RECOVBI NANT HUMAN | NTERFERON- LI KE PROTEINS Field of the Invention
[ 00001] This application relates to reconbi nant proteins having human
S5interferon-1ike biological activities. Background [00002]In this

appl i cati ogwd faes/isiptrer f eron (1 FN) nomencl at ure publ i she@dtigaziaiemnss (1)
has been adopted. [00003]Human interferons (Hul FNs), which were
di scovered by |saacs and 10Li ndenmann in 1957 (2), are a well-known

family of cytokineg seeiflGRriyudaNINIBRYRRDRIIG piRvieivkot | © cel | s
upon exposure to , ction or mtogen
exposure. I FNs can elicit many changes in cellul ar behavi or,

i ncl udi ng ef Ffettd thednvestiohul ar growt h and differentiation and

nodul ation of the immune system (3-7). Hul FNs have been cl assified
into six subgroups, nanely IEN-a |IFN-P, IEN-y. .51FN-g and | FN-K
FLULERE A (1 oUHORD: e- AT seieaihR Bpies ooy P o PSR b e Rlran

| eukocyte cellisrandike boRelNGEiveth m nor anmounts of Hul FN-
(fibroblast-derived interferon), in Iynphoblastoid cells. Hul FNs have

been further classified by their chem cal and bi ol ogi cal
characteri st iBaskgraahd two general categories, nanely Type | and Type
1. Type | consists of the 1FN-a and | NF-13 subgroups as well 20as

the recently discovered | FN-co, | FN-e_an N- K subgr s...Type |
has only has [#1982memb&ythis ppaesfiop f%‘ﬁ@“ﬁﬂ?&ﬁ%‘?%ﬁ?‘?gF%gﬁﬂ]ml’he

di fferent interfenomn,suhaiguas have different structural and

bi ol ogi cal characteristics. HulFN-/3 is an N-linked gl ycoprotein (8,
9) which has been purified to honbgeneity and characterized. It is
het er ogeneoug06003)r egakidmhoingifzrens (P5IFPis)e whinmivtry digeeeredbyi Isages and

car bohydrate noiety. Howeyer, there is_only.one hum FN-13 gene,
whi ch efcoded-ndeypsp i lr?\g%?z?’fé"ﬁa% "?5'8‘*%@?"3%&%”9&"?353 “[’alg WY Bl ogy
to | FN-u, shag; 0@919&%&@’9&1]49%&6%& toWariout¥dimuli, such as viral infection or

2008/ 154719PCT/ 007/°001123 [00005] I n contrast to the singl eness of

the | FN-0 gensitogsH axpdshicaliNs can eligibgyepangesdnesiislahsbpvior ingludis effegene

famly of 14 ge in ess . .nor I )y T WO
i no” aci d dieerEeRyPRERRer P b ERELRRN S APAR B} oBRR G
Excl udi ng t hgpseudeaeeecdshENAPRR,sixtshigk@pg hencl B3I Fyen ¢N-paisadi ng 13

proteins. Each protein 5conprises 165-166 am no acids, The protein
encoded!3by gé Ri-a, BRER0E FN-ge HiliFNg (lgykocyte-derived interteren) is produced in

human leukocyte cells and, together with minor amounts of HulFN- f3
(fibroblast-derived interferon), in lymphoblastoid celis. HulFNs have been further
classified by their chemical and biological characteristics into two general categories,
namely Type I and Type 11. Type | consists of the IFN-ot and INF-f3 subgroups as well
20 as the recently discovered IFN-@, [FN-g and IFN-x subgroups. Type 11 has only has

one member: IFN-y (immune interferon).

[00004] The different interferon subgroups have different structural and
biological characteristics. HulFN-£ is an N-linked glycoprotein (8, 9) which has been
purified to homogeneity and characterized. It is heterogeneous in regard to size,

25 presumably due 1o its carbohydrate moiety. However, there is only one human 1FN-
gene, which encodes a protein of 166 amino acids. IFN-f has low homology to {FN-a,

sharing about 30-40% identity.



protein IFNA 1. Thus there are 12 individual interferon al pha
proteins: | FNAL, |FNA2, 1FNA4, | FNA5, |FNA6, | FNA7, | FNA8, | FNAI O

| FNA14, |1 FNA16, |IFNAI7, and | FNA21. Am no acid sequence identity
anong | FN- sysibd/)spas has general |y 80-85% honol ogy (| 1BCT/CA2007/001123
10[ 00006] Mature I FN-0o) shows 60% nucl eoti de sequence honol ogy to the
famly of 1FN-a species but is longer by 6 amno acids at its
Ctermnal. IFNNwis nore distantly related to i nterfer_on-'g) shar es
about 30% sed@®hde hoktonieasto thesirglanesraithedFN-§ st HlF Y& f FRGOPH t he

1FN-a group because .t | I -qepi i.Stl Re =N @ o
Gitfore in i COHTey Al get tﬁggé?y%ggﬂsé’%éF%?%er%?Sﬁr (12).

| FN-co i s segwehmitlo hyd diBubicessactanfudfot tedmiteplkdieles €9). &scladirggfor
conponent of human Ieukoc%te interferons.d. %g:?OO?;lnTh% Fﬂrt gre protein
of human | FN-Recudessoctf N PAREiereaie s egpesGacodh ot PR abolit P95% and 37%
sequence hoanoglgryse; R5116DG R0 A, el @RRE by M8k WPNALS is idedjical ibhe
function and biophysical properties of IFN-s have not been

char act er i zechrabig HNA ICENS thyreiare 13 étdividual itierieopatpha proteginENNAENAT ke

Type | interferon 0 e ive
function (15)IFNP68M¥M§%§%§8\’A émﬁﬁx%gf%gkﬂﬁa%%glf EIE?Pﬁg[Fd is a
recently i denkivhbedmhbREidkedubile idtey SRME NN-& SgaCias oénelaNBIBTE - 30%
identical to the other Type 1 interfcrons found in humans. A

di sti ngui shi ngnblat Utke of IFN-K is the detectable constitutive
expression of its transcript in uninduced cells, particularly

keratinocytes. |EN K 2 I a gole in. t | stem c
or local?i rmu[rqgoopﬂl;lct ir@%‘ge ﬁ: FI?F%S%%SPWS‘)’“{&%GP {e?%etsgﬁlﬁﬁcgg%@g 19 Q'Ehgfganlﬁ%nat e
i mune syst engeGiily.spdoR¥Bi & longkFY-aieindl doids & ith Oweraiial. IRN-bad maet i vity

(17). WD 2008/ 154719PCT/ CA2007/ 001123 éQ’OOOQ] Human é’;/p I i%_qierfer on
appears to bididantlyrelajgdlq isedpens EypReY 40% toppgage homalegy). BumagliiER ar e

i del y distribut | i LY B8Se aldi gand
w aery distri g%[ggfsg{%{iw]ﬁe l%ﬁu‘%: %ﬁ&g{] l:rega%% Rfs NALH O dGRI Y PREe add ganN

i nvol venent |8 ein t he phosphoryl ation of tyrosine
ki nases TYK2 anels ibAintaractiby wikh the Eype o UiN-@ dedpoor [IRNAR-D iasedreted by
respectively. Once 5phosphoryl at ed, STAT gtrhot el s, arginge(raereased from
the recéptor HREHSFRHINERET Fer@ g SomRar A AR BPSE REVE B, 19).

Once rel eased, the diners of STATA associate with interferon

Responsi ve Fa 9 (IfE; A 1Rinad tHAG: RhR1nS T §5-anfiRd MdIGhaing ONMPl ex
cal l ed | FN- st@%{{%t ed @gr‘{g}u eapg(ftor?3 (1 SGF-%), t hat ?ﬁ’ilg‘rat es into the
nucl eus. Next gboti3a%LBGEF/3 sequampd lexolvign I F-o2 andDRN-/Bicsnsetively € 5Di ng i n

the upstreamof all |FN jnducible 10 .. This is the so-called
"classi cal - sfiridtetion i Lign P‘i‘%ﬁ“’ﬁ&?'ﬁ\%ﬁgﬁ i %61‘8]%@‘\,‘{,}‘%&3‘%%]: action
and bi ochem cglyRatdMRYSail: e9kthvat @ thnbionsTikeaype Iliftbiferai arsamidy anal | y
bei ng di scovered. For exanple, downstream of PI3K in the signal
transduét i on pat huEyn repgduceys fupgier gf) kappa- B (NF-kB) and PKC-d, are
associated wth anti-apoptotic effects observed in neutrophils

reubated W DAEI S 0) AR QO0LAAIALS, AL SR RS
IEN. The coding sequence of IFN-x is ~30% identical to the other Type | interferons
found in humans. A distinguishing feature of IFN-x is the detectable constitutive
expression of its transcript in uninduced cells, particularly keratinocytes. IFN-x may

25 play a role in the regulation of systemic or local immune functions through its effect on

cells of the innate immune system (16). However, [FN-x exhibits low anti-viral activity

(17).



the 1FN treatnment. The nbst studied IFN proteins are those with
anti-viral properties. For exanple, the enzynme of the
2.50ligosynthetase famly (QOAS-1 and -2) catal yzes the synthesis of
short ol i gpadesydsadees, which bind and activat e RNAselpcroA®mOzOpnR3 t hat
cl eaves viral and celluar RNAs, thus inhibiting protein synthesis.
DsRNA-activat ed 20protein kinase (PKR) phosphorylates the translation
initiation factor el F2a, also.resultin the inhibition. of vi ral
and cel | ul arlO998k ei n Hsyap ﬁ%é@tcrf@ﬁ”épmg"&@%‘ﬁ}o tWﬁce\%ﬁsg nii

s0 was found
to be requi " ?gAf{qran§ *&ew%ﬁ érg%deg/mls@tbu{eﬁ @tﬂtﬁ&ééll@ﬁﬂf&@of aabRlelNypKB, a
central actor in inflanmtory cytokine induction, inmune nodul ati on,
and apopt osi Isigan¥invfisymayieads o thesilstiandele ppimhféﬂﬁfsmloﬁmfﬁinﬁ kipgses

replication of th ruses b 25pr. nsport of
Viral partl s uRvhR FhEr Berr Rt SR aAr SR e R

RNA- spegci fi coiadR9Ric-as 1A itenasR r&IA%RbonﬁﬁHW@bﬁ)Sanﬂdmﬂ%madumers asnosi ne,
t hus causi ng hypermutation of viral RNA genonmes (21). [00012] Hul FNs
possess a brwdtbSi}Fiere@lmeﬁl(kﬁ 1D @!Céqu‘@ﬁﬁ thecdingrp o TATH APl Wé‘
anti-virus, ant t ¢l inical
potential s o'lmef{]ﬁ eSPO S‘é’? %CFOCT) ave e/g%h(\%&j ?{gﬁef?(tgﬁ%aecgmssgnd are
summari zed beligEN[GR0EB) Wht PactorS NEGE-3], Gaamigates inothe mysiohs. Yetitemns,

Hul FNs may nedi ate anti-tunor_effects either indire y regqul ati ng
i munonodul atS6Fy camalesbinds to & RGN e FgIb e aestrgn ‘Bftfluélim?é‘g‘fﬁ%

aff ecti,ng pr génésf ?ﬁ,ﬁfsh{%@o9£|1e&eénAsHLﬁrs;g;thnfﬁfaﬁsrdﬁd%h adunedy. of tunor cells

(22). I'nterferon erapy has been used in the treatnment of various

| eukem as (23), for instance, hairy cell |eukem a (24), acute and
chroni ¢ nyel podhol euk engvamb@5eithion ansbbﬂsahdqn&%y@&)gulat@ééaﬂméI I
carcinoma (2 glioma (30), renal cell c %?

nyel oma (32)! QN%@F‘&%W”Q’@%@ dipeonsedt gge"saﬁ}p 0 “itff(a'ﬁ %ﬁdﬂnﬁ%%’ﬁl n's
di sease (34) ., (AR gﬁm@p nbdhGF ABY: 1Qbpal F(NFA b d P Ak AioBigted Ritia- C) ,
5- FU. hydroxyura and IL-2 are well studied, nostly show ng

si gni fi cant | ynti@bptetic effe@wt&svetdhramuvb@l1Hu¢tl5NBthWt§1 BN @8) . Synergistic
treatment of advanced cancer wth a conbi nation of Hul FNs and

t enbzol om de has al so been r rt d 00014]Wth re

T R Rt I S T e e e RO R S
anti-viral theiaP¥earhdf. 8% &M sRdicl PN f8cihd LedhoRRith@ht- Afﬂﬁoﬁe&@e)s vi ral
hepatl tis including chronic hepatitis B, hepatitis C (37,

papi | | oma vi waamrﬂfe&tﬁwmé 3‘9962 -‘r‘?égﬁélﬁh%ﬂis?fé@li’ et "i"énz)(’%ﬁ)ﬂes b ral
encephal It Sa%uj esi ﬁ%gd Il'n ai[dgrﬁfé O‘th%l tﬁ%ﬂ an cht:vityhﬂégeisanaeﬂ n[é%?' I‘ at ory

i nfections ( een used clini

anti-bacteri @iea\khafaams célmZI)RNR:Qﬂm m&ﬂ@mng)jaret,emaaftmm DM—MmIstN y (43)
and Fl ul FN-a have been used in patients with nultj dru%tz qu st ant

pul mon@fy  t ubersUlinss FKRsPhagyfayily MRS HRBRROEF T 6 EhE ™t r eat ment
of nmultidrug rgsﬁﬁ,légshﬂmnhﬁﬂﬁ%r Fvikaq)§ﬂd§:em1artpgﬁ:1rp§yﬁ‘th&es( e redeRBOMOT HUl FNs

have al so been u clinical i nmunonodudl ati on therapy,
was also was found to be required for the activation of transcription factor NF-kB, a

central actor in inflammatory cytokine induction, immune modulation, and apoptosis.

Mx (myxovirus-resistance) proteins inhibit the replication of the RNA viruses by either
25 preventing transport of viral particles within the cell, or transcription of viral RNA.

RNA-specific adenosine deaminase (ADAR) converts adensine to inosine, thus causing

hypermutation of viral RNA genomes (21).

[00012] HulFNs possess a broad spectrum of biological activities including
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for exanple, to prevent graft vs. host rejection, or to curtail the
progression of 95 autoi mune di seases, such as nultiple sclerosis
(46, 47) and Sjogren's syndronme (48). IFN-13 is approved by FDA in

t he UnitedwdRabtes«fior the treatnent of nultiple scleragiraazidecants y
it has been reported that patients with nmultiple sclerosis have

di m ni shed production of Type | interferons and interleukin-2 (49).
I n addition, imunonodul ation therapy, wwth Hul FN-a seens to be an
effective t h@Rtigsysi %ﬁmélrW%ﬁ‘P‘émWé‘PfGB‘dathé&%‘W% Thelinjealpgtentiahy

rel apsing af gj\ﬁﬁaam{eﬂer&ﬁrhse%émeaﬁém&eatAngtare(s&% iPPQW I Wth regard
to vacci ne adjuvantation been used ¢l inical Ty 5 as an
adj uvant in the treatnent of nelanoma (51) and may al so be used as an
adj uvant or g¢omd}juvantwitheesprianc@naior giphaaliatseHittes maymdeds esponse in

cases of pr ophtyl actic or_therapeutic vaccjnation for many ot her
di seases (52)" TWT@TWG‘WQN“Q?&“W\E@GW“& WO‘H%IaB’@e'ﬁ’ém s inhibitor

to be used | infhidleRl el & Ra0RsnEL{ e g By Gllihdr en for the

treatnment of life-threateni ng henangi omas 10(53 . Anot her
clini cal i ndidg&rdnonion st ighamtisqdd)! Intedferon thc’ap)tﬂaebd@mmed inKbdotematnetit odil .

Ceturront gr ARESREHTOR B nome e DR bt B R ouon

1- 1ulFNs havenyeRiedkBRR (15307, oQkdsittdndd (29 Pakdi G@Itdaféﬂﬁma e yiishn @xhi bit
significant side effects and other limtations. Mst cytokines,

i ncl udi ng Hulrm%sceil c%nmw&l)rrewlmw méf}lw%(ﬁ@meieﬂomm%t Kemsilsadreona ves

since they a Vi Ve & Q4 RGH cal | nd t. anS| ntIy Si nce
t hey ar@ typl z; m nclhgctaseer(ﬁ aosmbénas ntﬁ) ’%”ytﬁé‘ﬁéﬁe“’d{h m 'Hul FNs need

to be adm ni $ire4ceds H‘U, Bﬂidrﬁ@hrhyncﬁlld.? b8 wélﬂiktaildd\/ﬂbsﬂyblafug% segaﬁ‘eauty Fr equent
parenteral adm nistrations are inconveni ent and painful. Further,

toxic side ePPEEfsulydepdr Bulid-prions Gl ISErEsiEl FEHmet phadvBedeeof t en so

severe that SaiiR BRARS: SARANS hOlFLAIS i « Bkl RALIERS, These si de
effects are probably associated wth systemc adm nistration of high

dosages. Further, in clinical studies it has been found that sone
patients pr ocﬂﬁﬁﬁe4]anti beuﬂiresecttoantHuhEksbplmhioﬁmHmeults hak bZe@asisddt S

bi ol ogi cal ac |V|t¥ (56).. %OOOZ%]CI ea‘ré ,. devel opnent of novel
interfefon prBEELr iRt vrabfHaRNC BECHEP ﬁwetfgaﬂa?f@emiw (tedfal for

nuner ous applybGatid NSing&hBnic hafatids £ A0R6Es ¢ fersap lpﬁﬁlionﬁisvirgéi%!:tlonas
anti-viral, inmmunotherapy, anti-parasitic, anti-bacterial, or any

medi cal condi(39).dwmes vis m&amqndﬁp)mkeecqphdme&%)aqui ntter frephplaxiagft i Vi ty

and/ or reduce ired. Overall, it is highly likely
that Hul FNs Wi Pﬁsﬂ%évp'éa? ]“fﬁftmrnf)ﬁ%jl n the next generation of novel
anti-tunor and anti-viral therapies (10). [00021]1t is well know in

the art that [§dagsimost Hefrivk 6dve Blo PRADR tfhida PP Y- ﬁalst@nal therapy (42),
phar maceut i cal properties of cytokine drugs is to nmutate ?he cyt oki ne

pr ot ei i t selfér.exafenld, eussoiised Hv@glr}eéfs)alndeeléﬁmaqu@sn ted mpeadne with
interferon penRﬁt ueg§resr1]s a%?pu‘la’n\"{c%ar\g%gbet%\l{l%gls E4I4)rr?—1ulFN~y has been used in the

treatment of multidrug-resistant tuberculosis of the brain (45).

[00016] HulFNs have also been used clinically for immunomodulation therapy,
for example, to prevent graft vs. host rejection, or to curtail the progression of

25 autoimmune diseases, such as multiple sclerosis (46, 47) and Sjogren’s syndrome (48).
IFN-B is approved by FDA in the United States for the treatment of multiple sclerosis.

Recently it has been reported that patients with multiple sclerosis have diminished

4



5CGenerally, three strategies are currently used to create Hul FN-a

mut ants. [00022] The first strategy is to make I FN hybrids. Sone
researchers have taken advantage of the presence of naturally

occur ri ng wesdgimstisvon endonucl ease (RE) cl eavage sit escwicAfiomonnzs

| FN- encodi ng sequences to piece together honol ogous coding fragnents
(57, 58). The production of a nunber of hybrid IFNs has been revi ened
by 10Horisberger .and. DI Marco (l1).; this article.provides an overview
of the proce@ggﬁPmﬁgﬂgT?dgvﬁﬁﬁg8¥%§ﬁ%%&W8ﬁg%dP§§#£§mecific exanpl es
of nethods fmdbBok@nst thetely i IAFNY%REIE 1d Rtag EREANSerayan SRS6d | bed.
Sone researchers have taken the advantage of PCR anplification to
construct numagleid jemhemia( M- phitents islansing aitcs bayp metrdw Eaastigniagies (50kd
nucleic acid fragnments and then gain the potential of piecing

t oget her new pj eces different .151FNs (.59).. .U S.  Patent ..No.
6 oget o ColbETSS ol et R R g g PR SHhPEY e
human | EN hyRydndgiuvahiie tiee@mbiR bOMeIdatal(shs aliayayRRo 64 @ad £4n Wik an

interferon subgroup, such as described in U S. Patent No. 5,137,720
(61) and U. Ser Padiennt igrthange ggBmdagthe Boyung resaaiermip cases of awmghylacigpor

pat ent No. o5a098° LRIkt b IBRNRR) 308 665, 033 (60). In

addition, the parent genes of the hybrid may cone from one species
(nostly frondoorsgan), MAFNEXAER e fildHAELEReREINIGH ko bellifeNma: tiRiod

Hul FN-co, or from nore than one ani mal species, for instance, hybrids
bet ween humafiakided vsefferdve i cildreaferihgieeamesnof lifegyepaing hswagimast r at egy
to congjruct E)5'3P§4z.rfxfn Lﬁ@r%liﬂw} ﬂ!ﬁ&eﬁio‘n% di t-geﬁlemr%rto?ﬂ]gb({n@.%a]%gl 4rPo! nt

mut agenesi s by’ 1 ntroduci ng changes of one or nore nucl eotides into

| FN DNA nol eepbred teGdmatiRegresnioh i a bigstrepidly prowinpitratitran ganmetell tumor

conput at i onal netho%%#are used as a guide for protein nutagenesis
(65), WO 2008PaBIPSHSY CA2007/ 001123 [ 00024] A third strategy for
the construction of Type | HulFNs is to shuffle IFN gene fragnents
which are cr by | ' : LEg ' chem.cally

synt hesi s or%D%?ie di'gg'gg%hgﬁ,ﬁh?églﬁr%‘\?\e l@%&h@%ﬁ% %&gﬁkj/m%ﬁgoce t he
fragment s t ogéititaignidinakt tidveffeangpl bfhyr Itnhigtions. et ay@sinky indigdiRORIpRoOduUct s

are in fact ool. of 5rearranged. interferon al pha, gene fr nts
St ch iy be UBGHEY HBREEPITRD I TR TPy g PPRGR ARPEH TR ones
wi th desi r ed,RNRAGKMP Shed MYy BAetyvhisMly abREisCRE s syfQfic BxapRlig, nifang et
al have described a nmethod for constructing and screening a Hul FN

shuf f1i ng | i bedrobetagminigieret ifibquenily arNircrelativelvtioge depasiFrequent garsietal

anti-viral and.anti.proliferation acti-vities . .in npu cell.s, (6.7).
201 00005] Hunb PRl Bl SRR AIAPIA AEER (e SRS ke E1,
reconbi nant HOIFNS adnbifiigtkakiyn H€ 6fktnlsb RFerkldafdme geople tihndabearinro aci ds. |t
has been generated by assessing the nost highly conserved am no acids
i n each? cor r BSYBIHEITRS PG TEHS Ha sobrbrestasited RBRBYSENEERInIHIoNCE
sequences. |¢; 2 ] I

il B b anEhnaie SRAUEGR.I0T RO o ARG B0k fukfil Boak® o
[11/my. 15HuamibedigsterHudiNo whizh hawekzedithidgdogppacovigdsd)or t he treat nent
of chronic HCV infection in

[00020] Clearly, development of novel interferon proteins with enhanced

potency is urgently needed for numerous applications, e.g., anti-cancer therapies, as
25 well as anti-viral, immunotherapy, anti-parasitic, anti-bacterial, or any medical

condition or situation where increased interferon activity and/or reduced side effects is

required. Overall, it is highly likely that HulFNs will play a major role in the next
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patients 18 years or older with conpensated |iver disease (68).

[ 00026] Al t hough sone reconbinant interferon proteins are known in the
prior art, there is a need for newinterferon-like proteins and
prot ei n coweombdisens havi ng enhanced bi ol ogi cal acti vidgmasazo@2@&urarar y
of the Invention [00027]1n accordance with the invention, an isolated
pol ynucl eoti de encoding a protein having human interferon-Ilike

bi ol ogi cal activities is disclosed. In one enbodrnent t he
ponnucIeotrd@m%%ﬁ%Pf§%§ag’Wﬁ@T%ﬂﬁWH@”@@Eﬁ@ﬁﬂé at |east 93%identica
to SEQID No: I. In other enbodi nents the nucl eoti de sequence is at

| east 95% 25i caI i

[ 00028] I n onégﬁﬁ%odrnéﬁgwgt g@%ﬁ@%%?%%ﬁﬂﬁgﬁ%gﬁégiRgﬁgg%tgﬁﬁpg% | ected
fromthe gr ghpneongdaspropgiesodf grobineimgs 1eamkutdmm ayeekae pamnmnsemcr d

sequence at |east 85%identical to SE r ef era t.he
protein is no ”ﬂ‘é?tsﬁ?t%ﬁo’elsﬁndg}ﬁcéﬁ’ﬂ’r’eisFPdmﬁ?‘r‘él “F‘?éf%ro‘e'r’ﬁ*?%\‘?fé e gmiyes \9%'/"1’3‘1”3 ‘and

anti-pral i fer@hidg, aedkis¥lidoes hid cHRAIRELSBRLR HIHTBAWuBLE! f eron al pha
2b (Hul FN-a2b). For exanple, the protein may have anti-viral activity
at least 2 fold 5greater than Hul FN-a2b and anti-proliferative
activity at I[[e&@ge] 10 flbt Grsprtre@gyes totnmdn [HNUHyBIWsaRime r¢snarpiarsthiamthlan

enbodi nents the protejn am no, aci uence I s at %rdentr cal
or i 1'enst GO PHEH IR SRty R g o TR R § on
enconpasses IR LIRAMhiY BH-QHcSditRIh®t RGickHB R o coliie

pol ynucl eoti de and host cells containing the vectors. e |nvent|on
10al so encongismens (38l 5§bé‘7b€t I?P@Fb'thCrnaJ@mm@f ehomlbrisli [ENhleps hesrmagyiewed by
T et L G R AL LS, G L NELAT Ll | ey udes
prot ei n Cconst T UcH e A er COTBOETES RIS IRy TR EF RSl on- 1 i ke

bi ol ogi cal a&bhsvm&tloﬁﬁfsu&l.hﬁble@&s @@Eﬂrﬂt@a&ﬁrﬁﬂes@@ﬂiﬂhbc&ﬁ&@hécﬁﬁtrﬁﬂ@h@i n and
anot her noiety, such as an inorganic polyner. The invention further

i ncl udes net Hebrd inweerprsase %?"”F’Wes‘iﬁrred?séi‘rl?’lheéfﬁ’ﬂ“et%“ g6 adaeRes BRSR or
therapeutic Ry, Hﬁé&ﬁ(?n to il:éisﬁ) ct r%ﬁ I@a?‘t% tﬁegéb%/ cééht!é ?p’ecrﬁgailgia&!r ]gc? ﬂﬂﬁ

agents. The invent I on may be use or treatne
condi ti ons r esgdnRghts md)thremgaerthepc@emtmlMpracm;gto@%efe%mrafptﬁmm of the

Fi gures [OOOﬁ %F'_ . %e}g‘i ts a. ({)ete DNA .6 encodi ng a
novel pPot ej Pt I ?%Bjs Hﬁ 8&3% g‘)’g? &y ?eéc"'ltfesrsp i‘ﬁﬁ‘)‘%‘F Y™ ( SEQ
D No: 1) (A) .to R huma@ POy SRRV Ehe G feddml Sicls Glaf B SORAQidmiad Sequence
of Novaferon (SEQ ID No:2) (B), and the alignnment of

interferon subgroup, such as described in U.S. Patent No. 5,137,720 (61) and U.S.

Patent No, 6,685,933 (60) or among at least two different interferon classification

groups, such as described in U.S. Patent No. 6174996 (62) and 1].S, Patent No.

20 6,685,933 (60). In addition, the parent genes of the hybrid may come from one species
(mostly from human), for example, hybrids between HulFN-a and HulFN-o, or from

more than one animal species, for instance, hybrids between human and murine

interferon-as (63).

[00023] A second strategy to construct interferon mutants is to use site-directed
25 point mutagenesis by introducing changes of one or more nucleotides into IFN DNA
molecules (64). Recently, systematic mutation and computational methods are used as

a guide for protein mutagenesis {63).



t he Novaferon am no acid sequence with the Novaferon DNA sequence(C).
The first amno acid, cysteine, in the mature Novaferon protein is
designated as residue 1. [00031]Fig. 2 shows nucl eoti de sequence

al i gnment @b Adasievaf eron gene with the Hul FN-al4 gerer(Genebanis
nunber: NM 002172 )(A) and am no acid sequence 25alignnment of the
Novaferon protein with the Hul FN-al4 protein (transl ated, CGenebank
nunber: NM 002172 ) (B). The first amno acid, cysteine, in the

mat ur e Novaf &%#H ] pr ot &ithird staterydprighsgoatruglionob §YRyd VFNs jido sdlediN shar es
appr oxi mat el y. 3% SeAUANGE . dARIbL kY i AGRT IR eritliblufl URMAL4 at the
nucl eoti de | ével and approxi mately 870% sequence identity (144/166) at
t he am no acisyhtheey el DNd digesten folimuci by PCRde sindamdy pipditledtagdettsy a bl ank
in the mddle |ljine. [00032].F| G 3,sho | eot i de seguenc | i gnnent
of the Novat SEEHOGRAEITRENR ThE PAUUIY R sEmi s S RIRAR T tber
NM_0006@5) ( £darrdpdd AEBOn Aflatie SEPHIRARGEWRLE AR cdnbiRicNowa er on
protein with the Hul FN-a2b protein (translated from Hul FN-a2b gene

W t h Genebankibrtnber whikh/PO6GEOS)wihEysired pengtypes maybs indateddp@; Fogy st ei ne,
in the matur a n 1L | t s residue 1. af eron
shares appr o%‘%‘% eépggngg%%aggqgéesﬁg’gé? ﬁgtﬁ%%gcoﬁsiﬁ%nﬁg W LT Eﬁtlﬂ azb
at the nucl echuftieg Aihe veilensi O BN d@Xhtedl e iver&idbaaeginease | dentity
(135/166) at the amino acid |level. Divergent nucleotides are

i ndi cat ed by 28iPEIERion Activiies irimgdsesesi(h@. [ 00033] Fig. 4 is a graph
showing in vitro anti-proliferative inhibition of Daudi cells by
Novaf ergn in ari s i 2D, QoD . qraph
show nglgt he i[tﬁ)@%’%ﬂvo aﬁp ?’Xﬁ]h{r%g?weﬁ g@t g(c%%gg%\?)g%@rr%%'Sglﬁcf%]fglﬂ%{t FN- a2b
i n-nude m ce nwi-bdrhiynReurideQ iR -8 Widn 6@imiRCacRisXens géea fgbiirated@P035] Fi g.
6 is a graph show n% the in vivo anti-tunor effects of Novaferon and
Hul FN-a2b i n ARaaee it aeshiighly SREsaFe 01itgeids faeh copspordeteaiidrsstt s.

[00036] Fi 9. %S kfoutH &R ﬁm@mog@q&epés.ilmayk%@sea{;@nkeﬁo &l t7 ; of

Novaf eron and flulFN-a2b in nude mce wth hurman nel anoha A-
xenografts. 20fG0037HEFY-a2Baids: specificapti-vsdl esivitgoftapprosimatyly ve’ IHmigd. - t unor

iggeiéﬁ! 88]; a][\?i/ %t'me {n%rr]fer%rrl] a falc?'(l)'lnl- Fh’\alg .'(':la'p%pcw!acs1 fonn EHQ t?eamae(r:!te of\é\ﬂr})nr?c 19{8{/ % ecg{?‘nnn(l: er LS

patients 18 years or older with compensated liver disease (68).

[00026] Although some recombinant interferon proteins are known in the prior
art, there is a need for new interferon-like proteins and protein compositions having

enhanced biological activities,

20 Summary of the Invention

[00027] In accordance with the invention, an isolated polynucleotide encoding a
protein having human interferon-like biological activities is disclosed. In one
embodiment the polynucleotide comprises a nucleotide sequence at least 93% identical
to SEQ [D No: 1. In other embodiments the nucleotide sequence is at least 93%

25 identical or at least 98% identical to SEQ ID No: 1.

[00028] In one embodiment, the invention comprises a protein selected from the




[00038]Fig. 9 is a graph showing the in vivo anti-tunor effects of
Novaferon and 1-lul FN-a2b in nude mce with human | eukemi a HL 60(YS)
xenografts. Detailed Description [00039] Throughout the foll ow ng
descri pti ofo afeeifé c details are set forth in order teeTAQWI7OE 128
nore thorough understandi ng of the invention. However, the invention
may be practiced w thout these particulars. In other instances,

wel | - known 5el enents have riot been shown or.  described in detall to

avoi d unneces%%.‘Pi"‘P*V'%‘t?s‘EB‘i"feH@E%CHBaV‘WBH‘E‘i“BHC'd KAvdred 15g¥ § 70 fdredical
speci ficati on, 3Ad 1§ N8V, M9SerMi il ol if RBARARMy | b&ufﬁ'ﬂg hnld S L Afckd €
rather than a restrictive, sense. Definition of Terns [00040] Before
describing t hetl-pmésgfﬁntupmh@mtwam!m idl edragiakisonitg hungn frdergen glpbieitst ood
10that this i not nlted to the r

ol ooul es. i MBS EEy T srarec e Sy v AR BV RER I cagent s
described as gsddeehthBRMu¥RIGEb addlanii-proBlet@ivd RN URGLIBbRQEalPREn t he
term nol ogy used herein is for the purpose of describing particular
ermbodi nent's dHIEN-agndn pasticylgt enphadighspfatre prateinjamino agif gequeepeat dfastdfe
present inve nly by the appended cl ai ns.
15[ 00041]In o Q&%Bgd@%hﬁgkg&{kggﬁﬂ§%n(%ggNgescrlbed herein nore fully
understood, the follow ng terns are enpl oyed, and intended to be
defined as indiocett ed @k pwvéntibi eni:éinﬁa&eh@cd«ﬂbdﬁﬁt&%@&dccﬁﬁbﬁﬁmg e
term nol ogy used herein is for the p Fose of describi ng particular
enbodi nent s dfivpnceghie Pféy%‘tfotidﬁﬁf@ﬁﬁﬁael SEONFNRg the Yrsloge dpeinytiethe
present, |nve | ai ms.
D07 00045] Unl e “ofsectpllicpiitoghti] Rt 0 Nkl i RIREBABHEA ., o
used herein hmmawﬂH&caaaEmmﬁmmmﬁgﬁﬁaar@enﬁmahymumﬂmmst@qﬂmbmmone of

ordinary skill in the art to.which this invention belongs. All
publ i cat i ons SYEREPHHEHREHR W’%ﬁ“@' PHEEF p YRS SO HRIERF I PEY "¢ Bf er ence

for the pur pqy?&m@ﬁnd%&ﬁéﬂnmeags@m a‘I;I'uﬁ)?daEH% hagnérheheqmehudnlfmﬁr%p vectors,
and net hodol ogi es which are reported in e publications and which
m ght be usedndlyeBaninetiupes nf the urbtemh@thmemsn@ns foNbtriviewtiy ph@p@&n is
to be cqnstr d as an a9n1§5|op t hat thT%nverﬁlon |§ no é%tled to
ant edat € suchH diSeh o8P &S by Wit Ue & pri'of T HVERE i Wﬁe

2008/ 1547 19PGLAA2Q0 4hQQIAARN{ QQRAB): ThRtctebMhchpyt erferon” refers to a
famly of secreted proteins produced by a variety of eukaryotic cells

upon exposure to various environnmental stimuli, including
Brief Description of the Figures

[60030] Fig. 1 depicts a complete DNA sequence encading a novel protein of the

invention referred to herein as Novaferon™ (SEQ ID No:1) (A). Fig. I also shows the
20 predicted amino acid sequence of Novaferon (SEQ 1D No:2) (B), and the alignment of

the Novaferon amino acid sequence with the Novaferon DNA sequence(C). The first

amino acid, cysteine, in the mature Novaferon protein is designated as residue 1.

[00031] Fig. 2 shows nucleotide sequence alignment of the Novaferon gene with

the HulFN-a14 gene (Genebank number: NM_002172 3(A) and amino acid sequence
25 alignment of the Novaferon protein with the HulFN-o14 protein (translated, Genebank

number: NM_002172 ) (B). The first amino acid, cysteine, in the mature Novaferon

protein is designated as residue [. Novaferon shares approximately 93% sequence

g



virus infection or exposure to a mtogen. In addition to having
anti-viral properties, interferons have been shown to affect a w de
variety of cellular functions. Al Sinterferon units are expressed
herein wi tivoredisesence to WHO i nternati onal standards, re4/CA8@7/001123
(rHul FN-a consensus) and 95/650 (rHul FN-a2a). [00044] The term
-interferon-like" refers to functional and/or structural features
exhi bited by .or simlar to kng jnterferons or interferon _anal ogues.
For exanpl e, iR AR AR %&Fé&fﬁ%@? P FI0RPOY R 40
anti-viral anguankideRiplihRE@H NEandhd doi 1bVE Div@EhNREIANARE es of
interferon-like biological activities are described herein and woul d
be under st oodndipted bpeplgnin deinifddigliien the art. The plural term
"activities" includes the singular term"activity"; that is, the

i nvention en sses nbi nant .proteins.or other protein .
constructs on WBRpost (1 GRS MR R BEtes A g o PN RIv e 8n- 1 i ke
activity 15[ROGABRN-THE zdn@ (GanckaAnSBeH NN 08605 £{A9 Brd dnf PLRl shedet Y PO
of synthetic interferon having an am no acid sequence that 1s a rough

average of t Hégwestiad thedtpveferopproteintyathidheoti Py progindiensiptd &etfier on
sub-types. It > _been r rted that c i\nt.erferon has a
hi gher (aboutH%hl%\?g b §ehe T Blncbiny nilfiber ]ng—g@?@r‘%ﬁ “&ﬁfﬁﬁ'amm%*ca |
activati on aciitsid jo thdranura Nyvakadayrakin hidgsgnaleF bk @sigisht y@Rteron shares
20[ 00046] The term "i sol ated" as used herein refers to nol ecul es, such

as DNA or RNAPPreHBeeli Y% sywense [emsy@d 118 iith HEPN-arhet thenuskigdeonnent .
For exanpl e, \LeCARRhRARhad N H R GAL Bl QM HeBAR tk Ao UGS P41, ar e
considered isolated for the purposes of ‘the present 1 nvention.

Furt her exanpliesgeof nuclsgldat adinDbitedripladbtuk eishd middlethe. r econbi nant DNA
nmol ecul es mai ntai ned in heterol ogous host cells or purified 25
(partially or substantially) DNA nolecules in solution. "Isolated"
DNA al so i ncllfi¥édl pnaFiof Sagraes shoaigvay geentirrsehieatve hitien fhPad may
contain naturcgillsbngO@gfg'g‘,jnccmbar%ig“@lgpﬁ_ g of interest, as well as
chem cal ly synthésized nucleic acids. |solated nucleic acids may
therefore be reconbinantly produced. WD 2008/ 154719PCT/ CA2007/001123
[ 00047] The t goamB4nucl €t § de gagohenagthe hahe hsti-idoe: BagweReerof and

nucl eoti des conprising an oligaonucleotide, polynucleotide or nucleic
aci d nol’ecul dMU! d‘ﬂf&z’iflf‘ﬁbdﬁé‘ﬁ’fesw‘g‘rhuﬁ‘é??’P%%Caf‘%f’%'dfx?“oﬂﬁﬂ%-he case of a
DNA nol ecul e, the sequence nay conprise a series of

deoxyri bonucl iydes j X f \ I uence
oy Soompri 478 orr eahonir AP ERARE el AR BRIELY Sl PR

ol i gonucl eot iHlgEN-peH iy AuInged withchudtin InEtaRLee HAEGTIxdmOdeBUl € may be
singl e- or doubl e-stranded and t he nucl eoti de sequence nay represent
t he sense or antisense strand. 55100'048] The terns "ol igonucl eotide
fragnent” or (80030l yniitg tise pigeh hpugednirvivosyolumpiileets of Novafegnmdt " or
"probe" or "priARLY, i | er to a
10sequence o rumﬁﬁzebo!? %@g%ﬁ%&%&é@ﬁﬁﬂ?%ﬁ%ggeﬁg? Q'l% {gg{' about 5

nucl eotides in length. Preferably the fragnents can be used to

hybri dize to [@osdr get Fusk e ghpHiBosiegie RGH0 ali-RbiEEct SN @FerabandN
initiation point for nucleotide polynerization catalyzed by either
DNA pol yner adBIFNRgb ipavdpiiseadih calon pangesLod 8¢ yoapmedisi pt ase. A fragnent
or segnment may uni quely identify each pol ynucl eoti de sequence of the

present inve %d()g)éﬂ Fig. 9 is a graph showing the /# vivo anti-tumor effects of Novaferon and

HulFN-a2b in nude mice with human leukemia HIL 60(S) xenografts.



| S5Preferably the fragnent conprises a sequence substantially simlar
to SEQ I D NO 1. [00049]The terms protein” or "peptide" or

"ol igopeptide or "polypeptide refer to naturally occurring or

synt heti ¢ wol®eulseso conpri sing a sequence of am no acirds/cAROPEHA}The
term“open reading franme,” or ORF, neans a series of nucleotide
triplets coding for amno acids without any term nation codon and
usual l'y deno&;s Osequence translatable into a protein. [00051] The
tern1"nature—ﬁ?gggﬁﬁhgggfng sequence" refers to a sequence which
encodes a protein or peptide without a signal or |eader sequence. The
protei n may RayeybeenrpbaduGet Howf g%ﬁgﬁﬁﬁdags;;mctda@u&a% Lot Wkt &h
renoves any Ieader/5|gnal sequence. The protein may be produced
synthetlcalIynbrwbywwgangﬁampmmynmbhemﬁmdﬂﬂammeencHdwugr6ﬁ|y 25t he
mature protein codin guence., 0005

e bet ant |l I enar Py aem RS g g & Rk MRRE: e

proteinsis PLRHGAS hdvB n&t'ﬂ@en%hﬁ%ﬁicﬁaésbl@ded aheanetrvel udiebataribi Bhaghcal
macronol ecul es, e.g., other proteins, polypeptides and the |ike. The

protein is pu‘rel ifivientepns dederditglt thi spegifiersipn andidessyings ark s tremsiod pnwei ght
of the indicaf %nwégég¥lgggegg&yg@gkgcules present (but water,
buffers, and 0o f ['e's especi ally 5nol ecul es haV|ng a
mol ecul ar wei ght of | ess than 1000 daltons, can be present).

[ 00053] The t efemitibegqedisnant expr essi on vehicle or vector" refers to
a plasmd or phage or virus or vector, for expressing a protein from
a DNA (RNA) sequence. An expression vehicle can conprise a

transcri pti oh04@Uni t @Gﬁqwr¢®rihgg @np:a@s@mhwnom detdil) it & tg/enimdérgoa enent
ekl R SRR R T MkiA
I's transcri begbtdck el RNg aseks tah@-f&&d,e&t& @étcritall & spEHOh B vary. RBAIsG B)be
appropriate transcription initiation and term nati on sequences.
Structural ufidestiodshemipplogydieedihgreipdypior thepurpnskefidgwstibiee exilssi on
systens pref ul ar
secretion of%%ﬁgﬁﬁTgﬁg ?gﬁg”néggﬁuﬁﬁgHﬁﬂggi Pﬁgy%%gﬁﬁé%&gﬁékhwhe

r econbi nant pr&ﬂhmmﬂBn@bgmpamsmechmﬁhout a | eader or transport
sequence, it nay include an amno term nal nethionine residue. This
resi due may or not be subsequently cleaved fromthe expressed

r ecormbi Hant ;590811& n t & BHHIA wke gefinvaion dyserhsd pereiv more fully understood,

the following terms are employed, and intended to be defined as indicated below. It isto

be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to limit the scope of the present

invention which will be limited only by the appended claims.

20 {00042} Unless defined otherwise, all technical and scientific terins used herein
have the same meanings as commonly understood by one of ordinary skill in the art to
which this invention belongs. All publications mentioned herein are incorporated
herein by reference for the purpose of describing and disclosing the cell lines, vectors,
and methodologies which are reported in the publications and which might be used in

25 connection with the invention. Nothing herein is to be construed as an admission that

the invention is not entitled to antedate such disclosures by virtue of prior invention,



[ 00054] The term "substantial simlarity” refers to a nucleic acid or
fragnent thereof which has a high degree of sequence identity with
anot her nucleic acid when 20optinmally aligned with the other nucleic
acid or itwoaasnssenentary strand. The sequence identi pygr/osobompizegy
may be determ ned using sequence anal ysis software, for exanple,
BLASTN. A first nucleic acid is considered to be substantial ly

simlar toasecondnclelc aC|d|fthefsho qqldenceld Ili of at
| east about 889431 9504 B 1P eBtEFoORHEls S5t RAR 9‘:" GIETS PR 'r‘“% anpl e,

to determ ne, s&8YeNGRar SRRENstYorQkp R REYus2RRBHMERN sdini, Sl digs ent
nucl ei ¢ acids, the BLASTN program "BLAST 2 sequences"” is used. This

program i s avier irdistien droxpopubioiagnitpgen. fnradditierhie hNar!glaon-alral @eonerties, f or
Bi ot echnol ogy, I.nfor.mati on,( NCB 69 B Y | ng 13
exanpl e, suc%éIte fg%s YRS Sh%r‘é’gg/:% ec([ }edeurgél{er?mfcﬁf%lar rﬁ?’f War erml Set to

def aul t 5 set t inf@fsrok emeetexﬁr&sedfﬁe}etnewada&awettq WOl Rkeg@fna Standads,ensi on
x dropoff =50 Li kewise, a first protein or

gap=2 penalties, @%@?
pol ypepti de $478 Fd‘éi*é‘d“‘t"@lsb@d@ B34 EMIPNPY sinilar to a second
protein or pol ypept| de if they show sequence identity of at |east

about 85% S%béﬁi)l ast e?gmvm}%nf OF HII( f]er¥ oafluncgonagsllng}égggl%g}%%%gmus' ng

BLAST softvvae( usi ng 7 1Rl G

further il uskmatdigre sﬁnlmb y;mmlueafetdieohamfaga Malbpeh. ek b@pgequence
at least, for exanple, 95%"identical"” to a reference nucleotide
sequence encduPigonliksbislogical actwies inglwiss antitvdrakng peiove lHaa e giuiee of

the pol ynucl 8[‘?1&1'&?%1%1;35 ﬁ%@nwhﬁ@ﬂmc cdl t:t%vn@mé&@&ne(f&wm%nécept

that the pol ynucle e sequence may I nclude up to five point
mut at i ons pebe wmdakiodidy apecdrebiledipsheaft. trhep!urelftemen@e:tﬁuoﬂmems tbe

sequence encqdi E‘g t he ro;e r}1n other words, to qQbtain
pol ynucl eot i Y&EURRFIMHFC "'ﬁué % I5t gL vOBAR RIFRPISES 1R “3@5’5}6“7 H&htical to

a reference apGLeA% &%stﬁ:@ﬁlel%ﬁ@@suléﬁs VR Bl: af 1B8: b GhpRloh RS I n the
reference sequence may be del eted or substituted with another

| snucl eot i deactigity. a nunber of nucl eotides up to 5% of the total
nucl eotides in the reference sequence may be inserted into the

reference se e. [.Q0056] The ter compl enentary” or, |

ol Shent altPERT - asTGaRH - FSHR IEGRES T PRGPAE SPITCHIE R of
pol ynucl eotlﬁiﬁeﬁlgumg%ow&h&mewea&alr&ugea@régeenﬁé@ames@mdmetI ons by
base-pairing. For exanple, the sequence "A-GT" binds to the

20conpl ement oy emarerithe interfeon Aub-tyianis hasrheent raparteq thigspisenses t wo
single-str an%%gferon has a higher (about 5-fold) anti-viral, anti-proliferation and NK cell

activation activity than any natural human [FN-a subtype.

20 [00046] The term “isolated™ as used herein refers to molecules, such as DNA or
RNA, that have been remnoved from their native environment. For example,
recombinant DNA molecules contained in a vector are considered isolated for the
purposes of the present invention. Further examples of isolated DNA molecules include
recombinant DNA molecules maintained in heterologous host ceils or purified

25 {partially or substantially) DNA molecules in sofution. “Isolated” DNA also includes
DNA molecules recovered from a library which may contain natural or artificial DNA
fragments of interest, as well as chemically synthesized nucleic acids. Isolated nucleic
acids may therefore be recombinantly produced.

H




nol ecul es may be "partial”, in which only some of the nucleic acids
bind, or it my be conplete when total conplenentarity exists between
the single stranded nol ecul es, The degree of conplenentarity between
nucl ei ¢ aciyd) ségr@ngs has significant effects on the efpcirgiaesmepoarnd
strength of hybridizati on between nucleic acid strands. This is of
25particul ar inportance in arrpl ification reactions, which depend upon
b| ndi ng bet vveen nucI el c aci nds. l 0(%557 The ter

"t r ansf or mat 184" neandhs Hm d‘Ha‘Eﬂ“ﬁ SCRIGACS r"i‘%"r"&‘};‘fﬁg}s‘%!&gdﬁat t he
DNA is repli fea%rem & &;tg%ﬁucﬁgnﬁ%gwl&a@er&mamkd Bl QIBNhd frfdmel¥
chronmosomal 14 Fegra tion. The term"transfection” refers to the
t aki ng up of oappr@cmprhelssﬂ on ti\ﬁ@@ﬂtﬂ@fﬂ By Aanoipgille. a?mseqmmunaneiﬂmﬂwmet her or
T e SRR el A B SRS el PPBEL T A
are used in thephe @ad@gﬁon&@g@aesamdbdnaaédad@ te bRgautlidotidef r eat ment ,
prevention, 5prophylaxis and anelioration of certain undesired
synpt oms or @eveHctepitsor nyclFoBYmpisule epyke singjeo otk tiartiapded@rd e t v and
"bi ol ogi cal structural,
regul atory, %lﬁ%%:\(lhé4e§l§eflce§§a)3§:§%?ﬁg{eo‘%nc@)%?rggésgésgF’\tg:aﬁ f ons in living
systens, for exanple simlar or identical to naturally or
non- nat ural | yoenegur r i mge wdlse@UE@8cleolidd RRORT dive'pbI@tubleotide fragment”,
“anti-proliferation” and "anti-proliferative" as used herein refers
to sl owing anByrésn."pF Seenent iy ReRs” ofr eTbe " R dsed inardpeasatby and gferdo a
resultipng in , reduction
t he pergent aéée(mg}cg gﬁégl%‘lg%@ée?;dgéeswgh?;ﬁ%gﬁé%?%hg%g’m %'Pég'?{e%e cel |
cycl e phases Prdfﬁ&éﬂlysthﬂﬁwﬁeu&thﬁﬁ uked to;lpwmd;fza ted tapg:t in&lemrgieaamemee%d | n a

particular cell cycle sta hase nt hesi s
(Gap 2) or Mpmwa%s Eatt @P@)po‘fSrFG?a E‘tcéJPhqc pa@rtﬂie“ﬁam qa?ﬂ@%%étbmher
activity- as gigesbijastst, wAeJo%rnémg@ortréw@rs@&éngeﬂpFaye @ffragnaqf Ss&lniknt Protein

construct, or conposition which inhibits cell proliferation,
especi al | y neoplusigwehcidedh cagy pohinfdyotidd speyencs. Oéthe pesgnciayental | s, eit her

in vitr or in.viyo 00061] The term "ant] -t cer
Loed hobern PR pe bR PRt e bl i Ble SEA BRI e
mal i gnant tunmors. The "anti-tunmor 20 activity” or "anti-cancer

activity" whegoyged her&kdsk %@fﬂsomeﬁtl oG %weﬁt)ﬁeocfr "FolipERIdE belfor

protein construct, or conposition ich inhibits cell proliferation,
especially né@vpﬂtta@hioecuermglor pnikiicf reglesuiepepmprising a segHeneeaphi greino ewds| s,
either in vitro or in vivo. [00062] The term"I1C50", or the “hal f
maxi mal i nhi y co entr,atl on" esents

concentrati o:ﬂboé%an | tﬁf“i gpen TEqding figwesy Orp(?%ggﬁefﬁ’s 2 PHAR ijglgd?oé'&‘hl red
for 50% 25i nhyifadid doditg OF affblaci@f AWbH ahPteMiibdii®a codon and usually denotes a

20 sequence translatable into a protein.

[00051] The term "mature protein coding sequence” refers to a sequence which

encodes a protein or peptide without a signal or leader sequence. The protein may have
been produced by processing in the cell which removes any leader/signal sequence. The
protein may be produced synthetically or by using a polynucleotide only encoding only

23 the mature protein coding sequence.

{00052] The terms "purified” or "substantially purified" as used herein means




[ 00063] The ternms "anti-viral"™ and "anti-virus" as used herein refers
to slowi ng -and/or preventing virus infection of cells or interfering
wWth virus replication in cells in vitro and/or in vivo, resulting in
sl owi ng or stopping of virus propagation, or reduction in the total
nunber of virus particles. The "anti-viral activity" as used herein
means the activity of a protein, protein construct, or conposition
that inhibits viral_ infectjons or 5interfere V\A.tf;l iral replication,
ei ther in vithaothgHdicaipd prateip;isREesenin, T%‘S%?F“ﬂragieg‘ferf’ f’%ﬁd’éﬂ(jgﬁcﬁ present
invention relalg ofe&sés!‘@g.ﬂﬁ}ﬁep%étnb,%fyﬁéaﬁde@Qﬂtﬁ&ﬁ&rTi%%gdt&nis?ﬁri@dpoveI
human interferon-11ke protein, referred to herein as "Novaferon"TM
As descri bed sudh thie it adrstitoes oeastt?h® bNovighter tha indiceteé binlogikdli bi t s enhanced

anti-viral and 10anti-proliferative_biologjcal activities i

conpari son tdn%mﬁa‘#?syma%wwm %ﬂ%ﬁﬂl‘gg eré‘galﬁgggﬁ‘:leé’cfsﬁcﬁ‘a@f andar d
in Vvitrag testsed@s Rok b fidledllar Welkt NRUAHAT 1000 DiIGALEM b8 pRWEAN A
12.5-fold increase in anti-viral activity when tested in a Wsh-VSV
system and about a 400-fold inprovenent in anti-proliferative

i nhi bition offod@@sidi cahd tegi Qudolmbiasnt exprRasdhitie oFtevtol" Fiera®ha plasmidhe
same testing systens. 15[ 00065] 1 n one enbodi ment, the Novaferon
protein i s erfsBRAEROUROTTBHYNQEEGEITEE PEUHE TR £ Y AIRNAYEARIET BBt i des
as shown in ’ j -

protein consi%gg 345%‘ b%é%é %&Qﬁno& {5%?{5@5 aé@snﬁlou\m%?rﬂﬁ%% %II! %gél@{’)e%fqgr?d

Fi gure 1(B). gthdtic pednydocdi@esistevigndegimkaprobkdn derns expuesiog Soraxmhplear i ant s
t hereof which are enconpassed by the invention are descriﬁed in

furt her lidet ai ArOMRSTHIN e 68 6 psirak gifpdirg Sasnpuvpddeeanseiied RSl ogy
of Novaferon w . ST - : : by the
inventors. BL g@gﬁ:{ E%ésd l%{tg\%)gﬁwééa (#t]%aa%péﬁgr\!/age:‘\lgdp %‘\%&F\dgl)sm{t]ﬁ%g%}dghest
honol ogy to Hedfdtigilsdquhceh Gtrbictirhlaninliokeied fod eseamgbastnt avbargaticd | evel s.
As shown in Figure 2, the pol i/nucl eoti de sequence. ( SEQ Ig No: 1)
encodi ng NovaRBEsion Betems PrrERBIRRIds £ leaghs passragraPinesxoicsvld) 408) to
Hul FN- al14 25 1 i e ; ;

appr oxi mat el 36}'@ %?E%n?igﬁ'}l%g%?&teg bzgﬁ%ﬁk&gﬁl%faﬁ%é%%gglﬁ ifkg%l?lﬁl}tiagt plfﬂflgl\l- azb,
t he nmosts wi deik yxpused withouanlehdet @rtifasspomsegacact) ¢ tnay tnkddomolimgyming!
approxi mately 89% at nucl eotide | evel (445/498) and a Br oxi mately
81% ( 135/ 166)methionisg redtugclibis residpe may oranay ek s Sslfﬁeq‘-ﬂpwrc&fa@. fPOd67] I n
regard to sy i . ] f ipnterferon), Novaferon
has appr oxi nan%xgrl%s&grf%{ngﬂle%ht ﬂo@@@fo@gﬁ?@??ﬁﬂ?}bﬁ dé‘ nucl eoti de | evel
(453/498) and approxi mately 84% sequence identity at the am no acid
| evel (140/ 166d054p[ 00068leAn “degmtikiRndiaiiy dekab b nidkid & @ kpgidnnENT al
section bel ow, the polynucl eotide sequence (SEQ ID No: |) was

sel ect ed fr onthaedddhick hasfathighrslgered df segrspepidentisuity anpliprepclpinped Weanon.

ool Te Yoy s RN G e BRI RSB RYhLARP LERL 1RO OF host

cells qulh a reconbi Aant vector contailnin
pol ynucl eot i dRqeRRUGAGS oPRonDRRy k) Mdetelmindihrinpleaqadnes anlypis aifiehin,

contained in the supernatant of the . .
for example, BLASTN. A first nucleic acid is considered to be substantially similar to a
second nucleic acid if they show sequence identity of at least about 85 — 95% or greater
when optimally aligned. For example, to determine sequence identity or homology
25 between two different nucleic acids, the BLASTN program "BLAST 2 sequences” is

used. This program is available for public use from the National Center for

Biotechnology Information (NCBI) (69). By way of non-limiting

AMENDED SHEET



10host cell-line was purified and shown to exhibit human
interferon-like biological activities, such as anti-viral and
anti-proliferative functions. Polvnucl eotide and variants [00069] The
novel pol ypuclogpiside sequence/ nucl ei ¢ aci d nol ecul e ofpcria2preserst

i nvention consists of 498 nucl eotides as shown in FIG 1 (SEQ I D No:
). Using the 15information provided herein, such as the nucleotide

sequence, a nucl ei cid nDIecuIe of, the e I encodlng a
Novaf er on pr(‘if“"é’?ﬂi" E@I‘i‘%ﬂf&&s may beagde B%“%Eetsﬁﬁﬁﬁras%f q%ga&%%f‘%f "Rant
expression, Q&%E@zﬂ@lﬂ&wakﬂa@ﬁbﬁm%pisyemmm g&H-D BEnakib A pahar shpomemul ar
bi ol ogy procedures such as those for DNA nutagenesis. [00070] The

i nvention, i rLlia@mP,tal fbﬂ pto@"t WQOIYBQW@R ipepnpidesdep be wbstantipy| sEwilsr € a( SEQ | D

20No: 1), al h
i1 Terent 1roRerhaoBR B ek T v sAakr R AR PRI R G e 1o

t he deganer acy g@dtertwhen gainally ﬁlugﬁadﬂd ccsﬁpaieh uGRpCRICES Tt shRw S a(bRis) using
substantially the sane am no acid sequence of the Novaferon protein
(SEQ | D No: Zyfaultysingeneti c codes and speci es-specific codon
preferences are well known in the art. Thus, it would be routine for

o oo, WA, Bl LSRR DB PR o

instance, to sepbicahzeass @t etn@kpyes Sdcatical"os a @fcpacd duclubthlt seqhmsd  (e. 9.,
to change codons in the human i nRNA to those preferred by a bacteri al
host such as GEOdE‘éPP')Ote"[ oous terfienyckoddssragemes &?‘f‘%@t‘y“b“r'%\?ﬁﬂés an

| sol at e nucl @P%aﬁg!tﬁlg@,'es&%ﬁe&wc@a ttla Ve s&%ha&hwsegécﬁwﬁce shown

|nFIGl(SE a nucleic aci d nol ecul e 5havin
sequence conpheinien aifive pantdneatioucicesach Hlﬂlndcl%(j@@ﬂﬁlerafﬂner@E@cleE)ldklo 1.

The present invention al rovides infor t| on relates to
The Feconbi naiegaErores PR I ErGHB L et e St BB aci g

nol ecul es of f,EonRE R§QALe di RYLHI% genncar&da.%@reh&%c;&@hé Sqraft &Ry the
reconmbi nant vectors, as well as to the nethods of making such vectors

and creating dfithe nucestifies Htth‘a'tefeeﬁ)tlp@rsewnqcmy M@rﬂowbgﬁw@m angthef usi ng
the Ohost cell %6(1?%" ! he 61‘0 {Iﬁ) CDﬁCIPCSOf tO%Q) O?. to?ar? IIUCYEO{](?SEnf etrnfarence

t echni ques. AL sequence o € present
i nvention (SEQUk@eMy be mEelngd mﬂ@(t@rcfeieh@ skqivi@Bt i on enconpasses nucl eic

acid nol ecul es which are substantially simlar thereto, such as
nucl ei c acids having at |east about 85 - 95%or greater sequence
identity to $Et95ﬂD No :The tempie rorerhinterratyl’ gr "aprigeresglarizoms esedbaptie refirn
0 0 0
! S(?ne aspect nHme nathcl batrgdlincésof Qo }’Au@ got%?souli%er pgm/lqlssgg ta%5 %pe%gtu/r 98% or
99% sequence
conditions by base-pairing. For example, the sequence "A-G-T" binds to the
20 complementary sequence "T-C-A". Complementarity between two single-stranded
molecules may be "partial”, in which only some of the nucleic acids bind, or it may be
complete when total complementarity exists between the single stranded molecules,
The degree of complementarity between nucleic acid strands has significant effects on
the efficiency and strength of hybridization between nucleic acid strands. This is of

25 particular importance in amplification reactions, which depend upon binding between

nucleic acid strands.

f000357] The term "transformation” means introducing DNA into an organism so
that the DNA is replicable, either as an extrachromosomai element, or by chromosomal

14



identity to the nucleotide sequence shown in SEQID No: | are within
the scope of the invention, irrespective of whether they encode
proteins or polypeptides having biological activities simlar to
Novaf er on (suebs/@eid vities include but are not |imtedcraacmhancsd
anti-wviral, anti-proliferative and anti-tunor functions in conparison
with 10 Hul ENs). Such nucl eic acid nol ecul es could be used, for
exanpl e, as probes for the ection of n.ce rea
transfected WHEERIgNJBEIeEp tE?B%?CQP% ?@rs fobe tRjrg '@oﬁfimag‘prseés(ﬁc@evﬁ%g%éf t he
present inventi8R nh@kell REtRE QHICIY QiR seNONRE &t H¥act kipraddat her words,
these nucleic acid sequences at |east about 93% 95% 96% 97% 98%)
or 99% identical to the sequence shown in SEQ ID No: 1 could be used
as mar kers f ¢o00d&t er mrhé uatylst"tn@nﬂcﬁéx fireasgi od goinmatien] mrivekemb thegpoefs genes

in a host cell. [00Q7 rther venti.on includes
polynucleotid?‘E%Hﬁngcﬁ “ﬁﬂ?c@%VFi%%qEPP%WCrgﬂg?“ S%ﬂWO%o conti guous
nucl eot isdes, REGHISAR YmalordiBRsoe@MPiHd %ﬂfgtowté%bﬁmn@lﬁl eotides, of
SEQ ID No 1. 2008/154719PCT/CA2007/00 3 [00074] More generally,

this invention includes and covers the fragnents of any and al
i sol at ed nucl{ettédlaci d Thokes!biebgitdixtctarg’ dnd &hicloged! adtipiticfies pad t i al

sequence(s) qf the_nucleotide uence shown EQ.|1 D No:
TR e, e M RS SUGHFoRyAGR: Bosie o s sl Tyt el

nucl eoti des iiRink@REHR, BNHadsSsiMif o deizal td RERNAFLr FordRAMG Sccanflg
prinmers as di scussed herein. Furthermore, this invention includes and

covers | argermdlgecalgient s that are about 50 nucl eotides or |onger in
| ength. [00075)In addition to the nucleic aci d sequence disclosed in

s il uced SRR < bt et CooRLarE e - EhE R Re b RS, "

encode the amBe AddvinSAGUERERMN tﬁe@%wﬁl@%'dﬁhﬁom\éﬁfsﬁééﬁmné&ﬁﬁ@t ein
together with extra amno acids/ peptide(s)/polypeptide(s), for

exanpl e an adefeioneéhe togl 9@“%@5@@“#@'@@%@ the[powerrar Al o tarepicrisded in

t he |nvent|on Lare

nucl ei ¢ aci d ‘S Onﬁé)%%goﬁﬁg&g?gségz)h%ﬁs' gﬁ%“ﬁﬁ\r@@ t%%géscn?\g {@ég a;&%d
addi ti onal , nmmp@mﬁlang:n&mmezesl, (G €)|, $1 phiang DNACE niesRIYR @G Aplt) onvat
Iinitin% introns and 15non- codlng 5' ‘and 3' sequences, such as
the trahscri Ho#e (RGNS F BT e Pl iB e ¥ hat spl fs&gﬂ"hfe%ﬂ% b

transcripti 0%@?@*‘5‘@; RO ER s PQon@t'ruc? or c%%bs‘fdoﬁgvh%ﬂ %hﬁﬁl; &’eﬂ%?d}?{elra@ubﬁ on

signals, ribos ndi ng and stabf | ity of NA) , d addi ti onal
codi ng sequensgsmuwmmennqﬂdeﬂﬁmdwewgnahwamﬂnana@ndgnmpmmvmm wi t hout
functionalities. [00077] The present invention further relates to the
variants of the nucleic acid

[00061] The term “anti-tumor”™ or “anti-cancer” as used herein refers to

counteracting or preventing the formation of malignant tumors. The ““anti-tumor

20 activity” or “anti-cancer activity” when used herein refers to the activity of a protein,
protein construct, or composition which inhibits cell proliferation, especially neoplastic

cell proliferation, e.g., of cancer cells, either in vitro or in vivo.

[00062} The term “1Cs”, or the “half maximal inhibitory concentration”,
represents the concentration of an inhibitor, such as a protein, that is required for 30%

23 inhibition of cell growth in vitro.

FO0063] The terms “anti-viral™ and “anti-virus" as used herein refers to slowing

15



20mol ecul es of the present invention (SEQ ID No: 1), which encode
portions, anal ogs or derivatives of the Novaferon protein. Variants
may be obtai ned by screening an interferon shuffling library or using
nmut agenesi gole&hRi-aues or/ and ot her known techni ques @esenbdoechiias t he
art. [00078] As expl ai ned above, such variants may include those
produced by 25nucl eotide insertions, deletions or substitutions. The
i nsertions, deletions or, substitutions n%y_inv | ve one or.

erfqgévng.

nor e
nucl eot i des. 2THILEVERHRGYITS fdCcHeR TSRS OF nigt "mb'*r"e%l‘ca”l"%f“rﬁe#dr

posi tions of L he,i&hiereNeSuiGh 88%ing6r s?d%ﬂi‘r!%gﬁﬁr_upﬁrp@aﬁéﬂ@/ﬂ,% RdRgbyeen
those term nal positions, interspersed either individually anong
nucl eot i des iimth¢ bl mgbere mice psrigioe fbe agh-virah ainity” o5 usbhesico e Geous
groups within the reference .se(g\uen e. Al te;r athi .n@ nad,}/ Eprfoq.uce

conser vat i ve *SFM ABH-RAGHEAIUER PP hPHE TR b LR P IOHE Fa et i ons
or addi i ons.in&ERREGiRVLY rdplickiet, ead: AMPRANIAHGsEvar e sil ent
substitutions, 5additions and/or deletions, which do not alter the
properties and activities of the Novaferon protein or portions

t hereof . Al sdoesferecpraeiny preferred in this regard are conservative
substitutions. [00079] One aspect of the invention provides an

i sol ated nucleic acid | ecul. e conprising a pol.ynucl eoti de having a
nucl eoti de sé@qgg‘ﬂce airml)Pé%??{‘ "Q?’%OFE:@ILFP _fO(,I ﬁlﬂrfpgﬁagrt?ﬁ‘g?hérab?'ézla%‘?”é’g?y_ at
| east about 9804 nRRXan@EHbn-1RE PhoRin, 1%%]%&& QeRkinGalNderRrael ypucl eoti de

selected fromthe group consisting : (a) a nucleotide sequence
encodi ng t he ddovizfér il pelovahaNhvalzrangratdrecxbbipinbrrecdaniinigalaed d

sequence in SEQ 1D No: 2 (i.e.. .positions 1-166 of SEOQO | : .2); and
(b) a ndcl eotal“&?BmE%’&ﬁ"eer?&"é‘ggé"ﬁg%H‘(‘ﬁed "LEBPESy At y%f&?'%‘ﬁﬁf‘&@'&%ént of
the protein afméaired AREndag) in @D Uels Bl adiRuISEHURBGRdneRNRIeREAt ary to
any of the nucl eotide sequences in (a) or (b) above. [00080] Due to

t he degener ady-3d#!d inprgasg dyratiivial egirdy wagndesitid e Wiskhva systesicprdabpyiat he
art will i s A0 8 F VI BT iC
i d ol ecul ot Rk RGOt b AURIAR SPHIRE ol BT o .,
98% or 99% iteraiFNeab idtbe fahne tadtirgl s@dtensaci d sequence of the nucleic
acid sequence shown in FIG 1 (SEQID No: 1) will encode 20a protein
having activity simlar or identical to the Novaferon protein. In
fact, sitnce d¥§eHer at B apappiadiracnithe Nowfearereriy isapmdeddot ein, this
will be clear I|<l: 60, rabd | ; e f ' a
conpari son agg]g&CEptﬁi e\?\n&is S!“ggcejoff ?}H %Er}}(@elzgggér%nzlggﬁ? g}]ﬂtﬁ 'eloaglﬁgtgr ﬁat, for
such nucl ei c 168 dhameitee tloederbh@bte@arensBBbof tBgemneragitieasiwndin$B) 112
reasonabl e nypber will also _encode a protein having interferon-Ilike
bi ol ogi cal actf vIiEare Hik sTheg‘)%‘E&ﬁ’é“Ea TR i FRERFCRIC VIS s ful |y
awar e of am R REkEcrSOSLAEMELO BBt BRtniB Se BdsLAMRY inl G8Sr delaki@LiwOr not
likely to significantly affect protein function (e.g., replacing one
al i phatic amno acid with a second aliphatic am no acid), as further
descri bed bell@fws]For Exampiparjsog pirplac the bomdeyy i Ngvatvew with namladly

phenotypically sjl mno acid substitutio is  provided by Bow e
e ar Ty e FRITE St owbre b Rimesrer hEAS iy FrovdE o e
tolerant of & {iQodEk %e%%éE hctn'ﬂﬁdg? RPHuIFN-c14 at both the nucleotide and amino

acid levels. As shown in Figure 2, the polynucleotide sequence {SEQ 1D No: |)

encoding Novaferon has a homology of approximately 93% (462/498) to HulFN-¢14
25 and the amino acid sequence has a homology of approximately §7% (144/166) to
HulFN-e14, 1n comparison to HulFN-e2b, the most-widely used human interferon

product, the homeoelogy is approximately 89% at nucleotide level (445/498) and

[6



Protein and pol vpentide variants and constructs [00081] The present

i nventi on enconpasses the Novaferon protein of SEQ ID:2 5and proteins
or pol ypeptide variants which are substantially simlar thereto, such
as non- nat wedehsiseasurring proteins having at | east abauyca3m700Q3%0 or
greater am no acid sequence identity to SEQ ID No: 2. For exanple,
non-naturally occurring proteins having at | east about 85% 90% 95%
96% 97% 98% or 99% sequen identity, to the am acj d sequence
shown in SEQ#PPTpately 8519%”\3/?]?%%3“3‘“%&‘%138"6}33 S(I?‘O‘P’ﬁ@q:l?%‘i\rlee tion.
JOFurther, the Novaferon protein of the invention may be structurally
modi fied by fygng 1t fQ a%p%pm%s)w DEed 1 @SSl EAGY R Se@h Ot her
nol ecul es for th purpos% of enhancing its functions and properties.
Exanpl es i nclhadeploutmagiyed iboeqienaiideatly bighd nusleotgle lavelt(€5360Rand

proteins/protein fr Nts to increase its expr j or to further
Stabil i 26 t hEPRBYRPED SHrsrutiet Hon T Ep JSGBIPIR e (HRGAH ment , t he
Novaf er on- encodi ng nucleic acid sequence and/or Novaferon proteins of
the i nvglr,]tl OQOWY] be lA@QQJc%dYH &eﬂlii@n tkl@%}l;rir%ﬁﬂ%ecﬁdlﬁ%@iotvhﬁq scaf f ol d.

"Label e herei n nmeans that a conpound of the nucleic acid sequence
(SEQ I D No: Ipplyoucidotide shipeaf €XShiDp¥ @ Bvay s{ISEQ oD aNJVA diufthegdiblreerf
attached with_at |east one el enent,, isptope or othe hem cal s

(| abel's) to oRELWRERuTERRCETOR i NORBB BRGNP G BHERETer
label's fall iJrhestdls Rfh §ledSSBmnt @atpac%ﬁxgmquaeL:@b@&tg olitiehiseay be
radi oactive or heavy isotopes; b) imune [abels, _V\:ﬁl ch may be

ant i bodi es orsequandegbPEQ [RNg icThedbivafpren poieinfdopiainessie Essungipeignt of the

| abel s y be incorporated.into. the ¢ und_ a ny .posSiti.on.

[ 000831 Brve. madee PR et P SRR S Pl PR RESLOGRT

modi fi ed. Onechyiis, 0dh S amalienindiphbiigativ«indingl udes treating the
Novaferon protein with an 25 organic derivatizing agent that is
capabl e of reacting with selected side chains or the NNor Cterm nal
resi dues of tHeéynhgeesifeandmarpiot ei n. Deri vati zation with bifunctional
agents is useful, for instance, for crosslinking the Novaferon

protein to a er-insol uble su t matrjx. or surfac r_use in
Phe pur 1 catl0WE LB e BFBRO e e Bt S8R oh BF utEl o
Commonl y usedn&h@mThhsitk RGosBEBdiRed B3 Shomeen FIG. 1 (SEQ ID No: 1). Using the

1, 1-bi s(di azoacetyl) - 2- phenyl et hane, gl ut aral dehyde,

N- hydr o¥y s ucdhiimptigepregtedhereins weh esigmptlectidesegeanes, ggdipic acid molecule

4- azi dosal i cyl,i i 0 i i i k i iNg

di succi i a1 %gePg%gegﬁ%n@ggodkfég%‘éﬁ?{lﬂi i Egsau@?ﬁ‘#ﬁ? A ‘%‘9’ i ?‘%)‘%ﬁégn ate),
bi functi onal vyat@inBinglesxpsdddidn, atsemidiasyihd¥aloebisthg otheBstmdirameleand agent s
such as net hyl -3-[ (p-azi dophenyl ) dit hi o] propi.oi m date. [00084] O her
modi fi cati onsb'?i?gyt%e%’éﬂ@‘raéfhoﬁ%‘twfhW“E&?“ﬁﬂ‘e: deani dati on of

gl utam nyl and asparagi nyl residues to the correspondi ng gl utanyl and
aspartyl 10regj S, ] [.on.: of . i

| ysi ne; phosﬁﬁ%@yf ati g‘r??@g,? &%f%ﬁoaé?/lf]%tggﬁg%fa%? h%e%rmyﬁmdgéoq%cﬁ?@g@ﬁ

resi dues; mnetixyliptkonclodes DA madhinOhaging syasenods whickiareeli ffeamgirem he, and
hi stidine side chains (71); .acetylaffon of the N-term nal am ne; and
am dation of %M seguenes Hicipsed ip éﬁ%%[}?lp lgl?ué&be to the degeneracy of the genetic

code, still encode the same or substantially the same amino acid sequence of the

Novaferon protein (SEQ 1D No: 2). The genetic codes and species-specific codon

preferences are well known in the art. Thus, it would be routine for one skilled in the art
25 to generate the degenerate variants of DNA sequences different from the DNA

sequence of SEQ ID No: 1, for instance, to optimize codon expression for a particular



[ 00085] Anot her type of coval ent nodification of the Novaferon protein
of the 15present invention conprises altering the native

gl ycosyl ation pattern of the protein. This nmay be achi eved, for
exanpl e, bwo(zbds;deheti ng and/ or addi ng one or nore carsoeloadeaie 23

noi eties found in the native sequence of the Novaferon protein, or(2)
addi ng and/or deleting one or nore glycosylation sites that do not
exi st in the native sequence of the Novaferon pratein. .

20[ 00086] AdGPET G1E-6% TG COWPF R TTHER PENATR RSP EFRRY BISEEitmy be
acconpl i shed shy, sakt®)j.ng the am no acid sequence of the Novaferon
protein. The alteration may be nade, for exanple, by the addition of,
or substitution by, one or nore serine or threonine residues to the
native sequen@®7gf th&hdNowafierionhepprotidisan {sblaied Qicleicnkid dholgkylemsinbat i on

sites). The alternation of the am ' equence of the 2

Novat o on pr JtearHegh s B BIE I R AT dhareBets B B 1 ever
parti culsarly nayindBdeqich@QohPEmEMNy HERURNEIE 280&Q6hAMn SBE 1DaMaf. emhen
protein at pre-géé%]eg{eed@nugll ed{%ti ?e base;@sgﬁt kllat trll]e al tbered codons
woul d trans| aresent myeptiphadsodueayides iifamrition abryf dhd relatga@ the recombinant

2008/ 154719PG] t&g}zwg\%%‘%Ré&%§'{SL19t99§u¥Je{%%8E Eﬁfec%qgsa()?t%e giese'{]ﬂ%ﬁf?‘o%! ng the
nunbers of carbohiydrate noieties on the vat éron proteirn is by

chem cal or enEytN@il4 @nadiglHeRgodbingt y&:asd, Boge!itadtotiem@kdt ef nkinguch

met hods are described in the art, for exanple, as early as 1981,
Aplin :[JD and swivg%teijé@eremg h‘?éfde‘&é%"é;ipﬁéﬁh? H‘éva&f%pw%?iawsrg the o
proper tjges, ARRY a0 n SF NRGRIABY YElb AliRinEQMhgaL es of protei ns
and Iip]iods (%%ic Fodé%g’f Rem)\'}af %% car goeﬂy'ﬁélatne %ﬁgtl es presented on
t he Novaferon protein may be acconplished chem cally or enzymatically
or by nutati gami72jsubsBhdetibh DA mafieid R sepein sf hhgtse@no@aeni($) HM no
acid residues that serve as targets for glycosylation. Chem cal

deg |t ycosyl % ﬂ‘gg %‘r{ﬁ;&gﬁé‘fc‘é{f@ eﬁgﬁﬁﬁﬁﬂﬁﬁmoizﬁﬁs H’%‘%‘E:ZFE bed, for

i nstance, B Rarherdb, i EMER G 2GbLAYAARS Obsos
car bohydr atesrm?aetl gé 0?1 pecr)?ystéptai d‘iacs can be ngghl eved bf/ t%eohse of a
vari ety of emndotearduesseddqlitycoSi@H3Ys: lashed egmrallpdintly Fohohaklaria et al

(74). [00089] Such derjyvatized. constr. 3 el ude ieties

ot oviTlg ¢ hETE PRI OB IE B bl s T oY o TS SR bl 00
brain barri efigenhty @ ORI duerdck ERwn IPSEG 1D BHORdWiHE h€S0R of the

nodi fi cati ons of Novaferon protein may alternatively elimnate or

att enuat e anynyeuEs ibkgcdindesthetibl tecyshepde prbtinsergolypeptifes hpyiet ei n and

the 1ike. Mgl g9 GARARLEOf o TRAIAL] 0% SUEhCHLESLS, AL Sullingl gsed.
for exanple, Tn Remngton: e SCl ence an ractrce o arnmacy.

(75) . [ 00090]cAnptdaadti-Viyantdprot Rraalenl adtPEinbi fakibBin &mpbigseaivar on
conprises |inking 20t he Novaferon protein to one of a variety of
non- pr oei n adg@ﬂgs).p%pyﬁxg}esc,acig_rr&lgcu]es could be used, for example, as probes for the

detection of mRNA in cells already transfected with a vector containing the nucleotide
sequence of the present invention for the production of Novaferon. [n another words,
these nucleic acid sequences at least about 93%, 95%, 96%, 97%, 98% or 99% identical
to the sequence shown in SEQ 1D No: 1 could be used as markers for determining the

25 expression of the heterologous genes in a host cell.

[60073] Further, the invention includes a polynucleotide comprising any portion
of at least about 30 contiguous nucleotides, preferably at least about 50 contiguous

nucieotides, of SEQ [D No: 1,



pol yet hyl ene gl ycol, pol ypropyl ene glycol, or polyoxyal kyl enes, for
exanple in the manner set forth in U S Pat. Nos.: 4,640, 835(76);
4,496,689 (77); 4,791,192 (78) or 4,179,337(79). [00091] Further, the
Novaf er on gproofoed/iz4ad the present invention nay al so becdicarmmdiofiisd in
a way to fon-n chineric nol ecules conprising a Novaferon protein
fused to anot her heterologous pol ypeptide or am no acid sequence. In

one enbodi nent, such a chinerjc ol ecul e conprjses f.usi on conpound
of o Novat or QOglor o Mo el 4 T BORy BeRT e e e BRovTREETan

epi tope to whjghy @d?at&i%ble:&%ﬁl:h@&&dui%@fﬂm aFeAknS &) @ @leipdBhdiedibfes) oF B
epitope tag is generally placed at the am no-or carboxyl-term nus of
t he Novaferomuqziqutie&qquen¢d‘ﬁé0mrie§&hdés%?r IDshe H)- éppnftﬁyémdlag@}é@hforrrs of a
Novaf eron pratein can .be de Dst he t ag
ol ypept 1 do. TAEE BRSSP pitRolts Ble Blend B aR TR S8hpie

Novaf ergn pr qir@eﬂanagniaas asaﬂqawsaa Hakein, Fiir@ernioye, dfsfinvahtion muﬁesfah@at ion
using an anti-tag antibody or another type of affinity matrix that

bi nds to the ceprtlope fraanenttat am abgut ¥rvelestides s fpediiiierdh- the chineric
nol ecul e may conprise a fusion conpound of a Novaferon protein with
an innunoglo or rtic £

i nmunogl obul i &khgkr ei%%%“mnkﬁ% g?ﬁ%QQ%ﬁWﬁ eﬁ?g$€ﬁ%§ H%He chineric
mol ecul e, t hendQMvRhetgaopiratie) i gaklt thvirtiod usak1ides BB nhiGimitegbon of
an 1 gG nol ecul e. [00092] Vari ous tag pol ypeptides and their respective
anti bodi es areclgiepqid seasiiss that aprde e pminpiciggsayeaceofthe eaeplsoiNgyakioat i di ne
(poly-hjs) or e flu HA
t ag polfypept|p(§c§8%§%%¥“gh)?§g%d% %%gﬁcﬁéﬂ%é%sp&&%ﬁ%%% t{)c ?%plé %nd t he
8F9, 3C7, O6EMddedGéretdy leadvelse@h:. ant i bodi es thereto (81); and t he

Her pes 15Sinp|ex virus glycoprotein D (gD) tag and its anti body (82).
O her tag polé% tldes |nclude t he Fl ag-peptide (83); tubulin epitope
peptide (84) B0k he Tiso h’éedlfoﬂﬁrﬂaff@torﬁafﬁé*&tsméncﬁ%l npggy acids that -

[ 00093] Furt h%ra @nuchn%cl \ﬁﬁéngga ic}g&ﬂh §E(g IIS)E' ﬁg§§i’a&10ﬁ pvention
can be produce em cal synt etic procedures nomn to those of
ordi nary ski Inlonmt!ntgheqtamnts, 2oy, fexanyilchut polippeptd, thesnsupd t 0 about

80-90 amino acid res in len be. produced on a co rcial
avai | abl’e pepti H%J%T‘ﬁéiﬁe%?ceﬁﬁ‘gcélas g BRSqriR p‘{)l“?‘b@“‘%ﬂ‘i@%’t’"@?ﬁ thaf e, Y
Foster City, fihabSRin tmx@&\sﬁnmﬁt}ﬁoée%@% @h@ﬁ% ﬁabb;yad%m@@égrﬁ@d
peptides up to 120 residues are also commercially availabl e,

exanpl e, fr oribBiooediding e seabiliyg mfﬂ_\é\mas¢addii@nalTf)(’ﬂlﬁﬁ()uem‘ﬁhwkﬂch as wil |
be readily ap ted, the 2 r.e Novaferon protein
can be prgdué%%%sfﬁgﬁn!m“mpfmgT?§(“‘§Q% ﬁ“gamﬁm?ragnents thch may
then be connected together). [00094] Therefore, the Novaferon protein
of the presenbograyent TaeprksE@veRioNeirth)re hBCh Ul & arials ofthbﬁuo%%@l n and

pol ypeptide preparations and constructs that have the 24 same am no
aci d sefuencenaicyiet gdledrisent BEQLPIDISRE: ID2o: Heslprh @icadaepitiens, anhlesseor

Novaf eron pro ein _deri ves . ar duced
cheni cal | y- s;%tﬁm¥?8P%F§8€&HP SN W@Pn%yb?gg s qﬁﬁﬂfmwgﬁﬁniques

f rom pr okar y GiiterGer@f shelic@ tiyialyiof udt@Shutdpedekis teﬂfmc@ttshﬁfancﬁ@hdr gncand host s,

including but not limting to bacterials, yeasts, plants, insects and
techniques described in the art.

[00078] As explained above, such variants may include those produced by
23 nucleotide insertions, deletions or substitutions. The insertions, deletions or
substitutions may involve one or more nucleotides. These mutations may occur at the 5'

or 3" terminal positions of the reference nucleotide sequence or anywhere between

19



5manmal i an cel |l s. Dependi ng on the hosts enpl oyed in a reconbi nant
production nmethod, the proteins of the present invention may be

gl ycosyl ated or non-glycosyl ated, pegylated or non-pegylated. In
addi tion, pigohedsiof the invention nmay al so include actioatmrabi2s
nodi fi ed net hi oni ne residue, in sone cases as a result of

host - nedi at ed processes. Thus, it is well known in the art that the

N-term nal E)hl oni ,ne encoded b (f B "Efﬁa‘? ‘Jatl on |n| t%atl n codon
is generally oS RIRE PRTHORS: I‘ﬂt"ﬁ SEPS SRPARRYIuaHY BAPR AV ISPGT A RS after
translation ifrdhde s@MKRE ¥Oh bife o BlofeTondMbds 8robifiayilint iRy BkRAde stREREONI ne
on nost proteins also is efficiently removed in nost prokaryotes, for
SONe prot ei nthcmtlgnSpmwwmdwpp@ew@mvamonppmrégg/e pryinp ped fubgitegns,

dependi ng on m o.which t term

e hi ont e 1 SREvRRLIERGR FRES PlBe Bt B o BB St eaent.

inventi on al sqaditielsahds dbl@tldnhlevhﬁcﬁﬁielﬁhlaﬂamﬁe pr@aiio fid whivities araesi st of
the isolated DNA nol ecul es of the present invention, to host cells
whi ch are gerStrERRPPEESPAERISAIOF- AhOreaeeigly RifferFdiThis Feddatsi nant
vectors, and on of the Novaferon protein or fragnents
t her eof by regggng?tﬁvgﬁéég?tgcﬁﬁl gues. The vector 20 may be, for exanple,
a plasmd, phage, viral or retroviral vector. Retroviral vectors nay
be repli cat i qooorenpet et apkct bt inCakibioprodas ac fsbived nukRictakie moRtier
case, viral propagation generally will occur only in conplenmenting

host cells. ERERPIMS aBaEsoHdedyving arstesiije Sﬁ%@wsﬁfd%ﬁﬁtc%?/vdérmmal ke af er on
are set,fort hmt}sb,@wrabgqpuga%ﬁabﬁu@f)% 58 oYR I & 9§%ndem§1 ¥Pression of

t he Novaferon protel n”of 5present 1nvention I nclude, but are not
limted to, v;m@mmi@ndrmmwcs&cmgthcgxsm;amszstg\goﬁm) n olclaotdyi sopsncef f ect i ve
for expre55|on i n eratlvel ked to the polynucleotide to
be expressed.® iﬁﬁ’&g%%ﬁ;{?%‘“ pPafyaL hﬁ&‘f’%/% Forunogel seqisie it F R her by
the host, by . Q@@ph&nﬁm ﬂﬁo‘?’ 5 NOR):; BYd (hNB MBSOk glch&&hdodB AN

i ntroduction into the host. 008/ 154719PCT/ CAZOO%/ 001123

[ 00097] The nuudledicallnadtive %m@@m&@edi@@im@cﬁnd (F) presdeetide seqweemt i on ( SEQ
| D No: operativel In to an appro te pronot er.
Prom)tﬂesi hercé’fnﬁle?r'g%n ann Ofsrqﬂ&cc uééé?:“dgm fms“éq‘u@i '23) ﬁabl e of binding
RNA pol ynmerase and i ni t| atl ng an extron (usually at the downstream
(3')) transcripgsbon Ofput REhCRUNBESAUEBEE: ERE, hiiNRYAfEH@NnARr Ot ei n
into MRNA. A bacterial pronoter has a transcription initiation region
whi ch i's usualtwill piresdaghyyeegiirethat p brgeambpr othrhuoiic pdiémelodian having
sequence. This n QN .d d i ncludes an
RNA pol yner ase® uleﬁc %&easp‘%bf) &e{@éﬁ’gésg{g' t6 %é"”?ld;]c/lr’ 8@’% 9&%%3 Lcaétté/%’?lnusckefc
Sequences e ncmmsagembfamutle;c pad RWCE&HZ\W”HB SICPT GERAP NeantwieHcadel Y

usef ul ;Prom)ter sequences. Exanples include pronoter sequences

der i vedf r om aStiRfaih havmerevity simila gs ifeatipal fprehe Nowaferpn prateigalnafast.ciee

| act ose and 'B%% ORGP o BRURNGES NP B e e aéapé,wsn%ab&l ghzynes
such as trypto rom)ters from bact efi ophage nay al so used and
are known in etvbravxamut peﬂfmma@dlcmmmnsonaysat he\ttlibhfmt}@ﬂiet@ﬁ@edamde hytosg d
pronoters are al so useful; or exagrggmd the tac, pronoter is a hybri d

of the trp ard YELMpFGADE &P e%ﬁﬁ*@h PRSP HE YAYAME 2 regsqpatls mimbey

pronoter can JinglsdieRodalWiah i,awmg%areydnnme %émgfe&m&ﬁ&@s fﬁns AQRzRact eri al
origin that have the ability to bind bacterial RNA polynerase and

i nitiat# trarbcskiliod atsan isThily apfﬂ@f@éamlﬁdadmbsetumansphaomtlémlsless fiedhwate, but

are not limte l.ad, tr. hoA and | acZ ers, the T3
and T7 pronot' e?lékcp t%SlgthCta"d ragaﬁ% gﬁf'?{“ﬂalopg dRa5Re ’EE '017'36?1‘3? Bfs and

the trp pronmek@hvith a second aliphatic amino acid), as further described beiow. For example,

guidance concerning how to make phenotypically silent amino acid substitutions is
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[ 00098] Eukaryotic pronoters have a transcription initiating region,
which is 20usually placed proximal to the 5 end of the coding
sequence, and a TATA box, usually | ocated 25-30 base pairs (bp)

upst ream ofygdig/tsfanscription initiation site. The TABSTARt007S01123

t hought to direct RNA polynerase Il to begin RNA synthesis at the
correct site. A mammalian pronoter al so contains an upstream pronoter

el emrent (enhancer elenent). typically located wthin 100 to 200 base
pai rs upstre&fAVEEd brEovagiAl ({Z[—}i‘_"’h%ﬂ“ H‘ﬁé‘ft‘?‘ﬁ%ﬂﬁ‘?‘%%ﬁ‘ﬁﬂﬁﬂwro@f“éﬁ’ént

det erm nes t Q. hatbeadho WAH ShtlanRscription is initiated and can act
in either orientation. O particular use as manmal i an pronoters are
the pronoters frommammalian viral genes, since the viral genes are
of ten hi ghl y Pesgn ide heiwes @dbsmagishost range. Exanpl es i ncl ude

the SV40 early pronoter, nmouse mammary tunor virus LTR pronoter.

Preferred animal cell pronoters include, but are not limted to,
adenovi rus maf®e1l at eTgff BRsEdpventioa eprempesssHbiedlevafpPu Bl e BER D2 and

the CW .pro Lo i b nthis
5P m&&mﬁw@ t\e@vaﬂ %ma{argsuegt&mh%m,amwe@ LuEh és

regard are the e early pronoter, tHe elongation factor 1
al pha (EF | Apn-patonidt @cyritdyeottithatiny atlchstbok Ba$es prapuck enino bdie ear | y
and | ate SV40 prompfers the pronoters of retroviral 5LTRs, such
2o Lhose of CHUCRETEMLRIBAE I B r(roRaS T urdY PEU Bl BRBTEr
sequences f O @XPH R8s bR $5%, Y@, Al Wes dehiey: bvd UGhieiatiy bint0
pronoter, the prompters from al cohol dehydrogenase, enol ase,

gl ucoki nase, aglingeodeeqBenshgwph it BQ KoNe 2arevithin the scope of the invention.

gl ycer al dehyde- 3- hat e- dehydr.ogenase, hexoki nase, .. .
hosphofr uct dR s R RE aE R PR ot LS R oaioody s, and
the aci d phospbah@segereprod[ALRaRloVasdabiali@forficpRagator &harbd
expression al so generally include one or nore sel ectabl e markers.
Such mar ker s fid{pcnss adi reppities fFrapmelergndhide eetarcant lapited frefugiegt rodremy

cont ai n addi L Q0 fTBR KELRALQ inlll:S AHERARE ur b Rkl SpligOREd: L e
expressi on v ctors preferably contain one or nore selectable marker
genes to prowWaleean pheiot ypic trait for the selection of the
transfected host cells, although those skilled in the art wl|

recogni ze | Sthat certain systemsel ectabl e nmarkers may be provided on
separ até vect¥%82] pr efeene saborine i Nawelbraerencoding nusleliip ecavenspi ci | 1 n
(Amp), tetr a%é&l)ﬂ at%ﬁh)ote soﬂ)é%fn%m&d H%;)(UE'Y Blied &ﬁt‘.f&é&?%@ GfNGS or
culturing in E coli and other bacteri as. Yeast - sel ect abl e mar ker s

i ncl ude ADE2,scidffioB4,"LdbBeR herEiRPhdaps thand coddodnd ofthie alicidomfiddequeasi (SE@NCe t O
tuni canycin; the neonycin ghosgh_otransfer_ase ene, which confers

resi stance thé@i’i@;Orﬁ'ﬁN&‘r‘ﬂf.r?% teglb?ﬁQ e ) i pee atachegwthypblsest o grow
in the presencs Af isGORREShd: AR ricaM B 0CRlbleRelREIABE Ge LRIEEE. hnCcl ude
di hydr of ol at e reductase (DHFR) gene. neomycin (Neo) or hygronycin

(1 TYG 2Wesi stzamead lgelhiddl inth COGLEGEFar sHems lahebcvioesméydre rpti@pagat | on and
expression commonly contain qne, or .nore sites.for transcriptjo

i tiation, CEPHTREPTOR ARt HsCHER T R ev P o wyeen acBslos ome
bi ndi ng si t e of MliordstedN@le@trhOBbelsThE be ARbPEaRPhbiRRoAporhd & by ARSIGE1 PL S
expressed by the constructs preferably includes a translation
initiating codon at the beginning and a term nation codon (UAA, UGA
or UAG appr d0RdEt el y Oposhade sheldovaferon pestegrrdayodso bheovBiNAlysewliferice t o be
transl at ed. | ection qf pr ers erm.nat or.s, .sel ect.abl e markers,
vectors and otkorear Qi BoR Lokt Bovdss (e boN et ReEiGR i i n < he

| evel ofs or dicR@hiy detdiding aBenkt ther i8Eababl\IMActRd Glith €41@08R1S clakr€ ob@s Cr i bed

inthe literature and are avail able through comercial suppliers.
N-or C-terminal residues of the Novaferon protein. Derivatization with bifunctional

agents is useful, for instance, for crosslinking the Novaferon protein to a
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[ 000101] The followi ng vectors are comercially available, and are
preferred for 5Suse in bacterias: pBv220 (86) and its derivates from
Shanghai Sangon; pQE series from Q agen; pET vectors from Q agen; pBS
vectors, Phagesosifs vectors, Bluescript vectors, pNH3&r/qabldr/6mi23
pNH18A, pNH46A from Stratagene; and ptrc99a, pKK223-3, pKK233-3,
pDR540, pRI TS5 from Pharmaci a. Anong preferred eukaryotic vectors are
pCl vectors from Prqnega, pcDNA vectors from |l nvitrogen,  pSV2CAT
10p0044, pXTI“a‘ﬁﬁt!rS‘iﬁ%’é SgPWHmf@{ff"a‘F aﬁéﬁ‘-‘e{‘”%ﬁﬁa‘t R ?at'B'B%&“f“ "Hhd psvL
f rom Phar maci,aibodilest Scr¥em Asdysat-6mh b} 84d &@Jsﬁh&n&%ﬁelﬁmes to
denonstrate that many commercially avail able and well known vectors
are avai |l abl é,ithis(ditroscetybf2-phkividthang gloaeldghyde ibhydiesucginipiids egeroduct i on

of the Novaferon protein discl.osed j.n t resent invention by

genet | ¢ r econl RARP it eratsy ios P doRar e AR e

enbodi ment s iidklddik Qis@@anityl eftbresudR &L I07-gitishayducteniiRaPSplogdte)speci fi ¢
expression. Such specific expression may be inducible expression or
expr essi on ofifynctipnabrapleigidss wylpesdisgi-malsinido- b-ostaly apbagsiss Hich #iduci bl e
and cel | - speg| fii.c:.Parhl - . d anong i nduci bl e vectors are
vectors that%%ghpﬁgggﬁgﬁﬁghﬁ%gmgﬁgﬁéggﬁgy environnmental factors that
are easy to mani pul ate, such as tenperature and 20nutrient additives.
A variety of [wegijors suet ablifcaliens of hé No@pdn peadih Diudd: Behidiishdf
constitutive and inducibl e expression vectors for use _in prokaryotic
and eukar yot istitareed and agpageingl psiquapihespideserrging glgmyloud pwaty by t hose
of skill in r ; - | N - sequence
di scl os]eod i ntrgé&%f %S egtgglgltg? %’rﬂ?‘ﬁét% gé{gﬁeﬂe%gg&aﬁee{’]k%g%hggﬁd“%r opriate
pronot er, andydbthegroapper epl bateogbrtihek; sayldancdshe -2binayrols of
introduced , using.a variety of art-known technigues, into an
appropri ate RG&E WPQ%ﬁﬂ?%ﬁ?%“?%#mP%@V%%ﬁ?@ﬁ@Fg e¥-termigal ampngy
protein. Reprgsgnlifbh ¥y eletitthatdliigRhg hosts include bacteri al
cells, such as E. coli, Eacillus subtilis, Streptonyces cells; yeast
cells, such as Pichia pastoris cells; insect cells, such as

Dr osophi | a 52008R%] Spodogt@mge oIOvAOD BIbAiS4THDHTE NCAZBOE pQ LT Be Sf 9
cells; mammal i an cells such as CHO and, . and plant cells. Hosts
for a great PHFTEIYEGP SXpFiEsaicne EE‘BH@&V?%‘E%;}%{PE PHEM O RIGHIHF™ and
those of ski hhis@al WhdhlovddroRBlaple iy 1 delafing JAE/SH b O Aindiel 0Sed i
the present invention, to realey sel ect a host for expressing the
Novaf er on pr etrédphyddiesuiiatiseiduridrin BE@VEscijesncof tE[NIQT L0 piatsit orel | s can
be genetically,engineered to incorporate Novaferon-encadjng ..

ol ynucl eot | ARUTEMHPEG T as & Q5P eRgr BIB AT T it R L g
invention. FEqubisbaReRovalngiasan- encodi ng pol ynucl eoti des nmay be

i ntroduced into host cells using art-known techni ques of
transfection. Such nethods are described in many standard | aboratory
manual 0 suclit0486]t hos additigraislyeatylbyonkitesgs Novafef@protein may be

10Novaf er on- encodi.n ol vhucl eot.i des nay be.|ntroduced/transfected
al one or with"S fe's’rh dek%l a&n“b“@ﬁheeo"‘ﬂ‘“ ea§".E “Eh* 8ftt egyovﬁf)éroﬁ)r?ﬂoéﬁ’ g[’] 9 des may

be i ntroducedidritde pRinBenideyor &Bnple) by 86 bERbn OF, of NbHAAUCRoHe 0F bty W th
t he Novaf er on- encodi ng poLXnucIeot[des di sclosed in SEQ ID No: 1.
serine or threonine residues to the native sequence of the Novaferon protein (for
O-linked glycosylation sites), The alternation of the amino acid sequence of the
25 Novaferon protein could be achieved through changes at the DNA level, particularly by

mutating the DNA sequence encoding the Novaferon protein at pre-selected nucleotide

bases so that the altered codons would translate into the desired amino acids.
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[ 000105] For exanpl e, Novaferon-encodi ng pol ynucl eoti des of the
invention may | Sbe transfected into host cells together with a
separ ate pol ynucl eoti de encodi ng a sel ectable marker for
co-transf egig Bk/apde sel ection of the marker in mammal ipgfi/c@hd7®o1123
Al ternatively, the Novaferon-encodi ng pol ynucl eoti des nmay be
incorporated into a vector containing a sel ectabl e marker-encodi ng
DNA sequence for i nduci ng propagation in the host cells.

%

90[ 000106] Th&8%Bi neereeisigsnscbnprgasng fisdpmbarey Pty Al eairbiet ¥r s
containing t i 106k BRhXHEL £0bIInG S ARDsIRS (Fibd Jrbieigd i n
conventi onal gﬁﬁ?@ﬁ%ﬁ?@%@h rr:aty%@]lél rmdl5 fnlgedéi%pséci %i cal%rl yl for
activating pSodnhelisls are désetted imghd artafos Eampieres sarbras A1 AflipilRgnd he
target genes. Culturi conditions such as te rat.ur.e H etc. are
] Ut ed- and WETAbIE MRGFT iR Tearaaeid ROST Cal SAUgksl ess ¢ he
Novaf er@an pr Qi8hfydafe cbl)feaRoO RSi&Mank NM@NE0N. [000107] Sui t abl e
secretion signals may be incorporated and co-expressed with the
Novaf eron protein for pronoting the secretion of the translated
protein pol ypeosslde Ranovatdfearbehydmteafoitiberemdoipndsiicairet potium

into the periplasmc ce,or. into the extracellyl ar environnent.
Purification "F“ég?)i‘?ﬁ%‘]lipsg icpetipady ﬂ'beé'fy"&agf‘%ﬁyto%em‘iﬁ%mﬂagﬁ‘gﬁsﬁ’%}t'{’é’éﬁ?@&t ed
for the expresghoMahcdibfe Bhidb 864 reti@G&O MR BIOLs bl BI %'choglﬁﬁﬁﬂ.di ng on
the nature of the target protein and consi deration of other

condi tions, $hohicageslirosyntioniseinicyes asokpryn indhretrtied deseribsd fpranstppeeeasi |y,
size of industrial, pro ton. etc. The.c of . ed
celI's t'Rat e}ﬁrﬁig GSA%O%EHP% E% mﬁ?cocgeeaiv?‘\ge\?\nf %aﬁgg%gatﬂﬁaﬁgggg é/(}:ﬂ@f%%%g%e t hen
sel ect ed, andatheckitveaby 6k oRef WMdrbtytohendopid sxalglvexpiaes sd @feribal byamed
the target protein-expressing cell line and used for the 10production
of the targethpristestal (“9he cell |ine expressing the target protein is
grown in a medium containing various nutrients. For optinmal growth of
the cells an opti gal. expr.essi f I : i vari ous
agents or cogé}ﬁ? E|’]ons gﬁlcé dgg‘%ézet% Sbrlgﬁtéfgsc“éétl Cydgéﬁg %&?g%gr%‘glb %t er

i ncor por at ed swibilicyt dbeoroNAeseakiER 6@oR thetbhved brain@erdiepsiological haiflifthe

transfected vector. |If the host cell type/expression systemis
bacteri'd, thé&tcctich mpistescrnpdifioptions af Npyplyws PR mFpay e vrhaelimipgte or

typically by aﬁ&l{]&tF L,W,gsﬁlﬂleqmdesﬁme SRARESs fti}[eﬁ)gﬁe DaaveskeGsglls are

br oken by physica em cal neans, an ﬁarvested crude
extracts, whicghblicofitedining heh sffatshesiiszlestdi fargaetplpiroReingtoraies r et ai ned
for further purification %f the}p(r?tei n. The nethods applied to the
di sruption of FME 2h] BAEET AIPERResPhel ude but are not linited to
freeze-thaw cycling, sonieation, nechanical disruption, or 70use of

Il 1ysi .S ibati vhBroh BOSEisSHhkihgd |
cel | lysing 8%%8?13 %l;'th&%plagﬂc%v%ﬁm\g@khlwm Eﬁﬁmﬁf-é“géhﬁe'”

the art. [00 The inventors used the bacteria. E. coli,
host celol f orheNwyaeroppesdionnalf aveeondinapbleiNaeals@pigmepreat.ei n.  As

descri bed bel ow, . colt s transfected with the vector .that

Cont i ned ¢ n@RETE e BT E Rt S B BO R Ba T ekew Al one

strain of E. G@hdr settdidtin D30pd e ORBI0NBE (76X PEIHID o), Qf791, N (Npwaf er on
4,179,337¢79).

[00091] Further, the Novaferon protein of the present invention may also be
25 modified in a way to form chimeric molecules comprising a Novaferon protein fused to
another heterologous polypeptide or amino acid sequence. In one embodiment, such a

chimeric molecule comprises a fusion compound of a Novaferon protein with a lag
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25protein was sel ected for the production of Novaferon protein. Once
synt hesi zed, the protein nmay be retained in the cytoplasm as

i nsol ubl e granules, or may be secreted into the cytoplasmin soluble
form In t{e fiswRehe case, the granul es are recovered atirgiazéoheoliysi s
of the cell bodies, and denatured using, for exanple, guanidine

i sot hi ocyanate or wurea. The re-folding of the denatured

pol ypepti de/ Novaf eron_protein is then obtained by _diluting.the

denat ur ant wiPPiRpegtideadighpeovigies gy @it IR phighengptifg 2gfbax e seleguibhst a
sol ution of yygaraRg:B. GERENAI PR HhESHEEH: ARdxPXdnindEst the _

gl utat hi one, tollowed by dialysis against a buffered saline solution.
I n the | att eMNogdgey protain. Pregtessnne elanchivpitahettagetd fyrms 5l 5 Bow{rematein t hout

denature, fromthe periplasm.c space jn.the sol.ub and. fungct i onal
form ol 1 ow S8 el et ohibed BefiE: i BSvaRidtor Fa PREsR0E M ng < ne
denat urisng argidhenf eladicHifle REQELAYr QSN td 302810 pibhia Naxafippemcaiont ei n
is not damaged and contains no defornmed or ms-fol ded protein

mol ecul es. [ OO0AMENTHE antippdrar aposher Yo aflivay mairixthatpinds @ &SePiBwE taon of
t he synt hesi ze afe i Ln th .coli cell Iine
ws svor ot od T ABEPREE STEA AL B SRR BAGRT Bl i S hp Y o
descri bed beloonNovAGkdn\irdtain ARS ayignanckidalh &al patisies r§dRAhihdAST an

i ndi cated above, the Novaferon gr otein shows sequence honol ogLy to
many menber s WBRUOREOYG r Ferele Pdefim abivaent fgat efitaphierie golepie. the

I nterfepon prpﬂ;@;ﬁ&@#%éﬂ%@ﬁﬁﬁfa%ﬁ*?a/r_h%l?@regi&%faQ?gCEIHbJEJNTe?‘“ (FIG 2).

Hul FN-a has been shown to have a w de range o Iological activities
including anti-viral, anti-proliferative, and i mmunonodul ati on
activities (J1@p92][ 000Vadh¥Nag polguptiiehadoieagaspdcovelahtitlofd @e wiiOMa@aiver on
woul d be expected to exhibit sim]|]ar biological functions as

Fi ul FNFa, i ndt Beirhgxapplesirgiude poly-pistitine (goly-pRker pofy Hisidinerslgipeof ¢ umor
proliferation Qlﬁm.gag«ags?!he A& hia YetroR Pepti Dand & dniB&y 11 Y844 @B). 1@ BGhyk Mune
syst em nodul a?l on. particul ar inportance is not only the retaining
of the Hul FNtag-ahd te 8FLIACT. 6B HRIG4 03 opd PE | testilmdies dibrsio (3 Ikenéhh Haped

pot ency .of these biolqgical.f ions, of th vaferon protein in
ompar 1 Son wiTTPEHENASEoris LR GRARHT daTr s CPREpETwReReDr |t s
functional prLRRRGE i eRg-ptPtee BB RLBAICRloRPEIME {8 PHd Bl T7 2ehe VO YREST ON
protein were thus determ ned using the classic and routine in vitro

assays desi gmerfide wgféd-ect the anti-viral and anti-proliferative
properties. As described in the experinental section below, the in

vivo potency of anti-proliferative properti of the Novaferon
protein was f{ﬁ)})(t)ﬂer OE%%?WHE’% gﬁsz%ﬁ'f gfﬁ%ﬁé’?@%@%‘dﬁ%‘ﬁ@“ﬁ'ﬂ%n cancer
types and copRaiRdbi hehtchll Fh&k pRScdRE kncdd td BoRd oEHEINAG il ANkd Cancer
agent in some experinments. [000113] Many suitabl e assays for

det er miZi ng tFRecxampie-wPlypesgdes bp 1qupbruySeP@amiad heid residues in length may be
produced on a commercially available peptide synthesizer model 433A (Applied
Biosystems, Inc., Foster City, CA US). Moreover, the longer chemically synthesized
peptides up to 120 residues are also commercially available, for example, from
Bio-synthesis, Inc. Lewisville, TX USA). Thus, as wili be readily appreciated, the
25 fuil-length mature Novaferon protein can be produced synthetically (for example, in

fragments which may then be connected together).

[00094)] Therefore, the Novaferon protein of the present invention (SEQ [D No:
2) includes all the protein and polypeptide preparations and constructs that have the
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5known in the art. The inventors enployed the in vitro cell-based
assay systens to determne the anti-viral and anti-proliferative
activities. The sane in vitro assays were used for all the procedures
and experi yss/ssehat ed to the present invention, whi derigacbidedziout
not limted to screening the human Type | interferon gene shuffling
|'i brary, selecting Novaferon fromthe expressed proteins of the human

Type | interferon gene 10shuffl.ing. | iLhr ,, and the deternm nation of
(he bi ol ogi MY Eeest gy BN Rl WSS SRSt ef n.
[ 000114] Ther ;i MEBPbtedSRAYSivdsRRprJIBRB YUY Enchit@I AN hinetd frabdid&l | Vi ti es
of the testing sanpl es/agents by observing the degree of resistance

of cells to wid/erdwseco®Bipant Pkndquepirdrn eropayotisiovekarsstis hhxvdispeeherused
for measuring the.anti-wiral acti.viti f.Hul F .St hei r hybrids.
They are. ol aceirrt i bbbl Bl bl A0S iokiE, 10

var i ous sas peGhamn@ifian/dells) Hepindiag b e BEts@@ploged it ORIadiheodagray f or
determ ning the inhibition of virus-induced cytopathic effects
neasur es t he rdycle mpteingefiherrassnt Bveniip MY he glyerselaiet grmop-eygrsipadhi c
effects on t t ) > M iR oR bEidid SR BOL :0f mbFl iddidS s@ssay
can be perfo?ﬁ%ﬁdéﬁ%dnoyg%?ﬁ?%&%ﬂ%\%&és%@(ég S, %g% %nggﬁgebgn Ovinazﬂdel ;ﬁused
for reconbi namtial hiolTEbHE urethionioerckitiuepin ouiakas:s as sicsutlo€haverbdrbdedt or

screening a | arge nber. of sanpl es. 00116] The ;i nhi bjtion aof virus
o hque 1 or matrisrsro gt SF! REPRGGI AR YT e R e
activitjees OfgdikbhiMoh Mifidtiss 4ol hindfa@PremdNQ &iﬁﬁﬁ%ﬁﬁ?’fﬁ&gﬂcﬁfmm any

pl aque-reduction assay are independent of t_he mul tiplicity of
i nfection. Miragisafter tiangdBBR0 s ledkperatiorells. (Wipk sigdetefronahpeihioning gn

measurable with high precisi.on. Using the ubiquitous vesicular
ot il o MOl MRy iR b RS BB TRIGHAE o

it coul d det grdraiyeridriRovar @bdehss Qi GERISpeRPRCINGe Ak of ik ¥m@b add to
particul ar reconbinant | FN by screening a nunber of cell lines from
di f ferent anihgh tigddtqraipalmargyoniedpoydenfyHekethi rd assay i s based on
the determ nation of the reduction of virus yield. Virus production

is measured, Qsyally during a single cell growmh cycle, by the anpunt
of virufé rel egg'os%%fo—nThis assay is particularly useful for testing the

anti-viral 5 activities of |IFN against viruses that do not cause

cytopat hi c efff@osis, Ormht Batentdaveiin alRbltdiahs B} BEESbiAnTv3E e vk |
cultures. In this test, however, the nultiplicity of infection
affects the apippkt effbe prRigeddaNymolspubasoEhi Brsentienselé. T rosh cellp swbigh are

concentratio %er?efticeh]'yzlékéix?e%)e&/transfected with the recombinant vectors, and to the production
of the Novaferon protein or fragments thereof by recombinant technigues. The vector
20 may be, for example, a plasmid, phage, viral or retroviral vector. Retroviral vectors may
be replication competent or replication defective, In the latter case, viral propagation
generally will occur only in complementing host cells. Examples describing in detail

the production of Novaferon are set forth below.

{00096] Preferred vectors for the expression of the Novaferon protein of the

25 present invention include, but are not limited to, vectors comprising cis-acting control
regions effective for expression in a host operatively linked to the polynucleotide to be
expressed. Appropriafe trans-acting factors are supplied either by the host, by a
complementing vector or by the vector itself upon introduction into the host,
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[ 000118] The anti-viral activities of Novaferon were neasured by a
standard cytopathic effect- inhibition assay using WSH cells and
vesicular stomatitis virus 10(VSV). Anti-viral activities were

det er m nedwandosg@lidpr at ed by usi ng the standard ref er eneaazanpdies of
VWHO i.nternational standards: 95/650 (rHul FN-a2a) and 94/ 786 (rHul FN-a
consensus). One unit of anti-viral activity is defined as the anount

of protein needed to achieve 50% inhibition of the cyt thi.c effects
of VSV on cul®?dd celhegucipg a‘ﬂg?&‘fe?‘ﬁé'gscfﬂﬁﬁdt'%@?se‘?}éq% ,On?sﬁ@i cl\fq'\?)i ty of

Novaf eron pr %ﬁ io@oﬁé@%vgy Bk A9 a#&‘lpl‘ijlté B motth HEBmbtsr AleHmedd afy f Ol d
greater than that of Hul FN-a2b. These tests denonstrate that the
anti-viral pmogee icidesquehcehopaflerfbindag ENgrrehiricspscani ivftiaiek dngxeanpar i son
to Hul FN-a2b. This [ncreased ency..agai nst .virus xhi ki t y
Novar er on pr s b EOFRESS L RGPS I it BT ehA R

_atnt I -Vikus Efpli)oi%@:{ itﬁtolnﬁRWA.\ﬁfbal:t&idﬂ p&mgﬁn hag@-ggdcr?j_ﬁoﬁ i!ﬁﬁiaﬂitﬁtrtgi(fe;_ vlﬂﬁch]tikjl FNs,

it is reasonable to expect a very broad 20anti-virus profile for
Novaf eron. | msuaoeipese piggimakto thediaed ef bhcadhig sragetse TR ranspdtiamt toward a

wi de range of._.vj.r [ i:nCk e M T US
bt ency of U RYRESy bRA Rt Al R Eeral O I E ARG Rk
ef fects or betifigion filkeSeqpatisicaeodihf ehislic patbwdyrehtyales sretidd pagichley

patients with various viral diseases. Ea(¥‘?000119] As expl ai ned above,

| FNs al so i nHpaiilPramsler sspeppsst e @pieHc i dromaiir B ers S5 A OB S t unor
ef f ect 5,0t hr 0ugh @i WalchBinks, Ach TGRS WBioseSRY BhRbe, bt Hddeh@s derived

anti -prlgl i felrﬁg%b@ﬁ“?ees@s ?iavce bée;den estaBSIei shed bey ussi d}]g csélelrw%ul ture
syst ens, and fameiospithetideggméstyadi as myptdpbanaPromotGe itbm pratdriopragamndyafsoi n

these assays can be neasured by countin Il nupbers. crystal violet
bi oassay (92583 Miararub s 6 FE oo nEdiepa e FEg ipe ™) Kb sy
i ncor por at i 0RQfiso L@AIOLAREKHE theNMCIr&AGrAEShyHAT 3 thd LML RR pkioRR Of
5-brono-2' -deoxyuridine (BrdU) in the DNA.ofmgroll erating cells
(98); use of seqences Birthgmosa bk baste(igromaty pan iNGEE retYpiheecHlPN
| ynphob]_ast oi udi. cell. l.ine .l v AR
5anti-p?o|if %QE&nggg %%anfﬁﬁﬂﬁENﬁgymgﬁgﬁ%%§”§¥%§Fﬁ$?ﬁAsuspension
cul tures facipblyhat&Sind heiaguamnktiiftos.atht pRfcatd babsricebhotarsimbiedeSbu 261) .
This cell line has been used for neasuring the anti-proliferation
activity of MEPUINERIE: Era” bt Pdéed B largmipmplesy e (4 o) T7 pegnppiers. dhg |
lines are al §EHer QL b ERPRIBL bR ARG RE QL hbgk@l i on activity of a
testing agen?ﬁ“FOdgefii%ﬁe anf?-%rofiferat%@%bactivities of Novaf eron
protein were observed in 10vivo by observing the inhibition of the
tunor mass grnobdy by Nonaafoet pomaithinie atuaadctigidn iniiagdng Eibn, Maitelss Wit h
various human tunor xenografts. The in vivo anti-tumr effects of
Novaf erdn vvaé‘S‘E‘B}‘rﬁ'é‘ieéﬂr ofimahto ke S @bihe &Qﬁiﬂ‘giSFﬂ"§‘8ﬁé‘“9(%%E°rt_§’f‘t“SWﬂHel s,
wi th chem Cal{oc%ﬁ& bs-SO40mY pa@rg&,p}up@&a I the th QOISR AR AERE FThOBLA N
detail below, the inventors found that the in vitro
15ant i - pr ol i fhex attiovght welireor RNy polfymidasedfte bagm Rie asthesdtht ty cansitinge. A
standard Daudi cel,| nethod .

mammalian promoter also contains an upstream promoter element (enhancer element),

typically located within 100 to 200 base pairs upstream of the TATA box. An upstream

25 promater element determines the rate at which transcription is initiated and can act in

either orientation. Of particular use as mammalian promoters are the promoters from

mamimalian viral genes, since the viral genes are often highly expressed and have a

broad host range. Examples include the SV44 early promoter, mouse mammary tumor

virus LTR promoter. Preferred animal cell promoters include, but are not limited to,
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was 400-fold nore potent than natural Hul FN- a2b, which exhibits
probably the nost potent anti-proliferative activities anong all
natural Hul FNs. The increased anti-proliferative potency of Novaferon
was broad qdessnisyes sal, as it exhibited nore potent ecreabancads

i nhi bition, than natural Hul FN-a2b, of all the human cancer cell
20lines the inventors tested invitro. This indicates that the potent
i nhi bition of hunman caﬂcer vaf eroE i S not sel gﬁliégv Al t hough
the extent ofdpdrgmpg étéﬂmﬁ‘ﬂte ?5?"6?’?“[" ¥ YESPEME 209 1Pg S Vroih aI I
the tested tWpRS: Blowl WOBRGAREREteS Slikblk [0S reda k8 the NPV BfRIiRR has the
potential to be a broad anti-cancer agent in clinical setting. This
is a signifi @ahtprcard;\rta,nhfafg@gmpetfacwhé@MEFWMWWGWH%@W@W

nonocl onal ti bodi es 50th get.specific a ncer, agents.
1000323] The- kg aruree: 1k sy e DT deRTliefin a3R5 R,

further sest alpfrk s buch Bahose of t{\é—keusﬂ’i@)rﬂamrw (‘YRIS\a'l)lthef@feﬂ bﬂoh@!’eﬂsieq&ﬁceef fects
of Novaferon were greatly enhanced or nore potent in conparison to
natural Hul FRergamession in yeast inglyde thejadueiflejAld/ 14 mEamofss diei prostoss BN ef f ect s
of Novaf eron, r S est ed

chemi cal agen C%O%Hgé?‘i}oéeg%ytg%?%g’(@ W%’ﬁugﬁé%g)gos ﬂ@%‘%‘%ﬁ‘é t nodel .

(3). Novafer gncwaehadﬂ-ﬁpﬁoqahaeheteﬁmg@verhegﬂ%ahmhﬁdmmfrm:mknfasecancer
growth in the xenograft nodels, but did not ce wei ght |oss,
activity changBesPhiedy rgmEse AuRtG Knases i dh eé‘FQ@E‘ESE hafase $°A% ¢ r eat ed

ani mal s, which was in sharp contrast to the significant weight |oss
and actjvity ctio -anj ese
resul ts i ndl %@gdjt hat @%Ahes foﬂsméi ng?iglﬁtoe F’ﬁg{??\%ggéﬁ]??”)[l?%q%ﬁe}% ‘gl ve 15
properties ofmoNoviétsionarkere Sgheattey nen basndede fowmnhﬁcatln:goxtﬂe: vaabmr al

Fl ul FN-u2b. The increased anti-proliferative ncy of Novaferon is

transl ated i M ¥randditigpal markes ety purmotio sy this egﬁ rt‘herfx[’rﬁ??ﬁf‘ VE§FBM h i n
a nouse ani teféttt@f‘donmmﬁe drfofe shIBIULRI hdHQP e 88H Brotifle MMEAOL BRIt R 0adl Y

to all the types of human cancers tested and better than the classic
chemi cal ant itheceletion ofa@emnsfecfﬁlﬁlhbst Wdﬂeseltopéemse skilgpd gohd andiit epcegnizhat  t he
pot ent | nhi bition 200f ca Novaferon is ve err%/

et 16w A SPAEaReals s PROR s B FRush Sy

supported by pa@rsaRSREMadkpIQ bmpieiN HRAmERthAGcIF0 ATeH G hygt&wctaehaw or
and no weight loss in Novaferon-treated ani mals. Novaferon thus has

t he pot ent i alHY@) westice gengy for eytunipgjinf.icol angrothisUbpatirissaYreereectdblb00125] | n

a _preferred %{m}egh ?%EBE?%{ ﬁbrﬂ%g?tﬁzp?r nf L&bavlméﬁ%x%‘t%s%%aé

25Novaf eron protein r'econbi nan ce})mol 0gi es
using the poIuylﬁua@.y@m&hedﬁorsﬁqmmpmmﬁsfé&@gdna Wilich cbnfars recibiaite eald1y;
synt hesi zed, could be applied to the treatnent and/or prevention of

any andfor alnd b CUR beepty HeE AUitt YEHHe 8108 161 RGHATT obpapgriongrAnimal
non- human- or i.gj. g&iectgﬂe En‘dﬁ@ﬂﬁcl@d@%h%roﬂ%& LHAERR (BRPRY L8, ncbRESIR (T S,

for example, inclu ut are not 'limted to, osteogenic Sarcong,
mul tiple or hygromycin (HYG) resistance genes.

[000100] Further, vectors for propagation and expression commoniy contain one
or more sites for transcription initiation, termination and, in the transcribed region, a
25 ribosome binding site for translation. The coding portion of the transcripts expressed by
the constructs preferably includes a translation initiating codon at the beginning and a
termination codon (UAA, UGA or UAG) appropriately positioned at the end of the

DNA sequence to be translated. Selection of promoters, terminators, selectable markers,
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30nyel oma; Hodgki n's di sease; nodul ar, poorly differentiated

| ynphoma; acute | ynphocytic | eukem a; acute nyeloid | eukem a; breast
carci noma; nel anoma; papilloma; and nasopharyngeal carcinoma, col on
cancer, |iwerwoeaRess and nel anoma. [ 000126] I n anot her perhadiomentas t he
conplete or partial nolecule (s) of Novaferon protein (SEQ ID No:

2), made by reconbinant t echnol ogi es usi ng polynucleotide sequence of

SEQ | D No: m cally synt hesi could be a dtfot

t r eat ment and’f"iﬁ s ?5’?8(?8’%&“1' At "Eﬁ‘if WBV‘BPEWIW@F’{ ﬁﬁgve{ﬂ?f"&fna% g‘gas es
in humans angy @k af Qn WIRBIeABRC ERescrib ARl 8 Rer e Erﬂl%resd%%%iéttﬂrQJgﬁ viral
infections include, but 5 are not limted to, viral

encephalonyo@@nmmtnbwpmnﬁluenza and other respiratory tract viral
i nfections, rabies and other viral zoonoses, and arbovirus

i nfections, h es Ssi | ex keratjtis, ,acute he agi c

bon omeet ot Moot ; 23ne BI05Re pTR 4R onRarIY haisRoiy e ekt o

bird flu, hungdi,ihipesee mgz@mm& iR NAELRIBo Shddhai éﬂng@n )prQQ;Lg?] In
S

anot her enbodi nent, the conplete or partial nol ecule
JONovaf eron ﬁm@ﬁmn(@@th fiom Qidgen; npRfevebiprsy Reganiphentorst Blodsarint ogi es

f
usi ng pol ynugle Ot' Egﬁe IegN 1&§EQH?QA§qnSﬁ?a%ﬂ%fﬁpk%Q%VentIOn of

synt hesi zed, cou rea

any and/ or alpkmh 3, fpﬁmmm MORSYS IRITE FOMPhathadlh. AQoHEHSeirdll JARHIRIAS .
Exanpl es of the inmmune disorders include but are not limted to

rheumati c ar tVB§9re #18 pChygptors fow Pseneas. osPNA vesis Gnp biviEazes. BYErdne
di abet eg, Thg,o%;‘éﬁ\'%%fn & o%%Tﬁta&gf}gba&%gfx%sﬁe’%hdgﬁdan%s reyenting

graft vs. rejectio I'd "anot nent t he
conpl ete or [Pasrivacid. Thesk egtolrearq Iss)ed@aﬁielmes/aﬁnaplmoﬁexﬁmmara:b t(.aSE@myl D No 2),

made by reconbi nant technol ogi es using pol ynucl eoti de se uence of SEQ
ID No: 1 or CRBR'EANYqyailah F‘?ﬁ‘ﬁ welbiggwn 8‘?9Eﬂ”cﬁf%3é/algiﬁblt? faere bkt ‘h‘é”{era’éat ment

and/ or preventiyQiy, tf%roaﬁbubmmhwmE;otelmgcnoeeaxn APRHeQRt iRlehi by t he
10angi ogenesi s di seases. Exanpl e of the angi ogenesis di seases |nclude

but are not Igendit/edonttonahiendimgs.onas, tunor-i nduced neovascul at ure,
age-rel ated nacul ar degeneration and di abetic retinopathy.

[000129 The rotein ne,.or t oget her th any ot her
prote|n§/carﬁ?éﬁ£iate} F@“@FkB?#%W°@8ﬁ§fW @f?g“ﬁé VBRORBRYIAT st er ed
to humans angeks iQR T BRI s%0S BRGIsESiflc BxRAYioPNA HIBEBLEIE E§beson or
acceptabl e preparations/formulations in any adninistration/delivery

pat hways/ met lseitessiomprilcin cerrrés thirbs ofngtls @mey roboth |ﬂmqlbééthnﬂ celkdpecifon: al
i nt ake, |nhalaﬁwﬁvpéwﬂg&gggwmlg@géﬁggﬁ%g%égﬁgk% ﬁge |n%Eavenous

|ntranUSCU|ar eS| ona
2008/ 1547 19PCpr&sABOE T 1r&H kAR Bactors that are easy to manipulate, such as temperature and

20 nutrient additives. A variety of vectors suitable for this application, including
constitutive and inducible expression vectors for use in prokaryotic and eukaryotic

hosts, are well known and employed routinely by those of skill in the art.

[000103] The vector containing the DNA sequence disclosed in SEQ ID No: 1, for
instance, as well as an appropriate promoter, and other appropriate control sequences,
25 may be introduced , using a variety of art-known techniques, into an appropriate host
cell suitable for the expression of a desired protein. Representatives of such suitable
hosts include bacterial cells, such as E. coli, Bacillus subtilis, Streptomyces cells; yeast
cells, such as Pichia pastoris cells; insect cells, such as Drosophila S2 and Spodoptera
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[ 000130] Phar maceuti cal preparations/formnul ati ons contai ning the
Novaferon protein as the active ingredient could be nmade by

i ncorporating an appropriate solid or liquid carrier, in the forns of
i quid, solighoseiesolid, and/ or any other clinicall waageeptzablies
forms, such as tablets, pills, powders, liquid solutions or

suspensi ons, 5Li posones, suppositories, injectable, and infusible

sol utions. The Novaferon-containing preparatjons/forpulations coul d
be made by uSPagistinenediayels Fishal C‘%%?M‘S‘?%?“#Z%“éﬁ”&@?*sﬁ’éf‘ﬁ%‘é‘s t hat
are descri be\g it o%}cg &idn c%strgﬁbpa% il %0@&%%@5@9%“1%@5@&@, h of

phar maceut i cal" 7 ndu Ery. e vaf er on- cont ai ni ng )

pr epar at i onstt difdibtihdBelssed Duhabrate mvigomtderddy selpsi agstigexpressing

non- conventi onal nethods, termlglﬁ\t. have not been 10described in
the art nor Uedgvaigonmechrsrast Srb T Adustry. [000131] For

i nstance, parenteral formulations are usually injectable fluids that
consi st ; of t@ﬁofbﬂfir ”aﬁ&'tjéélll%@?]nlb)! %&a@?%&ln@ér&gbﬁ% daccept abl e
materials su as  water, physi olgogl cal saline, other bal anced salt
sol utions, afuesus-cexdirogebnuddoyide pol expressdNoviferompidictny offhe rrepent
injectable fluids could al sp contain, in,addit.ion vaf eron
protein, 15ofHeronFst 'B?t?i@e’}so"%fg?‘?'?'g?‘g?g %Oggﬁg?éd%lﬁnﬁgﬁe @E?dﬁmmalﬁ%um n or
pl asma prepagat ko gsing BRe&nBRRTBRGRLIF GasfeBion P BlicAlnetiaay drodesatibat inons  may
al so contain mnor anpbunts of non-toxic auxiliary substances, such as
wetting or emahsitfngird ipbergrentreanugy eush psihese disgissed AYKpesefPer i ng agent s
(for exanple_sodium acetate or, rbitan. i s of

f or mul dfi on ﬁiégﬁﬂ"?“cﬂ{ﬁ%ﬁ%&"HCI?Oﬁgesénra %glrrf %?Aedﬂ%}q%%%éleo ,&P@"rﬂ exanpl e,
i N 20Reni ngt @fer phRueLERCRicRRBer BolgaicicaRieohayRivantrelayd inBérandzout i cal
Sci ences(75). [000132] The particul ar Novaferon pr ot eil n .

prepar at i ons/bé-owmiHeet drarEdystiiointy &vith the MowtragensyingROVPRYRHTR d

clinical appl,catio rr adm ni stration nmethods, and coul d be
made by any glr?gloss? fnﬁ%eg iné)'t]he art using known techniques. For
instance, in addition to injectable fluids, topical and oral

formul ati ons [ganoshe empdcytsl, NFefiraaénc@fppeparcatiidnsf teanvetivolmale but
are not limted to eye drops, ointnments, and sprays. Oral

f or mul a5i ons b ﬁ@ﬂSf?é‘ég/ igtathogtrcellsripaethps WibsEPaaly W@@“ﬁ%’?‘%ﬁnﬁ‘%'ﬁgiaqui d

(e.9., Syrups,.solutl@nf,of. r%%&%ﬂ%h RRYtion OF thS Mhikek ik RabmaliaR QUHET S,
pills, tablet's, or capsu esﬁ. or solid preparation/fornmnul ati ons,
convent i onal Aemeiek] the Sotafaorcacydingmpslynurthbtidte mpybe iagoeporitsd intp f it ed to
t he pharnmaceuti cal grades of mannitol, | ose, starch,.or magnesi um
stearate. Act'GHP cpHYBiay e esially HP%F"'%‘E%@%T“?‘F&% fﬁrgm? (8&e

preparati ons@r@%mgﬁ]it%ﬂ%;g_ known, or will be apparent. to those
skilled in the aft (75). [000133] The pharnmaceutically acceptabl e
preparations/fornul ati ons of the Novaferon protein can be

adm ni sfor at edotoood)unarse aniheard nsrvelmasiecsd edth dw vegoracapginingttye of ways
that include but are not limted.to, orall . .Subcut n%PIHl%ieminr}]gdgaavenous,
intranasal, tYAAERBRTACIING RRIYIGIEHTIE SRS PNt S TECR R

i ntrapul nonar ;. NagisB Hodifit EHkdhicaiiPlor &dﬁws&a@FMlnafers,dseiei::m@mynsfoammd n the
treatnment of wounds, directly applied locally. [000134] The

concent r at i onsAapiifying S ofeet graes\oviifies endigensseh as fepperpiwe, pH, etc. are
ggrooe/op(a\s\g;[ bﬁ? /Sa/djfu(s)tgmld%\tjiltaglg?m@e%eigggdyhogtrcamtg &pFegs tl:l‘e Qoﬂ@toﬁrprow&(?ﬁe >0 to

23 present invention,

[000107] Suitable secretion signals may be incorporated and co-expressed with

the Novaferon protein for promoting the secretion of the translated protein polypeptide
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wei ght) depending on the clinical practice. The exact doses,

adm nistration intervals, and the duration of treatnment of each
and/or all of the Novaferon preparations/formulations wll be

det er mi nedwywedismiical trials, disease conditions, patdcartiazetadus and
health care providers. In a preferred enbodi nent, due to the protein
15degradation system c versus |ocalized delivery, and rate of new

pr ot ease synthesi as |1, as the a nera heal t h,
sex, diet, tiMa! 8?” GGl ';QE &p "[‘Sf“écrfemd&‘ﬂ‘gm E‘j‘)e/?eé‘BngP)'ﬁSpé%uo fqlﬁa Severity
of the condl teh@Reiu® Envico@lintiSt ment s to the Novaferon admi nistration

including but being not limted to the individual and/or total doses,
adm nistration intervals, the duration of treatnent, and necessary

courses of trhedfigent, 20may be necessary, and will be ascertainable
wi th routine experi msntati on by those skilled in the art. [000135]In
a preferred embodi ment incirculation half-Iife of Novaferon

protein af t ed"%9408] st"‘rsa‘ﬁbﬁ’ﬁ‘oi‘(ﬁel{tﬁ@ ihyelselasiedfpnianePsn of hon- human
speci es scan Qg,akd.8hGkne H;Bt‘é‘madebé‘xﬁﬂgfad ﬂ@&t&r@%t%rgg%otéﬁﬁx not limted

to the extensmn or shortenin Novaferon's halt-li1fe in vivo.
The ext ensi orrowsfdetatien d¢fthes owmdmrasb fsudhiaf e pfodtctien dowattetherto prabtupi N can

be achi eved in.various. ways, which i | ude limted to:
(D)~ Comp ex Falbaie PReHE kst sy esiiope shiteabitestRret bomGel onal
38 anti body.ihSheh paip R BORYh Qs Chrdhef BleaBd, YnCRORREHode Yvith iR
Novaferon protein at sites that do not materi al | y inmpair its

t her apeutic fqnwml|ez<1n§51()r1@Bymed(ﬂze)targ@a@ie@hwwmne‘&li bfic aNdysad Brda Wit h
?ng& F{gogfIhgas/dgé}ok{gﬁﬁstfrﬁglpmte%}'\?%aceg lme exgﬁssmsg heq?rgea} 5ropem 1S g gggv?t{nlﬁlanant 'y
const ant r egingdiugfcodt@iningNarROgheihisNFdrbpimdl §R4)h of the cells and/rbptimal

Conj ugation of Novaferon protein. For exanple, Novaferon protein can

be 10conj ugateseiesicn Af thoAsslmraige ﬁ?r&ub%ﬂeeiﬁ@r@nd'%qfé Are ded oinduse e | ene
glycol or r els@lE&Qe H%M%K}Qo%%tﬁlv%ﬁﬁ (Prle CERIA%E Biee gmgta#gﬁ[)roti: %Q%QQ‘BG] In

anot her preferred e ment er apeut| conmpouna cou
conj ugat ed toraaaﬁeoamvedut@dlj;zheposﬁt@lnabdeypramoamuemmm thia cipmeti edla

anti bod The 15 therapeuti onpound may_be, a t ot oxi ¢ agent. In
this mefhod, ¥HEVEYH d{ﬂﬁt&émé ‘é?rt“é’ “ﬁ@%/byb“én%lg‘lg@@f‘eﬁx ¢ gt &ehi ndi ng of
t he conj ugat %w@ﬁ@i'c&%@)’e Hr&em%vﬁiyﬁéa@& cﬂaﬁt@'ﬂ‘rﬂe%; anl ShelhiREed bisgsue or
cells, thereby destroying and the reducing the nunber of afflicted

cells to achieéWtSr‘éid@mOhteh ﬂ@fsmm@@rtargvmmre r@yradtfoxinthengent s
i ncl ude, but ar

) X C a
fragments of pé'ﬂ%% ?no‘))? ihﬁ & mttem ﬁgdts U\ctglﬂ’se d‘%gﬁ‘? Mlnﬂ”? %lté and
t hei r correspmndt Bg afe ma:gmaaa ® fﬂeé]z@hﬁéd&ydin@,tsﬂﬂ&duan,Aﬂﬂ@fﬂﬁibﬂ dis@p@hQX¥i N

20 use of cell lysing agents. Such methods are well known to those skilled in the art.

[000109] The inventors used the bacteria, £. coli, as the host cell for the
expression of recombinant Novaferon protein. As described below, K. coli. was
transfected with the vector that contained the Novaferon-encoding polynucleotide

sequence, and one strain of £, cofi. that had the optimal expression of the Novaferon

[
Lh

protein was selected for the production of Novaferon protein. Once synthesized, the

protein may be retained in the cytoplasm as insoluble granules, or may be secreted into
the cytoplasm in soluble form. In the former case, the granules are recovered after the
tysis of the cell bodies, and denatured using, for example, guanidine isothiocyanate or
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A chain, ricin A chain, abrin A chain, curcin, crotin, phenomycin,
enonycin and the like. [000137]1n a preferred enbodi nent, the full

| engt h sequence, partial sequences, and/or regul atory sequence of the
Novaf er on groodogisfasgucodi ng pol ynucl eotide 25 sequencecica@orbriNg: 1)
can be used in gene therapy-related adm ni stration by anyone skilled
in the art. The antisense application, based on the Novaferon

protei n-encodi ng  pol ynuc tide S uence al.so be
used either a¥agHife %(&érfgé’gg’ (ji’“a@!‘re 8'?"?"%%?%’8 %?f‘lpf)ohe']‘ﬁ%hS“ ahr‘f’é "denorme)
or as anti Se QiR BR ATt PR witBScWkild diRR seRBIRS baliadsidyahhigse skilled
in the art, 30[000138]1n gene therapy applications, genes are

i ntroduced i ﬁt)lglezﬂelIf brsa arg agembiation phyedye Wﬁ?@d@%ﬁ#ﬁhﬁ@m@s Bflowsdyt ar get

protei ns_enoofsd il eSG 28155 (FROVIRGL AR SNEORLARY gl oves

t he sustaine erap sutic e etr REnt of r epeat ed

adm ni stsrat i o&ooa‘recawttmif@pautﬂfﬁa{ tlhypeefbfaemt bpace iDMIA saltibladiAIncEnalt he
ot her hand, antisense RNAs and DNAs can al so be used as therapeutic
agents for blfe@kitryingibe dxprtios of hahasrestedsetlni By ayaiding thedengfugieg anflt  has

al ready been SRAME hbluSRE Lol HUNSERRE pRIHA0RN Gh La%)ﬁéo&fﬁﬂzogm] -

delivered into ¢ ere they act as rtors

a preferred ewfadidrenis-foldtieprilomvafolecdes. pr ot ei n- encodi ng pol ynucl eoti de
sequence (SEQ I D No: 1) i n full length or partial length, can be
used as DNA vacci nes. ked DNA vaccines _are generally known in the

art (110). MEOGROHY £ orthe REEnMELPICARA B 180 BT REIONB AT SPBFZEhCodi ng
gene (SF)Q | DMafel%)l rofew }Jr?_lciuo gﬁ ﬁﬁe@%oﬁ@élh?r@lwag %@tgfeﬁ'mtcﬂﬁe Q%Hayrﬁcm nes

are well known to ohe wit I nary skil he art 101 ncl ude
but are not [ihisipogign tves théngorifigh 4 HesciNey béler.on gene or portl on of the
Novaferon gene under the control of a promoter for the expression of

the full length or partial |length of the Novaferon protein in humans
and/ or non- hu%%é@ﬁé@%ﬁgﬁés [ 000140] The fol | owi ng exanpl es
serve to nore fully describe the manner of | 5using the above

descri bed i n Eor hgar ] a3 :r}ﬁﬁlatjed ?D%vé %e%&afojr ep;nnet];: g}%»\gﬁgﬁen%%ﬁglogynm 't

cont enpl at ed ying out various asp I nventl
under st ood t hedny trebses cEXiampér&som ﬂimmom\myiasae tonge n@rfbrbiprbtei lnenstated e
scope of this invention, but are presented for illustrative

pur poses. Al 1Y sl SN flé‘dF'f?e%thﬂF%ﬁéa%asm%%‘@@hﬁ‘fﬁemdﬁ&ﬂ&@t% by

reference in gidigidal zf%{?@;hés%}{rdmé(gﬁ{(@iﬁlp|aﬁ‘n~3mm%’ AUl @i  human
| FN-ct genes from human | eukocyte cDNAs | 0141] Total nRNA was

extracted frcoutivitestl®).peri pheral bl ood Ieukocyt es. Preparati on of
cDNA was preforned usi ng Advant ageTm RT-for-PCR Kit (d ontech.

Mount ai n Vi evt/p g@d %M?‘ \ é@jfhes:% pfrrl megu (b)el éx e%teg‘tl;w)
accor di ng to [tHel4s =l E‘f’ §)5° MNP FER e P
exhibit similar biological functions as HulFN-a, inctuding but not limiting to, the
20 inhibition of tumor proliferation, anti-viral activities, NK cell activation, and immune
systemn modulation. Of particular importance is not only the retaining of the
HulFN-e-like functional properties but also the enhanced potency of these biclogical
functions of the Novaferon protein in comparison with HulFN-a. To verify and
determine the potency of its functional properties, the biological activities of
25 Novaferon protein were thus determined using the classic and routine in vitro assays
designed to detect the anti-viral and anti-proliferative properties. As described in the

experimental section below, the in vivo potency of anti-proliferative properties of the
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[ 000142] Anplification of human I FN- a cDNAs was done by PCR
technology on a MJ PTC thernmal cycler, using the follow ng
conditions: 2.5 gl 10x pfic anplification buffer (Ilnvitrogen,

Car | sbad, Ay 200895479 75 Al 10 nM dNTPs, 0.5 gl 25 nV MpS@ta20.78&015
Pl ati'num pfi: DNA Pol ynerase (2.5 WM Invitrogen, Carlsbad, CA US),
0.75 pl cDNA, 0.75 gl 5 prinmer (10 gM 1FNa05: 5'- TGGTGCTCAGCT

5( Al G) CAAGTC- (SEQ | D No: 3) mi xt 1.7 gM each:
| FNa03-1; 5' Nﬂmpﬂ%iﬂwf?éﬁ@%&f vey A@@K@) ‘{‘%‘2 &ape ’“&‘5 ca“?ef—'NaOS 2:
S' - AATCATTT 3_ (3 BufREQs Wl Nao §Qhemlicgmg:éal§er agent in some

5 - AATCATTT TGl CAG 3-(SEQ I D No:6); |FNa0O3

5' - AATCATTTCAA@ATEGAGCCCAG 3' (SEQ I D No:7); 101FNa03 5:

5' - AATGATTTTCATGITGAACCAG- 3. (SEQ I D No: 8); | FNa03-6:

5' - AATCATTT( ¢/ Q) (. G) ATGTTGAACCAG No: 1 e
ATCAT FI CCA(T@I‘}? TG)AP:E-a@*%‘“ S ﬁ%b’g“’tefﬁ ‘“gf‘*ﬁﬁféﬁzo‘“eéo}:mpﬁm well

5' - GAGTOGT T TR GT FERATHRGH 31 6SERp LN i 1 clIROARIITRAAPLS 11 ed PCR
products were el ectrophoresed on a 1.0% agarose gel, excised,
gel - puri fi ed detamdnevierastieird raecﬂantlmr@fqym bct"ﬁ@E!OTbﬁrsalp)mvmWEJ WRsEt or

(I'nvitrogen, n emauatur

r econmrendat i 6‘% for&ﬁ?hgﬁﬁ%d’mg%%f éimﬁats\‘}\efgaéedg%%? Fre?:fnou‘fenon 3 }SIX’I sm
Ready Reacti qitiidyeoul i Minfiddtth @PeehihXthORundn THARI inditermatedhaanyenagr ( PE
Appl i ed Biosystens, CA, US). 20 [000144] Since no desired inserts for
the | FNa6 | PrlecringNevafermatog thoreipireed puBneldls wawe TyrsU AerferpnaBisy o

cl ones, k ns with the
excepti oon of ° igg gb%e}g%ﬁ 4 %gd%qﬁ%%sl f}gﬁ{e bl l(‘:"lglft?i ?‘X‘g‘é"ggm ﬁgdéée)ltl on of

| FNa6, 5' andec8mb1pm ma&rcvtafrnﬂeniFNaOS 5'- TGGT GCT CAGCT

25( A/ G CAAGTC-3' (SEQ I D No: 3), and 1FNa0O3-8:

5' - GAGTCGITTCTGIGITGGATCAG 3' (SEQ I D No: 11) respectively. For

speci fi c anplP40il it i omhess arg Epgy Assayy thay pepsge thﬁ?‘i‘h‘éfaéac\‘/!/é‘F‘%“ﬂ}flihRﬁ?‘ﬂo 5. -
ATGCCCCTGE m x of

| FNaO3- 5 a%?ﬁ\é@ge%%%%%@?g v%%mﬁ%r %%%Eg??gb ‘g'rqup |%| cgft%lgon of

| FNal1l6, 5' andn@pal 30psayitensbadsedd meshrﬁi‘ga%m}—am adtivN@OFHOIFN and

5' - GATCALTTCCATA TGAATGAG 3' (S I D No: lified
fragments werrdyyiedienes CB‘EEFQE S ASEORES | %QFQL%S?% B‘Eéé'?e "gﬁ e

sequenced as ,gROVErvimi GAQRd=a] Ak, cl oned Type | human | FN-al pha genes
were individually aligned wth those DNA sequences in Genebank. The

GeneBank nucl eoti de accessi on nunbers for these genes referenced
herein are: NM0024013([hddkaa fdr)dplexhiNAhlﬂg)l@ﬁﬁlﬁib(tiblFN'-véer)nducNM:)@liﬁﬁ@4

(1 FN-a4), 10505 (| ab M 00833 | FN- a6), NM 008334
(1FN-a7), ng %Snﬂ}ada%sg °fRWF‘6‘6‘23 fus('ﬁvﬁtm?%{m%cyt%%ﬁé%f?@“ the

(I FN-al4), 1QNMr&Q813s7§th(pLé:tlr\lra%4e§9 of uNMTQ% ?ﬁ%@&aﬁ Lfﬂ&fﬁéﬁe}i in SMQHaded S

(I FN-a2l1). anple 2. Construction of shuffling libraries of Type |
Hul FN- P@ar i nQS‘bJ aa@hascﬁsenl’ﬁ@m@idm} fﬁwrﬁmasttﬁt\hfa‘ﬂ -a pinggsinpragddseainipleg t he

coding sequen eehogl}'or %)Crl]'(%ﬂlcl)lg a Iiarge nquBer ol’ samples.

[000116] The inhibition of virus plague formation is another method of
quantifying the anti-viral activities of HulFN in tissue cultures. The results of a
plaque-reduction assay are independent of the multiplicity of infection. Moreover, a

25 50% reduction in plaque formation is measurable with high precision. Using the
ubiquitous vesicular stomatitis virus (VSV) to induce the plaque formation, for instance,

it could determine the profile of cross-species activity of a particular recombinant [FN
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human 1FN-as, 15 pairs of oligonucleotides, with Barn!-!! and EcoRl
restriction sites, were synthesized (Genentech, South San Franci sco,
CA, US), based on the individual cDNA coding region for mature human
Type | | FNyir@és@isige The GeneBank nucl eoti de accessi orpchixbensohsr

t hese proteins referenced herein are: NM 024013(IFN-al), 20NM 000605
(IFN- a2), NM 010504 (IFN- a4), NM 010505 (I FN- a5), NM 008335 (I FN-
a6), NM 008334 (IFN- a7), NM 008336 (IFN- a8), NM 002171 (1FN-

NM 002172 (| PN:*C"?P!&%anweoefﬁ%“emﬁmd‘%fesam pE232468- (1FN- al7),

NI V1_002175 (I FN a21). The prinmers and plasmids constructed in
Exanple | as ate andar (y

resul ting pr(gép%m}’é \Ne?%wgng&ésv 3gbv?akf’{ahﬂé%ﬁdestrlag%rr§§wen onolﬂlcrggxsses
(REs) BanH a,m:tﬂ Eﬁmﬂiromdoznk meEBored, mtuall)t heingz sieghd deli @ropitiessiedry theect or

pBVB, which is a deriva [ essi on 86
cont ai ni ng a 2BEFHE rusy eéseg SETIEES '“g‘iﬂé’é’S‘i‘ﬁ ‘?’t‘?t"ﬁﬁ}g"tflg’ﬁ?)gaicl oni ng

region. sTheS%cemtre@bnmag%wswu&swc% nadolmsy%rr dphinRerllys, DN REQUSME S
anal ysis (PE Applied Biosystens, US). 147] DNA fragnents

cont ai ni ng huyimwes ENGRE qwipgs. érnqblsmsi wew tRCRudlicityifi infectian &kt of

BVRS: 5" - ToACKCRREP AL BRI IORLe) § DRGSR 09 Vi ng. Type

| Hul FN-bearing plasm ds constructed previously. The resulti ng

products ver goggh %§d | Pk R 81 198U ReR Gl B8 ddQy NASRA
di gestion and PCR 5assenbly according to the pr ocedure descrl bed by

St enmer ( 11 zrﬁOPm&a} higitign %msmd WglReqdls etfue siculapsiomatitiy viriser

arrplifl r.of inn rs. BVE:
aorartre 3 PeBRN kA ESs St FalRine BMT el FEE G et s 1
No: 16) . fol Irérevesste BympRa ol Haighe meiRhi sthidges16s 0 pHAFN-ehone dd/pack into

the E. coIi eﬁﬁresm on vector pBVB cleaved with REs BanH and EcoRl.
These final EGHEN-¢esengs) Onglupit glanfivird getiyily Pidpfined auibheovattdl ysi s.

The pl asm d- Bear| 0940 {<;He€eclis5 Ohfgl}hl ﬁo%%?@pa%fﬁfe%@ﬁ@i\%{%ﬂ%ﬁe&‘to E.

coli DH5a conpetent ce I'n a procedur es above
ei ther PCR anrgplsi As dea.trnﬂmfﬁnﬁerP&lﬁvalesimynydve@mh@rothI\Wasmﬂx/l@r ase (New

Engl and Biol ah, MA. US) t fid DNA pol
ssed. | Btanpl aUe SEBR A& HE ST gl DHEM e Do {ouD150] Fr eshi v

transformed Qem&GRlrke e tl%'e'iﬁnQﬁil|p$0p¥\‘ﬁ£s%f916x%‘ﬁ4?on%¥@ér%9'@?&haﬁ’d@d an LB plate
at 37C. Single colonies were individually picked up and inoculated in

100 pl of LBcnlenhnmt@HntFaTraibn@h@@lmpgsed potekeyofgaiastpingt ¢xhibried by 96- wel |

pl at es. wer e _shaken at 250 t. 30C. Aft cul tured
vt ant . 5 Bl ey ks B o L n e P f TR 0 ot o0
into 100 pl  @fvw kBhufesh Ba3eE OMthahdird 8f FROFNRYit isias@bbl@iBRisdcd d Ve bhdad
96-wel | plates. The original plates (so called stock plates) were

tenpor &0 |y $pioriey pefileder Nopatsropeln agothey wards! Yvefered S'}S*'@tbeyowmﬂ@mgr own
at 30C unti | tchl’-'?lgp OWBQ %ﬁ&e%grrlégesatﬂﬂl f ?Hsllﬂﬁg 'f“ angagi%d 91¥t| Vi n.BoteAr%gf ?:} to

4- hour's heat ctl on
-80C freezer ofEﬁvaSetrcalrcbulage frdnelated DiEdRHdr BRAViRY Eff@ts oAfJénesrthéEa;ﬁwhl es of

effects in clinical setting for patients with various viral diseases.

[000119] As explained above, IFNs also inhibit cell proliferation and exhibit

25 potent anti-tumor effects through a variety of mechanisms. Several in vitro
anti-proliferation tests have been established by using celi culture systems, and are well
described in the art. Cell proliferation in these assays can be measured by counting cell
numbers; crystal violet bioassay (92, 93); chemosensitivity to neutral red dye {94--96);
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30frozen-thaw, the bacteria suspension/lysate was diluted to a
desired concentration and exposed onto Daudi cell culture for an
anti-proliferation test (101) or Wsh cell culture for an anti-viral
test (113)wol 0825513 n each round of screening steps, r2@Aad70aknni es
were primarily screened 5 and about 100 col onies with the highest
anti-proliferative or anti-viral activities were selected for further

confirmative testing. .The cted.bacterial cultures in stock plates
wer e streaked8RF féﬁgé’?%%lﬁﬁf’%ﬁ?eﬁf‘%é%ggb’BPWPFQWi0 illin. Single

col oni es Wer 8.t M- e BNBrd® indfCHNR b HeradRderisnopUlsabed in 1m
of LB nmedium containing 50 gg /nml of anpicillinin test tubes.
Bacteria in tewsedivgysilts (% 88 overni ght at 30C with shaking 10 at 250
rpm Then 40 pl of grown bacteria was inoculated into one of another

set of tubes ni ai ni | nil o B w.th.anmpjicillin (50 ml) . The
sanpl es were[{}:aﬁé‘;ﬁ) su_bjﬁlg%lf“ “ky@pg‘??i“?\{yé%gd'&gp #”ﬁd‘h"gﬁ S S“&%g‘% si on,

cel | culst ur e shaprastadififef o AZENINAW 16 ¥eMen  E@BERBAEUIRRE facilitates
anti-proliferative or anti-viral testing as descri bed above in regard

to the pri nathe weridesiongf itstcepygmbers (0O DRSS! line kas bpenrusdrier resasusieg eeni ng
steps, about 20 col opi Lt I i - ' '
anti-viral aé]feia\r/lﬁg V%\%éa(:“é“ %%peoﬁﬁgﬁegnl?%#ﬂ%?%ﬁ {ife)}e% %S{O?LE’KE IE)C%pmke

pl asm ds and iihbeird aldons@IfbrIcMel Be Stiqueiieidn ativonsta tesdhd yzentThe i nserts
havi ng a uni que DNA sequence were further anplified by using a pair
of PCR priners BVBF: 205' - ACCATGAAGGTGACGCTC-3' (SEQ I D No: 17).; and
BVR 5' - AATCTHETEI CATEREDLPr(liSReve BtiKiges1d Novafprootgin averd oRpericA ¢
sequences at _upst . f i i i of
SEVE vador PiEBLeEATERe nRIRTLARAS oo G RR MRl iR

t he next roundlarihal steddlf Witgribisbhu@innmeansiogta@t.i Tha in 2D 000L3 ¢ fecy e
cycles of screening steps were perforned based on the augnent of

ei t her anti - f IPYAfEenatas Gamrsred gripiHwWERN-24b agd injsome VPOMWB‘PE » Yith

Expressi on angd..pili bhfd Gabd 28 f wdieconbi nant Novaferon protein in E

col i 30[000154‘i Novaferon protein (SEQ ID No:2) was expressed in E
coil, The reading frame of SEQID No: 1 with an artificial addition
of initiationomezyn ARSdwearsbed inarad bélow,ohetihent e iq@ed ahtthexivinmduci bl e
pBVB vecter under control of the XPRPL pronoter (11453 The expression
pl asni d of NGPAPRISHIVARDEN! Nl RSt er g Hangied DB’ el metiodsi ngl e
col oni es wer gk BEY-#{ddMid po¥enPin&liGehrdi PruRd A QR BhREs hidbablyThe st LB
medi um 5cont ai ni ng 50gg/ nmL of anpicillin and incubated at 30C for 8
hours. Then tphen2nirprobferabvd dctivied atnag almptgrald g FRurkhearcrdagd ubat ed wi t h

50 M of nediumcoptaining 5 /[ of ampicillin overnji.ght at 30C
ot agi tati GRPROE kTR s S BT i i S b BUBR R as
seeded at a ndfeh@r Ofhadeed Phibitidh) tlaR hQurdl HAMGE21Y Of MR Hinak BanbR UM
contai ning 501gim of ampicillin, and incubated at 30C with

agi tati28n. \WAags thhieven@esigsted iredrh aldisrirkigs s thatthrepoppnidinhibigorpefaymano f

grow h (A550 =0, 55%63& t he t| n[chat AR eMPLLat Yre was Japi dly raised
up to 42C anﬁal?fgpty or 4" Kours™s irx{e'org"é“ﬁg to T rﬁ:gtuoc’es‘nfnnaeme
anti-proliferative activities toward all the tested types of human cancer cell lines varied,
Novatferon has the potential to be a broad anti-cancer agent in clinical setting. Thisisa

significant advantage over chemical anti-cancer agents, monoclonal antibodies and

23 other target-specific anti-cancer agents.

[600123] The xenograft animal model experiments described betow further

establish that:
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expressi on of Novaferon. After 4-hour heat induction, the bacteria
cells were centrifuged and washed with PBS (137 mM NaCl, 2.7 mM KCl,
10nmM Na2HPO4, 2nmM KH2PO4) 3 tines, then stored at -80C until

pr oceedi ngybBuRuEshfol cation. 1S [ 000155] Most Novaf er onpor/oh®vioni23
nol ecul es were soluble in the E. colt production system descri bed
herei n, al though they were over expressed in the cytoplasm Thus,

cells were dlsrupgg?%gm mﬁ%ﬂ etffecgpoﬂﬂbvgﬁg@wlw\é Fiulihdedy | (50

mM Tris-Cl (pH8.0 elysate
was 20further sonica tfinnmé:? ls?nt s l{l the’ remai n| ng i ntact
cells and splice DNA rml ecul es. Then t ﬁmate was ceqt rifuged.

[ 000156] The sol ub12é The (72178 R HPBHTSEEPY vefgrop. 3l ppch ernat ant s

were sequenti al | ydoef Wf@éﬁteb‘?aquﬂﬁeﬁﬁféﬁp‘éa] 3$96h5'§%€W§ﬁ@’é(5 U) in
chromat ogr aphy an@he gaie xepdgrafianddeln.  First, the supernatants were

| oaded onto and passed through the Phenyl Sepharose 6 25Fast Fl ow
Col um ( GE Heal t h@aregvaldsh waSadotadthigve bre 94% anbibitonsf @odrt abwihrig
Novaf eron pr ot ei nthweEndgraf pboddd bit didPORGMSERgKTMss ARivicARahee ahd

Bi osystems, US). Jihirmedalve ddeentdidi teQRSeLmttan, RhidgwNay &gy @ftrast

nol ecul es vere SufjRGH nmeanttb«@lgmédsaﬁoca%&\hﬁrﬂed%oﬁm -PO-uhplep! UMM
(Applied Biosystegs aﬁ and finally, e collected Novaferon

nol ecul es were further purlfl ed by Hi Load 26/ 100 Superdex 75pg
(Arersham US). WO 2008/ 154719PCT/ CA2007/ 001123 [000157] The purity
of the pure Ne¥afler onfhgseatseitvindigase Va iliefi ¥igo iyl in 8% BPSrIBREEvanal ysi s.

The pupe recﬁgﬁehﬁ?mdﬁ?@oﬁk%k Mﬁ%c%ﬁ%&&%@g BRafaS i SoP3Rd W th a

nol ecul ar ctrometry analysis
i ndi cat ed t hintredsbanfiyprdlitayatiot pdtirey pii¥dvhieed asl\knma‘tceinﬁm emh&ohlhmnmas
>98% and the nol ecul ar wei ght was 519313 dal ton, which was identi cal
with the predP®eerd H%?@E‘H‘P"&F"“Wél"gj‘ﬁ'ﬂo“i@@f@ padel3ad this gibitioa seepp i aci d

sequence. Exgpphgy ﬁroacﬁeéfara@%l@e mmeyéahéelfsqa&edqm Rhier R ARG
Hul FN-a2b in E. coli 00158] The expression plasmd of Hul FN-a2b,

pBV2b, cont a¢mmlcalhetm@hﬁag&ndl5wg Tlegd osultf gso mmettqth&*tme@oq@mtmﬂ@:tmnof
Hul FN- a2b (Ge eBank}nucI e'ﬁg\s de. accessi on, 1(.10nurF5LbE 1%0605) whi ch
is undét the® 68‘%??“"81 O T R R S e 1 andetal 20 ot

toward the normal cells as supported by the observation of normal eating and activity
behavior and no weight loss in Novaferon-treated animals. Novaferon thus has the

polential to work on all or majority of human cancers.

[000125] In a preferred embodiment, the complete or partial molecule {(s) of

25 Novaferon protein (SEQ ID No: 2), made by recombinant technologies using the
polynucleotide sequence of SEQ ID No. 1 or chemically synthesized, could be applied
to the treatment and/or prevention of any and/or all of the tumors and cancers of
human-origin or non-human-crigin, in humans and/or non-human species. These
tumors, for example, include but are not limited to, osteogenic sarcoma; multiple

30 myeloma; Hodgkin's disease; nodular, poorly differentiated lymphoma; acute
fymphocytic leukemia; acute myeloid leukemia; breast carcinoma; melanoma;

papilloma; and nasopharyngeal carcinoma, colon cancer, lver cancer and melanoma.

10001261 In another embodiment, the complete or partial molecule () of
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pronoter. The expression of Hul FN-a2b was performed by follow ng the
protocol s described by Joseph S and David WR (116). [000159] The
expression plasmd, pBV2bF, was transforned in DH5-a cells. Single
col oni es Wgreebgr@diMd dual 1y picked up and inocul ated i pcd/dio®hoili
medi um cont ai ning 550 jig/ml of anpicillin and incubated 30C for 8
hours. Then the 2 ml of cultured bacteria was further incubated with

50 m of nediumcontainin 014/ anpi |II|n overni ght at 30C
Wt aghtati O RERPOIO AT Nr BB RaTY Tes S 'S8k ded at a
ratio of I 1$oﬂyn&%ot}5&ts@q@n4e6f%@%My%afemk%w@%me@qsﬁl@bgu fikd

50pg/ ML of anpicillin, and in ated at 30C with agitation n the
cul tures had te thatasdent hral/orprvdnten %a:s@d@wifofgwmwwa&%@hmns 0 6)

the incubatiaon te rat ure.was, ral se pt for
4 hours n ordUr TEHRR B P ARdrte RGPS mRpfe. b6
4-hour' s heatard dadm@teuwmr;ﬂ BRegh@binSocwalte, iReizh hfdugReregatomastiofaiw t h
PBS (137 mM NaCl, 2.7 mMKCl, | OrM Na2HPO4, 2nmM KH7PO4) 3 ti nes,
then stored arfeetg@orabist i O&Fb\e@b@m@e% ] BUPYiRp actigns, as well as herpes

75[ 000160] Hul 0 ol i
expressi on sygr{l\%ér}ﬁ grg{s?tﬁzsr %G e lﬁ%r gaﬂ uH%’V}ﬁﬁﬁé@{e %ﬁ)?tgré%ngg%]%ﬁu%s %1‘3
recovery and (WaaRESagl prddmelduae snime de ftencugbideemea@cing,diivyg t o prot ocol s
described in Ml ecular Coning (115). Briefly, the harvested

bact erial cells were resuspended in Cell Lysis buffer 1 (50 mM

Tris-Cl (pH8.[BY121Imv EpmatherspbodnentybconmieRatrytiamgierysetrfby | ysozynme
and son catl ice cold
ol 1Ly o bufr bt pELASFROABENRIE YRR EMRRRIANR: | °0. £56
(v/v) Triton pilyf@lptidesp 6kt 61 iRe UbNerled chei‘mdl:hlleiy@Cheshﬂdlcaﬂd weappliddr oken

by suspending in 7N guani dine at roomt erature with agitation for
4" hours. Fol ﬁw g8 gnwldmf AT B EH AP ?ﬂ&@g%) 1 e o sy¥Hasrat ur ed
protein was rgbkdethuiand E;iénfwésﬁ)l:thl%ﬂtﬁux@grs%erphﬁf:itl@erbut RE nASnipodips at 4
C. The pH was adjusted to 7.4 by HCl at the last step of refolding.
[ 000162] The shﬁuu@ilwhem\maitmlpn@emm ehdiBogréals siaranhabams Thhen purifi ed

by 10h h h |. filtration.
st Ehe. saRUTHB AT FHANERe GRIG BRA-PALE P B En By

Sepharose 6 Fast Flow Colum (GE Healthcare, US). Secondly, the
fractions conb@ifing HnbieagRoNBER, BPRIRA of A RPREIBdORrCol umm
(Applied Biosystens, US). Thirdly, the fractions contaihing Hul FN-a2b
wer e subj ect Ncwaf?rhem@m (FEQ &P Nor)yyadPERES M amMIChhakaies App| i ed 15

Bi osystens, U cted Hul F ?L#)

Further pari PRt SR I8 &5 e el ot S FRnER shih el e
pure Hul FN- az@thprrémxema[ﬁm)mdena& a Mmiimgladanet, BYanl2%e/Q0RH- olPﬁ@E

anal yS|s and its purity was >98% as confirmed by Mass spectronetry.

Exanpl €%6. Depipafhsidisticofxamls efvieaggiogreesisdiseagesdnchde pefaesrmen
20[ 000163] Ant i SH VSV
system as desl#énft:é%{oglle?]%%%c’#\eég’té%é)\ﬁ?}%ugﬁ%gr g@tcgggrle;b E{::Igega (t:erdpﬁac}c/i}g by Arnstrong
JA (113). On dedeecrhtionabd dabgtic MiBiphtbel | s ( ATCC, catal og No. CCL 25)
were seeded in 96-well plates at a density of 14.000 cells/well and

i ncubated at 37C. 24 hours later, 2-fold serial diluted Novaferon,
Hul EN-a2b,  WHRSOMfan ThaNvafeen mentin alane o fogeibie mith amrothsr prateing/eartiair e

medi um was m%gah @spot%fmlsmghmwe dm@RArl RGHRES gd/&tnogmzor anot her

24 hours. third day, medi UM Was renove )l aced with
medi um2sont aispﬁcmgmhnﬂﬁl@n%bjhuoeﬂly\de@btamck prepaftiomtbrinilagonyiin ang (VSV ATCC,
catal og No. VR- 14212 t" S (i Lrh cubated .

adminsiration/delrvery pat hways met ods; which include but are not limjted to the oral

intake, inhalation, intranasal spray, intraperitoneal, intravenous, intramuscular,

intralesional, or subcutaneous injection.
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for 24 hours at 37C and were then washed with 0.85% NaCl to renove
dead cells. Next, culture plates were soaked into dye-fixer solution
(0.5%crystal violet, 5% formalin (VA ), 50% et hanol (VN), and 0.85%
NaCL) for wob&wfisszibhe dye-fixer solution was then decapi/esootdndizi he
m cropl ates were rinsed copiously with tap water 5 and allowed to
dry. The stained cells were dissolved by 0.2 ml of 2-nmethoxyethanol.

The plates were read at 550nmin a Model Opsys MR (Therno Labsystens,
US) for crysiPe130i ol dbapperaichpreraayomrilgunuptipnssepanipgibaNevafisee

pr eformed i nprgtlélln QL fh% ?Lg t@e ﬁgr%}{w @()Mcar{leﬁg Qyinmrelfﬂlg, Eljl\hpg]g)larla?@‘%h > Were

tested in the sane e. e anti-viral” activitres 10Novaf er on
and Hul FN- a2linupiregpiar, edhdfemsiofi ligvd, solals sany-edid] and/preema bihel clisicdlyt he
anti-viral units internzilltioggtlS unit, or were determ ned with

, 11
reference t 0GB AR B FAT 2 fkiets o iinbRtyg's l“*@é?‘*f%‘é’“f PEUPENS> consensus)

and 95/650 (jiddunfedts inrimig}é&aﬁwgﬁx% PGSR @%@ End TIRMNBE LR aidiSt i tute
for Biological Standards and Control (N BSC, USA). [000165] The

measur ed ant preparatiais/ferotlagions poud beyoade by eihgNevafiventomalgrnicrsi mtaghi nst

15 VSV on WS . 5x1091 ile the anti:viral actjivity of
ol ah | e Safre fraRety T Mk bS LR AM Y BreiRRE 1LY O

activity of pHagnadavad exedy pPTiRhNviKelos-calonie ptebahtibitehnslaticidgand t han
t hat of Hul FN-a2b, Exanple 7 Anti-proliferative activity of Novaferon
[ 000166] The #Hitthenpaohy wug deipgconyentional yctheds yateiigls gk onarbesnbasi cal | y

d i bed Fvi . Cel | | t f h
?3m)(rasg({e: I eI cliegn%?&t IEX%%%%?QM%%E%S%BJ%QF?%% nes \?\;reuz)ﬁrghasggan

fromdifferent organizations (Table 1, below), nanmely, ATCC (American

Type Cul t ur efo@miziiect i FaRinstbhce) paBasrallodlatiManassasly inkdtaBR AR thkiSA) ,
DSMZ (German National Resource Centre for Biol o%i cal Material,
Deut sche SanifPtifigf hophampacsubietilyard Rpeiplogirndy Zapntadln patirials swhppyater.

vascheroder WGobeBa st helBHAS CliEhfons GRIR Wk osd GBI ARARES S
Col I ection of Research Bi oresour ces- Cel I Ban , trénal Institute of
Bi onedi al | nnidisiat, iti@ripjecfab®- fRiidSaouidalAsaghin, ih hditek ko BéiNovaGalkpatdo7- 0085,
Japan). Table, 1. Human Tunor Cell Lines I'l. 1ines Tunors Codes
O gani Yhti On%ther JRIOEHIS as carriers, such as human serum albumin or plasma preparations. The
pharmaceutical preparations/formulations may also contain minor amounts of
non-toxic auxiliary substances, such as wetting or emulsifying agents, preservatives,
and pH buffering agents (for example sodium acetate or sorbitan monolaurate).

Methods of formulation are well known in the art and are disclosed, for example, in

20 Remington: The science and Practice of Pharmacy, Phamaceutical Sciences(73).

{000132) The particular Novaferon protein preparations/formulations would be
determined by the intended clinical applications and/or administration methods, and
could be made by any one skilled in the art using known techniques. For instance, in
addition to injectable fluids, topical and oral formulations can be employed. Topical
25 preparations can include but are not limited to eye drops, ointments, and sprays. Oral
formulations include but are not limited to the forms of liquid (e.g., syrups, solutions or
suspensions}), or solid (e.g., powders, pills, tablets, or capsules). For solid

preparation/formulations, conventional non-toxic solid carriers include but are not
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Mel anoma CRL1619 ATCC | GR-1 Mel anoma Acc 236 DSMZ | GR-37 Mel anoma Acc
237 DSMZ | PC-298 Mel anonma Acc 251 DSMZ HCT-8 Col or ect al
adenocar ci noma CCL-244 ATCC SWL116 Col orectal adenocarci noma CCL-233

20

WO 2608/154719 PCT/CA2007/601123

limited to the pharmaceutical grades of mannitol, lactose, starch, or magnesium stearate.
Actual procedures and/or methods of making these preparations/formulations are

known. or will be apparent. to those skilled in the art (75).

[000133] The pharmaceutically acceptable preparations/formulations of the
Novaferon protein can be administrated to humans and/or non-human species in a
variety of ways that include but are not limited to, oral, subcutaneous, intravenous,
intranasal, transdermal, intraperitoneal, intramuscular, intrapulmonary, vaginal, rectal,

or intraocular delivery, and in the treatment of wounds, directly applied locally.

[000134) The concentrations/amounts of the Novaferon protein in the
preparations/formulations may vary from >0 to 1.0 molar and/or >0 to 100% (weight/
weight) depending on the clinical practice. The exact doses, administration intervals,
and the duration of treatment of each and/or all of the Novaferon
preparations/formulations will be determined by clinical trials, disease conditions,
patient status and health care providers. In a preferred embodiment, due to the protein
degradation, systemic versus localized delivery, and rate of new protease synthesis, as
well as the age, body weight, general health, sex, diet, time of administration, drug
interaction and the severity of the condition, etc., adjustments to the Novaferon
administration including but being not limited to the individual and/or total doses,
administration intervals, the duration of treatment, and necessary courses of treatment,
may be necessary, and will be ascertainable with routine experimentation by those

skilled in the art.

[000135] In a preferred embodiment, the in circulation half-life of Novaferon
protein after administration to the bodies of humans and/or non-human species can be
altered. The alternations include but are not limited to the extension or shortening of
Novaferon’s half-life in vive. The extension of the in vive half-life of the Novaferon

protein can be achieved in various ways, which include but are not limited to:
(1). Complex formation between a Novaferon molecule and a monoclonal
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ATCC LS 180 Col orectal adenocarci nona CL-187 ATCC DLD-1 Col orect al
adenocar ci noma CCL-22 | ATCC LS174T Col orectal adenocarci noma CL-188
ATCC Hep @& hepat ocel | ul ar carci noma HB- 8065 ATCC Hep3B

hepat ocel | MOAEEHE? noma HB- 8064 ATCC HuH- 7 PCT/CA2007/001123

antibody. Such an antibody would preferably connect to the Novaferon
protein at sites that do not materially impair its therapeutic functions (103).

(2). Fusion complex of Novaferon with other proteins/polypeptides.

5 Novaferon molecule can be recombinantly fused to other
proteins/polypeptides, such as a fragment of the constant region of an
immunogloblin (Fc) (104).

(3) Conjugation of Novaferon protein. For example, Novaferon protein can be
10 conjugated with non-antigenic polymers, such as polyethylene glycol or
refated polyakylene glycol moieties (105-108).

[000136] In another preferred embodiment, a therapeutic compound could be
conjugated to an antibody, preferably an anti-Novaferon protein antibody. The

I3 therapeutic compound may be a cytotoxic agent. In this method, the cytotoxic agents
may be targeted, by the binding of the conjugated antibody to Novaferon molecules, to
tumor tissue or cells, thereby destroying and the reducing the number of afflicted cells
to achieve reduction of cancer symptoms. Cytotoxic agents include, but are not limited
to, cytotoxic drugs, toxins or active fragments of such toxins, and radiochemicals.

20 Suitable toxins and their corresponding fragments include diptheria A chain, exotoxin
A chain, ricin A chain, abrin A chain, curcin, crotin, phenomycin, enomycin and the

like.

[000137] In a preferred embodiment, the full length sequence, partial sequences,
and/or regulatory sequence of the Novaferon protein-encoding polynucleotide

25 sequence (SEQ 1D No: 1) can be used in gene therapy-related administration by anyone
skilled in the art. ‘The antisense application, based on the Novaferon protein-encoding
polynucleotide sequence (SEQ ID No: 1) can also be used either as gene therapy (i.e.
for incorporation into the genome) or as antisense compositions, as will be appreciated

by those skilled in the art.

30 f000138) in gene therapy applications, genes are introduced into celis to achieve
the in vive synthesis of the target proteins encoded by these genes, Conventional gene

therapy achieves the sustained therapeutic effects by a single treatment or repeated
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Hepat oma 0403 JCRB PLC/ PRF/ 5 epatonma CRL- 8024 ATCC HL60(S)

| ynphocytic 0163 JCRB Daudi Burkitt's |ynphoma CCL-213 ATCC L-428

Hodgki n's | ynphoma Acc 197 DSMZ DU 145 Prostate carcinoma HTB-81
WO 2008/154719 PCT/CA2007/001123

administration of a therapeutically effective DNA or mRNA. On the other hand,
antisense RNAs and DNAs can also be used as therapeutic agents for blocking the
expression of certain genes in vivo. It has already been shown that short antisense

oligonucleotides can be delivered into cells where they act as inhibitors (109).

5 000139} In a preferred embodiment, the Novaferon protein-encoding
polynucleotide sequence (SEQ 1D No: 1), in full length or partial length, can be used as
DNA vaccines. Naked DNA vaccines are generally known in the art (110). Methods for
the applications of the Novaferon-encoding gene (SEQ 1D No: 1), full length or partial
length, as DNA vaccines are well known to one with ordinary skill in the art, and
10 include but are not limited to placing the Novaferon gene or portion of the Novaferon
gene under the control of a promoter for the expression of the full length or partial

length of the Novaferon protein in humans and/or non-human species.

Examples
[000140] The following examples serve to more fuily describe the manner of
15 using the above described invention, as well as to set forth the best modes contemplated

for carrying out varjous aspects of the invention. It is understood that these examples in
no way serve to limit the true scope of this invention, but rather are presented for
illustrative purposes. All references cited herein are expressly incorporated by

reference in their entirety.

20 Example 1. PCR amplification of human IFN-a genes from human leukocyte

cDNAs

[000141] Total mRNA was extracted from human peripheral blood leukocytes.
Preparation of cDNA was preformed using Advantage™ RT-for-PCR Kit (Clontech,
Mountain View, CA, US) and a ¢cDNA synthesis primer (oligo dT18) according to the

25 manuiacturer's recommendations.

[000142] Amplification of human IFN- « ¢<DNAs was done by PCR technology
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ATCC PC-3 Prostate carcinoma Acc 465 DSMZ MKN 1 Gastric

adenocar ci noma 0252 JCRB KYSE 30 Esophagus carci noma 0188 JCRB A549
Lung carci nonma CCL-185 ATCC HeLa Cervi x adenocarci noma CCL-2 ATCC
G 33A WO 2008/154719 PCT/CA2007/001123

on a MJ PTC thermal cycler, using the following conditions: 2.5 pl 10% pfi
amplification buffer {Invitrogen, Carisbad, CA, US),0.75 pJ 10 mM dNTPs, 0.5 pl 25
mM MgSQOy, 0.25 wl Platinum pfe DNA Polymerase (2.5 Ufnl; Invitrogen, Carlshad,
CA, US), 0.75 pl ¢cDNA, 0.75 pl 5 primer (10 uM; IFNaO5: 3" TGGTGCTCAGCT
3 (A/GYCAAGTC-3"),(SEQ ID No:3) 0.75 pl 3" primer mixture (1.7 uM each;
IFNaO3-1: 3-AATCATTTCCATGTTG(A/G)ACCAG-3'(SEQ ID No:4};
IFNa03-2: 5’-AATCATTTCCCGGTTGTACCAG-3'(SEQ ID No:5);
IFNa03-3: 5>-AATCATTTCCATGTTGAAACAG-3(SEQ [D No:6);
1FNa03-4: 5°-AATCATTTCAAGATGAGCCCAG-3'(SEQ 1D No:7);
1o IFNa03-5: 5°-AATGATTTTCATGTTGAACCAG-3’(SEQ [D No:8);
IFNa03-6: 5°-AATCATTT(C/GYC/G)ATGTTGAACCAG-3"(SEQ ID No:9):
IFNaO3-7: 3*-GATCATTTCCATGTTGAATGAG-3(SEQ ID No: 10);
IFNa03-8: 5’ -GAGTCGTTTCTGTGTTGGATCAG-3*(SEQ ID No:11).

15 [000143]  Amplified PCR products were electrophoresed on a 1.0% agarose gel,
excised, gel-purified, and were cloned into pCRII-TOPQ or pCR-4-TOPO vector
{Invitrogen, Carlsbad, CA, US) according to the manufacturer's recommendations.
Automated sequencing was carried out on a Prism Ready Reaction Dye Termination
mix on an ABl automated sequencer (PE Applied Biosystems, CA, US).

20
[000144]  Since no desired inserts for the IFNa6, IFNa7 and [FNal6 coding
sequences were found in above clones, PCRs were conducted again under the above
conditions with the exception of type specific primers. For specific amplification of
IFNa#6, 5" and 3° primers were 1FNaQ3: 5°- TGGTGCTCAGCT

25 (A/GYCAAGTC-3'(SEQ ID No:3), and IFNa(3-8:
S’-GAGTCOGTTTCTGTGTTGGATCAG-3"(SEQ 1D No:11) respectively. For specific
amplification of IFNa7, 5” and 3’ primers were [FNa700: 57~
ATGCCCCTGTCCTTTTCTTTAC-37(SEQ 1D No:12) and an equal molar mix of
IFNaQ03-5 and IFNaO3-6, respectively. For specific amplification of IFNal6, 3* and 3°

30 primers used were I[FNa7UQ and 1FNa(3-7;
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Cervi x carcinoma HTB-31 ATCC 5 * DSMZ: Gerrman National Resource
Centre for Biological Material (Deutsche Samm ung von M kroorgani snen
und Zel | kul turen) Germany ATCC. Anmerican Type Culture Collection, USA
JCRB: Japanese Col |l ection of Research Bioresources-Cell Bank, Japan
10 [000168]Al'l cells used in anti-proliferative activity test were
cultured at 37C in a humdified atnosphere containing 5% CO . Cells
were grown according to the growth manual of each cell, in basal

growt h nmedi a,5’-6ud AABETCOVERT TREMTGRGE(SEQND Do40) easperéely. pinplifick12 (al |

fromG bco BRL, US), s |, enmen i th 5-200 at-inactivated 15fet al
bovi ne serum ﬂ%%?“t%‘?’ed‘?#%gg%o ‘é&@ﬁ T&(.S Orfg:é{'%ﬁs}g(ﬁv‘bc}oé\?\ﬂ P ue?ﬁegasf or each

i ndi vidual ceghlyline is listed in Table 2, below. Al cell lines were
examned daily in culture plates under an inverted m croscope. Cells
were harvested and used for experiments in their logarithmc growth

hase with viabilijti di 909 det 1 ned. b h d
gxcl us;Md‘n. ¥It@%|&§]| | gﬁﬁﬁ’?ﬁﬁ%%ﬁ@ﬁﬁ%&%@&%@?gﬁ% r@ilté{f}f igiﬁe%s ltgﬁgar ée
henat ocyt ometgl. Dﬁxﬁlgtlu@ncgs in Gdhdoiilki TR (RRCBMEAR blidRAcd¥Rt R adsberd foHuman

Tunor Cell Lines Cel [ i neCul ture nedi aCel | s/ Wl | Measur e net hods

| GR- 1DVENG 000y sed refeiended herbin emsidy023 GRIBY DVENMQ 0060 €M 02W)i o et
bi oassay 1PC- 298164 Oc | Vi t hiags | 1 . CT- rystal
vi ol et bi oas M-@%‘%‘%MMQ@P g‘#‘%w% @—@%&é?@“ﬁm&ﬁgﬁﬁ
(IFN-u7), NM_008336 (IFN-08), NM_002171 (IFN-g.10), NM_002172 (IFN-e14),
10 NM_002173 (IFN-a16), NM_021268 (IFN-17), NM_002175 (IFN-a21).

Example 2. Construction of shuffling libraries of Type I HulFN-bearing

plasmids

15 [000146]  To construct plasmids bearing the coding sequence of one of the Type |
human IFN-as, 15 pairs of oligonucleotides, with BamHI and EcoRI restriction sites,
were synthesized (Genentech, South San Francisco, CA, US), based on the individual
cDNA coding region for mature human Type I IFN proteins. The GeneBank nucleotide
accession numbers for these proteins referenced herein are: NM_024013(IFN-ul),

20 NM_000605 (IFN- a2), NM_010504 (IFN- a4), NM_010505 (IFN- u5), NM_008335
(IFN- 6), NM_008334 (IFN- 0.7), NM_008336 (IFN- 0:8), NM_002171 (IFN- a10),
NM_002172 (IFN- a14), NM_002173 (IFN- 016), NM_021268 (IFN- al7),

NM 002175 (IFN a21). The primers and plasmids constructed in Example 1 as
templates were used in a standard PCR (111). The resuiting products were cleaved with

25 restriction endonucleases (REs) BamHI and EcoRI and cloned into the E, coli
expression vector pBVB, which is a derivate expression plasmid of pBV220 (86)
containing a BamHI site and an EcoRlI site in its multiple cloning region. These final

constructs were all verified by DNA sequence analysis (PE Applied Biosystems, US).

30 [000147]  DNA fragments containing human IFN ORF were amplified by PCR
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DLD- 116401500crystal viol et bioassay Hep &MEMLOOOcrystal viol et
bi oassay Hep 3BMEMBOOcrystal violet bioassay HuH 7DVEMAOOOCcr yst al
vi ol et bi oassay PLC/ PRF/ 5MEMBOOOcrystal violet bioassay KYSE
3016401- F1aiPhbksyss al viol et bi oassay DU 145MEMLOOOC regestca2007iomil et
bi oassay PC-316402000crystal violet bioassay MKN 116402000cryst al
vi ol et bi oassay A549FI2K4OOCrystaI vi ol et bi oassay SW

111616401000cr stal | et .bi ) |, vl.Ql et

bi oassay HelLd E?ﬁPC%mgﬁéﬁ“ﬁ“%&%@%éééggg%ﬁggﬁ%%€%$9§¥§ vi ol et
bi oassay A- BKBMM?QQ@WE elToAd @A et coOMeassRyrTor- P ED) 1HA4IBOQd) r ect
cell counting Daudi 1640400direct cell counting L-4281640800direct

cell countin yr@'m Type bHulfirtsaringplaamids copplocied erteaptisﬂyeﬂag@a@m@ 000169] The

varmed (360 kSIS WAk Feab LB GAES RS B AR MBERT aryi ng
w th celd | i nesemsigacchbatiigao by prodddtdtiekrilealby Senspensiyjon was seeded into
each well of 96-well plate, followed by incubating for 6-8 hours at

37C. Then equal volunmes (100ttl) of
[000148]  The assembled PCR products were further amplified by a pair of inner

primers: BVF: 5°-GAAGGCTTTGGGGTGTGTG-3'(SEQ ID No:15) and BVR:
5’-AATCTTCTCTCATCCGC-3'(SEQ ID No:16)., followed by BamHI and EcoRI

10 digestion and cloned back into the E. coli expression vector pBVB cleaved with REs
BamHI and EcoRI. These final constructs were all verified by DNA sequence analysis.
The plasmid-bearing shuffled HulFN-o genes were transformed into E. coli DHS5a

competent cells,

h

[000149]  In all PCR procedures above, either PCR amplification or PCR assembly,
regular DNA polymerase (New England Biolab, MA, US), instead of high fidelity DNA

polymerase, was used.

Example 3. Screening the shuftling libraries
20

[000150]  Freshly transformed E. cofi DH5a cells were grown overnight on an LB
plate at 37°C. Single colonies were individually picked up and inoculated in 100 pl of
L.B medium containing 50 ug /mi of ampicillin in 96-well plates. Colonies were shaken
at 250 rpm at 30°C. After being cultured overnight, 10 ul of bacterial cultures were

25 duplicately inoculated into 100 ul of LB medium containing 50 pg /ml of ampicillin in
96-well plates. The original plates (so called stock plates) were temporarily stored at
4°C. The cells in duplicated plates were grown at 30°C until QD600 became 0.4 and
were then induced by 42°C. After 4-hour’s heat induction, bacteria cultures wete
directly moved into -80°C freezer for starting the frozen-thaw cycle. After 2 cycles of

30 frozen-thaw, the bacteria suspension/lysate was diluted to a desired concentration and
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Novaf eron or Hul FN-a2b diluted in culture nediumwas added to the
wells in triplicate. The plates were agitated gently for 4-5 seconds
to mx the contents, and incubated at 37 C for 6 days. The Novaferon
and Hul FN- ab»ossasphies were tested in the sane plate ircorcesroos
guarantee the conparability. 5[000170] Two net hods were used to
determ ne the cell nunbers in a cell well and to calculate the

anti-proliferative a Novfero rding to
the ool 1 nunbores B b Rdeen aar o BRaft it hDoR BB SHkE L s
det er mi ne thqrorcéehllm-mamgr(nqj suspensi on cell. After 6 days of

cul turing, suspension cell cultures were diluted with 10trypan bl ue
(final concentration: 0.02%, and cell nunbers were directly count ed
usi ng hemato te i

used t o det entiORT; i cee PRREE KR, flor s S0 FoihlcOREE BpIR) SERMEE, ¢,
6 days af culabd&ifbomg00 dcﬂadcsoz&ﬂhltls: highe e amiepral ifeativo yr @itlpﬁiﬁltabmgtleE’BSreup and
down in the culture wells. Next, wells were filled with dye-fi xer

sol ution to Poetedifpr fruger f9n§§n38é? tF%‘"$ ofhe felecisg bactepigieufjyres ip ?t%;l-‘rpiaé‘iﬁl ution
contai ned O. Szx/éfecs'iryaﬁsﬁlm M& B!ltgstoon&l{ﬂlé %MElaﬁpIQMm Slnégc@lcﬁﬁcg@@lglgro(ﬂ(/ V),

and 0.85% NaCl in distilled water. Then m cropl ates were rinsed
copiously w tohernlakﬂ andit °€r picked aad Inw@@bdmolrmroyLBﬁhéiumtcantmedg gald/miiwer e

di ssol ved by eth tical 50 nm
(0080) (M rgpela Hir e BEREF W REb e P SRR Ry Ry
neasur et and aUSBeoRIhé D |2 O 2d vt adtlial ke in AN aRd 196 ore@F dnofhbERRF Bibes
[000173] The growt h-inhibition rate was cal cul ated by the foll ow ng

fornul a: i nhickitinion! paplBayish grpicilliE(30gp/mi) Ehe Bipplps werd en subfieteEoE was
t he nurrber OftheCS? §f:1?c[uct Om%x%@és%@ Cg cu%%?wésﬁ%l\@n%eg ﬁ‘lr ?gr(! cge{treatment

Hul FN- u2b- t r eat ed ro t he
val ue of OD5%0d anfi- ;ﬁolﬁ‘ﬁbtive@ﬂiﬂhwrﬁl tatingla\lediibe@ ab@s id @rduie@rimady cel | s
or the 25value of OD550 in untreated wells at day 6. [000174] The

i nhi bition raf€N{8s*BXpressed in conjunction with the conpound
concentyations. The 105, of Novaferon or Hul FN-a2b was estinmated by
using a range of sanple concentrations. The data were fit to

Si gnoi dal cur{O@l.@ll?)n tmi:}t IlwurHdfbcrwmpsemrf@out%icmimeS(Mxherhiigh):f/t( [+l
01(1050-X)) where concentratio drug; Y is the
inhibition r &P‘épmkf ‘r’i’“&erorﬁﬁ& "‘i""g AN WA ABY CMWW%*%SWWit%I‘?ﬁeon rate
pl at eau, 5ThgkRIOadil theliBhdeRihSers UIRAAASRGREINS TheAnRAY Halwplh Biglear get

can be conpared where a
DNA sequence were further amplified by using a pair of PCR primers BVBF:

20 5°-ACCATGAAGGTGACGCTC-3"(SEQ ID No:17).; and BVR:
5-AATCTTCTCTCATCCGC-3*(SEQ ID No:{6), which are flanking sequences at
upstream and downstream of multiple cloning sites of pPBVB vector respectively. The

amplified PCR products were used for the next round of shuffling library construction.

25 [000153]  Five cycles of screening steps were performed based on the augment of

either anti-proliferative or anti-viral activity.
Example 4: Expression and purification of recombinant Novaferon protein in E, coli

30 {000154]  Novaferon protein (SEQ 1D No:2) was expressed in E. coli, The reading
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| ower 1C50 indicates a nore potent conpound. [000175] The
concentrations of Novaferon and Hul FN-a2b and the correspondi ng cell
gromh inhibition rates for Daudi cell line are presented in Fig.4.
Based on tRigsehakaie the | Cso of Novaferon and Fl ul EN- @2ipcdaeeormhidi t
Daudi- cell growmth were calculated as 1D0.0174 pnol and 6. 9550 pnol.
Thus the 1 Cso of Novaferon is about 11400 of that of Hul EN-aZ2b,

representing an approxinately 400-fqld . increase of Novaferon's

ot < prol | 1 eriir OETsRY Sho8 SR PLoines PR eR AT SG B he
anti - prol i f enad invemp&hlélitduesle phvRodat BdemolR 61 BSTRPE dmaR(1 conpar ed
wi th those of Hul EN-a2b on 23 tunor cell lines, including 4 cell

| i nes 15der i Vidglexprestrnrpidsaidmnidloyafer@y 5B VBIGRwas trancfouged in PR cedg) | 5
col orectal adenpcarci nonma. cel |l ines - | CT- S o 1S 180,
oD OOt &7 SRS idbaty bR b did el Bheg WY fdrln by,

PLC/ PREsS) . Jodtmmpdsomg/ng f dmgidilie snd(ifdub (a5} 0°C B @chiowrs [Thé289 2 mPof
prostate carcinoma cell lines (DU 145, PC-3), 2 cervical cancer cell

l i nes (fl elLa, cultraPagteriatvag fuihenipcubpidiididal &1 Aorsdpenfainingang kel 1), 1
| ung carcino . C - L n@nofA : . AN iSR! cel |
line (KY SE gg‘f gﬁﬁoﬁg#gb%%%egﬁf%iﬁ@em &prrﬁg%gtm ?%gggr an%hlq[?g?]o eidf erative
activities t hanertahesedefl aHulafd\bfd 20~ a2fantn stlarge iolube st B8l medinoer cel |

lines. The extent. of increase of the potency,varjied in e different
cancer cel | [PHYEENE g%é}]"ﬁﬁﬁﬁ@df”ﬂ?’é‘ 'T%Bi“?)‘?ﬁ%éﬁ/ Yt %gltﬁtﬁgab‘i'gcnél}e bel ow) .
Tabl e 3y 105QuMﬁés%§(§re£ﬁhed\{9é’ﬁfdﬂ5§)§haﬁwgrlow{ht{lﬂ\;E%' 200 &Nl tnbghadidicr eased

folds of tunor cell 25inhibition by Novaferon over Hul EN-a2b. |Cso
(pai d) Fol d Cé¢nipetapurpexdsidpile mBerNovatE Cond Novaf €hony igideNe idiee the

BB 75 DA% 2073 ovafron RN A hdReion, BeTa QAR 123 AS49

centrifuged and washed with PBS (137 mM NaCl, 2.7 mM KCI, 10mM NaHPO,,

2mM KH>PO,) 3 times, then stored at -80°C until proceeding to purification.

[000155] Most Novaferon protein molecules were soluble in the E. coli
production system described herein, although they were over-expressed in the
cytoplasm, Thus, ceils were disrupted by lysozime digestion in Cell Lysis buffer I (50
mM Tris-Cl (pH8.0), imM EDTA (pH8.0), 100 mM NaCl) (115). The lysate was

20 further sonicated in order to disrupt the remaining intact cells and splice DNA

molecules. Then the lysate was centrifuged.

[000156]  The soluble Novaferon protein molecules in the supernatants were
sequentially purified by hydrophobic, ion exchange chromatography and gel filtration.
First, the supernatants were loaded onto and passed through the Phenyl Sepharose 6
25 Fast Flow Column (GE Healthcare, US). Secondly, the fractions containing Novaferon
protein were applied to POROS 50 D Column {Applied Biosystems, US), Thirdly, the
fractions containing Novaferon molecules were subject to the purification by POROS
50 HSColumn (Applied Biosystems, US), and finally, the collected Novaferon
molecules were further purified by HiLoad 26/100 Superdex 75pg (Amersham, US)
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19 DU 145 0. 1319 0. 0036 36 HepG2 0.1718 0.004 43 HuH-7 0. 1474 0.0026
58 1 dep3B 4.3934 0.0758 58 | PC-298 0.0516 0.0007 70 LS174T

WO 2008/154719 PCT/CA2007/001123

[000157]  The purity of the pure Novaferon protein was verified by 13% SDS-PAGE

analysis. The pure recombinant Novaferon protein showed as a single band with a

molecular weight (MW) of 19-20 KDa . Mass spectrometry analysis indicated that the

purity of the purified Novaferon molecule was > 98%, and the molecular weight was
5 19313 dalton, which was identical with the predicted molecular weight 19315 dalton

from its amino acid sequence.
Example 5: Expression and purification of recombinant HulFN-u2b in E. coli

[0600158]  The expression plasmid of HulFN-u2b, pBV2b, contains the cDNA

coding region for the mature protein of HulFN-a2b (GeneBank nucleotide accession
10 number: NM_000605), which is under the contro! of the heat-inducible & PRPL

promoter . The expression of HulFN-a2b was performed by following the protocols

described by Joseph S and David WR (116).

[000159]  The expression plasmid, pBV2bF, was transformed in DH35-a cells. Single
colonies were individually picked up and inoculated in 2 ml of LB medium containing

15 50 ug/ml of ampicillin and incubated 30 °C for 8 hours. Then the 2 ml of cultured
bacteria was further incubated with 50 ml of medium containing 50ug/mi of ampicillin
overnight at 30 °C with agitation. Next morning, the bacteria culture was seeded at a
ratio of 1:10~1:20 into a large volume of LB medium containing 50ug/ml of ampicillin,
and incubated at 30 °C with agitation. When the cultures had reached the mid-log phase

20 of growth (A550 =0.5-0.6), the incubation temperature was rapidly raised up to 42 °C
and kept for 4 hours in order to induce the expression of HulFN-u2b. After 4-hour’s
heat induction, the cells were centrifuged and washed with PBS (137 mM NaCl, 2.7
mM KCL, [0mM Na;HPO,, 2mM KH,PO,) 3 times, then stored at -80 °C until

proceeding to purification.

25 [000160]  HulFN-o2b protein was insolubly expressed in the E. coli expression
system described herein, and thus the inclusion body recovery and washing procedures

were conducted according to protocols described in Molecular Cloning (115). Briefly,
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0.0165 0.0002 74 I GR-37 0.6017 0.0055 109 PC-3 1.8777 0.0146 128 HelLa
0.2364 0.0017 141 C 33A 2.5242 0.0176 143 MKN 1 0.233 0.0011
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the harvested bacterial cells were resuspended in Cell Lysis buffer 1 (50 mM Tris-Cl
(pHS.0), ImM EDTA (pH8.0), 100 mM NaCl) and lysed by lysozyme and sonication.
Inclusion bodies were washed 3 times with ice cold Cell Lysis buffer I (cell lysis buffer

[ supplemented with 0.5% (v/v) Triton X-100).

5 [000161]  Recovered inclusion bodies were broken by suspending in 7N guanidine
at room temperature with agitation for 4 hours. Following a 15 minute centrifugation at
4°C, the denatured protein was refolded in 0.15 M pH9.5 Borex buffer for 48 hours at 4
°C. The pH was adjusted to 7.4 by HCI at the last step of refolding.

[000162]  The solution containing refolded Hul FN-a 2b was then purified by

10 hydrophobic, ion exchange chromatography and gel filtration. First, the solution was
loaded onto and passed through the Pheny) Sepharose 6 Fast Flow Column (GE
Healthcare, US). Secondly, the fractions containing HulFN-a2b were applied to
POROS 50 D Column (Applied Biosystems, US). Thirdly, the fractions containing
HulFN-a2b were subject to the purification by POROS 30 HSColumn {Applied

15 Biosystems, US). Finaily, the collected HulFN-o 2b molecules were further purified by
HiLoad 26/100 Superdex 75pg (Amersham, US). The pure HulFN-a2b protein showed
as a single band by 15% SDS-PAGE analysis and its purity was >98% as confirmed by

Mass spectrometry.

Example 6. Determination of anti-viral activity of Novaferon

20 [000163]  Anti-viral activity was determined using the WISH-VSV system as
described in the classical protocols described by Armstrong JA {113). On the first day,
WISH cells (ATCC, catalog No. CCL 25) were seeded in 96-well plates at a density of
14,000 cells/well and incubated at 37°C. 24 hours Jater, 2-fold serial diluted Novaferon,
HulFN-g2b, WHO human IFN international standards or blank culture medium was

25 added into each well, and incubated at 37°C for another 24 hours. On the third day, the
medium was removed, and replaced with medium containing 1,000 PFU of Vesicular

Stomatitis Virus (VSV, ATCC, catalog No.VR-1421). The cells were again incubated
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for 24 hours at 37 °C and were then washed with 0.85% NaCl to remove dead cells.
Next, culture plates were soaked into dye-fixer solution (0.5% crystal violet, 5%
formalin (V/V), 50% ethanol(V/V), and 0.85% NaCL) for | hour. The dye-fixer
solution was then decanted, and the microplates were rinsed copiously with tap water
5 and allowed to dry. The stained cells were dissolved by 0.2 ml of 2-methoxyethanol.
The plates were read at 550nm in a Model Opsys MR (Thermo Labsystems, US) for

crystal violet bioassay.

[000164]  All experiments were preformed in triplicate and the Novaferon and
HulFN-a2b samples were tested in the same plate. The anti-viral activities of

] Novaferon and HullFN-a2b prepared herein were assayed in paratlel and the anti-viral
units {international unit, or IU) were determined with reference to WHO international
standards, 94/786 {rHulFN-o consensus) and 95/650 (rHulFN-a2a), which were
purchased from National Institute for Biological Standards and Control (NIBSC, USA).

[000165]  The measured anti-viral activity of purified Novaferon protein against
15 VSV on WISH was 2.5x10°1U/mg while the anti-viral activity of HulFN-a2b is 2.0x10°
[U/mg. This data indicates that the anti-viral activity of the Novaferon protein is about

12.5-fold stronger than that of HulFN-a2b,
Example 7 Anti-proliferative activity of Novaferon

[000166]  The anti-proliferative activity assay was performed basically as described

20 by Evinger and Pestka (101).
A. Cell culture of human tumor cell lines

[000167]  The human tumor cell lines were purchased from different organizations
(Table 1, below), namely, ATCC (American Type Culture Collection, P.O. Box 1549,
Manassas, VA 20108, USA), DSMZ (German National Resource Centre for Biological
25 Material, Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH,
Mascheroder Weg b, 38124 Braunschweig, Germany), JCRB (Japanese Collection of
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Saito-Asagi, Ibaraki-shi, Osaka 567-0085, Japan).

Table 1. Human Tumor Cell Lines

In vivo

culture and in vivo human tunor

PCT/CA2007/001123

Research Bioresources-Cell Bank, National Institute of Biomedial Innovation, 7-6-8

Cell lines Tumors Codes Organizations*
A-375 Melanoma CRI.1619 ATCC
1GR-1 Melanoma Acc 236 DSMZ
IGR-37 Melanoma Acc 237 DSMZ
IPC-298 Melanoma Acc 251 DSMZ
HCT-8 Colorectal adenocarcinoma CCL-244 ATCC
SWii1é Colorectal adenocarcinoma CCL-233 ATCC
LS 180 Colorectal adenocarcinoma CL-187 ATCC
DLD-1 Colorectal adenocarcinoma CCL-221 ATCC
LS174T Colorectal adenocarcinoma CL-188 ATCC
Hep G2 hepatocellular carcinoma HB-8065 ATCC
Hep3B hepatocellular carcinoma HB-8064 ATCC
HuH-7 Hepatoma 0403 JCRB
PLC/PRF/5  Hepatoma CRL-8024 ATCC
HL60(S) Iymphocytic 0163 JCRB
Daudi Burkitt's lymphoma CCL-213 ATCC
L-428 Hodgkin’s lymphoma Acc 197 DSMZ
DU 145 Prostate carcinoma HTB-81 ATCC
PC-3 Prostate carcinoma Acc 465 DSMZ
MEKN 1 Gastric adenocarcinoma 0252 JCRB
KYSE 30 Esophagus carcinoma 0188 JCRB
A549 Lung carcinoma CCL-185 ATCC
HelLa Cervix adenocarcinoma CCL-2 ATCC
C-33A Cervix carcinoma HTB-31 ATCC

[000168]
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* DSMZ: German National Resource Centre for Biological Material (Deutsche
Sammiung von Mikroorganismen und Zellkulturen) Germany
ATCC: American Type Culture Collection, USA
JCRB: Japanese Collection of Research Bioresources-Cell Bank, Japan

All cells used in anti-proliferative activity test were cultured at 37°C ina
humidified atmosphere containing 5% CO,. Cells were grown according to the growth
manual of each cell, in basal growth media, such as DMEM, MEM, F12K and1640 or
1640 plus F12 (all from Gibco BRL, US ), supplemented with 5-20% heat-inactivated
fetal bovine serum FBS, from Gibco BRL, US. The basal growth media for each

individual cell line is listed in Tabie 2, below. All cell lines were examined daily in



[ 000177] Col on cancer cell line (LS 180), nelanoma cell 1ine (A-375)
and liver cancer cell line (ldep 02) were obtained fromthe Anerican
Type Culture Collection (ATCC, Rockville, MD)). Prostate cancer cell

| i ne (PC 3womass/sbti@i ned from Gernman National Resour cecCanteeodiors

Bi ol ogi cal Material (DSMZ, Deutsche Samm ung von M | u-oorgani snmen and
Zel | kul turen. Germany). Lytnphocytic cell line (HL 60(5)) was

pur chased from Japanes tion of C I urces Cell Bank
(3CR. o Jap e AR s oGy 8 Qe oS G RES P ARy R
instructions e(q&ﬁlﬁlefﬁ?-mtl&xrlagamlﬁfnlic@(rdnyth phaSe &m;mdlekmcee&gw,mes cul tured
in MEM nedium A-375 was cultured in DVEM Both nedia were

suppl ement ed d@ierrnciGysrynap Blve fserpesionethg gl qomis) and piabiiieg et granneed 100
Wt of peni of streptonycin, 0.1 nM non-essenti al
am no acids, %Lt!clfldgrfh%rgﬁwgg&gé um pyruvate. PC-3 and HL 60(S) cells

wer e cultured in RPM 1640, supplenented with 10% FBS, 100 U m of
peni ci | Isi n, amdie 0OCuINBAdHnd Ofcastif €PEOEILGF AumM Tumeeddig.iwer e nmai nt ai ned
in 5% CXR atnosphere at 37C. [000178] Human cancer xenograft nodels
wer e established using the methods 5descri bed by Beverly eta! (118).
Log phase grawing-cancer cells were harvested fromtissue culture
plates, washed, and resuspended in phosphate-buffered saline (PBS.
01=7.5, 20 mwefl ligubcut Gresuscdiaunor Cedvitgh aft s wHlesugentiodst ed in

6- week- ol d afibgm ¢ nude BafEM Cc m cesty | nj ect erpal Giokt BilGsagel [ s70. 3
(PG 3, Hep&)IGRA7x 106 cbMEd 0. 3nl (a8 180), &ysealdidleciibdssk 0. 3ml (HL
60(s)) or 8 XPaQes cells/ 0648 (A-373000 10 suboutdneRtisbagsapn bot h
sides in the HITahk regi ohe40For each5dth vi vo tupmal vielstlgbassapn day 6
after the turhdridéel | inobUdMati on, taPsr beari mgstatviobt fivasspr vol une is
about 100 Liwer e randdffly divi ded3U0nto 7 o¢ry® goblsaswit h equal
nunber s of arél2s in ea&ﬁi;’?r oup, ah@Pltreat mesiystaldislctlivasEnced.

[ 000179] Novaf@Peﬁ and Hu a2b wer &% or mul at gkl BESa%ol ut i on.
Dai | y 15subc “éthéous Il’lj Q&”ﬁ“@)n of Pﬂ@ al one, a4l kst bigsses of

Novaf eron, or’ {4 WOdays i ncry¥ yiolet ipgasay HepGZ
A-375), 28 d 0s 180) %‘ ”é‘f days QQL 60(5)30’%9:'611916{‘?1@3’8&

groupi ng nic r the t ment of ! -FU 30 ‘° fb'%aSﬁw vvas iv.
admi ni strate cie every 4 days f a t ot aIc ‘Oe **YThe groups
and treat nent ses are ri zed ow 20(?65" ‘”fl %Wa?’ol) PBS
daily. Group wdose Novaf er i), 1 . 25¢ ta ém t?l?zz Group 3
(medi um dose vafero M 12. 511g dai | y Qo iU dose of
Novaf er on): g/ kg dai Group 55 ¢ ow dose_Di l Yo ) :

1. 25pg/ kg dald y3A 25G oup rredl um gggpe of | |& 5pg/ kg
daily. G oup gl3tshi gh dosgagin Hul FN- Q@’){p) 125[ L0 gm %,Iagsa G oup 8

(5-FU): 30 nufikgxsyl v. adngqpi stratiopggonce evefiberellatide of 5 tines.
[ 000180] Once [;a[,@at ment cegmgenced, tuwmprs wer ed,{g@@glmgﬁqnﬂg th a caliper

once a 30weekl. 42§he t umor ja40l unes weg@ cal cul adiee custdgidshe fol I ow ng
formula: volume = 0.5 x (wdth)2 x (length). Mce were sacrificed at
the day of treat rrent di sconti nuation (day 54

10 B. Procedure for anti-proliferative assay
[000169]  The cell lines with logarithmic growth phase were gently suspended in
warmed (36°C) media to a density of 2 X 10° - 6 x 10" cells/m! (varying with cell line,

see Table 2). 100ul of cell suspension was seeded into each well of 96-well plate,

followed by incubating for 6-8 hours at 37 °C. Then equal volumes (100ul) of
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30 after commencenent of the treatnent). Solid tunors were isol ated,
phot ogr aphed, and neasured. [000181] The growth inhibitory rate was
cal cul ated using the follow ng formula: inhibitory rate = [1 -

T/ C] x 100%o0 whersersd is the average tunor wei ght in Necardaeooonesi2s
5Hul FN-a2b -, or 5-FU-treated groups Cis the average tunor weight
in control group after treatnent. B. Human prostate cancer xenograft

nodel [00018 Pr st at S.C.
i ect 1 on of bgaoh f3RuERAEE A FIRRE ki UG EhaH M
Novaf er on exhhbpluedvsd a’gﬁﬁtgj geih@j fﬁﬂsEdeeﬂemchemme tankend) dhil ioutafed itie PC- 3
tunor growt h (P<0.05) own in_ Fi 5 and Tabl e 4, bel ow, PC 3

tunor growth §#r M@%fw&?vﬁf?’é‘m@d{”&% aples Wreigtiadyin g selildn as

conpar ed V\/itrgrgeh‘?gggmf_re%ecg&%gm PBS treatnment. For exanple, the
average wei ght of PC-3 xenograft tumor mass in Novaferon-treated

group (12.5ag/kg), 0.0910.081g, was very significantly reduced as
conpared w t loowoTed r omekthmissfﬁrelused@ﬂc&&nﬁiﬁe?@e & eRwr004 §ell(wedibhdo4) . I n

ot her words, 30- day treatnment o 53‘V|nh|b|t|on
of the PC-3 e gF H}I\}fﬂ'ig[(f%‘B’Féc% Hes ﬁ‘g‘%l"ég’ “I%&Wﬁ“d%z gt ing iyt ér owt h

i nhi bition ratesn@kshuman prostate cancer PC-3 xenografts treated
wi th Novaferon and Hul TN-a2b (n=10) Dose Tunor weight (g) Inhibition

rate G oup (pg/ kg) (nean SD )
[000171] A direct celi counting method was used to determine the celi number of

suspension cell. After 6 days of culturing, suspension celi cultures were diluted with
10 trypan blue (final concentration: 0.02%), and cell numbers were directly counted using

hematocytometer.

[000172]  Crystal violet bioassay method was used to determine the cell numbers of
the adhesive cells {93). After 6 days of culturing, dead cells were removed by pipetting
PBS up and down in the culture wells. Next, wells were filled with dye-fixer solution to
15 stain the live cells for 1 hour, The dye-fixer solution contained 0.5% crystal violet, 5%
formalin {(V/V), 50% ethanol (V/V), and 0.85% NaCl in distilled water. Then
microplates were rinsed copiously with tap water and allowed to dry. The stained cells
were dissolved by 0.2 ml of 2-methoxyethanol. Optical density at 350 nm (OD350)
{Model Opsys plate reader, Thermo Labsystems, US) was measured and used as the

20 refative indicator of cell numbers.

[000173]  The growth-inhibition rate was calculated by the following formula:
inhibition rate % = (1- (E -B) (C -B) ) X 100, where E was the number of cells or the
value of ODsse in Novaferon or HulFN-u2b-lreated wells at day 6; B was the number of
cells or the value of ODssg in a cell culture at day 0; C was the number of cells or the

25 value of ODrss; in untreated wells at day 6.
[000174]  The inhibition rate was expressed in conjunction with the compound
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(%9 Control 1.948+0.567 Novaferon |ow dosage 1.25 1.266+0.457* 35.0
Novaf eron nmedi um dosage 12.5 0. 759+0.574*** 61. 0 Novaferon high

dosage 125 0.091+0.081***@oa 95.3 |I-M EN-an | ow dosage 1.25
1.2840.862 34.1 HULFN-a2b nedi um dosage

concentrations. The 1Csq of Novaferon or HulFN-o2b was estimated by using a range of
sample concentrations. The data were fit 1o Sigmoidal curve (117) with Eill slope one:
Y=ynin + (Max-min)/(E+104(1C-X)) where X isthe log concentrations of drug, Y is
the inhibition rate; Min or Max is the minimum or maximum inhibition rate plateau,

3 The IC s of various compounds against a particular target can be compared, where a

lower ICs, indicates a more potent compound.

[000175]  The concentrations of Novaferon and HulFN-a2b and the corresponding
cell growth inhibition rates for Daudi cell line are presented in Fig.4. Based on this data.
the [Css of Kovaferon and HulFN-o2b to inkibit Daudi cell growth were calculated as
10 0.0174 pmol and 6.9550 pmol. Thus the ICs of Novaferon is about 1/400 of that of
HulFN-a2b, representing an approximately 400-fold increase of Novaferon’s

anti-proliferative potency in comparisen to HulFM-o2b.

[000176]  The anti-proliferaiive activities of Novaferon were assessed and
compared with those of HulFN-alb on 23 tumor celi lines, including 4 cell lines

15 derived from melanoma (A-375, IGR-1, IGR-37, IPC-298), 5 colorectal
adenocarcinoma cell fines J3CT-8. SW1116, 1.8 180, DLD-1, L8174T), 4 hiver cancer
cell lines (Hep G2, Hep 3B, Hubl-7, PLC/PRF/5), 3 lymphoma cell lines (HL-60(S),
Daudi, 1.-428), 2 prostate carcinoma cell lines (DU 145, PC-3), 2 cervical cancer cell
lines (Hela, C-334), | gastric aderocarcinoma ceti line (MKN 1), 1 lung carcinoma

20 cell line (A 549) and one esophagus cancer cell fine (KYSE 30). Novaferon exhibited
much stronger anti-proliferative activities than those of HuIFN-a2b against ail tested
cancer cell lines. The extent of increase of the potency varied in the different cancer

cell Hines, and ranged from 16 (o 1134 fold (Table 3, below).

Table 3. 1Csp valuesof Novaferon and [ulFN-n2b and the increased folds of tumor cell

25 inhibition by Novaferon over HulFN-02b.
ICs9 (pmol) Fold
Cell lines HulFN-g2b  Novaferon (Novaferon/HulFN-alb )
PLC/PRE/SS 0.0407 0.0015 16
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12.5 0.790: A391*** 59.4 Flul FN-a2b hi gh dosage 125 0.476+0.271***
75.6 20note: *p<0.05, ***p<0.001: conpared to control group;, @@
p<0. 001: conpared to Hul FN-a2b hi gh dose group WO

2008/ 1547 1918GhésuA2@®7/ 001123 [ 000183] Bal b/ ¢ nude m ce pagrazioneatisd
with daily s.c. injection of Novaferon (1.25pg/kg, 12.5]tg /kg or
125pg/ kg ) for 30 days after 6 x 106 live PC-3 cells were introduced
subcut aneousl;bdgnto m cg7 Resul tsome expressegl as average tunor
vol une (mMm8)., 5 shpygd that 3t hree dosgg of Novaferon

exhi bi ted dos - penden(tl g nhi b|t of PC-3 t r growth in

conpari son to %‘ng PBS c(gpbrol gro g P<0. 05). 5 rig/ kg of Novaferon
i nduced nuch Ié't nger 2 mos | et e, |nh| ition of PC-3 tunor
growt h t han tHeBof  Hul ERH2b at sane dose’}95.3% vs 75. 6%
P<0.01) (Tabl &8 [000A84fIt is ?H‘toér esting té’notice that the

| onger treat meH74Df Novab¥ron or 4064 FN-a2b résulted in bigger

di f f erences iWiR3or groékiR i nhi b0P86n in the WP%Yh dose

(125ug/ kg) -t reaBed group8?77The avepbige vol unme 018 PC-3 tunor nass in
t he Novaf er onHéaeat ed go.zasp was 106019+68. 7 nmBiyer sus 620. 7- +; 296. 6
mn3 in 1-1ulfNsa2b -treaised groupoals day 28 (RPg0.001) and

122. 1+100. 7 NVEr sus §9k. 9+428. goamB at day 3§ (P<0.001). This was

al so the casey n the age tu wei ght was;consi dered 15after
the term natl § t he z é%r vat i OHBE 0910. 081322% Novaf eron high
dosage group é&égus 0. 4@ § 271 ¢ gﬁa‘n | n Fl ul FN— b hi gh dosage group,
P<0. 001). Thi (%gest e at | ong treat ment 2 Novaferon at this
dose may exhi Bk tter? corrpl et 8%%nhi biti on3% PC 3 tunor growt h
inthis xenogib%fﬁto model ¢ 0.7579 0.0022 350

Daudi 6.955 0.0174 400

KYSE 30 18.0134 0.0264 683

A-375 1.4134 0.0019 733

1GR-1 6.6718 0.0076 876

L-428 17.2789 0.0152 1134

Example 8. In vive tumor mode! experiments
A. Cell culture and ir vive human tumor xenograft models

(0001771  Colon cancer cell line (LS 180), melanoma cell line (A-375) and liver
5 cancer cell line (Hep G2) were obtained from the American Type Culture Collection

(ATCC, Rockville, MD). Prostate cancer cell line (PC-3) was obtained from German
National Resource Centre for Biological Material (DSMZ, Deutsche Sammlung von
Mikroorganismen and Zellkulturen, Germany). Lymphocytic cell line (HL 60(s)) was
purchased from Japanese Collection of Research Bioresources Cell Bank (ICRB,

10 Japan). All cells were cultured according to their instructions (sec Table 1). Briefly, LS
180 and Hep G2 were cultured in MEM medium, A-375 was cultured in DMEM. Both
media were supplemented with 10% fetal bovine serum (FBS), 2 mM glutamine, 100

U/ml of penicitlin, 100 mg/ml of streptomycin, 0.1 mM non-essential amino acids, and
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C. Human |iver cancer xenograft nodel 20[000185] The in vivo
anti-tunor activity of Novaferon was al so eval uated on |iver cancer
Hep 02 xenograft nodel. Novaferon exhibited effective, dose-dependent

i nhi bi ti onwaf206%epE4Q2 tunor growt h conpared to control PgT@AR007/001123
(P<0.001). The average tunor volunes in Novaferon-treated groups
(daily s.c. injection of 1.25, 12.5 or 12514/kg for 30 days) were

783. 2+270. 0, 459 14. 3 n3 25 I ly, in
conpari son wi ﬁ Eéf’ugfﬁﬁvﬁnné; mﬁ&ﬂgﬁ@% emc?@ﬁc ggﬁ%g%ﬁtreatnent

of 125pg/ kg og‘up;h@mfeemn1mmBswed1mdﬂie)fb¢rmﬁstana rdou@mndmmptfomw@ Rep
02 (96.6%, which was significant|y better than that by 125pg/kg of
Huf FN- a2b ( 89ABoglls peg mainjained gyt Ot sBasPhentt 341 Novaf eron at this dose
showed the trend of even better or WO 2008/154719PCT/CA2007/001123

corplete, LB, 0o B4 0BH ALl 0y Sl

Novaf eron-tr &&E@iﬂecgiymtpeﬂy&t gniis). aapbhate g:emgt:ma ctIRaderel harvastRg@Mk g
of | -ful FN-a2b-treated group (0.23540.199 n% P<0.001) (Tahle 5,
bel ow) . [ooofmh]esa\f%? Blatp yashee, and %ﬁ@nc{erﬂéh&héw FE-Prifeeedispipe EBS;

) ecti on ‘of oval er o Sia30al K 12068 Lk AR ARB1ALIGY) Tor 30

days after x 106 [1vé Hep 02 I's were intro subcut aneousl y
into mce. ResMhtSmWeB@b@npméasgﬂna§6aW@md@éﬁhﬂﬂﬁTB&bMﬁnai{ﬂﬁB) Fi g.

i i ¢ on of T oL SiBr G R el B e s Bt ol

group (R<0. 00s,82@unkdusih k&b s,&é@mﬁ@mmré M%e&cm%owo%%i on By
al nost conpl ete, inhibition of Hep 1005 tunor growth than that of

Hul FN- ct 2b at 6 #flsethe mer @Bg@a(izg@nﬁ%w@e@@g mige (tma@r v@@)ne (S'Fla%it £003ym’) Tabl e
i ver .cancer

5. Tunor wei ght an tion

ool Top 05 e ARG Pl b7 SRR R not TR el i SERES )
G oup Dose (]dngtk@hentuaddomah@ht (g) (Mean SD ) Inhibition rate ( %
Cont r ol

[000179] = Novaferon and HulFN-02b were formulated with PBS solution. Daily

15 subcutaneous injection of PBS alone, various doses of Novaferon, or HulFN-a2b lasted
for 30 days in total (PC-3, HepG2, A-375), 28 days (LS 180) or 21 days (HL 60(s))
from the day of grouping mice. For the treatment of 5-FU, 30 mg/kg of 5-FU was i.v.
administrated once every two days for a total of 5 times. The groups and treatment

doses are summarized below:

20 Group 1 (Controf): PBS daily.
CGroup 2 (low dose of Novaferon): 1.25ug/kg daily.
Group 3 (medium dose of Novaferon): 12.5pg/kg daily.
Group 4 (high dose of Novaferon): 125pg/kg daily.
Group 5 (low dose of HUIFN-a2b): 1.25ug/kg daily.
25 Group 6 {(medium dose of HuIFN-a2b): 12.5pg/kg daily.
Group 7 (high dose of HulFN-a2b): 125ug/kg daily.
Group 8 (5-FU): 30 mg/kg, i.v. administration once every 2 days for 5 times.

f000180]  Once treatment commenced, tumors were measured with a caliper once a
30 week. The tumor volumes were calculated using the following formula: volume = 0.5 x
(width)® x (length). Mice were sacrificed at the day of treatment discontinuation {day
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Novaf eron | ow dosage Novaferon nedi um dosage Novaferon hi gh dosage
Hul FN- a2b | ow dosage Hul FN-a2b nedi um dosage Hul FN-a2b hi gh dosage
1.25 12.5 125 1.25 12.5 125 2.1790.578 0. 7970. 397*** (. 3210. 300***
0. 0740. 083{vpr2@slisP(90. 587" 0.53 10. 287*** 0. 2350. 199* Pr1aA260 786118
96.6 50.9 75.6 89.2 15Note: ** p<0.01.*** p<0.001, conpared to
control group. @p<0 01, conpared wth Hul TN-a2b hi gh dosage group D.

Human nel ano r af t 000 The in viv FQM
activity of g@@% if & Hencesn?q%f hermengl%lé TN %laﬁﬁ Rgt% nlg?’anona
4- 375 xenogr ahd méegded.. 4-375 cell line (ATCC nurrber CRL 1619) was
derived froma human malignant solid tunor. Novaferon exhibited

effective, dose-dependent inhibition of A 375 tunor %r owt h conpar ed
to control gt{Qi)QbSIQ P<t§hmq‘yth irtfifpétory mi¢ Ydstchlowlatpdasing thedoliopyéng formula:

Novaf er on- tre [,ou , r

125Rg/ kg for' ébta’zga‘? &ere 40{%{7’ W%‘% 16 lth%r%g r%g @V&e‘éﬁé@%ﬁ?"\?g’f&: in 5
conpari son WHulFNBS-Co BtRUreatt @iopps( @£QhOQ drhge(1hadveigh mbﬁiti&)ll\groupBO- day

treatment of 125gg/ kg of Novaferon achi eved the highest inhibition of
the A-375 (82ftgdFatm@hi ch was significantly better than that by

125gg/ kg of Hul FN-u2b (69.9% P<0.001). [000188]Interestingly,

Novaf er on exlﬁ' p‘lut ed ML ef f g%gﬂ\g/r%ﬁi“polaiepi tion of the growh

man pros cance

[000182]  Prostate cancer PC-3 xenografts were treated with s.c. injection of 1.25,
12.5 or 125pg /kg of Novaferon for 30 days. Novaferon exhibited strong,

10 dose-dependent inhibition of the PC-3 tumor growth (P<0.05). As shown in Fig. 5 and
Table 4, below, PC-3 tumor growth in Novaferon treated groups was greatly suppressed
as compared with the control group of PBS treatment. For example, the average weight
of PC-3 xenograft tumor mass in Novaferon-treated group (125ug/kg), 0.091+0.081g,
was very significantly reduced as compared with control animals, 1.948+0.567g

15 (P<0.001) (Tabie 4). In other words, 30- day treatment of 123ug/kg achieved 93.3%
inhibition of the PC-3 tumor growth (Table 4).

Table 4. Tumor weight and growth inhibition rates of human prostate cancer PC-3

xenografts treated with Novaferon and HulFN-a2b (#=10)

Group Dose Tumor weight (g) Inhibition rate
(ng/kg)  (mean+3D) (%)

Control - 1.948+0.567 -

Novaferon low dosage 1.25 1.266+0.457* 35.0
Novaferon medium dosage 12.5 0.759+0.574*** 61.0
Novaferon high dosage 125 0.091+£0.081*** @@ @ 95.3
HulFN-a2b low dosage 1.25 1.284+0.862 34.1
HulFN-g2b medium dosage 12.5 0.790+0.30] *+# 594
HulFN-a2b high dosage 125 0.47620,271%%* 73.6

20 note: * p<0.05,*** p<0.001: compared to control group; @@@ p<0.001: compared to

HulFN-u2b high dose group
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of nmel anoma cell A-375 than the chenotherapeutic agent, 5-FU (Table
6). On day 30, 10for instance, the nmean tunor weights of in the
groups treated with 12.5gg/ kg or 125gg/ kg of Novaferon were

0. 7630. 187wPs/@izxeo and 0. 5270. 149 (P<0.001) grans, wrergasodraisean
tumor weight for the group treated with 5-FU, 30ng/ kg, was 1.0040.105
gram (Table 6). This indicates that Novaferon nmay be nore effective

For the L real gRri of p TROLLANSI Rt 3120k ek ARl AAR100) Bal bl

nude m ce we vaf eron
(1.25[ 19/ kg, (A&pupkRilgd.s(kgg aﬂnsﬂg?@gbﬂeg)dajsmﬂerm méye: M-t eelisSvee 106
A-375 cells were introduced subcutaneogusly into mce. Results are
expressed as MHYSahROEARERSY e RerEs WergpYpresd shRee BRI ¢t hr ee

doses of Nov ) 375 tunor
pront i B e b e A S T Pl

of Novafer on inhitdtiroe PGB ttmrmggomhrmknomlsansomtomlfe PBS 3@ Hrot grompr(P g @M B3t han

that by Flul FN-u2ph at _the ose % Vs 6 . 9%, .. P<0. (Figure
7). Both 12. 5%k @fb‘)‘% e%?ﬁdr‘df‘?ggb'd'kﬁm 5‘&%’%? & S %8? ?‘%}
Suppressi on (e O @anﬁarﬁzatﬁf/plme&%@%h%%hmé dRk (%heﬂ‘tsusr@% ~oams h t han
by 5-FU (67.2% P<0.01 and P<0.001) (Figure 7). 25Table 6. Tunor

wei ght and grGWed)i nhibition rates of human nel anona cell A-375
xenografts treated with Novaferon and HulFN-a2b (n= 1 0) WO

2008/ 154719 07/ 001123 G. ht
(3 oDy b ST R eoy R e ks Sret st A ey o e o
medi um ovaf gfem-ib eauiePis g8 sikkrdnbls & dkndrQWwalos RGok i itMidtilk medi um

Hul FN-a2b hi gh dosage 5-FU 1.25 12.5 125 1.25 12.5 125 30, 000
3. 0570. 384  {125pg/kg)-treated groups. The average volume of PC-3 tumor mass in the

Novaferon-treated group was 107.94687mm’ versus 620.7+296.6 mm’® in HulFN-a2b
-treated group at day 28 (P<0.001) and 122.1£100.7 mm’ versus 691,9t4283 mm” at day
30 (P<0.001). This was also the case when the average tumor weight was considered

15 after the termination of the observation (0.091+0.081g in Novaferon high dosage group
versus 0.476=0.271 gram in HulFN-a2b high dosage group, P<0.001). This suggested
that tonger treatment of Novaferon at this dose may exhibit better or complete

inhibition of PC-3 tumor growth in this xenograft model.
C. Human liver cancer xenograft model

20 [0600185]  The in vivo anti-tumor activity of Novaferon was also evaluated on liver
cancer Hep G2 xenograft model. Novaferon exhibited effective, dose-dependent
inhibition of Hep G2 tumor growth compared to control group (P<0.601). The average
tumor volumes in Novaferon-treated groups (daily s.c. injection of 1.25, 2.5 or
125pg/kg for 30 days) were 783.2+270.0, 459.3+414.3, and 104.6256.5 mm’,

25 respectively, in comparison with 2125.8+743.1mm’ in PBS control group. 30-day
treatment of 125pg/ke of Novaferon achieved the highest inhibition of the Hep G2
(96.6%), which was significantly better than that by 125pg/kg of HulFN-02b (89.2%,
P<0.01). Longer treatment of Novaferon at this dose showed the trend of even better or
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1.8300. 289*** 0. 7630. 187*** && $$$ 0.5270. 149** * &&& QOO

1.89010. 148*** 1.6810. 132*** (0.92010. 139*** 1.0040. 105*** 40.1 75.0
82.8 38.2 45.0 69.9 67.2 note: ***p<0.001, conpared to control group;
$$$p<0. 001wocepaiasd to Hul FN-a2b nedi um dosage (12. 5)pcT/@Egn3/00:0£1
conpared to Hul FN-a2b hi gh dosage (125) group ; &% p<0.01, &8c&
p<0. 001, conpared to 5-FU group 5E. Hunan col on cancer xenograft
nodel [000190 The vivo..anti-t

eval uated in Fltﬁ m(t:’gl’%)gr SV x“éoﬁt‘)yﬁl a#%{khe¥foﬁf°g%§qic§@e%(glwasI i ne

( ATCC nunber :p,0G4=x0.0887 b 1088/1GE6itheatbvhR@mMBattLIRD, SHiftntBASNOEahal NoNa.
Novaf eron exhi bited effective, dose-dependent inhibition of colon
cancer LS180 it [Atep/kgrGiMmY- ‘E?BWE’@“R(WE%H# Pogramgrts g0y ﬂéble é@f&??ﬂ-OThe
inhibition rates in the Novaferon-treated groups (dai

i njection of 1 % 80. 5%
and 92. 596re pec%ﬂve ?é%ﬁﬁ%a?bd { &?kﬁ 5@§mg%ntr8W%"§gﬁ§m% <0. 001,
Tabl e 7,5 bel qwWsue&@; dapyig thzand rnsﬁg/kg@forwwgéikeg6@fmfl\la»¢a1fepcmaellaevhneeved
the highest inhibition of LS 180 tumor growth (92.5%, which was

si gni fi cant | yntisdeged pubpwanorshydito ppe Resis PRI CotresiigPEReREQNmprY lugt,
P<0.001). 15[

Novaf er on Inﬁﬁ%ﬁ%%éhfﬁéﬁgﬂ%ﬁg%%g?QQ% $§§Q%§§§%?¢&§%§gg&%gggglnllarly
to 5-FU (30ngﬁk@§mmﬁ¥kmﬁasmmfgthm:mmnmagmnmuhﬂﬁ%mamgmgswﬂ€@)$m510 221

rans vs 0.75 7 a 0 vaferon in |b|t the
tg unor growth ! 2? “ﬁéﬁ% g‘B )g‘jﬁ?"g’?céiﬁt‘&v”%@ﬁ ralperhspmpdsifyinRigiigy 051 0
(92.5% s 81l.BMumbtefovi thhn hIRPHBIFK-2BE: thid 8mB Hose 1043 £vsFOIQ! pai 059n was

extrenely 20interesting, considering the routine clinical application
of 5-FU in tHé&bgtSandard chenot herapy to patients with colon cancer.
The better suppression by hbvaferon of LS 180 tunor growth in ani mal

nodel indica Novaf er h pote ial to work ayvery
oFfective. antiabies) BpoE SHEEOGEnE TP pnRy s butendbreiy col fgs 62
2008/ 154719P%£W9Qgi&%é%vafemn and HulFN-a2b (#=10)

Dose Tumor weight (g) _
Group (ue/ke) (Mean +SD ) Inhibition rate (%)

Control - 2.179£0.578 —
Novaferon low dosage 1.25 0.79740.397%** 63.4
Novaferon medium dosage 12.5 0.32140.300% =% 85.3
Novaferon high dosage 125 0.074£0.083***@ 96.6
HulFN-a2b low dosage 1.25 1.070£0.587%* 50.9
HulFN-a2b medium dosage 125 0.53 [4£0,287%%* 75.6
HulFN-a2b high dosage 125 0.23540.]99*** 892

15 Note: ** p<0.01,*** p<0.001, compared to control group.@ p<0.01, compared with

"HulFN-¢2b hlgh dosage group

D. Human melanoma xenograft model

[000187]  The in vivo anti-tumor activity of Novaferon was further evaluated in

20 malignant melanoma A-373 xenograft model. A-375 cell line (ATCC number:
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[ 000192] Bal b/c nude mice were treated with a daily injection of
Novaferon (1.25i.tg/kg, 12.5gg /kg and 125gg/ kg) for 28 days after 4
X 1061 LS180 cells were introduced subcutaneously into mce. Results
wer e expresgesosssaver age tunor volunme (mMmB). Fig. 8 skwowadedrhatzal |
t hree doses of Novaferon exhibited dose-dependent 5inhibition of LS
180 tunor growth in conparison to the PBS control group (P<0.001).

125 jig/ kg of eron i n ced stror e o t unor
growt h t han & R[hbl\égti) %Tﬁ\f {'m?aﬁ %Pam sttgh]%ﬁ%g& &%éﬁ
P<0.001) ( Takkre:iv), dosBaéfandenidRiggtidnkd AsBTd rubide Q@gfh%@m@‘red\bb@fr&lfgﬂﬂp

achi eved sim | ar suppression (75.0% and 80.5%  respectively) of the
tunor growt h PP-@omparinpfiron fé""‘-‘Sm ithg Nogafergozregtesgrpugs (lailys o icgtionyof

10However, | / B Eego ; biti
of LS 150 tunce, GroueH ERRR: Ehar by Bpe (5 B U B Bu - Bob. 001) |

Table 75 Tu rrmbmmscgmltha’rm comehgrang (FHO.DR 1) { Tahle 6 Atelsy).0F0-day reatmeno bion

Il LS. 180 fts t f FN-cab
Cnos0) & oup TEuEkEe] NORT TainGh Faa Egor S b BRRebREEDn rat e
(%9 Control s $40A3nh0Rter NN *fE5,005, W Sosaved 635 1p043mM0. 433***

[000188] Interestingly, Novaferon exhibited more effective inhibition of the growth
of melanoma cell A-375 than the chemotherapeutic agent, 5-FU (Table 6). On day 30,
10 for instance, the mean tumor weights of in the groups treated with 12.5ug/kg or
125pg/kg of Novaferon were 0.763+£0.187 (P<0.01) and 0.527+0.149 (P<0.001) grams,
whereas the mean tumor weight for the group treated with 5-FU, 30mgrkg, was
1.004:+0,105 gram (Table 6). This indicates that Novaferon may be more effective for

the treatment of human metanoma A-375 than 5-FU.

15 [000189]  Balb/c nude mice were treated with the daily s.c. injection of Novaferon
(1.25ug/kg, 12.5pg /kg and 125pg/kg) for 28 days after 8 x 10° A-375 cells were
introduced subcutapeously into mice. Results are expressed as average tumor volume
(mm®). Fig. 7 showed that all three doses of Novaferon exhibited dose-dependent
inhibition of A-375 tumor growth in comparison to the PBS control group (P<(.001).

20 125 pg/ke of Novaferon induced stronger inhibition of A-375 tumor growth than that
by HulFN-a2b at the same dose (82.8% vs 69.9%, P<0.001) (Figure 7). Both 12.5ug
/kg and 125pg/kg of Novaferon showed better suppression (75.0% and 82.8%
respectively) of the tumor growth than by 5-FU (67.2%, P<0.01 and P<0.001) {Figure
7).

23 Table 6. Tumor weight and growth inhibition rates of human melanoma cell A-373

xenografts treated with Novaferon and HulFN-a2b (p=10)
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75. 0 Novaferon nedi um dosage 12.5 0.8150. 221*** 80.5 Novaferon high
dosage 125 0. 314+0.086 ** * &&szaaa 92.5 1-lul FN-a2b | ow dosage 1. 25
1.2250.565*** 70.6 HuFFN-a2b nedium 12.5 1. 076+0. 442*** 74.2

Hul FN- a2b Rigghostesage 125 0. 7400. 310*** 82.3 5-FU PCT/CA2007/001123

Group Dose Tumor weight (g) Inhibition
(ng/kg) (X £SD) rate (%)

Control - 3.057+0.384 _
Novaferon low dosage 1.25 1.R30L0.280%** 40,1
Novaferon medium 12.5 0.763£0.187*** && $$% 75.0
Novaferon high dosage 125 0.52730.149*** & & &(@D@@) 87.8
HulFN-2b low dosage 125 1.890::0.148%** 38.2
HulFN-a2b medium 12,3 1.681+0.[32%** 45.0
HulFN-u2b high dosage 125 0.9200,139%*+ 69.9
5-FU 30,000 1.00440.105%** 672

note: *** p<0.001, compared to control group; $$$p<0.001, compared to HulFN-a2b
medium dosage (12.3): @@@ p<0.001 compared to HulFN-a2b high dosage (125)
group ; &&: p<0.0], &&&: p<0.001, compared to 5-FU group

5 E. Human colon cancer xenograft model

{0001901  The in vive anti-tumor activity of Novaferon was evaluated in colon
cancer LS 180 xenograft model. LS 180 celt line (ATCC number: CL-187) was derived
from a human colon adenocarcinoma. Novaferon exhibited effective, dose-dependent
inhibition of colon cancer L8180 tumor growth compared to control group (P<0.001).
10 The inhibition rates in the Novaferon-treated groups (daily s.c. injection of 1.25, 12.5 or
125ng/kg for 28 days) were 75.0%, 80.5% and 92.5% respectively compared to the
PBS control group (P<0.001, Table 7, below). 28-day treatment of 125pg/kg of
Novaferon achieved the highest inhibition of LS 180 tumor growth (92.5%), which was

significantly better than that by 125pg/kg of HulFN-u2b (82.3%, P<0.,001),

15 [000191]  Following 28-day treatment, 12.5ug/kg of Novaferon inhibited the growth
of LS 180 cancer xenografts similarly to 5-FU (30mg/kg) in terms of the average tumor
weights, (0.815+0.221 grams vs 0.758+0.227 grams). 125pg/kg of Novaferon
inhibited the tumor growth of LS 180 significantly better than 30mg/kg of 5-FU,
(92.5% vs 81.8%, P<0.001) (Table 7 and Fig 8). These observation was extremely

20 interesting, considering the routine clinical application of 5-FU in the standard
chemotherapy to patients with colon cancer. The better suppression by Novaferon of
LS 180 tumor growth in animal mode| indicates that Novaferon has the potential to

work as a very effective anti-colon cancer agent in a clinical setting.
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Table 7. Tumor weight and growth inhibition rates of human colon cancer cell LS 180

xenografis treated with Novaferon and HulFN-o2b (n=10)

Grou Dose Tumor weight (g) Inhibition
roup (ug/kg) (X +SD) rate (%)
Control l 4.170+3.409 -
Novateron low dosage 1.25 1.043£0.433#%% 75.0
Novaferon medium dosage  12.5 0.8]15£0.221 %%+ 80.5
Novaferon high dosage 123 0.314:0.086 *** LR &A@ 92.5
HuEN-ﬂb low dosage 1.25 1.22520.565+%* 0.6
HulFN-a2b medium 125 1.076+:0.442%%% 74.2
HulFN-2b high dosage 123 0.740+0.310%** 82.3
5-FU 30,000 0.758+0,227%+* 81.8
Note: #4% p<0.001, compared to control group; @@@, p<0.001, compare to
15 HulFN-¢2b high dosage; &&&, p<0.001, compare to 53-FU group

F. Human leukemia xenograft model

[000193]  The in vivo anti-tumor activity of Novaferon was also assessed in HL 60(s)
lymphocytic leukemia xenograft maodel, Novaferon exhibited effective,

20 dose-dependent inhibition of HL 60(s) tumor growth compared to control group
{(P<0.001). The inhibition rates in the Novaferon-treated groups {daily s.c. injection of

1.25, 12.5 or 125ug/kg for 28 days) were 43.8%, 55.2% and 80.4% respectively
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G oup Dose (p.g/kg) Tumor weight (g) (X SD) Inhibition rate ( %)
Control 3.723+0.750 Novaferon |ow dosage 125 2.0910. 653*** 43. 8
Novaf eron nedi um dosage 12.5 1.668th0. 665*** 55,2 Novaferon high

dosage 125w@ 2080347382*** @ 80. 4 Hul FN-a. 2b | ow dosage pCr/CA2007/001123

compared to the PBS control group (P<0.001, Table 8, below). 21-day treatment of
125pg/kg of Novaferon achieved the highest inhibition of HL 60(s} tumor growth
(80.4%), which was significantly better than that by 125pg/kg of HulFN-2b (69.8%,
P<0.05).

5 [000194]  Balb/c mice were treated with the daily s.c. injection of Novaferon
(1.25pg/kg, 12.5pg /kg and 125pg/ke) for 21 days after 2 x 107 tive HL 60(s) cells were
introduced subcutaneously into mice. Results were expressed as average tumor volume
(mm?). Fig. 9 showed that all three doses of Novaferon exhibited dose-dependent
inhibition of L5180 tumor growth in comparison to the PBS control group (£<0.001).

10 125 pg/kg of Novaferon induced stronger inhibition of LS 180 tumor growth than that
by HulFN-a2b at the same dose (80.4% vs 69.8%, P<0.05), and similar inhibition
comparing to 5-FU (Figure 9, Table 8).

Table 8. Tumor weight and growth inhibition rates of human feukemia Cell LS 60(S)

xenografts treated with Novaferon and HulFN-a2b (v=10)

15
Gon oy Gy
Control - 3.72340.750 -
Novaferon fow dosage 1.25 2.09140.653*%#* 438
Novaferon medium dosage 12.5 1.668:+£0.665%%* 55.2
Novaferon high dosage 125 0.729+0.332%* @) 80.4
HulFN-a2b low dosage 1.25 2.40140,698% ** 35.5
HufFN-o2b medium dosage 12.5 1.8700.660%#* 49.8
HulIN-e2b high dosage 125 1.124+0.397**# 69.8
5-FU 30,000 0.893+£0.289*** 76.0
Note: *** p<0.001, compared to control group; @ p<0.05, compared to HulFN-o2b
high dosage (125) group
(. General condition of the mice during Novaferon treatment
20 [000195]  The mice with the various xenografts of human cancers were closely
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1.25 2.401+0.698*** 35.5 Hull99-a2b nedi um dosage 12.5 1.8700. 660*"
49. 8 HulFN-a2b hi gh dosage 125 1.124+0.397*** 69.8 5-FU 30, 000

0. 893+0. 289*** 76.0 Note: *** p<0.001, conpared to control group; @
p<0. 05, cownqateeglistae Hul FN-a2b hi gh dosage (125) group Kdr/daemngoali2s
condition of the mce during Novaferon treatnment 20[ 000195] The m ce
wi th the various xenografts of human cancers were closely 61
observed duri th eri od. of vaf er gn...FLul £ 2b_ar. 5- EU.

t reat nent . Uﬁ$%ggd§ﬁggﬂgpgyﬁgf Pg%rghﬂaggﬁ%%?ﬁﬁ$%gm¥ﬁmaﬁpﬁ W8 er on-

or Hul FN- 02b s:putfate@ go@s OHipSinQR PRvaAtrbiy ofHEIFRRCh hehaveapiteiermy &/, and
had no wei ght |oss. The 5-FU-treated m ce showed typical changes of

eating and benbkehaypd noaatly. fdhaghie wright doss. Thexid-pstmipatPsiericndi cat e
that while SSRowB.dl Mk, & albGlibflos?iibl ohB80AEE RRAEARNnENAN S FU
in the xenogratr ani nodel's,
5 showing similar or better anti-cancer potency than 5-FU in the xenograft animal models,
Novaferon may be more specific toward the inhibition of cancer cell and have much less
effects on normal cells and/or physiological functions. These may be translated into a better

tolerance and superior therapeutic effects in human applications.

[000196]  Aswill be apparent to those skilled in the art in the light of the foregoing
10 disclosure, many alterations and modifications are possible in the practice of the invention
without departing from the spirit or scope thereof. Accordingly, the scope of the invention isto

be construed in accordance with the substance defined by the appended claims.
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Novaf eron may be nore specific toward the inhibition of cancer cel
and have much |l ess effects on nornmal cells and/or physiol ogi cal
functions. These nay be translated into a better tolerance and
superior twera@asiic effects in human applications. [ @®@LAGjoasosl |
be apparent to those skilled in the art in the light of the foregoing
todi scl osure, many alterations and nodifications are possible in the
practice of the invention w thout departing fromthe spirit or scope
t hereof. Accordingly, the scope of the invention is to be construed
in accordance with the substance defined by the appended cl ai ns.
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8. A recombinant vector comprising the polynucieotide of claim 1.
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comprising an amino acid sequence at least 89% identical to SEQ 1D No: 2,

35 L1, The protein as defined in ¢laim [0, wherein said sequence is at least 90% identical
to SEQ 1D Na: 2.

I2. The protein as defined in claim [0, wherein said sequence is at least 95% identical
to SEQ 1D No: 2.
40

13, The protein as defined in any one of claims 10-12, wherein said protein has
enhanced anti-viral and anti-proliferative activity in comparison to HulFN-a2b.

14. The protein as defined in claim 13, wherein said protein has anti-viral activity at
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35 26. The protein as defined in claim?25, wherein said protein has
anti-viral activity at least 2 fold greater than Hul FN-a2b.

27. The protein as defined in claim24, wherein said protein has
anti-proliferative 40activity at least 10 fold greater than

Hul FN- a2b. 28. The protein as defined in claim 27, wherein said
protein has anti-proliferative activity at |east 100 fold greater
than Hul EN-a2b. '73 29. The protein as defined in claim 24,
wherein said protein is reconbinant. 30. A pol ypeptide conprising a
fragment of tihe?2psdfr@icnhasiviigftined in claim 10, wherein said fragment
conprises at |east 146 am no acids and exhibits anti-viral and

anti - prol i f eriat Thegrokinab Gegined &l claine t4, wicteinesd @oteit wagtli-vad adieidve as human
i nterferon alipka f@dgreatetfian HAFP®RL ei n construct conprising the protein
as defined in claim 10 coupled to a noiety, wherein said construct
exhi bits sai diéhtUwarmteinnt defified trospink 15k ehelzingdibgptgmbas angitvirgliattivissat 32, The
pr ot ei n constleasdd foligreatefthamddFN-mbc| ai m 31, wherein said protein is

gl ycosylated. 33. The protein construct as defined in claim 31,

wher ei n sai d Ifofetpytdirsasalefiped iy pipt 13deherein34id piiteig hpr ati-gicliferelyast r uct as
defi ned 1pn cl=ativiry 8least Wifeld graer $anitiiTF¥eRet y 1S a non- pol ypeptide. 35.
The protein construct as defined in claim34, wherein said noiety is
a pol ynmer nol BcUegproteii36 . defifbkinplrint Bl nhegorsit putsin hasantieflifrelitei n cl ai m
35, wher ei n saiivity gdrhy ficfold prekeetbarl HIFNa2ly | | near or branched

pol yet hyl ene glycol. 37. The protein construct as defined in claim
31, wherein s@i @Gherppitet as defnednin|chilpe s wpremphid puicls has Bg-profferaldyaposi ti on
conpri si ng t hestiyity @tleast W0&dd wheted thre ulFN-o2hl ai m 10 and a pharnaceutical ly

20. The protein as defined in claim 19, wherein said protein has anti-proliferative
activity at least 200 fold greater than HulFN-a2b.

20
21. The protein as defined in claim 10, wherein said protein is recombinant.
22, The protein as defined in claim 10, wherein said protein has a molecular weight of
19315 daltons.

25

23. The protein as defined in claim 10, optionally comprising a methionine residue at
the N terminus.

24. A non-naturally occurring protein comprising a sequence which difers in 0 to 19
30 amino acids from SEQ ID No: 2, wherein said protein exhibits human interferon-like
biological activities.

25. The protein as defined in claim 24, wherein said protein has enhanced anti-viral
and anti-proliferative activity in comparison to HulFN-a2b,

35
26. The protein as defined in claim 25, wherein said protein has anti-viral activity at
least 2 fold greater than HulFN-02b.
27. The protein as defined in claim 24, wherein said protein has anti-proliferative
40 aclivity at least 10 fold greater than HulFN-o2b.

28. The protein as defined in claim 27, wherein said protein has anti-proliferative
activity at Jeast 100 fold greater than HulFN-a2b,
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acceptabl e carrier, diluent or excipient. 39. A polynucleotide
encoding a protein as defined in claim10. 40. The use of the
protein as defined in claim10 as an anti-viral agent. 41. The use
of the protein as defined in claim10 as an anti-proliferative agent.
42. The use of the protein as defined in claim1l0 as an anti-cancer
agent. 43. The use of the protein as defined in claim10 as an

i munonmdul ati on agent. 44. A therapeutically effective anount of
the prdtein |48 PESIN e delinedan glaim 26, whsreinsaidpioteinds recembinsnt of cancer
in a subject in need of therapy. 45. A therapeutically effective
amount 38f t KePPrREPETH CRBPEERg ﬁé@gmwt@rf tierpratginfasrdefied inrelaimel 4, mbaxeirent
of a viaidlfragimseaenpriscsatdeds] 864 arhino aeidsl awf exthitsitsapyi-viral A&l antPgroliferative
t her apgufibgiall h¥tivfidof tdavEasaRBIs rﬁlfmahhﬁteﬁé@h%! %%, defined in claim
44 or 45, Wwherein said subject 1s a human beirg. 47. The

t her apguti cal |, 4 f r i -defd I I:
44 or b Wy SRl (EBRLAEORERAL éf%fpgéﬂa%c@hﬁ???ﬁ%ﬁ {0 Q80 To G,
ohar ma St L gonsicsbive Sed npan mterfaronsike biolagical prbies. 48, A

t her apeyti cal |l f.fective anpunt of the protein as defiped in claim
10 for gg'se in® \é‘ﬁ? CIp F%%?Wﬁtrﬂs%nead @&mm%iow%r:@ proten B glyposylptson
therapg in subj ect in need ?f reatnment. 49. The therapeutically
ef fect Pye arrBEiRIOISR Cobrugt asidsiinedia claim Hewhersingaid molely is\inoharentidai d
protein, is erapeutically effective . in respect of a broad range of
differéht t §FB%§1‘06<FH cambupt asdsfipedinrdaimpd; whctstn wid waiety smnoRe gr oup
consi spolygemfdenel anoma, col orect al adenocarci noma, hepat ocel | ul ar
carci noma, hepatoma, |ynphonma, prostate carcinona, gastric

adenocab.ci ndhaprogsophagust asaletiheabine]aimBagwhedein satihmpicteis\ipolymer
adenocg{ofdciema and cervi x carcinoma. 50. A non-naturally occurring
protein exhibiting human interferon-like biological activities,

wher ei Bgsai ¢hPhRhL} ] f: e %o

dent 1 3l to sééﬁ%@"mﬁ%@én “@*@PS@A&% e E Rt pou RS mitacle 1o

ant i - viPEr ORRED WPB%HPT?gr 9Ve activities in conparison to

Hul EN- a2b. 1. A.pol ynucl eot .de, .encoding the. protein of claim 50.
52. A ‘rrpoys“f’ PSSO 45 glefipkel 5 Smiay, SheEIR Berety 54 TabeliBE of i n
havi ngmoksulgni no aci d sequence of SEQ ID No: 2 or a fragment thereof
conprising at |east 146 am no acids exhibiting human interferon-1ike
bi ol ogb&al Acwimposities comprsing\thegirytnimcis definaldn ertrodiOrgd aiphapnateicallpf
clain1&ﬁema&ﬁcmﬁ@nkﬁmb@kﬁqxaphﬁnucIeotide encodi ng a protein having
human interferon-like biological activities, wherein said

pol ynugd eot AgpijruicRBl@CiRIdIhE APrdthia 9 UemRdGRREiSong Of

pol ynucl eoti des each conprising a nucl eoti de sequence at | east 97%

identig@l tOhSER drihedYoteirs definBd B Ghith %&' ol dnkiRG A HEERR

interferon-like biological activities, erein sald protein is

ected 1 ol _ S0 sal Pn
sel ectgd from ider %ﬂ&}@tle?rpﬁksde%hédlﬂl MinPf @%sﬁn%%g%%g%%w Eg&ﬁﬁ.ng an

am no aci d sequence at |east 95% 1 dentica

42.  The use of the protein as defined in claim 10 as an anti-cancer agent.
43. The use of the protein as defined in claim 10 as an immunomodulation agent.
44. A therapeutically effective amount of the protein as defined in claim 10 for use in the

treatment of cancer in a subject in need of therapy.

45. A therapeutically effective amount of the protein as defined in claim 10 for use in the
treatment of a viral disease in a subject in need of therapy.
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57. A protein conprising a sequence which differs in O to 8 am no
acids fromSEQ ID No: 2, wherein said protein exhibits human
interferon-like biological activities. 58. A protein as defined in
claim56 or 57 for use in the treatnment of a condition responsive to
i nterferon therapy.

46.  The therapeutically effective amount of the protein as defined in claim 44 or 45,
wherein said subject is a human being.

47.  The therapeutically effective amount of the protein as defined in claim 44 or 45,
wherein said protein is for administration together with a pharmaceutically acceptable carrier,
diluent or excipient.

48. A therapeutically etfective amount of the protein as defined in claim 10 for use in the
treatment of a condition responsive to interferon therapy in a subject in need of treatment.

49,  The therapeutically etfective amount of the protein as defined in claim 44, wherein
said protein is therapeutically effective in respect of a broad range of different types of cancer,
said caner being selected from the group consisting of melanoma, colorectal adenocarcinoma,
hepatocellular carcinoma, hepatoma, lymphoma, prostate carcinoma, gastric adenocarcinoma,
esophagus carcinoma, lung carcinoma, cervix adenocarcinoma and cervix carcinoma.

50. A non-naturally occurring protein exhibiting human interferon-like biological
activities, wherein said protein has an amino acid sequence at least 95% identical to SEQ ID
No: 2 and wherein said protein has enhanced anti-viral and anti-proliferative activities in
comparison to HulFN-a2b.

51. A polynucleotide encoding the protein of claim 50.
52. A composition comprising the protein of claim 50.

53. A protein having the amino acid sequence of SEQ ID No: 2 or a fragment thereof
comprising at least 146 amino acids exhibiting human interferon-like biological activities.

54. A polynucleotide encoding the protein of claim 53.

55. Anisolated polynucleotide encoding a protein having human interferon-like
biological activities, wherein said polynucleotide is selected from the group consisting of
polynucleotides each comprising a nucleotide sequence at least 97% identical to SEQ 1D No:
I.

56. A protein exhibiting human interferon-like biological activities, wherein said protein
is selected from the group consisting of proteins each comprising an amino acid sequence at
least 95% identical to SEQ ID No: 2.

57. A protein comprising a sequence which differs in 0 to 8 amino acids from SEQ ID No:
2, wherein said protein exhibits human interferon-like biological activities.

58. A protein as defined in claim 56 or 57 for use in the treatment of a condition
responsive to interferon therapy.
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