WO 97/ 2413 :
PCT/ US96/ 235%27%8% d with Interon-[err] and an | nununogl obulll’(r:]r,lgg EI nf<led
t hrough a Non- | mmunnogeni ¢ Peptide 5 . Background of the invention '
Interfaron-[err] ("IFNerr]") was anong the first of the cytokines to be
produced by reconbi nant DNA technol ogy and has been shown to have

t herapeutic value in conditions such as igflammtory, viral, and malignant
di seases. Several IFNerr] preparations, including those purified fromthe

natural 10 sour ces Hybfidiwits tdifiton-asfd abimmaséylébulid Fe DNA t echnol ogy,
have been used or are being ifiad Ytodgh & Nya-innRdnogaiic Peptinant and viral

di seases |FNJerr] can cause regression of sone established tunors and

i hduce positive responses in sone viral infections. So far, |FNa has been
approved or tested ir} ny countries for indications such as: Kaposi's
sar corf; haimﬂﬂd q e‘HE ;'mal i gnant el anoma; basal cell carcinong;
mul tiple nyel oma renal cell carcinoma, hepatitis B; hepatitis C  venereal
warts, Herpes |/ |interfmen-a ("IFNG™), wes amang shefirstoefsthe citokines te hei proguced by recombinant
fungoi des. Most cytokines, including | FNa, have relatively short

circul ati on gNA fechnbivgySandihes beeh ishownato chave therageatic valuevin \conditionsa gich |29 rflarhiyiatoryd
transiently. The serumhalf-life of IFNJerr] is only about tw to eight

hours (Roch }7?2% miRGAaRt % S&Vﬁﬂilgg%l_p%%@inﬁmﬂﬂﬁg hiidsé pirifielHoln the natural

Ref er ence, editron, pp. 2 2194-2201). "To use | FNa as an

effectlve system c ther i .nee el atjvel .

and f & quent SOUEE; 3if élf"?‘aﬁag'ﬁ%d %}E&%Mﬁﬁaﬁ@ 5‘8“!&8"’5‘? %P%eﬂ'% g%?r??g Atg Sging 160 %

t herapeutic strategies for the ,IDS-reFI ated Kaposi's sarconma rts with, an
i nduct i on dok\arigty oBmalignant 2 isgases.  IFig cam epuge reqressigp, g some. £ bk G ot
an intramuscul ar or subcutaneous injection, followed by a maintenance dose
of 36 mi |l i cindubépositive eagponsesrinssame vicak lofectidhs.c Se fardFNG haxcliean epproved Mitpsted-in many
Desk Reference, 47th edition, 1993, pp. 2006-2008). Such frequent

parenteral aginthesSoiRfications suth As: KaguersVsartoma} thairy véil Rikemias! malighint melanomel-tidsklivell ,
toxic effects, which are probably caused by the high dosage, are a pr-oblem

]I;(C):[I' ’ ﬁggg?'zg%icn@m.%&ﬁﬁy&m renal cell carcinoma, hepatitis B; hepatitis C; venereal warts, Herpes Iil,
15 varicellajherpes zoster; and mycasis fungoides.

Most cytokines, inciuding IFNa, have relatively short circulation halflives since they are
produced /7 vive to act locally and transiently. The serum half-life of IFNa is anly about twa to eight
hours (Roche Labs. Referon A, Schering Intron A, Physicians’ Desk Reference, 47th edition, 1993, pp.
2006-2008, 2194-2201). To use iFNa as an effactive systemic therapeutic, one needs relatively large

20 doses and frequent administrations. For example, one of the recommended therapeutic strategies for
the AIDS-related Kaposi's sarcoma starts with. an induction dose of 36 million IU daily for 10 to 12
weeks, administered as an intramuscular or subcutaneous injection, followed by a maintenance dose
of 36 million 1U, three times a-week. (Roche Labs. Referon A, Physicians’ Desk Reference, 47th

edition, 1993, pp. 2006-2008). Such frequent parenteral .administratiuns are inconvenient and painful.

25 Further, toxic effects, which are probably caused by the high dosage, are a problem for certain



patients. Skin, neurologic, endocrine, and i nmune toxicity have been
reported. woemaizyone these di sadvantages, one can nodify theciRisBsAiss t ©
increase its circulation half-life or change the drug's fornulation to ~
extend its release tinme. The dosage and adm ni stration frequency can then
be reduced while increasing the efficacy. It was reported that doses of

- less than nine mllion units had been well 5 tolerated, while doses
~nore than 36 million units can induce se@ere toxicity and significantly

. alter patient status. (Quesada, J.R et alL, J. din. OncolL, 4:23443, 1986).
. 1t i s possipetiestst cSkinc oeveningic, endding rand ininkupe tdxisity bave hee deposted. bTo versolnecthee a
“new formIFNerr] which is nore stable in the circulation and requires

smal | er dosjRadvaitades) dné chRmodityhemoRslR to incfeasicitecirtulithom alPkfR2d! change the dryy's
|FN[err]-gelatin conjugate with an extended retention tinme (Tabata, et

at.. Cancer : é‘ﬁ;@ ) . Isibe Uil ikt ' ul at ed

| FN err] f(;'r"ﬁuﬁ'?%?'ﬁgr‘i as‘%%égé%'nﬁeg#@g%ﬁ ani né l's" %"8"‘5@ E&Z@Eﬂaéﬁﬁ“d
ext ended rel.ease of the . protejn in th erjtongsum (Bonettj., A, and Kim_ S.
Cancer medﬁﬁﬁ@fmmrﬁﬁmﬂ WEBM@?,'E‘IMP 'F-TH‘E?W on ypits ad bespcwel g
I gM cl ass are anong the nost abundant proteins in the human bl ood. They
ci rcli at e \iplemted,awile| dogas Jnare; than 3§ millionynits can induce sgvere: toxigity andysignificaptly hlter
been found to 15 i ncrease the half-lives of several |igand binding

prot ei ns ( rpatienpistatys) (Biesadayud.8d et al., )0 Ciin. Dacoh&23448, 1986) i itlds passislé toldeemasene
soluble C04 nolecule, LHR, and IFN-[err] receptor (Mordenti et al.,

J.
Nat ure, 337 e . . Ik .
5116, 0pa. antnt} the B0 afticed B prdicg 038 fark3FN whils fs re> sl e pRUERA

such hybri ds n_pr o] [N t he i (I C.term.nal of
the active %gwm h@%egﬁm %@Eﬁ{}e ﬁf’ﬁiﬁ%ﬁﬁ%’%ﬁ%’ﬁ'ﬁ
the fusion 20 oi nt creat a ngw peptide seq ichis a
necant i gen, With#p mwﬁgf’ &‘éﬂ"ﬂbmﬁ?ﬂ%ii & S-Tﬁangngﬁ'gﬁ:%%}lﬁg& A lipidhased
| FN[err]-Fc hybrid which is designed to overcone this problem and extend
the Hhlf- |encapsulated: INa formplation] has also tasn Jested/in animals and achieved an extended relsass of
PCT/ US96/ 20861 3 Summary of the invention
the protein in the peritoneum (Bonetti, A. and Kim, S. Cancer Chemother Pharmacol, 33:258-261,
1893).
Immunaglobulins of igG and IgM class are amang the most abundant proteins in the human
blood. They circulate with half-lives ranging from several days to 21 days. {gB has been found to
15 increase the half-lives of several ligand binding: proteins (receptors) when used to form recombinant
hybrids, including the soluble CD4 molaculs, LHR, and IFN-y receptor (Mordenti J. ot &/, Nature,
337:525-31, 1989; Capon, D.J. and Lasky, L.A., U.S. Patent number 5,116,964; Kurschner, C. ot a/,
J. Immunol. 149:4096-4100, 1992). However, such hybrids can present probiems in that the peptide
at the C-terminal of the active moeity and the peptide at the N-terminal of the Fc portion at the fusion
20 point creates a new peptide sequence, which is a neoantigen, and which can be immunogenic. The

invention relates to a IFNa-Fc hybrid which is designed to overcome this problem and extend the half-

life of the IFNa.



h

consi sts of MO uni ts. Each subunit includes a human int er PETHP9620861
preferably | FNa, pined by a peptide linker which is prinmarily conposed of a
T cll inert sequence inked to a human i munoglobulin Fc fragnent,
preferably the 5 [err]4 chain. The [err]4 chain is preferred over the
[err]1 chain because the fornmer has littleyor no conpl enent activating
ability. The Ctermnal end of the IFN[err? is linked to the N-term nal
end of the F . ditional IFNerr or other cytokinel can

S the el inbour :

attach to th nd of any other unbound Fc chains in the Fc

fragnent, resulti I n a.honodiner for the Jerr]l4 chain, If the Fc fragnment
sel ected is anot hgﬁ' present '“"';B%Efﬁ!ﬂtﬁmg&m}aég&l“hé'pr‘]“MW%%&,"‘"M@&%e
the Fc fragnents form pentanmers with ten possible binding sites, this
results in aEschischunit iscludes nmenmqnnwmglvma. isined by apeptidedinker avhich isrisimenly
tan binding sites. The two noieties of the hybrid are linked through a T
cel | i munol ggripgsalilof ai Theultinertcyequente, linked)to a Miman Gastunbglobulid Fc frhgmeRt TprefirablyClhy
Gy Ay Ser dy Ay Ay Gy Ser (SEIDNO1)). This peptide itself is

| MTUNOGOGI Calyh el Yy Ehain i WteirBP ver 1 11 Shaif IdbabadP(HE Yirfler 2§ bl S dc infAbipn
poi nt Igl Im nﬁéwﬁ’?ﬂ B'ﬁneoant i%‘ggi Cl tyﬁcreat ed by t émjbg ning o %he
two peptide ggeitieii’i The |inker peptide also increases the flexibility of

t hese noi eti MWWous retention of the biol ogical activity. This
relatively long |inker pept,i?ge hel aqvercone th 0ssi bl e steric¢ hindrance
fromthe Fc portimsm 19f ithe 1PN ﬁ"’@ﬁd?dhﬁﬁf&'ﬂ@r@d\mmi %’B‘M-vi“ﬂy
of the hybrid. The hybrid has a nuch longer half-life than the native | FNa.
Due to the | iadditionsl IFNc foc othér cytokite) can attach des the ritdrminal endchi @ay other ynboupd Bé Chainy
of generating a new i nmunogeni c epitope (a neoantigen) at what would

ot herwi se be i i@ Fd Hagment, Fediiting P& hénibimerhir tHe' 4 chilia, 1f1the Foiaghest! saleted B ahdther

segnent. Cytokines are generally snmall proteins with relatively short

hal f - [ javes | hSSi Wl ; o gt
PCT/ Ug 6/ 208 AS%RD?E;R%?}%@'?P?&%QW%&%{ udi né""é‘u""'l}nﬁes.‘"'r“é Spln%sg:ée. | t gi S
believed that,snpll gpantiti.es of.. sQ cyt oki nes ca r,0ss. the bl pgod-brain
barrier and & "t'ﬁsg 54 ?‘%l?‘“'ﬁé'f'%ﬁg'?ﬁglé?’ f’m%ﬁ@aisgﬁt"g& ten El'mﬁl"g stes.

The two maieties of the hybrid are linked through a T cell immunologically inert peptide (e.g.,

The present invention relates to a hybrid reconbi nant protein 'V\/nigﬁs

Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser (SEQ ID NO:1)). This peptide itself
is immunologically inactive. The insertion of this peptide at the fusion point eliminates the
15 neoantigenicity created by the joining of the two peptide maeities. The linker peptide also increases
the flexibility of these moieties and allows retention of the biolegical activity. This relatively lang
linker peptide helps overcome the possible steric hindrance from the Fc portion of the hybrid, which
| could interfere with the activity of the hybrid.
The hybrid has a much longer half-life than the native IFNa. Due to the linker, it is also
20 designed to reduce the possibility of generating a new immunagenic epitope (a neoantigen) at what
would otherwise be the fusion point of the IFNa and the immunoglobulin Fc segment.

Cytokines are generally small proteins with relatively short half-lives which dissipate rapidly



severe neurological toxicity. The IFH err] linked to Fc[err] of the pr esent

i nventi onggdsle especially suitable for treating hepatitigctysienbss: .
because these products will have a long retention tinme in the 5

vascul ature (upon intravenous adm nstration) and will not penetrate
undesired sites. The specific hybrid described can al so serve as a nodel

for the design and.construction of other cytokine-Fc hybrids. The sane or a
simlar linker could be used in order to4 educe the possibility of
generating a new i munogeni ¢ epitope while allowing retention of the

bi ol ogi cal amokg varioys tisSyesp incinding tcundgsired ditesi nit\ié ibefievednthatr smallkquantities of sume
cytoki ne, or hybrids including other cytokines, could be nmade 10

using the %ﬁ(gﬁﬁ;e&h@w% SiStb-BisincShrrier SRd Erthr @ corftralRlriodd spétein, Lihbrdlly dalising

I nventi on brid nol ecul e of the invention includes an interferon

moi ety |inked th L,q | g @ﬂuﬂ b Y SRSk A ' .

Pr ef er abl y,”’feﬁewa%ﬂﬂ%én s“g@k WO ?onﬁ}r#eroﬁ nol ?P%ng&g@g%ar‘g?“gl y
attached to each of the twy, NNtegrminal ends of a vy chain [errl4 Fc

Fr agent vl o pestig hapeits i & Debiten e rocur(h ol e 4100 fepion ton
peptide, Ay Ay Ser Ay Ay Ser Ay Ay Ay Ay Ser Ay Ay Gy Ay Ser
( SEQBLO NO: vijculatuees upanciniravenouso adminstrationk: and, will sof peneteate ungesiced sites! ct e

nucl eoti de sequence of the preferred [err]4 hybrid (including the |inker

and the Fc noi et yhe sparifiechybrid describell tan 40 serfe ad lBanddel rfhrcthe idesigncand teandtractioraof no
acid residue nunbers 189 to 204. The advantage of the hybrid over the

native cyt 0‘*‘{'}8 ?ﬁg‘a'.'*‘rf? W&] entagh@s or' d SimilaP Iilﬁbﬁ’&ulh $e {13¢8 lin okbr to reduce iR PaRMbIityThe

hybrid. inc eron the y4 chain Fc honodinmer is larger than
the native interf.eron. Becau ; IRt t Lver
are |arge, Yigperating §pqw m@“@ﬁlﬁew%&f}l’a@%‘% g?qﬁ\é@&ﬁ* t§ ?@:ﬂ'i %aﬂnﬁ-
hepatitis, where the virus responsible primarjly affects the |liver. WO
97 }D 24137  Fe hybrids in which interleukin-zpis the cytokine, m% }:lclqug otﬁer cvtnl%nes, cotild ‘be made
PCTA/ US96/ 20861 5 The |inker- peptide is designed to increase the

flexit®i | it yusing thrsametechnigiest i es and t hus maintain their biological
activity. Although the interferon and the i munogl obulin are both of human

ori gin, thepguailéi BesesiptioncofMekiigoardi Usingthedaventies i ng a new i mugeni ¢ epi t ope
at the fusion point of the two
The hybrid molecule of the invention includes an interferon moiety linked through a unique
linker to an immunoglobufin Fc moiety. Preferably, the C-terminal ends of two interferon moieties are
separately attached to each of the two N-terminal ends of a heavy chain y4 Fc fragment, resuiting
15 in 2 homodimer structure. A unique linker peptide, Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly
Gly Gly Gly Ser {SEQ ID NO:1), was created to fink the two moieties. The complete nucleotide
sequence of the preferred y4 hybrid (including the linker and the Fc moiety) appsars in SEQ ID NO:
7. The linker is located at amino acid residue numbers 183 to 204.
The advantage of the hybrid over the native cytokine is that the half-life in wivo is much
20 longer. The hybrid including interferon and the y4 chain Fc homodimer _is large; than the native

interferon. Because the pores in the blood vessels of the liver are large, this larger molecule is more

suitable for use in treating hepatitis, where the virus responsible primarily affects the liver.



mol ecul es. Therefore, the other advantage of the linker of the invention,
whi ch. consi¥PIRH |y of a 5 T cell inert sequence, is F&TUYH2¢861

i munogenicity at the fusion point. Referring to SEQID NO 7, it can be
seen that if the linker (residue nunbers 189-204) was not present. a new
sequence consisting of the residues i medi ately before nunber 189 and

I mredi ately after 204 woul d be created. This pew sequence would be a
neoanti gen for the human body. Human IFN err] ¥is derived froma fam|ly of

several different genes, \Nore.ihap. i | Lfied.
so far, fromgm and 3&?&?&!@&%&?@&%@%@&"f‘%‘é‘#’ﬁ'ﬁ@ﬁ"&“ﬁ@f”&B&‘!ﬁg‘“‘
anywhere froma few to a maxi nun of 35 am no acids.. Most of the spegies |
have a signal pé&heiribinlogisal Astivitye Athoyoh ‘g?rfmg@ﬂi’ﬂd thesimeumagiobyiip. are h‘ﬂﬁﬂ?@%%’b
aci d sequence of 166 am no acid residues (Goeddel, D.V. at al., Nature

290: 20- 25, 1981 theristis aiways a possibilityrod gohbtating a hew inweunogenic epitope: atthRdusiolipbint dfithe two
33:251-300, 1986; Zoon, K C. interferon, 9:1-12, 1987). 15 .

| FNa2 (al so cal lyggedidsNoyhérefore, SHacutih aﬂvh&aﬁtm Fnkar ¥ icheSihoention Hhiek! cdnSistS miaRlyCs? a

speci es. The reconbi nant version of | FNa2 has been used as a therapeutic

8 SEVEEE 0 R L s R 6 4 e ! S8 0 07
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1990). 20 _ IFN[err]2a was selected as the fusion partner for
the interferon w-miumem 188 angrimmediately- mftern204 weuld, baereated.
interferon species (including IFNerr]) can be used as well. It is also

possi bl e to nakeewiseiuette waslistier a/ndosntigent far thieremerc badpki nes, such as
interleukin-1 or interleukin-2. The sane |inker WO 97/ 241_37

PCT/ US96/ 20861 6 coul iR IFNGAS desiiéd RGP b Mily OF Sevilrl differinit givies. MBTERROEY épiciad dve

whi ch nmai ntains the biological activity of the contact could be

< that i 107 ¢ e AR fom A sl M. Moy Mo i ef st 4t

chain) also avol s, & few 1o & maknam of 35 amino acids. Most of the species have a signal peptide sequence
of 23 amino acid residues and @ mature amino acid sequence of 166 amino acid residues (Goeddel,
D.V. et al., Naturs, 290:20-28, 1981; Weissmann, C.. and Weber, H., Prog. Nuc. Acid Res. Mol. Bial.
33:251-300, 1986; Zoon, K.C., /nterferan, 9:1-12, 1987).

15 {FNa2 (also called IFNaA) is one of the most intensively studied interferon species. The
recombinant version of IFNa2 has been used as a therapeutic for several years. Two iFNa2
recombinant products, IFNa2a and IFNa2b, are now commercially available. They differ only in one
amino acid at position 23, and there is no significant difference in biological activity between them
{von Gabain, A., et al, Eur. J. Binclmm.l 180:257-61, 1990).

20 {FNa2a was selected as the fusion panhu for the interferon hybrid of the invention, aithough

the IFNa2b or any other interferon species (including IFNS) can be used as well. it is also possible

to make similar constructs with other cytokines, such as interleukin-1 or interleukin-2. The same linker



5 bi ol ogi ¢ properties, such as conplenent fixation and

ant i body- dewesyais? cal | - medi ated cytotoxicity (ADCC), which mtﬁ?hsnmm1
undesirabl e properties. The cDNA of the | FNa2a can be obtained by reverse =
transcription and PCR, using RNA extracted from | eukocytes which express

|FN[err]. One such cell line, KG 1, can be obtained fromthe Anmerican Type
Culture Collection (ATCC) in Rockville, Maryland, where it is held under
nunber CCL 10 246. In the procedur@ used in naking the hybrid of the

invention, before the RNA extraction, the cells were challenged by Sendai
virus to i covldehnused; oecanothen eneswhichiis natrimménogeniccantl avhichsmajnEsins: the Ibiolotfical @btivity. ,
~Methods in Enzynol ogy , 78A:29-38, Adacem c Press, 1981). As nentioned

above, | FNifems bontriictocodid bé eabisiimad.0f | FN speci es and each cel |l expresses
several different |FNa subspecies at the same tine. The DNA sequence

Bopli 1 a or oap T LRSS b e’ /% déin 3 te .‘%"'sﬂgg‘“ *ﬁ"SWgBW‘: ﬁﬁ%‘éﬁ%‘%ﬁ?@iﬁ"@bé he
LFN{ ﬁg]{ﬁg%@bﬁg‘fﬁg{ 2‘;’["%{@ aeil gn so,t atvgéqe ast QUC &&l es

unique for IFN[err]2a. These are p05|t|on S22 and 161, respectlvel y (See
Zoonh K. C. tislogicst progsriies,osush g complsment. fixatjon, spd antibady-dependans el megistedreyrasaxisity que
(Daugherty, B.L. et al., Nucleic Acids Res 19:2471-6, 20 1991), one
can easi | y({NDCO} which wy he undesimblatprapertiest. any site as desired. However, one
drawback of PCR anplification is the relativel y hi gh rrutatlon rate (Sa| Ki .

R K et al., ScirgesNA ¢BteAPNa2aléRe. abldiied b QFnSLTiptidhd ufify figge to
check every DNA segnent obtained through P for | ack of WO 97/ 4137

Iti me ﬁonsupﬁtﬁ&mwg&r‘{%ze ﬂ%gmnﬁ"&e@ové{%%@g@&tw&owﬁ
b | ncor poAREaD e Foire Colericm, TR i Bkl Macyadhuneh € fLRd et upbss CCk o

am no acid sequence. This site is Iocat ed between the nucl eoti de nunbers 15
and 106 in 248) lnghenarceduresused in making the hybrivief: the invengiom cbefoes;the ANA extragtionpthredlan be
separately cloned into cloning vectors. This makes

were challenged by Sendai virus to increase their transcription of interferons (Cantell, K. et al,

Mathods in Enzymalogy, T8R:29-38, Adacemic Press, 1981).
As mentioned above, [FNa is a collection of IFN species and each cell expresses several
different IFNa subspecies at the same time. The DNA sequence homology among these species is so
15 high that RT-PCR would probably amplify a group of them instead a specific one. To obtain
spacifically the IFNa2a cDNA, the PCR primers were designed so that the last nucleotides of the two
primers ended at positions where the amino acids coded are unigque for IFNG2a. These are position
S22 and 161, respectively (See Zoon, K.C. /nterferon, 9:1-12, 1987).
By using an overlapping PCR technique (Daugherty, B.L. et a/, Mucleric Acids Res. 19:2471-6,
20 1991), one can easily ligate two gene segments at any site as desired. However, one drawback of
PCR amplification is the relatively high mutation rate (Saiki, R.K. et 2/, Science, 239:487, 1988).

Thus, ONA sequencing was also done to check every DNA segment obtained through PCR for lack of



t he DNA sequenC|nq easi er and qui cker since both segnents are only a few
hundr ed ban%Wf 3 length. Once the clones with the correct $970881ces
are idehtifled the two gene segnments can be |inked together through the
BanH | site. No second round overl appi ng PCR and subsequent DNA sequenci ng
of the full length segnent are required. 10 _ There are severa
ways to express the reconbinant protein iny vitro, including in E coli,
~bacul ovirus, yeast, mammualian cells or other expression systens. The

prokaryotic gystigimse dan b@ tddidhs Aia! thnel BnstMing When tHe3R# bPike Rbiient is over kb,

nmodi fi cation, such as glycosylation. But this I's probably not a serious

probliem 01 L% g g A, EINEC Mt o Wb i BT e

- that reconbinant IFN err] w thout any gl ycosyl ation retained 15 its
~bi ol ogi cal aiearRorated o the finkeseuciaotide meguEnce, without changing ite MRIBY ARk, sequence; 7Dusisite,

:1990). However, the purification of reconbinant protein fromthe E coli
| ysate can b lotatefl ibetween tlisnuckéatide: mumbers: 15 and 16 i SEA B YBI. by E. coli often
aggregate and forminsol ubl e inclusion bodies. Thus solubilization and

subseqgent ref ol drmgtviuf gehdSegimend figm POR BahctieBparately  clbriali lito l\feﬁdrs.($ﬁi§lﬁhﬁs
C. H. and Not ebor n, Bi o/ t echnol ogy, 6:291-294, 1988; W ki nson,

d Ha
an 12171 SO0 o AP A e ) o g
f th bl tered wh - b L) it
f);/e:']gggr‘isysg e‘agagq éméﬁcou ﬁi en USIJPn @5 acteria SYS em

~ post-translational nodifications. The expressed forel gn, prote| n can be
secr et ed Yeolinked togather through the BamH | site. No second round overlapping PCR and subsequent DNA

PCT/ US96/ 20861 8 into the cul ture supernatant where not many other proteins
resi de, maki sgusneing of the full lerigtic segmemt arenréqeisedicess scab-up much easier. This
systemwas tried first to express either the IFNa-Fc hybrid or the wild

type IfgNlerr]2a. g ratd Sovérall ways"@ dxprolsctne] redombifiant ' geitéinl i\airof Weliding! R £ o,
partlaﬂ\ly degraded on aSOS— GI!:)“ wher eas thrg IFNaZaﬂaI orlle was ng‘{ﬁg The

or asent in 1 ﬁ%%@i%ﬁﬁpw%@zﬂ% Eil b TR T ok Shant ' b
ggg Si é?g 3 ;rlggztabl% gq? gq géth%gﬁélw&tm sﬁchsgogivcos?lattlme JI}I {]&e,, {u% grl]lotl as SEEIIPHS
problem for the {FNa-Fc hybrid since the native IFNo and immunaglobulin y4 molecule are not heavily
glycosylated. Further, it has been reported that recombinant IFNa without any giycosylation retained
15 its biological activity (Baren, E. and Narula, S., Bio/technology, 10:179-190, 1990). However,
the purification of recombinant protein from the £ cof lysate can be difficult. The foreign proteins
expressed by £ coff often aggregate and form insnlubk inclusion hodie#. Thus, solubilization and
subsequent refoiding of the inclusion bodies is usually required (Schein, C.H. and Noteborn, H.M.,
Bio/technology, 6:291-294, 1988; Wilkinson, D.L. and Harrisan, R.G., Bio/téchnalayy, 9:443-448, 1981).
20 The yeast expression system Pichia Pastoris (Invitrogen, San Diego, CA) avercomes some of
the probiems encountered when using the bacterial system. It usually gives a high yield and has the

. ability to do various post-transiational modifications. The expressed foreign protein can be sécreted



A mamal i an cell expression systemfor the |IFNa-Fc hybrid was also tried.
The mamalw@®7@adyessi on vector, pCDNA3 (Invitrogen, San D epermSésondli Ch
contains a CW pronoter and a NEO resi stance gene, was enpl oyed. The host -
cells, NSO cells, were transfected by the pCDNA3/ 1FNa-Fc 10

expression vector using the el ectroporation nmethod. The cells were

sel ected by 6418 at a concentration of 0.8 ng/m . The IFNerrr]-Fc
expressing clones were identified by EUSB. The hybrid was successfully
expressed in this systemand there was no degradation. There are_several
advant ages into the trultureraupemptant wsee) nesmeny rothey protains resides makinghproteip cuurifiatioanand
protein is secreted into the culture supernatant and there is no

aggr egat i Oficocdsh ecafelup muchmydsier. yThisosyétem was tried(fiestité express either the iFNakfe hyiaki agthephy
step using a protein A colum yields a purified IFNJerr]-Fc protein. Al so,

the protei Mﬂ"tﬁﬂma Dnfoftiriately fhe SN FeSsectetdll YWas otnd to WWW gggadl aI’uVSD

simler to the natural nolecules since it 1s expressed n ce

expr 055! on PRGE Rl PR} OB R R, R AT S B by

authentic N-termnal, whereas in the E. coli or yeast expression systens
therd eit h@WM@MWﬁéMWﬁS“%me‘ reported by, Seprerhed. &t jaly fiepe, )8 t’ﬂ'ﬂ; is

used. Either way, it will bring in additional artificial am no acid
resi due(s) 1883.t ke melativelynwesk|spatrini thef hinga segiop is thiei passible target:fordhe prateasesat i oned
above, the purification of the |FNa-Fc recombi nant protein fromthe culture

WO 97/ 24137 A mammalian cell expression system for the IFNg-Fc hybrid was also tried. The mammalian
PCT/ US96/ 20861 9 supernatant is relativey stri ghtforvvard The protein with

ey of xﬂ??ilﬁ"ni"*t};?;d?c rongmr%ﬂ%' §%W col umaﬁﬁﬁu%&ﬁ'ﬂkﬂd >

one step O a pl’OtEI n

el ng an o AT ava"x%a?m@%%@fr i S Tt o o3 £

had a specific activity about 5 to 10 fold hlwg@er t han a rat.ed
| FNal=c  hy (skgression yecipr; using; the emmlwm e ThR) celife W riested by G419 gt &
Gly Ay Ser (SEQ ID NO 2), and the Fc portion of the hybrid was derived

f rom human conp@itratiort ¢f<0.8 mijak Thy (PN a-Recexpressing: Clones wees identifiedtby ELISAHThn hybyidowas|
activity of the hybrid shown in SEQ 1D NO: 7

successfully expressed in this system and there was no degradation.

There are savemi advantages to this mammalian expression system. First, the recombinant

protein is secreted into the cuiture supernatant and there is no aggregation, thereby simplifying

15 purification. One chromatography step usihg a protein A column yields a purified IFNd-Fc protein.

Also, the protein produced in this system has a glycosylation pattern ﬁerv similar to the natural

molecules since it is expressed by mammalian cells. Further, a native IFN@2a signal peptide sequence

is included in the expression vector. Therefore the protein secreted from the cells has an authentic

N-terminal, whereas in the £ coff or yeast expression systems there either is no signal peptide or 3

20 non-IFNc signal peptide is used. Either way, it will bring in additional artificial amino acid residue(s)

at the N-terminal en_d of the recombinant iFNa-Fc.

As mentioned above, the purification of the IFNa-Fc recombinant protein from the culture



that of -tNORHMFE | FNa. However, it is expected that this h

have a longer half-life in vivo, than the native IFNa. This 10

expectation is based on results denonstrating that the related | FNa hybrid
with the linker sequence shown in SEQ ID NO:2 and an 1gGl Fc portion showed
a nuch longer half-life, in a pharmacokingjic study in a nouse nodel, then
did the native | FNa. Because the hybrid of SEa ID NO 7 is expected to have
a | onger ha'spiéda&ﬁc *srhlﬁﬁﬁlgsirpﬁlﬂfoﬂﬁ&h.vm Fivlof vilh a RUARYof e than I90%, sejGuged by

nove

activity is‘Tower, thrs hybrid is expected to be preferred to the 15
native | FNa fqr I ni cal Thi s, | C . af o |

Al £ 111 o, (SHEPARE. i 72 onghl ool By ir A Sty Uhofetoly il o i K6,
be up to several hundred tines greater than for the .natjyve ercl. I S
means that at theTMLﬂ'Q/aﬂ'Eﬂ't'Wlmﬁﬁﬂgﬁ%f“ 1“”4"%!'5/84 iﬁ#ﬂ#&%mﬂ'}m m@g
hybrid, the latter would provide a several hundred fold increased exposure
to | FN[ err],anrantivirak dseay, itrwas deménstrated: that thechylwidr df S&8 JD ND:7:had a specific activity eboutind
l ess frequent adm nistration. 20 I n nmeasuring specific
activigy, noj gy 10-oRMer thars Alatdd’ IFNG-Fdjbeiddn whick e linkes molgculeckad the ssquencelBly t S
per mass of protein. "This is because interferons function through the

bi nding to thei j &4 ﬁirf& IE€ Nortion of he Giticid vids! defivedl fioM tuén 1961
nunber of mﬁ%?&l@g%yréeds'gsrﬁue ég,ﬁ't' iemrng{Bneﬂgﬁrr g’r{h‘\;\el ght VWO 97/ 24137g
PCT/ US96/ 20861 10 .o he | ENa- Fcy4. Kd. .| e & g Ve

then that offathercthsn Igﬁﬁ't &ﬂ@"ﬁﬁ?ﬁmﬂﬁ ijﬂ%nb'%'c?g M@ﬁ%’% :‘4@4"34 gEd i W7
consi deration, nmeasuring activity in units/[err]ml i nstea& of  the uni II:NS/ ny
provi des a bass improvasnsybstantiolly over the:similer hybeicit was stjll lower-than that of :the gative JFNa.
human | FNa cDNA and constructing the IFN[err]-Fc expression vector 5 )
6x10[ err] KQigweid) it i dxpeEfad that Gbis hybric wilkiawioa loager Walk-itie 2000, than the astivesiFNa= This
virus at 37[err]C overnight. The calls were harvested and washed with PBS
throu pl Y. ThBectdtion!lis 533 IPRsufty dordnbating Ythat the dlated QFNNRybrdwiththe finkep|saquente
kit (BI'OTEX, uston, TX) follow ng the procedure provided by the

{nra gﬁfsgﬂ B[ ?(r)ﬂm%] ﬁméﬁmﬁjg{;ﬂ% &%Wl(mﬁinﬁ@ﬁjlomér halt4fé, S a pharmacokinetic

erse

was i nproved substantially over the simlar hybrid, it was Sttﬁ‘l}%&’%f han

study in a mouse model, than did the native iFNa.
Because the hybrid of SEQ ID NO:7 is expected to have a longer half-life /7 wivo than native
IFNa, even though its specific activity is lower, this novel hybrid is expected to be preferred to the
15 native IFNa for clinical use. This is because, as a resuit of the longer haif-life, the Cxt {the area
under the concentration vs. time curve) would be up to several hundred times greater than for the
native IFNa. This means that at the equivalent molar dosage of the native IFNa and the hybrid, the
fatter would provide a several hundred fold increased exposure to IFNa, resulting in vastly increased
efficacy at the same dosage, and'less frequent administration.
20 In measuring specific activity, molar dosage is preferred instead of expressing activity as units
per mass of protein. This is because interferons function through the binding to their specific

receptors, which is directly related to the number of molecules present. Also, the molecular weight



transcriptase with oligo(dT) as 3' prinmer in 50mMM Tri s- HCl (pH 8.3),

6DMKCl , awd seiavyCl [err] 10 i ncubated at 42[err] C f opctnissssossr he
reaction nixture was used directly as the tenplate for PCRto anplify |FNa’
cDNA. The 5" primer for PCR contained a Hind Ill site and the coding

sequence for the first 21 amino acids fromthe | FNa2a | eader peptide (SEQ
ID NG 31. The 3' priner contained the se&uence coding for part of the
linker (SEQ ID NGO 1) and the lost five a Ono acids of the |FNa2a, and a

Egnmt_la: nZ:jt g@lrﬂr!]ﬁt ﬁ&q% %1'18 Bhe i n;er Sﬁ@r nce S}I%& E‘P NO' 4! Thg EP%R b(l;l]:%er

gelatin, 0.1 mmpl each of dNTP, 0.5 [err] nl of each priners, 5 [err] RT

reacti on i dkdr Eakingrthis mmﬂmm mmemmlmm@twumsmmvms]
vol une. The PCR condition was 94[err]C (1 mn), 55C (2 mn), and 72[err]C

(2 min) fora Héttee ¥orhpatison rof activity eppeifity>CR System 9600 (Perkin El ner, Norwalk,

CT). The cONA of the human i nmunogl obulin y4 Fc was obtained by reverse
transcripti %n@ i r ﬁ*ﬁgﬁwﬁe n@ﬁfﬁ‘ ' bove.
The RNA was ex rac?ﬁ?@r om Phﬁ"ﬁ% dtig%g Tﬂi prulhéngmgmﬁad t he
 sequegce shown | B, (e O liOUree ™Ak verd el Vath 21 w8550 SR 3Pe>=0

PCT/ U896/2C1361 11 The two PCR anplified DNA segmants were cloned into pUCl8
vectors at evemight-j The cells wasp harvested and wesbed with PES thequghly. | ThectatalbRNA was gxtranted o

their DNA sequences were confirmed by DNA sequencing using the kit from USB
(< evel and. byQusing)the HN&ZHMBN&agmutlet MTEX.I Hoystom 7X) tofjewikg=the tprocesurgpravided BanH
| site by a second round cloning The full length | FNaFc cDNA was then

i nserted i Nihg ndndfEcidre | T8 fifst-strand cummegﬁtwwmmwﬁw AMY Gévirse San
D ego, CA) through the Hind Il and Eco sites. Exanple 2: Expressing

L o AT g 5 S 0B S5 R4 1, St g
Tl Rk R o T e i Rk ) o 2 o

and transf e;::\ﬁl?y ItFﬁa%D&I? Om S'Ipi;er for PCR contsined a Hind Ill site and the coding sequence for the

first 21 amino acids from the IFNa2a leader peptide (SEQ D NO:3). The 3' primer contained the

sequence coding for part of the linker (SEQ ID NO:1) and the last five amina acids of the IFNa2a, and

a BamH | site integrated in the linker seguence (SEQ ID NO:4). The PCR buffer contained 50mM KCl,

15 10mMTris-Hel (pHB.3), 1.5mM MgCl,, 0.01% gelatin, 0.1 mmol sach of dNTP, 0.5 smot of each

primers, 5 zA RT reaction mixture, and 1 unit of Tag DNA polymerase in a total of 50 ul volume.

The PCR condition was 94°C {1 min), 55°C (2 min), and 72°C (2 min) for 40 cycles ﬁn a GeneAmp

PCR System 3600 {Perkin Eimer, Norwalk, CT).
The cDNA of the human immunoglobulin 4 Fc was obtained by reverse transcription and PCR
20 performed the same way as described above. The RNA was extracted from the human tonsit B calls.

The 5’ primer had the sequence shown in SEQ ID NO:5. The 3’ primer had the sequence shown in

SECQ ID NO:6.



10 culture plate in 10mM . OVEM supplied with 2% FCS. After incubation
at 37Lerr]C“"BF"P&6’days, the cells were washed and resuspendeBCT/HS! e
medium 0.8 ng/m (A18 was added to start the selection. The cells were
plated out in eight 96-well mcro plates and incubated at 37[err]C _

Col oni es appeared in one week and they were ready for screening in two
weeks - The supernatants fromeach well w thyp single colony grow ng were
coll ected. The IFNa-Fc in the supernatant was quantitatively 15

determined by an Eiph G PG apife N sef¥flents® Whre eliied iito BUC180/ectar ht ditds Hind WNBaiH-C

conjugated wth horseradi sh peroxi dase. The clones with hi gher ELISA

readi ngs and,s aéé@r r c;"hfg I m ﬁ T :
cot oni es V\eréof%%ﬁg%ﬁ%‘(‘) we(/\eﬁégkg?gﬂan '?&f)g%e‘g W bva%%ﬂ"l%mg
contai ning 418. The clo L th the. highest secretion. |eyel s, expapded
and adapt ed tigngHe WP%@M@- ﬁlﬂ" &%%@%P%Mﬁ@ﬁg ‘f"ﬁ\!ﬁéﬁq &!ﬂﬂe
supernatant was col |l ected and passed through a 20 protein A agarose
col um equi | illsité byal sesgnd-emd cloniag.p The full lengih IFNe-Fc-DNA vas thancinserted intece mammalian

by 50 mMcitric acid (pH 3.0) and concentrated by |yophilization. Exanple

3: Chargct er iggbssion veckor gCONAT iavitrogesi) \San iDibgo, CA} \(Wugk /tke'Rind il and EcoR | sites.
PCT/ US96/ 20861 12 The purity of the reconbi nant protein isolated from NSO

cul ture nedi %r?W#"m%de@tern blot. Only one protein

band was vis otted nenbrane stalned by ponceau s for total
proteins, show ng i1y, ' ! I

nol ecul ar wei ght o€h7?ﬁﬁos&§%+%wq @Qﬁ%ﬁw msﬁ’?@ﬁ&"ﬂéﬁ@%%ﬁ@fgﬁg“‘
and 110kd under non-reducjng 5 . conditions, ich.is exagtly the
predi cted si ZAeptrarice fag 9 'Fma%l!eﬂmv%mwn%}ﬂavgbﬂtizﬁﬁm (#04‘? @%@H‘F SHiser (BioRad,
nol ecul ar wei ght under non-reduci ng conditions suggests that the hybrid is
~in a dineric Himues, CALcThe cells werethen pup back e iice derr 20minutascand tiaastesreld yo & H80mm tissue
fanti-Fc and anti-1FNa antibodies, confirmng that it consists of two

mietieg the duiniplaadn 10 OMEM supglied With 25%ECSDi ATRE intubbtion at 3320 for two ddys; the cells
| FNa- Fc was an antiviral assay. Specifically, the assay nethod 10

glse?w‘é"gzufe”m% W%%&mﬁmkm%@mﬂb% IR BB wddl addbd 5 SBA thé
selection. The celis were plated out in eight 96-well micro plates and incubated at 37°C. Colonies

" appeared in one week and they were ready for screening in two weeks. The supernatants from each

well with 2 single colony growing were collected. The IFNa-Fc in the supernatant was quantitatively

15 determined by an ELISA assay émploying goat anti-human IgG and anti-human Fc comjugated with
horseradish peroxidase. The clones with higher ELISA readings and smaller colony size were selected

for subcloning. These colonies were transferred to a 24-well plate and supplied with a medium

containing G418. The clone with the highest secretion level was expanded and adapted to grow in

a spinner. For large scale preparation, the culture supernatant was collected and passed through a

20 protein A agarose column equilibrized by PBS. The protein bound to the protein A was eluted by 50

mM citric acid {pH 3.0} and concentrated by lyophilization.

Example 3: Characterization of the IFNa-Fc hybrid.



I N R AL o R

antiviral activity induced by interfarons a, [err], and y, Current

Pr ot ocol s wa974tdnol ogy, 1994, pp. 6.9.1- 6.9.8). Briefly, RromOsIs206kL
carci noma cells (AS49, ATCCHCCL 185) were seeded in 96-well plates at a’
density of 40,000 cells/well and incubated at 37[err]C for 24 hours. 1:2
serially diluted | FNa-Fc hybrid or native IFNa (N H#¥ Gxad -901-535) were
added and incubated at 37[err]C for 24 hqurs. Every 15 : sanpl e was
done in triplicate. The culture mediumWYas replaced with a fresh one

cont ai ni ng encegphal o rditis virus. (AT VR, 129 at concentratjon of
Sbout. 0. 1oNDl ol ey A Mclpbonet o gt fym NS s oy Was P b
cells were washed away by pipetting up and down vigorously with PBS. The

- attached c8P$-BAGR:and Westesi;blety, Only, ang protainshand was visible on WM%WdW n.
The plates were rinsed with tap water and allowed to dry. The stained cells

wer e di ssopanesiu bsy foOtotal proteinse showing! a domogeriaity ohitie prateincpreparationd The apparent
spectrophatonetrically at 59mm The antiviral activity of IFNa- Fc hybrid

was cal cul inbiggilaP Welgh' s @id fetein s abodit/S5k ; Ot ier b be
about 30 to 60%pofeﬁt he ac'?i vity ofrﬁh@ﬁmﬁaﬂg@?ymﬁﬁmw &%ﬁlﬂuﬁf

s hor ot FouRbas w AR BE oo, BB b o ik” 1R 06Bfg KR NG " .
caut val ont BOBRS WEiRRh W Pom edr . CORRYR SIPeRF 2 e b 1 A . T
PCT/ US96/ 20861 14 SEQUENCE LI STING (1) Ceneral Information: (i) Applicant:
Yu, Li m ngrecapnhinant prytein canbe recognized by both anti-Fc and anti-iFNa antibodies, confirming that it
consists of two moieties, the IFNa and the Fc fraguﬁtt.
The bioactivity assay for the [FNg-Fc was an antiviral assay. Spéciﬁcally, the assay method
10 used was a modification of the pratacol described by Robert M. Friedman et al {Measwement of
antiviral activity induced by interferons g, £, and y, Current Protocols in Immunoiegy, 1994, pp. 6.9.1-
6.9.8). Briefly, human lung carcinoma cells (A548, ATCC#CCL 185) were seeded in 96~weﬂ plates
at a density of 40,000 cells/well and incubated at 37°C for 24 hours. 1:2 serially diluted IFNa-Fc
hybrid or native {FNa (NIH# Gxa01-901-535) were added and incubated at 37°C for 24 hours. Every
15 ~ sample was done in triplicate. The culture medium was replaced with a fresh one containing
encephalomyocarditis virus {ATCC #VR 1298) at a concentration of about 0.1 MOljcefl and incubated
at 37°C for a further 48 hours. The dead cells were washed away by pipetting up and down
vigorously with PBS. The attached cells were fixed by 2% formaldehyde and stained by giemsa stain.
The plates were rinsed with tap water and allowed to dry. The stained cells were dissolved by
20 methanol and the samples were read spectrophotomatrically at 595am. The antiviral activity of IFNa-

Fc hybrid was calculated by comparing it with the IFNa standard, and was found to be about 30 to

60% of the activity of the IFNa standard.



(i1) Title of Invention: Hybrid with Interferon-a and an 5 '
| munogl obul WP ¥R413hked t hrough a Non- | nmunogeni ¢ Peptide (ii iBCHPNGP863¢

Sequences: 7 (iv) Correspondence Address: (A) Addressee: Tanox Bi osystemns,

Inc. (B) Street: 10301 Stella Link Rd. 10 (O Gty:
Houston (D) State: Texas (E) Country: USA (F) Zip: 7702S (v) Conputer
Readabl e Form 15 (A) Mzdium Type: Diskette, 3.5 inch

(B) Conputer: Addonics Cl42 SVGA (C) Operating System DOS 3.30 (D)

Sof t war e: \Wor dper arsthodthat g@,m QsddNierenO :
(A) Applicati oﬁ N&%ﬁe"r'ﬁ'(l'é'? Filing g?gﬁﬁ?g assffi cati oni:’m(e\‘/ei“E“I)IWP‘:nilyo'rml

Appl i cation ta.. (A | § i o . .

(B) Filing DAt B8 %W“&W&%ﬁﬁr the Shaims, which fofiow, and
Mrabel, Eric P. (B) Registration Nunber:, 31,211 (C Reference/ Docket
Nunmber: 95- 2%3(36@""5%"“ °§%‘°"&" WF&'?"* (rrznjni cation Information:
(A) Tel ephone: (713) 664-2288



(B) Telefax: (713) 664-8914 (2) Information for SEQ I D NO 1: (i)_ Sequence

Char act er i @i¢ $mia 30

Type:

(xi) Sequence Description:

nucl eotide (C) Strandedness:

(A) Length: 48 nucl ei pcafis
doubl e stranded (D) Topol ogy:

1 near *

SEQ ID NO 1: 40 GGI' GE&C TCA GGI GGA TCC GGTT GCA

- GEC GGA ACC (CC 36 Ay Gy Ser Ay Ay Ser dy Gy Ay Ay Ser dy 1

5 :
(2) Information for
6 am no acids (B) Type:

10 45 GGT GGA GGA TCA 48 Ay Ay Ay Ser
SEQ ID NO 2: (i) Sequence (Maracteristics: (A) Length:

15 50

(xi) Sequence Descripti
S 60

Characteristics:
5 _

10
15
20
25
30

35

45
50
55

60

amno acid (D) Topalo
on: SEQ ID NO 2: G

. unknown 55
E l\'ﬁly Gy Ser 1

AP e S T L e T ke, 3w ) Seauence

(ii) Title of Invention: Hybrid with Interferon-a and an
Immunoglobulin Fc Linked through a Non-Immunogenic Peptide

(iii) Number of Sequences: 7
{iv) Correspondence Address:
(A} Addressee: Tanox Biogystems,
(B) Street: 10301 Stella Link Rd.
(C) City: Houston

(D) State: Texas

{E) Country: USA

(F) Zip: 7702s

(v} Computer Readable Form:

(A) Medium Type: Diskette, 3.5 inch
(B) Computer: Addonics C142 SVGA
{C) Operating System: DOS 3.30°

(D) software: Wordperfect 5.1

(vi) Current application data:

(A) Application Number:

(B) Filing Date:

(C) Classification:

{vii) Prior Application Data:

(A) Application Number: 08/579,211
(B) Filing Date: 12/28/95 '
(viii) Attorney/Agent Information:
(A) Name: Mirabel, Eric P.

{(B) Regigtration Number: 31,211

(C) Reference/Docket Number: 95-2-PCT
(ix) Telecommunication Information:
{A} Telephone: (713) 664-2288

(B) Telafax: (713) 664-8914

{(2) Information for SEQ ID NO:1:

(i} Sequence Characteristics:

{A) Length: 48 nucleic acids

{B) Type: nucleotide

(C) Strandedness: double stranded
{D) Topolegy: linear

Inc.

(xi) Segquence Description: SEQ ID NO:1:

GGTGGCTCAGGTGGA'ECCGGTGGAGGCGGAAGCGGC%
Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly
1 5 10

GGT GGA GGA TCA 48
Gly Gly Gly Ser
15

(2)
(i)
()
(B)
(D)

Information for SEQ ID NO:2:
Sequence Characteristics:
Length: 6 amino acids

Type: amino acid

Topology: unknown

(xi) Sequence Description: SEQ ID NO:2:

Gly Gly Ser Gly Gly Ser
1 S

{2) Information for SEQ ID NO:13:
(i) Sequence Characteristics:

1]



WO 97/ 24137 PCT/ US96/ 20861
15 (A) LengMP9YMWBicl eic acids (B) Type: nucleic acid (C) Strk

single stranded (D) Topol ogy: linear 5 _ (xi) Sequence'
Description: SEQ ID NO 3: CATAAGCTTC ATCTACAATG GCCTACCT TTGCTTTACT 40
GGTGGCCCTC CTGGTGCTCA GCTGCAAGTC AAGCTGCTCT G 81 10 (2)

Information for SEQ ID NGO 4: (i) Sequence Characygristics: (A) Length: 40
nucl eic acids (B) Type: nucleic acid (C) Strandedness: single stranded 15
(D) Topol ogy: linear (Xi)(abeLergrhe €k3miclgic acidSEQ | D NO 4: CTCTGCGGAT

CCACCTGAGC CACCTTCCTT ACTRITTyR®: o cgg.c acid (2) I'nformation
for SEQ 1D NO5: (i) Seq % egﬁ‘%lse SEEnde8 gt h: 58 nucl ei ¢ aci ds
(B) Tyge: nucleic acid ( :.35 Qeﬁécr Sptihe Sd aBURSL 325

(D) Topol ogy: linear (xi) Sequence Descr i pt ion:. SEQ I D NO 5: AATGGATCCG

GGECGG GCGGCGGT GG@%)AW‘@W
GTCGA AN GGTGGC CTGGTGCTCA GCTGCAAGT G 81

10 (2) Information for SEQ ID NO:4:
{i) Sequence Characteristics:
{A) Length: 40 nucleic acids
(B) Type: nucleic acid
(C) strandedness: single stranded
15 (D) Topology: linear
(xi) Sequence Description: SEQ ID NO: 4:

CTCTGCGGAT CCACCTGAGC CACCTTCCTT ACTTCTTAAA 40

20 (2) Information for SEQ ID NO:5:
(i) Sequence Characteristics:
(A) Length: 58 nucleic acids
(B) Type: nucleic acid
: (C) Strandedness: single stranded
25 (D) Topology: linear
(xi} Sequence Description: SEQ ID NO:S:

AATGGATCCG GTGGAGGCGG AAGCGGCGGT GGAGGATCAG 40
10 AGTCCAAATA TGGTCCCC S8

(2) Information for SEQ ID NO:6:

(i) Sequence Characteristics:

{A) Length: 42 nucleic acids

(B} Type: nucleic acid
35 (C) strandedness: double stranded

(D) Topology: linear

{xi) Sequence Description: SEQ ID NO:6:

ATCGAATTCT ATTTACCCAG AGACAGGGAG AGGCTCTICT GT 42

(2) Information for SEQ ID NO:7:
(i) Sequence Characteristics:
(A} Length: 1302 nucleic acids
{(B) Type: nucleic acid
45 {C) Strandedness: double stranded
(D) Topelogy: linear
{xi) Sequence Description: SEQ ID NO:7:

50 ATG GCC TTG ACC TIT GCT TTA CIG GTG GCC CTC CTG GTIG 319
Met Ala Leu Thr Phe Ala Leu Leu Val Ala Leu Leu Val
1 s 10
CTC AGC TGC AAG TCA AGC TGC TCT CTG GGC TGT GAT CTG 78
55 Leu Ser Cys Lys Ser Ser Cys Ser Leu Gly Cys Asp Leu
N 15 20 25

CCT CAA ACC CAC AGC CTG GGT AGC AGG AGG ACC TTG ATG 117

. 60 Pro Gln Thr His Ser Leu Gly Ser Arg Arg Thr Leu Met
30



(2)

42 nucl ei w8213t B) Type:
St randedness:

nformation for SEQ | D NO 6:

(1) Sequence-Characteristicé:
nucl eic acid 35

doubl e stranded (D) Topol ogy:
SEQ I D NO: 6: ATCGAATTCT ATTTACCCAG AGACAGGGAG AGGCTCTTCT GT 42

. . P
| i near (xi) Sequence

(A) Length:

(1) Sequence Characteristics: (A
nucleic acid 45
Ii1ﬁear (xi) Sequence

GACAGACATGAC

Descri ption:

40 (2) Information for SEQ I D NO 7:

Length: 1302 nucleic acids (B) Type:

St randedness: doubl e stranded (D) Topol ogy:
Description: SEQ ID

CTG GTG GOC CTC CTG aé&ﬁeﬁf@

Val 1

CTG TGT GAT CTG 78 55

Ser Yeu Ay Cys Asp Lo

ACC CAC AGC CTG GGT AGE®A
Ser Arg Arg Thr

35

10

15

20

25

30

35

40

45

55

60

Phe

CTC
Leu

ACA
Thr

GAC
Asp
105

CTG
Leu

Thr

Lys

Lys

ATC
Ile
170

AGT
Ser

GGA
Gly

GGT
Gly

GGG
Gly

Leu I\/bt 60

TTT GGC
Gly

CAT
His G

80
AAG
Lys

ARA
Lys

Glu

ccc
Pro

TAC

145

TAC

ATG
Met

TTA
Leu

GGC
Gly

ccc
Pro
210

Gly

AAC

Asn

GAG
Glu

GAC
Asp

TTC
Phe

GCC
Ala
120

Leu
Phe

AGC
Ser

Arg
185

GGA
Gly

cCcGe
Pro

CCA
Pro

82 AcB %“ﬂ?@hﬂ?lfrpyé‘?? ot %“SG-;E%H Lou Ay
30

CAG
Gln

ATG
Met

TCA
Ser
$s

TAC
Tyx

TGT
Cys

ATG
Met

Gln

CCT
Phe
160

TCT
Ser

AGT
Serxr

AGC
Serxr

TGC
Cys

TCA
Ser
225

TTC
Phe

70
ATC
Ile

TCT
Ser

ACT

GTG
val

Lys
138

TGT
Cys

Phe

Lys

GGC
Gly
200

CCA
Pro

GTC
Val

CAA
Gln

CAG
Glu

GCT
Ala

GAA
Glu
110

ATA
Ile

Glu

ATC
Ile

GCC
Ala

TCT
Ser
175

Glu

GGT
Gly

TCA
Ser

TTC
Phe

Leu Ser

AAG
Lys

CAG
Glu
85

GCT
Ala

cTC
Leu

CAG
Gln

GAC
Asp

ACT
Thr
150

TG
Leu

GGT
Gly

Gly

TGC
Cys
215

CTG
Leu

G GCC TTG ACC TTT GCT TTA
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/20861 ,

(O

\VEAC B6Q 156U Leu
CREpBY® TGC TCT

Cys Lys Ser Ser
TTADGGA TTT CCC CAG GAG G&RS 1685T CAA

GCT GAA ACC ATC
Ala Glu Thr Ile

ATC
Ile

TGG
Trp

TAC

Tyr

GGG
Gly
125
TCC
Ser

cTC
Leu

GAG
Glu

Ser

Gly

190

Gly

CcCAa
Pro

TTC
Phe

TTC
Phe

GAT
Asp
100
CAG
Gln

GTG
Val

ATT
Ile

TAT

GTT
vVal
165

ACA
Thr

TCA
Ser

Ser

Ala

ccc
Pro
230

75

AAT
Asn

GAG
Glu

Gln

Gly

CcTG
Leu
140

Leu

GTC
Val

Asn

GGT
Gly

Glu
208

cCT
Pro

CCA
Pro

CTC
Leu

ACC
CTG

Leu
115

GTG
Val

GCT
Ala

Lys

TCC
Ser

GAG
Glu

Lys

ccT
Phe

TTC
Phe
90

CTC
Leu

AAT
Asn

ACA
Thr

GTG
vVal

Glu
155

GCA
Ala

Gln

TCC
Ser

Lys

TTC
Phe
220

ccC
Pro

GTC 234
val

AGC 273
Ser

CTA 312
Leu

GAC 351
Asp

GAG 390
Glu
130

AGG 429
Arg

ARG 468
Lys

GAA 507
Glu

GAA 546
Glu

GGT 585
Gly
19s

TAT 624

CTG 663
Leu

Cys

AAG 702

Lys
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16 CTC CTGWSERIEAY ASG AGG AAA ATC TCT CTT TTC TCC TGC 156 Lm% dn
Met Arg Lys Ile Ser Leu Phe Ser Cys 40

50 5 TTG AAG GAC AGA CAT GAC TTT GGA TTT CCC CAG GAG
GAG 195 Leu Lys Asp Arg His Asp Phe Ay Phe Pro Gn Gu Qu 55
60 . 65 TTS GGC AAC CAG TTC CAAJAAG GCT GAA ACC ATC CCS GIC
234 10 Phe Gy Asn G n Phe An Lys Ala Qu Thr Ile Phe
Val 70 GAS HSTCCFARTEMTATCCATS RAC CORGENT GTSTAEGATAT 7B TTC
AGC 273 Leu H's A u Met akp erhE LewGMet| ke B v The (Preh@lisdal (Thr Cys

85235 2490 ACA AAG GAC T#A TCT GCT oCcT

G5 GAT GAG ACC CTC cmﬁé?ﬁﬁ@é VPSR St S chh&ad acd cicAsit Ghel 78 Leu
Lou AP VAL GeFAQMNGIuQM BFd. GIAVOAGLEAG CTG
AAT GAC 351 Asp Lys Phe Tyr Thes@ u Lou Tyr @ n28fn Leu Asn Asp 26%

B0 6 oo o7 Ao S B B B OR lR R A,

u 120 0 AQTo CCC CTG ATG AAG
GAG GAC TCC ATT CTG GCT MIG AGG 429 30

hr L
Lys G u As GG GAG GAG CAG TIC AA r@égg
A>(/3A Ag'C AC'F|)' g'?'z; !rla;er gém%%ﬁgﬁ Glu Glu Gla Phe uﬁ‘ﬁ C CAA

280 285

CGT GTG AGC GTC CTC ACC GTC CTG CAC CAG GAC TGG 897
Arg Val Va.l Ser val Leu Thr Val Leu His Gln Asp Trp
2 290 295
CTG AAC GGC AAG GAG TAC AAG TGC AAG GTC TCC AAC AAA 936
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
300 308 310

25 GGC CTC CCG TCC TCC ATC GAG AAA ACC ATC TCC AAA GCC 975
Gly Leu Pro Ser Ser Ile Glu Lys Thr Ile Ser Lys Ala.
315 320 325

AAA GGG CAG CCC CGA GAG CCA CAG GTIG TAC ACC CTIG CCC 1014
30 Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro
. 330 335

CCA TCC CAG GAG GAG ATG ACC AAG AAC CAG GTC AGC CTG 1053
Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu
35 340 345 350

ACC TGC CTG GTC AAA GGC TTC TAC CCC AGC GAC ATC GCC 1092
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala
3ass 360

GTG GAG TGG GAG AGC AAT GGG CAG CCG GAG AARC AAC TAC 1131
val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr
365 370 375

AAG ACC ACG CCT CCC GTG CTG GAC TCC GAC GGC TCC TIC 1170
Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe
380 385 390

50 . .
TTC CTC TAC AGC AGG CTA ACC GTG GAC AAG AGC AGG TGG 1209
Phe Lys Tyr Ser Arg Leu Thr Val Asp Lys Ser Arg Trp
395 400

. 55 CAG GAG GGG AAT GTC TTC TCA TGC TCC GTG ATG CAT GAG 1248
Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu
405 410 415

GCT CTG CAC AAC CAC TAC ACA CAG AAG AGC CTC TCC CTG 1287
60 Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu
420 425



Lys Tyr Phe G n Arg Ile Thr Leu Tyr Lau Lys GQu Lys 35

145 09124137 150 155 AAA TAC AGC %ﬁ& 115G
GAG GIT GT‘& KGA GCA GAA 507 Lys Tyr Ser Phe Cys Ala Trp Qu Val Val Arg Ala
A u 40 160 165 ATC ATG AGA
TCT TTT TCT TTG TCA ACA AAC TSG CAA GAA 546 |le Met Arg Ser Phe Ser Leu Ser
Thr Asn Leu G n Gu 170 175 180 45 AGT TTA
AGA AGT AAG GAA GGT GBC TCA GI' GGA TCC GGT 586 Ser Leu Arg Ser Lys Qu
Gy Ay Ser dy Ay Ser Gy 185 190 . 195 50
GGAGGCGGAAGCGGCGGE gﬁglcd‘QAAATAT624GIyGIyGIySer Gy
Ay Ay Ay Ser Gu Serggy 205 55
GGTCCCCCGTGCCCATCAnz'BGCCCA CCG GAG TTC CTG 663 dy Pro Pro Cys Pro
Ser Cys Pro Ala Pro Gu Phe Leu 210 215

220 GGG GGA CCA TCA GIC TTC CTG TTC CCC CCA AAA CCC AAG 702 60

Gy Ay Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 225

WO 97/ 24137 PCT/ US96/ 20861

17 GAC ACT CTC ATG ATC TCC CGG ACC CCT GAG GIC ACM TGC 741



Asp
245,
CAG
255
GCC
270
Arg
280
TGG
295
Lys
310
GCC
320
CCC
Lou
AGC
340
TAC

Thr Leu Met Ile Ser Arg Thr Pro Gu Val Thr Cys 23S 240
6,. . WO94137 GTG GTG TG GAC GTG AGC CAG GAA GAC"SEG’%G(&“&C
780 Val Val Val Asp Val Ser G n du Asp Pro G u Va—&n—250

260 TTC AAC TOG TAC GT
12 2 g b iz i,
nn er

Gu Gu Shr Tyr 16

e

897 Arg Val val- ﬁ%&ﬁe&&%‘%@ﬁ%&?ﬁ%&aﬁ@%@%ﬁ sE withinal
20 CTG AAC GEC AAG GAG . TAC. AAG AAG GIC T, AAC AAA 9 e n d

Gy Tyr epd e bhiacpapEklc Saken i te, N-einal end of the rmninogipgutin Fe fragment,
GEC CTC CCG TCC TCC ATC GAG AAA ACC ATC TCC AAA

975 Ay Lthelpé‘pm&nkﬁe:omprsmi thel sequanee GlyeGiie Sex @Gly Gy Set Gly Gly Gly Gly
325 AAA GCG CAG CCC CGA GAG CCA CAG GIG TAC ACC CTG

10143 30 Ser Gly Gly Gly Gly Ser(smmme 2).Pro Arg Gu Pro @n Val Tyr Thr
Pro 330 S CCA TCC CAG GAG GAG ATO ACC AAG AAC CAG GIC

15 1053 o 3115t 5 i o e

oo AGC Gﬁ‘?ts%?enmnal en%zthrough the peptide linker to the N-terminal end of a chain of the

immunoglobulin Fc fragment, thereby forming a homodimer.
3. The hybrid molecule of claim 2 in which the interferon molecule is IFNa2a
10 or IFNa2b. .
4. The hybrid molecule of claim 2 in which the Fc fragment is a y4 chain Fe
fragment.
5. A method of treating hepatitis, hairj cell leukemia, multiple myeloma, or
other cancers or viral diseases, comprising administering the hybrid molecule of any of

15 claims 1 to 4.
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 Thr ..Cys Leu Val Lys Ay'P ||’\%H%P%5l RTWP & c.optl 360
© 40 GTG GAG TGG GAG AGC M;‘T‘mm mlmAAC AAC TAC 1131 Val Trp Qu
Ser<Ann Ay G n-Pro G u Asn: Asn Fkyr #3685 * 370

375 45 AAG ACC ACG CCT CCC GIG CTG GAC TCC GAC GGC TCC TTC 1170 Lys Thr Thr
Pro Pro Val Leu Asp Ser Asp Gy Sey Phe 380 385

390 50 TTC CTC TAC AGC AGG CTA ACC GIG GAC AAG AGC AGG, TGG 1209 Phe Lys Tyr
Ser Arg Leu Shr Val Asp Lys Ser Arg Trp 395 400 55

CAG GAG (GG,AAT GTC TTC TCA TGC TCC GIG ATG CAT GAG 1248 Gn Gu Gy Asn
Val Phe SerC @9@5 Ser val Met H's Gu 405 410

415 CGCT CTG CAC AAC CAC TAC ACA CAG AAG AGC CsC TCC CTG 1287 60

Al a LEu H 4 hydridielecple comprismean ipterferan melgewde jointed alyitC-terminal end 425
WO 97/ 2413through a peptide linker to the N-termmal end of an immunoglobulin Fc fragment.

PCT/ Us96/ 20861 18 TcT CTG GGT AAA TAG 1302 Ser Lou Gy Lys 430
2. The hybrid molecule of claim 1 wherein the interferon molecule is IFNo2a, IFNa2b,

or IFNB.

3. The hybrid molecule of claims 1 or 2 wherein the peptide linker comprises the
sequence Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser (SEQ
ID NO:1).

4. The hybrid molecule of any of claims I to 3 wherein another interferon molecule is
joined at its C-terminal end through another peptide linker to the N-terminal end of
one of the chains of the immunoglobulin Fc fragment, thereby forming a homodimer.

5. The hybrid molecule of any of claims 1 to 4 wherein the Fc fragment is a 74 cham Fc
fragment.
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!96 Title: HYBRIDS\yTH INTERFERON-a AND AN IMMUNOGLOBULIN Fc LINKED THROUGH A NON-IMMUNOGENI
PEPTID

?H(Absh'act
Disclosed is a2 hybrid recombinant protein consisting of human interferon, preferably interferon-o (IFNa), and human immunoglobuli

Fc fragment, preferably 74 chain, joined by a peptide linker comprising the sequence Gly Gly Ser Gly Gly Ser Gly Gly Gly Gly Ser Gi
Gly Gly Gly Ser (SEQ ID NO:1).




