal
'W%@&Pmmﬁe@ @H@ﬂﬂede%e under st ood, however, that any
ot her suitable administration route may be
cont enpl at ed dependi ng upon the health status and the
A partieylar pharpraceptical p:ampeﬁtnon 28conding foatheiiowdndion comprises, in

aragﬁteﬁe’ 'téTﬁLét zactfvgedrﬁé]| g!étﬂsl.t oorebhﬁgtefn #rﬁcggﬂp:? sudng q%r?tnigﬂlésoresence
ob a froteis, peany othed bigh ra@e@parawelghf mplechigps mtwalas@r&trédhces
ekﬁos?tlcl?me&alﬂh? 3 tHeRo Xl g?éter%t 304 lehdr¥ro?d 813 secondary

rotein
effects. More preferably, the protein is non immunogenic in the subject, such as

any prptein of human origin. A most preferred example of protein is human serum
albumin. The surfactant may be selected from known surfactants such as
Polysorbate products, preferably Tween20™ or Tween80™. A specific composition
of this invention comprises human serum albumin (preferably 2 to 5 mg/ml) or
polysorbate (Tween 20 or 80 (typically 0.005%)) or any other substance such as a
tensioactive substance or amino acid (e.g., arginine,, glutamate, or a mixture of
arginine and glutamate) or sugar (e.g., sucrose, trehalose, sorbitol), capable of
preventing IL-7 immunogenicity due to protein aggregation and/or iocal persistence
of the drug product at injection site after administration of the composition.

Q
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conpositions of the invention are then preferably in a
solid form such as a tablet or a powder or a
capsule, or in a formof a liquid, such as a syrup or
an emul sion, 30 prepared in an appropriate '
phar maceutically acceptable carrier. Preferably the 36
carrier itself is stable in the gastro-intestina

tract and in the circulatory systemand exhibits an
acceptabl e plasma hal f-1ife.3dGastric acid-resistant
capsul es, such as gastric acid-resistant capsul es
containing a mcro-enulsion or |iposone fornulation

I tmgges@eoycpalyljﬁaiaeabujéetg ¢foltm$)e|pt/enilen ré{sudiar 8n pharmaceutical
o e n SI I on may
n‘gd% g:gg ag%ﬁt?lpglﬁala quQ?{gg eUk;l,’hZh CO@@OSItlon at a
q:qm:antmtnnl ofudbmiut ngmggﬁlntos50 Phgn T sreferaltsilof @bsdt 8RR to 20
@ﬁﬁatgp etlcgml Lovvthfactor a cytokine, an
HEerahlY.e Ve, rAMYdH) Ofalﬂiy%’ﬁylatﬂijduvfatﬁﬂeume to be
écﬁnlpls_t‘dmemdd coafrivedt BeWecheabit hal tousso %ﬁ?/wgek preferably
@eq%%iopal ct |¢be |9/18 e‘;em S rmy be fornu
e gbouf pg/kaiweek, e 9o for tgaiment @ grevertion of infectious

disedsesed, separate or sequential use. In a first
variant, the active ingredients are fornmnul ated
together, in the sanme recipient or vessel. In 15

landév ef the ireproved prorticd) b tﬁé‘ﬁéﬂyﬁé;ﬁnd%@%t é&ﬂ&ﬂ;ltlons of this

in distinct veSsel or recip

'RX‘%@‘P& ﬁb t Bf‘ﬁfm%e\éﬁ'ﬁ%dmfemsmqm"e nengr ¢ali bant adnmmyst@ed less
f?éﬁﬂeﬁtl)smﬁh @ﬂor &?Q&hﬁ&ﬁh(yns & Hoductd MU éfcgrlltt &ou&t to obtain

rglaé?r at different 1njection
It ?p?qtﬁee%?ﬁt%t Mpre spegificalivcin &higpicals embodiment, the

@frﬁp&!tn@ﬁé afd é’dlrﬁﬂis@él'bd@‘ﬁrﬁéé pelNNé%l; ?ﬁmegﬁg{ h%e?,vapce a week,

above, eat ed adm ni strations of ‘one
ICE; ]YEMY ‘Pfg?re‘ﬂﬁ%t%‘ce 20meath, lvece or fwicenbeforé watdination or before
érﬂsl?@é‘rt ckigtio) Ve maceut

i vackiiti A rrﬁgélei‘rélﬂea %cﬁlﬁﬂéz regﬂncosy N énymsterlng the

@WB%QLF'P@ ﬁoatpoulélg@ pnmaevem dve0 antkd daysact i ve

i ngredient selected froman i muno-stinulant and an
antigeni c nol ecul e, for conbined, 25 separate or

F’Srgtﬁﬁ'@ﬁt ﬁ@ﬂ"'nl%rétlmklpu’ﬁeanarg aar@ntﬁfﬂf mutdy. YTHe rpm:&rﬂérgd route is

folsle rowh factor is
SRR B iniced el AR Btk Sy B efipohole, B A gubicfancous
aehministafiony (1Y incledasolaldel intfeoanterid, irire- $efonedt GrFintra-muscular
%ﬁgﬁg It Shbwd be understood, however, that any other suitable administration

route may be contemplated depending upon the health status and the reactivity of
the patient.

In a particular embodiment, the administration route is the oral route. In
comparison to other polypeptide hormones, oral route is indeed acceptable for
hyperglycosylated IL-7 because of the exceptional stability of this protein. The
compositions of the invention are then preferably in a solid form, such as a tablet or
a powder or a capsule, or in a form of a liquid, such as a syrﬁp or an emulsion,
prepared in an appropriate pharmaceutically acceptable carrier. Preferably the
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l'igand, 1L-15 and IL-2. Typical exanples of cytokines
or chenoki nes for vacci ne 30 enhancenent incl ude
cyt oki nes that induce and/or stinulate a Thl-type
i mmune 37 response. The cytokine is preferably
selected froma or y interferon, IL-2, 1L-12, RANTES,
B7-1, MP-2 and MP-1a. It should be understood that
other factors such as NK cell activators and/or NKT
cell activators, FG-7 or FGRE0, interleukins and/or
hor nones may be used in conbination with IL-7 to
provide additional 5 therapeutic benefit. A specific
C@U igp dtself Isostalde in Miesgastedntestimel tmcpand isthe circulatory system and
osition as described above
SHRRE A SCEHAR B e e

icularly the soluble form

Gasémeaccud rédistast capsiies, ﬁnm@s bagten d.cméé@fanF@ﬁ@neslébntammg
S | nve

sition o
LB RrIAGT o, 1BoSR ey oL bypSrabsaiaied B agivpepice,
agee sdvartteggboabove and a cytokine selected froma or y
interferon, IL- 2, IL-12, RANTES and M P-la. Another
speci fic conmposition of this invention conprises a

ﬂm}enﬂmhy@aﬁmhlaécﬁdpdsmoﬁ mQP&B@nﬁI;&éC g?%'ﬁﬂéi%% ﬁgﬂadlents such

{ e

R B sTRIGYRS 295t EPIRERY | IRSRSE SDs? thesmatapgietic col
mwmrfact apytokifie OAE aflj A (

gf nlo g no| ecluia qewzé‘,a fgoern&ggﬁ"bﬁled sﬁggénez é?{doarm adjuvant, for

U%ﬁt peRaratg oL sequRtighysegen may be any synthetic or

nat uraI peptl de, a reconbinant protein, a killed,

i n [ r attenuated pathogen product a

#H@ 8?{'851 %52'1"6 ingredignts meay be fasmulgiediin eqrabinationpith thenll-7,
ok, hesephteR N dordcErABAEA a&éﬁﬁaﬂah&’ § uenfiCyddt Ih%?{WarBﬁE the

entire proteln e-cont al ni ng

ag{l]vepgpg[r pdignts h@'Pef?rmUHQIﬁdt FOQGIWI thee pamee@cmrm cmr\tessel In
aﬁ/ﬁ%‘éﬁ%r@l@nﬁ@ \Iahﬁnt' m@&r‘&e%ﬁﬁﬁ%éd“ g&g Wgcgrﬁﬁétlﬁct essels

lass || ol ecul’es e antl
O feGipjents. Haeardinpdp thistangadimenty tha ingrediamis gey, bet admmlstered

SN §1 ST o AR Pl L BB HLA st or

af diffeientAimeincings), tp Predusedhe erStrej&Q|emtytpelog|calr effdct. Also, as
nhéHtiBREd ‘BbBTe %p&é@&%gnm%gﬁ%lﬂt&"@r%alop\fﬁé tWWo aDFvegmgredlents

virus, Hepati
may be performed.

In this respect, the invention relates to a pharmaceutical composition comprising a
hyperglycosylated IL-7 composition as described above and an active ingredient
selected from an immuno-stimulant and an antigenic molecule, for combined,
separate or sequential use. Adjuvants are preferably formulated separately.

The hematopoietic cell growth factor is preferably selected from the Stem Cell
Factor (SCF), particularly the soluble form of the SCF, G-CSF, GM-CSF, FIt-3
ligand, IL-15 and IL-2. Typical examples of cytokines or chemokines for vaccine
enhancement include cytokines that induce and/or stimulate a Thi-type immune
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papill oma virus, nycobacterium tubercul osis,

Toxopl asma and Chl anydia. 38 A particul ar object of
this invention relates to a conposition conprising a
hyper gl ycosyl ated I L-7 conposition as descri bed above
and an antigenic nolecule, for conbined, separate or
sequential use. The conposition may further conprise
one or several inmmuno-stimulgting agents as discl osed
above, for conbined, 5 separate or sequential use. A
further particular object of the present invention

respansenshae gytekineaiceprefetatlly seleaRSfromoR of Wﬁfe'r@kdhg IL-2 IL-12,
é{.ggsyl ted I L-7 congosntl on as descri bed above,

%@f@?n iAo dhPhQUid-hE dindeesitpddthat other factors such

@dmmc@t e&m&t&tnaﬂd/&nﬂw%éﬂ aétnfa?eﬁ/sl%%@/y& Eg{Fg@uluggrleukms

%gentl al |y with one or several antigenic
rRIMONES By d1en used i combinatioat witarlL-7 to provide additional

tﬁé}hpgﬁ@&g@ﬁfﬂ C inmune response in a subject. A
further particular object of the present invention

‘concerns a method of causing or enhancing an

@”éﬂe@iﬁe écﬂ'ﬁﬁé)glfld}l 'o‘mﬂﬁfée wfv%ﬁ%’r? S@O&h[grﬁ‘.%s:%? gpgr@y%ﬂ% IL-7

omprising 15 admnisterin
qompoawoe BB ddgperibsdrabavaiand Stemglmlrﬁadtdirepaﬂét)lamtﬂ\e%oluble form

théllﬁsif ql.ys Qﬁé(/b?‘f:ﬁ@nghn% aﬁ@gpﬁéhﬁ{) on as described above.

he conposition m ni stered sinul taneously, a
Ar@ﬁhagaspgcnﬁefcgrr@oelhoseﬁthminvehthn Goinprisesng hyBB:@B/cosylated IL-7

der t bt'a
55008t OIS AR e SR04 P i rsorieon. 1.
4, M_aZM'EES.ana(MPmoanot her preferred enbodi nent, the

wsul n of the invention further conprises an
I9158MRAsition st tiginveatien cempesess a dyperglycosylated IL-7

@h’@%@lﬂﬁﬁ} s deStribet 'aBove & Stbf, @éll FEBPSHd é%gto ine._

facilitating or increasing the | munogeni
antigen and able to induce a Thl-type |rmune response,

Al I
e s Rt S S NS e
S&M“c‘fﬁg?“@ﬁﬁﬂsl aé'tlgﬁl@@mleculeﬁ)mfm mboa&esepymtesdr sequential

w8l T Brtfglen rﬂa rﬁﬂetﬁ“t%y r?a%%r?l p@ﬁfdte' S dinar protein, a
kqlegamactlvated or atlfle/n%ated patﬁ gene;r)ract)duct a microorganism, a parasite, a
lipid, efc., a portion thereof and a combination thereof. The antigen may be an
entire protein, or any epitope-containing fragment or portion thereof, particularly
peptides that are presented to the immune system through MHC class | or MHC
plass [l molecules. The antigen can be any viral antigen, bacterial antigen, parasite
antigen, tumor antigen, efc. Specific examples of antigens include antigens derived
from HIV, Varicella Zoster virus, Influenza virus, Epstein Barr virus, type | or II
Herpes Simplex virus, human cytomegalovirus, Dengue virus, Hepatitis A, B, C, D
or E virus, Syncytium respiratory virus, human papilloma virus, mycobacterium
tuberculosis, Toxoplasma and Chlamydia.
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condi ti oned and adm ni stered separately fromthe IL-7
containing conposition and/or at a distinct site of
injection, preferably with the desired antigen(s). 30
39 The present invention also concerns a

phar maceuti cal conposition conprising an effective
anount of a human hypergl ycosylated IL-7 conposition
according to the invention in adm xture with a
suitable diluent, excipient g carrier, for parentera
adm nistration to a human patient for prophylactic or
therapeutic stinmulation of B or 5 T | ynphocyte

A ed@stieyiare wbiegh dbfpthis i ifeerdibhorelates foora @uePBSRiBH &mPsing a

el et T R nsleR A2 TG ob Ry omtgenis molecule,

for combined osepanaté ar seopbntidl edel MH&! ROmbOSIHER &y fufther comprise

a ' conposi t,j on accor di o the i'nventi on
GBI TR fS T Eitng " G i Aielesed rbove. Tor combined,
epersty basdquential usber apeutic stimulation of Bor T

| ynphocyte devel opnent and proliferation, for
enhancenent of gl obal and/or specific imuno-

4 durinest partiéulamobjett bOthe sk Tnth SHHEBAR! a M Abceutical
& Igl ar i mune resﬂpﬁoqses. A({)artl cul ar pharmaceut et
cﬁﬂ? {iop | SoMPLS g, PSRy ePsyiated v rompesition fasr desasibed above,
villergin esaidh pharmacedtics | &t hdmil i '

Vet pramicsties SISSIUR B bink S SiRows, a ov
daqgﬁ?g‘?!&f’tfi equentaiyo¥ih ops Qicesavem! rantigenic moleaviestin amder to

abtaifi and/usstimiiateRirPAmigen sy BBRE RAING ?esy)hg@inaé blect y

and/ or to produce specific iInmmune response n
agai nst dom nant epitopes but al so agai nst

Fetupthdopartielar shjedt®% the2frel ' ' L $opes
havi ngﬂ% Lover “affin t@.efg SRrinifigh o %’i’%ggﬁ‘?%&?"%c using or
e\ﬂﬁf’"&‘l‘\ Qi 77 AMASR-SPSCIHE o HBRMINE heespepse tini ree subjext, comprising
agipfeibieting 40 ' , fents. The
Cnventron g o ?3’???%"‘3?3‘??%‘*"3&% i hitgBErpfidlcing, regment thereon
a]?ﬂe@@ﬁ??rgﬁfc?ﬁy aled dit+7 veompeaitinn a9 Sleseribpdnatsovien The composition
b& GHfini Wass fiL] lents, cancer .
A p€ LN SRR o o AR eagh AT with, and
P srefetrbly before said aatigan ia qrdertsi dbiain @ndéer Isfimpkité antantigen-

SBEcifidMmaRd }%Bgﬁsé}ﬁ\cﬁgﬁéﬁw CD4 count etc. Specific

and preferred uses e |1 L-7 pol ypepti des and
conpositions of this

In another preferred embodiment, the composition of the invention further
comprises an adjuvant. The adjuvant may be selected from any substance,
mixture, solute or composition facilitating or increasing the immunogenicity of an
antigen and able to induce a Th1-type immune response, such as CpG, QS21,
ISCOM and monophosphoryl lipid A. Such adjuvants are particularly suited fo
produce and/or amplify a specific immune response against antigen(s) in
mammalian subjects, particularly in humans. The adjuvant is preferably
conditioned and administered separately from the IL-7 containing composition
and/or at a distinct site of injection, preferably with the desired antigen(s).
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30 invention include the use: 40 as a vaccine
enhancer (adm nistration of said conposition before,
during or substantially sinultaneously with antigen
adm nistration) in an anount effective to induce
enhancenent of specific inmune response agai nst
mal i gnant cells or infectious agents ; and 5 - to

i nduce i mmune reconstitution of patients whatever the
origin: infectious, radiatizgns, Transpl antations
(BMI, SCT) or drugs ; The IL-7 pol ypeptides and
conposi tions of this invention may be used either
Téne(gfgsermm\{qmtl@r@, @isioreanceninsd plharotaceuticat tomposition comprising an

gi]" \};ég%rﬁaﬁri of ﬁbrpaﬁ h%%@&ggﬁhaqécaﬂ_ 9%‘6}@;{0@05 gepRding to the
uwentrqm in |adm|xtune- Bith laLsuitableL dilunt, | dxcidient | dr- dri@ déroparenteral

th
oydoah6 S B A5 RE LR ER LB erdehtt Shiolaton o 5 or
Ts l?/pml'at:ytbydeyelo&emue and qudal;feraamt orasor ignisitetiohi 6M&§ immune:

| -7 pol d d
S IRSET Tod RoBRPRBH G ermbRs B ahie BVRHtRT induga,a Biponged
m;pjmpuesmtmmlat@ntamdmnrampuﬁed/mu:ﬁ@tesganéé% the field

of animal health and to mnimze the nunber of active
subst ance admi ni st'rations. The invention further

Appbatmimeutmemebhrpdsmm attardingne the \hvedtion ﬁﬁé&ﬁh!serbe 88 in a
sHIVtZﬂlnfe viral hepatitis, West
e BatSEh S0 ProphyIBRIG Bt Hisuars g stwiationdat B ot 8 bmghooyte

develepmenif &t Q@Ilfé?étloﬂnfor eﬂhaﬁ(&%éﬁtbﬁgﬁiﬁbfi&ﬁ&oﬂ ép(f%lﬁc immuno- -
oSiti In a particular

ol ypepti de
é'g 59' &b s nga?%en et '7“’&8@5@%9{ erllujag i lmmune resr@nses.
adm nistered in association with an interferon

'ﬁl u] The interferon nolecule can be for instance
%Pﬁ SUIpERhemAnedtisAl comersitiop @csomding fo ther iksention isFiy use to
gvenitlor relfdtd oppBiufistic Mrectio
p(t rophobl astic factor). 41H§$ﬁg{n:f%vog%ﬁ%ﬁ ‘Hﬁ%ﬁér
provi des a nmethod for inproving a thynopoietic

ANBERY phbticuRr ph%ﬂé@ﬂﬁ@ﬁe&ﬂﬁbsﬁ% 5&&%}&% to i ertEh RO use

conpri ses adm nisteri n%
to prolong lymphopoiesis stimulation and/or to produce specific immune response

not only against dominant epitopes but also against sub-dominant or less
immunogenic epitopes, epitopes having a lower affinity for the T cell receptor,

which will allow to broaden the repertoire of a specific immune response in human
patients.

The invention is particularly suited to produce a preventive or curative immune
response in subjects, such as immunodeficient patients, cancér patients, patients
undergoing grafts, patients infected with a virus or a parasite, elderly patients or
any patients having low CD4 count efc.

Specific and preferred uses of the IL-7 polypeptides and compositions of this
invention include the use: '
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I mmuno- conprom sed subject, a hyperglycosylated IL-7

pol ypepti de conposition. 5 Preferably the
hyper gl ycosyl ated | L-7 pol ypeptide is then to be

adm nistered in association with a keratinocyte

gromh factor, a stemcell factor, a gonadostinulin
antagoni st or a growth hornone. The hypergl ycosyltated

| L-7 pol ypeptide can al so be used in a nmethod for
providing 10 a therapeutic ggmuni zati on agai nst

mal i gnant cells, virus or bacteria, wherein the
hyperglycosylated | L-7 polypeptide is to be

adni AP St \&CcEe ehasewrdpaminigiralion lof said compgitionWefdte, during or
m xt t 0 crlbed bove. In

hi o Sareny siblinediofl. wil SRS lpierston Cn an amoun
pol ygEgativeetoninduse éluillarhemeadrufmmwrceﬂnmﬂnésl‘égﬁdr%bl 8Fainst

th bj f thi t
A el sels O ST e AR onsi on of T cell's.
\r/]vh1 clo indute immong reswstinton @Clpatig:jtﬁ' vireltdver Wh B{@n infectious,

e g, 0r conposition,

ner oEalRRE Yt BhSSatraichs BRI R Srdan i o Thi s

mat hod is particularly useful to prepare T cells
[ h ([
8 L 51 bR o hn oo s S
dr ninucombtiieatiopy with other astive ingretémedeligiy Yask %p?ﬁbcﬁéﬁd Ydctors
nS|o H‘Q échelstargetln speci

"&‘ﬁ‘ﬂ '&%H‘Q‘ PHEM 'Qﬁt Fr Uiy o-IFNRydFN dL-IﬁeHaﬁderﬂchL 15,
|Laeramwne|_~9¢nw@ré )époHeH%érap&@ht@%d Yhe Q/Ené%% ﬁgr%cdlenvs may

hoc¥ %ffs r om whol | ood
nigte siudigaeotislys| peparateiy on - SECpeht;qﬂgptardiesmay be

C@ﬁmtléﬁbﬂtbgetﬂérdﬁé@apé{éwvatI on of 25 theses T cells by
ot her cytokines and admnistration to the patient.

Ot her techniques are possible. |L-7 pol ypeptides
ThERL OV SolgpEpti H&@'an@fc fiorls BF tHis wR%Rt“)r?H &%e4gsedc in various

further show an enhanced cytotoxic ac
%35 UREWHRD et ﬁmcanuaqcmngn Anotheefieldspeaninedl heéwth and to

o2 theiriHHa LPRCv® BsBhOY LlfiARRRGRLI ate const ruct s

and nethods for.produclng nposi ti ons,
particularly the above 5 hyperglycosylated IL-7

TR! iMRBbh Gther GPERGSY &IntiiSod R 14 ifg SUash Sction, isuch as HIV
infection, viral hepatitis, West Nile fever, Dengue, which method comprises

administering to an infected patient, a hyperglycosylated [IL-7 polypeptide
composition.

In a particular embodiment, the hyperglycosylated IL-7 polypeptide is to be
administered in association with an interferon molecule. The interferon molecule
can be for instance alpha IFN (leukocyte IFN), beta IFN (fibroblast IFN), gamma
IFN (immune IFN), omega IFN or tau IFN (trophoblastic factor).



10

15

20

25

sufficient quantities and quality for pharmaceutica
use thereof. In particular, as discussed above, the
present invention provides vectors as well as

reconbi nant host cells that may be used to produce
reconbi nant human IL-7 10 pol ypeptides of this
invention in various conpetent host cells, as well as
for gene therapy purposes. The vector nay be a
plasm d, virus, phage, cosmg, episome, etc. Preferred
vectors are viral vectors (e.g., reconbi nant
adenoviruseﬁ%@gnd pl asm ds, which can 15 be produced
esByenrtiondyrther nﬂoaidby aamathiocalbioe ubpmkingraeﬂwynﬁip@létn@&ecovery in

Th
I%“@Won‘prl se g?tégﬁltll' g’t" omﬁcher?gm%g\s/%ta%a'é@ﬁ'@%to an

IURSrRaMTromisedsdbEct adwpergiosylatet! a7 doh'pégtlde composition.
pol ypepti de. The regul atory sequences nmay be chosen

from pronoters, enhancers, silencers, tissue-specific

I%re@nabl)s the @gper@hyces)gﬂ‘taﬂ dL-71 polypestidet ier thbR ab BeS adMHidbred in

e 20 or a conbi nation
er e0 St ‘ﬁ%%ﬁ‘gm"g‘?cﬁf 9“'@'\ faclan: @ stam sel fratere e ormpdastimuiin
aumgomsdorégmwthmmnan fungal , plant, bacterial,

yeast, bacteriophage or viral genes, or from
artificial sources. Useful pronoters for prokaryote

Ténep'rypeﬁglmsﬁ&whlLaB pﬁype"dﬁhé)can'a'lﬁﬂ beGseliin Igyﬁ‘ghod _f_or pprc.vudmg

aoﬁ’we}’ ﬁc e rogo ég TAC rom)ter
b Gt "4He B ‘U?TB pst "1‘?@'}9" ﬁé‘{ser‘"fU?Pﬁbhagiﬁuamwbereln the
Hyperghycasytdted 1671 pd?{;@tﬂéqg%eﬁé afdﬁﬁmé’tére%xm §§s°d %M@h "With an

nnallan cells include viral pronoters (

s miXiee §f aftgenscag, those. c;escrdme@qve getims situation, the
hgp té€ 1197 polypbptidec g
J@“m 167 it e 8T rd M

N?% etc. A vector nmay conprise nore than one
pronDter The pronoters nmay be inducible or

@ ated. For. instance, the use of inducible or
A E'HP%I?%CW dhisdirventian F&)@\E‘Qﬁh%qu @K—VB@) enmmr:mb expansion of T

cBlls) dMgiEh GRethid %ﬁ&ﬁ%@%ﬁt&cﬁﬁe 2 °d“°[§t ed IL-7
pBB{ases I nduci bl or at e pr OBt
BRRfIden of [FeMRositieat @eeebyseraharamgt Iampa'ﬁstonamy tha e cells. This

t
D P S oSy T S b o
CROGE O, ViRah inftionaby adeptivadimmeunotierepye rAdebtive hin@hotherapy is
aﬁ)éitmm@fh%dglﬁéfgar%ﬁle%h\?ec&da%sfé rorfes;r)]ttaéﬁco'li' cg? {argetlng specific

such
antigens (malignant or viral). This immunotherapeutic technique generally includes

isolation of Ag-specific T lymphocytes from whole blood of the patient, ex vivo
expansion of theses T cells using IL-7 polypeptides, optionally ex vivo activation of
theses T cells by other cytokines and administration to the patient. Other
techniques are possible. IL-7 polypeptides improve survival' of these T cell
populations which further show an enhanced cytotoxic activity.
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5 ultrasound system AIR induced expression system and
the like. These systens can be used to contro
expression of an IL-7 polypeptide according to the
invention. The IL-7 may be co-expressed with an
anti-apoptotic factor (e.g., iex, Bcl2, BclXL, etc.)
or cycline (e.i. p2l1l, p27, etc.). The cDNAs coding for
said IL-7 and for said 10 anti-apoptotic factor may be
bot h pl aced downstream of the sane pronoter, but
separated by an | RES sequence, or each of them
downstream of its own pronoter. The vector may

P m, t origin of replication and/or a

mar ker gene, -which nay be sel ected from conventi onal
sequences. An anplification selection 15 marker such

Apathen aspetRf dhen presant iﬂ(&‘eliltIWElSt edprovide I'Epptlmrialm nenSIfucts and

e ot protlfind DS aBBYe, - BBGTUGHET SortiHleiN b meove
hynegalpéasylatadn 1EH7f fperyeaptldmyﬁcorﬁﬁos'mm\spraadeﬂtug rei@atdness, in
S st .ce 0 ising a
s%@?@f‘iﬁy’g%% r@req%gl?&gct 0 argxgc%lgg:él YS5eHe '?ég '?’he host
cell may be selected fromany eukaryotic and
Bty 25 Gl Ve i prbeph AV BaTPy s Vot wl as
r@etﬂ_bnrl(anh hoailkrD ::eltsuthat nhay bel l'{lsedB&I: ideduu&? Bé@dm&.nlant hgman IL-7
| i east ce ant ce and an
PFFRHE o T ikl BB e nalprbbby Selinagt wall g for ene
treeapypurpesesredi a. Production may al so be acconpli shed

in a transgenic aninmal or plant. Preferred
reconbi nant host cells are selected from manmal i an

Tbel\leetorl mapadet hCplagrhid, WIIBN phgdd, ScadtniMe bhise, efc. referred
rivatiy tant s thereof. 44 Specific exanpl e

Sons e AT oot (4 TeGomAmARAdeneN ases) rEskotasmmidsy hjoh can
bé Gréduced Babsd oRIBMNEHERIIE %véﬁlémeuaé@a'ﬁés %‘?Jchgas ggﬁHBcDNA

cells, human

pggbzﬁ’)tél &S’yﬁgg i‘/E PEKY-‘ﬁzﬁ%gfn YElCPEbhﬁPmaflS%retgh&atDtaﬂ elements or
s@cﬁ]eh&es toPEIRErdI oﬁhédla{é‘e)?ﬁﬂéi‘slémm jap gﬁﬁbé;ﬁhde‘ 'ThZ regdiatory

roduced as a secreted protein 5 u ncti
S‘%‘i 5PS PE: b1 EheseR fERTR gyomatasy cenifaneers b pencers, ttSBUQs—SpGCIf'c

s@ﬁéﬂ@npdz;ﬂﬂelszgrfhlselﬂ"ﬁﬁirl‘éoiérﬁnm&ts E&&ér:%%p%‘i%% %g)?ezplons efc.,

nucl el ¢ aci nmol ecul e conpri si
oiga combination thereof. Such regulatory elements or sequences may be derived

from mammalian, fungal, plant, bacterial, yeast, bacteriophage or viral genes, or
from artificial sources. Useful promoters for prokaryote expression (such as E. colj)
include T7 RNA polymerase promoter (pT7), TAC promoter (pTAC), Trp promoter,
Lac promoter, Tre promoter, PhoA promoter for example. Suitable promoters for
expression in mammalian cells include viral promoters (e.g., CMV, LTR, RSV,
SV40, TK, pCAG, etfc.), domestic gene promoters (e.g., E1fa, chicken Bactine,
Ubiquitine, INSM1, efc.), hybrid promoters (e.g., actine / globin, etc.), efc. A vector
may comprise more than one promoter. The promoters may be inducible or
regulated. For instance, the use of inducible or regulated promoters allows a better
control of production by dissociating the culture from production phases. Inducible
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10 A further object of the present invention relates
to anti bodi es i munoreactive with an IL-7 conposition
or pol ypeptide as descri bed above. Such anti bodi es nay
be produced according to conventional nethods,

i ncluding i muni zation of aninmals and collecting the
serum (polyclonal) or preparing hybridomas from spl een
cells (rmonoclonal). Fragnents (e.g., Fab') or

engi neered derivatives of angi bodies (e.g., 15 ScFv or
di abodi es or m ni bodi es) may be produced by known

bi ol ogi cal and chem cal nethods. Preferred anti bodies
o5 Tegupledi prpmetary mayrbadpuerd in the Wietdture, such as the Tetracycline

e S g 00 i RS R, ve

W"t&@oﬁ!s’tmbﬂleaﬁumte;sybiendiﬂlg mathalisthionsipre pro;noter etc. Other
S t ol vpeptides. Although non-specifjc or '
LRSS BReE B PR Suufith b ToicHorevai: isyehsanaipoalized
ueasobr@ system, AR Mindaceds@arédsian bysicihnghdCaie Q. These systems
h$ki ' Specjpfi inding. to the particular
B e B Site BRSR Bl P PPl epdin To the imventon.
i nvention. The antibody is preferably of siman,
[ has, been 25 humani zed. The

ri r . human origi,n .or , .

TR it b O per s i, Sy BhoRieifaTastT (6.6 nex, Boid, BoXL,
efr. pducyrtine (e rpRt, eaa) eto?n}rh_bwéutessccts&ﬁ@ Forgsl ARPYRd for said

] bodi es ar.e us [ et ecti ng ,
aﬁ%@?é‘%‘& ?%%3 ey QWBﬁﬁp‘ﬂ?%’gﬁW‘a@e@m Ph thesgame promoter, but
separateall byZinRES sdqueineé, Qfticash oﬂﬁbW&deétﬂ&aﬁ?&%%m&r promoter.

experinments involving multiple 45 |ynphoki nes.

conposi tion suitable for diagnosis, assay or therapy
Toeryectosimay firtieh EmAsHs oAbt bRl &Rion Sari% Mhrker gene
bject qf tr]e resent inventron. 5 Another object oF '
B}axg)@nﬁe Fric t9"BPoPKeNiiondl sesusnees sve emplification aselection
nixtkeérstidh adthe BAIF ddne iRSEHR in Y %é@gﬁé gldtﬂgklbet%r.

of a pharmaceutical grade, substantia
hyper gl ycosyl ated | L-7 pol ypeptide as descri bed above.

ThB&reBiop ﬁ%?/sfuhﬁédéoﬁé}(iié \tgaﬁioui’ IcBifhatibnd Spfﬁggé Iﬁﬁ@tgﬂ{t i%])%nents

onformer suitable | erapeuti c use.
I gnaY BY Presdized i ifieentw@ys.of control | i ng
| L-7-contai ning conpositions, to 10 determi ne the

resence of anount of hyperglycosylated IL-7
ngugyﬁ%nﬂt inyengian also provides recombinant host cells comprising a nucleic

acid or a vector as described above. The host cell may be selected from any
eukaryotic and prokaryotic cells, typically from a mammalian cell (in particular a
human, rodent, canine cell), a bacterial cell (in particular E. coli, Bacillus Brevis,
Bacillus Subtilis), a yeast cell, a plant cell and an insect cell. These host cells may

be adapted to serum-free media. Production may also be accomplished in a
transgenic animal or plant.

Preferred recombinant host celis are selected from mammalian cells, in particular
human cells as well as derivatives or mutants thereof.
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descri bed above. In a particular aspect, the nethod of
produci ng hypergl ycosyl ated | L-7 pol ypeptides or
conpositions as defined above conprises: 15 a)
culturing a reconbi nant host cell as described above,
and b) collecting an IL-7 pol ypeptide produced from
said cells. The sanple may be subjected to various
treatments or conditions in order to increase purity
of 1L-7, to renove cell debiyys or viral particles,
etc. Typical 20 exanples of such treatnents include
centrifugation, clarification and/or dia- ultra-
Srp@mfxcfemmpms oh suilEhée hastpteilsnmzludb Lshuh@seemamstmbf/m (CHO)

clal;ls % ?ﬁ‘& Oérdﬁ dn-erg (EF@%IC&? e u | Ew&%mﬁc‘o y (E'ER/ -293)
celisiphumaro epidermalg kaagmngtesheﬂEKﬁ ondre etrbinal oF dpdhardl cells,
AR o 3 Slork el U e B pigrfused 58,2 sacuateggrotein

udingffemctionalt sigriah bgptitk sdquenmasper se, but which have not
been used so far in the present conbination to

produce a hypergl ycosylated IL-7 pol ypeptide. These
A sndﬂ:iﬂonbm:t af mnsmnwentﬁﬁn ip aefukaaRtY host c%‘llto%%pfn%i‘hﬂ‘a nucleic acid

dr ophobi c .in t chr ogat ogr aphy, ion exchange
"21% L@T‘;F‘E{Hﬁff%&?gg@ﬁ ?n‘r?ﬁlschrormt ography and gel
filtration chromatography, either alone or in various

| nat.i o Such net hods all ow renpval of host cell
AD&N egﬂ@egttq?f dhe iPresignt inveatiophietaesisuprkibogiasrimmeunsreadiive with

anniLey popeditictoe phigseptiBlas 8éRPibed '%o@@@udtﬁ@ﬁlbﬁdle may be
r ophobi c,. |n eracti gn chromat ogr aphy step. g
p&Mt"(‘f@?’ %9/1‘4?8 tignal mefhods;tinclyding lvmur‘tbmon of animals

aﬁdﬂﬂiﬂéétﬁmgalhé $eRumBlplyclhsi) eraﬂgbh(anriésfymld%gs%r%f sl'pl eln cells

Ste HD?; be carried out o ort

gments ge. equtPs)Mgen@me&mdr @ﬂwaaveae gfeantxbpdlea (e g-
stef@rr bR @1@90&4 mb dé e
| oadi ng o e sa o é) ﬁﬁg %ﬁg@%%%grrﬁ}t' gqggﬁlﬂnﬁ’ﬁioﬁﬁcgl and
copRiGal ,naet n%meﬁnﬁwl%xamswcmqaﬂy dmmunereactive with a

b t&ﬂ‘b@_d?' r 0 ep

Wb@%ﬁ/&ﬁﬁ e "BOpertf, B8 LosRbUPASIE Py Bid 35, the
'Hp%rﬁlyﬁﬁ?’ylﬁiﬂ@ k'é \motmeatlciqomﬁhput sybstagtBuiyr bledmg un- or mono-
glycosylated polypeptides. Although non-specific or less effective binding to such
other antigens may be observed, such non-specific binding can be distinguished
from specific binding to the particular hyperglycosylated IL-7 polypeptides of this
invention. '

The antibody is preferably of simian, murine or human origin or has been
humanized.

The invention also relates to a hybridoma cell line that produces a monoclonal
antibody as described above.

Such antibodies are useful in detecting hyperglycosylated IL-7 poiypeptide or in

neutralizing IL-7 biological activity in assays or experiments involving muiltiple
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15S) to concentrate recovered protein of interest and
el imnate possible residual 15 protein contam nants.
In anot her particul ar enbodi nent the purifying step
conprises | oading the sanple through a colum packed
with a specific gel conprising a nonoclonal anti IL-7
anti body immobilized on a resin (dextran sulfate or
heparin for exanple). 20 These nethods allow the
reproduci bl e and efficient ggoduction of a
substantially pure hyperglycosylated IL-7 pol ypeptide
as descri bed above. The nethods are particularly
haernekingge dusorspasition: sidtablec l’m‘bdlagmnsm lasBay an therapy comprising

SO PG Bodtet s sl B oot G piRet vl o

preferably at |east 99% or even 99. 5% by wei ght vvlth
respect to the total anobunt of |L-7. Each step of the
above descri bed process may be controlled by '
P@nﬁiey objest of the prasest inVemtlomdieta;;eaSﬁEeré\ﬁEea whichstah bel tised, on

R SEALCY IR ool 2R e Bl Beeenticel afer Tibslanaly pure

hamj'gbrcosqdnted) a2 |pd|y¢apumae§cmbeb>abbe@t1r@epraa@ﬁ f8flds to high

SRR o G R, P T Mecrvenin
aldas proyidest monelt myetisadsh of asortkiliplg TICF - dbhtaﬁﬂlﬁ@t é&ﬁ[ﬁﬁsﬁ%ns to

he Like det rm ni ng hydrophobi ci t
d?Lev’i‘ere “b%:ﬂ%s Bm%ﬁgrﬁfl EYP‘%E M?Qﬁyaﬁﬁﬁy d'e17erpﬁiYﬁ¢PF§’e as
deberibeldebbyé.c char ge with 5 cation exchange
chr omat ogr aphy HPLC or isoel ectrofocalisation analysis
for exanple. A further enbodi nent of the inventi on

I Ipat'tmla‘r @spdct, 7th§ hﬁéih@d bpﬁoﬂﬁélh% ﬂ?péfélyc&!s‘?ﬁdfn% 1=t Poll){geptldes

Jher ei expression by the’'reco

OES‘P"InQb?'Eonsl"i‘? ‘F%ﬁ'&ﬁ% ?B‘P‘@ CQraRfiRest ed or transient, so

a) hatultufiag e @bdonitihdrit hesEeell dsldebchbdYy moghd)hases can
ge di ssoci atﬁ_ More particularly, 1n a particular

bd npeRig an Kp? W'@&ﬂt'gg rosiuced fenpeaid eglisessed or

m nim zed during reconbinant cell growth, expansion
gnd/or culturin to allow the productlon of large _
RosArRie gnay &gy jg@@@ ta ovariogs| treptments or conditions in order to

increase purity of IL-7, to remove cell debris or viral particles, etfc. Typical
examples of such treatments include centrifugation, clarification and/or dia- ultra-
nano-filtration. The sample may thus be enriched for IL-7 polypeptide.

To increase the yields or efficiency of the method, it is highly desirable to produce

a sample containing or enriched in correctly folded and glycosylated IL-7
polypeptides.

The hyperglycosylated IL-7 polypeptide may be purified by different techniques
known per se, but which have not been used so far in the present combination to
produce a hyperglycosylated IL-7 polypeptide. These techniques are more
preferably selected from hydrophobic interaction chromatography, ion exchange
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wi t hout any IL-7-nedi ated potential toxic effect.
Then, 1L-7 expression can be 15 induced within the
cell culture (or on a sanple thereof), allow ng the
efficient synthesis and rel ease of reconbi nant |L-7.
An object of this invention thus also resides in a
nmet hod of producing a reconbinant |IL-7 pol ypeptide,
conprising culturing a reconbi nant host cell as 20
di scl osed above conprising agnhucl eic acid nol ecul e
encodi ng said IL-7 pol ypeptide and recovering the
reconbi nant |L-7 pol ypeptide produced, wherein said
ahirmategraphy affiniiy elyomatqaranhydarsd gelrflltuatic&gdhrdhﬁtbg?éphy, either

r
dlwsgyp?ae'?s&lgon 0 'Qéslgﬁ% ‘?ﬁérgn%%l'%eﬁw Ee"g BE host cell DNA
qr@(rjpt@grslgngtles whishrivauid Ian‘\mrlre«;pvﬁqc drirai méfdrre@@mllxﬁi‘rﬁ%th step
n ucti.on phase. he nucleic
T PR Fl hRaRIREt  nSfhelioR torumametany . siepch Such
Obmmtegraphw nws@dcamemontl L‘Sfﬁgfﬂbr{dﬂls%hgp&{ﬁéﬁgf‘o?mgfs preferably
C agent, contained or a
BT ptb, SaE ey e HEE 57 P SaupBot reipratly pe paton or
in oolpmncuisirgy @mappropriatégeler gI ycosyl ated conforner as

di scl osed above. 48 Various regul ated or inducible
expressi on systens have been disclosed in the art,

O o g t“mp““v'“eﬂ"n 'I‘??d“?-ﬁ@s@g‘%gnﬁ"la?ﬁ@ Fesample
tﬁj’g%‘?’igﬁ?ﬂ aﬁi‘? '3‘% sRecdic gef (Sephadey for Bxampledm

(I'nvi trogen) with Mfepristone as inducible agent and
GAL4- E1 5 Ecdysone system (i nduction with
I GRates P'@rﬁ%rﬁg?‘%ﬁﬁ'm%‘f éh% Rarificatign sterysomprisesra polishing step
:mxommg tbatiimgrthe eginpld hYdughQo 8AUmnRick
rmt er Z'z_ﬁgum blpe Jg?l ncé m?)est rg%w sgﬁgd'ﬂ% gel (Source
é% cols f%?@&?feéewof@m phistrrpst @stehjmnam possible residual
Pfdiémto@mmhums_l nduci bl e regul ati on) i nduced expression

system Cunmate system (Q mate; Qbiogen), Cre-Lox
system etc. These regulated or inducible expressi on

Il @nothet pamiciBY eRBodiffit tHe M &

i nstance HEK293, HEK293 BNA%H%E@ é#"?@?%#/ﬁ%@% &' sample
thrORgI AVPOUITA, Packegbxil Tisoeeific DeREMMIHSIng kamanetional anti IL-7
ahtib&sy, immcbn 68 0B reWint(@ Tl gned
to&gﬁjpr ess reconbi nant( ?ﬁr@%ﬁg‘{ég}mka orgﬁamprcél)

These methods allow the reproducible and efficient production of a substantially
pure hyperglycosylated IL-7 polypeptide as described above. The methods are
particularly advantageous since the recombinant IL-7 can be obtained with a purity
of at least 95% by weight, preferably at ieast 98% by weight and even more

preferably at least 99% or even 99.5% by weight with respect to the total amount of
IL-7.

Each step of the above described process may be controlied by analytical
methods, including SDS-PAGE analysis. The primary structure of the optimized IL-
7 may be controlied and characterized by determining the gene and/or amino acid



10

15

20

25

15 Alternatively, transient transfection can be used

to dissociate cell expansion from |L-7 production. In
this regard, efficient gene delivery vectors are used

to introduce an IL-7 coding sequence into cells upon
expansion thereof. Mre preferably, the vector system
for transient transfection is a viral vector, such as

a reconbi nant adenovirus or an episomal vector [e.qg.,
pCEPH (I nvitrogene), pTT (1B Durocher 20 Y. et al.

Nucl . Acids. Res., 2002, 30(2)) or using MAR

sequences]. Adenoviruses (and other viral vectors
SEGUENGSS bg(ppgptldmmappmgamaa)s;s cafter kta/qsmodlgeeﬁbrﬂ(t@oﬂ&bﬂﬂlmng
ré?ecﬁl?r‘:\n@ipmﬁ h SHRBAGE re?cpursm&ﬁlggga Mésg spectrometry such

ve adenovi r uses o]

381 MAdb| e rorri elgctoasprayt bnéhe dike hbysiekdrfiRg HyBRPBobicity with
ent ., transfect.ion process can

t ransi

o SRR HPERS Ton AP Skl JetsTneap he iasiri: ragge with
@fios uetchasgeAhtomatdgtaphy MPRO- or Bblele@tfoféddisation analysis for
eg formed cells for exarrpl e (as disclosed in

gﬂ% e A4). An alternative transient expression
nmethod suitable for wuse in the present invention is

scl osed, f in.the xt article: Durocher
A f“'i ?mb‘ﬁﬁ@i "pR%%BE '“¥?é‘§'°" sies tadlol preduatipp guethods as
deSbibenlr abEPQ%&héKéld SlL-74%xprle§s@n PhEfRE " RoRIFRRA TR ' cells is

odu this invention conprise an

ilE. Shiitet s TEo8R s et hedealhiiraar o oreaiomphases
e disstoidged. mor@aﬁérh@tﬂbrﬂf in E)ﬁé‘?ﬁcﬁlléfcé?ﬁ%cﬁh@% hil-7 expression

above cont ai ned

%quﬁp élptl de, as di SClgci
f Fpgsse PédUEF“'Z QUW@@C@mb'W cgll grayghcexpansion and/or
cﬁmetﬁrﬁg:tt@falbw itigd ﬁ?&ddd’ﬁ@n FSiaFged aﬁuﬁu\‘n&e 9'r¥8&ﬁ%ﬁh§ﬁteﬁost cells

t| de be obt aihe

V('hl&ﬂbla e@??&t P@*@ﬁ?%lytpxlm eﬁ%yiben,slée?:texoasepy can be
iRdLDe aNitHIMARE dell ERRADIBC BN é@yﬁ?pl ?H?rﬁ tla efficient

circular dichroism b assessrre

SXBW@F@? rejpagenef recombinantdl-gpeci fi c bi oassay by

nmeasuring the affinity towards a specific nonocl onal

ant| body rai sed agai nst said hyperglycosylated IL-7

tqfqthis dpvergione fusi alsaf residesy irHRL Getnd eof producing a

@B&ﬁﬁﬁ&rﬁrlLZﬁ | Y f

B Pouppd R isf ] Ol IeCoiB(ieff Bkt gev o
g|ayeb%9¢rap@ang p-uclejsoicjp mptacte érmodlng s'ald H-;ekpd)lypeptlde

a?ﬂdre%‘\)/en ttﬂQququﬁQﬁtefLrV BHI?Bédtfd C&E)dgced’ Here) ll"uls%(ljd nlcleic

t he i sol

- acid molecule provides for a regulated or inducible expression of said IL-7

polypeptide, so that expression of said IL-7 polypeptide can be repressed or
minimized during recombinant cell growth and induced during production phase.
The nucleic acid typically comprises an inducible promoter, which can be
repressed or activated in the presence or absence of a specific agent contained or
added into the culture media. The method is particularly suited to produce an IL-7
hyperglycosylated conformer as disclosed above.
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15 In this regard, the invention also provides and
concerns a nethod to identify and/or neasure the
quantity of hyperglycosylated IL-7 polypeptide and/ or
related inpurities in a sanple, particularly in a
pharmaceuti cal preparation. Such characterization
nmet hods can be used to initially characterize and
qualify the protein for filing a therapeutic use, in
quality control of pharnaceygi cal batches. The 20

I nvention proposes, for the first tinme, a nethod of
characterizing and controlling IL- 7-containing
Variepairegulaied or indudibtecexpressiorn sygieras diace basd diclosed in the art,

Vi Bl BB R SRS oy i bl theepresent

iMieption hbiresei inclade dhé El'@.ltk)acyvhﬁé er $Eé@?§¥%$5@ﬁ%~|tch system
us

(HEREGO M, 8, MEoeTBioRE &8 ficiihopsant Ak GAL# & brraoter,

Ebﬁyskmensys@emd(lmm'n (Wit ponasierehe cA ratf Reasterodel AN analogs of

d/ Bi The
rs%e{:E &eg'onhagorggnga)r EJB%%R ngﬁ%ﬁgl?qrslplogﬁn%%g%gger (mducnble by
zirebiOwstradiok - systBhﬁ‘ R'HM%Bt sPsted, SOCRRRYI @ﬁﬁas@uﬁ'@tg}%ﬂarﬁf AIR

bst t
(RlRHEN R, Ruehierablefon Bouse ertgobp DEierar Cumate system

Q Qisvgen3 O0C '/ t
‘ “g‘g?gol g o] ?’Siég‘wbe?’ﬁzﬂ?é%o@@‘s'éﬁd. ofARaNAER ehlssion
&?‘8 c'é‘a)é ef’ H} ¥areusnetlisn uchas for iingtaneen HIEK29R) HIEK293

EBNA;I HIEK ﬁma)d Mgls T RIDEM el LI RREKE-EHBF FRGSM. ﬁﬁkat cell
i ng ﬁ{_g)(on sultabl e for therapeutl C Or vaccine us

'E%Fr rangiormed Witha RePMBEAIpY Yentorglesianed do ekpriese moombumemt IL-7
aftbaihagdétnl zi ng or neasuring, in said drug substance

or pharnmaceutical conposition, the quantity and/ or
quality of 5 hypergl ycosyl ated | L-7 pol ypeptide as

AStBFriafiesly %Fﬁ%n h BAbeN %o d?ss%é%? 8%[ expansion from

sel ectln the drug su stance or pharnac

lle=d rPﬁ?QHGF'P@)H n\ipie (E‘Pﬁalf@ rﬁfflq:lgl@tsgenea&lwag vectors/are used to introduce
I 95

agpg 72?%‘%""5 se 09? & fln@g?éggq{? pg ; %05 tﬁ%rga )f\ﬂor9 Bremmgalﬁy, the

VBEIPY ﬁéﬁﬁmd@r t@osmhtetremﬁeq@neusu alvngl weatqr, sagh e < asdondtsinant

aBEhovits ®r '@ didomive f:ﬁ)f E@bg@%%oﬂ-ln?lmm{)ﬁr e egff ﬁlﬁ#JyDurocher

NS spectrorret ry-re
Ye 18§ §5iNucli Ayids. . Rest, 620020 80(R)Y dmusipg GAR seteerices]) YAdenoviruses

(aﬁ‘f&g&hgﬁ\ﬁ%&@ Y 8@’5 n as SA:%@&% lggt%pge%x 5"@ P% E&qdu&gg @ccordlng to

tqg@mqgm; rknqwea) ;he art. Typically, E1-defective adenoviruses are produced in
a E1-complementing cell line, such as HEK293, PERC6 cells, efc. Such transient
transfection process can be implemented in various mammalian cells in culture,
such as A549-, Hela-, VERO-, BHK- or CHO- transformed cells for example (as
disclosed in example A4). An alternative transient expression method suitable for
use in the present invention is disclosed for instance in the next article: Durocher
Y. et al. Nucl. Acids. Res., 2002, 30(2) in HEK293 EBNA or HEK293 cells.
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Fl uor ophore Assi sted Carbohydrate El ectrophoresis,
MALDI TOF or El ectrospray 15 Mass Spectronetry,

speci fic nmonocl onal antibody analysis for disulfide
bri dges and/or conformation characterization. The
identification of nolecular variants and
product-related inpurities is preferably perfornmed by
usi ng one or several methods selected from

bi - di nensi onal el ectrophoresjgs, isoelectric focusing
and i on- exchange chromat ography for deam dated forns,
si ze excl usi on chromat ography 20 and SDS- PAGE anal ysi s

In ar pmf&rtednmnbudlfmnmhe prodiucibrC nie®yRIsSe tﬁB%@eﬁNoh rboﬂ“fprlse an
ﬁBR t o nch Ertedl estion for truncat etd fo |
a‘ﬁ'ﬁ ! s#efu P f’ﬁ'i‘ t 3?’?‘89 SN Bpapiing, grIgquey 'fbflﬁﬁtthgl paiticular
hybénglycasylated nhar palgmaptide als d|§§|6§é2:15 bbd)\ié”éo é}ﬂ@? e?IIWhé’ '?é%‘lltmg

an about 9

re t
ERIBE” nJEr qryaBal1 3 balogionlo hsspripteatianc. afe thenedseired

hppagwcakylatedo Ie7t bkﬂ?pe’ﬁi@é‘t n%@"/obe9§%’t)amed9 gS?@as@I 'spectrometry
IL-7 peptid
@@@ﬁia@ %Pé&‘t hﬁ gﬁfe%éP%WO@C@y. Ahdearemagbqatexznesohance

i ey ———.

0%)8 gd"\/\ﬁﬁpeﬁﬁ'ﬁ bipaseaks by raeasieng rth@@‘ﬂflrﬁty toahu!sea specific
p It
ATOkI S Bt RS R R,
Em&ﬂ&v%“%l&y Ongayrahagasterizeq, the quanitﬁeahnrpob:salfdgemfonner
t 0 |
T oncP ool B TN/, bRBssay? A of SHio hulileqsliaib 17
pplypeptide fog ﬂ}gﬁggcepgomaﬁdjmmmethﬂdj ofqirotein quremtificationtif applied to

thetisalatsd donidiieruse of a hyperglycosylated IL-7
pol ypeptide as a tool for experinental and

phar macol ogi cal use in mammal i ans fggvax?terinary

A Lo R e
meashis dbe ananrthy sofoliypergycoegateded -as pblb/bétﬁtdeatdnhllbra?élated
i nt'e'smgt | 89sdhfe, Spca?b?&laqr ey P ﬁasr%%tceﬁpd% I grgt)lar%gon Such
characterization methods can be used to initially characterize and qualify the
protein for filing a therapeutic use, in quality control of pharmaceutical batches. The
invention proposes, for the first time, a method qf characterizing and controlling IL-
7-containing preparations, to determine the presence and/or relative quantity of
hyperglycosylated IL-7 polypeptide of this invention. Preferred methods use
Bicinchoninic Acid (BCA) protein Assay, SDS-PAGE, western blot, size-exclusion
HPLC, reverse phase HPLC, ion exchange HPLC, hydrophobic interaction HPLC,
Amino Acid Assay (AAA), Isoelectrofocalisation (IEF), ELISA, UV absorption and/or
a Bioassay. These methods may be carried out alone or in various combinations.

The invention also provides a method of producing an IL-7 drug substance or
pharmaceutical composition, said method comprising (i) culturing a recombinant
host cell encoding an IL-7 polypeptide, (ii) isolating said recombinant polypeptide to
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Exanpl e A Construction and Expression of optim zed
human (h) and simian (s) IL- 7-coding nucleotide
sequences in mammalian cells 20 Al. Construction of an
optim zed human |L-7-coding nucl eotide sequence: 1.1.
Peptide signal optimzation: As the expression of IL-7
cDNA fragnents linked at the 5 end to the natura

IL-7 peptide signal was very low, we tested severa
signal peptide sequences. 253The new human IL-7
encodi ng cDNA sequences were chem cally obtained from
assenbl ed synthetic oligonucl eotides. Several signha

m@@;qeoan Heqdewy substence e (icconditioRig m‘iL-ﬁledi&gSEbbﬁénce to

ibdite)a i EhieP b Sation StReBR ot inerasisivin oF sacdinmuse, said
method 3ml&tmam[3‘&md_a7st&5’ &%e%’zﬁﬂr&t%&t gt\@%%unng, in
| D NO 1 EPO SP
{&fg@@ E%?QF‘F 8 Rba aneutiegt comppsitory thel quantly RidrSp@lity of
hyBerQlyictsyied 115)7 pdl)@ﬁpﬂwas Brinddl Bde-NMa L dpav @éﬁ?&)ly, a step
ct ot ransf erin/vitronéctin
ﬁ%ﬁﬁg E@Lﬁpﬁ 3RCE G phapnaggutical) COT&IQDSII}m whllch dom‘prlses

d SP I\/GVHECPAV\L WLLLSLL
9%95)01 dJI’*‘P@eBQ!Y%ﬂ mmﬁudﬁces wer e |nserted i nto

the pTT5 vector (Durocher et

The characterizing step may be carried out by a variety of techniques, more
preferably by mass spectrometry-related methods, with or without trypsic digest,
Lectine Affinity Chromatography, Amini Acid Assay (AAA), Endo- and Exo- N- and
O-glycanase digestions (PNGase AF,  O-glycosidase, neuraminidase),
Fluorophore Assisted Carbohydrate Electrophoresis, MALDI TOF or Electrospray
Mass Spectrometry, specific monoclonal antibody analysis for disulfide bridges
and/or conformation characterization. The identification of ‘molecular variants and
product-related impurities is preferably performed by using one or several methods
selected from bi-dimensional electrophoresis, isoelectric focusing and ion-

- exchange chromatography for deamidated forms, size exciusion chromatography

and SDS-PAGE analysis for multimeric forms, and HPLC reverse phase with or
without enzymatic predigestion for truncated forms.

The step is particularly suited for quality control of clinical or pharmaceutical
compositions, whereby only compositions comprising more than about 95% of the
above hyperglycosylated IL-7 polypeptide are retained, preferably more than about
96%, 98% or 99,5%. All these hyperglycosylated 1L-7 polypeptide showmg an
average isoelectric point below 6,5.

Another object of the present invention relates to the use of a recombinant
hyperglycosylated IL-7 polypeptide obtained with the processes as described



10

15

20

25

30

al .; 2002; Nucl. Ac.Res.; 30) for transient expression
in mammal i an cells such as HEK293 cells, CHO cells.
To check for the good cl eavage of the signal peptide,
the Ntermnal amno acid was determ ned for each
obtai ned protein; hlL-7 integrity was mnai ntained. 20
Cystatin, 1gG EPO and the hybrid EP/ 7 appeared as the
best signal peptide sequences. |Indeed, hlL-7
expression is enhanced by, g least, a factor 10. 1.2.
Human | L-7-codi ng nucl eoti de sequence optim zation:

Mai ntai ning the EP/ 7hl L-7 am no aci d sequence, the
ahons, é@rcthadnwléwumnm‘ea wharmaeuticali conzedition to prevent or treat a

SBahh B A RS0, TIPS rtonec

lmpibpbnew lsymataham,cnug calss' amibre rdmplfiy t e ﬁrﬁﬁuwcﬁasponse
tide seguence (Kimet al.

f h
piélgf}l%@ﬁrgn gfg@‘isde g'ﬁdm%erﬁa?ﬁ"?ﬂ i ng succession of

"CA" dinucleotides. 53 The sequence 'S depi cted in

A TR bR, B i SediesnBethe GXenef acBrgumshisied L7

pbllyﬁe;hidm d fool'fot @b SIREILAHLF Sharfiach Eaﬁuée lﬁlénargwahans for

uence was synthesized (

| vg?%rm%%ﬁgpﬁ?ﬁ?ﬁ%n of canine IL-7-coding nucI eoti de

sequence: 10 Canine IL-7 cDNA was anplified by PCR
froma dog kjdney cDNA |ibrary (Biochain cl oned and
Qg RSPeEd 20 PRENATRSIOTBvRTeFRt inventionnuH be desarbertriy the

fcmewu@ne)emméb Ivlm?HSBh@uld%%/ @%rd‘éd—as? nﬁﬁﬁéﬁ%CSnd\@ét limiting the

cge3| zed Q1D NO 6)

%‘31’& 489 prese Fﬁ?p&ﬁth”Expres& on or CHO Cel | Expressi on
or HEK-293 Cell Expression): The IL-7 encoding cDNA
sequences were anplificated by pol ynerase chain

EXAMPLES

Example A. Construction and Expression of optimized human (h) and simian (s) IL-

7-coding nucleotide sequences in mammalian cells

Al. _ Construction of an optimized human IL-7-coding nucleotide sequence:

1.1. Peptide signal optimization:

- As the expression of IL-7 cDNA fragments linked at the 5’ end to the natural IL-7

peptide signal was very low, we tested several signal peptide sequences.

The new human IL-7 encoding cDNA sequences were chemically obtained from
assembied synthetic oligonucleotides.

Several signal peptide sequences were tested: signal peptide (SP) of highly
secreted proteins (Barash ef al.; 2002; Biochemical and Biophysical Research
Communications 294:835-842):

IL-7 SP
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reaction (PCR) (Mullis et al.; 1987; Methods in
Enzynol ogy; 155:335-350) to 20 create the restriction
sites (Notl/Swat) for cloning into the expression
vector. The expression system ph-pgk. EP7-hlL-7 (Fig.
1) or pBh-pgk. EP7-hlL-7 (Fig. 2) was designed to
express an | L-7 protein predicted fromthe translation
of the natural human IL-7 gene sequence. Sel ection
for reconbi nant vector-conta,ning 25 cells was doned
on the basis of the antibiotic (Amicilin for cloning
in E. coli and hygronycin for expression in manmalian
MV SHRYIESBIsPRIHLELINBVASS ¢8E@IDAMOT{®d on  the vector.
hi s expressi on vector has been entirely
constructed at CYTHERI'S, beginning from pl C20H
MGWSIECBAWUVXQ)LLSQDSBP LOLP\VUEDISEQ I NO:93) st ance to the
Sg%@;g contains 2 manmmal I an production units: 1/
or the expression of the IL-7 encodi ng sequences,
Muwnter! tdleRconBLE! (seth IDRO: §5pgk pronoter, and a
| nthe ponA sequence avol di ng transcrlptlon
9 the pgk pronoter. 2/ one for the expression
MHTDMQLVWLQ[’MNPGS@(%@WBENOU@” the control of the
"sv40 enhgncer - tk promoter”. 10 Follow ng sequences
L?\‘/‘é?féa HYYIHANSHPSR hi s preliminary vector: - "hph-efl
WMLVLLHILGALGVAQD(SKEC& IBeEeni7)from pVitro2. nts
Invﬂg tk pronoter : "EcoRI/Hi ndl Il PCR
ron1pNEP4 (InV|trogen) - sv40 enhancer
MCHLE@_%A‘HQR/AL@ (%”1 Vitro2. ncs
InV|trogen - ra b|t bin : a putative
E ﬁ%ﬂTlﬁ“ﬂWﬂH@ﬂ@éﬁ% Reglon" for a better 15 :
MAfL 7 n of the
0k Lo BRSTSERECR Bl Fon2 por
fragnment from pSGb (Stratagene) - SpA : Stul/BspE

Thé %9 BssdH{;DﬂgE%gﬁ] W&érg néor[e%réﬁ bg RT%%E %{ﬁ(n@mrocher et

a!5 Z@ﬂ% A, A0|rl1‘i<¢a;|| $0) fomitrapsient expressiod iraamnialibh @@lis such as

HE%§§ cgﬂgngj ‘omega); 20 - Notl/Swal or Notl/Pnil
-/ encoding c and nut ants;

To check for the good cleavage of the signal peptlde the N terminal amino acid
was determined for each obtained protein; hiL-7 integrity was maintained.
Cystatin, 19G, EPO and the hybrid EP/7 appeared as the best signal peptide
sequences. indeed, hIL-7 expression is enhanced by, at least, a factor 10.

1.2. Human IL-7-coding nucleotide sequence optimization:

Maintaining the EP/7hlIL-7 amino acid sequence, the nucleic acid sequence was
optimized by
- elimination of human rare codons (using Graphical Codon Usage Analyser
software)
- enhancing mRNA stability by enhancing “GC” content of the sequence,
except for the signal peptide sequence (Kim et al.: 1997; Gene; 199), and
minimizing succession of “CA” dinucleotides.



10

15

20

25

- hghpA : Nrull Swal synthetic synthesis from human
grow h hornone cDNA sequence described by M Goodman
(DeNoto et al.; 1981; Nucl. Acid. Res.; 9
(51):3719-3730). 25 Some variants of the vector were
prepared with other IL-7 pronoter than the pgk
pronoter: Eflal pha, snRNA Ul, actin, Ubiquitin, CW
pronoters, etc, or other selection marker: neonycine,
etc. The mammalian ( HEK- 293,53CHO or BHK) expression
vector conprising SEQ ID 30 NO' 2, is called

ph- pgk. EP7-hl L-7 or pBh-pgk. EP7- hIL 7. Stable
Expression of 55 human 1L-7 in HEK-293 or CHO

I . eved using the expression
vect gf’%qu 3."ﬁ'§§.€$"f>2$5p§h- pgk. EP7-hl L-7. After
linearization by Ndel, expression vector,

-7, was transfected

t hose ski I I ed in the art. The 5 seI ect abl e rrarker used

t t tapl e t f t h
A4S G RBcRY . BacRuan. L hpatinanteiPase, Expr BEF o7 optimized

sequérivelvaishiyaitesized (SEQUBNOM)L” ) 10 In the same

expression vector, pgk pronoter has al so been repl aced
by a chemcally synt heti zed BspEl |l BssH | "Mus

ABJS CabhstrUidn oM €7-cafin ﬁﬁé]é&ﬂje' dbquBH
X53530) (Carter et al.; FocC.
USA; 81:7392- 7396) MI1 is a met al -dependent

CenfeS SLTPEDRA aS! ApRTRAITBY CPCRENBRPSS I Rluns) XA tiorary

ones. i s then zinc depen ent
@t?cggam &loned andrsaquenceshas described ahovfoy mdmmnam IL-7-coding

SE4REREDLON.79P oL LI E.bi EXDLRRARS Wagrsgﬁﬁﬁ%&f?%ﬁ@t@ N 6).

ExpreSS|on) .20 I n order to enhance
manmal i an host cell culture and therefore to optimze

Adre prERiRdIEn YxplessionPEHK Sl My prds & BLEEShsion or
asm epar e
ﬂ@ﬂl@ﬂﬁlﬂ!@%ﬂ@h{)ter and hph cDNA so that anti

apoptotic action of Bcl2 could be tested in bioreactor
_rpr oducti on (Zhong
he IL-7 encoding cDNA sequences were amplificated by polymerase chain

reaction (PCR) (Mullis et al.; 1987; Methods in Enzymology; 155:335-350) to
create the restriction sites (Notl/Swal) for cloning into the expression vector.

The expression system ph-pgk.EP7-hIL-7 (Fig. 1) or pBh-pgk.EP7-hIL-7 (Fig. 2)
was designed to express an IL-7 protein predicted from the translation of the
natural human IL-7 gene sequence. Selection for recombinant vector-containing
cells was doned on the basis of the antibiotic (Ampicilin for cloning in E. coli and

hygromyein for expression in mammailian cells) resistance marker genes carried on
the vector.
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et al.; 1993; Proc. Natl. Acad. Sci. USA; 90:4533-4537
- Lee et alL; 2000; Journal of 25 cell Science;
114(4):677-684). (See Fig 2). Exanple B. Construction
and expression of hypergl ycosvl ated anal ogs of |L-7-
codi ng nucl eoti de sequences in mammalian cells: 30 56
Bl1. Construction of cDNA sequences of
hyper gl ycosyl ated IL -7 anal ogs The hypergl ycosyl at ed
I L- 7 anal ogs were obtai ned gging several techniques

i ncl udi ng nmut agenesi s net hods. Hypergl ycosylated IL-7
anal ogs (alternatively: 5 HG7 -40 -104 -126 and

Thisd gxpressien chetor deis| hearobatinelyc tarbtriciza a5 SYTHIERIS, beginning

i ' tides.. Sever.al. anal ogs were

TRAT DREdF pfs 8 NATEES | cofstiing arnialin aisiaren g systam. It
cootatriset mgmwiatign pktedictioalgigss havi ng one or nore

i tiqpal | vcosyl atj sites. Thus the resultin
175 KrIfS xRN 2L i el ehueiag spatene® Loror fhel cngpkor the
pdk siroracter dalidt & ayathedt YoRAYicjueAte Sivbigm bR
akt er é{i Igesti o(r?yvvi t6h fogi‘ylotﬁlgnd Pm II Péﬁr}%ﬁg@ﬁnﬁmh the
e ?{fﬁ% ®in between the Not!/Pm| restriction sites

2f ohe foit theCéxpré<udmef tH RydrbRySX RESRENEE. Yifddr e control of the
ar to Qr 2 but contal ning ' appropriate

VA0 PNBARGRE ndE PrOmdter Ex or essi on of cDNA sequences of .
hyper gl ycosylated IL -7 anal ogs 15 The expression of

erglycosylated | L-7 anal ogs was conducted as
)
&@&'P& Bé%“e BRWere insereq inghthisrpreliminas) ventorexanpl e C.

Pr-oduphich A 1RRENPSARRbobhorh BYHoB!RACHRirdni | ©

condj tions est stabl'e positive clone,

exanys REOTRGteha Scaldiiiingll ReRJaomeant frem pMEBE A énvitrogen);
cul t §\49 dihaReare BYsHITRLY %.;yrﬁ LS il :
order to pr oduce_sa cl gﬁé?g%tfl;%ﬂzqgﬂ or pgﬁ@?ﬁ@#ﬁf%en)’
ard YARMabbitBalpin ¢ & putatives ‘MatrixuAttashmere Regidndrfer a better
seedinfgratien ik Higr ibk tigY Gbbi
por mearafeh h Hth nERCLaiog sb6ibf BF Y ondBfrif hitpaApEf Robi
per f Bglakia intron2 ACR fragneodfiomipSe 5 (Stiatagemej;or with a

erf gsho fed- syst during 10 to 15
ga_ys.ga%é ?{@B\}é?ﬁr&émgm f?oq'n Béﬁbﬁ'g co}(nfcfoﬁglromega)g

- Pgk promoter : Kpnl/BssHIl PCR fragment from pQBI.pgk (Q-biogeny;

- S'UTRint1 : Hindlll chimeric intron fragment from pCAT3-control (Prorhega);

- Notl/Swal or Nofl/Pmil IL-7 encoding cDNA and mutants;

- hghpA: Nrul/Swal synthetic synthesis from human growth hormone cDNA

sequence described by M. Goodman (DeNoto et al.; 1981: Nucl. Acid. Res.;
9 (51):3719-3730).

Some variants of the vector were prepared with other IL-7 promoter than the pgk
promoter: Eftalpha, snRNA U1, actin, Ubiquitin, CMV promoters, etc, or other
selection marker: neomycine, etc.

The mammalian (HEK-293, CHO or BHK) expression vector comprising SEQ ID
NO: 2, is called ph-pgk.EP7-hIL-7 or pBh-pgk.EP7-hIL-7. Stable Expression of
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anplified to a concentration of 10 mllions cells/m
in a lowglutam ne content nedium supplenmented with
pl ant peptones. 57 1In a first expansion step the
culture tenperature is regulated at 37C to increase
cell density. After a few days, the tenperature was

| onered at. around 28/ 32C to inhibit cell growh and
all ow a better expression |level. Mreover, decreasing
tenperature decreases the sgged of the secretion

pat hway, favoring better 5 glycosylation of the
expressed IL-7 wth increased site occupancy. A few
hyeps Bef oire HEH&28% coro CHOWdransfdated, cells - iae gohik®8H Olsing the

LT TR T T

Nelep rexpressionaeactoropi-pgk.EB 7447 ormsBrepgk.BR7-hilel | wad fdnsfected

; [ EO. 3).. To produce high MVI L7
5 S T B Dt s he
spiectable medrken udee rtedestablibhy i stgblé heasefbimkngs aﬁag\’ehi/grglilycin

oxygenation. One also nonitors the am no aci
U@‘éﬁ?@%ﬁr}ti on and feeds the culture with 'depleted

Pt At TOH© ECHH 3 g HPIOMOEE
Expressed in HEK-293 and CHO cells 20 Crude cell
|%h‘%ure medi um was c?I | ected and centrifuged to pell et

SR | CPLFRFONXPHQ gy promoler diasaalsg cbeen meplacech by a
chemially eyrettetiaediByoeRRESHIf TGS AuseNu® MTa @ég@rﬁ:@t 28 Pefered in
B I £ g%:e such as Miustang XT capsul e {Pa ?

5&&%&@52 %‘{%% Z ?é?fi &s§l 1944 |Rree-Dial. Agad.cS@. USA; 81:7302-
7898)l | i pore) or hollow fiber cartridges (AXH cross flow
N{}\ﬁ g%i’]ﬁ?r equi val ent. Centrifuged cul ture nedi um

s't ?'f%pgﬂd%{}ﬁﬁf%ﬁpﬁﬂm fecia- prombtars Eypréssion of stable
clones rﬁgﬁmc%gmén@_ appar atus, nenbrane cut off 10kDa

(Pall Life Sciences) to reduce the volune of

supernatant. Any other filtration / concentration
ABY St RBmYIfaR cdldfpekioRVr Mol andCBMb b B R TE] "Expression,
or CHO Cell Expression or HEK-293 Cell Expression):

In order to enhance cell viability in mammalian host cell culture and therefore to
optimize the amounts of IL-7 production, a variant expression plasmid was
prepared by inserting Bcl2 cDNA sequence in between tk promoter and hph cDNA
so that anti apoptotic action of Bcl2 could be tested in bioreactor production (Zhong

et al.; 1993; Proc. Natl. Acad. Sci. USA; 90:4533-4537 - Lee et al.; 2000; Journal of
cell Science; 114(4):677-684). (See Fig 2).

Example B. Construction and expression of hyperglycosylated analogs of IL-7-

coding nucleotide sequences in mammalian cells:
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The concentrated supernatant was centrifuged, adjusted
to pH 7.5 and applied to a 30 0O Sepharose Fast Fl ow
(CGeneral Electric Healthcare) colum equilibrated with
50 58 nM sodi um phosphate pH 7.5. The protein was
then recovered in the flow through. During this
negati ve chromat ographi c step, various contam nants
anong which DNA were elimnated. An alternative to
this step was to use validatsgd Mustang Q nenbrane
cassettes (Pall) in simlar conditions, for better

|eI d and/or sli ghtly 5 faster process Anot her
. Seue of bype S14t6@ 1LPY @h&lofs ON

a strong An| on exchanger resin (Q Ceram c Hyper

B| osepra), Capto Q (GE)) or nenbrane (Sartobind Q

r hmergiygtosymtece riL<7h |asra|oge pwerd iobbdihe (&l 1se§er‘éﬁﬁééﬂrﬁques

"?%@W%Séﬁe%is”eﬁﬁi@ " TaeEIae ke analoge (altematively:
HB3R i-00s-198ep1 26aand eaereplweté) ohBirfically onshGael v aégmared
%gﬁ:&(l_) cool uEn (?%wé_? ted, with | oadl ng buffer
Fum Pﬁw&é’ﬁ Pl veral analogs yerehekiaifee rbystmtrﬁﬂmcmg one or
g | i el oy and 17 ARIeEaVR B Er Moo adgifona
ing..a line umm vol u
gﬁ%f’?g%‘l%‘nﬁ SR, at’&ﬁl\ggs f%ﬁir'?‘*ﬂgéﬂhi gt ePNA gaquenee eentaining one or
npuliiple dieainel iadaitiohal agiRsbsoletiomn Gitd8 werg e aﬂbt %lg%st?én with
eratyre to elininate virus. terna
'{02/0‘?’?9 ?6"8? lop enZymeg pinabeiwern stthcaA/Pmﬂrrastncm sites for
d&éetpclbbﬂng ime tHel aﬂrﬁ‘éséié‘rﬂ%btoﬁ' r(@inhil2P t@tFlgthr o? ISUt &n@ammg

35 éter viral inactivation, pool

PIRBFiaE I 7\ R80HeRG )t ed 2-fol d in buf fer (200 n1\/|

sodi um phosphate pH 7, 3M ammoni um sul phate) and pH
1dj usted to 7. 20 Then the protel n sol utlon was

(HI ) Butyl Toyopearl 650M (Tosoh) coI unn
%w librated wwth the |oading buffer (50 nmM sodi um
B opressionopf hyperalyenayiaterb Hi-dnanaldgshwae )conddétedras described

apevdin@cidridnd ead. oadi ng buffer, IL-7 was eluted with
25 colum volunmes of a salt gr adi ent ranging from1.5

Mto O M amoni um sul phate in 50 nM sodi um 25
phosphate pH 7. Alternative H C resin such as hexyl
Toyopear| 650-M gTosoh), But yl / Cct yl

0

Exampie C. Production of recombinant hil’-7 in bioreactor culture conditions

The best stable positive clone, as in example A4 was adapted to serum-free
suspension culture by several media and components screenings in order to
produce a clone optimized for productivity and growth in high cell density culture.
Before seeding the 100 to 2000 L bioreactor, pre-cultures are performed in the
‘wave bag” system. Cell culture is performed in a 100 to 2000 liters bioreactor with
a perfusion system or a fed-batch system during 10 to 15 days. Cells were
amplified to a concentration of 10 millions cells/ml in a low-glutamine content
medium supplemented with plant peptones.
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SepharoseTM 4 Fast Flow (General Electric Heal thcare),
can be utilized for this step, Another alternative to
HI C for scaling up purposes was to use another matrix
30 such as MEP HyperCel (Pall Biosepra) for simlar
results. 59 The conbination of the above-nentioned
capture step and Hydrophobic Interaction

Chr omat ogr aphy al | owed opti nal separation of the
different glycosylated |IL-7s5isoforms (fromBl to B10
as indicated on Fig. 4), according to their intrinsic
physi co-chem cal properties. Adequate sel ection of

Ire dfirstoexpansion isbeys thef cudizre tnm;&eraﬂmrélsalegumt@ﬂht Brerltd Micrease

1 08 0B 3 OB Pl o i 2802 o
lmkyt @kl rgmwﬁwp la\Eat7 ""?’“’ ias bsit@wexpresd?mrg Uéﬁal 4, MoTB?vé?'dglEbl’éasmg
e racti oql ed oaded
RS SER HeeFagsnn e, Spesh it Ihaceebiaos RatBNAYC Aeying betier
gtyobsymmaqxﬂtﬁe é)(rﬁéﬁéd\:ﬂ_ﬂhlvltm%t‘éa‘séd $itd d@upafdy. (20 mv
I(# aqe?tattlgp %%]’t @'Fﬁ atlvetothls step is
Sy iteors e BRE of thshowlire. Thrl Axpressipfonas Bpaged bieddition
oiOSK‘ImnM@onM Bntwﬁemhihewédueﬁf TFF nenbranes  (Qui ck
%, Centramate TFF (Pall)). The
LfS\"SE 8?'533 &F%Ss'ﬂeedoﬁ %enwquefﬂse;ga v@asemoniiered bettyingide the
celg ahcamfﬂfw&tﬂﬁjrdﬁﬁdl gr El ectric Heal t hcare)
the | oadjng buffer (20 mM 15

col u ui |'ibrated wt
T8¢ gn geg pH' 6)glvepfarmsp Sofls plusgses t épdrithll glataniine are
nidistaRied lﬁﬂ@ﬁi@zﬁﬁﬂ BN e cnﬂidré’”aﬁw(flloé’s ﬁ obgeowéda%ﬁl One

gsent anmi nants. The col um was was
eMQBkors 4RI BAYNG @eidsrconsumptien ppd Fegdsothsi pultune avith depleted

afling Qéld’é\" téi éﬁlttﬁ@'ué‘ ”ﬁar‘é@étégea% ﬁfgaaﬁél viabitd) & gases lﬁlow

ranglng fromO to dirum-ace

98%.El uted fracti ons vvere separ ated by SDS- PAGE and 20
stained with either Coonassie blue or silver Nitrate.
Only the fractions containing |1L-7 were pooled to
release the final purified IL-7 protein batch. If

E‘é(hr Ble 182 i c‘éﬁ&‘u 8f‘re'&6§1bﬂ%‘n¥ R&H5n &S—?!ggﬁ%&;ﬁkgﬁ% '§o§r_er%’ ip HEK-203
apg giQ sellso

lison of two filtrations to guaranty opti nal
viral clearance. Viral renoval can be achi eved by

drb{jé Eal lﬂ{l]l%]as é&g.wi gﬁ:: ac}c%llle t[aﬁltalg\ge gﬁﬁﬁ"dg%% téfp 8{ gﬁ@e cells and
cells dgtpr@s Altematively 8ys can be achieved by in depth filtration on clarification
capsules or modules such as Mustang XT capsule (Pall), Sartoclear P (Sartorius),
Millistak+ Opticap (Millipore) or hollow fiber cartridges (AXH cross flow 10 (GE)) or
equivalent. Centrifuged culture medium was concentrated approximately 10-foid
with Centrasette Cassette apparatus, membrane cut off 10kDa (Pall Life Sciences)

to reduce the volume of supernatant. Any other filtration / concentration system
with similar porosity could also be used.

The concentrated supernatant was centrifuged, adjusted to pH 7.5 and applied to a

Q Sepharose Fast Flow (General Electric Healthcare) column equilibrated with 50
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(Planova 20N, Asahi Kasei Medical) or by other viral
renoval nmenbranes (Virosart, Sartorius ; DV20,

M1 1lipore). SDS PAGE of the purified E. coli,

gl ycosyl ated and hypergl osylated hlL-7 are 30 shown
on Figure 5. 60 Shifts in the gel illustrate the

| evel of glycosylation of the protein. Indeed, the
hyper gl ycosyl ated fornms tested here (HG 37-147 and
HG 40- 104) have a hi gher nwgecul ar wei ght than the
full glycosylated hlL-7. 5 Exanple E. Anal ysis of

ycoprotei n, carhohydrates Production of reconbi nant
’ﬁMn%?HPHmLPEO%HQét%@% diret8g proten @amthesl receymeseiin the fiow through.

. ' | i . .
[rMesR ABgRANG Gifoiat r%tgh 3p, eddtﬁ*ﬁtés%fg&wbg@ﬁ [among which

@\%I oW NQg reasons. C é
WELe elmiTedddY alisshatye tadbis stepavasdo ushevatidatdd dlistang Q

' t ks I t ei .
e ractes (14 In S Sihdiiott, 6P Refer Vel anatar siohty
festar Propryse Anpther pltrmaliieriy thisrsiep ool captmdittid prdtéiirioh a strong

- i ial il -a- 1 6ot ,

Al pORor TSRS e, HRE b JBlsRRR i) or
'ﬁ%bﬁaﬂaﬁgwi}m%@@amrim that observed in hunman cells.
Ao I Sfcon! Seb™3 eyt TSieg w4 hfarig on 3 Strong aton
xelangsr resin. Theylowhuugh olimed anhfhecdnehf topeVioliPélep was loaded

i U A [ { nant humap | L-7 product or
opﬁa?ﬁ%ﬁtgggnlrévphg 3 @?8%21 FS‘&’U}’%\PQU'@Pf?{?Hf‘Bﬁ'?r&%dm buffer (50
M@Nt _ !U"aﬁbosﬂfMted*:ﬂ-ﬁ)p?nd :Na%héd Wimclﬁln mikPisBkiXin phosphate pH

| , ransfecte cell s were anal yse
7oy ulfidvad Gifiod B (o s Rty apcientad colimniiimes) in 50
nfd ispditimsphospbate.pH Bl - deri ved reconbi nant human | L-7.

The different glycoforns of the CHO produced and
purified IL-7 were differentially characterized using

Aetivy Fractidnsniete poeledEmCinaGtiVaesE8IMng 80 RAHGAL a&EHe&g%"ﬁ‘rroom
t@&%ﬁa@%&&%ofﬁel'n eRt [ 1]'I es were rangi ng between
. an SRER YTSa D Sl RejabYe fathis Biocessoigrig remagetthis viral
ifastisationestep by SBHIPARE naf6RirSich 4 (A GnEbﬂthé)proégég.t
AWePK’,ﬁ%' % cor F.espongédgg tQ a% three N-glycosylated form
USh Pl ﬁ(énvg iory, Roo gptein fractions were diluted "2-fold in buffer (200
mM sodium phosphate pH 7, 3M ammonium sulphate) and pH was adjusted to 7.
Then, the protein solution was loaded onto a Hydrophobic Interaction
Chromatography (HIC) Butyl Toyopearl- 650-M (Tosoh) column equilibrated with
the loading buffer (50 mM sodium phosphate pH 7 + 1.5M ammonium sulphate).
After washing with the loading buffer, IL-7 was eluted with 25 column volumes of a
salt gradient ranging from 1.5 M to 0 M ammonium sulphate in 50 mM sodium
phosphate pH 7.

Alternative HIC resin such as hexyl Toyopearl 650-M (T osoh), Butyl/Octyi
Sepharose™ 4 Fast Fiow (General Electric Healthcare), can be utilized for this
step, Another alternative to HIC for scaling up purposes was to use another matrix
such as MEP HyperCel (Pall Biosepra) for similar results.
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gl ycan noiety. This aspect was specifically addressed
by enzymatic deglycosylation of the purified product
(Fig 7). 61 These glycoforns (3N or 3N+2N, associ ated
or not to 1 0O-glycan noiety) of the CHO produced and
purified IL-7 were differentially characterized using
mass spectronetry, giving nol ecul ar mass superior to
25 KDa for the 3N-glycoform associated or not to 1
0-gl ycan noi ety and superiorsgto 23 KDa for the 2N 5
glycoforn1associated or not to 1 Oglycan noiety (see

i g E the ab | lated f
TE% %Q gﬁ%nagﬂgr %?PVPEYB%’T@B% %Sﬁb‘gﬁ ét%g;}l/’ld aH)j%BOph%LE:B Interaction
Ohedrhatebiaptly Galtvid Bpthull 6588068 A e GFER ygﬁ%%ogglagﬁs IL-7

rison, simlar ana th ung cos

i gqr[nsda‘pqme%‘l He | B10 gavledlga%/eﬂoomlﬁgeﬂh amorduam tagheir éntrinsic

pﬁ&%%ﬁlcﬁbﬁgé@e“ ve @pg?%%cosy?'%ﬁﬂa\E’@ ({ragtion from
Bd {Ri Bt Ipag te pp andishmenioin dbe 13hF- aseogmedamrrm itsa0- glycosylated
It
P R Ao ot Sk im0 stuat 600 bt if Pilire ds ¥
CHO derived hlL-7 vvas assessed by tot aI enzymati c
fiol
ngpgég? O%‘?’({E@grydéi er%slg 7Isrq;ec@j? one‘“feﬁ-grgﬁ?‘i%@p%df’ﬂeomo a G25
Sgphrdext (zenepali @Iestﬂcdmalmdm) cBlumrf leqdmwawdowuh aé\ﬁdsalt buffer
(i&r bt Zo&i@ﬂp t ' C h@y%%t%tg ﬁ% ;‘%g:aﬁltrate the high

endogl ycosi ase
sqlpm(gtg@lzpo@dmm 5 étened@@l mél@cwibd welgbdl cut off TFF membranes

t the peptid
(GhibeoaR HieifbizhEs, (B CERR e JrE Ry Car bogr aph
Ta@mr@mpfracnnnsnnbt(mwtfanh)eras5 CENTYY hbagugtcmto %ousce 158
r r Spec, ie i osyst ens
(R EREL B intarol B oot i ate0 i Fieslordiy tusfer (2o mi
acgigiet sadiural pié\@d Thidepdlishing aéte@meﬂflteﬂ he d}‘bteﬁ M&ﬂ:’éntratlon and
@g ?n fsthructa % of the vvhol e hlL-7 nol ecul e.

@ﬁ QI H8 Y I CORRMINANS | 41 i ¢ aci d cont ai ni ng
T yolunm was amsmedwmt imdmﬁ iRteté o B’Mfé?sa%d%eqw
Bl R i b SE0T i

SER 85 DTat BBl ol & S5t prasiant eansina fsweid tar WiNaGl in
20 mlWMnfm)ecét@prH rey E&E’tédi Yralcons were separated by SDS-PAGE and
stained with either Coomassie blue or silver Nitrate. Only the fractions containing
IL-7 were pooled to release the final purified IL-7 protein batch.
If viral inactivation has not been conducted before, purification process may also
include an additional combination of two filtrations to guaranty optimal viral
clearance. Viral removal can be achieved by filtration using a prefiltration device
(Planova 75, Asahi Kasei Medical) followed by a nanoporous cellulose membranes
(Planova 20N, Asahi Kasei Medical) or by other viral removal membranes
(Virosart, Sartorius ; DV20, Millipore).

SDS PAGE of the purified E.coli, glycosylated and ‘hyperglosylated hIL-7 are
shown on Figure 5.
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Anal ysis of the spectrum generated from purified

CHO derived hlL-7 revealed N 30 glycans masses

rangi ng from 1340 Da up to 3516 Da. (See Fig 10). 62
From the spectrum the follow ng glycan structure
could be determi ned (see Table 3): Table 3 nmz Signal
Assi gnnent of observed nol ecul d& ions 1338
Hex3HexNAc4 + Na* 1448 Hex4 dHex HexNAc4 + Na+ 1485
Hex3 dHex HexNAc4 + Na' 164§ Hex4 dHex HexNAc4 + Na'
1809 HexS dHex HexNAc4 + Na+ 1824 Hex3 dHex2 HexNAc5
+ Na+ 1970 HexS dHex HexNAc4 Sul h 2+2Na+ 2012 HexS
Shifts, inqthengelsillustrate the Savalicof rgigzasylativie xof themot@mNﬁdBéd the

A e S o A o0 64 b o

mrelsoularpveight thanithrdull gisedsyldtedNolCar. bo Hex6HexNAcs+ Na+
2624 NeuAc2Carbo HexS dHex HexNAc5 + Na' 2786
NeuAc2Car box Hexs dHex HexNAc5+ Na+ 2843

NeuAcZCar boxyHex6HexNA06 + Na+ 3092 NeuAc3Carbo Hexs
r box Hex6HexNAc6 +

' = Se~uf— vannose), HexNAc :
N-acetyl hexosam ne (N—acetyl A ucosanm ne or N-acetyl

F%&&?ER il e%%%bma#xhumgne%—%hgv)égsgon(dﬁlé’f:e?:ls ?n) a %ui-ll(g hce:-ll-based
expression system for, but not limited to, the following reasons. CHO cells are the
current most validated and most common host used for the production of
recombinant human therapeutic glycoprotein. Furthermore, a large set of detailed
work reported that CHO cells, including genetically modified CHO cell lines
expressing sialyl-o-1-6 transferase, were able to glycosylate recombinant proteins
in a manner qualitatively similar to that observed in human cells. This particular
feature was of major importance to reduce the potential immunogenicity of the
recombinant glycoprotein when injected to human patients.

Purified recombinant human IL-7 product or fractions enriched for particular
glycoforms (3N or 3N+2N, associated or not to 1 O-glycan moiety) obtained from
transfected CHO cells were analysed by western biot to confirm glycosylation
status in comparison to E. coli-derived recombinant human IL-7.

The different glycoforms of the CHO-produced and purified IL-7 were differentially

characterized using PolyAcrilamide Gel Electrophoresis. Apparent molecular

weight glycoprotein entities were ranging between 20 KDa and 35 KDa with a
major band at around 27 KDa (observed in SDS-PAGE, see Fig 5 and Fig 6), most
probably corresponding to a three N-glycosylated form comprising or not one O-
glycan moiety. This aspect was specifically addressed by enzymatic
deglycosylation of the purified product (Fig 7).
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Sul fate group, NeuAc : N-acetyl neuramnic acid 10
Taking into account i) the respective nasses of the
observed ol i gosaccharide noieties, ii) the mass of
each nonosaccharide and iii) laws of glycan

bi osynthesis pathways as they are known today, the
follow ng highly conplex N-glycan structures can be
assumed with good probability. 63 Table 4: Conplex bi
and triantennary mammalian Mgl ycans characterized on
CHO derived hlL-7(but not limted to): 5 2420 a 2785 a
2477 a 2843 a a 10 2536 3092 a a 15 2623 3149 a
These: glycsiormas (BN oo SINHINy asbydigiod ar st e OGNGARIASIEP & the

Aci d atj on conpl exity
GHOPIR3E Al ol AL Mot T RTINS ChigPaterivad susings mass
Sph@fomtfyf egivdng nnﬂa«nﬂacoimslfﬂmnlblowgzlml’(m' iffortthé 3N-glycoform
N- d can i i cabl e)

L‘?‘"ﬁ@e@o& a8 Hhert i Oegan, mplety ing PURATIOT Py @A tDaifor the 2N-

gp«:nforma}isqdngtedsyhaﬁted O-dijcan nsa8)|(Sse PRI §). cheni cal | y
mstha IS reactlon SO asto hydrol yze

FffiEicte b%?c?&’?"?jﬂ piiaee FRIRcRrRSeNl Y average:Iseglestiic point of
Siprefieetirghahigt emlyition prema(sdeatigfg)om t he pepti de
structure and sorted 64 _
As a comparison, similar analysis with unglycosylated E coli-derived hlL-7 gave a
protein with an apparent molecular weight at approximately 18 KDa, and

mammalian cells derived hyperglycosylated hIL-7 were exh|b|t|ng apparent
molecular weight comprised between 27 and 37 KDa

General glycosylation complexity and total N-glycan heterogeneity of the purified
CHO-derived hiL-7 was assessed by total enzymatic de-glycosylation followed by
chromatography separation and mass spectrometry analyses of the generated
oligosaccharides.

Purified glycosylated h-IL-7 samples were enzymatically digested with an
endoglycosidase such as peptide-N-glycosidase F (PNGaseF, Roche). Released
N-linked oligosaccharides were separated from the peptide structure and sorted
using a graphite Carbograph 200-300ul column (Alltech), foliowed by MALDI-TOF
Mass Spectrometry (Voyager Speé, Applied Biosystems). The m/z values
corresponding to each peack of the MS spectrum allowed identification of the N-
Glycan general structure of the whole hiL-7 molecule.

For specific detection of the sialic acid containing glycans, a carboxymethylation of
the PNGase-generated oligosaccharides (as reported in Powell AK & Harvey DJ,
Rap. Com. Mass Spec. 1996) was undertaken prior to Mass spectrometry analysis.

Analysis of the spectrum generated from purified CHO-derived hiL-7 revealed N-
glycans masses ranging from 1340 Da up to 3516 Da. (See Fig 10).
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usi ng a coupl ed Gas Chromat ogr aphy- Mass Spectronetry
Aut omass apparatus (Finnigan). Mlar ratio was
determned in reference to a known internal standard
and to a 3 Mannose content of a classical nmammal i an
N-d ycan. 5 Such an anal ysis gave the foll ow ng nol ar
ratio for CHO derived hlL-7 Table 5 Mnosacchari de
Fuc Gal Man Gal NAc GlcNAc NeuAc Mbl ecul ar Mass 164
180 180 221 221 309 Peack &urface 43382 179120 310124
33650 344476 423587 N of nanonoles 5.41 24.76 22.15
5.26 27.29 20.94 Mol ar ratio 0.73 3.35 3 0.71 3.69
2.83 Sites-specific N-glycan pattern heterogeneity of

FAHEOE Rty R O AR o v

3)Spectrometry anal yses of the generated peptides.
Purified sanples were digested with Tripsin or other
endo- proteases so as to yablerat e gl ycopept| des
cor[fesponding f[o each N gl ycosytatitom srteof—the
expl d8/gcdignal 7, @mmmaﬁmm Mmenél ed by

N-t grmi Lfgs it SRS c!-llu by—+ts—spee
r et m—qg—g—n—n? & F everse hhase—HRLC._
Each S lal ,Hégfé%%,l\\ o purifi

ot her—od228 rhd Hexl(dHs |
by the dp ziz‘gpegfh ué\a‘@}_’ AGsENayy \aLDf - TOE MBS (Q
St al- 9 od | mexadBpukexNAeE Na', val es

cor | Hexs(dRexalHexNAcshNals  spect rum al | owkd

i deptifi1848i on |diexs(HHex)HexNAsH Sulph)dPNait a desi gnat kd
site of 20h  h|lHexs(dbex)HeyNdept Nait i on was assayed vj a
t hel use28%7 0 gl M@Q@@ONH%(C&W)MSXNA@G’(N@ Bl ot

see| Fi g2182) . dNeuPaHeks(dHexGHEXNAC Suiph +hNkE 7 san‘pl es
wer g _segdidt ed |iNeuBESabacH e tdHex)idexditl; Hillgt ted to
PVDE_negdRanes.| Haxsdbek)HeeNARs(Suhis Nakr e probed w t

(but _noP536 NeuAcCarboxyHexsHexNAcs + Na*
2624 NeuAc2CarboxyHexs(dHex)HexNAcs + Na*
2786 NeuAc2CarboxyHexs(dHex)HexNAcs + Na*
2843 NeuAc2CarboxyHexsHexNAcs + Na*
3092 NeuAc3CarboxyHexs(dHex)HexNAcs + Na*
3153 NeuAc3CarboxyHexsHexNAcgs + Na*

Hex : hexose (Galactose or Mannose), HexNAc : N-acetylhexosamine (N-acetyl
Glucosamine or N-acetyl Galactosamine), dHex : deoxyhexose (Fucose), Sulph :
Sulfate group, NeuAc : N-acetyl neuraminic acid

Taking into account i) the respective masses of the observed oligosaccharide
moieties, ii) the mass of each monosaccharide and iii) laws of glycan biosynthesis
pathways as they are known today, the following highly complex N-glycan
structures can be assumed with good probability.
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limted to) peroxidase-I|abelled PNA (peanut
aggl utinin) and/or MAA (Maackia anurensis aggl utinin)
and stained for visualization. 5 A ycan heterogeneity
and conposition were also determned via the use of
Lectin affinity to the purified CHO derived hlL-7. An
array of lectins having affinity for NN and 0-gl ycan
structures was selected and used to coat 96 wel |
m croplates. ldentical anouggs of reconbinant purified
IL-7 10 preparations were incubated into lectin
coated mcroplate wells. During this step, according
to the affinity of a given lectin to the glycan
opation.of LL-7, different amunt of IL-7 were
TRBECHD GO, of bl b RSARC TR Dolvem eedenized on
QH2-dernedryL-aibut noflirietio):i ¢ anti body coupl ed to
Biotin. The Lectin - IL-7 - Ab sandw ch was reveal ed

with a streptavidin-peroxi dase conjugate. I5_Eight
di fferent |ectipgs re uged to characterize
puri fP4P@anp i lgctin sppd&hcal
sugar nol eti eg i fs and struct ug:l

specificity are presented in Table 6. 20 _agl
summary of the patiern of sugar novieties recognized by

| ecti d y of their glycan noti @
stru arﬁspe%r is the |ectin
Lycopersi con es

M  WGA frdB43iti
UEA. 1 from U ex europeus, 25 MAA from Maa
anmurensis, ACA from Amar ant hus caudatus, Al Alfrom

Artocarpus intergrifolia, ABA from Agaricus bisporus,

PHA.L fromP s vulgaris. 30 66 Ta<bll_g6: : '
2536 % 3002 4:%}&% |
<
Seeed o 3
262 3149
623 < <o

O Mannose D N-acetylglucosamine .Galactose <> o 1-3-Fucose
/\ sialic Acid

Glycosylation complexity was also assessed via determination of molar ratio of the
different monosaccharides found on all the glycans (N- and O-glycan if applicable)
of the purified CHO-derived hiL-7.

All the glycans of purified glycosylated h-IL-7 samples were chemically treated by
methanolysis reaction so as to hydrolyze all the glycosidic links between sugars.
Released monosaccharides were separated from the peptide structure and sorted
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Name G cN Neu Gal G c Ac Man Fuc Ac NAc Gal @ cans

structure specificity LEA AcNAc(34d cNAc and N +

acet |lactosam ne oligoners WGA G cNAc, core of N

| inked dycans, + Neubac UEA Fucose Mne' +

Neu5Aca- 3Gal b4d cNAc- ACA +.. ... @l b3Gal NAca-O- R

T-anti en AEA @l a6 or @Gl (33Gl NAc (T-antigen),

| actose ABA Gal-GlNAca-O- R, Olinked :-* | cans PHA

Gal b4d cNAc(36Man, branchedggL conplex N- | cans

Results are presented in Fi 912 Lectins clearly

denonstrate differential affinity, providing

uping o2 reatiplets Gas Ohm?jrga’tmgr&ﬂhy-l\&a?t Sﬂmtmn&at?'f Agm'\ass apparatus

[ ration of the purifie

(RSB, Mlfordale st 5E/bed MhoteroiEn ¥ deriahg iyl standard

aad td aiBtiarinose Ganteninaf Gelhédieal mrhmaliened-Glyedn, ns

respond. positively suggesting the presence of N and

O dycan structures bearing these nonosacchari des.

Stible an pealy$is gase theabliowihginieat radié for SBO-HeNRA] gILIe

presence of O glycans structures. ACA has a weak

signal conpared to Al A angdgpr 50 a | esser extent ABA.

Thi s Teveal s hat theg Oghygans—areextenged—wth
C term ARal nesisdue) a I i

MohdBcchitdeNAC o ! ! tﬁg of Sl (ﬁaﬁf{ug %l?ﬁg fuAc

for Gal NAc i ndi cati ng esence

5 AION the NAC-S Ci e(,lill tested

0 %B'lglr gSS 1gs"'r'ml \ QS \ & h ﬁf f% ity f 1 NH 309
Peack Surface 43382 179120 310124 33650 344476 | 423587
N° of nanomoles 5.41 24.76 22.15 5.26 27.29 20.94

Molar ratio 0.73 335 3 0.71 3.69 2.83

Sites-specific N-glycan pattern heterogeneity of the CHO-derived hiL-7 was
assayed by endoprotease digestion, followed by fractionation and Mass
Spectrometry analyses of the generated peptides.

Purified samples were digested with Tripsin or other endo-proteases so as to
generate glycopeptides corresponding to each N-glycosylation site of the
expressed IL-7. Each glycopeptide was identified by N-terminal microsequencing
and by its specific retention time when analyzed by reverse phase HPLC. Each
glycopeptide was therefore purified from the other ones. The heterogeneity of the
N-glycans born by the giycopeptide was analysed by MALDI-TOF MS (Q Star,
Applied Biosystems). The m/z values corresponding to each peak of the MS

spectrum allowed identification of the N-Glycan pattern at a designated site of the
hiL-7.

O-glycosylation was assayed via the use of O-glycan specific lectins (Lectin Blot,
see Fig. 11).
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acetyl | actosam ne reveal a positive signal. 15 WGA
presented a weak signal due to a |ow binding affinity
to core structures of N linked glycans. Highly
conpl ex N-d ycans nmask the core structure and render
lectin affinity difficult to operate. UEA | has
specific activity to the presence of branched fucose.
Binding is rather weak indicating an unconpl ete but
effective fucosylation of tégge NAdycans. 67 MAA has
affinity to termnal sialic acids. MAA signal is
strongglndlcatlng an effective sialylation on both N

PuifiedoCiOyderived HHE sampies wete aeparated bySPSRAGE amalysts and
ron
bipe 10 T RaehEhbe WntREbIRA B o, Herg e Wb (out no
lirsiteg) dex SDetdx@aseSatmﬂe@ d’i‘d& (®eahuetr ggglutumlnprand/orI MAA (Maackia
i an

i S TLRAAR) dnd SPNKE0 B Pued i Lo7 (when

G!ypplh |hetdnd>g!9ﬂelt)13nd5&bﬂlpbﬂﬂm Wl'eré.afga?c(ljetildri%d viﬁ the u;s% of Lectin

t ic Aci t oget her, ese

a@ﬁ@f@éﬁég%@% gé@%eﬁﬁ?g{]ﬁeﬁld—b cell - baseg expressi on

system 15 used generates human |L-7 conpl ex
tria npary ccharl de, as depicted
Af e O SRS VB Aty fort: S REGVERS i S ues ReisciRskand
ussed tmemettlamwéﬂ) mlerbplaéwl |ddrtical hhobh@fbfﬁ%bbmﬁi'naﬁtopunfled IL-7
ete siali ialic acid residues.

prRPattons werinsuBaied Juia Thetocird apoRia vty ouinais step

auosdihg e theldfinityl6fes given Ekectiﬁ' toRRY @iycan ?Heb&%tlgﬁ BPILEX different
ycans,

Ll | |
it pEUCE Mefe k6ot Podiih e e IGetn. \Revaatsn was| spndueled by
inpalsating! ary nWyggszicammmW Qofprea: to BivARPTRe Miecth WY ILs7 ~ Ab

supstance to roduct: Fornul ation, storage and

3 '}‘@??r{e‘@?'&e|W'tht%/8tfﬁptaw¢nnp§mﬂﬂﬂ5ﬁrmmuga@ cel |
expressed hlL-7 25

Eight different lectins were used to characterize the IL-7 purified samples. Each

lectin specifically recognizes sugar moieties. Glycan motifs and structure specificity
are presented in Table 6.

Table 6: summary of the pattern of sugar moieties recognized by lectins and
inventory of their glycan motifs and structure specificity.

LEA is the lectin from Lycopersicon esculentum,

WGA from Triticum vulgare,

UEA.I from Ulex europeus,

MAA from Maackia amurensis,

ACA from Amaranthus caudatus,

AlA from Artocarpus intergrifolia,

ABA from Agaricus bisporus,

PHA.L from Phaseolus vulgaris.



Search for optimal formulation of the drug substance
was conducted throughout a conbinatory matrix study
to evaluate the inpact of various stress conditions
(tenperature, buffer, pH tonicity nodifier
concentration, agitation, intense illumnation) on
the long termstability of the purified protein. 68
Hi ghly conplex purified reconbinant human IL-7 was
shown to be stable in Acggate as well as succinate
buffers, at a concentration ranging between 5 to 50
mM Adequate pHs were chosen frompH=5.0 to 7.0 and
ideal storage -5 tenperailahie$: were between -20C to +4C.

Namg jgar soid | ow|concemég aiggn [of slirfactants
(Pally 5a¢ baiard QFUEE! K¢ nm‘pe@fjdeélyc%ﬂst,g%cture specificity
LEAprlepafatrgn to[prevent nom cgval emn .

aggregatian. In such condi ti ons, @%ﬁ%‘:&% addied

+
at [<

e
[«

WeAl FE Gt 5111 eoRe :%‘E‘h ¥ icc..em" : kégeésl p—

?\rom 0.5 tjo 8.0 ng/nj . freferably y%‘?.@'t%'\h.ﬂ yeans,
g/ i —for—rore—than +Ho—eRt h3Ne% pharnaceutical
UEAE in|{liqu/d fgqrm has an

-
D
N
D

i

LU TromTT L}

C ositign in|l Lnproved stability
I of H.Pi e—Hxanp! t clprolliferative llz'.ueqseu ty apnalysis _of
M ' -

moelian lcel | §-der |%ed |r ecombi nahNeuFAmmedGaIb4GIdNAca

[ACAjecific Hioassay 16 The+biol 0gi caBadeGalNAdL-OIR (T-antigen)

eval upted [in a|spec|fic {bi oas._gayf Dak@sa Murine pre-

ABkel | |ine |deriyed .fromibone T O - CENA OB O
AR Foe Dk

AIArris}m’ra ian|cel | jderiyed rlecomi nant GAeRR Gdp33GARAC ('Ié—antigen),

PHASamTi ung von M{Kroogani §en and- LR —nched
L stirictly dependent pn 1U-7 for 20 &w% ( x’ﬁ%‘f@lﬂﬁagc e
7

et al.; 2000; momot —Methods, o1

Resfi!dr8 phsdefited %@i ned in culture in comercial IL-7
i i

cont ai ni ng e and starved for IL-7 prior to

Lecling isiagely drgronsieatsidiffesartial aﬁhﬁﬁssaxlylditngﬁmfﬁLm%tm%g thggjlein;rm
s30T 85 4B RS cblBAl B 4R pfedy P et

Thug, AGANABA afd AB\ have affinitg ot aBalr ahd GalRAFP AR Sthread iRlns
respBﬁ’d bgﬁti\?étl?wéeg%sﬁ% %hecbjljegéjr{c%’ ofi ﬁ-dggde g-élr;lgar? gtsr&ctures bearing
these monosaccharides. The specific signal obtained with ABA reveals the
presence of O-glycans structures. ACA has a weak signal compared to AIA and to

a lesser extent ABA. This reveals that the O glycans are extended with littie
GalNAc as terminal residue.

STV
CBA/ G57BL |m ce| PB-I (Gqrman geld:
nd™Zek

LEA has affinity for GalNAc indicating the presence of N-Glycan structures. Among
the GlcNAc-specific iectins tested (data not shown), only those with affinity for N-
acetyllactosamine reveal a positive signal.

WGA presented a weak signal due to a low binding affinity to core structures of N-
linked glycans. Highly complex N-Glycans mask the core structure and render
lectin affinity difficult to operate.

UEA.I has specific activity to the presence of branched fucose. Binding is rather
weak indicating an uncomplete but effective fucosylation of the N-Glycans.
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dependent re-initiation of cell proliferation during
whi ch radi ol abell ed thym dine (3H Tdr, Amersham was
i ncorporated by dividing cells. The anpunt of

| abel ling was pul sed and neasured in counts per
mnute (cpm in aliquid scintillation Beta counter
(Wal l ack). 69 Alternatively, this bioassay may be
conducted while using a dye marker reflecting the
general netabolismof the cg?l, such as MIT dye
(3-(4,5-dinmethylthiazole-2-yl)- 2,5-di phenyl
tetrazolium reduced by mtochondrial RedOx activity)
MAA MBS affioity & téeinal sialic acids. MAA signal is strong mdlcatm(g an

3-carb th henyl
o I B oy "o oy pheny) 2
Pbi#th akseaffinityi to vemplent brahctest strietuesngd RsGlyBaP @ntesHRARd a

ST . S5 A Y LB AP, Sl ot e

pmseawoﬂa@emormmdammlycad@ta and curves
obtained routinely in a typical bioassay: the PB-1

cell growth was induced by unglycosylated r-hlL-7
Mosk [typsices @flarnmalian @Blycaris Bhaicierigbd s YHB-88rived hit=7 (when
éﬁroﬁé ed in mammalian cells). (Data points repr esen
n SD of triplicate determination). 15 Figure
14 presents dose-response kinetic data and curves
obt ai n rout in a typical bi oassay the PB-1
cel | grow h \ﬁléi’ia‘;‘%ﬁuced by ungl ycosyl

(expre . , hly glyc osv | orTHR -
hyper g osy;}ﬁ?cga'f aﬁﬁ)°Ean9m produced pnmal i an
cells). (Data_pgints represent the & of

tripli chbe Rl AFRaL i on). 20 The T nportant paraneter
to be considered for each sanple was the ED50 =

concent rati o{magng/ m ) giving hal f-maxinml activity. A
Aftpggt YReR jndicatenihat the GHO t0¢" -based \expression system

u§éH'r@§ﬁé¥|8tés' ﬁl)fni}?‘lll’ﬁeébnliﬁle)z (Qﬁhfetﬁﬁé deélﬁga&:r}%nde as

t he anal ysi s of dose respo e curve

dgpjetedds t Bﬁlewmeﬁgur@d Uﬁﬂcheﬁhm thelr AR iresidye aFpositioml7D, 91
ahd' 146 WA g p &R t@'&olﬁ'@@&e SRINERBA & b &ibfi B84 riﬁjesgldues Also,

pool s paraneters var
the CHO-derived IL-7 contains an O-glycan at position T110.

Therefore, although bearing complex sialilated N-glycans and O-glycans, the IL-7
purified batch still contains a mixture of fully and partially glycosylated proteins.

Example F: Drug substance to drug product: Formulation, storage and long term
stability of the recombinant CHO cell expressed hil -7.

Search for optimal formulation of the drug substance was conducted throughout a
combinatory matrix study to evaluate the impact of various stress conditions
(temperature, buffer, pH, tonicity modifier concentration, agitation, intense
ilumination) on the long term stability of the purified protein.
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toget her. ED50 corresponds to the IL-7 dose necessary
to induce one half of the possible maxinmal induction
activity in vitro. In this regard, highly bioactive
nol ecul es correspond to | ow ED50 val ues whereas higher
ED50 concentrations 30 will be typical fromless

bi oactive IL-7 preparations in vitro. 70

Nevertheless, in vitro bioactivity differences are not
necessarily representative @% simlar in vivo

bi oactivity differences in the present invention.
Exanple H In vivo evaluation the |Inmunogenicity of
hyper gl ycosylated IL-7 5 polypeptide in prinates

G PR DR RCoRerh i w7 S iy G0 be stable i
Acetater ds mglltas éi)ca:mateteblﬂilfers\m @wa;hcmtre?om Panglr\ngétWeen 5 to 50
po enti.a eni Cj

f
R AdeFlE  BLis” Tk rf PRt FOR. PHAS Dol O pRndriddal. siarage
tel)dmerau;esumgeanéuveencgomrw €Are. nonkeys (Macaca

= to th t udy d
SIS d 15k pphe<iiation I &ffestants (3olysoreate PAGGES kibay beedded
to108 preygratiphi tojphsviehbRon dévafing SolBie By qa%ﬁ' ved a tOt al
ni strati ons L-7 over

SRS PPBROPF L - SHEC B ES AbiAL: (niliguisrral 3t fiepecenration

rapigingl fecth 10/ twe@em}mi Qr\éféraﬂ NP mmom B%h /ﬁﬂ' foPH&PQ than 12
| ect ed, d|f erent 1 ol n

ns vvere co

moﬁﬁﬁuﬁﬁsa afrn@ceé«ﬁae!for@wsaw i llﬂétdoioensha_s—an lmproved stablhty
pfil@. ni stration, on day 37 and at the end of the

study. Al ani mal's survived the st udy and had no

adverse reaction to slL-7 therapy. Admi nistration of
Egarhplé @eRrdiiftfatlvieYachivit aﬁél é‘r‘é 8t REmAAIEA deRSHEAVEY recombinant
Interference in a Specl
humag spegifigpioasgavhodi es, no anti-1L-7 antibodies

20 wer e detected in the serumof all treated ani mals.

In conparison, E. coil-derived reconbinant IL-7,
The t%ﬂ%‘ﬁa'ﬁ‘éwﬁb@@ raamenalian teell-detived irecbnubinant p'lumhn:llL-? was

[ o)

oYIiUEa n o' Shocil Biodsal ol &idhupiclFreb 354 The Mo JoM bone
MRFTeW: qellgdmrmp&@Cﬁ?BboulceQBB -1 (German Cell Bank. DSMZ, Deutsche

Sammlung von Mikrooganismen und Zellkulturen), strictly dependent on IL-7 for
growth (Mire-Sluis et al.; 2000; J. immunol. Methods; 236:71-76). These cells were
maintained in culture in commercial IL-7 containing medium and starved for IL-7
prior to conducting the bioassay.

Bioassays were run with IL-7 samples to be tested, in parallel to a known E. coli-
derived IL-7 positive control and a negative control lacking IL-7.

IL-7, from control or samples, added to the starved cell culture, induced the dose
dependent re-initiation of cell proliferation during which radiolabelled thymidine
(3H-Tdr, Amersham) was incorporated by dividing cells. The amount of labelling

was pulsed and measured in counts per minute (cpm) in a liquid scintiliation Beta
counter (Wallack).
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Exanple 1. In vivo biological activity of
hyper gycosyl ated |IL-7 pol ypeptide in primtes Human
hyper gl ycosylated IL-7 (hlL-7) expressed in CHO cell
line (Exanples Al, A6 and B) and purified as in
Exanple D, was evaluated in vivo for determ nation of
30 pharnmacoki neti ¢ and pharmacodynam ¢ profiles of
hlIL-7 in normal primates. 71 Naive young adult
Cynonol gus nonkeys (Macaca dggscicul aris) were entered
into the study and divided into two groups: untreated
n=2 and hlL-7 100 pg/kg/injection n=2. The treated
Aligrnatively, this diioasday mayl e sardvctesinebiies usidgiandyet matiieo reflakting

el R T 6 6 LGP ol DR B2

2 bidighenyl hetrazoltdmr Gaghmdtbyt rhitoctondsial Redcdﬁyietlv]iyl 6 MIS dye (3-

B ain2Br 23 3Rt RO R 2 suebau B no

tetrazalium)eact i on at injection site. Follow ng single
subcut aneous adm ni stration of hlL-7 in nmacaques, the
phar macoki neti c pattern and paranmeters of hlL-7 were

Serdl atiiltiorizsedf botarthé pesitive sontral anlptrb%ﬁrﬁples e ﬂéé%éd@llowed
ofile ShBV"e(% a _bj -e|><80ne H al line after ak
PBhBa i RS BB B OB AU Sl FamEIed Spri Pasawed.
was in the range of 30 /40 hours. This half-life is

d d to the half-lif
FRUEL SIS fReRoonss ki 4o Grdcelsyan Maainey rovtinely n a

tybmaB bmﬁgé‘y the palf rébnstg%\ﬁtﬁ Was! inBuSeH By CRRH ﬁaﬁed r-hiL-7
an | roved Vi Vo stablllt
(Wﬁéﬁﬁf ybés‘fﬁ’apé B'QEB' Q?Vﬁ?é}“?ﬁ?é’p'rh'lalt? Gprpducew mamﬁ@alﬁeaqe"s)

(waﬂél gittciepidseht hiRldane 8D tislidhfe diEfMAatiinpund 10 hrs
ﬁ the E. coli product. he time to reach a

ITB.XI mum concentration was 180 m nutes. 20 In

F@GF&C hy ?Ji‘e%éntst B@s@ﬁ@ﬁ&@é%ﬁ{lﬁt ddta %W@%&ﬁaﬁ‘ngaﬁo@tﬂ% ly in a

yper gl ycosyl at ed peptide o 'S 1nven
f!@!Céblb%S%eh tfﬁpngﬂe&e&rquowhhoM@ﬁgmummNHumlymvlated r-hiL-7
R & -hiL-
&Earsﬁgﬁ in %aﬁ]}') Cﬁléﬁ?%lﬁ&%téd‘BP hiPERGQEESiated r-hiL-7 (produced in
mammahan cells). (Data points represent the mean * SD of trlpllcate

determination).

The important parameter to be considered for each sample was the ED50 =
concentration (ng/ml) giving haif-maximal activity. A higher ED50 meaning a lower
activity.

Activity comparability between IL-7 batches is addressed via the analysis of the
dose response curve parameter, such as slope coefficient, maximal activity. From
all curve parameters an ED50 concentration (in ng/ml) pools parameters variation
together. EDS0 corresponds to the IL-7 dose necessary to induce one half of the
possible maximal induction activity in vitro. In this regard, highly bioactive
molecules correspond to low ED50 values whereas higher ED50 concentrations
will be typical from less bioactive IL-7 preparations in vitro.
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The single injection of hlL-7 at 100 pg/ kg induced a
significant increase in peripheral CD3+CD4+ and
CD3+CD8+ T cell nunbers, respectively 200% and 170%
25 of changes fromthe baseline pre-treatnent val ues.
The nunber of |ynphocyte T cells (CD4 and CD8)
expressing the specific IL-7 receptor al pha chain
(CD127) transiently decreases in peripheral blood as
early as 6 hours post injecgjon. Lynphocyte T cells
expressing CD127 reappeared, in peripheral blood, 48
hours post injection and returned to baseline val ues
Newerhelessairs vitroshioaativity diffenendes| dre wioh e8€ssarilyotepresentative of

strati.on of E._coli-derived
Si?@%gﬁ’o nanpg(l\’tﬁ'ﬂg]d1 He"rm t%prersg?tLJpY]erFB basel i ne
val ues of |ynphocyte T cells expressing CD127 occurred
4 days pst.ln e tl.o. Th k| netlc; tof receptor

Dﬁlvb@tidemﬂauﬁmaty@:pared to E coi |l -deri ved reconbl nant

SRRl 1Pl e oo .

Ashann Ehebﬁtw puThé@%dc@&hH\%&o aEﬁarh Lbnm%éﬂstbtr)%{glétgﬁ | @U§,vo for

results that alt
ofqirenEE of PO '&"B'é'?QQQP'CBYoaTQ'g?Wl%ﬁlh { yopaateds adwisustrations

inYrmial piit@ke i nto inproved pharmacokinetic effects,
in fact the extended delivery profile obtained by sub

Na¥eroup8 adult Gyppmelgus monpkes EYlacagadascieiaris) (red)avare @ntered
mﬂ@'thé’ esftt\(dyp%lﬂﬁl }e%elv@@tt?)p@%&fsiﬂgfe& ylL'-'f‘éteg{e' QBse &Vt of 100

perg yCOS(f/ ation of rO eitnin
“9/#('4"@%}[96 kiata %"'W@frﬁp@ve%lt@iﬁl ofip Slabqutaneaus ladmenstratlons

of W-9 8¥ri E'gﬁéﬁb@dof ﬁb@rdﬁﬁwﬂ@mvﬁelf%cwh\é' taxm%élél Wérgmélf?\gcally

this exte le also It
obsgsyes, everca itwe datpnth dlespanBleod m@amsdwerg clidetsd, at different

¢
tn‘% rfb‘?ﬁt§ tﬁfdilfHéhﬁhb%tl#dyngﬁ %F&Qﬁ&ﬂ;%? ycgé t?rgtogd&aSy 37
al\@at?thscﬁnﬁgﬂéﬁlq %tlédy wherein said hyperglycosylated |L-7

Aﬁoéﬁﬂﬁ’igi%t éggﬁvgaﬁgg:%g@g‘anb% nbAfRrdY HaE85 % AT therapy.
Admlnlstratlon of sli-7 was locally well tolerated. When tested by interference in a
specific ELISA assay aimed at detecting binding antibodies, no anti-IL-7 antibodies
were detected in the serum of all treated animals. In comparison, E. coli-derived
recombinant IL-7, although produced as a highly purified drug product, induced, in
similar protocol, the production of high titers of IL-7-binding antibodies in sera

ranging from 1:400 up to 1:5000.

Example |. In vivo biological activity of hyperglycosylated IL-7 polypeptide in
primates

Human hyperglycosylated IL-7 (hIL-7) expressed in CHO cell line (Examples A1,
A6 and B) and purified as in Example D, was evaluated in vivo for determination of
pharmacokinetic and pharmacodynamic profiles of hiL-7 in normal primates.
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2. A hyperglycosylated IL-7 conposition, wherein said
conposition conprises at least 80 % IL-7 polypeptides
whi ch are N-glycosylated on at |east three distinct

am no acid residues. 10 3. The conposition of claim 2,
wherei n said conposition conprises between 80% and
95% I L-7 pol ypeptides which are N-glycosyl ated on at

| east three distinct amno acid residues. 15 4. A
hypergl ycosyl ated |L-7 conpg gition of claim2 or 3,

whi ch conprises at | east % 1 L-7 pol ypeptides which
are glycosylated on fromthree up to eight distinct
Naiven youngi atimte@ymhnujgus molnlqelysr](ManmeaGasmdanm vt/@ew&ad into

ol 0 Ao s sS85 01150 SRt

rpﬁl grpe pitdatieds amtnalm recetvegl gﬁﬁg@yélmcaténeaué BEMIRISFRRNUSE hiL-7.
0 ac resi dues, including one

ht distinct
S, Weie EaRRoRPy RaL HuEE oS Sovis Bltod Spedimens were
cbwmcglaydmydmtmd ddnt§ tﬁ%ﬁﬁutﬁ{n?ﬁtg@?s&gd?ﬁ%gd 3 B‘Bg 2nd 12
e -
hBUTWEh 30'%22 % 4, %hé ﬁ5§6¥8| Scosyl ated IL-7

AepiTRieBAtidrosr II-72WHs Qs @fer&ﬂea'vﬁ& Ro étaf re%@ﬁeétqnjbgﬁon site.
Fgw‘{%osyl ation sites are naturally present and/or

ngcishde diangows, agipingtration pef yRkpt i le macaques,  the
phafhaiRmMetid fattdtn ahd %am/rﬁ@té@ &ﬂﬂE Y'v@ér@ lesidb V\%hed from the first 72

conmposi tion of any one of claims
hpprsy pol ypeptide is a human IL-7 poI ypept| de and

Wher Thé plaBmaPrdfe shovidd 9 ‘Bl—éﬂiﬁo%éatlﬁ} f%clﬁ?hﬁfetr?gaf( aB?&r@ﬁ&]

resi dues at positions 70 posSi
110, The ohﬁagmedazgo@my halfifer incpladrhy wasdatierange of 30 /40 hours.

O Y154, 8B SSAvEAnh i, sl o,
t her ebservesl Witie thq pEr gto/kederivedt eed:oh‘lbiﬂam or[p'DS(S iten 80fhours)
R e T

pol ypep es conprise
sel estabdityfafdna hw)ergiycmmatdd [a¥v polypeptide irblebd@i n,

f I f the tvy CHO
pre ?F)gqné/anoresmeﬁce %R\% m{' )evsvgée iokn/ours versus around 10 hrs with
the E. coli product.

e The time to reach a maximum concentration was 180 minutes.

In conclusion, the pharmacokinetic study shows that the hyperglycosylated IL-7
polypeptide of this invention displays an improved and prolonged pharmacokinetic
profile, which translates into improved pharmacodynamic effects..

The single injection of hiL-7 at 100 pg/kg induced a significant increase in
peripheral CD3"CD4" and CD3CD8" T cell numbers, respectively 200% and 170%
of changes from the baseline pre-treatment values. The number of lymphocyte T
cells (CD4 and CD8) expressing the specific IL-7 receptor alpha chain (CD127)
transiently decreases in peripheral blood as early as 6 hours post injection.
Lymphocyte T cells expressing CD127 reappeared, in peripheral blood, 48 hours

‘post injection and returned to baseline values only 7 days post injection. Foliowing

single subcutaneous administration of E. coli-derived recombinant IL-7, the full
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10 cells; b) a sugar chain conprising a conpl ex

N- car bohydrate chain (e.g., a triantenary or

bi antenary structure), nore preferably containing high
mannose and acetyl gl ucosam ne nol ecul es and hi gh

termnal sialic acid residues; 15 c) a sugar chain
sialyl ated by al pha2, 6-si al yltransferase or al pha2, 3-
sialyltransferase ; and/or d) a sialylated sugar chain

di spl ayi ng between 3 to 30 gjalyl-

acetyl gal act osam ne, preferably 7 to 23. 20 10. The

hyper gl ycosyl ated I L-7 conposition of claim9, wherein
eruindolb@sélinepmquseqftlymmsodytﬁ T loelis expressing CiX123razcurred 4 days

rth N ch I h

Poft IGipET eI RhekE oF rbERSS: SREARY B Typliciiidies 17
phlypmt@leymwbrat aget -compangabsipt | & odii-ddrivedh Bscomibirat riL-7,

te .25 h c .
T Y T AN N A —
skoown belopl These msoitsate ini Ignbwlna't pmnn,oums‘ultfars[l?-b?/tr@hhat &lthough

t. t tri alyl a
N, RSN g Lataterols 8 et Roaalatdied) tSdodnot ansiate
|anﬂe|n1ijg|phamadoam@dc|éffe?:t§0ﬂ‘pqé¢tt then é&fen@l@ﬁ Qélﬁ/eﬁ}f profile

oAy sbcelafiools TR e iicanh s b SEbteeteiany proie

oaram‘é'a afeerevampca@palﬂ@:@t theDhygserdl idosyRtien lof 3P Prdtein hBuces a

eterm ectronetry anal yses or -
P 0%%& afeefol @@u'r W\'ﬁ?'@h sdb‘&%r i E?"§I%§e§¥ iRion %lfi SI"’“pfoved
pﬁmoﬁtlﬁ%ﬂmb)écﬁwg ﬂ'ﬂneﬂﬂ SfathisoBieidRel ;ﬁ'of 18 also |tT§‘ Slso expected

hyper c? Y g IL-7 co osjtion of any one

ap| P ¢ligicab olgppee:; ecay ?@rmisweﬁﬁ@% 9c%§§wailvéwked to .
pBak ¥iRRhirgihsshow an in vivo extended half-life and
mean residence tinme in mammalian host. 14. An IL-7
pol ypepti de having a nodified am no acid sequence,
wherein said 10 sequence conprises at |east one
artificially created glycosylation site. 15. The
pol ypepti de of claim 14, wherein said pol ypeptide
conprises 1, 2, 3 or 4
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artificially created glycosylation sites, nore
preferably 1, 2 or 3; even nore preferably | or 2. 15
16. The pol ypeptide of claim 14 or 15, wherein said
pol ypepti de conprises the sequence of a human IL-7
pol ypepti de conprising one or several amno acid
nodi fi cations selected from Lys28Asn - || e30Ser -

|1 e30Thr - 11e30Asn Ser32Thr - Leu35Ser - Leu35Thr -
A u38Ser - Q@ u38Thr - Phe39%er - Phe39Thr - Phe42Ser
20 Phed42Thr - d u52Ser - d u52Thr - Val 82Asn -

A u84Thr - d u84Ser - Lys97Asn - Arg99Thr - Arg99Ser -
Al al02Asn - LeulO4Thr - LEUADASer - LeulO4Asn -

G ul06Thr - G ul06Ser - Leul28Ser - Leul28Thr -

|1 el45Asn - Met 147Thr - Met 147Ser - Met 147Asn -

1.Thx 1@ Bied, nmnmamhrsthypetglywswamginﬂh-t? tplmlypepﬁlde wherein said
cont.ai ni n

t am no.acid re ue
g ficBapa -7 phbepfiad ZoRRrdchl Rt Toghideidded ‘amino
acideestduesaci d nol ecul e encoding an |1 L-7 pol ypeptide of
any one of clains 14- 15. 18. A nucleic acid nol ecule
encodi ng a pol ypeptide conprising SEQID NO 19. 30
27§ hyb@rglysosyatedi E.-?i@bldxpﬂ‘s'ih@ﬁ U\lvﬁer@m‘fﬁéld Sdoﬁﬁ:o%ﬁ'i@n comprises at

26 B0 il adyoersged which, Pl B-aiibasd it BRIt lea dhtes: ditinc

ainitd sodresiivesof SEQ ID NO 6. 5 21. A vector
conprising a nucleic acid nol ecul e according to any
one of clainms 17 to 20. 22. A reconbi nant host or

3hUBé c6MbbsiiGHTBr HISINMQ, WheRM ea.dao“dwo@m@a do?npﬁ’llséé Bbiveen 80%

reconbi nant host or accor
o 5% o7 RRAGS OR e NBhRESAAed . Sbiqasedmes distinet
Aty SiPFRRRRS, either naturally or after transgenesis,
an

4. A hyperglycosylated 1L-7 composition of claim 2 or 3, which comprises at least
80 % IL-7 polypeptides which are glycosylated on from three up to eight distinct
amino acid residues, including one O- and up to seven N-glycosylation sites.

5. The composition of claim 4, which comprises between 80 % and 95% IL-7
polypeptides which are glycosylated on from three up to eight distinct amino acid
residues, including one O- and up to seven N-glycosylation sites.

6. The hyperglycosylated IL-7 composition of any of claims 2 to 5, wherein the IL-7
polypeptide is a human IL-7 polypeptide.

7. The hyperglycosylated IL-7 composition of any one of claims 2 to 6, wherein the

glycosylation sites are naturally present and/or artificially created in the IL-7
polypeptide sequence.
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appropriate glycosyltransferase and/ or
sialyltransferase gene, preferably an a 2-6
sialyltransferase gene. 15 24. A nmethod of producing
an I L-7 polypeptide as defined in any one of clains 1
to 16, conprising: a) culturing a reconbi nant host
cell conprising a reconbinant nucleic acid nolecule
encodi ng an | L-7 polypeptide, and 20 b) collecting the
| L-7 pol ypeptide produced fgpmsaid cell, wherein the
culture is perfornmed in a fed-batch or perfusion node,
allowing the production of a hyperglycosylated IL-7
8pbhg pyparglyensydtad IA-Tdeempasitiost efrary anergficladma@ &n7 | whétein the

27 PR SRR 7 o685 s o o 1 oSl st
ateesaledtad frombhart residées af positiors 708 angll 1)11(&:)517\# at pabitidn- 140, as

B S D i e et sy iRl I bl ancareterably

awvtibled &rs tableo?) roe Atconinatiehitherbbfives t hereof , specifically
i mmunor eactive with an IL-7 pol ypeptide as defined
above in any one of clains 1 to 16. 5 27. A

gprraenwerglycoahateormqscdmgcﬁsmcﬁﬂm bRy Bfle &7 GMlsPP Y 7, wherein

B b tenfad kG os ars paiaed i Ndiked Repiendom: ©

t r eah) anmahynaian type! sugar ciain epréfeﬁamderrtﬁe wpeaéﬁvaeégéurw CHO
di seases in a manmalian subject. 10 2

phar Beuti cal conposi tion conprising an effect ive

anoupy a0bughrd&n @Hﬂﬁtsﬁi@cé 86mpled| nq:a%br@héyt@ chain 8¢., a

one or nore pharaceutica o mpati b carriers or
FH&%‘HE |

exci {eBRNaTY PS Stgnterapp ot g@re CBF%@@'M &/nigining  high
cl ai ﬁi‘aﬁﬁoéé‘“ﬁﬁ&'aﬁe@@hﬁbo%@ﬂﬁ@ h{dlé?ﬂléssand"%m Eérhﬁrﬁa?ds@hc acid

ti mes per week, t1 nmes per week, once week,
ever [PSKURST

c) a sugar chain sialylated by alpha2,6-sialyltransferase or alpha2,3-
sialyltransferase ; and/or

d) a sialylated sugar chain displaying between 3 to 30 sialyl-N-
acetylgalactosamine, preferably 7 to 23.

10. The hyperglycosylated IL-7 composition of claim 9, wherein said IL-7

polypeptides further comprise or are further enriched in O-linked carbohydrate
chain(s) with a terminal sialic acid residue.

11. The hypergiycosylated IL-7 composition of claim 9, wherein the carbohydrate
chain(s) comprise from tetra-antenary to biantenary structures with partial or
complete terminal sialylation, more preferably a triantenary structure and tri or bi-
sialylation and/or a diantenary structure with disialylation.

12. The hyperglycosylated IL-7 composition of any one of claims 2 to 11, wherein
said IL-7 polypeptides have an average isoelectric point inferior to 6,5 and an
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week, once a nonth, once or tw ce. before vaccination
or before and after vaccination. 20 31. The use of of
a hyperglycosylated IL-7 pol ypeptide conposition of
any one of clainms 2 to 13 for the manufacture of a
medi canent to cause or nodul ate an inmune response in
a subject. 32. The use of claim 31, wherein the

medi cament is for induction of prolonged 25

| ynphopoi esi s stinulation apg/or anplification of an

i mmune response. 33. The use of claim 31, wherein the
nmedi canent is for treating a viral infection, such as
average reippetand moleculad weighhsupérior 23 KNial as fdetedmined by mass

Egper g Z%Syl?sdét §'h %E g\%ﬁ%‘i ygig%%?’?\lg\gggrs%enor to 27 KDa as

detemnitiedtbyrSRE gel elsctmophatdsisn Wi th an i nterferon

nmol ecul e. 35. The use of claim 31, wherein the

medi canment is for inproving a thynopoietic 5 recovery

1BnThmmvmgl0mtmdh ated Hod Cﬁ’ﬂﬁloemlbn toggn?' Ehs dﬂ?c?hlmfs 2?031 ANwherein
rein e e 0 ide is

SFR 1 TP ool St anint b okariies etyites and

ngrapwelidéraust tive iramain@naliaflhbsf act or, a gonadostinulin

ant agoni st or a growh hornone. 10 37. The use of
claim 21, wherein the hyperglycosylated IL-7

180|AnDRPT ipdBypeptided haging a4l Mdiffdde AMihd acuasmﬁ&é ARhMeinNsaid

PR empeSes A RSt shegrttiad agfﬁ%&ga?gﬁiglvwfﬁﬂg\éét@s

virus or bacteria. 15 38. The use of claim 37, wherein
h |ated | L-7 polypeptide is further to
1@&5 ypﬁpgiefﬁ#eeefy 1AM, déowherein FakkPOlyPERtidssFomprises 1, 2, 3 or 4
t Y AT
RN Eredtc® T #P@sy@%ﬂ%@é hﬁér‘esgfeé%gglg& OBYLLTERN more

IL-7 PREPARA ON"AND USES' <130
preferably 1 or 2

16. The polypeptide of claim 14 or 15, wherein said polypeptide comprises the
sequence of a human IL-7 polypeptide comprising one or several amino acid
modifications selected from Lys28Asn - lie30Ser - I1le30Thr - lle30Asn - Ser32Thr -
Leu35Ser - Leu35Thr - Glu38Ser - GIu38Thr - Phe39Ser - Phe39Thr - Phe42Ser -
Phe42Thr - Glus28er - Glu52Thr - Val82Asn - Glu84Thr - Glu84Ser - Lys97Asn -
Arg99Thr - Arg99Ser - Ala102Asn - Leu104Thr - Leu104Ser - Leu104Asn -
Glu106Thr - Glu106Ser - Leu128Ser - Leu128Thr - lie145Asn - Met147Thr -
Met147Ser - Met147Asn - Thr149Ser, or a distinctive fragment thereof containing

| at least 5 amino acid residues, typically at least 8, 9, 10, 11, 12 or 15 residues.

17. A nucleic acid molecule encoding an IL-7 polypeptide of any one of claims 14-
15.

18. A nucleic acid molecule encoding a polypeptide comprising SEQ ID NO: 19.
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<160> 19 <170> Patentln version 3.1 <210> 1 <211> 152
<212> PRT <213> Hono sapiens <400> Asp Cys Asp lle
Qu Ay Lys Asp Ay Lys Gn Tyr Qu Ser Val Leu 15
10 15 Met Val Ser Ile Asp G n Leu Leu Asp Ser Met Lys
Gulle dy Ser 20 25 30 Asn Cys Leu Asn Asn G u Phe
Asn Phe Phe Lys Arg His lie Cys Asp. 35 40 45 Ala Asn
Lys AQu Gy Mt Phe Leu Phe Arg Ala Ala Arg Lys Leu
Arg 50 55 60 G n Phe Leu hys Met Asn Ser Thr Ay Asp
Phe Asp Leu His Leu Leu 65 70 75 80 Lys Val Ser Gu
@y Thr Thr Ile Leu Leu Asn Cys Thr Ay Gn Val 85 90
195Xuvd§|etg geigmepleguie Romprsiag Aeasequenceyof GEQ AD NGB 2 oPdpor a
110 Leu Au Gu Asn Lys Ser Leu
C@’E'e@é@taﬁﬁ"ﬁ‘gﬁfﬁmu Asn Asp Leu 115 120 125 Oys
Phe Leu Lys Arg Leu Leu Gn Gu Ile Lys Thr Cys Trip

zﬁg nké%ic a%%omg’%%m%%%mdﬁls&g ltl%J s%bﬁenge%f yérQ IB/ ﬁlo: _u Hi s

21. A vector comprising a nucleic acid molecule according to any one of claims 17
to 20.

- 22. A recombinant host or host cell comprising a vector according to claim 21.

23. A recombinant host or host cell according to claim 22, wherein said host or host
cell expresses or overexpresses, either naturally or after transgenesis, an

appropriate glycosyltransferase and/or sialyltransferase gene, preferably an o 2-6
sialyltransferase gene. '

24. A method of producing an IL-7 polypeptide as defined in any one of claims 1 to
16, comprising:

a) culturing a recombinant host cell comprising a recombinant nucleic acid
molecule encoding an IL-7 polypeptide, and

b) collecting the IL-7 polypeptide produced from said cell,

wherein the culture is performed in a fed-batch or perfusion mode, allowing the
production of a hyperglycosylated IL-7 polypeptide.'

25. A drug substance comprising an IL-7 polypeptide composition according to any
one of claims 2 to 16, wherein said drug substance contains less than about 10%
of un- or mono-glycosylated IL-7 polypeptide and/or is essentially devoid of
product-related impurities.



10

15

20

25

<210> 2 2/10 <211> 540 <212> DNA <213> Honp sapi ens
<220> <221> CDS <222> (1)..(537) <223>

EPy7-hl L7-optim zed <400> 2 atg ggt gtt cat gaa tat
cct get tag ttg tag ttg ttg ttg tct ttg 48 Mt Ay
Val Hs GQu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser
Leu 1 5 10 15 ttg tct ttg gtt ctg ttg cct gta gcc.tct
gat tgc gat att gaa gag 96 Leu Ser Leu Val Leu Leu
Pro Val Ala Ser Asp Cys Asps4le Gu Gy 20 25 30 aaa
gat ggg aag cag tat gag tcc atg ctg atg gtg agc atc
gat caa 144 Lys Asp Ay Lys Gn Tyr Qu Ser Val Leu
2pptAnvantiBedy,| lae wep @ nfra@iments4rt deriviatigesgatbettieof; apecifically

R8s wilg i 15 Eifpobfile & Holfiba RBRvLPlorieperghitiaims
todh G u 50 55 60 ttt aac ttc ttt aag cgc cat atc tat

gat get aat aag gaa ggt atg 240 Phe Asn Phe Phe Lys
Arg Hs Ile Cys Asp Ala Asn Lys Gu Gy Mt 65 70 75

2BA pharmacegtical comgositiat campristioanaptivddy see6rditotcldim 26.
ctt aag atg aac 288 Phe Leu Phe Arg Ala Ala Arg Lys

Leu Arg G n Phe Leu Lys Met Asn 85 90 95
28. The use of an antiboby of claim 26 for the manufacture of a medicament for

treating lymphoproliferative disorders or autoimmune diseases in a mammalian
subject.

29. A pharmaceutical composition comprising an effective amount of a drug
substance according to claim 25, and one or more pharmaceutically compatible
carriers or excipients.

30. A pharmaceutical composition of claim 29 wherein said composition is
administered 3 times per week, 2 times per week, once a week, once every other
week, once a month, once or twice before vaccination or before and after
vaccination.

31. The use of of a hyperglycosylated 1L-7 polypeptide composition of any one of
claims 2 to 13 for the manufacture of a medicament to cause or modulate an
immune response in a subject.

32. The use of claim 31, wherein the medicament is for induction of proionged
lymphopoiesis stimulation and/or amplification of an immune response.

33. The use of claim 31, wherein the medicament is for treating a viral infection,
such as HIV infection, viral hepatitis, West Nile fever, Dengue.
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tct act ggt gat ttc gat ctc cac ctc ctg aaa gtt tcc
gaa ggg act 336 Ser Thr Ay Asp Phe Asp Leu H's Leu
Leu Lys Val Ser Au @y Thr 100 105 110 act atc ctg
ttg aac tgc act ggc cag gtt aaa gga aga aaa ccc get
384 Thr Ile Leu Leu Asn Cys Thr Gy Gn Val Lys Ay
Arg Lys Pro Ala 115 120 125 gcc ctg ggt gaa gcc caa
ccg aca aag agt ttg gaa gaa aat aaa tct 432 Al a Leu
Gy GQu Ala @n Pro Thr Lys7ger Leu du Gu Asn Lys
Ser 130 135 140 ttg aag gaa cag aac aaa ctg aac gac
tat ttc ctg aag cgc ctg 480 Leu Lys Au G n Lys
3&y§he;el§emrclaamwiemhewg t%g’lygé@lmpsylmeg IL-Fupalyfeptie is to be
tag aat aag atc
@?@ %?%ddg%gsmlogw@f Eﬁm{é%r%?ﬁwoé%hl %le Lys Thr Cys
Trp Asn.Lys Ile Leu Met Ay Thr Lys 165 170 175 gag

a, b4 3/10, <211> 178 <212>
e B3e 5% Bty %, relh s, sdeamet icfop Waiovinos yiopoietio
réopyeryrio ilinand-cpmipeamisegstigectLeu Leu Ser Leu 1 5 10 15
Leu Ser Leu Val Leu Leu Pro Val Ala Ser Asp Cys Asp
Ile AQu Gy 20 25 30 Lys Asp Gy Lys A n Tyr Qu Ser

3alThé ese Mt tclditml 355anvheréia the ybbiglycosylated IL-7 polypeptide is to be
administered in association with a keratinocyte growth factor, a stem cell factor, a

gonadostimulin antagonist or a growth hormone.

37. The use of claim 21, wherein the hyperglycosylated IL-7 polypeptide is to be
administered in association with an antigen or a mixture of antigens, to provide a

therapeutic immunization against malignant cells, virus or bacteria.

38.The use of claim 37, wherein the hyperglycosylated IL-7 polypeptide is further to
be administered in association with GM-CSF.



35 40 45 Leu Leu Asp Ser Met Lys Gu Ile Ay Ser Asn
Cys Leu Asn Asn Qu 50 55 60 Phe Asn Phe Phe Lys Arg
Hs Ile Cys Asp Ala Asn Lys Qu @y Met 65 70 75 80
Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg A n Phe Leu
Lys Met Asn 85 90 95 Ser Thr Gy Asp Phe Asp Leu H's
Leu Leu Lys Val Ser Qu Ay Thr 100 105 110 Thr Ile
Leu Leu Asn Cys Thr Ay A n N®l Lys Ay Arg Lys Pro
Aia 115 120 125 sApwmntewi&wc@ u Ala G n Pro Thr Lys
Ser Leu Gu Gu Asn Lys Ser 130 135 140 Leu Lys Qu
<@ nCytperisys Leu Asn Asp Leu Cys The Leu Lys Arg Leu

45 1 Leu An Gu lle Lys Thr Cys Trp Asn
<12%ysGﬁlglégSY%g€thg$‘7G PRERRFATION MBSUSER) 175 Qu His <210>

<130h 537 <2:2> DNA <213> Sinmian <220> <221> CDS
41 189 2099> (1), . (537) <223> EPy7-slL:7 Optinized
<400> 4

<160> 19

<170> PatentIn version 3.1

<210> 1

<21> 152

<212> PRT

<213> Homo sapiens

<400> 1

?sp Cys Asp Ile Glu Gly Lys Asp Gly Lys Gln Tyr Glu Ser Val Leu
: 5 : 10
15

Met Val Ser Ile Asp Gln Leu Leu Asp Ser Met Lys Glu Ile Gly Ser
20 25 30

Asn Cys geu Asn Asn Glu Phe Asn Phe Phe Lys Arg His Ile Cys Asp
5 40 45

Ala ?gn Lys Glu Gly Met Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg
55 60

g;n Phe Leu Lys Met Asn Ser Thr Gly Asp Phe Asp Leu His Leu Leu
70 75
80

Lys Val Ser Glu Gly Thr Thr Ile Leu Leu Asn Cys Thr Gly Gln Val
85 90 °
5

Lys Gly Arg Lys Pro Ala Ala Leu Gly Glu Ala Gln Pro Thr Lys Ser
100 105 110

Leu Glu Glu Asn Lys Ser Leu Lys Glu Gln Lys Lys Leu Asn Asp Leu
115 120 125

Cys Phe Leu Lys Arg Leu Leu Gln Glu Ile Lys Thr Cys Trp Asn Lys
130 135 140 )

Ile Leu Met Gly Thr Lys Glu His
145 150

<210> 2



atg ggt gtt cat gaa tgt cct get tgg ttg tag ttg ttg
ttg tct ttg 48 Mt Gy Val Hs GQu Cys Pro Ala Trp
Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 ttg tct ttg gtt
ctg ttg cct gta gcc tct gat tgc gat att gaa ggg 96
Leu Ser Leu Val Leu Leu Pro Val Ala Ser Asp Cys Asp
Ile u @y 20 25 30 aaa gat ggg aag cag tat gag tcc
gtg ctg atg gtg agc atc gat a4 144 Lys Asp Ay Lys
<211G re4byr G u Ser Val Leu Met Val Ser Ile Asp G n 35 40
<2l225 0NRg ttg gac tcc atg aaa gaa att ggg agt aac tgc ctg
<213zatHoggcsegaers192 Leu Leu Asp Ser Met Lys Au lle Ay
<220§er Asn Cys Leu Asn Asn A u 50 55 60 ttt aac ttc ttt
<x21d@0fzgC cat ctg tgt gat gat aat aag gaa ggt atg 240
<222BheiAsnisBhe Phe Lys Arg His Leu Cys Asp Asp Asn Lys
<2236 EEgynilktoRBniA3475 80 1ttt ttg ttc cgc get get cgg
aag ttg cgc cag ttc ctt aag atg aac 288 Phe Leu Phe
Arg Ala Ala Arg Lys Leu Arg G n Phe Leu Lys Met Asn 85

2@8 'ggt%%é Eﬁt gc% 9%%%%&2 tgtgc 1g;ggat ctg&gcgq%hgngécg gcéaaa gt t48
e 149 aa s R¥O CS r T - P. Cea Hi s
ot Leﬁ LeﬁHlLyglu\/a? efr u'd ?gul'&fgllt?ﬁ I1‘?5151’91“_[@?‘* &t atc

‘ctg ttg aac tgc act ggc aag gtt aaa gga aga aaa ccc
ttg get t384gttThig kte chewthedecASst GYS thBrgdd ¥ed ¥sa Wab LYS o
Leu Gpy LapgValybePhen Rra VR15R1E28ex] 25p (iye BipgIngtiQaay CCC

caa ccgfaca aag agt ttg?yaa gaa aat aaa3tct 432 Ala
aaa &M gggyaa L Pt gt %n Ko fhr, Lys Ser Leu Qu G u Asn
1ye Blp STl a8 HAD ST oTaanlPa I Mt e ane 1
45

gac #scc tgt ttc ctg @aa cgc ctg 4

[

ttg ttg gac tcc atg aaa gaa att ggg agt aac tgc ctg aat aac gaa 182
Leu Leu Asp Ser Met Lys Glu Ile Gly Ser Asn Cys Leu Asn Asn Glu
50 55 60

tFt aac ttc ttt aag cgc cat atc tgt gat ge: aat aag gaa ggt atg 240
Phe Asn Phe Phe Lys Arg His Ile Cys Asp Ala Asn Lys Glu Gly Met

65 .10 75 80

ttt ttg ttc cgc get get cgg aag ttg cge cag ttc ctt aag atg aac 288
Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg Giln Phe Leu Lys Met Asn

85 : 90 95
tet act ggt gat ttc gat cte cac ctec ctg aaa gtt tcc gaa ggo act 336
Ser Thr Gly Asp Phe Asp Leu His Leu Leu Lys Val Ser Glu Gly Thr
100 105 110
act atc ctg ttg aac tgc act ggc cag gttt aaa gga aga aaa ccc gct 384
Thr Ile Leuv Leu Asn Cys Thr Gly Gln Val Lys Gly Arg Lys Pro Ala
15 120 - 125
gec ctg ggt gaa gec caa ccg aca aag agt ttg gaa gaa aat aaa tct 432
Ala Leu Gly Glu Ala Gln Pro Thr Lys Ser Leu Glu Glu Asn Lys Ser
130 135 140

ttg aag gaa cag aag aag ctg aac gac ttg tgt ttc ctg aag cgc ctg 480
Leu Lys Glu Gln Lys Lys Leu Asn BAsp Leu Cys Phe Leu Lys Arg Leu

145 150 155 160

ttg cag gag att aag act tgt tgg aat aag atc ttg atg ggg act aag 528
Leu Gln Glu Ile Lys Thr Cys Trp Asn Lys Ile Leu Met Gly Thr Lys

165 170 175
gag cat tga taa 540

Glu His

<210> 3



Leu Lys Gu G n Lys Lys Leu Asn Asp Ser Cys Phe Leu
Lys Arg Leu 145 150 155 160 ttg cag aag att aag act
tgt tgg aat aag atc ttg atg ggg act aag 528 Leu Gn
Lys Ile Lys Thr Cys Trp Asn Lys Ile Leu Met Ay Thr
Lys 165 170 175 gag cat tga 537 du H's <210> 5
<211> L78 <212> PRT <213> Simian <400> 5 5/10 Met
@y Val Hs Qu.Cys Pro Ala Fip Leu Trp Leu Leu Leu
<211Ser17Beu 1 5 10 15 Leu Ser Leu Val Leu Leu Pro Val
<212A] PRBer Asp Cys Asp Ile Qu Gy 20 25 30 Lys Asp Gy
<213pydiomppsapyensd u Ser Val Leu Met Val Ser lle Asp Gn
5 40 45 Leu Leu Asp Ser Met Lys Qu lle Ay Ser Asn
>Leu Asn Asn Gu 50 55 60 Phe Asn Phe Phe Lys Arg
et B § Va@U y [FPe {5 80
1 Phyz dﬁeuhl%glﬁps @%’ Aﬁnrrlb gi“eﬁgpqex %% . gef’h “Leu
Lys Met Asn 85 90 95 Ser Thr Ay Asp Phe Asp Leu Hi s
Leu Leu Lys vVal Ser GQu Ay Thr 100 105 110 Thr Ile
Leu Say) Lea u‘zfg&sheto}-gu The Vet y@é@y%ervarsp L%Ys.@pyéé/w gLy yPro
Al a

<400

Lys Asp Gly Lys Gln Tyr Glu Ser Val Leu Met Val Ser Ile Asvp Gln
35 40 45 )

Leu Leu Asp Ser Met Lys Glu Ile Gly Ser Asn Cys Leu Asn Asn Glu
50 55 60

Phe Asn Phe Phe Lys Arg His Ile Cys Asp Ala Asn Lys Glu Gly Met
65 70 75 80

Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg Gln Phe Leu Lys Met Asn
85 S0 95

Ser Thr Gly Asp Phe Asp Leu Eis Leu Leu Lys Val Ser Glu Gly Thr
100 105 110

Thr Ile Leu Leu Asn Cys Thr Gly Gln Val Lys Gly Arg Lys Pro Ala
115 120 125

Ala Leu Gly Glu Ale Glr Pro Thr Lys Ser Leu Glu Glu Asn Lys Ser
130 135 14¢

Leu Lys Glu Gin Lys Lys Leu Asn Asp Leu Cys 'Phe Leu Lys Arg Leu
145 150 155 160

Leu Gln Glu Ile Lys Thr Cys Trp Asn Lys Ile Leu Met Gly Thr Lys

165 170 175
Glu His
<210> 4
<211> 537
<2.2> DNA

<213> Simiar

<220>
<221> CDS



115 120 125 Ala Leu Ay GQu Pro Gn Pro Thr Lys Ser
Leu Au Gu Asn Lys Ser 130 135 140 Leu Lys Qu Gn
Lys Lys Leu Asn Asp Ser Cys Phe Leu Lys Arg Leu 145
150 155 160 Leu G n Lys Ile Lys Thr Cys Trp Asn Lys
Ile Leu Met Ay Thr Lys 165 170 175 du H's <210> 6
<211> 480 <212> DNA <213> canine <220> <221> CDS
<222> (1)..(480) <223> EPy7481 -7 <400> 6 atg ggt
<22gtt(0at(gam tgt cct acts tag ttg tgg ttg zta ttg tct
<223t EB-6L10 OpMetiz@ly Val His GQu Cys Pro Ala Trp Leu
Trp Leu Leu Leu Ser Leu 1 5 10 15 ttg tct ttg gtt
<«aoflg,ttg cct gta gcc tct gat {/gi %Iat att gaa ggc 96
at Y %rcalteya @t % u r
Meg |dl§ ?%lu["lg yluzeészlggg ; té:ér th : g tg t%%
1 (gtt cta atg atc agc atc aanogac 144 ys

f %g cac ‘8
g .

GQu Tyr Adn Hs Val Leu Met Ile Ser Ile Asn Asp 35 40
ttg ZFstt‘t* %Cdﬂ gtatcgt Ata watafatgatqecaem aet shgaotcg aatss

Leuzigr

Lﬁﬁgéeu Pro Val ?éa Ser Asp Cys Asp gée Glu Gly

aaa gat ggg aag cag tat gag tcc gtg ctg atg gtg age atc gat caa
Llys Asp Gly Lys Gln Tyr Glu Ser Val Leu Met Val Ser Ile Asp Gln
35 40 45

ttg ttg gac tcc atg aaa gaa att ggg agt aac tgc ctg aat aac gaa
Leu Leu Asp Ser Met Lys Glu Ile Gly Ser Asn Cys Leu Asn Asn Glu
50 55 60

ttt aac ttc ttt aag cgc cat ctg tgt gat gat aat aag gaa ggt atg
Phe Asn Phe Phe Lys Arg His Leu Cys Asp Asp Asn Lys Glu Gly Met
65 70 75 80

ttt ttg ttc cgc get get cgg aag ttg cge cag ttc ctt aag atg aac
Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg Gln Phe Leu Lys Met Asn
85 90 95

tet act ggt gat ttc gat ctec cac cte ctg aaa gtt tec gaa ggg act
Ser Thr Gly Asp Phe Asp Leu His Leu Leu Lys Val Ser Glu Gly Thr
100 105 110

act atc ctg ttg aac tgc act ggc aag gtt aaa gga aga aaa ccc get
Thr Ile Leu Leu Asn Cys Thr Gly Lys Val Lys Gly Arg Lys Pro Ala
115 120 125

gcc ctg ggt gaa ccc caa ccg aca aag agt ttg gaa gaa aat aaa tct
Ala Leu Gly Glu Pro Gln Pro Thr Lys Ser Leu Glu Glu Asn Lys Ser
130 135 140

ttg aag gaa cag aag aag ctg aac gac tcc tgt ttc ctg aag cgc ctg
Leu Lys Glu Gln Lys Lys Leu Asn Asp Ser Cys Phe Leu Lys Arg Leu
145 ~ 150 185 160

ttg cag aag att aag act tgt tgg aat aag atc atg ggg act zag
Leu Gln Lys Ile Lys Thr Cys Trp Asn Lys Ile Met Gly Thr Lys
: 165 170 175

B ot
0
£ Q

gag cat tga
Glu Eis

<210> &
<211> 178
<212> PRT
<213> Simian

<400> 5

144

192

240

288

336

384

432

480

528

537



Leu Asp Ile Met Ile Lys Asn Arg Thr Asn Cys Ser Asn
Asn Qu Pro 50 55 60 aac att tta aaa aaa cat gca tgt
gat gat aat aag gaa ggt atg ttt 240 Asn Ile Leu Lys
Lys H's Ala Cys Asp Asp Asn Lys Gu Gy Mt Phe 65 70
75 80 tta tat cgt get get cac aag ttg aag caa ttt gtt
aaa gtg aat aac 288 Leu Tyr Arg Ala Ala H's Lys Leu
Lys A n Phe Val Lys Val Asn #th 85 90 95 agt gag gat

Met Gl vaatsiet@uceys btad Algar-agaeudtip Led 1GAJLH0CAGa T A

1 336 Ser GQu Asp Phe Asn Lsu His Leu Ser Arg Val Ser
AGn @y Thr Leu 100 105 110 caa ttg ttg aac tgt act

CCc .aa at _.aaa tct tta aa aa 384 dn Leu
e PR TR U Brb YEy<ier PTARE AR ASLiSF e &y Lys

GI u 11 120 125 cag aga aaa cag aag agc tg tgt tcc
cta ggg ata cta cta caa aag 432 dn Arg Lys @ n Lys
Lys 8gp dleyCyelnSeyr Gew Sek ywall Beul Ret: vau ddrniley8s7 30, 135
140 3ata aaa act tgt 4gg aac aaa att 4% g agg ggc tct
aaa gaa cat tga 480 Ile Lys Thr Cys Trp Asn Lys Ile

H s 145 0 155 10 7 <211
Leu I'Lg gsia? Iyelgs%r;s Egliggeg%{. :%eer As @ L1/=. I\%?n e <HI S>

Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 15
10 15 Leu Ser Leu Val Leu Leu Pro Val Ala Ser Asp Cys
]é’he %p Hhk ePhE] Lys g His Leu Cys Asp Asp Asn Lys Glu Gly Met
5 7 75 80

Phe Leu Phe Arg Ala Ala Arg Lys Leu Arg Gln Phe Leu Lys Met Asn
85 90 95

Sexr Thr Gly Asp Phe Asp Leu His Leu Leu Lys Val Ser Glu Gly Thr
100 105 110

Thr Iie Leu Leu Asn Cys Thr Gly Lys Val Lys Gly Arg Lys Pro Ala
115 120 125

Ala Leu Gly Glu Pro Gln Pro Thr Lys Ser Leu Glu Glu Asn Lys Ser
130 135 140

Leu Lys Glu Gln Lys Lys Leu Asn Asp Ser Cys Phe Leu Lys Arg Leu
145 150 155 160

Leu Gln Lys Ile Lys Thr Cys Trp Asn Lys Ile Leu Met Gly Thr Lys
165 170 175

Glu His

<210> 6
<211> 480
<212> DNA
<213> canine

<220>

<221> CDS

<222>  (1)..1(480)
<223> EPy7-~cIL-7

<400> 6
atg ggt gtt cat gaz tgt cct gct tgg ttg tgg ttg ~tg ttg tct ttg 48



20 25 30 Lys Asp Ay Arg GQu Tyr dn H's Val Leu Met
Ile Ser Ile Asn Asp 35 40 45 Leu Asp Ile Met Ile Lys
Asn Ara Thr Asn Cys Ser Asn Asn Gu Pro 50 55 60 7/10
Asn |le Leu Lys Lys His Ala Cys Asp Asp Asn Lys Qu
Gy Met Phe 65 70 75 80 Leu Tyr Arg Ala Ala Hi s Lys
Leu Lys @ n Phe Val Lys Val Asn Asn 85 90 95 Ser Gu
Asp Phe Asn Leu His Leu Ser Af¢ Val Ser A n @y Thr
Met |8y Val0Qisl 05 138 pcb mikerrpl Bou ASP QS LIhkePrser Lyt G u
1 Asp Asn Ly§ Ser Leu Lys @ uo0 115 120 125 @bsn Arg Lys
s Ser Leu Cys Ser Leu Ay lle Leu Leu A n Lys
£ 8 L%sgffmtg N %ggﬁh sockst P@E YENILy Sty |dealasg Arg 96
BRTC I S Al vl R vl Cﬁz&ﬁﬁlg‘a &34 Elvig
<212> DNA <213> Artificial sequence <220> <223>
aaa GRS CydcpidopaPfratiidabfdaci ¢t seguepCHic B atedadamin 14y
Lys 24003 y8Arg Gaattaacyn adactaated Slet <20z 152 hlx akd
35 40 45

ttg gac atc atg ata aaa
Leu Asp Ile Met Ile Lys
50

at cgt acc aat tgc tcg aat aa: gaa cct 192
n Arg Thr Asn Cys Ser Asn Asn Glu Pro
60

o m

5
5

aac att tta aaa aaa cat gca tgt gat gat aat aag gaa ggt atg ttt 240
Asn Ile Leu Lys Lys His Ala Cys Asp Asp Asn Lys Glu Gly Met Phe
€5 70 : 75 80

tta tat Cgt gct get cac aag ttg aag caa ttt gtt aaa gtg aat aac 288
Leu Tyr Arg Ala Ala His Lys Leu Lys Gln Phe Val Lys Val Asn Asn
85 90 95

agt gag gat ttc aat ctc cac tta tca aga gtt tca cag ggc aca tta 336
Ser Glu Asp Phe Asn Leu His Leu Ser Arg Val Ser Gln Gly Thr Leu
100 ' 105 ' 110

caa ttg ttg aac tgt act ccc aag gaa gac aat aaa tct tta aag gaa 384
Gln Leu Leu Asn Cys Thr Pro Lys Glu Asp Asn Lys Ser Leu Lys Giu
115 120 . 125

cag aga aaa cag aag agc ttg tgt tcc cta ggg ata cta cta caa aag 432
Gln Arg Lys Gln Lys Ser Leu Cys Ser Leu Gly Ile Leu Leu Gln Lys
130 135 : 140

ata aaa act tgt tgg aac aaa att ttg agg ggc tct aaa gaa cat. tga 480
Ile Lys Thr Cys Trp Asn Lys Ile Leu Arg Gly Ser Lys Glu His
145 150 155

<210> 7
<211> 159
<212> PRT
<213> canine

<400> 7

Met Gly Val His

Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
1

10 15

o Q)
i
c

Leu Ser Leu Val Leu Leu Pro Val Ala Ser Asp Cys Asp Ile Glu Gly
20 25 30

Lys Asp Gly Arg Glu Tyr Gln His Val Leu Met Ile Ser Ile Asn Asp
35 40 45

Leu Asp Ile Met Ile Lys Asn Arg Thr Asn Cys Ser Asn Asn G
50 55 60



Asn

65

Ser

Gln

Gln

Ile
145

<212> DNA <213> Artificial sequence <220> <223>
description of artificial sequence: nutated donain
<400> 9 aacttcacta ag 12 <210> 10 <211> 12 <212> DNA
<213> Artificial sequence <220> <223> description of
artificial sequence: nutated domain <400> 10
gccaacggta cc 12 r 8/10 <210> 11 <211> 15 <212> DNA
<213> Artificial sequence <220> <223> description of
artificial sequence: nutated domain <400> 11

Cct aaacgaca gctgt 15 <210> 12 <211> 12 <212> DNA
Ile Leu Lys Lys His Ala Cys Asp Asp Asn Lys Glu Gly Met Phe

70 75 80

Tyr Arg Ala Ala His Lys Leu Lys Gln Phe Val Lys Val Asn Asn
85 o0 _ 95

Glu Asp zhe Asn Leu His Leu Ser Arg Val Ser Gln Gly Thr Leu
100 105 110

Leu Leu Asn Cys Thr Pro Lys Glu Asp Asn Lys Ser Leu Lys Glu
115 120 _ 125

Arg Lys Gln LYS Ser Leu Cys Ser Leu Gly Ile Leu Leu Gln Lys
130 135 14¢

Lys Thr Cys Trp Asn Lys Ile Leu Arg Gly Ser Lys Glu His
150 155

<210> 8

<211> 18

<212> DNA

<213> Artificial sequence

<220>
<223> description of artificial sequence: mutated domain

<400> B

ctgaataacg aaactaac 18
<210> 9

<211> 12

<212> DN&a

<213> Artificial seguence

<220>
<223> description of artificial segquence: mutated domain

<400> ¢

aacttcacta ag ' 12
<210> 10

<2il> 12

<212> DN&

<213> Artificial sequence

<220>
<223> description of artificial Sequence: mutated domain

<400> 10

gccaacggta cc



<213> Artificial sequence <220> <223> description of
artificial sequence: nutated donmain <400> 12
atc=tgaacg gg 12 <210> 13 <211> 25 <212> PRT <213>
hono sapi ens- <400> 13 Met Phe His Val Ser Phe Arg Tyr
Ile Phe Gy Leu Pro Pro Leu Ile 1 5 10 15 Leu Val
Leu Leu Pro Val Ala Ser Ser 20 25 <210> 14 <211> 27
<212> PRT <213> hono sapi ens$/10<400> 14 Met Gy Val His
<216hU 1Qys Pro Ala Trp Leu Trp Leu Leu Leu Ser LeuGI 1 go
<2110 43 Leu Ser Leu Pro Leu Gy Leu Pro Val Leu Gy
<2125 DRR10> 15 <211> 17 <212> PRT <213> hono sapi ens
<213> Artificial sequence

<220>
<223> description of artificial sequence: mutated domain

<400> 11
Ctgaacgaca gectgt

<210> 12

<211> 12

<212> DNA

<213> tificial sequence

<220> '
<223> description of artificial sequence: mutated domain

<400> 12
atcttgaacg gg

<210> 13

<211l> 25

<212> PRT

<213> homo sapiens

<400> 13

Met Phe His Val Ser Phe Arg Tyr Ile Phe Gly Lieu Pro Pro Leu Ile
1 5 10 15

Leu Val Leu Leu Pro Val Ala Ser Ser

20 25
<210> 14
<211> 27
<212> PRT

<213> homo sapiens

<400> 14

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
1 5 10 15

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly

20 25
<210> 15
<211> 17
<212> PRT

<213> homo sapiens

<400> 15

15

12



<400> 15 9/10 Met Leu Leu Leu Leu Leu Leu Leu Gy Leu
Arg Leu Gn Leu Ser Leu 1 5 10 15 dy <210> 16
<211> 20 <212> PRT <213> hono sapi ens <400> 16 Met
G u Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp
Val Pro 15 10 15 Gy Ser Thr Ay 20 <210> 17 <211>
19 <212> PRT <213> hono sapiens <400> 17 Met Lys Leu
Val Phe Leu Val Leu Leu Phe ¥®u Gy Ala Leu Ay Val 1
Met5 éujLe eNa Leu Ala <210> 18 <211> 20 <212> PRT
<3T35°NoMD SHptense LanGly feuneto Aka gy gext oen CY's
Thr Leu Leu Leu Leu Met Al a°Thr Leu Al a

Gly

<210> 16
<211> 20
<212> PRT
<213> homo sapiens

<400> 16

?et Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val Pro
5 10
15

Gly Ser Thr Gly
20

<210> 17
<211> 198
<212> PRT
<213> homo sapiens

<400> 17

?et Lys Leu Val Phe Leu Val Leu Let Phe Leu Gly Ala Leu Gly Val -
5 10
15

. Ala Leu Ala

<210> 18

<211> 20

<212> PRT

<213> homo sapiens

<400> 1B

?et Ala Arg Pro Leu Cys Thr Leu Leu Leu Leu Met Ala Thr Leu Ala
=4
5 10 15

Val Ala Leu Ala

20
<210> 18
<211> 26
<212> PRT

<213> Artificial seguence

<220>

<223> d ipti £ ifici }
3> description of artificial sequence: chimeric siagnal peptide



P

1510 15 Val Ala Leu Ala 20 <210> 19 <211> 26
<212> PRT <213> Artificial sequence <220> <223>
description of artificial sequence: chinmeric signal
peptide 10/10 <400> 19 Met Gy Val H's Au Cys Pro
Ala Trp Leu Trp Leu Leu Leu Ser Leu 1 5 10 15 Leu

Ser Leu Val Leu Leu Pro Val Ala Ser 20 25 9
10/10

<400> 19

?et Gly Val His Slu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu
10 15

Leu Ser Leu Val Leu Leu Pro Val Ala Ser
20 25



