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1 GLYCOSYLATED IL-7, PREPARATION AND USES The present
invention relates to new and improved interleukin-7 polypeptides, as 5 well
as to compositions comprising the same, their preparation and uses. The
invention more particularly relates to hyperglycosylated 1L-7 polypeptides
having improved properties, as well as their manufacture and therapeutic
uses. The invention also discloses novel IL-7 polypeptides having
modified amino acid sequences containing artificially created glycosylation
site(s), as well as 10 corresponding nutleic acid molecules, vectors and
recombinant host or host cells. The invention also relates to the use of

such polypeptiGey,CobYDATEDIC-AREPARATIR ANPQYSEEve
treatment of mammalian subjects, including human subjects.

BACKGROUND OF THE INVENTION 15 B and T lymphocytes are the
primary effector cells of the immune responses. Both cell classes are
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BACKGROUND OF THE INVENTION

B and T lymphocytes are the primary effector cells of the immune responses. Both
cell classes are considered to derive ultimately from hematopoietic stem cells in
the mammalian bone marrow, via progenitor or precursor cells representing
distinguishable stages in the differentiation of 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 cells development is dependent on growth, survival and differentiation
factors produced by various stromal cells. 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
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progenitors and precursors, including the specialized precursors known as
pre-B 30cells. Originally derived from the stromal element of a bone
marrow cell line, IL-7 is 2 also secreted by thymic stromal cells, intestinal
and other epithelial cells, some dendritic cells and follicular dendritic cells,
keratinocytes and generally all lymphoid tissues. Alternative designations
for this molecule are "pre-B cell growth factor" and "lymphopoietin-1".
EP0314415 (or US4,965,195) describes mammalian interleukin-7 proteins
and corresponding DNAs. Human IL-7%mino acid sequence contains
three putative N-linked glycosylation sites, located at Asn residues at

mgmiti@étsft@d 9;1/anwﬁia;t?lstﬂaﬁmi@gnﬁpﬁf&qmrgw%@?i%Eifi;fﬁaln?&-zeus, some
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l@ﬁ{&%&g&éﬁ*&f@; 179:229-236). Stable recombinant expression of hiL-7

in BHK cells was also reported (Armitage et at; The Journal of
Immunology; 1990; 144:938-941). However, the glycosylation status of
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1L-7 Waa originally disclosed as a cytokine whose pnnmpa‘#actlw was

prEtRdar dRe P EarYatiB sirib et rP{ R AosUmantas ol slkdiacornd
Sbekpna':_memftalh@eglyh@ey@B?; bdﬁ_m?]&ﬂom- :bradéﬁﬁeé;oﬁ@s{eﬁ@?gb/ been
el In the, survival an (0] no .
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aﬁaenﬂplbwéymﬁha@mﬁﬁmmBH%Q&é@ﬁ%bc%9&%9¥%Q%%Wm$ﬁx¥ﬁ§ration
09- 522-Fry T.J. at

aeurer M.J. at al,;; Mt. Rev. Immunol.; 1998; 16: :
S S BitPosylaamia o, MUtst hiRkra A, Ay damines uch as
SsCShot@ Ve dF, oHBFMistindeme rdispin -fiell thgepetaiiondivity without
HH/EB ggal action (Fry T.J. at at; Blood; 2001; 97(6)1 525-1533). IL-7
potently modulates mature T cells and beside this effect on mature T cells,
IL-7 may influence the development of antigen presenting cells (Marquez

B/ @2@04/018663. 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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10 Med.; 1995; 181:475-83). IL-7 is essential for memory T cell
regeneration, both in the CD4+ and CD8+ subsets (Kondrack R.M. etal.;
J. Exp. Med.; 2003; 198:1797- 806 - Kaech S.M. et at; Nat. Immunol.;
2003; 4:1191-8). IL-7 has thus a great therapeutic potential for use in the
stimulation of the 15 proliferation of T cell precursors, of
antibody-secreting B cells, in the stimulation of antigen driven 1-cell
peripheral expansion, and in the production of nave T-cells as well as
other hematopoietic cell types. A partlﬁjlarly interesting therapeutic use of
active IL-7 molecules is for immune reconstitution of lymphopenic
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Is so critical for i rop0|ét|n drug substance
polypeptide purity 5and profile must be speC|f|caIIy studied and maintained
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emﬂﬂau-drmm'ﬁg:df neptaizingxpatibiodieshd Thishenprodagrmicityrisive T-cells
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gentlyevhribueelesd §§fcb$rﬁ§fat@Wwaﬁvéepﬂmgg@nngfamuhﬁpemc patients:
pateneogentetyiormosiheer, patients having received a bone marrow or a stem

cell transfer, patients presenting an acquired or genetic immune deficiency, elderly
patients or any patients having low CD4 count. Other utilities reside in the ability of
IL-7 to produce new naive CD4 T-cells or to expand specific pools in order to

produce or increase specific immune responses (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
pommercially available, some are poorly immunogenic (e.g., Interferon alfa “IFNo,
granulocyte colony stimulating factor “G-CSF”) so that the corresponding drug
substances do not require a very specific polypeptide pUrity other than
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which: altered polypeptide sequences (e.g., oxidized, reduced,
deamidated or truncated forms), covalent or non covalent IL-7 multimers,
such as aggregated IL-7 15 molecules and the like. Therefore it is critical
to define IL-7 polypeptides and drug substances which are more stable,
less prone to intermolecular aggregation, less immunogenic and still
biologically active. Indeed, while the activity of most drugs is correlated
with AUC parameter, the activity of IL-7 is correlated to half-life parameter
and more particularly to mean residenée time. 70 SUMMARY OF THE
INVENTION The present invention discloses new and improved IL-7

pohyeeEtaes Isliug wikMipReesed RIMBESHIBRRIMBISERLICabAtS other
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amino acid residues.

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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25A 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. 6 A further object of this
invention relates to the use of a hyperglycosylated IL-7 composition for the
manufacture of a medicament for treating a mammalian subject. 5A
further object of this invention is a method of causing or stimulating an
immune response in a subject, comprlélng administering to the subject an
effective amount of a hyperglycosylated IL-7 composition. A further

ﬁhﬁeﬁﬁvbmsﬁnvmﬁm after mewmdafdmmwmen ﬁaam?l@@zwwi@ﬁ fHcleased
t with a
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expansion of the T cells. In a particular embodiment, the
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lmventlon co rlse[ 1%2 3orda t|f|C|aI% ated glycosylation 30sites,
IMATANG CHEPSIRPT 19 8 USRI TARALE SP S5 As will be
disclosed

An object of this invention resides in a hyperglycosylated IL-7 composition.

A further object of this invention resides in a purified hyperglycosylated 1L-7
polypeptide.

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.



10

15

20

25

30

7 further, the artificially created glycosylation sites are preferably N-linked
glycosylation sites. The IL-7 polypeptidos of this invention may be from

any mammalian origin, particularly of human origin. Furthermore, such

IL-7 polypeptides may comprise the sequence of a mature 1L-7

polypeptide, or further 5 comprise additional amino acid residues, such as

a secretion peptide for instance. In addition, or in the alternative, the I1L-7
polypeptide is preferably a specific conformer comprising the following

three disulfide bridges: Cys: 1-4 (Cys29Cys92); 2-5 (Cys34- Cys129); 3-6
(Cys47- Cys141). Specific examples of such modified IL-7 polypeptides
FOmPptiRe abjeasbPRAiRMasH adifcRliekassdisalosed iRt Hded IL-7

below, ar a comhination thereof. A further opject of this invention resides
ORI S RGN o RSP RBITEEh (Kb HEabg dudpermmalian

&pbobjestThe nucleic acid molecule may be any DNA or RNA molecule,
typically a cDNA molecule. 15 A further object of this invention resides in a
nucleic acid molecule encoding secretion signal comprising SEQ ID NO:

fofustherirbieshicihiss invontigarison malhnss oh caveiom oesHipHiitiggaan immune
negiIesadid 2 uprRlecHRFISIRENRTARSMRINGNS HRCQIHBRY A8 HBbtive amount
%gcokﬁg)otl@%r e kgrﬁtl vector, éﬁplcally a eukaryotic vector, and may be
SeREFF Ogbéﬁl B ’d’ e“&gtﬁ% BINA, cosmid, viral vector, artificial
chromosome, etc. The vector may comprise any regulatory sequence

allavvngr RigRer SpIsTIRAHhe &ﬂ%ﬁ%&%lﬁé}%—%% MRS e 0 on of T
cell, e.g., a promoter, terminator, polyA, origin of replication,

ssioniidometiesoromariesyenaiadting 3 aatiundihied reepoaivqesyRied 1L-7

isly FistiabovedmipteitasiAsrany YRRiASNG aXRSISA DI ohd BlggRe to
produce recombinant mammalian IL-7 polypeptides in various competent

host cells, as well as for gene therapy purposes. 8 Another object of this
i edtigantissiges ¢maodicosnhintr hbypexdlycoayfaisinglb-Rudemmsitdar ss a
¥BRIBb SR SHSEIRIEILAROYE 144 D r‘?&"HﬂQﬂé\%ﬁf@éﬁW?&P%@% Ay Wl
mare preferably, eukaryotic, such as a yeast, inSect, plant or mammalian

POIYREPHISENBIER6PeaY B Ricahisash s distinal andao asiteesidues.
SxptessshivesanaypeeskiRohaomiil preserasatBiftaarie-7 polypeptide sequence
%ﬁ%ﬂﬁgﬂﬁ%ﬂ% 5?8%%%%:8' Iat %)nrgljgéjs?% n origin. Another object of this

Su

Invention resides in a stance comprising an IL-7 polypeptide as
described above, typically a hyperglycosylated IL-7 polypeptide.

In a further particular embodiment, the hyperglycosylated IL-7 composition is a
composition comprising at least 80 %, preferably 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. 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 1L-7
polypeptides of this invention comprise 1, 2, 3 or 4 arﬁficial[y created glycosylation
sites, more preferably 1, 2 or 3; even more preferably 1 or 2. As will be disclosed
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10 More preferably, the drug substance contains less than about 10% of
un- or monoglycosylated IL-7 polypeptide and/or is essentially devoid of
product-related impurities.  The invention also relates to the use of a
drug substance as described above in the 15 manufacture of a
medicament ("drug product”) or pharmaceutical composition. The
invention further relates 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 20excipients. The invention also provides an antibody, as well as

feaiperentbor defficives dheredf, Engcé@atlwﬂmmw@%rgtﬂ@ti\%eéféﬁbm% IN-finked
tid defined apoyve; ri a cell lines that produce sal
@gg’é%ﬁ?/b%iav%é Sz'ils 5m 6)éitp§l gﬁ@%fe 543%5'&%%@, Ay, perfrom any
themipglicompiiiging spattientisydyofrabaneans origerivaiivéissthnerenf. Such  IL-7
B&g/bgpﬁ@%%%f/ Bimihention ds m@%@&&éﬂﬂ@qﬂfﬁg&yxgﬁg%de or further

polypeptide as described above, from prokaryotic or eul > host cells,

SRR S A HHRBRb ABING At 6P nebal g serplieschridide Socinsiance.
Ilb.-édwlwm-;‘m'tdaﬁiﬂl&sémﬁ%,’[qw@&LaKZthJ)Iﬂ)épiﬁi@ﬂ@-pfr_ef@régﬁﬁt:é'%%(:ific
: the method of producing an IL-7. polypeptide as defined 5 above _
O S e R e A i R R o)
241 evipdftreyr 12Mioy P é Brie7p Oykickd. fipecimidxaihples of such modified IL-

7 polypeptides comprise at least one amino acid modification as disclosed in Table
1 below, or a combination thereof.

A further object of this invention resides in a nucleic acid molecule encoding an IL-
7 polypeptide as discussed above. The nucleic acid molecule may be any DNA or
RNA molecule, typically a cDNA molecule.

A further object of this invention resides in a nucleic acid molecule encoding
secretion signal comprising SEQ 1D NO: 19.

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 &' or 3’ untranslated regions (UTR) efc.

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.




10

15

20

25

According to a preferred embodiment, expression is performed under
conditions 10allowing efficient glycosylation motifs to be added to the IL-7
polypeptide, in particular sialic acid residues. In a further preferred
embodiment, the production is performed in a fed-batch or perfusion mode
maintaining the cells at the end of exponential growth phase. Such 15
conditions increase the quality of post-translational modifications and
contribute to a higher degree of sialylation per IL-7 polypeptides.
According to particular embodiments, the encoding nucleic acid comprises
a secretion signal and/or an optimized nucleic acid sequence and/or the

hosticell objeURRIHPOMGENSdbs wm&lﬁmsﬁmﬁgtwr %&%ﬁlsmg a

ceI 20 Anpther object of the invention relates to the use

e'gpﬁa' oF hype Iy%%ﬂ)ﬁﬂé’a% N BpEYHRR AecamhiBaNksiemay be
mlbym rlrmdnedmefdmmmbedl@bﬂma; féssulthre ssanuiasisreinbact, plant or
ulate une ons
a subjeggigg%@c?:arly 10 in Ué%%é?ﬁ\%%%g ?ﬁ%@ﬁgﬁg@g@%ﬁf Eiis) Liced to
SHEIBFI OLRYSHfP e Rt nauairaesyiisanrsicrpise avdntion2afseiablétassfertse gene,
USe, GFcrh H;L"ﬁdppd,y@qmtide 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. 10 As
whibbedisiessed butonytrdipolysigiias of dnig i@uam@mmmng an IL-7

I h
iAo Bl S PTRRIRE T one
fdose pistryabibmiha ﬁﬁ%ﬂé@ﬁ@ﬁﬁqwefé@?%lﬁﬁﬁlﬁgﬂmEMQ%’o ofaat-aor mono-

wiviesylatantholpgjzaysemdito @%d%m@én@@@ﬂnéﬂgbl%@%feaﬁw%&m related
P’ﬁ&%ﬁ subjects. LEGENDS TO THE FIGURES Figure 1: Plasmid

CEP7-hIL-7: 10 efla pA: "elongation factor 1 alpha” poly A sequence
; hgh pA: "human tgrowth hormone" ponAsequence SpA synthetlc

Wﬁb’ﬁ ? |II| sistance
g AN A AR o

mapIiAsIus TR MasivRmeNki dse ﬁf@%@@rorswwraﬁnembogmmdm
pr pgk: phosphoglycerate kinase promoter ; 5'UTRinti: 5' 15untranslated

gﬁ'shtha ChII'P%I’ICI tron (h3globin-immuno obullne
?&7&{%{? ptimized human IL°7% R ggﬁ"fﬂer thﬁnﬁ?'ﬁaﬂﬁﬁ‘g an
ﬁ%@?.@mwﬁmd@ﬂ@ﬂm&p@e 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 [L-7 polypeptide as defined above;
hybridoma cell lines that produce said antibody, as well as compositions suitable

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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8cl2: Bcl2 cDNA ; IRES: Internal Ribosome Entry Site 20 Figure 3:
Expression of recombinant hiL-7 in mammalian cells cultured in Bioreactor
from day 1 (D1) to day 10 (D10) Westen blot of intracellular versus
secreted IL-7. 75 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 différentially the hIL-7 glycoforms
according to their slightly different physico-chemical properties. 30 ‘
HeestinnptiomanslsHgIRE yRBs Selactianeh %ﬂﬂ%&f&ﬁéﬁﬁ&@%{?&ﬁ&e or to
enrichment 11 of the fully three glycosylated recombinant hiL-7 (3 N- or 2
ﬁé%%%?éié?e%%ﬁm{) - sugar moiety). MWM, protein molecular weight
markers (10; 15; 20; 25; 37; 50; 75 ; 100 ; 150 ; 250kDa); BI-B10, elution
fractions. B1- tiQp fracti retained for further purification ; CT, | _
G bty e SRR S AR s Tl ReliBilen gernec
fho\RRIMBPsATIzed hiL-7 cDNA. Figure 5: Analyses of the purified
EgcomtnAng Blkedopib PR RAGEISATBRIFRA LIRS BUsigd recombinant

e HAIFEPBR 0 AANRER G e TEEISIMIM - moloclr
weight markers (10 ; 15; 20; 25; 37 ;50 ; 75; 100 ; 150 ; 250k0a). Lane
ﬁﬁé&?ﬁﬁ’@% 7a ) ﬁ@@r@d %ﬁ)ﬁ&dﬂ‘r@&i, L&(rb?e%s% 'ig”bé?rf'blfna‘}gg ﬂﬁgércggnditions
allowing efficient glycosylation motifs to be added to the IL-7 polypeptide, in
particular sialic acid residues.

In a further preferred embodiment, the production is performed in a fed-batch or
perfusion mode maintaining the cells at the end of exponential growth phase. Such
conditions increase the quality of post-translational modifications and contribute to
a higher degree of sialylation per IL-7 polypeptides. According to particular
embodiments, the encoding nucleic acid comprises a secretion signal and/or an
optimized nucleic 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 to 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 freat a disease associated with an immunodeficiency.
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15 Figure 6: Comparative SDS-PAGE apparent molecular weight of
purified glycosylated rec-hIL-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), 20
Lane 2 = CHO rec-sIL-7 product puffed by the Applicant, Lane 3 = CHO
rec-hlL-7 product purifed by the Applicant, Lane 4 = hlL-7 1N- and 2N-
glycoforms as standard for apparent molecular weight comparison, Lane 5
= E.coli rec-hlIL-7 product purifed by thE0Applicant (CYT 99 007). 25
Figure 7: Analyses of the purified recombinant human IL-7 on SDS PAGE

VRARAr eRUGIsE, i f&ﬁ[ﬂrhé (] f urified ‘
recombinant |y§c§§t§g§§§v ﬁﬁgr%an Lﬁ@vae%gg?%éggﬁo E}l/ﬁ E)ﬁce}gsﬁg? al extended
ﬁﬁéﬂ@s&?‘ﬁﬂ%&? nﬁ”?%iFﬁﬁQ?'?SezHW%véW@'gh&é@Fow &é10 necapipkHateraction
sah pleti{0)/ ) ers aligemiest ol staBilby i/ BN aseeF 11 BIeasicassLbnicity,
e -a?qmig%s%nefu ngerglnld §§égl-Acet J%Xucofiaml ni dase, Asa ,
control, glycosyfated human 1077584 2 GEiflmah RaRloricals saslfians in
GReiREgEanssajeats, pavtiadariyNa hon 1 glybietciems and deglycosylated
human 1L7 were then separated according to their MW estimated on the
gel at 33, 27, 24, 18 and 17 kDa, respectively.  Figure 8: Mass spectrum
TSN fOHRRE

analysis of different purifiEﬁQé&\lpﬁ- 8 -23 kDa (23179 Da):
Rec-hIL-7(CHO S,2N+3N) -25 kDa (25127 Da): Rec-hIL-7(CHO 8,3N)

EEHFS ?: BRS ?&(ﬁgﬁ%&%ﬁ%iﬁﬁ‘rﬂg}ysis of the purified recombinant

rﬁgﬁergl cosylatec polypeptide. After 'so Electric Focusing (pH

gty 1slangatipefasions! valnbasaprlvafedenss PAGHE pAdéuman growth
FRAHRING COOIGIIORSAGRBIASSHAP e BlaiRINIAIYES JhiMass sipest i

analysis of recombinant hiL-7 f\?\ I)%(}:ﬁ;n comr}r%)esg(i%/. G ’ Fﬁp ﬁ)’é‘?’g%ycm
resistance ; Amp: Ampicillin resistance ; MAR rabbit Bglobin: putative rabbit
Bglobin « Matrix Attachment Region » ; pr. tk: thymidine kinase promoter , sv40
enh.: sv40 enhancer ; pr pgk: phosphoglycerate kinase promoter ; 5’UTRint1: 5
untranslated region comprising a chimeric intron (hBglobin-immunoglobuline) ;

EP7-hIL7: optimized human IL-7 cDNA upstream from EP7 signal peptide.

Figure 2: Plasmid pBh-pgk.EP7-hIL-7 :
Bcl2: Bel2 ¢DNA ; IRES: Internal Ribosome Entry Site

Figure 3: Expression of recombinant hIL-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-hiL-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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Purified glycosylated hiL-7 samples were enzymatically digested with an
20 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- 25
Glycans on the hIL-7 molecule. Figure 111: Characterization of 0- -glycans
on recombinant hlL-7, using specific lectins (lectin blot). After separation

of met&im@a&@w@@i mgc@ﬁﬁmfﬁm.e? rezmu ﬁﬁsmr%ége!&éléa Wi 10-

elttlher one IecE é“f ck| amuren3|s PN

RUdETToTeR) by Ore Jéduls Mr%i ‘E%fﬁ‘i fid0a 13 §Q|||§?ed37 50 ;
ﬁlﬁ)telho(lf;tné@ feﬁﬁﬂk%teBWﬁmOa elatldasﬁsat:hmcs& B34, shich Hithations
V&% ﬁé’dWHPféPﬁ“Qﬂf& 155 1eT-poigaf f@‘ft}ﬁt%ﬁ%%er’r%%cg%'ﬁ‘ﬁ?g SHHEK203

e tlde EL screen). 5 Lecttins (LEA from Lycopersic
S%W@A Wishhiheigamea 991@@?—6@ B 7EdMidex europeus, MAA

from Maackla amurensis, ACA from Amaranthus caudatus, AlIA from

rtocar us intergrifolia, ABA from Agaricu orus, PHA.L fro
é 1880 usg‘ vug}ﬁar?sﬂ]L %g? urftigd § %@'@éﬁjﬁb “hikh DR E’fr%ﬁ\o%ﬁ{fé"lﬂs of
tbeompifiedt rrodiakinant 7hikepanatienmatipblorts SDBoARIIE-Hnder reducing

deRending enitheel9 ,Iggggllg@gylflcity to the glycan moieties, were
revealed by a specific anti hiL-7 antibody (Ab) coupled to Biotin. The

Lectin ; “C7 Ab san%wmh was revealed with a streptavidin-peroxidase

conjugate %?ﬁ'ee |c9assay of recombinant human IL-7 activity.

Dose-response kinetics of 15PB-1 cell growth induced by unglycosylated
r-hiL- 7B(e ROIREE. coli) or highly glycosylated r-hIL-7 (produced in

MGPNaliIcehs) - ﬁé%ﬂ@n’rér@@?@ayfg r%m%@a@?“@@” 9§ {100 ; 150 :

aCt|V Dose-response |net|C ala an curves o talned rOUtl y In a
DALy 206 G B A LelLFA NGB0 O cane 5y iyhibobylbese 4 £

behrE-(Expressed in E. colt), highly glycosylated or hyperglycosylated

r-hiL-7 (produced in mammalian cells). (Data points represent the mean ..

SD of triplicate determination).

Figure 6: Comparative SDS-PAGE apparent molecular 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-hlL-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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25DETAILED 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 30 depending on the glycosylation profile of the polypeptide.
The present invention 14 also discloses, surprisingly and contrary to in
vitro data, that the best in vivo activity can be achieved with IL-7
polypeptides having at least 2 to prefeddbly 3 occupied N-linked
glycosylation sites and one 0-linked glycosylation site and maximized

tRASRGH Siavaon ONe olgnsagrPatide meistiesnT NGiRresisinengon, .
also 5 discloses artificially create hype(r%ycosylated IL-7 polypeptides,

whicrsidasrit Jréleatistraidang/nereaty darshidcehdaliceaandipitaseation
freqae0nybl AoYsHIstedr earesh|Ang-tRME MBI ROBRNGILY. WQBSHSS IRfded on
tﬁ}‘e utility of IL-7, such polypeptides and compositions represent highly
valuable and useful active molecules for use in regulating an immune

@pdRs @M aQubict OndiQdihgeidnb amddeagylipposyldiddsiohacilaf #ise then
ISuGAA, IREIRRIGER 1hai PXPRI LXGRRYIAISH i GamRosHion, Afurper
ob%]:%of this inven%ion rela{tes to the use o?ﬁ‘yperg g)%y%%ggzL- %o%?haend 17

PnEPRASERYRY of a medicament consisting of said hyperglycosylated IL-7
and at least one pharmaceutically acceptable carrier or excipient, for

ing.a,mammalian subject.. further object of this j ion js a
T R e e ot e R e G e,
cE@P R g2 dhPagt&tamhib-HEEMD BeN#BNfective amount of a :

byiatoly ¢o5Yiaterh | Lre SHNRAGHAS s afyfurther object of this invention
relates to the use of a hyperglycosylated (and preferably highly sialylated)

IL-7 composition for the manufacture of a medicament 25for causing or
$liguntatirg arRinmeletrepporsssin ausabisst. 1657 RN/IRPHRA  recombinant

hyperglycosylated human IL-7 polypeptide. After Iso Electric Focusing (pH range 3-
10), glycoforms were separated on SDS PAGE under reducing conditions
(Coomassie blue staining)

Figure 10: Mass spectrum analysis of recombinant hiL-7 N-glycan complexity.
Purified 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 recombinant 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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15 polypeptide. More preferably, the IL-7 polypeptide is a human IL-7
polypeptide, especially for uses as a therapeutic or vaccine. Alternatively,
especially for use in non human primate experiments or in veterinary
applications, the IL-7 polypeptide may be any other mammalian IL-7
polypeptides such as a simian IL-7 polypeptide 5or a canine polypeptide.
Preferred human IL-7 polypeptides of this invention comprise an amino
acid sequence as described in EP 314 415 or in W02004/018681 A2, as
well as any natural variants and homolégs thereof. The sequence of
human IL-7 is also 10 available on gene banks. The typical wild-type
pefiaivprorieeisahe2afsinin actie@ntoptrmabkeanARALioNal, Lane 4, hiL-
J}Iiter@inal.@et lgnine residue (SEQ ID NO: 1). Variants thereof include,
more Sge\fj B\?,’ Aitiral allelic variants resulting from natural
polymorphism, including SNPs, splicing variants, etc. In a specific

dimen - ide. i nt '
e T oy of PO B B M RN Trtisa poroen)
@?@}/@@rﬁhﬁé fiPRekXGORRIIRIENe St1daniLrTh oy Bép fraenisTHtiaamneulgare, UEA.I
Polvpensidecdroiaseanid thernverberisisnasensior ReAirsidimeatiGanthus

se nce gf.ap isolated IL-7 polypeptide, which represents a further
8%@8?%% i a%op ic’§ 88?7?1“[3{;' f?otﬁé’)f?%ﬁe ég&\éﬂ%b’gﬁﬁé% Ebsﬁ?f‘i’ FHAL
o pBhsiskolsnvprginghaning aciditedpiatese whepidte dimd SEDHEANSIGUNts of
; Aatynah vari I istingctive n of

g o I o the
Bty PRI IPathe gl S TIaTESo VS A dBKRTREF Bhe osResifigeanti hiL-7
antibbey phisetngaecits Biierably issihvanants Ap RAMMAFSEROVERealed with
ggggeep% mgf igg)gt'gg g%that IS }superior to 85%, preferably superior to

Y0, pre eraBFy superlor?gjw (?,'most preferably superior to 98% with
SEQ ID NO:7. Thg IL-7 polypeptide used in the_ present invention is_
P@f%@%@d@%?W@&b%tﬂn&ﬁ%{ﬁ'ﬁ%"f@@&ﬁmpﬁogé-i&%%ﬁ?é%ﬂetﬁcs of

eans that the polypeptide is obtained or 30derived from a recombinant
gbp?éé%ld?{ il dndussdy by aalyrrdases sdt beiiéenuqesgd nikromrl) eF highly
ghpesytatedanhibr Tprothakaih endrandliansgig)c plants or animals
engineered to contain a nucleic acid molecule encoding an IL-7

‘ Eolypeptide. "Microbial" refers to recombinant proteins made in bacterial

igvesdibnBipaasag ofViaaamainmT referaro lkedonstiiantipcopap@iss kinetic
aslaia curves obtained routinely in a typical bioassay: the PB-1 cell growth was
induced by unglycosylated r-hiL-7 (expressed in E. coli), highly glycosylated or
hyperglycosylated r-hiL-7 (produced in mammalian cells). (Data points represent
the mean x 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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5 mammalian expression systems. As will be discussed below, all of these
host cells should preferably express either naturally or after transgenesis

an appropriate glycosyltransferase and/or sialyltransferase gene. IL-7
polypeptide can also be glycosylated through the use of appropriate in

vitro or in vivo glycosyltransferase and/or sialyltransferase molecules, or

by grafting oligosaccharide structures. 10 A specific example of a human

IL-7 polypeptide is a polypeptide of SEQ ID NO: 1 comprising the disulfide
bridges Cys2-Cys92; Cys34-Cys129 ah Cys47-Cysl141. Also, IL-7
polypeptides of the present invention may comprise the sequence of a 15
aistuiistlodepplpprisiaglycriy rébﬁtrmﬂtpfﬁselmd'&l@nﬁ{aﬂﬁﬂé%@éti% vivo act:vity

ti t Pref d
AP L I e LR S P
Seliskedl dypesylaiipouptes rastingeoiQHinRRICTY gos plipti dite SERPMaximized
ol eRiifagR GPRR SHLRLRUARe LATIRHAD SR VI iﬁ S8FC @éﬂ%ﬂ' also

peptide, VIP/vitronectin signal peptide and 20 cytostatin bis signa

PRt AE iealis s ath AupaHER e g SoRsERlHzsD iRy oxhibi

rSErQad acbvit hdiBbin AepRiTic reaRdinemintbRasieN HRRBARER |SAd/or a
algg%%coaps frict re}]qelb the mveC-l.tl rs, c?r%\é\f en se enc ﬁdel‘l fr m
t c?ﬂ? signa pep Me sequencengf |'§ \i) , such
foiyRapides7 and Foompesitiongh ispBEEND thDMQ/ahtalbépreeénusaful active
RRlieUIRE aBieeisl 1RIFegRIaMRE AN immune response in a Sdbject, includi
g erglms%lated IL- 76%1?@ Cgmposmons Wltﬁln the coﬁtegt Joefcthencu ne 8
&ftion, the term " ‘hyperglycosylated IL-7" designates an IL-7

polypeptlde having at least three occupied glycosylation sites, 5 La

rJ I@ﬁt 8 e INQ_aci reS| ues, A WP lation
site” %qeggnategn agnﬁ\%ﬁ?r(?g g@% Fri%%g] use? OF reX }(ncosaoeﬁ/pep ide W&? ' ;Son
subject to glycosylation, Le., the attachment of a carbohydrate structure.

AuGRIsdresHRsE: Wﬁ%l'hﬁ%&lbﬁﬁqw?é@fb $Heubefor ?12%&2%1}'/@85%{%&% GURF the

orre 10inap eptlde which allows the attac
ARt A AT B e DR I and

(Emt anyeanmhm’cb[ﬂmalue acceptablén agrdbmeaptidexeipioht alfowstibeting a
?%qrbohydrate structure through 0- linkage). Consensus

sequences or % cosylation sites are known per se in the art. As an

illustration, a consensus N-glycosylation site typically has the following 15

S uethise oﬁ}ﬁ&%ﬁﬁ[ﬂhﬁe\ﬁ&f%é 'ﬁéﬂ%@%‘ﬂ@aﬁ@lﬁ&éﬁ%ﬁ%ﬂf&’dﬁﬁa af$mmune

will be disclose beI w, such. /ation, sites e elther naturally
B ARG BN Sho A D 5 Dl ity Seropmount
@féatwﬂmhmsﬂmesethuénommﬂm term "hyperglycosylated IL-7

composition” designates an IL-7 composition in which at least 80% of IL-7
P Typeptldes have at least three occupied 3!] ycosylation sites, he., having
d

Hhetnehieglyebdymdayentitno daies dadiesussrab abpaghiesylated (and
pﬁasfmebllvtdﬂgmyrmt | aly%et'@?hln;az‘to%ﬂ%dsl\l | ftitilprtfowh\e[p@ﬁm%am@ t@if e l}wledlcztament
ate east, at three cosylation site nd, optionally, a
one %EI¥ gr% Ik Eng ! unr%¥ ek lelia |SSR(‘5§%€

|ygosy ation sit 2'¢o POSiti preferably
essentially devoid of un- or monoglycosylated IL-7 polypeptides, and thus
aanpesgseaidaost 20% of bi-glycosylated IL-7 polypeptides. In a preferred
embodiment, a hyperglycosylated 1L-7 composition designates an IL-7
composition in which at least 90% of IL-7 polypeptides are glycosylated at

ivireri\tgly cosdatiann sitesteysand iopsistial]yant -R0onedlalytideyladernates a
FEmRAR GBROHIIRMGE Mest e e ANeeSSERAY AEVRid, . canine) 1L-7
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18 of un- or mono-glycosylated IL-7 polypeptides, and thus comprises at
most 10% of bi-N-glycosylated with or without mono-0-glycosylated IL-7
polypeptides. IL-7 primary amino acid sequence comprises three putative
N-glycosylation sites, 5 namely Asparagine (Asn) residues at positions
70, 91 and 116 (with respect to the human wild type sequence, see SEQ
ID NO: 1). Furthermore, the present invention shows that the 1L-7
sequence also contains one O-glycosillatlon site, namely Threonine (Thr)
residue at position 110. In a particula %mbodlment a hyperglycosylated
IL-7 polypeptide of the present invention is an IL-7 polypeptide 10 having

pogsipode. tuereNs@iisasyating a;tesmm@edeaxaciambar Mot teoWiRptide,

occu cos Iatl site and a erglyc 7 co |t on is
SR a3 A e Ry R sl e 67 e i
@wmymewataiﬁeeubevmw@ywsy@mfmamegm:@abmﬁawlLaVspramaehde
r9 w&x@m#ﬂ%ﬁ%a&w&cy@;{p@g@%m 5 Y BRI A0Sy '9Rfbeptide

polypeptide may comprise additional artificially added or created
‘ﬁl?c‘i%}}l%%@ﬂ@?ég' ‘‘Bccordingly, a hyperglycosylated IL-7 polypeptide of
the present invention is an IL-7 polypeptide having at least three

ylation site an one,0- atlon Slt occu |ed said sites .

e R e SR e g
m@@yo@@,wawdhedm&ﬁp%ﬂuémﬁwamM@a@ﬁfﬁ%&ﬁﬁﬂ invisistvgll as any
reAREPQAahS-- AROINBRINIGGS tersbrcomdatadiabiedr SIYRARARIANT is also

sites E % at least, said sites being either naturally-occurring and/or

QYRR AG8/ PRNkdT R HRIGRIJMIE-YRE PFRISIR CRRBHEBR HRmamino acids
atiscloptisnbiy, paly peliites haviegarzb memfwmammed(semjemuo 1).

IR0 SALSERUSISE GRABIRISRS L SEQ{‘?a?rL iGally sre e%sumng from
%} iccdr(gqn d6 (Tgr ? fhe

ycosylation site. articular em odlm

wwaépn@lé@@m@"nnvmmr@mfﬁm% 1slicer &aimvﬁaangt@remea specific

ahvsegirieien ritesnmnere BWE@@%Ls%ﬂaﬁt ﬁi’@@s’?ﬁé@e%%@f%%ﬁb@%gwng
éﬁQ The art|f|(:|a| (:reatlfg glycosylation sites are@% erably N-linked

I?/C?&Q)‘)Eﬂﬁ?no nd ¥ REMR YaRRSH6HES Yy pically have the
following structure: AsnX-Ser/Thr, where X is any amino acid except
I t d ' .
AR R BB UGS SRR, n o

iRgRigirthaitanieR sistastrderdhealist Spestisracamensa ol avilsripjed IL-7
aavﬁapﬂa@ W@aeaaméoﬂquﬂmﬁ%@’éﬂﬂueﬁqmmmme iR Hé@tl@ﬂlar the

use t e mOdIerd IL-7 p ide shall retain the ability to bind a
S 5100 A0 cbs R e PR STt AU Bt s4BHP By degioted
i thiGr 8 N0( S, asdesli s @) yoh dhed L vanEolis dpticdd cgsquredistinaihiefragments

HRIEE: NQIALRRS, A4 §F -/ Horhighan %TerFoCEBﬁ?HeMSE% &SN rom

the site(s) is (are) introduced outside of he alpha helices of the
EiypEptiG:: pR¥reraBiGtioresybatiiniore ar-A8 PHiagiPhtgTsr oh @ didipr number of
aasin@bmd?refafa@wﬂsawawm@ee@moubgsmwlaxwéecm@ of identity

d|n 15 re at ar e rigid an qrtant f. rt tla struc
ﬁ‘ﬁ% g"I %ré%tl ngére’fé)rgb? %nye ‘%a’i1 r(ljt 8?%?% osf/) atio oe;%é?lo p%,
mvwfyreig)smmeerdu@&%dwtéoﬁﬁ@ IdNGide bridge (e. g Cys 2, 34,

47,92, 129 and 141), nor any critical residue involved in the interaction of

IL-7 pol peptlde with its cognate receptor (e.g., Ser 19, Leu 23 and 77
T Iz \rolvpSPEds Eée@yé%@f BifFes) '@’zﬁnt'ﬁaﬁ%ﬁgﬁiﬁﬁ%ﬁ%ﬁi@cﬂwgﬂm& .

Nvoteed iMdbwratbizig csféhsaoh@epﬂdﬁe@al thAtahE3Se!(peptide, isStbtkiad or
9 sn.143 he glyc Iatlon
tygpﬁl\é]%%yf%&qa%%gy mu %éﬁgﬁgﬂ g?"""ﬁ’é‘nzg C#Sorme %r@av@?a&é fZPn“%t cells

acid residues within the prlmary sequence of a reference IL-7 polypeptide,
to create a typical consensus glycosylatiort site.
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25 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 - 11e30Ser - 11e30Thr - 11e30Asn - Ser32Thr - Leu35Ser
- Leu35Thr - Glu38Ser - Glu38Thr 30 Phe39Ser - Phe39Thr Phe42Ser -
Phe42Thr - Glu52Ser - Glu52Thr - Val82Asn - 20 Glu84Thr - Glu84Ser
Lys97Asn Arg99Thr - Arg99Ser - Alal02Asn Leul04Thr - Leul04Ser
Leul04Asn Glul06Thr Glu106Ser - Léf128Ser Leu128Thr - 11e145Asn
Met147Thr - Metl47Ser - Metl47Asn Thrl149Ser (or from corresponding

pasitionicioiitherrniasech aliaplaht opatypaniities) SPaTAt 8xASYRIGE Pants or
e ol A R 2 Tolbppabhatiamay L7
apivmeriida. chitigebipls 28dery s28 Aseconbiaster 102815 Lys28Asim  bacterial
RSN Hierthkl oMM aIRRF 3 eHYsHG 3380MIRAR Glycoproteins made in
mammalian expression systems. As will be discussed below, all of these host cells
should preferably express either naturally or after transgenesis an appropriate
glycosyltransferase and/or sialyltransferase gene. IL-7 polypeptide can also be
glycosylated through the use of appropriate in vitro or in vivo glycosyltransferase
and/or sialyltransferase molecules, or by grafting oligosaccharide structures.

A specific example of a human IL-7 polypeptide is a polypeptide of SEQ ID NO: 1
comprising the disulfide bridges Cys2-Cys92; Cys34-Cys129 and Cys47-Cys141.

Also, IL-7 polypeptides of the present invention may comprise the sequence of a
mature IL-7 polypeptide, or further comprise additional amino acid residues, such
as a secretion peptide for instance. Preferred examples of such secretion peptides
include, without limitation, a signal peptide selected from the group consisting of
the EPO signal peptide, SEAP signal peptide, lgGkappa signal peptide,
Lactotransferin/vitronectin  signal peptide, VIPMvitronectin signal peptide and
cytostatin bis signal peptide. The sequence of these signal peptides is set forth,
respectively, in SEQ 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.




10

15

20

25

30

HG33b Leu35Thr HG36a Glu38Ser HG36b Glu38Thr HG37a Phe39Ser
HG37b Phe39Thr HG40a Phe42Ser HG40b Phe42Thr HO50a Glub2Ser
HG50b Glu52Thr

17

Hyperalycosylated 1L.-7 and Compositions

Within the context of the present invention, the term “hyperglycosylated IL-7"
designates an |L-7 polypeptide having at least three occupied glycosylation sites,
i.e., having at least three glycosylated amino acid residues.

A "glycosylation site" designates any amino acid residue or region in a polypeptide
which is subject to glycosylation, i.e., the attachment of a carbohydrate structure.
Such sites are typically N-glycosylation sites (i.e., any amino acid residue or region
in a polypeptide which allows the attachment of a carbohydrate structure through
N-linkage) and/or O-glycosylation sites (i.e., any amino acid residue or region in a
polypeptide which allows the attachment of a carbohydrate structure through O-
linkage). Consensus sequences for glycosylation sites are known per se in the art.
As an illustration, a consensus N-glycosylation site typically has the following
structure: Asn-X-Ser/Thr, where X is any amino acid except Proline. As will be
disclosed below, such glycosylation sites may be either naturally present within an
IL-7 polypeptide sequence and/or artificially added or created within said
sequence.

The term “hyperglycosylated IL-7 composition” designates an IL-7 composition in
which at least 80% of IL-7 polypeptides have at least three occupied glycosylation
sites, i.e., having at least three glycosylated amino acid 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
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HG82a Val82Asn ; Glu84Ser HG82b Val82Asn ; Glu84Thr HG97a
Lys97Asn ; Arg99Ser HG97b Lys97Asn ; Arg99Thr HO0102a Alal02Asn ;
Leul04Ser HG102b Alal02Asn ; Leul04Thr 21 HG104a Leul04Asn ;
Glul06Ser HG104b Leul04Asn ; Glu1l06Thr
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of un- or mono-glycosylated IL-7 polypeptides, and thus comprises at most 10% of
bi~N-g|ycosylated with or without mono-O-glycosylated IL-7 polypeptides.

IL-7 primary amino acid sequence comprises three putative N-glycosylation sites,
namely Asparagine (Asn) residues at positions 70, 91 and 116 (with respect to the
human wild type sequence, see SEQ ID NO: 1), Furthermore, the present invention
shows that the IL-7 sequence also contains one O-glycosylation site, namely
Threonine (Thr) residue at position 110. In a particular embodiment, a
hyperglycosylated IL-7 polypeptide of the present invention is an IL-7 polypeptide
having the above three N-glycosylation sites occupied associated or not to one
occupied O-glycosylation site and a hyperglycosylated 1L-7 composition is an IL-7
composition in which at least 80% of IL-7 polypeptides are glycosylated at the
above N-glycosylation sites and, optionally, also at the O-glycosylation site.

In a particular embodiment, a hyperglycosylated IL-7 polypeptide may comprise
additional artificially added or created glycosylation sites. Accordingly, a
hyperglycosylated IL-7 polypeptide of the present invention is an IL-7 polypeptide
having at least three N-glycosylation sites and one O-glycosylation site occupied,
said sites being either naturally-occurring and/or artificially added/created: and a
hyperglycosylated IL-7 composition is an IL-7 composition in which at least 80% of
IL-7 polypeptides are glycosylated at four glycosylation sites(s) at least, said sites
being either naturally-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 glycosylation 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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HG128a Leul28Ser HG126b Leul281hr HG145a 11e145Asn ;
Metl47Ser HG145b 11e145Asn ; Metl47Thr HG147 Metl47Asn ;
Thr149Ser The above amino acid modifications create N-glycosylation
sites without substantially altering the binding affinity of IL-7, thereby
creating improved IL-7 polypeptides according to the present invention. 5
The term "without substantially altering the binding affinity” means that the
binding affinity is not altered or may be reduced without impacting the in
vivo effects resulting from the interactithh with the receptor. When
guantified in vitro, the binding affinity may be reduced by less than 50%,

'pn@feéawéﬁ?smfbéoa@o%@%ﬁsrmyslé?%hBréﬁé?a/wfﬁfﬁﬁﬁ@&’ @éog,gxaﬁon

% fer bI less than 5%. Also, the above madifications
SRR S8 e i e, e SR e g Sfractire: Asn-

XeBppliptide e thisirmentionndrathiisaegpidR iihévention relates to any
biologically active IL-7 polypeptide having the primary

I

The glycosylation sites may be created or added chemically from assembied
synthetic oligonucleotides or using several techniques including mutagenesis
methods at various positions within 1L-7 primary amino acid sequence, and
following techniques known per se in the art. Because the modified IL-7
polypeptide shall retain the ability to bind an IL-7 receptor, the glycosylation site(s)
is (are) most 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, GIn 22, Lys 81 and Glu 84) , nor any
conserved residue involved in the activity of the polypeptide (e.g., Arg 133, Gln
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 - 1le30Ser -
He30Thr - lle30Asn - Ser32Thr - Leu35Ser - Leu35Thr - Glu38Ser - Glu3sThr -
Phe39Ser - Phe39Thr - Phe42Ser - Phe42Thr - Glu52Ser - Glu52Thr - Val82Asn -



15 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. 20 Most
preferred IL-7 polypeptides of this invention are biologically active, La,
they are capable of binding to an interleukin-7 receptor and show in vitro
activity in a specific bioassay and/or hdfe an increased mean residence
time (MRT) in vivo. 22 Comparison of activities between the non

Gmsﬂﬁteélamw%dmghm QémsmlgﬂageF Vigs1agiess Qdﬁ‘oﬁThr -
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does not reflect activity of the IL-7 in vivo, it allows comparison between
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lcal ED50 values for a n d standard were ranging

\}'\}8&9'6 %]? C@ fd '? éy BeT@%’d!&ylated ED50 values were
ranging between 1. 5 to 3.5 ng hyperglycosylated IL-7 / ml. The
hyperglycosylated IL-7 polypeptidesl.%[)f e\(lnvention show an improved
15 stability, and an in vivo extended Elite and mean residence time in

mammalian hbstsPaiieeRiige anmesved swatiityciertended half-life and

mean resideNggHgE" IS 10 be underst q_q,g@gtgéﬁ h]r,lpl
non-glycosylated forms. Preferably thelincrease Of nalt-life is at lgast

about 3x, prefel24 at least about 5 to|30%2Rfsh: He@ERee time (MRT)

means the aveiGge of the residence time«goaaeh SerdoZFMolecule in the
blood of patient ‘Lc. thittal-desing—Preferaply the increase of WIRT is at

least about 2 ﬁ %r preferably at least al olrﬁuf”%ﬂ'bx compared to the MRT
of non-glycoskl&gbforms. For instance tthaaﬂﬁamatlc half-life of the
hyperglycosyigtggsformwas stown-to x % ratge-of 36-te-40-hours,
whereas the/plasmatic half-life of the npn- q?VCovaated form is usually
5 to 8 hours (Wﬁé’ﬁtboth forms are admiféidéddiin the same conditions,
i.e. in one injggB@ngSUbCUtaneoUsly). T Bgdagag, residence time(MRT)

was around 49@95%—3#%&15—@1?”"”’1 10 hours with the non glycosylated
form. HG37 Phe39Thr
HG40a Phed2Ser
HG40b Phed2Thr
HG50a Glub2Ser
HG50b Glus2Thr
HG82a Val82Asn ; Glu84Ser
HG82b Val82Asn ; Glu84Thr
HG97a : Lys97Asn ; Arg99Ser
HGO7b Lys97Asn ; Arg99Thr
HG102a Ala102Asn ; Leu104Ser

HG102b Ala102Asn ; Leu104Thr
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23 It should be understood that the invention also encompasses any
distinctive fragment of an IL-7 polypeptide of this invention, La, any
fragment comprising an amino acid modification as disclosed above, or
any fragment comprising an artificially created glycosylation site as _
disclosed above. Such fragments typically 5 contain at least 5 amino acid
residues, typically at least 8, 9, 10, 11, 12 or 15 residues, and may contain
up to 20, 30, 40, 50 or more consecutive amino acid residues. Such
fragments may be used as antagonist2br as immunogens, to generate
specific antibodies. 10 Also, while the above amino acid positions have

been given HyHefrygaCe 10 the human [l-4 ABWREHUESs SFaCe) it

should be un dimmgpneseﬁmmmwsoﬁnmmpas&es I_L-7
polypeptidesﬁﬁﬁ)g‘”i’ne primary sequent€HASAIMSIBAEIrmodified by

homologous|rhi@atieas in mammalian sagigresspased on sequence

oreferred-embodiment of this

alignment ag RS hgman-sequenee: N\(;-\ [lﬁél bru _ T
invention reh;?és 10%ew biologically acti S lypeptides comprising

one or severaH&thida acid modificationiﬁpeéémm s grsgroug
consisting off. = T ,

LeulO4Asn - HI%%M hr - 20 Glul06Ser - Leu Qgé\é? e(128Th
Met147Asn ahtPd4bmbination thereof, diet digdsotivEniredaBent thereof.
Most preferred modified TC-7 polypeptides of thismventiomaredisclosed in

ble 2 below: 25Table 2 IL-7 polypeptide analog amino acid changes
R 7PN 3880 ES1h FHEBRIPRS FDshehogiroovaton s without
substantially altering the binding affinity of IL-7, thereby creating improved IL-7
polypeptides according to the present invention.

hiiman-cooraneco

The term “without substantially altering the binding affinity” means that the binding
affinity is not altered or may be reduced without impacting the in vivo effects
resulting from the interaction with the receptor. When quantified in vitro, the binding
affinity may be reduced by less than 50%, preferably less than 40%, preferably
less than 30%, preferably less than 20%, preferably less than 5%.

Also, the above modifications can be combined to create several additional
glycosylation sites within an IL-7 polypeptide of this invention. In this regard, 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 preferfed 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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24 HO40b Phe42Thr HG104a Leul04Asn ; Glul106Ser HG104b
LeulO4Asn ; Glul06Thr HG126a Leul28Ser HG126b Leul28Thr HG147
Metl47Asn ; Thrl49Ser A further particular object of this invention is a
hyperglycosylated IL-7 polypeptide comprising a primary amino acid
sequence as disclosed above. 50lieosaccharide Units The structure and
number of oligosaccharide units attached to a particular

22

Comparison of activities between the non glycosylated standard and the
hyperglycosylated IL-7 was addressed in a dose / response bioassay study in
which an ED50 value corresponds to a dose equal to one half of maximal activity.
Hyperglycosylation, usually leads to decreased activity in the bioassay, which does
not translate into decreased in vivo activity. In the present situation, the extended
kinetic profile will in fact improve the in vivo activity.

In spite of the fact that ED50 does not reflect activity of the IL-7 in vivo, it allows
comparison between different samples with the same level of glycosylation. In this
frame, typical ED50 values for a non glycosylated standard were ranging between
0.5 to 2.0 ng IL-7 / ml while hyperglycosylated ED50 values were ranging between
1.5 to 3.5 ng hyperglycosylated IL-7 / ml.

The hyperglycosylated IL-7 polypeptides of the invention show an improved
stability, and an in vivo extended half-life and mean residence time in mammalian
hosts. The term “improved stability”, “extended half-life and mean residence time”
is to be understood in comparison to non-glycosylated forms. Preferably the
increase of half-life is at least 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 half-life 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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glycosylation site in a hyperglycosylated IL-7 polypeptide of this invention

can be variable. These may be, for instance, N-acetyl glucosamine,

N-acetyl 10 galactosamine, mannose, galactose, glucose, fucose, xylose,

glucuronic acid, iduronic acid and/or sialic acids. More preferably,

hyperglycosylated IL-7 polypeptides comprise (or are enriched in) N-linked

and/or O-linked carbohydrate chain(s) selected from: 15a) a mammalian

type sugar chain, preferably of the type expressed by CHO cells; b) a

sugar chain comprising a complex N-&&bohydrate chain (e.g., a

triantenary or biantenary structure), more preferably containing high

MmastioeRe dad aerbdgugofRMING Malentlss aidd NgRJRITBRRASIANG i notive
Oresidues; c) a sugar chain comprising an O-carbohydrate chain without

R Br By (e ORI Sl -y g eRapmprising an

sialptatedidyratpti ﬁoaiaégltxﬁaﬂtﬁ@&eabt}aﬁ)hae,anﬁiaiyﬁmsn‘eéaﬁﬁ)ﬁsing an
5 i ar.chain displayi etween 3 tp 30 )
A e AR A0 SR RGT R S0 Brmmats tically
@@@é}ﬁﬁ#é@@@héiﬁ(@)@ﬁqﬁw@s@uﬁatmwraiiameh&y% Hrutturé2 or 15
vty pasliaingr eRIVRSHEISIRING! SalytRtien. Eyhen e ietcutive amino acid

car.goh dtgte chains comprise triantenary structures and tri or

B4R atigHCR [FIMEURNEN ARG RrAURS RERIRIS B RSERARIIEgesTS. to
gectratrisphyifictedilaodieisclosed in Table 4, including motifs #2420,

2623, 2785 and 3092. 10 According to a further specific embodiment, the
hyperglycosylated interleukin-7 polypeptide of this invention has an
AlrSrayBile Jbr @brevsormingerid 1ositoaschareaberiyeivgipiseraference to the

ekeeu IRV eiBYpeRes 0sdauenddat DA S HiRRADESHKR e present
ét‘ger%retlc | fora 7N + 1%\? ){I(_:Ioésyla ion), preferably between 28 KDa and
+

SR g srorapas YRSpHle hakg dheldxifeamoRegience of
feamfinatien bi-15 ideifitedn tyobomclolydaisransiatiedoi? ddaniylianassquences

BRSSYBMSLR,BRAY SN A PUUGHER FRPURRN,dhe hyperglycosylated
IL-7 polypeptide of this invention
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- Phed2Ser - Phe42Thr - Leu104Asn - 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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is produced by a mammalian glycosylation mutant that stably expresses
0.2,6 sialyltransferase and presents a deficiency in CMP-Neu5Ac
Hydrolase activity, 20 preferably a CHO glycosylation mutant. Such
glycosylation typically includes N-acetyl glucosamine, 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 25 recombinant
technology in a human host cell, whicBay be selected from human
stromal or epithelial cell lines, HEK-293 (Human Embryonic Kidney), HER

(Human EmbpyeaigoRetina), HEK (HumashEpgmal Keratmocytes),

human thymﬁwmwwwm marrow
or human bo QfRdw stromal cell lines2SH s prerdOeger

hyperglycosylH@diosberleukin-7 polypepﬁi_@@S(_l)lfA@h; |@4§m@gﬁm|sdlay the
following feattirefs): a) they-have-improve d-secretion profile-and
production ratﬁ?rﬁecombmed product| 1?%%% and/or 5b) thay
contain a high-if#tée of sialic acid res dump.@m‘hf? polypeptide, leading to
decrease isQgiRg{Tj& pomt vatue and toji X?ﬁ?@’&?f%ﬁee—& me;
and/or c) they are protected from inter- moTecﬁar aqqreqa \6n; and/or d)
they have reduced susceptibility to proteolysis; and/or €) they contain

M agkeer pigaNk Yipsotreflgatingvadisred i ?&Q#IQ@HWL-? polypeptide

Corrnednusced vulnerablll to AP % antigen presenting cells) capture
BrocesEi? a@fms% BRAFIHFEaYR Wél?ﬂﬂﬂ%@lﬂ@\éﬁ’ad/or f) they
have increased chemical stability; and/or g) they have an extended

@@ggg&hlaﬁﬁgi%vivo (Long acting isoform of IL-7) compared to the
unglycosylated parent peptide; and/or

The structure and number of oligosaccharide units attached to a particular
glycosylation site in a hyperglycosylated IL-7 polypeptide of this invention can be
variable. These may be, for instance, N-acetyl glucosamine, N-acetyl

galactosamine, mannose, galactose, glucose, fucose, xylose, glucuronic acid,
iduronic acid and/or sialic acids.

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 acetylglucosamine molecules and high terminal sialic acid
residues;
¢) 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-sialyltransferase or alpha2,3-
sialyltransferase ; and/or
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15h) they have an increased in vivo pharmacological activity compared to
unglycosylated parent protein, mostly due to a better mean residence time
(MRT); and/or i) they permit less frequent dosing schedule, from three /
four times a week down to two or once a week or once every fortnight for
the more long acting products; 20 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 f&m Mass Spectrometry analysis or -
27 KDa as determined from SDS-PAGE analysis 25and an average
isoeleciic poiahpR Oshobhe aRiyPemUsy AG IIONERICS MBY B Mgy
the form of onomer, or associated or complexed with a particular
compo%?ﬁfygqr?ﬂgw%igﬁ‘gﬁ%@}’iﬁ ¥ Barticular embodiment, the IL-7
conformer is associated to the hepatocyte growth factor 27 ("HGF"), as a
O}ained chemicall
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regjon., Such fusion molecules have potentially increa stabi |t5|9§rt1|-§ﬂ’ and/or
Ralf'ARGRATK SRS HIBi AP RSO0 Eraapies: Alisiehi satbehydeies are
Hisstostiddn Jaltie dainelntiogimetits #22420; 22ty pepEdmissoasetionally
associated to 10 a human serum albumin ("HSA") or a portion of a HSA,
as a fusion protein. Such fusion molecules have potentially increased

Setandingnie moluitberd sreciie prmiedinenirtte bpargbyttsgated ritiwnésikin-7

alecosirias HniloRmBB et 18 it
pANyRGs o %r;%gn gggot@fg cﬁggﬁ% m%ﬁ{f@%s and an

com riéf,e at Ieas‘t 80,%, preferahl ,

Ao pepttee i CW%{?QLQEWCW%}%?’ RHBAY I < iR dstvrearfhdgiand 65
Kdsti(ibsrangtichl foaye FNnatUCaljyposgetibmitbiefarably healeeeri8&Da and 35
RESHERCEH S SUS A=l Osli rbohydrate sites) .
and/géacrtif%gllfy?%?;ggd ﬁf?'c%@g@%?ﬁéﬂéé gegies'? %%Ccc;%ﬂﬁé" %%%\{/%é‘.)”f‘rmed by
Western blot) which is translated fo 25 kDa by mass spectrometry analysis.

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-NeuSAc Hydrolase activity,
preferably a CHO glycosylation mutant. Such glycosylation typically includes N-
acetyl glucosamine, N-acetyl galactosamine, mannose, galactose, glucose, fucose,
xylose, glucuronic acid, iduronic acid and/or sialic acids.

In an other embodiment, the hyperglycosylated 1L-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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20According 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 70191/116) and further glycosylated or not on 1 0- 25 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%arbohydrate sites only (associated
or not to 1 O-linked carbohydrate site) and/or is essentially devoid of

mwp;praﬂag%cq%aig@c&ffw%ﬁ@d Ofn@%lfi)k%lzaj%%%tﬁg’@L)Gflefﬁf@?illﬁ(vention
or n 90%,.most preferably more than about 95%) of a biologically
a0 e B

ve’inte aving the IL-7 primary amino acid sequence
modifeyd bavetrddpy ethesadditionapsifieofayisic psytatidionghatesytatedsfbined
g%ﬁ%@g SaraRbydiatg.sites and further 5 glycosylated or not on 1
_I i A

inked carbohydrate site (Thr 110) ; preferably the composition contains
Diifigyrgtrime bighseman gl @idlimacisrersidumnnest-tF aelbeptdadsading to

gbtrespiaiesbtitE OpArtviME SRR AL SRS RiMASS FiRiSshalot
tc(}] 0-linked car o(ﬁ/drate site 1n§%/1§r Is essentially devoid of mono- or
ole

OISESES IR AR IR S1t9s FORRPIEIEHOT FMEably more than
dptheyrtusepiedacabiguseaptititity foprtot@a9Ysjsphad/interleukin-7
2] ' i AQVir L-Zepri ] i uence. . ..
o L i o R YR R c by
ERURRR W ISISHHTY iR i S RO RT tRERSSRTHIS Balsd emikkes rpTogessia and
peaberitytiont ehediey (Th MHO) mdkelairbind/arthe composition contains a

inarity_of t me apalog (< 20%, preferably less than about 10%)
%@%@5@@ %‘F\é%s%%gr ‘z"}‘\l-#ﬁé’g’ﬁéﬁ%ﬂ Gfate sites only associated or
Abthey fmvie i edepdng drisleginel dratfdifasie ssen iatigglesting ésofwnpebiL-7)

BhGlSRIYIBIER DIRICIbsOhtcl) A BRIBHB4Z-80%preferably more than
EO‘VF",(mo t refeg%zxﬁmg?eihg% 20 gb%{tljtegg%?/]o g?an interleukin-7

lol8 ¥ alli s aIotsgSRLvifY tHKALPharmRsRIofisR o livibegrsmoared  to
imgtiiiestaténtneatent frortnadebianalueites Obehiosdalioasiabres iR R T);
Qﬂld? ‘.\I-Iinked carbohydrate sites and further glycosylated or not on 1
O-linked carbohydrate site (Thr 110) ; preferably the composition contains

B Fimopeyral ieesskipsemnidoging sobedpleféieiiyhes lefsitttimesbmwebBodpwn
Byersyataten wébiSR ohdk ke ftheRYdA@ SRS 2 qg’ngsggﬂgtﬁpoaﬁcts;

Qr% 0 1 O-linked carbohydrate site and/or Is essentially devol no- or
ungfl%osylated protein; or e) a majority (> 80%, preferably more than
Bobsyrrispiayeife raipiyovedrptthanagbkink 95 Yrbfifeaf datedssdipeak concentration

%%M%@Wg&qgg{g&%ﬁgg%%%g 30primary amino acid sequence

modified to introduce four sites of 29
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 8,5.

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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glycosylation, glycosylated on 7 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 6, 5, 4, 3 or 2 N-linked carbohydrate
5sites only associated or not to 1 O-linked carbohydrate site and/or is
essentially devoid of mono- or unglycosylated protein. The invention also
relates to pharmaceutical compositions comprising the above
compositions as the active substance 270 Nucleic acids A further object
of this invention resides in a nucleic acid molecule encoding an IL-7

pbigFeptide as Hiserssiaskablve. Hét@rﬁdﬁ‘r%ﬁ A% nBelegigBaYRBARMIY,
A moalecul aII maqlecule. A specific object of

g%nv%ﬁ%rll\%s nuc?elzj'g%% corﬁ%‘?ﬁs) n‘ﬁc 988%?&5@9)79 to END

of SEQ ID NO: 2, as well as distinctive fragments and the complementary

firandingrefiddM e abiRchf fhis Jay HE) Hﬂiés #JHS e'{q@ggtte%ched to a

omprising SEQ ID NO: 4, as well as any disti nctlve gmen
%8&8{&0{}18\5&5? 188y hepwy |@A%ﬂgb%qa@hﬁbmﬁh sm@pmm)ng&) regiptheSuch

ﬁmiplammeesummami@flyzm&@b@rmﬁﬂﬁp %frf&"gdtfsﬁéimﬁfga%aThet I9G
[isi as any distinctive fragmen
%?rgg?%ﬂa%jr%% erggf Eag\%/?ng easta@(égge identity with SEQ ID NO: 6)

and the complementary strand thereof. A specific object of this invention is

B m@ﬁﬁtmpew@d}m@ﬁomemeﬁlﬂagge}% iR EN&Q@%%%‘}'\%& 0

shwell as variants thereof % aving at least ntity w

£)"YBUh SN BIRImMEAIRA LA PERIRBSH 7HASAvastaiusien protein. Such
‘étsirmnpdssakaa inalyneyitidtiaty traressby supisLaNe BRaBHS: haFRI B vivo.

NO: 7). The term "variant" as used above in relation to a nucleic acid more
specmcally 5 designates a nucleotide sequence that hydridizes to the

Pefertiirscobirpicplcthisinestinng necbyrirgycasylatednitefemmposition. Such
SeHhReMisles hAUiBELNE s KRR RESCEYI, 45, UA A9\ DERIILS, 9R09Rd 950,

@y.{lhe efer ese uence. Most preferred variants exhibit at least

22 p&@ 3 JUICTe Y SpuROBATIeh M, Bsopshdines 7distingtwaino acid
129y ¢ ewiiiptwitiayHes reftueniiyepsegme ndthin an |L-7 polypeptide sequence (e.g.

consensus N-linked and O-linked carbohydrate sites) and/or artificially created
glycosylation sites(s), as discussed above.

According to particular, specific, embodiments, the invention relates to
hyperglycosylated IL-7 compositions comprising:

a) a majority (> 80%, preferably more than 90%, maost 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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10 A further specific object of this invention is a nucleic acid comprising
the sequence of: CTG AAT AAC GM ACT MC SEQ ID NO: 8 AACTTC
ACT AAG SEQ ID NO: 9 15 GCC AAC GOT ACC SEQ ID NO: 10 CTG
AAC GAC AGC TGT SEQ ID NO: 11, or ATC TTG AAC GGG SEQ ID
NO: 12, or a combination thereof. ~ Specific examples of nucleic acids of
this invention comprise the nucleotide 20 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 compfsing a nucleic acid molecule as
defined above. The vector may be any prokaryotic or eukaryotic vector,

typigRlly AljBHKAMOHENHC HidePilhMANDa M Sﬁi%,%é?:}s}éfa@ﬁg’ﬂwe than

id,, viral ,art'f'gial chromospme, etc. The vector may comprise
any reGRHbR el et MRS ASUEF (RIS ARBIRp Aty RlCioR 117
acid inmiseiectadifosioe|kaygenadp raoaiiied term"tﬂ&méep@r%a@gilgghéﬁf site of
licatjon,. tion reqiqn, (e.g., h 0gQaus region), intron,
seauerbi MR, WS B R IR, S . st
expresgiiossated csmptising! aChlicksid agrbohpiesaidiesiis (Biinédtabopeferably
includim%&Wiﬁs@%ﬁ@n@@wnwmﬁ%@gaiﬂ@aﬁﬁ@gﬁ‘ﬁgﬂ%@&auy

expression of said nucleic acid in a mammalian host or ho
%ﬁ'ﬁa

Prefer/&°rd L dfah@Yrenytited HBmotsraviiiinkathgasbofuiaisdsites
withoublityitassarejdtedoriral nﬁﬂmidmﬂmﬁthtm@rﬁﬁéqf@?@@UQi@%entially
titytive, ti - ific or d.promaters, in particular from the
;?Qg} e S o S W Bmoter anc

[

mefllohiBREID (3nSSfer. rratenaklvemoradhan C¥memsttheaferalylpenore than
contair@BuvitEn sher artpreRitkls- INvRIGGRAN WeBydVlRI, having the IL-7
primary amino acid sequence modified to introduce two additional sites of
glycosylation, glycosylated on 5 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 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
d) 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 three additional sites of
glycosylatioh, 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-inked 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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limitation, a Bcl-2 gene, UTR sequences and MAR sequences. In a
preferred embodiment, the vector is an episomic expression vector. 15
The above nucleic acids and vectors may be used for instance to produce
recombinant mammalian IL-7 polypeptides in various competent host or
host cells, as well as for gene therapy purposes. Another object of this
invention resides in a recombinant host cell comprising a 20 nucleic acid
or a vector as disclosed above. Such a recombinant cell may be
prokaryotic or, more preferably, eukary8tic, such as a yeast, insect, plant
or mammalian cell, for instance. In a preferred embodiment, the host cell

is a m@@ﬂ&@mwﬁ”,QW&EWA?BGS%W%ﬂl@ﬁﬁé%”bﬁr%%ﬁre&@%t‘é@'I%ﬁ@q’urther

BHK cells, preferably CHO cells; or a human cell line. The vectors,
constr@bfgogﬁ%%e%?% BRtaPi defid iaste cRERqbYe@te fitsréTdEtai19) supglarably
limitedtt® ovmsediten contatectiomiviotits cibkcation. apaIbyye S04staRgerably
and P ' it other abject of this,i tion resides

o BT CSTReOOR Al Riec o Y RVEY (AR
polypefiiRfe 88/Yeassasiiashovengipically 8-tnkedergipobyirated site? and/or is

PolypepiichiMfy adwairsr ntIANGIFHESIRASS GRMAINS less than about
10% of un- or mono-glycosylated IL-7 polypeptide and/or is essentially

devoid of product-related impurities.  The invention also relates to the
libe diventiog sidostalatesal desamtmebatimlectntbesitid m asuifasisire) aha above

ngﬁé Q'Q{Hé’ Jolt gﬁ'%s%rp&qrmaceutical composition. A preferred
u

drug substance Is further substantially free of process related impurities.
15Within the context of the present application, the term "drug substance"

Muelsid¢a@igyoduct suitable for use as the active principle of a
medicament. The "drug substance" according to this invention is, by

nature, a complex product, Le., as a result of its production method (e.g.,
fefathbimebied Mitécinveltiyy) résidesdipeenadtio\witiamhkouldissiosesy an IL-
NBbRQIEes 1 Risduce £ TIGIRAL FRLaRRyl YRSRLGLHIRNGE TN
ef?ec%g,égn IL-7 dr'lug substance omarma%%l?t?c% com%@%iﬁgsfsh%ﬁw bNA or

BOdRPIasHRethRigaIRoEN femelrsules, a hyperglycosylated IL-7

polypeptide composition.
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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25 The term "substantially free", as used herein, indicates 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 33 substances contain
less than about 1% of product-related impurities and only trace amount of
process-related impurities. IL-7 producrelated substances designate IL-7
molecular variants, which include, 5 for example, active or inactive peptide

angolyieepibAR ARG ofrHnd - therabflatriMRILHRS i%weer{&smpasses a
exfalmgl?i human, 1 b7 po%/’ggéatldes cozlpnsm mono or_bl-d[sulflde
Bﬂé@ B, H%ﬁgg?&? %Y 5 dUREGFR b Qtll[a-”)*pdlmenc or
multimeric protein comprising IL-7, oxidized methionine form or a

inafi 0 hatever.their hiological activity, these IL-7 .
&ﬂoglfqujﬁiro\y%ﬁﬁﬁ ga?ﬁ]ép?L -%?gtge : ir?n%é%rfl Pes90 sRoUltY llgéé/ s?ﬁ@lm%iﬁﬂ%'gca"y
greignairsea mueetidusaguansstihmtdnRrisizess tefhre tefarpockiesduenmieynder
Bfitycpneoiatiten eAl/dergoNEsepoRiSeideaialiRg ﬂ{g%éﬂgm%é%cﬁvity
thuaja drti%osug%ance W%@#’] in the total amount by Welggg%f a '
R LS S TR TP b A LT SSckARe Misws Byelaergelvariants
préfbitatiiyeastdzaiivesndayane igbis ifeage [926rably cd4en 093, 369bY07%, 98%
Weé@_%)%éﬁ@@ﬁﬂb{ﬁ@%@%ﬂd&%ﬁﬁ&ﬁ@&siti°” according to the invention.

r

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

AofiniesitiprascissiesPetiFa aeANEORH HUNEIE RIGLH fitle sequence

)mpatible or acceptable carriers, excipients or diluents. The invention
shows that pharmaceutical compositions comprising a hyperglycosylated
£ T8 MDA I s AST AE BEIDIER M@adly increase the vaccine

Rrpartieseitlal @ikt FARaciy to stimulate antigen-specific immune
resgonses. 34 The pharmaceutically compatible or physiologically acc

9%@ SSEREHENRedRal to slightly acidic, isotonic, buffered
CABACIGHMAGCSDSHESE QNS AT MEIg preferably from sucrose,

KBRS nH9 BBESEQ ID NO: 12, or a combination 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, efc. 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, integration region (e.g., homologous region), intron, UTR
sequences, marker gene, etc..
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acid. The pharmaceutically compatible carrier is preferably contained in an
5 appropriate buffer to form an isotonic solution. An appropriate buffer has
preferably a pH range comprised between 4.5 to 7.5, preferably 5.0 to 7.0,
even more preferably of about 5.5 and is preferably an organic salt
selected from a sodium citrate buffer or an ammonium acetate buffer. The
pharmaceutical composition may be in the form of a suspension, solution,
gel, powder, solid, etc. The 10composition is preferably a liquid form. The
composition may comprise stabilizing jents, such as sugar, amino acids,
proteins, surfactants, etc. The composition may comprise any saline
FolpdianuiachIiang BhaspNAlesshI X idR, SiBrds3iBrP AN A omprising a nudleic
pha ma?eut cal composition according, to the invention c_omprlspes, ||(*|1J '
SGER ?&‘t’!?e et ‘Hﬁ5§g DMGa UG Reiional Bretidarrapeiabiy Higked to
pegebhoy efenerteiionian waihasiglhhsaldouaiehe i Molesida®blian host
g%gl &gﬁgin, reduces exposition of IL-7 to the host immune system and
therefore avoids secondary 20 effects. More preferably, the protein is non
immunogenic in the subject, such as any protein of human origin. A most

Preferres RxMBRIR NORIALS IndiiBan HEMHERIRMTIR- AS Sy daRiaRl Maout

e selected from known surfactants such as Polysorbate products,
EF@@F&& P UrARE sHBteHE Iupeiste dnhsigennsiitifive, tissue-
sagifio oroegyaisespomatersein mwﬂlbumﬁr@me;maﬁma %hbﬁsmmﬁgaaf%@@w

physsighat e 8 P %)) or any other.sybstance
@uch ag?’a %&E\i‘%a 5[]|(\)/%e%)%fl§l'r s%rﬁw%:/e}%%@ringltn%gggﬂ (é).ré)., aFalrhin%u ﬁrtaﬁgzggge’atory
slemendihetopardisiceniamefurihiatheorestersrakts vemtian trehaleseithout
sierieitad), eapalzie;eheremeriagbnéd S MRHNRERNICIEN SO protein
aggregation and/or local persistence of the drug product at injection site
after administration of the composition. 35 In this respect, particular
dbjeprefefred embedinuentcliic o dotpharamaepistindt expyessiianeeontaining
a hyperglycosylated interleukin-7 composition at a concentration of about

1 mg/ml to 50 mg/ml, preferably of about 3 mg/ml to 20 mg/ml. Preferably,
He eRbRYR M MRIBIGN BEISIy R0y Madam B IIR- BEeh @ diptanieteted produce

eesopittethbelsyaeRIRPOIL 2 Qé0/pastinedke/ arluP FRIR RN PRIMES host cells,
ggc\),\yé"la% tpr60eRglé%lweek e.g. for treatment or prevention of infectious
153565, 1N View of the” Yn%’rrgv %Sproperties of the polypeptides and

compositions of this 10 invention, the pharmaceutical compositions need

nbehadBljisteseehiess fEpmvabsthanRrion.aL ﬁ%ﬂ?iﬂ%ﬁ c?erllpé’\g/%ﬁlts‘f‘mg a

in aln,equalent amount to obtain comparable therapeutic effects.

OHEERCARF 1 PrelreAsnaisrinssd deovsmBHshich sesrmbinaitistelemay be
proksrpetioves kndiimpsfeabigekuRacett Weekh cacee yeasOtioMeatant or
ﬁ%ﬁn"f‘am\?nrﬁ%l %F%g{aﬁ{gge before vaccination or before 15 and after

vaccination. A preferred dosing regimen consists in administering the
pharmaceutical composition once every 7, 10 or 14 days. Preferred

AlEHeGARANFABRMARL PHE HEIRLERULS AR PATRRISEH "R Shly selected
refe %@n@%ﬁp% more preferably an intra-venous or a '
b St S50 sl el e SlsnprtRtablis ik salitenp human el lne.
ifeavpetdtsneahsirintsaambsmdamningdtioss. wilsbeub e ssadarsiorddetails, but
a itable. inistration route may be
E%ﬁ%ﬂ%é@%ﬁﬁ%‘%ﬁéﬁ?ﬂ% %@hﬁ S%Ea?uﬁ%ag{ﬁa'the reactivity of the
patient.
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25In 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 syrup or an emulsion, 30prepared in an appropriate
pharmaceutically acceptable carrier. Preferably the 36 carrier itself is

stable in the gastro-intestinal tract and3 the circulatory system and

exhibits an acceptable plasma half-life. Gastric acid-resistant capsules,

$uah 85 o) aﬁwpﬁgj,ﬁ{g@éml&eﬁ%j%mng a micro-emulsion or
liposome formulation of hyperglycosylated IL-7 polypeptide, 5 are
advantageous. The pharmaceutical composition may comprise additional
éadxtheimgtéd@emétlsbscmmﬁnmmesiemﬁﬂuIatidmgg@fﬁstaafﬁeé@hiwnsmg as the
selerigd g%@thelg? @tl(gg%é%q&v?th actor a cpgoglne%%z%g?zrgi%g glly 3

molecule (or antigen) a or %com fhed

byperehrasytaies et mgéna@ecmenwarsh& ey dradf aubatates icontains

RSO R 10 Lof - SPPATHBLYESRRINA7 SBERIAIEAE and/or is
sequ ‘a,ﬂf "i ﬁfg évar%%nt eactlve ingredients aref ormulated
BoeheE’ 8 FSARRUNISS- 15 another, preferred variant,
they are conditioned separately, Le., in distinct vessels or recipients.

’f‘ﬁ&‘?ﬁgm%ﬂ 1Y ?5‘%89'{3% . J0g 6@%{8% %[ﬁb a c%ea%d <Isrc]:ﬁ e ﬂifg&y&{n the

separate Y, e simu taneou§ or seque e.dg., at ere
frctirain ?éﬁ@ﬁfﬁ@%iﬁ( r{g prejHRte m@ha@mmiealt tsiolpgaition.

effect Also, as mentioned above, repeated administrations of one or the

tive ingredient Omay be ormed. In this respect, the invention
B(VIgtf?lee(;i,etrtge:fljn phat a“"é‘z’lﬁ%‘lﬁ @E‘h %?B?fgfﬁ a ¥5BerilyRISAste delated

impudesposition as described above and an active ingredient

Within the context of the present application, the term “drug substance” refers to a
product suitable for use as the active principle 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, indicates 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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selected from an immuno-stimulant and an antigenic molecule, for

combined. 25separate 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, Flt-3 ligand, IL-16 and IL-2. Typical examples

of cytokines or chemokines for vaccine 30 enhancement include cytokines
that induce and/or stimulate a Thl-type immune 37 response. The

cytokine is preferably selected from a &% y interferon, IL-2, IL-12,

RANTES, B7-1, MIP-2 and MIP-la. It should be understood that other
feistemaushoanaiicad daivasers aadirslgelacly HeitRSBALNly trace

FGFlQ[, interleukins and/or hormones may be used in combination with
ATPY8 P o@fa‘ée&azfﬁlaﬁ? 'gmg?gﬁﬁutic benefit. A specific composition of

this invention comprises a hyperglycosylated IL-7 composition as

escyy k n I rticularly the soluble form , .
O B WU U fch inluce,
s avSaien aftirRomvaativhRantifeise selyraptidshragyientsiof 1727 .
rompastianApEitRY ibrlabors and t%ﬂ%ﬁ%@‘%f&fﬁ@bﬁd@é Ycomprising

interferon H.-Z flé-:RZ, ANL_ES and MIP-la. Another specific composition
B SRR B RAALRS TWiRieg sy lerminaled ErrpBinaRtds-7, dimeric
de savib ettt pvetein Stempetig-Heitratdi e dyiakinenihe Asindicatedmbination
fRoNss. the pharmaceutical composition may further comprise one or

several antigens (or antigenic molecules), for combined, separate or
sequential use. The antigen may be any synthetic or natural peptide, a

Whetslnaneproisiogiadkibreyiyachater of AHRBMALEBANRISH P RIAE ated
a mlcrtoorgﬁnl a parasite, a _20{(# id, etc., a portion thereof and a
Pl R ho P elly dinuen &) Wisiderrerp b Arug sahptance.

epitope-containing fragment or portion thereof, particularly peptides that

?FSM%tmi{@mHaﬁﬂ%%@WMy Cc‘eﬂlﬁiﬁnjisorv%\rﬂu@gs% 2 |l

molecules. The antigen can be any viral antigen, bacterial antigen,
parasite antigen, tumor antigen, etc. Specific examples of antigens include

Ansigessedetiveds d5stanoe i Yhoéaicrlly dostesndemniiiie @M S mount by

in Batrr virus, type | or, | rpes Simplex virus, human )
?}%%mggi\ or\wpuesr:q %%rﬁé e rLLEI,f If@&&ﬂ%“ﬂ? BORPESEP BLRASt L hchyivrRight,
pecisniehbhalirast Hitabypapigbinnoiesrefsrabhaataras aSEYCbipsisight of a
Apeelpssepaed Eagfissiton according to the invention.

The invention also relates to a pharmaceutical composition comprising an effective
amount of a drug substance or hyperglycosylated IL-7 composition as described
above and one or more pharmaceutically compatible or acceptable carriers,
excipients or diluents.

The invention shows that pharmaceutical compositions comprising a
hyperglycosylated IL-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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38 A particular object of this invention relates to a composition comprising
a hyperglycosylated IL-7 composition as described above and an
antigenic molecule, for combined, separate or sequential use. The
composition may further comprise one or several immuno-stimulating
agents as disclosed above, for combined, 5separate or sequential use. A
further particular object of the present invention concerns a
pharmaceutical composition comprising hyperglycosylated IL-7
composition as described above, whefin said pharmaceutical
composition is administered simultaneously, a few 10 days before or

Faaustalialbceiiane RnsexeiRl anbagaitogelfgues in order to obtain
gr}]dIO{ stimug[aﬁte %‘n ntjgen-specific immune response in a subject. A .
UREE PXRictfaP Bj%%é feHE B‘?Hg@hf‘?nélqm%%‘dﬁ@er‘ﬁgt%ﬁem&d saline,
saluions o enispeosignsnaadtipere gEretifiahily romestRAesy) Ieckafb s6Diget amino
pPAsiAg inistering lect.said antigen (or an , .
O ViSSP fenpained in an
eamwéﬂﬁ%Méedggéﬁﬁe@@m@nw@@&mpmmpmam ldffairste peeferably
sinHtaacsy DynhRUCRERRIAT. 8T BEGUSNHAIMIR, and Q?o‘?eo even more
re erabt?l t%ef re |g antigen in order to obtain and/or stimulate an )
§'ﬁ @ré:"‘n-g;)%cﬁ%?h‘ﬁ% n é?)(?ﬁ%g rl"?E’LY AhEers Rl ssiaetes ey sodium
eitridedimten, eheaooampositibmottetatevbution fHith ghaampsisaancomposition
juvght.; | y d ny sybstance, mixture,
E%gteggtli?ﬁéﬁﬁnéfd [tastQ_lﬁ orgﬁffeéé?lrﬁ%oﬁeqgreﬁqmﬁ%vgé%icsl‘ﬂj'éf ffrtic' The
SPRIGeRI LIS BrefR sl R EAEHPIRIpe immune response, such as CpG,

0S21, 25 ISCOM and monophosphoryl lipid A. Such adjuvants are
gecific immune response

ticularly suited to produce and/or amplify a s ) ]
B P ol HBR, G TWES. 2o,
Bgipinmt Rubesterislyetonditienethausitidmimisie marpeisarateyy setimeth®iution,

ik@@g@t@ﬁg&g@@égp&ﬁg%agg{or at a distinct site of injection, preferably

with the desired antigen(s). 39 The present invention also concerns a
pharmaceutical composition comprising an effective amount of a human

Aypantglyeoyaietkbelticampesiieiioncsuctindng betiVRREARdA comprises, in
SRIE ﬁ\{gh Aoyt r*a'eg“'g%nﬁ excipient or carrier, for parenteral
administrafion to Datant foP gropRYI A S ARy fc This presence

‘ ahuman pa
atimbratrin or Bt Grenyighhosjesdanslephtentliand poflfetatidmrigiforeduces

SUEHABIREPN QTR IME UK SRRADSE - JARRNaNRagRYL %C&%P%%jré@é‘o%daw

of the invention induce a prolonged lymphopoiesis stimulation an
%’i‘?ﬁ%ieﬁ?ﬁ%ﬁ’ﬂ %ﬁ%@ﬁoﬂ?egr%%é?nﬁ‘&BeW?@é!P@@ﬁfﬂ%éﬁi@?ﬁa%ﬁﬂh@%h as
dng prokeiticni mayealswipe.usaddst dreferred 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 local persistence
of the drug product at injection site after administration of the composition.
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10 human patient for prophylactic or therapeutic stimulation of B or T
lymphocyte development and proliferation, for enhancement of global
and/or specific immune-reconstitution, or for enhancement of humoral
and/or cellular immune responses. A particular pharmaceutical
composition according to the invention is for use to 15prevent or reduce
opportunistic infections in immunodeficient patients. Another particular
pharmaceutical composition according to the invention is for use to
prolong lymphopoiesis stimulation and?ér to produce specific immune
response not only against dominant epitopes but also against

Sub’eﬂm@fd@r IessidQdman)aaEenic #HORRENERIORS AV ﬁalﬂ}’x‘ée'cfeutncal
é}/}% 'rogge '(I;OC Il. receptor, which will all th roaden the rep ert0|reo
asp ifiC Immun ?&%nge TYRER AT Q?H{;gh?oﬁqglposntxon at a

ranrantiaosunbahoubrddugéd twes@ntigéroy pmmmynmmabgﬁ@ mg/ml to 20
rmﬁﬂswefé%@ﬂ%héugﬁf@&:%%89&{'% ﬁ;@&g%ﬁeﬁaacb ‘g@({gn}s to be

patients undergoing grafts, patients infe rus or

SDIRSierRaniS JroRrRr 'ﬁﬁﬂeﬁ@‘ﬁ%‘h@hﬂmcm toui®tog/ko/asak, preferably
\baisen eafoan der (e Wk@mél@féglOk&omgﬁﬂd?eé%%ﬁ’twr‘gf%feouous

%#) % tlaIIy simultaneously with antigen administration) in an amount
ective to induce enhancement of specific immune response against
malignant cells or infectious agents ; and 5to induce immune

IRCRRAHGH! r u diation
Tran @Iﬁ%ﬁ@%ﬁ?o )o%%rﬁﬁql%rﬁmyﬁ_gﬁ yégp?? %”‘tlons of this

YO APREMARSHESA m%Rl"H??%@BSelﬂh%ﬁdaldﬂe e |rﬂdonmmmdn less
Wishusthier thativeiorgne diemisositichsast IBaap ficsic éaet%'ﬁeﬂtoafﬂsmﬁ'{wobtam

t F, E1t3:L, y:IEN, IL-2, 11 -3, |L-4, IL-12, IL-15, |
%/8 l&ri%% %%Pgrlggo?rﬁ}bei%%d %rreaﬁf ?§'ﬂgé_‘&’ 't 9a?¥85§afnﬁ'i’§m€ﬁ?§m the
ﬁ%ﬂ%‘ﬁ@%ﬁlﬁf@t@ﬁéﬂ@ﬁﬁ!@drﬁﬁm papaesicl? dmegpentiaik, andanaweek,
bﬂ@@d@?%ﬁ%?%@éﬂ%ﬁé@%mﬁ{yoﬁé &%\Hrcé RARSPE %@S%ﬁ%n or before

H]p sitions of this invention may be used in various areas, Inclu

A VRSEIRatRH |ﬁ‘tﬁfaef?éf&%fdé’ﬁiﬁﬂalrﬁ@giﬂﬂamﬁbsfﬁ|Mﬂ§lth@teﬂn9 the
pbmbaceﬁwimmpbsmmemmsyrmum@rﬁh@aysentlon further

provides a method for treating a viral infection, such as HIV

Preferred administration routes are parenteral routes. The parenteral route is
preferably an intra-tumoral, more preferably an intra-venous or a sub-cutaneous
administration. It includes also intra-arterial, intra-peritoneal or intra-muscular
injections. It should 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 syrup or an emuilsion,

prepared in an appropriate pharmaceutically acceptable carrier. Preferably the
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20 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 25 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). 41 The invention
further provides a method for improvin%fa thymopoietic recovery in
immuno-compromised subject, which method comprises administering to

mﬁwsw-@w@nﬂa?d ﬁ@bﬁﬁﬁh@%ﬂ%&ﬁ%f@lﬂﬁg&%ﬁsﬁm and
omppsition. 5Preferably the ycosylated IL-7 polypeptide is then to
R R e TRk bR

minis as a keratinocyte growth factor, a stem
Ceis fac tericergeintand stipsilnsarstegioas pasta g emidhdsistnneapBoes containing

DYRRIONGASIIBCS hiph QA SOHAG S8k i gl Tor mepti
providing 10 a theFappeutic immun@atlonaé%%\ﬁ%@%%%%@%eﬁ? \ﬁ)r%lgp&p tide,
Brsctsiyantpeessm the hyperglycosylated IL-7 polypeptide is to be
administered in association with an antigen or a mixture of antigens, e.g.

ose. described above. In this situation, the hyperglycosylated IL-7
S B RR B e e eSecpopnoe SRR, i medientss such
asfurteynsbisicodfiting ingentionpseferabiyh czblected - frome ahdieaiatppoietic cell

gmﬂnsﬁg&&f T epllsamdich m?@g%&%@éﬁ?é @%ﬁﬂﬁ@'g&%ﬁ&%%ﬁ@ar}t, for

ypergiycosylated 1L-7 polypeptide or composition, y enhanci

EIPRINGEnssPatale epraus) fod is particularly useful to prepare T

cells suitable for treating patients with 20 cancer or viral infection by

Ve | herapy. Adoptive immunotherapy.is an ex vivo |
R T AR W PR Pt e 17
AntRRAAFIeHidansooined). SensratenonstprepiElticsechmiadesieratadly the
Hallesdralrieg afd GRRERITS TthgbpRPCYiem Y %HM@?%%#B'&%RF & Uset. In

%atgtgnt, ex vivo expansion of theses T cells using IL-7 polypeptides,

IRIORGIDECURR IRyt trRdiioned appaipiaief ey tikmistinghyessels
adraoiitératoAdodiung atiethis @iBodaabRites intfdansfibIRal - bé administered

' im [ f these T..cell populations which further .
P, o A 8 Ry R o ik gFsasies or
aArdifrpakime epintsprisserrduceriientosd piinient bigtogimahteffect. Also, as
SRATEHEES astsle, repeated administrations of one or the two active ingredients

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 Th1i-type immune
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methods for producing the above compositions, particularly the above 5
hyperglycosylated IL-7 polypeptides, compositions and drug substances,
in sufficient quantities and quality for pharmaceutical use thereof. In
particular, as discussed above, the present invention provides vectors as
well as recombinant host cells that may be used to produce recombinant
human IL-7 10polypeptides of this invention in various competent host
cells, as well as for gene therapy purpgses. The vector may be a plasmid,
virus, phage, cosmid, episome, etc. Préferred vectors are viral vectors
(e.g., recombinant adenoviruses) and plasmids, which can 15 be

preshnsed Baseﬂ/min\@/w@k\:@élabt@obadmﬁssfyswﬁé_r@?oﬁ?RTz, IL-12,
elc. vector typica comprises regu ator

R AR B T Rt b tike LRpresisen beninet factors Such

poljiepttieadthetmguiatoy snmme:;megacﬁalutb&,cw Hﬁfll:lcm?mqﬁﬁé‘ﬂeukins
C , 0 -SPECITI e e,signals, Introns, o,

A B L S S o

: yA sequences, regions, etc.
trraRsutsLReNRSGUlatory elements or sequences may be derived from

mammalian, fungal, plant, bacterial, yeast, bacteriophage or viral genes,
/&r from grtificial sources. Useful promoters for prokaryote expression

AP E COOM iRt 7R TSR S8 BrSRRo e fypeiotyaesylated IL-7
eroTpaRitio (PIAMs Aripedraboeteantlaigro Celidtadterppamietesry iefsoluble form

r ter | %@m%; Ji or 25 expression in mammalian
@é%lgb%c utd%.\_/lral prom%{fégrpé:?gﬁ?ghﬁ\kiﬁ R, RSV, SV40, TK, pCAG,
Rreteicrnaciic gemrpsiipnteldhis. inventioncarreriskscanypaigyaisyated 1L-7

ddwipddiii6nCal BUBEIRbBECEMIRI S48 8- cREIiR KRB G P IE oY ﬁ‘a?é‘P{%%n, IL-

may comprise more than one promoter. The promoters may be induci

%r"‘éb%lﬁ%ﬁ'.'r@ m%‘ge??he use of inducible or regulated promoters

Alotisraspetifit JeqsiEMar praficiivariibAissaqiRtas H‘ﬁﬁ@r%\ﬂ%é%ted IL-7

é)r%ducsz}{‘orﬁ %Q%ses.rgéjfﬁc&%le 43 qr re ulﬁ_ed Promoters may be found in
EREETanies STERTLEH20PLe éﬂ%e\@ ARG &rivolitedr system,

the Ecdysone system, the Oestradiol system, the RU486 system, the

@m&@@%@%@%ﬁ%@&%&%ﬁ%@%ﬁ&?%ﬁ ﬁ]ﬁfgﬁy IR %ne or
based on electric currents or microwaves, such as focalize
several antigens (or antigenic molecules), for combined, separate or sequential

use. The antigen may be any synthetic or natural peptide, a recombinant protein, a
killed, inactivated or attenuated pathogen product, a microorganism, a parasite, a
lipid, etfc., 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 l or MHC
class Il 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 |l
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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5 ultrasound system, AIR induced expression system and the like. These
systems can be used to control 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, BcIXL, etc.) or cycline (e.i. p21, p27,
etc.). The cDNAs coding for said IL-7 and for said 10 anti-apoptotic factor
may be both placed downstream of the same promoter, but separated by
an IRES sequence, or each of them downstream of its own promoter.
The vector may further comprise an orfgin of replication and/or a marker
gene, which may be selected from conventional sequences. An

amplificedian sejeetiost LpidarRhadRh Rktas %"'ER&ﬁ%E%Pec%ﬁﬁgﬂg a

e vector, The vector may further comprise vario

R S Dl i RRs D o SRSt FHds BB ATHBanis molecule,

anbhva_gi;_s separite presequdntieintisn dlke poovidsiticecAMP AN @Bmprise
chlls SPBRVSNG; leig.aci r.as described abpve. The host |

cell may be seleﬁgﬁ?‘gm& %%gﬁ;%%@%n% pe‘;z Céll%s/gﬂc W Blc&pnbined,
AR anferiRmiabis@n particular a human, rodent, canine cell), a

bacterial cell (in particular E. coif, Bacillus Brevis, Bacillus Subtilis), a

yeast cell, a plant cell and an ipsect cell. These host cells may 25 be
9d3%?§8%d’%§#ﬂﬂﬁ&r8 ?r‘fid?g.{g‘?oa[ﬁﬁ%ﬁ IR¥GNEI GRNSEEBM BlishagmAggutical
wampgsiticranimgrising amtpgifecsdatedolninanh pasitice lssate seiBstedbove,
| ' rj cells.as well.as. derivatives or
e TR S AR TR row
éﬂrﬁe%%f%rﬁgt§$q99aﬁf!{tw@) O51s OB S8y PHalnfstigetignmp LIS delisider to

blstaia b stigdddneartideKspleatsmine A SHEE Al subject.
keratinocytes (HEK), human stromal or epithelial cells, PERCS, €tc. In

such mammalian cells, IL-7 may be produced as a secreted protein
Busirieruprtionlar sigiest pé fielpreeepisnvestidnspecfins bieattbthis causing or
@gmeé]{gpﬁb iSQqeté{fﬁl@ 1 - ce iS] clejc acid melecule -
comprising SEQ ID ﬁ%gégﬁﬁécr é%mﬁu%g&?)é%;eec?ﬁf%gs g.ﬂf’ Sent “omprising
RRIBINSIR s & teHRIRe SR (e AR tRRI RGN RININgdg b thereof)
ﬁW@ePﬁﬂ@’@yﬁeﬁmd@bQﬁnmﬁbﬁ”ﬁQ%@&m QSOQB??H‘R—?%Olmpo%ition
conventional methods, including immunization of animals an
co ec[:)(tzlgr%Qi t}’ﬁéﬁsgééﬂsrﬁ [‘)@I‘f}ﬁgﬁg 5 ’p%eﬁ%ﬂ%ﬁ%fﬁ%ssﬁ%’?@ﬂﬂgéﬁwm and
8IS PrRfatRIbhbefors agidaantigendn Puls) tr ebtginesddrdstiivative anfantigen-
apébndinmians rdspSitdevinbdighedies or minibodies) may be produced by

known biological and chemical methods. Preferred antibodies are
specifically immunoreactive with a hyperglycosylated IL-7 polypeptide as

tresenitiberalpostesiedl, catbbiftient; NyreratynposiRiad k- fROMRRPIER further
Witk Hééé‘baﬂa%g, n in-,0r monoglycpsylated pqlypeptides.

Al_thgugh non-sp c%ﬁf or _e_gs ge‘f@é:/ﬁ\?% bnl% ingetosg%&ﬂégoﬁ? (AN GER§tance,
md{HFR SBkdpved canmesitiansfrsiitrtinmenipcreasiogisenguisiretéinity of an
aneglic Qitadawet@othﬁd%al@Jlﬁﬁhwwﬁﬁméﬁfsé’pﬁﬁgep%w?@édéﬁéf Qs21,

ention. -

IEE&?\X ané) monophosphoryl lipid A. Such adjuvants are particularly suited to
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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The antibody is preferably of simian, murine or human origin or has been
25humanized. The invention also relates to a hybridoma cell line that
produces a monoclonal antibody as described above. 45 lymphokines. A
composition suitable for diagnosis, assay or therapy comprising such
monoclonal antibodies is also an object of the present invention. 5
Another object of the present invention relates to processes which can be
used, on an industrial scale, for the production of a pharmaceutical grade,
substantially pure hyperglycosylated 1B27 polypeptide as described above.
The process leads to high yields of recombinant IL-7 conformer suitable

Mdtrmﬁ'ﬁmlul_ﬂ?gﬁmtﬂ- _b{%@&@m&rﬁﬁb%mtﬁmﬁﬁ@@d H%thﬁ?ﬁépéomprisipg an
cantrolling IL-7-coptaining cqmpositions, ermine the presence o
e SImoar ) o B TR T SRSt s eotgs b vgoiRae to the
prveidinar iaspeatxtbee mdth edsolitphbel idiingnhy pecipisrt syl ateridls; For parenteral
. ' iti ' [ises;. culturin
D B A R TN o e SR El S b o

Polyipehra¥s eerrieamesh addrsaliteratiens amine avamsstatipfecfedndmmune
PR & CTHR NS PIaBORGHP BB BEIRIND JRAFRAFR/EMEEY RidLict ¥ prolonged

[fnm \6e 8%]Isge 'risu%rﬁviral rP rticles ftc i}g@ical 20examé)les of such
RS SR &R ?fo%mg’ R OHNG, FSPISC S tra-
nano-filtration. The sample may thus be enriched for IL-7 polypeptide.

i e Vi offici it..is_highl irab :
S AL S

K88y RAKENL TorRiopRiiaciit 5. thatapgpis gHisudatinn f LB eolfppirtwcyte
dmlbﬁrpaﬁﬂ‘ia?cbyrdiiri]MI@htef@hréﬁh?&&ﬁ@ﬁﬂd?%’k?@alkéﬁdmi%é@ﬁ@ iftfthuno- -
o farin t resent.c ination tq prodyce a
I G P e—
A particular pharmaceutical composition according to the invention is for use to
prevent or reduce opportunistic infections in immunodeficient patients.

Another particular pharmaceutical composition according to the invention is for use
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, cancer 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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30 preferably selected from hydrophobic interaction chromatography, ion
exchange 46 chromatography, affinity chromatography and gel filtration
chromatography, either alone or in various combinations. Such methods
allow removal of host cell DNA and other impurities which would lower
recovery. In a preferred embodiment, step ii) comprises a hydrophobic
interaction chromatography step. Such 5 chromatography may be carried
out using various supports and formats, preferably using HIC butyl. Step
fi) may be carried out on any support, feferably on batch or in column
using an appropriate gel. In a preferred embodiment, the purification

step CopRI RSN @ i i 1 Juri
specifiI% %giﬁ?@agﬁﬁﬁiﬂm%%%ﬂgﬁéﬁ%% pﬁgmggr%@eggfﬁtgh%mng or

the pu ¥ Reaushh LRI R EESH irddnetTatiemgithan amount
samplestiaciivgh ta datiroe [mcﬂee;ckemﬁéna spaqbﬁalﬁ_:iﬂgl (Raiiee §I5§)o§%e algainst
conce I e tein of interest and eliminate possible residua
15proty§ ?gfﬁg%\éﬁgrﬁ@ %%P&%g%%é%ibﬂpar embodiment the purifying

step cdtndses igAnkng trrceastipitianfupatiants luwhatearkibe withia infectious,
SIOeCifi%@t%ﬁﬁ%&ﬁf&ﬂﬁfé?ﬁﬂﬁ@ﬁ% ipady immobilized on a

resin (dextran sulfate or heparin for examplé). 20 These methods allow

the reproducible and efficient production of a substantially pure

fifesiigh cobydaptidds-andotppepiiditons diettsinedalsy enahheeraelaosiharalone

j ; t ' . inant IL-7 can be gbtained with
oSN QAP S SEIRRG et 3 e o
RavdinerwitogtdirsiiabnnatiehsFiBd% or-tRmoFBYALLY, WelyHt with -12, IL-15,
Ipsal Lor t '
IESREEhiNINR 101ahameEihdibet fRaRLbS @%&@ggfﬁgﬁg@%@%’%&m may

grocess ,r%%be controlled by analytical metho .
RalfSrsiyPieTsHm S SARaOHE!BT tReRsHRIA: c@NL Ssourialyoe FshtrolRl be
aodditftred tegatikbyr defaraising the gene and/or amino acid

The IL-7 polypeptides and compositions of this invention may be used in various
areas, including to enhance vaccination in the field of animal health and to
minimize the number of active substance administrations.

The invention further provides a method for treating a viral infection, such 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).
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47 sequence, by peptide mapping analysis, after trypsic digestion, by

determining molecular weight with SDS PAGE, size exclusion HPLC,

Mass spectrometry such as MALDI TOF or electrospray or the like, by

determining hydrophobicity with reverse phase HPLC for example, and/or

by determining the electric charge with 5 cation exchange

chromatography PLC or isoelectrofocalisation analysis for example. A

further embodiment of the invention relates to IL-7 production methods as

described above, wherein IL-7 expres§i’on by the recombinant host cells is

10 inducible, regulated or transient, so that the cell culture and IL-7

é‘hprés@nﬁopﬁasthercmhid_éﬁsami%t@dl. Morm;;rdawmllarwmmﬂ)g@f_m&%very in

[Santelelell) - pression ¢ repressed or minimized during .

_recombirggﬁ]%éﬁ%%wtﬁﬁ%ﬁén@?&’ﬁ%nﬁ%&%ﬁtﬁ%ﬁ]& BFRI stgrmg to an

ROBNGEANAIRIRedrAbIes. of hyperalyrrsytatestlcdlipaliteptitarcpmposition.

IL-7-mediated potential toxic effect. Then, IL-7 expression can be

5i£d$§Fdﬁ¥% in the cell culture $r on a sample thereof), allowing the ‘

FERR ¥y i Mol GRRyiadof rec ARARAIER 9. RAMbifebeopdministered in

assontitionhuithals keeginesyits aroweihestwirpeosiepinget FasRmiNgHabogtimulin

g%@&[ﬁgp&, é:%thiﬁiﬂgrﬂélﬁ%ﬂng a recombinant host cell as 20 disclosed

above comprising a nucleic acid molecule encoding said IL-7 polypeptide

and recovering the recombinant IL-7 polypeptide produced, wherein said

THsIRipagIRsIREIdE ROVRBHEiad aH!alss Y RduGible ﬁéﬂé&&?&?’}ﬁviding

said IL-7 polypeptide, so that expression of said IL-7 polypeptide can be

Torgned, AP PRI Rl SRaR c2lp gl RPRiEGaetherein the

gl ysosjlaitdnibivasel yieptidecizidcadd ygidaltaempnsessas0eHcHtE an

Braneteh Wh sgd op activated.in the presence or apsence

e e AT T e

hyreiaiversiteditb oo Preantideamay-benfteripcteiyisteredanfessumiaion with

Gigeltsed above. 48 Various regulated or inducible expression systems

have been disclosed in the art, which are functional in mammalian host

cells and can be used in the present invention. These include the

A dardhsichhiet etlOhiDifegisiom sGemeshittfos pstenvokntitiagan)exfinsion of T

S4iiEPUFEREASHBEUSHIH AR, ofel, B RGOYSone

rggs.tem (induction with Fonastet?gﬁg %ﬁ%%%&%@ﬁ%@aﬁ%@% Yﬁast&d,t IL-7
t

IR iS5 b R POR RS TP R cealanaBse P BRsinBLeT (theudibtellsy This
mietbhDiesprartliol syptasefiR i Frepmtem daralizraodirrarndisy st Ruith

e ALt A
%‘oﬁ!@%"é’ &gihesoiony beypstenivarexpisiosat speaifio s aelistasyelngsfescific
ansteerEISRA3: HIEK2 3m&wﬁah&£ﬁémmgggﬁéﬁ§ﬁ>ﬁamnb'%?udes

.T-EFXTU-CHO or T-REXTm-Jurkat cell lines, trans
IR Rh A ERESHife di HEPRO SRR EerrewbRlBiRkeRILOT HirePatianttion. vivo

@@meé«;na&f\thbsésajsieﬂm Uﬁngfﬁﬁﬁ%ﬁb@@@ﬂi%élﬁefﬁ_b_iwz@‘ﬁ§%i?jﬁﬁl'&%tivation of
n - Is regard, efficient geng deliver
R8BS c@ﬂngb omgfjl{:(gfeggm% _/anJ ggmg@a&aﬁ%ré 31 o%&llfﬁ . Other

vectors are usedto introdu -7 coding

tecpaiqERm Merdssiiee prefeRaiipapiisoecimmsyetemuivivahnsfietitese T cell
sepusiectonisch YikshaeshRly SHAhRSREESYBRIRRY @Fgpovirus or an
episomal vector [e.g., pPCEPH (Invitrogene), pTT (IRB: Durocher 20 Y. et

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

Adenoviruses (and other viral vectors such as AAVSs, for instance), can be
produced according to techniques known in the at Typically, El-defective
adenoviruses are produced in a El-complementing cell line, such as
HEK293, PERCEG cells, etc. Such transient transfection process can be
implemented in various mammalian cells in culture,
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75 such as A549-, HelLa-, 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. at al. Nucl. Acids. Res., 2002, 30(2) in
HEK293 EBNA or HEK293 cells. 49 In a preferred embodiment, the
production methods of this invention comprise an additional step c) of
characterizing and measuring or quagr ifying the particular
hyperglycosylated IL-7 polypeptide as disclosed above contained in the
resulting product. The physical and biological characterization of the
Riedueliph mgthedsendybaisd IL-7 polypeptide may be obtained by Mass
spectrometry (MALDI-TOF or electrospray), infra-red spectroscopy,
nuclear magnetic resonance (NMR), by determining circular dichrolsm, by

AplBes ARRDAh s ISERA BMeRtPRishio |Provide apriemialtosesalyues and
metiasdgingothepabiuisintpwasls arsnecifisompraaianal aniiedunsiset  above

ainst said hyperglycosylated.IL-7 polypeptide, or 10 heparin affinity )
f&%i_rgfy 53 tc%ﬂg)ar[a%%er RPREGFantf 8RS a i orftBithettnsisinges, in
spéiictent ad it 8nd bisids &, pliiantecH disal hypéngheobisylated 1L-7
polypeptide for IL-7 receptor and any method of protein quantification if
applied to the isolated conformer. 15In this regard, the invention also

IR RARR L RE Rt PRIARVRIdHR PIaERRNIRBHONMEdRE Yestaisaasiyalias
reygetdhrestaieddils tnalypaptise asedotd ehtaddBREEBIRSIREASRIMNS: 1L-7

i rly i harmaceutical preparation. Sych %uar cterization
pr%?géﬂggg‘é%aé}&Pm%\ff?o'?rqiﬁ%l yG% lg‘?’a%?gﬁ)zeete (3]%1 A %@Sp‘fy(??éi?\sff)?r gene
tRerFRPA RHEIESRSUtIC use, in quality control of pharmaceutical batches. The

20 invention proposes, for the first time, a method of characterizing and

Tﬁsntrolllag IL7-containing preparations, to determine the presence and/or

255U ANRY R 1R RSV sYiRtEd Whﬁﬂﬁom%ee@f%ﬁgﬁn\%ﬁti&ﬂﬁferred
vBokdes e mmihmtsausqeeajc;ireﬂ:mnbilimﬁtdﬁé@m“@;@mémgs, V\g]ic;h can
- e -exclusi everse phase N
SRS S P e L O
PR AR E S o BRI caies altiom YRR BipisallyUspaipssesticeoalatdoy alements or
sBipryRRAY. (bherdaneiadaime LS cXiBa bRk "’}I_Q'?epﬁ?gygéﬁﬂﬂﬁuﬁhe regulatory

combinations. | The invention also provides a method of producing an
SRAYERTS JBLEREBFShTHL QLML So AP RRRGSHS ssilaneRih odssue-specific
sigralsrisiaplity citualngiatrecs nidniméartGeh gel vk lkegeesiag, EOGGLrggions, efc.,
V; ide.: (H).i in ' [ peptide to 50 produce an
e e e e 1 e

Tiamdneewliainidpeaticipebripeistioh ¥easthlbadetiephagsutc vralagehss, or
fiape apafidianetipeel! RRAQRITISIBE: IcPiBRRINIRBINHIEs SHATRHET3NE Yor)

.mle%supp%i saiPI drug substance or_pharmaceutical composition, the

HUATity ana‘;A rpat}gﬂ%;%Fﬁcﬁ%gfﬁi&ﬁ}la IPreIR ekt adradtiRapter,
Labovemater m'En&e mtgpl)ﬁfmétemamh@etgmm@dmpﬂeu Gsithisitapeenasters for
eRB%%?PWGﬁbﬁﬂﬂéﬂgﬁ'tmé’Vm{:‘i&&é’WiPé'fsﬁﬁmﬁ@H?S K‘/& el 4 rsv,

more than about 90%, preferably 95%, more preterab Y

o Of said
FerdtfcdSsiie ity fompelitigeneopromeine deteriztstahicken fiactine,
UagURmMOUNDM VBRENYbIRFBRIFIASISNOIE ISIREAPYIBINTARS, efc. A vector

S ectrometré/-relate methods, with or without trypsic digest, Lectine
inﬁm'rsomg}%r&aﬁm, A REP RS sy CARRINRRgo Mgy RS nfpcilg or
repylgtethdse tigestonth¢RNG atamiilEjflegtycegidake) peniatoisidiees, a better
BRI SHASRIRSY &%B&Qﬁﬂ@ﬁe%ﬁﬁH%oﬁgﬁ %1%10%'&%%' X9 Inducible
Electrospray 15 Mass Spectrometry, specific monoclonal anti odﬁf/
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 exclusion chromatography 20
and SDS-PAGE analysis for multimeric forms, and HPLC reverse phase
with or without enzymatic predigestion for truncated forms.
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The step is particularly suited for quality control of clinical or

pharmaceutical compositions, whereby only compositions comprising

more than about 95% of the 25 above hyperglycosylated IL-7 polypeptide

are retained, preferably more than about 96%, 98% or 99,5%. All these
hyperglycosylated IL-7 polypeptide showing an average isoelectric point
below 6,5. 51 above, for the manufacture of a pharmaceutical

composition to prevent or treat a disease associated with an
immunodeficiency, particularly to indué@ a prolonged lymphopoiesis
stimulation, to cause and/or amplify an immune response, particularly an
BREgHABECHIEHBIBHMESSBETEANE Mt afephige! of 19 LVANIaR acycline
relates tg the use of a hyperglycosylated IL-7 polypeptide as a tool for

ST 1547 PP B HE B8 BSOS sekarik ystem, the

RopiRttaysterh) (BethEhuasptectystach advantagiesioftthadireserimpentian. Other

i eseribed. in the following e s, which should be regarded. as .
%&gstterﬁtgljveggénds r%gté]ﬂmﬁ?ngéfﬁ\%l@%o%@%ﬁ gﬁe DreSlAPNENFEagHen as focalized
RSN StzstekafM Bl dnducssh sipressivaray sispressidhafibgtiftieed systems

BaEe R RRFONaN (@Y dais0ding w@%&ﬁ%éﬁ&ése&&%ikﬁbf{b&m&ﬂ@ﬂﬁon.

cells 20 Al. Construction of an optimized human'IL-7-coding nucleoti
sequence: 1.1. Peptide signal optimization: As the expression of IL-7

DA ffapmebesdinkeprasdbe Witkrahtartihepastotid faclopepiidastgBal2ay@wiXL,
YRLY IV e e gg&_jl?fye Si . I_ i uenges..25 The new human_ .
IL-;;encoygljng C%N se’qé%?l’cg{s&%vgi% cgérlﬂ%%lﬁ? o'lr)?fgaifr?(f:‘(i‘s ?}((frhneyvandn?or said

gatianeniefis asieticnalg ba LR ResdsdowRst g mabh divtidemeqrenceter, but
werardesdasl siome peRided(S, bPEAGNY BReISHNIPSIS ARG Slothoter.

2002; Biochemical and Biophysical Research Communications
294:835-842): 30 IL-7 SP
The vector may further comprise an origin of replication and/or a marker gene,

which may be selected from conventional sequences. An amplification selection
marker such as the DHFR gene can be inserted in the backbone of the vector.

The vector may further comprise various combinations of these different elements
which may be organized in different ways.

The present invention 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 £. 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 cells are selected from mammalian cells, in particular
human cells as well as derivatives or mutants thereof.
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52 MFHVSFRYIF GLPPLILVLL PVASS (SEQ ID NO: 13) EPO SP
MGVHECPAWL WLLLSLLSLP LGLPVLG (SEQ ID NO: 14) SEAP SP 5
MLLLLLLLGL RLQLSLG (SEQ ID NO: 15) IgGkappa SP METDTLLLWV
LLLWVPGSTG (SEQ ID NO: 16) Lactotransferin/vitronectin SP
MKLVFLVLLF LGALGVALA (SEQ ID NO: 17) 10 Cystatin bis SP
MARPLCTLLL LIVIATLAVALA (SEQ ID NO: 18) EPO/IL-7 a new hydrid
SP MGVHECPAWL WLLLSLLSLV LI7£3VAS (SEQ ID NO: 19) 15 The
obtained cDNAs sequences were inseﬁed into the pTT5 vector (Durocher

at al.; 2002; Nucl. Ac.Res.; 30) for transient expression in mammalian
SpdsiticaxarspEEKeDsualis G cells. imaltee ckfoeskermnstate@varye(6HO)
SBRsSIENAYPARHIS. NG LG AR 2BURO %‘;%‘é’ﬁseﬁiﬁé%ﬂf&eﬂiﬁq{e%@%x—zg&
obtained protein; hIL-7 mteggnty was maintained. 20 Cystatin, IgG, EPO

cRll§-tHumASrigRitsrmah ferrinostase (IR ki st Ricpeitaclial cells,

EREd, &id.1h sypressigmisianhrineci oy i/ eastrai{reiond & dedrdthtntabtein
IL.-7-<%odir,}l%nrgllcleotipgss?guence optimization:  Maintaining the

EPRIL 7 3hing AEaPSE a8 eE

e(—E‘)quence, e Rticleic acid sequence was 25
optimized by

A specific object of this invention is a eukaryotic host cell comprising a nucleic acid
molecule comprising SEQ ID NO: 2, 4 or 6.

A further object of the present invention relates to antibodies immunoreactive with
an IL-7 composition or polypeptide as described above. Such antibodies may be
produced according to conventional methods, including immunization of animals
and collecting the serum (polyclonal) or preparing hybridomas from spleen cells
(monoclonal). Fragments (e.g., Fab’) or engineered derivatives of antibodies (e.g.,
ScFv or diabodies or minibodies) may be produced by known biological and
chemical methods. Preferred antibodies are specifically immunoreactive with a
hyperglycosylated IL-7 polypeptide as described above, ie., can bind the
hyperglycosylated IL-7 polypeptide without substantially binding 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 polypeptide or in
neutralizing IL-7 biological activity in assays or experiments involving multiple
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elimination of human rare codons (using Graphical Codon Usage Analyser
software)  enhancing mMRNA stability by enhancing "GC" content of the
sequence, except for the signal peptide sequence (Kim et a/.; 1997; Gene;
199), and 30minimizing succession of "CA" dinucleotides. 53 The
sequence is depicted in SEQ ID NO: 2. A2. Construction of an optimized
simian IL-7-coding nucleotide sequence: As described for the human
IL-7-coding sequence, an EP/7-slL-7 optimized sequence was
synthesized (SEQ ID NO: 3). A3. Con@?ructlon of canine IL-7-cocline
nucleotide sequence: Canine IL-7 cDNA was amplified by PCR from a dog

|lyidpﬁm@EH§AAjbf@np(Eiﬂ@haiubtadl@nﬁﬁl ansh AesiuEaeedyasrdereEPE Gomprising
abgve for the hum co niIL- 7SP or EP/78P-cIL-7
SR Bootna A Bowi foaitd SE HRARr BB idsont Hvenfion

expression (BHK Cell Expression or CHO Cell Expression or HEK-293
Cell Expression):  The IL-7 encoding cDNA sequences were
amplificated by polymerase chain reaction (PCR) (Mullis et al.; 1987,

Ansthsrshiee DR RIg SAEE Ve tlaies do-pease RS WhIRR e Hiecdsed, on

ANatidGutas yariofin gwmmdbac@mresal@hmaéuw@ SKIESBIMBYHAN pure

K EPTILLT kEPTN F d dto
B e
yLehds;@ﬁéwmd@naet Se?e@aofofmereeurwbinaﬁ@r \ibetepesditaisagT2e delisntion
WES IRBGEQN Rdasieaidhe Frtikigtird ﬁ{Bp\E “inr,f&'itﬂﬂm&géerﬁpé‘éﬁfons to

and hygromycm for expressmn in mammalian cel S re5|stance marker

dRiEving iBe AreFRNGR R 2B Mk PSERYrosVRiPh ol e i WRRRIe as
desstbsdtetd@ieCYTHERIS, beginning from plIC20H plasmid (ATCC)
conferring ampicillin resistance to the system. It contains 2 mammalian

production units:
In a particular aspect, the method of producing hyperglycosylated IL-7 polypeptides

or compositions as defined above comprises:
a) culturing a recombinant host cell as described above, and
b) collecting an IL-7 polypeptide produced from said cells.

The sample may be subjected to various freatments or conditions in order to
increase purity of IL-7, to remove cell debris or viral particles, etc. 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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1/ one for the expression of the IL-7 encoding sequences, under the
control of the 5pgk promoter, and a synthetic polyA sequence avoiding
transcription through the pgk promoter. 2/ one for the expression of the
hygromycin resistance, under the control of the "sv40 enhancer - tk
promoter”. 10Following sequences were inserted into this preliminary
vector: "hph-efla pA" HindlllISMI fragment from pVitro2.mcs (Invitrogen);
tk promoter : EcoRI/Hind111 PCR fragment from pMEP4 (Invitrogen);
sv40 enhancer : BssHIIIEcoRI PCR fr Gment from pVitro2.mcs
(Invitrogen); MAR rabbit Bglobin : a putative "Matrix Attachment Region”

wr@mﬁ@taibﬁygtsﬁrﬁt%ogﬁmmmﬁﬁiﬂb%rm]@m{ tggdéha?f@?é%y either
rabbit In_jntron ragment from p atagene);
A R B RS e e AT By B hiBine . DNA
&phphesHmPrCRes adriebrivotdenl prerIstogiky QrbiogeidrédUEiRiotiment, step
i ' iGint tf 3- a);
e 0 B RSTS SRUL B r, e

RFQURRIRATEPRABIRY S fiRELRd RUh VIR 4RTGHSRHAROFRGHI oA, preferably
ssinyeice slegicrined HymayGeasimiad @ﬁbﬁﬁ?f?gt@lpjp&ﬂ%@ﬂé@b@@ﬁ-gmch or
Res, 9 (51).3719-3730). 25 Some variants of the vector were prepare
Wﬁ‘gfﬂéru%[l? Spoﬁﬁ)g{(e%) ﬂ?a%qgig pgk promoter: Eflalpha, sShRNA U1l ,

actin, Ubiquitin, CMV promoters, etc, or other selection marker:

ReanpretafelienbodHBAN _{héwurma&%?%@éCdaﬂé@%f?&é%&%%%%?nme
chieyed using the expression vector ph-é) k.EP7-hIL-7 or
ST BRI DICkR I8 SroSii P8 (ReBTae e St usAmeletor,
ph-pglcEP7-hIL-7 or pBh-pgk.EP7-hIL-7, was transfected in the
' | [ thods known to those skilled in the art.. The
e S SR BT RR S oo Pofiing S
iRyghsRg/laadineviie gample through a column packed with a specific gel (Source

158) to concentrate recovered protein of interest and eliminate possible residual
protein contaminants.

In another particular embodiment the purifying step comprises loading the sample
through a column packed with a specific gel comprising a monoclonal anti IL-7
antibody immobilized on a resin (dextran sulfate or heparin for example).

These methods allow the reproducible and efficient production of a substantially
pure hyperglycosylated 1L-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 least 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 controlled by analytical
methods, including SDS-PAGE analysis. The primary structure of the optimized IL-
7 may be controlled and characterized by determining the gene and/or amino acid
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A5. Inducible Mammalian Expression (methalothioneine promoter "MT1"):
10 In the same expression vector, pgk promoter has also been replaced
by a chemically synthetized BspEllassfill "Mus musculus MT1" sequence,
as refered in PubMed (N X53530) (Carter at al.; 1984; Proc.Natl. Acad.
Scl. USA; 81:7392- 7396)  MT1 is a metal-dependent transcription
factor promoter. Expression of stable 15clones is then zinc dependent.
A6. Mammalian co-expression of IL-7 and Bcl2 or BcIXL (BHK Cell
Expression. or CHO Cell Expression H’HEK-293 Cell Expression): 20In
order to enhance cell viability in mammalian host cell culture and therefore

e B e o s gestely b Yeafining
was prepare I8 ue, W
R R L e S e B B ouliss Ragegamery such
bofdAtiol groduotiaheivspost ar). O 9Re Phyc dbkatimAvagl. Hydroplbicity with
; - : :J I ience: . .
RS A PP el B S 6 ccotic ghsras; wih
RS cCRrRMHRwRRNY? -HBkin R U eeirsd fegalisation iranalysis for
sampalian cells: 56 B1. Construction of cDNA sequences of
hyperglycosylated IL-7 analogs The hyperglycosylated IL-7 analogs were

obtained using several techniques including mutagenesis methods.
Ayfstiody cesydadinient 7adnthie ga\aitionatalelys Sit1B37 -#Qdlitkbn 1R6taods as

aje‘éZPiB\é%reaBB%]i%ﬂ%@ﬂ?ﬁwﬂ%%e&%ﬁsmq d ?XQ(S'Pf&iﬁant host cells is

oligonucleotides. Several analogs were obta by introducing one o
IdelblesirayiRigrhAbHaRIanaegitiab the palkribyce rade b rrspshige phases
asldiboré gyrasylaiorespasicliagg, the 4qsatitgaiubdadineRINA -7 expression
seqyence ce%ntea ncl)r#%]orrﬁe Pre@%llktﬁ)le orles(%'rr%%ad itional &I@gs lation, sites d
Were insaned: arar i vith™ e AR Erred n“ERIDRYS /o
bt thee allowPbi rerstdietion spéddgedimeutwitnin retothisirexpréssionells
MR (SR oriich Of HOWhEANBIR AARRIORKES 7 SEBNRRRR): can be
B2. Expression of cDNA sequences of hyperglycosylated IL-/"analogs ci‘%n
*ﬂ%f@@ﬁe@@m}ﬁ IFe RSy R 18- PamRIS g raeTboAtiiktes te efficient
gastibabirchab ovle iR s et HamsdhimiAo-7.

An object of this invention thus also resides in a method of producing a
recombinant IL-7 polypeptide, comprising culturing a recombinant host cell as
disclosed above comprising a nucleic acid molecule encoding said IL-7 polypeptide

and recovering the recombinant IL-7 polypeptide produced, wherein said nucleic

~ 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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20Example C. Production of recombinant hlL-7 in bioreactor culture
conditions The best stable positive clone, as in example PA 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. 25 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 18&o 15 days. Cells were amplified
to a concentration of 10 millions cells/ml in a low-glutamine content

' ith pl | Ir ion ste
P e Bt M BB g o

e ReridneioplripuramaAlinte hastacells gl 2eas be wskehilit el present
tgmmhca:ammg@w m&@a@tglﬁépféﬁg&ﬁﬁéetémgwgﬁi&%e?ﬂHstitch system
mperature decre S speed O e cretion pathwa avaoring
tﬁer{@rr%ﬁ%ogﬁﬁti&rﬁ%ﬂﬁgo @gpr% s&f"l’fﬁ??%viﬁ}g 28 4 S-S haprgmoter,
Atdysdagssysiore (irelectibof with cudnaeteioneeApressiaristeasrizodstemiigs of
it . - digdr: te [ U aonditigns.
%%?b%glfgytgﬁ%ée%pﬁﬁﬁéﬁé rrﬁ%{rﬂ%ggﬁabot Gl}ngl%zﬁfﬁgrcdg IS %%%Ie by
Ak chiestErridisyatenty. BIARST systeaucdasrjiradwulirasgyodtavstem, AIR
iﬁsfeww@eﬁmwaa%gb@amm?rmuo'at@ml si@iéhfssrh?ﬁm,m%ﬁ_ E{a_gs%tem
S as oad oxygenation € alSO monitors e amino acias |
3?5&%%%‘?8%%’%33&%% SIRSE G Jdiseraeaialss Seinatelie araression
igwséﬁvzﬁst@ma@gdm@éme'mMi|io¢ideaeab$bkinmﬂa%elaEmsplaEKz%
AR RERTOmBY ANRRMAR Y RSN SROR KRB AR ool

nd CHO cells 20 Crude cell culture medium was collected an )
%ﬁﬁiftfaaaf?ml@mmecemm ¥entloteesignat e ramiens faeasabingnt 1L-7
aftaeirellidtiom 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
Aignativel\c dantHiege i sfardioneetinrhavasedolocdistatizdeappit cosipzatsiyn from

10:FolcRB MR, e REIRC aRGUR: YRRRIALHS e SERD srgtﬁs%!é 'R duce

Paél ife S@iencesgiéo reduce the volume of supernatant. Any other
frallioh FeURS STRALRBRS LR elRtHRIM RPRBFIIehend A erieably, the

$@cior system for transient transfection is a viral vector, such as a recombinant
adenovirus or an episomal vector [e.g., pPCEPH (Invitrogene), pTT (IRB: Durocher
Y. et al. Nucl. Acids. Res., 2002, 30(2)) or using MAR sequences]. Adenoviruses
(and other viral vectors such as AAVs, for instance), can be produced according to
techniques known in the 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- fransformed 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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mM sodium phosphate pH 7.5. The protein was then recovered in the flow
through. During this negative chromatographic step, various contaminants
among which DNA were eliminated. An alternative to this step was to use
validated Mustang Q membrane cassettes (Pall) in similar conditions, for
better yield and/or slightly 5 faster process. Another alternative to this step
is to capture the protein on a strong Anion exchanger resin (0 Ceramic
Hyper D (Biosepra), Capto Q (GE)) or membrane (Sartobind Q, Sartorius).
After this prepurification step, a capturé9step was performed on a strong
cation exchanger resin. The flow through collected at the end of previous

fheR prefelpadlethbORmhE I PRARIEMAD RIS 8k GRINMEbN comprise an

equilibrated with loading buffer (50 mM sodium phosphtate pH 7.5), and
@g@ﬂ@ HPBOGh T SRIRAIRPRRE pReastripw, g6 rivRR BARd e Rarticular
hgprggh/iine ﬂﬁfiangwWéeﬁa@wmmmml d‘ ?'mmdiwmée resulting
osphat : tive fractions weyre ppoled, and jnactivated, during .
et o P o e L BB aE s, " dBsired

utes a om temper
Siteergiivesidateid plodeswivorptisielavthideirablaineilabipnidess bypactrometry

mrﬂ@mfdmep@:fée&egp@mqrﬁ{zdre& t@ﬁe@ffb%%ﬁﬁ%?ﬁ}%lé!gﬂrigarqgmﬁiggonance

pooled protein fractions were djluted 2-fold in buffer (200 mM Sodiun o
HiermENA FFRYRILHICEIRE Ry ARP PR MR &fjthadiolggicaigactivity
aﬁemethemat@inssebm@rbwml disyl Trga%arhigdm@fwm Iynt@m&@na specific
0] r IC).Butyl T ear -M (Tosoh) c .
e, SR o R RS [ potymeptice, o
heparanafitniy hiBLfphexege /dberactarinad, it thandiidatpbuifesald -Contsmer

ahd [ I S ient ing :
i gq%nﬁﬁﬁf{’g;%gﬁi?eﬁ”%ﬁ s P 1.7

BTN HERTP 1Byt ANV INP refseiivy b appaiifigation if applied to
Bepibalaied TohibFrast. Flow (General Electric Healthcare), can be utilized
for this step, Another alternative to HIC for scaling up purposes was to use
another matrix 30such as MEP HyperCel (Pall Biosepra) for similar

redhissregardHbe ymmian sHsefrrvidesandneannsnesl  apthedde jslemtfy and/or

hisdepBolie INdRERERPN SENIRaRIgEaR el owed Ogéﬁgiﬂpi%a@ﬁ@%tof related
the dlf{.erent glﬁi:oss%% ed IL-7 _|sofol'rns (from B1 to 310 as indicated on
g

FPY S5 cBrd ir iRETHSHEOMy It o B HRATRA G5l S eRRIa AR e Such
sbiratiteripatmotiorefradsonsr(flacticsettoim hBallp Briedecrieaand qualify the

e e A A R Gl e

YIyeBugmRIanes ey At iRk Mo i enetier oA abarapigsamgamnd 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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Sephadex (General Electric Healthcare) column equilibrated with low salt
buffer 10 (20 mM sodium acetate pH 6). An alternative to this step is to
diafiltrate the high salt protein pool using 5 or 10 KDa molecular weight cut
off TFF membranes (Qvick start membranes, (GE), Centramate TFF
(Pall)). The protein fractions obtained from G25 step were loaded onto a
Source 15S (General Electric Healthcare) column equilibrated with the
loading buffer (20 mM 15acetate sodium pH 6). This polishing step
resulted in protein concentration and elfnination of the residual
contaminants. The column was washed with sodium acetate loading

AR i

%Ak licahspapasiipa Bdaleder dherarvrutimanvansinaties, said

@6thodhdarthbiuecon silsiag Nitrsitp a’nidmmgcn@raieftaﬁs?ggowﬂéﬁ@ﬁng, in
the final purified.lL-7 protein, batch. If viral jnactivation .

Rl dhg BRI el R e el e Bty of

Avarrelyspedaipthitdpohneaptitieatio dsfineguabarey aptimaireimpeferably, a step

K g‘?“%'5@%%%%%%@??‘5@?&%5%%%“t‘?;g?ﬁi*’ﬁa?‘]@ggﬁ?ﬂ’i§"9’f‘S"'S’
evice 25 (Pla ,
25111620tV RRiEAiE e FIOER AN bR US 30 SRTalERR 9 e SHSP DIy

. 1g8fioubbaict hyperglysdsirasart] Fastdypeptiday 20, Millipore). 60 Shifts in

the gel illustrate the level of glycosylation of the protein. Indeed, the
hyperglycosylated forms tested here (HG-37-147 and HG-40-104) have a
iaPePNHSRSTERAvSigRt thay tr aarggcout/ibied@ hiarety 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 A/F, O-glycosidase, neuraminidase),
Fluorophore Assisted Carbohydrate Electrophoresis, MALD! 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 exclusion chromatography

and SDS-PAGE analysis for multimeric forms, and HPLC reverse phase with or
without enzymatic predigestion for fruncated 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 IL-7 polypeptide showing 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
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5 Example E. Analysis of glycoprotein carbohydrates Production of
recombinant human IL-7 was conducted in a CHO cell-based expression
system for, but not limited to, the following reasons. CHO cells are the 10
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-a-1-6 transferase, were able to glycosylate
recombinant proteins in a manner quaikatively similar to that observed in
human cells. This particular 15 feature was of major importance to reduce

HRBRORNIALIMENISSIBRICEY £iiNa TRERIINESHPESREALE VR or treat a

njected to huma ients, Purified recombinant human IL-7 product or
Rt e aen RS A RS TeTe aRrU Uk Jbicasopplonoed
Igotpieopdiegly castimmubadity), o itai read Seo narkidraresihptifgd 8Hoaliseveresponse,

%‘@%ﬁﬁ%m\%ﬁﬁﬁmﬁ&iﬁ?ﬁm&ﬁ%gy gtion status in comparison to

recombinant human IL-7. The different glycoforrns of the
CHO-produced and purified IL-7 were differentially characterized using

Ralriieilamjiste cretideptrontsteriftérRargrRt Rlesulamysiailcosylated IL-7

%ﬁ:o‘;r%m entities_ were raréqln et\geehr%ZO K@g argl 35 KDa wit a|_25 ;
RO PSRl 6 S RBTEDRL RS P SHSSoRIcE Uk R g aiReliaRs for

&)temisty@otlmaloosrresponding to a three N-glycosylated form

comprising or not one 0- glycan moiety. This aspect was specifically
addressed by enzymatic deglyco%ation of the purified product (Fig 7).

BiheheseegicarsdvaiNpees ol e ResrihiBytiap: Wil he gigeaibed in the
foliRiny ohihe e Ovptiot usieslirNBep vt Ji-Fonpieteifiesesti@iiot limiting the
chara%t{e?ﬂzed usi me?sstsﬁgectrometry, giving molecular mass superior to
SR O?ﬁ]rgsﬁqr%@%b P 'associated or not to 1 0-glycan moiety and
superior to 23 KDa for the 2N- 5 glycoform associated or not to 1 0-glycan
moiety (see Fig. 8). Furthermore, the above glycosylated forms present an
average isoelectric point of 5,8 rgfieafifs & §igh sialylation profile (see Fig.

9).

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

7-coding nucleotide sequences in mammalian cells
A1. _ 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
assembled synthetic oligonucleotides.

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

IL-7 SP
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As a comparison, similar analysis with unglycosylated E coil-derived hIL-7
gave a 10 protein with an apparent molecular weight at approximately 18
KDa, and mammalian cells derived hyperglycosylated hIL-7 were
exhibiting apparent molecular weight comprised between 27 and 37 KDa
General glycosylation complexity and total N-glycan heterogeneity of the
purified 15 CHO-derived hiIL-7 was assessed by total enzymatic
de-glycosylation followed by chromatography separation and mass
spectrometry analyses of the generatéd ol igosaccharid es. Purified
glycosylated h-IL-7 samples were enzymatically digested with an
PPYAZbIRIRASE L 95 PERHES NSibieasifRse By PNGaseF, Roche).
leased 20 N-linked oligosaccharides were separated from the peptide
rﬁ)c re and sorted using a graphite Carbograph 200-300p1 column
AdiddaL Follivan ity BIAISD P TGERASS (ST iDMelry4)/oyager Spec,
ﬁgsm@gg@iosystems). The m/z values corresponding to each peack of the
spectrum allowed identification of the NGlycan general structure of the

Wkl HILGLIRNIeESIbCASESR Epetiic Bktection of the sialic acid containing

Rappadsearboxymethylation of the PNGase-generated oligosaccharides
jﬁ% rted in Powell AK & Harveg/ DJ ReH). Corn. Mass Spec. 1996)

EEHQ’%H%TYXV%%&%( III%INQ.T %alysis. 62 From the

kaetotransféhie/fdllondotirgBan structure could be determined (see Table

N - i S| t 9f-ohserved molecular ions 1338
@é&fﬂ?ﬁic F a%?flé k%ﬁlja% R0 tﬁ?

Cystatin bis SP

MARPLCTLLL LMATLAVALA (SEQ ID NO: 18)

EPO/IL-7 a new hydrid SP

MGVHECPAWL WLLLSLLSLV LLPVAS (SEQ ID NO: 19)

The obtained cDNAs sequences were inserted into the pTT5 vector (Durocher et
al.; 2002; Nucl. Ac.Res.; 30) for transient expression in mammalian cells such as

HEK293 cells, CHO cells.

To check for the good cleavage of the signal pepﬁde, the N terminal amino acid

was determined for each obtained protein; hiL-7 integrity was maintained.

Cystatin, 1gG, EPO and the hybrid EP/7 appeared as the best signal peptide

sequences. Indeed, hlL-7 expression is enhanced by, at least, a factor 10.

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

Maintaining the EP/7hIL-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.
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Hex4dHex)HexNAc4 + Nat 1485 Hex3(dHex)HexNAc4 + Nat 1647
Hex4(dHex)HexNAc4+ Nat 1809 Hex5(dHex)HexNAc4+ Nat 1824
Hex3(dHex2)HexNAc5+ Nat 1970 Hex5(dHex)HexNAc4(Sulph)2+2Nat
2012 Hex5(dHex)HexNAc,5+ Nat 2157
NeuAcCarboxyHex4(dHex)HexNAc5+ Nat 2182
NeuAcHex5(dHex)HexNAc4Sulph + Nat 2318

53

The sequence is depicted in SEQ 1D NO: 2.

A2.  Construction of an optimized simian IL.-7-coding nucleotide sequence:

As described for the human IL-7-coding sequence, an EP/7-slL-7 optimized
sequence was synthesized (SEQ ID NO: 3).

A3. _Construction of canine IL-7-coding nucleotide sequence:

Canine IL-7 cDNA was amplified by PCR from a dog kidney cDNA library
(Biochain), cloned and sequenced as described above for the human IL-7-coding
sequence, an IL-7SP or EP/7SP-cIL-7 sequence was synthesized (SEQ ID NO: 6).

A4. Mammalian _expression (BHK Cell Expression. or CHO Cell Expression or

HEK-293 Cell Expression):

The 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-hlL-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
hygromycin for expression in mammalian cells) resistance marker genes carried on
the vector.
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NeuAcCarboxyHex5(dHex)HexNAc5+ Nat 2421
Hex3(dHex)HexNAcaSulph)+ Nat 2536 NeuAcCarboxyHexeHexNAce +
Nat 2624 NeuAc2CarboxyHex5(dHex)HexNAc5+ Nat 2786
NeuAc2CarboxyHex6(dHex)HexNAc5+ Nat 2843
NeuAc2CarboxyHexel-lexNAc6+ Nat 3092
NeuAc3CarboxyHex6(dHex)HexNAc5+ Nat 3153
NeuAc3CarboxyHex6FlexNAc6+ Nat 5 Hex : hexose (Galactose or
Mannose), HexNAc : N-acetylhexosarﬁ‘i‘ne (N-acetyl Glucosamine or
N-acetyl Galactosamine), dHex : deoxyhexose (Fucose), Sulph Sulfate

Trisiedieiséion Neagatnaiewadnidatmeld constructed at CYTHERIS, beginning
from plC20H plasmid (ATCC) conferring ampicillin resistance to the system. It
contains 2 mammalian production units:

1/ one for the expression of the IL.-7 encoding sequences, under the control of the
pgk promoter, and a synthetic polyA sequence avoiding transcription through the
pgk promoter.

2/ one for the expression of the hygromycin resistance, under the control of the
“sv40 enhancer —~ tk promoter”.

Foliowing sequences were inserted into this preliminary vector:

- “hph-efia pA” : Hindlll/Shfl fragment from pVitro2.mcs (Invitrogen);

-tk promoter : EcoRI/Hindlll PCR fragment from pMEP4 (Invitrogen);

- sv40 enhancer : BssHIl/EcoR| PCR fragment from pVitro2.mcs (Invitrogen);

- MAR rabbit Bglobin : a putative “Matrix Attachment Region” for a better
integration in highly transcribed region of the chromatin, EcoRV/Agel rabbit
Bglobin intron2 PCR fragment from pSG5 (Stratagene);

- SpA : Stul/BspEl fragment from pCAT3 control (Promega)

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

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

- Notl/Swal or Notl/Pmll 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 (61):3719-3730).

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

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-hlL-7. Stable Expression of




10

15

20

25

30

10 Taking into account i) the respective masses of the observed
oligosaccharide moieties, H) 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. 63 Table 4: Complex bi and triantennary mammalian
N-glycans characterized on CHO-derived hIL-7(but not limited to):
MannoseN-acetylglucosamine Galactosea 1-3-Fucose Sialic Acid 20
Glycosylation complexity was also ass&ssed via determination of molar
ratio of the different monosaccharides found on all the glycans (N- and

eyt applicakie)ebths: pepf@dt&h%&@m%@ﬂa'%szé\é}llé@@d g%l%%

lycans of purified ycosiéated h-1L-7 samples were chemically treat

FRSRRDSICREI RS B T Hydr O PERIPghY i idlic MiRE Basaeeation by
gy E@ﬁeﬁ%?ﬂmmwmﬁmshﬂﬁgegq%fﬁfgﬂ [Eprmrglﬂﬁpﬂm@ﬁansfected
r or ng.a coupled. Gas
TR e el A R S B i Rt SPIE ety he
ipereséablecenieriainawed nﬂ@rnaﬁ‘ablmﬂaratabid tdrar@ivtarardse wastamigrbmycin

@‘ﬁﬁ.ﬁl@ ammalian N-Glycan. 5Such an analysis gave the following
molar ratlo for CHO-derived hiL-7 Table 5 Monosaccharide Fuc Gal Man

A5. __Inducible Mammalian Expression (methalothioneine promoter “MT1”):

In the same expression vector, pgk promoter has also been replaced by a
chemically synthetized BspEl/BssHIl “Mus musculus MT1” sequence, as refered in
PubMed (N° X53530) (Carter et al.; 1984; Proc.Natl. Acad. Sci. USA; 81:7392-
7396)

MT1 is a metal-dependent transcription factor promoter. Expression of stable
clones is then zinc dependent.

A6. _Mammalian co-expression of IL-7 and Bcl? or BelXL (BHK Cell 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 hyperalycosvliated analogs of IL-7-
coding nucleotide sequences in mammalian cells:
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GalNAc GleNAc NeuAc Molecular Mass 164 180 180 221 221 309 eack
Surface 43382 179120 310124 33650 344476 423587 N of nanomoles

56

B1. _ Construction of cDNA sequences of hyperglycosylated IL.-7 analogs

The hyperglycosylated IL-7 analogs were obtained using several techniques
including mutagenesis methods. Hyperglycosylated IL-7 analogs (alternatively:
HG37 —40 -104 -126 and —147) were chemically constructed from assembled
synthetic oligonucleotides. Several analogs were obtained by introducing one or
more desired mutations so that giving IL-7 analogs having one or more additional
glycosylation sites. Thus the resulting full length cDNA sequence containing one or
multiple desired additional glycosylation sites were inserted, after digestion with
Notl and Pmll restriction enzymes, in between the Notl/Pmll restriction sites for
direct cloning into the expression vector (similar to Fig. 1 or 2 but containing
appropriate IL-7 sequence).

B2. Expression of cDNA sequences of hyperglvcosviated IL-7 analoas

The expression of hyperglycosylated IL-7 analogs was conducted as described
above in sections A4 to A6.

Example 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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5.41 24.76 22.15 5.26 27.29 20.94 Molar ratio 0.73 3.35 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 10 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 reténtion time when analyzed by
reverse phase HPLC. Each 15 glycopeptide was therefore purified from

theagihgr sﬁs.Bhestb‘gqmamﬁj% @éﬁﬂf‘e%i&%%%@&ﬁié@@hgro to increase
glﬁcopep e was analysed b){&l\élALDl TOF MS

s \ifletniemdnyss DGHBRIRSHEINS (A %‘P’ﬁ&e&%ﬁf@‘%‘?&”oc to
Biveisitruallabeovert idadtifiiation aidhier Nekpsaamsiopaltasl. avpeyanatedreasing

'%expoefrgtlt?rgl !3‘ zreza%es the speed of the secretion pathway, favoring better
glycosylation of the expressed IL-7 with increased site occupancy.
A few days before the end of the culture, IL-7 expression was boosted by addition
of 0.5-10mM Sodium Butyrate in the medium.
Under conditions described above, IL-7 expression was monitored both inside the
cells and in the culture medium (Fig. 3).
To produce high MW IL7 glycoforms, 3g/L glucose and 3mM glutamine are
maintained in the medium during the culture as well as a good oxygenation. One
also monitors the amino acids consumption and feeds the culture with depleted

amino acids. Cell culture is harvested as soon as cell viability decreases below
90%.

Example D. Purification of recombinant human IL-7 product Expressed in HEK-293
and CHO cells

Crude cell culture medium was coliected and centrifuged to pellet whole cells and
cells debris. Alternatively this 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-fold
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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0-glycosylation was assayed via the use of 0-glycan specific lectins
(Lectin Blot, see Fig. 11). 65 Purified CHO-derived hlL-7 samples were
separated by SDS-PAGE analysis and blotted to PVDF membranes.
Immobilized proteins were probed with (but not limited to)
peroxidase-labelled PNA (peanut agglutinin) and/or MAA (Maackia
amurensis agglutinin) and stained for visualization. 5 Glycan
heterogeneity and composition were also determined via the use of Lectin
affinity to the purified CHO-derived hiLT$. An array of lectins having affinity
for N- and 0-glycan structures was selected and used to coat 96 well

mibtpkiten. pdegﬁrméqmonatsmtarﬁmar»bwamwm%\}brédlﬂ the flow through.
a%g VIQCC atedFO nto t Fth oated micr %I{aﬁe wellst During hich
%ss D, acco INg to't eae} MR 38 Bn YECRYSoPREYIYIRER ﬂé@ﬁ%ﬁ"
@Mwwalénmamuﬁn ailierTatier dképs temaves toeussectinliRave Migtang Q
WRshiaAE caddavdacubafing, adl i S %qﬂ@@t'%gdé{e%lf’py?qct o,Bipn ‘slightly

The Lectin - IL-7 - Ab sandW|ch was reve

JBRBTRRRRSSe ARG A s alikdo1hiE RiRp detfier eapieiitie pesteinsen acstrong
mamctemﬂ@@maswr(@otmmﬁi@sr-@a@h [BCiBisRaiicabapRSOBNIEEE)) or
?H%?%Egﬂfﬁ ‘]%lé%aﬂ pele r{fs and structure specificity are presented in

a

su’mmary the pattern of sugar moieties recognized

BYRICHS arrpiniisationy sfethedr ghpfarensitibsveas! serimmesl specifisitgng cation

ERénimt (esi fimoNaRRSigieeRESESAD AU JRALIL S yas 1oaded
Eg%{'atre UEA | from Eﬂlex europeus, 25 MAA from Maa |a amuren:

HRRioeeL ML SO dMeecky solkin @ﬂé&@rﬁtﬁéﬂuméhgkpr@fna\gmer (50
fimivh geglivrushbispaats pH 7.5), and washed with 50 mM sodium phosphate pH

7.5. Elution was carried out using a linear NaCl gradient (15 column volumes) in 50
mM sodium phosphate pH 7.5.

Active fractions were pooled and inactivated during 30 minutes at pH 3.5 at room
temperature to eliminate virus. An alternative to this process is to replace this viral
inactivation step by a multilayer nanofiltration at the end of the process.

After viral inactivation, pooled protein 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 (Tosoh), Butyl/Octyl
Sepharose™ 4 Fast Flow (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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PHA.L from Phaseolus vulgaris. 66 Table 6: Name Glc GIGN Ac Man Fuc
Neu Ac Gal NAc Gal Glycans structure specificity LEA

59

The combination of the above-mentioned capture step and Hydrophobic Interaction
Chromatography allowed optimal separation of the different glycosylated [L-7
isoforms (from B1 to B10 as indicated on Fig. 4), according to their intrinsic
physico-chemical properties. Adequate selection of elution fractions (fraction from
B1 to B4) lead to an enrichment in the 3N- associated or not to 10- glycosylated
hiL-7 entity. An example of such glycoform separation is shown in Figure 4.

The highly glycosylated IL-7 fractions were pooled and loaded onto a G25
Sephadex (General Electric Healthcare) column equilibrated with low salt buffer
(20 mM sodium acetate pH 6). An alternative to this step is to diafiltrate the high
salt protein pool using 5 or 10 KDa molecular weight cut off TFF membranes
(Qvick start membranes, (GE), Centramate TFF (Pall)).

The protein fractions obtained from G25 step were loaded onto a Source 158
(General Electric Healthcare) column equilibrated with the loading buffer (20 mM
acetate sodium pH 6). This polishing step resulted in protein concentration and
elimination of the residual contaminants.

The column was washed with sodium acetate loading buffer and the IL-7 protein
was eluted with 15 column volumes of a salt gradient ranging from 0 to 1 M NaCl in
20 mM sodium acetate pH 6. Eluted fractions 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 celluiose 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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60

Shifts in the gel illustrate the level of glycosylation of the protein. Indeed, ythe
hyperglycosylated forms tested here (HG-37-147 and HG-40-104) have a higher
molecular weight than the full glycosylated hiL-7.

Example E. Analysis of glycoprotein carbohydrates

Production of recombinant human IL-7 was conducted in a CHO cell-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-a-1-6 transferase, were able o glycosylate recombinant proteins
in a manner qualitatively similar to that observed in human celis. 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 blot to confirm glycosylation
status in comparison to E. coli-derived recombinant human IL-7.

The different glycoforms of the CHO-produced and purified I1L-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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These glycoforms (3N or 3N+2N, associated or not to 1 O-glycan moiety) of the
CHO-produced and purified IL-7 were differentially characterized using mass
spectrometry, giving molecular mass superior to 25 KDa for the 3N-glycoform
associated or not to 1 O-glycan moiety and superior to 23 KDa for the 2N-
glycoform associated or not to 1 O-glycan moiety (see Fig. 8).

Furthermore, the above glycosylated forms present an average isoelectric point of
5,8 reflecting a high sialylation profile (see Fig. 9).

As a comparison, similar analysis with unglycosylated E coli-derived hiL-7 gave a
protein with an apparent molecular weight at approximately 18 KDa, and
mammalian cells derived hyperglycosylated hIL-7 were exhibiting 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 200-300pu! column (Alltech), followed by MALDI-TOF
Mass Spectrometry (Voyager Spec, 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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From the spectrum, the following glycan structure could be determined (see Table
3):

Table 3

m/z Signal | Assignment of observed molecular ions

1338 HexaHexNAc, + Na*

1448 Hexs(dHex)HexNAcs + Na*
1485 Hexs(dHex)HexNAc, + Na*
1647 Hexa(dHex)HexNAcs + Na*
1809 Hexs(dHex)HexNAc, + Na*
1824 Hexs(dHexo)HexNAcs + Na*

1970 Hexs(dHex)HexNAc4(Sulph),+2Na*

2012 Hexs(dHex)HexNAcs + Na*

2157 NeuAcCarboxyHexs(dHex)HexNAcs + Na*
2182 NeuAcHexs(dHex)HexNAc,Sulph + Na*
2318 NeuAcCarboxyHexs(dHex)HexNAcs + Na*
2421 Hexa(dHex)HexNAcg(Sulph)+ Na®

2536 NeuAcCarboxyHexsHexNAcs + Na*

2624 NeuAc2CarboxyHexs(dHex)HexNAcs + Na*
2786 NeuAc2CarboxyHexs(dHex)HexNAcs + Na*
2843 NeuAc2CarboxyHexsHexNAcs + Na*

3092 NeuAc3CarboxyHexs(dHex)HexNAcs + Na*
3153 NeuAc3CarboxyHexsHexNAcs + 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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Gal-GalNAca-O-R, 0-linked glycans PHA L | Galb4GIcNAcf36Man,
branched complex N-glycans Results are presented in Figl2. Lectins
clearly demonstrate differential affinity, providing information on the
general 5 structure of the accessible glycan decoration of the purified IL-7
protein in solution. Thus, ACA, ABA and AIA have affinity for Gal and
GalNAc. All three lectins respond positively suggesting the presence of N-
and 0-Glycan structures bearing these monosaccharides. The specific
signal obtained with ABA reveals the fesence of 0-glycans structures.
ACA has a weak signal compared to AIA and to 10a lesser extent ABA.
This reveals that the 0 glycans are extended with little

Table 4: Complex bi and friantennary mammalian N-glycans characterized on
CHO-derived hiL-7(but not limited to):

2420 ‘q*fgi§a{ﬁ% 2785 <
<t J-e
2843 <d::§;§D{H]
. o
<l-e
2936 o 3092 q«gﬁiiCH}g
<-®
G050l e I3
3149
2623 de Q:j;wa

2477 <

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 hilL-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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GalNAc as terminal residue. LEA has affinity for GalNAc indicating the
presence of N-Glycan structures. Among the GIGNAc-specific lectins
tested (data not shown), only those with affinity for Nacetyllactosamine
reveal a positive signal. ISWGA 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 uftomplete but effective fucosylation
of the N-Glycans. 67 MAA has affinity to terminal sialic acids. MAA signal

iBFiGORGhSHERTiINsEaNCHSRME AN O SBat ‘
.ﬁg.L hgs affinit}/g E%]complex bg?g%l\l’%d strucaresm%%gr@r% apparatus

HBWER A RAG aim 4R SIRBERIRh hECTRISAES df 1A AROWR Aniergighaiandard

and ¢restS Merbpeesamtentidbagedssivatetrarantan aGN@licans. Most
typical mammalian 0-glycans characterized on CHO-derived hIL-7 (when

applicable): Altogether, these analyses indicate that the CHO cell-based
Suphear piplpitaavesheskl euingrareletraticaion CHQalenved (iafitennaty)
N-linked oligosaccharide, as depicted in the following figure, branched to

their ASN residue at position 70, 9178Rt® $16 with high partial to complete
alilation, up to 10|sialic acid residues. Also, the CHO-derived IL-7
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n

e [HI
T
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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 |L-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 glycopeptide 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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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 illumination) on the long term stability of the purified
protein. 68 Highly complex purified recombinant human IL-7 was shown
to be stable in Acetate as well as succinate buffers, at a concentration
ranging between 5 to 50 mM. Adequate pHs were chosen from pH=5.0 to
7.0 and ideal storage 5 temperatures #Were between -20C to +4C. Sugars
and low concentration of surfactants (Polysorbate polymers) may be

ﬁ&mt@m BERRBAHRD7ARRFRNESWRIB SepalafiFal B SgHeealRliyik and
&%cq[?dltlons IL-7 could be toregﬁﬁﬂc (in liquid form) at a

G P FargRRPHSIS. 5 1 Sﬂn?rﬁﬁ%fﬁg}ﬁﬁyqrgﬁq%@ With gbut not
ImgVeﬂI foy Ipmmatl!m AzbaDedo RNA. T;t@phﬁrmgﬂﬂuﬁn)ila}mmomm {Maackia

Jigid farm, (g)\g? n%@?dk}t%ﬁg s dgﬁ(ample G. Proliferative

activity ana mma lan cell recombinant human IL-7 in a

@b@@md\@tgmﬁﬁ aseasioRRAtIN MR yalsontisienaingd wéltheriasdof Lectin

éﬁﬂﬁgmtgr{ﬁ@ wmRNdag-waR sy auated in a specific bioassay onto a
murine pre-B cell line derived from bone marrow cells from CBA/C57BL

mice, PB-1 (German Cell Bank DSMZ, Deutsche Sammlung von
Milavaygaisiis Uatidg ittty o), tractty Oepermtestrastuted aislected and

%&"E‘B QAiesYimf g"i‘{ 38‘7{&%'3 1BERCL N ﬁ}ﬂ d$ R2hbi Ka% :‘?f?eed IL-7

ells were maintaine ture in commercia contalnlng me

rar@a%méa VoL incphste Bé drtin @qw@chmg@yataw%awWéhiarstep,

Hisarting soHlegiApfesGideiniaaate! %%W&W@&z&@h@ﬁ%‘(@@ﬂ— different
ositive c ntrzl and a é?g {% ve C ntrok_ﬁrckm IL 7, from control or

T LT daé s S ONNEL R éeﬁﬁ C@a afjon. was conducted by
incubating an IL-7 specific antibody coupled to Biotin. The Lectin — IL-7 — Ab

sandwich was revealed with a streptavidin-peroxidase conjugate.

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.
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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 scintillation Beta counter (Wahack). 69 Alternatively, this
bioassay may be conducted while using a dye marker reflecting the
general metabolism of the cell, such as MTT dye
(3-(4,5-dimethylthiazole-210- 2,5-diphenyl tetrazolium, reduced by
mitochondrial RedOx activity) or MTS dye (3- (4, 5-d imethylthiazol
-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- tetrazolium).
Serial dilutions of both the positiygrestrol and the samples to be tested

Naadlgwed @Rmng the numberr@é&pr&gp relation]to the amount of sample/
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each sample was the EDS0Q concentratiop {19 Oglé/mg maxim

ABactjvity. /A higher EDP0 meaning @ Towe} activify AEa ked
between IL-7 batches is addressed via the an; a@{%@; the 25 dose

PH&Sponse curve parameter, such as slope coe (I e il l\ﬁ&ﬁ'vﬂéénched
L Fram all curve paraﬁteters an ED50 concentradgmgrns/midepels

parameters variation together. ED50 corresponds to the IL-7 dose
Reqwisensapyeseitidd be Rigézhalf of the possible maximal induction activity in
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diff renc esent invention. xam le H. In vivo evaluation the
res R PSSR DR RSP L SR SMEA Siates boarng

these monosacchandes The specific signal obtained with ABA reveals the
presence of O-glycans structures. ACA has a weak signal compared to AlA and to
a lesser extent ABA. This reveals that the O glycans are extended with little
GalNAc as terminal residue.

LEA has affinity for GalNAc indicating the presence of N-Glycan structures. Among
the GlcNAc-specific lectins 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.l 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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Simian hyperglycosylated IL-7 (sit-7) expressed in CHO cell line
(Examples A2, A6 and B) and purified according to Example D, was
evaluated in vivo for occurrence of potential immunogenicity, following
sIL-7 repeated administrations in normal primates. 10 Naive young adult
Cynomolgus monkeys (Macaca fascicularis) (n=4) were entered into the
study and received hyperglycosylated sIL-7 at the dose level of 100
pa/kg/injection. Treated animals received a total of 6 subcutaneous
administrations of IL-7 over a period &ffive consecutive weeks. The
animals were clinically observed over a two month period. Blood

PROCIMENSRRG G6!IRGtRthaAl iR eids> WieAPQigHa! thgo tiRficating an
stucgg{t' on datl 1 before SEL-7 administration, on day 37 and at the end of

tHedivripialieiamen et ed6@RSand had no adverse reaction to
BHAMtHerapyfifiynnistiaiux dbrahthédvaslotaty oéINaBvated adhehowed a
tested by interference in a specific ELISA ai t detectin
o o SR e R T SR ineraar e
pespnasné s 0s etrzanipansonNElssmslerived recombinant IL-7,
although produced as a highly purified drug product, induced, in similar
rotocol, the production of high titers of IL-7-binding antibodies in sera
'péf-??éiﬁ&”ﬁ@h“i@ﬁﬁﬁ%ﬂﬁ’}oq:%%@ﬁ%ﬁﬁﬂé@ IRViGSiAsEed ditivirywhen
appilabdig)ycosylated IL-7 polypeptide in primates Human
hyperglycosylated IL-7 (hIL-7) expressed in CHO cell line (Examples Al,
A6 and B d purified as in Example D, was evaluated in vivo for
determination of S@a&ﬂ%{ﬁﬁacokinetic and pharm ic prafiles of

hIL-7 in ngrmal primates. 71 Nave young adult olgdis ™ yS
(Macaca @cul '?f@@é?@zﬁﬁ?é fhto the study
groups: untEeated Qi?lzcaﬂcdl IL-7 100 pg/kg/injeg

nd dixided into two
Yhe treated
animals r ed smg]Ie subcutaneous administration of hiL-7. The
animals were clinically observed during 45 days. Blood specimens were

éﬁ@&@ﬁ%@@' fREsifarenuns-RRints. uPweb sl e siuchsrn day

B¥askith 3ystem

, 9.and 12 hours post jnjection), 2, 3, 4, 7, 21 and 45. Administration of
WS, YRRETRISS tBIePaR dLwiteoraRisea (Wianteanaty kinkRds plopsacsiarise. as
sepfteesuibciiafeivdradfijorsirbtmcioéd o ThsimABNquskiud et position 70, 91

%ﬁ;ﬁ@%ﬁﬂ%&ﬁ B%%%Woa%jn%ﬁ‘é?é" sﬁé‘ﬁfétf&%f‘ hl‘dzo%%ig lct:aetx:)clzgahreegif L?erg. Also,
the CHO-derived IL-7 contains an O-glycan at position T110.

Therefore, although bearing complex sialilated N-glycans and O-glycans, the 1L-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, fonicity modifier concentration, agitation, intense
illumination) on the long term stability of the purified protein.
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10hours: The plasma profile showed a bi-exponential decline after peak
absorption. The observed product half-life in plasma was in the range of
30 /40 hours. This half-life is significantly increased when compared to the
half-life observed with the E. co/i-derived recombinant IL-7 (5 to 8 hours)
15administered in the same conditions. This reflects an improved in vivo
stability of the hyperglycosylated IL-7 polypeptide in blood. The mean
residence time (MRT) was 40 hours versus around 10 hrs with the E. coil
product. The time to reach a maximufi$ concentration was 180 minutes.
20In conclusion, the pharmacokinetic study shows that the
hyperglycosylated IL-7 polypeptide of this invention displays an improved
and prolonged pharmac,okinetic profile, which translates into improved

M%Mﬁénﬂ%ﬁéa{@%@%@%@&ﬂﬁ bf WRS-ABPWDoiRghg, stable in
AvdisedR svenl&sasudaamesmjﬁemrm@@r@aﬁr@aﬂmagm&l@éw@&% fo 50

bers respectivel % a 170% han fro e
r@ﬂelmee&u Ere en\f'e'%ueso‘ﬁ Re nlimbePd ‘§é1p¥?ocyte %]II Ia&abftorage
empoB8yexpRIsIHiverRNsgEtHitol 47 Ceceptor alpha chain (CD127)

a3 HSFEIREM ARG BN SIAAIGRE P& g PuHRRIShay be added

injection. Lymphocyte T cells expressing CD127 reappeared |n peripheral
%%P@ﬁ%’%‘&ﬁf%@&mﬁaﬁ%@%ﬁ%% BY%ERRIGRIueS only 7 days
[posiichjeotiditions)| wmegpBRE iy &@ubmtaae@qmamwwm@ﬂ afdoncentration
ry inan 7 ret elin ues of
ra?ﬁ%p%&cﬁg\ﬁ t%e@(prp s!g}‘h %%‘%8&@@ 51 anagZ @%};ﬁf;ec refﬂan 12
ma@ﬂ"@oﬁeceb%mééeumai@mnqqﬁ@g|ytdjgyidté@mhzapcﬂypemroeed stability
i longer compared to E. coil-derived recombinant IL-7, reflecting the
longer half-life of hyperglycosylated IL-7 polypeptide in primates as 5
shown below. These results are in line with previous results showing that
Bithowih G/ Brtriiferstivatiactieftyl anaiesisltsfimanetiéabicslsadaiivéy , rdtdsmbinant
ﬂ?ﬁ%ﬁ‘ﬂf—?@gglgﬁ Jlatte) %@I Qgg\éﬁd pharmacokinetic effects, in fact the
extende ed by sub cutaneous injection is more
efficient than the acute delivery profile obtained after 1V injection. Here the

e sl adQvief tcherﬁé%ﬁ'h@IiQﬁ%@ﬁo%ﬁ&bBW&Bﬁ%‘éﬁﬁleﬂﬁrﬁﬁ?f“ﬁb-Y was

which in tyrn translg into an |m?rovedgjharmacod§/namlc activi

SEIBFEhIC Rl PO 205 <ot I e ol s Gtiech legp bone
toderanwcesliserans CBAIGSTB s raftectBByre (SaaliyriGaidBarpeB8BMZ, Deutsche

SANRRRIBUGAT- Mikrooganismen und Zellkulturen), strictly dependent on IL-7 for
growth (Mire-Sluis ef al.; 2000; J. Immunol. Methods; 236:71-76). These cells were

maintained in culture in commercial [L-7 containing medium and starved for IL-7

prior to conducting the bioassay.

Bioassays were run with IL-7 samples {o be tested, in parallel to a known E. cofi-
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 scintillation Beta
counter (Wallack).
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15 73 CLAIMS 1.A purified mammalian hyperglycosylated 1L-7
polypeptide, wherein said hyperglycosylated IL-7 polypeptide contains at
least three glycosylated amino acid residues, has an average isoelectric
point inferior to 6.5 and an average molecular weight superior to 27 KDa
as determined by SDS gel electrophoresis, 2. A hyperglycosylated IL-7
composition, wherein said composition comprises at least 80 %
mammalian IL-7 polypeptides having at least three glycosylated amino
acid residues, an average isoelectric §dint inferior to 6.5 and an average
molecular weight superior to 27 KIDa as determined by SDS gel

RIBHHEARBRIEHIS bloddas ﬁm %‘étwﬁ&icﬁ@mﬁwb%rhsage fﬁ%ﬂ@?ﬁ*&@ébung
comprises between 80% 95% @ rwin IL-7 poI eptldes wh
i

HRORNGRA Sesiahotish ot B%&P{hr%& rﬂ}f?o@é mawfma% 2-Y1)-
z;emm@mwtmfazalm@ wdlmhmh citopsesial RekDB&stvingrontiigndye (3-

R S B AR ™

teiregolBMhe composmon of claim 4, WhICh comprises between 80 % and
95% mammalian IL-7 polypeptides which are glycosylated on from three

up to eight distinct amino acid residues, including one 0- and up to seven
R BEYRRR AShat themnstympudRl BT 4Ry SPEIRIRtste ke desin atnwed
pltimathenalisubél of poily e pdldtiors @ herznolinf of alypepdideontrolassayed.
composition of any of claims 2 to 5, wherein the mammalian IL-7

polypeptide is a canine IL-7 polypeptide. 8. The composition or
HeKsehlidsaseaisy dnsetveenanas kinstic datarand thervdpcebitiashreitiaeldn a
@EF&H?'BH%@"&%Nm@dmarttf&laﬁyoﬁfﬂhawgs'rﬁﬁh@déd7&P'MHQI%Gé‘ylated r-hiL-7

EEHREET o SR ot 7 ) IR A TR oot

(tmﬂgeppmmerapnémﬁbrthmrt‘rwlgtyﬁ&y)lﬁmwhcgtesimmwwd from Asn

-residues at positions 70, 91 and 116; Thr at position 110, as well as any

artificially created glycosylation sites as listed in Table below Lys28Asn
ﬁg@go‘%p@g@%@ﬁ%@g@?ﬁ?@ kinetic data and curves obtained routinely in a

typical bioassay. the PB-1 cell growth was induced by unglycosylated r-hlL-7
(expressed in E. coli), highly glycosylated or hyperglycosylated r-hiL-7 (produced in
mammalian cells). (Data points represent the mean * SD of ftriplicate
determination).

The important parameter to be considered for each sample was the ED50 =
concentration (ng/ml) giving half-maximal activity. A higher ED50 meaning a lower
activity.

Activity comparability between IL-7 baiches 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. ED50 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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11e30Asn ; Ser32Thr Leu35Ser Leu35Thr Glu38Ser Glu38Thr Phe39Ser
Phe39Thr Phed42Ser Phe42Thr Glu52Ser Glu52Thr Val82Asn ; Glu84Ser
Val82Asn ; Glu84Thr Lys97Asn ; Arg99Ser Lys97Asn ; Arg99Thr

Alal02Asn ; Leul04Ser Alal02Asn ; Leul04Thr Leul04Asn ; Glul06Ser

70

Nevertheless, in vitro bioactivity differences are not necessarily representative of
similar in vivo bioactivity differences in the present invention.

Example H. In vivo evaluation the immunogenicity of hyperalvcosviated IL-7

polypeptide in primates

Simian hyperglycosylated IL-7 (slL-7) expressed in CHO cell line (Examples A2,
A6 and B) and purified according to Example D, was evaluated in vivo for
occurrence of potential immunogenicity, following sil.-7 repeated administrations
in normal primates.

Naive young adult Cynomolgus monkeys (Macaca fascicularis) (n=4) were entered
into the study and received hyperglycosylated sIL-7 at the dose level of 100
Hg/kglinjection. Treated animals received a total of 6 subcutaneous administrations
of IL-7 over a period of five consecutive weeks. The animals were clinically
observed over a two month period. Blood specimens were collected, at different
time points, throughout the study: on day 1 before sIL-7 administration, on day 37
and at the end of the study.

All animals survived the study and had no adverse reaction to slL-7 therapy.
Administration of sll-7 was locally well {olerated. 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 hyperglycosvlated IL-7 polypeptide in

primates
Human hyperglycosylated |IL-7 (hlL-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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Naive young adult Cynomolgus monkeys (Macaca fascicularis) were entered into
the study and divided into two groups: unireated n=2 and hiL-7 100 pg/kg/injection
n=2. The treated animals received single subcutaneous administration of hIL-7.
The animals were clinically observed during 45 days. Blood specimens were
collected, at different time points, throughout the study: on days 1 (0, 3, 6, 9 and 12
hours post injection), 2, 3, 4, 7, 21 and 45.

Administration of hiL-7 was well tolerated with no local reaction at injection site.
Following single subcutaneous administration of hiL-7 in macaques, the
pharmacokinetic pattern and parameters of hiL-7 were established from the first 72
hours:

e The plasma profile showed a bi-exponential decline after peak absorption.

e The observed product half-life in plasma was in the range of 30 /40 hours.
This half-life is significantly increased when compared to the half-life
observed with the E. coli-derived recombinant IL-7 (5 to 8 hours)
administered in the same conditions. This reflects an improved in vivo
stability of the hyperglycosylated IL-7 polypeptide in blood.

¢ The mean residence time (MRT) was 40 hours 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 hlL-7 at 100 pg/kg induced a significant increase in
peripheral CD3*CD4" and CD3*CD8" 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. Following
single subcutaneous administration of E. coli-derived recombinant IL-7, the full
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Metl47Asn ; Thrl49Ser , or a combination thereof. 10. The composition
or polypeptide of any one of claims 1 to 8, wherein said IL-7 polypeptides
comprise or are enriched in N-linked carbohydrate 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 acetylglucosamine molecules and high terminal sialic acid
residues; ¢) a sugar chain sialylated by2alpha2,6-sialyltransferase or
alpha2,3- sialyltransferase ; and/or d) a sialylated sugar chain displaying
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b) collecting the IL-7 polypeptide produced from said cell, and c) purifying

said IL-7 polypeptide by a method comprising at least a step of

hydrophobic interaction chromatography, ion exchange chromatography,
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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% mammalian
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 composition of any of claims 2 to 5, wherein the mammalian IL-7 polypeptide
is a human IL-7 polypeptide.

7. The composition of any of claims 2 to 5, wherein the mammalian IL-7 polypeptide
Is a canine IL-7 polypeptide.

8. The composition or polypeptide of any one of claims 1 to 7, wherein the

glycosylation sites are naturally present and/or artificially created in the IL-7
polypeptide sequence.
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9. The composition or polypeptide of any one of claims 1 to 8, wherein the
mammalian IL-7 polypeptide is a human IL-7 polypeptide and wherein the
glycosylation sites are selected from Asn residues at positions 70, 91 and 116; Thr at

position 110, as well as any artificially created glycosylation sites as listed in Table
below

Lys28Asn ; lle30Ser
Lys28Asn ; lle30Thr
lle30Asn ; Ser32Thr
Leu35Ser

Leu35Thr

Glu38Ser

Glu38Thr

Phe39Ser

Phe39Thr

Phe42Ser

Phed2Thr

Glub2Ser

Glu52Thr

Val82Asn ; Glu84Ser
Vai82Asn ; Glu84Thr
LysS97Asn ; Arg99Ser
Lys97Asn ; Arg99Thr
Ala102Asn ; Leu104Ser
Ala102Asn ; Leu104Thr
Leu104Asn ; Glu106Ser
Leul104Asn ; Glu106Thr
Leu128Ser
Leu128Thr

lle145Asn ; Met147Ser
lle145Asn ; Met147Thr
Met147Asn ; Thr149Ser

and preferably as listed in table below
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Phe39Ser

Phe3SThr

Phe42Ser

Phed42Thr

Leu104Asn ; Glu106Ser
Leu104Asn ; Glu106Thr
Leu128Ser

Leu128Thr

Met147Asn ; Thr149Ser

, or a combination thereof.

10. The composition or polypeptide of any one of claims 1 to 8, wherein said IL-7
polypeptides comprise or are enriched in N-linked carbohydrate 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 acetylglucosamine molecules and high terminal sialic acid residues;
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.

11. The compesition or polypeptide of any one of claims 1 to 10, wherein said IL-7
polypeptides comprise or are enriched in O-linked carbohydrate chain(s) with a
terminal sialic acid residue.

12. The composition or polypeptide of any one of claims 1 to 10, 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.
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13. The composition or polypeptide of any one of claims 1 to 12, wherein said IL-7

hyperglycosylated polypeptides show an in vivo extended half-life and mean
residence time in mammalian host.

14. The composition or polypeptide of any of claims 1 to 13, wherein said IL-7

hyperglycosylated polypeptide comprises the following three bridges Cys: 1-4 (Cys2-
Cys92); 2-5(Cys34-Cys129); 3-6(Cys47-Cys141).

15. The composition or polypeptide of claim 14, wherein said IL-7 hyperglycosylated
polypeptide is a polypeptide of SEQ ID NO:1.

16. A method of producing an IL-7 polypeptide as defined in any one of claims 1 to

18, comprising:

a) culturing, in a fed-batch or perfusion mode, a recombinant host cell comprising a

recombinant nucleic acid molecule encoding an IL-7 polypeptide ,

b) collecting the IL-7 polypeptide produced from said cell, and

c) purifying said IL-7 polypeptide by a method comprising at least a step of
hydrophobic interaction chromatography, ion exchange chromatography, affinity

chromatography or gel filtration chromatography, either alone or in various
combinations.

17. A pharmaceutical composition comprising an effective amount of an IL-7
polypeptide or composition according to any one of claims 1 to 15, and one or more
pharmaceutically compatible carriers or excipients.

18. A hyperglycosylated IL-7 polypeptide or compaosition of any one of claims 1 to 15
for use in causing or modulating an immune response in a subject.

19. The hyperglycosylated IL-7 polypeptide or composition of claim 18, for use in
inducing  prolonged lymphopoiesis stimulation andf/or amplifying an immune
response.
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20. The hyperglycosylated IL-7 polypeptide or composition of claim 18, for use in

treating a viral infection, such as HIV infection, viral hepatitis, West Nile fever,
Dengue.

21. The hyperglycosylated IL-7 polypeptide or composition of claim 20, wherein the

hyperglycosylated IL-7 polypeptide is to be administered in association with an
interferon molecule.

22. The hyperglycosylated IL-7 polypeptide or composition of claim 18, for use in
improving a thymopoietic recovery in immuno-compromised subject.

23. The hyperglycosylated IL-7 polypeptide or composition of claim 22, wherein the
hyperglycosylated 1L-7 polypeptide is to be administered in association with a
keratinocyte growth factor, a stem cell factor, a gonadostimulin antagonist or a
growth hormone.

24. The hyperglycosylated IL-7 polypeptide or composition of claim18, 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.

25. The hyperglycosylated IL-7 polypeptide or composition of claim 24, wherein the

hyperglycosylated IL-7 polypeptide is further to be administered in association with
GM-CSF.



