-, efghe3e V&661 TI WD 99/57292 - 1 PCTIUS99/09925 0 6 NOV 2002 CGENOM C
SEQUENCES UPSTREAM OF The CODI NG REG ON OF THE | FN- ALPHA2 GENE FOR PROTEI N

PRODUCTI ON AN PRE7RNMERY Field of the Invention This inventi BRI/PEPAIRE to
-genom c DNA. 5 Background of the Invention Current approachegggoprﬁ ing
di sease with therapeutic proteins include both adm nistration of proteins
produced in vitro and gene therapy. In vitro production of a protein
generally involves the 10 int roducti on of exogenous DNA codi ng for the
protein of interest |nto iate host cel in ure. Cene t pr
met hods, SRR TR b SR Bt Satp rhebBa T, b B 4L oot PR

pl asm ds or viruses that cont ain a sequence encodi ng the therapeutic

protein of interest. 15 Certai nFng ;)f_eq:tHe RLRLEL BS nay al so be produced

by .altering the expression of t a desired nmanner
with gene targeting tEBhA aﬁté%nt%reéaﬁes B°§eqn§t3§ntDNNos 5, 641, 670,
5,733,761, and 5,272,071, U S. Patent Application Serial No. 08/ 406,030, 20
WO 91/ 06666, WD 91/ 06667, an V\Qq%% 14334, R 111_9; \ml ch are incorporated by
reference in their entirety “The present invention
i s based upon the |deﬁtlh‘fe%ét@MW%e&Qeﬁe‘Pﬁ’gl’éﬁ dHergsecwWbNA 5' to the 25

codi ng Sequen%éﬁaﬁéiﬂ;ﬂtumtleahertﬁmﬁuea BEoth' Ialamalastmn Tai s DNA can be

used, for exa nstruc hat . al t er creases)

expr essi on of rTF}e;rnoeﬁeer‘h:i"ogé’rtrous e%l\lﬁf e%lléélannd e %Ihga el I Rugdk*Pnt egrat i on
into the genomrasiuathercalf avlpa‘ohéhﬁli@}éﬁi%al@()’ rayerveaathon. "Endogenous

| FNA2 geneloreﬁfr&rr%&&:t&cg@me@coéén&s NN (BEeRRIEbr OERe Jtmteletne@des

| FNA2. The construct caontains _a tar 1.ng_seguence | Nc ng _-_1
L 15" 0e: 200t et P ShoprEorltgie gts ST ¢! B UESY Bere - 7

- . . ... therapy methods, on, the other hand lnvolve aamlplsterlng-

- -to -a $RAdiMeE fdamst, hﬁlQ@r\Mch d'&@'\ﬁ%@t@eg tmm%taqnssquence
and a transcri t| onal ;e?r%%éatorﬁ seguence. ? scriptional regulatory
sequence pr ef Eau%%léa?‘?‘btrﬁct t?éo FaRsRt i Pi5e5R5E - regul at ory
sequence oft5t he endog@ﬂUUSlnFMQr@ng@nG PTheetas geay g soegaepoadutiadkect s t he
integration ofu he J B Al XRIHEIES | B ocr@elr»ewneegmg of shhe
endogenous | F -cod n eg_uencg such that the reﬁgl at or g'eence becones
operatively i "%HE‘ ndGGEnBEES o Fof WKy TENCRITES « oféfat i vel y
| i nked" is rreamtgtha.t S heeategyl dber y5 s@efuesite a3, 761, and

5,272,071, U.S. Patent Application Serial No. 08/406,030,

20 WO 91/06666, WO 91/06667, and WO 90/11354, all of which

are incorporated by reference in their entirety.

Summary of the Invention
The present invention is based upon the
identification and seguencing of genomic DNA 5' to the
25 coding sequence of the human interferon-o 2 ("IFNA2")
gene. This DNA can be used, for example, in a DNA
construct that alters (e.g., increases) expression of an
endogenous IFNA2 gene in a mammalian cell upon !
integration into the genome of the cell via homologous
30 recombination. "Endogenous IFNA2 gene" refers to a
genomic (i.e., chromosomal) gene that encodes IFNA2. The

construct contains a targeting sequence including or
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-10 direct’ expression of the endogenous | FNA2-coding sequgChoy fm construct
may! 24e®tPPPBnal |y contain a—sel ectabl e marker gene to factlitate selErPPYNI92s
of cells that have stably i rated the.construets and/ er apother;caqding
sequence |inked to a pronot I n one erfbbd} menty the BNA cppstruct 2
conprises: (a) a 15 targeti equence,-3cb)+ a regutetory sequence, {t) dn
exon, (d) a splice-donor™sit€, (e) an intron, and (f) a splice-acceptor

site, whaegiiRreHh€rbar geé i NgyBe il did &0t sichBediAegeqténfe Ofardd sel f and
elements (b) - (f) such that_elenents (b) - (f) are within or upstream of

t he endo§eRoasSTrgRhéonTherePha ARt SeresisquendBet heangie¥ &t domploduct i on of

a transcrj i ts _(¢) - (f but_al t he
ndogenot S P R B For S ar e e T SRRy TSt hiHUe arht e

spli ce- acgepkeripticenal ersqilict, isadureiceonst tHEt efdydSdEAMENARM t he
splicedonor site, 25 The targeting sequence is honol ogous to a pre sel ected
targét sPe8ein The ERAONELNW tIPINFNGT ReFsCE§otiBer drepdratatab Pt $heo occur.

It cont ai S 3 t. | 3 0 t i guous

nucl eot i Egéug%téﬁ% %%&Qﬁ{%lgmatr?g acaxﬁg?grr}t gpﬁ?g?%% clg)fns aen(]:e(e%?é)a € %glésst 20
(e.g., atrFRAzleadindlsedisnay SUHD) thent tgeonsguliet €of i skesidfceSEQdReNO: 7,

at least 20 éeag. at  least 30 or 50) contiguous nucleotides of SEQ, ID

NO: 8, or ORETREL¥RLlpolinked) to dhe £asPIspousOcofERg SHIUNRD . AMYNDED SHEET

! P - Ncwbggggtigégﬁ'fgﬁﬁééxsigp%%§322§hat-the-regulatory'séquencg'can ' '

... 10, . direct expresgigumfs tingcleedbgdasusf IBEQR 1@ Nhd Zedusnaddi t Tba, the
targeting_seguence can contain.at |east 20 (e.g., at. least 30, 50, or 100)
cont | guolS ROETGo THeS T S0 BYNGOTS21 01 2] b AP S AR RS REFEot | des

of SEQ | a1 i6atatsd Basti oD dfe c@lisatnatl Bass S0y St LpAkaUeYS

nucl eotides of SEQ ID NO:17, or at |least 20 (e. g., at least 30, 50, 100,

or 1000) cepatrytousandicte@ricdderoto8tny| Setoen®: SEGED t0:a7 prompesponds to
nucleotides 1 to 278 of SEQ.IDQ.NO: 11; SEQ LD NO: 8 corresponds _to

nucl eoti des 3492 top%%%? C?SngQmFB%NQF%;%%ﬁdC%‘E%HUﬁM "\pflfss(tor(??as%onds

to necl eokirdesiry bdquaial, ab)SERQreBuMNAtddy Sygidwd®| ogoush esofifand) t hat

the targeting sequence is identical or sufficiently simlar to its genornic
target sft épgbc?ﬁé?mmes%t@rrge‘tei)n@nséaﬁé%e apd B gersmiice -egReBREEr go

nomo! 0goyse £ eCoubi il 1Al Wl s35NUIRNAEL | oi ANRldnPArERALANEA o 25
basepair m smatches i s accep ablle, as ‘['ong as 'honol ogous reconbi nation can
occur at ibsebsefand felemeentey.(bTo-f €0 | stah et hawrod logeus s gOnbi rf8) i 8ne t he
targeti ng, sequence is pref erabby at | east about 20}?&‘6-5%1 at | east 50,
100, 250%*%Bb? oF Y& Eh&Ee ChGi PRAPIBROYS | FTHE - THES &FGELRRG ¥equence can

al sgoi NCkEgEe b GENAM L rRRGLEBEBRUEE 980 O8F Si dor iR i9G QMaGOVREEBHabY SEQ ID
No: 12, solong as it includes as |least 20 nucleotidées fromwthin this
regi on. Pob exknlenendd tliconal (Ear gett nyl sedtfen cadoaginguise IE¥A2Z ved from

t he sequence |ying between SEQ | D NO: 8 and the end nous..transcription
it ot nee e L rRERREDIR  EhE TR G AR PR E R AR ETP ST ot s
at the | EN@ geneditidt@@USn BhBOECHSE Fakt OlGwiidt deigh FaoheehedepTosposi tion
of any given genomc target Site may Ooccur 1 n any glven mammal 1 an SpPecCl es.

Tar get i ngeBe¥urHes that correspond to such 30 pol ynorphic variants of SEQ

DR 8 L 1and e R ihd s800edde (PEMIRHYS RUMBNpre- ANTFR=FT =
selected target site in the genome with which homologous
recombination is to occuir. It contains at least 20 (e.g., at
least 30, 50, 100, or 1000) contiguous nucleotides of SEQ ID
NO:11; and can contain, for instance, at least 20 (e.g., at

30 least 30, 50, or 100) contiguous nucleotides of SEQ ID NO:7, at

least 20 (e.g., at least 30 or 50) contiguous nucleotides of SEQ\

ID NO:8, or at least 20 (e.g., at least 30, 50, 100, or 1000)
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WO = 06 NOV—20D2—putynorpimrc—varTants)—ar e

W t{%_@(alzt@@oscope of this invention. Upon honol ogous recofif NOY 2562 980 902925
_regul atory sequence of the construct is integrated..nto a.pre.y seleet gg-_ 7
-regi on upstream of the coding sequence of'.4h | FNA2 :gene i:n ?Eeh‘r omgsoqre of

a cell. The resulting new transcription anif containihg thess o ¢ o= -
construct-derived regul atory sequence alterS the expression of the target
| FNA2 gene. The I FNA2 protein so_produced may be 10 identical in seguence

. P : e
to the | RS Rustesdddesyof heEQnkR tNY &R - eddogeddtiéogentheor nmay

contai n adfidd. 00l . SUBSLE! ULAdsoflo LW AIINO ACi( Lesi degas, coppar ed

to the w ype protern, anges i‘ntroddcéd as a result of

honol ogouso ¢ egormaionaicioan i ghbudl hedlegr Pne EX[PEEs IDONOCNEPNRASEESst 20
activating (or causing_to be expressed) a gene which is normally silent
(i.e, ess@ftiiguapsupecpresidas oh ¥R RINO:ES oBtailgedt PAcfeedi ngitor

decr easi O I GENE. 4 h i e.re i on
patte%n g%éagﬁéﬁé%%%?&cﬁ"%’ﬁgﬁu?‘ﬁ% rg‘étternm?ersédg?f %grgegg #\R?b%r?’t%%a%ﬂn t he
cell as drastned. (eCegl.|, as dbést nk@l," FEf ar® ,t @xt he ool topriguoto honol ogous
reconbi nat i so wi_ithin the scope of the invention is a_nethod of using

. Al
the presdht® : 18585 PEUEEQt BP AP et ® ex 1R SRoNCsf S9TERSBATRG Erfdus | FNA2

gene in g, getb. 27 §¢ Ao ifcludesebhensieps Qbrkldpdddd qdiici ng
the DNA construct into the mamualian cell) (ii) maintaining the cell under
condi t i omsidllegtt iigdesni3 ¢ SAohol 3994 sofF RRINMIINAIN:An ;t endcBER DetN@el? t he

consiruct and a 3Q genom c.target site honol ogoys to the _targeti
sequjé,\%ce,cotr(feﬁlp(? Se 8 ﬁﬁﬁﬁ?%bg?efﬁ f—’rge&?nﬁiér?&nf’%céfgp; Ian%é'(}fi ) Eﬁgi nt ai ni ng
t he honol-ogmidslakc@eorBi Raght Cehdt WHlert 50MeiihboBs ghBAte PEE M derfXRIASSI ON
of the IFNA2 coding sequence_under the control "of the construct-derived 35
regul at orgr sedfdeéentAy feéastan paritofoenemigefomget site 080 2080 Fhie NOV

2007 U5 WIBRARS sequence anq tpzget; 'site can undergs hodologdug oo oo

is 5 10 idtentadiaigcReqUEnts Ofhamendagenons shENA2pgesent Iatosd s, the
genom c target site can contain codi n% sequence as well as 5 non-coding
sequehce PERFPALEY BAEMBRCRRS 01§ RIAREAleansFedPBE BF RATRERINS cells in

whi ch th%e%%%%%‘éﬁgoﬁaéa}{”ggﬁ%o”aet NOTRIQ99UE  LEGRAR] Nl O i {1 LggROM ¢ DNA
upstream of thé endogenous
homologous recombination, the targeting seqguence is preferably
at least about 20 (e.g., at least 50, 100, 250, 400, or 1,000)
base pairs ("bp") long. The targeting sequencé can also include
20 genomic sequences from outside the region covered by SEQ ID
NO:12, so long as it includes as least 20 nucleotides from
within this region. For example, additional targeting sequence
could be derived from the sequence lying between SEQ ID NO:8 and
the endogenous transcription initiation sequence of the IFNA2
25 gene.

Due to polymorphism that exists at the IFNA2 genetic
locus, minor variations in the nucleotide composition of any
given genomic target site may occur in any given mammalian
species. Targeting sequences that correspond to such

30 polymorphic variants of SEQ ID NOs:7, &, 11, 12, 15, 1§, 17, and

18 (particularly human

g
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~initifation codon in one or both alleles of the endogenous | FNA2 gene. Such
transfected or infected cells, also called honol ogously reconbi nant cells,
have an @bt ?Ez' FNA2 expression 10 pattern. These cells @cgusasibdocsll arly

cuseful for |n vitro | FNA2 production and for delivering IF i e
t herapy. Methods of making and using such cells are al so e#‘ﬁz%&gg Wt he

I nvention. The cells can be of vertebrate origin such as mammalian (e. g.,
human, non- hunman prlnate cow, pig, hérse 15 goat, sheep, cat, dog,
rabbi t, H i,nea pi, hanst er, raﬂéﬁgrlgln The |nvent|on further

rel ates PBiym o r?g"%\‘ﬁ’a%hql | 1022 RhteFsin vitro or in
Vi vo by nabegdugmng t he above descri bed construct into the genone of a 20

host cell via hq&ggoggus ieconb i nation.. The hong%ggousl reconbinant cel

i s then maint ai ng°Vnd8F°¢8RAITi BRSO ahiP nSEBPHEFGRY transl ation,
and opti seghkpcesedr etheorrafs tthecl FANA2i pred e ted Tiret o revemité-on al so feat ures.
| sol ated l.ei i . Si e east 20 (e.g., at

| ast oS ECERR, BB MR O Ehs LS, SlaRndE W & 1D R 15 o

i ts conpFENBAt geoe dh & shyprasenalent i zatelb. SEI;M DN Utlirexowpt for

pol yrmrpm:snga&agttwﬁs R tOtRIE i O Vad ld DS (& -Garit&FS than 5% of
t he sequence o0 not prevent haonol ogous 30 reconbli nation with the

t ar get sEﬁEél)lnééorForsei%né:r?c@ltter?ég|%?a?’éﬂrﬁ®}%rp%oq‘ﬁ%l‘ha’%ﬁeq east 20
(e.g., alrpmasgea@ 5Ghe0TPNA2 KDt €Nt s@UDHSANeEd afdy des of SEQ | D NO: 7

g(r)glgt ggn%r{%ra]. 1%t sAel\é%Ne%%% %HEEET }FI&A%%IQC?teZPI?Oer?co(Sde'\p{) 20 2 us
unaltered 6endogenous gene, or .may .contain addltlonal
substituted, or fewer amino acid residues as compared to
the wild type IFNA2 protein, due to changes introduced as
a result of homologous recombination.

15 Altering gene expression encompasses activating
(or causing to be expressed) a gene which is normally
silent (i.e, essentially unexpressed) in the cell as
obtained, increasing or decreasing the expression level
of a gene, and changing the regulation pattern of a gene

20 such that the pattern is different from that in the cell
as obtained. "Cell as obtained" refers to the cell prior
to homologous recombination.

Also within the scope of the invention is a method
of using the present DNA construct to alter expression of

25 an endogenous IFNA2 gene in a mammalian cell. This
method includes the steps of (i) introducing the DNA
construct into the mammalian cell, (ii) maintaining the
cell under conditions that permit homologous
recombination to occur between the construct and a

30 genomic target site homologous to the targeting sequence,
to produce a homologously recombinant cell; and (iii)
maintaining the homologously recombinant cell under
conditions that permit expression of the IFNA2 coding
sequence under the control of the construct-derived

35 regulatory sequence. At least a part of the genomic



least 20°(8.g., at 1east 30 or 50) contrguous nucleotrdes ol SEQ 1D N0 8 or

it gs@mpd@ent, at least 20 (e.g., at least 30, 50, 100, gog NOQOMP2 US 009909925
contiguous nucl eotides of SEQ ID NO: 12 or ists cgnpjeenment, . qt,+east,2Q (e,

g., at least 30, 50, or 100) 5 conti guous- nucl eqtld'es of : SEQ°I'D NO‘ 1% sor:
its conplenent, at |east 20 contiguous ucl'eotlptes..qf' SEQ.TD.NO: 16° .G ‘iet5
conpl enent, at least 20 (e. g., at | easT 30 or 50) conti guous nucl eoti des
of SEQI or its co or _at |east 20 at | eas

o 03 Db afle Lo £OTH RIL. Or oL LRBSto 20 (& Guialad 25085 0
I'n one egbﬁ@ll MMt the i3 alepdridCkaigeack deof cdhedineant icaihac! udes a
conti guous 100 by bl ock of SEQ I D NO 11. For exanple, the isolated DNA can
contai n ABEPEREF &S Weltlo 2F0G," TOR-£892DY, SQ@4eRee 300, 301 to 400, 401 to

Co 1100, 1101 to 1206 IG5 15067 THBL Fo 17T S HIOES o i 06 1801 to-
16005 1664119 iYGthidh/ Ghe @ch8Q2uct8Adst andOOfhnd Q%dlfbg%&(%o 2001 to 2100,

2101 to 2200, 2201 te 2300, 2301 to 2400, 2401 to 2500, 2501 to 2600, 2601
to 2700, TO7PRbInA gD wikdnoengmagoBNA 9Pt ¥RD P BIGE S3G08engUus188C 3101 to

3200, 3200 L 0a e cotdihl 1100 ASOR, BAOH %Pg%%)s?ﬁ%éh%ﬁ%%dto%eﬁégé PhngEQ | D

NO 11 or iIts corrp enent . ese I'ts conplenment
are al sogesef ulswush ttaragetfiengetequehnfsctad tdel onsilisecicnlakdt he invention.
In the isol at ed DNA, the&}SDEQID NO; 11-derived 25 sequence is not |inked to
a sequent@TRHREUM lPF‘RIJE\ZceHSath?\é%s‘%nlasltrﬁftedi FHREE PRPFRESSAMe

Con&bgur?&@@n{l efhes%e%ﬂQEeQrQYp&Péléﬁf@rmwﬂg £220YSNGL)L8SIBELAIS 1N

any wi |l dtype genone. The term "isol at ed ", as used herein, thus does not

denot e aprpdwribsvhEnsy for dedévprine bFng%nbrn cgemmt@&gam m Yatheas

ot Conl yEbaretie s SR BheiNar i st B2 SHRREORY ERfo- coding
no only ar a (6] SO n codl ng
sequenceigvéh i dn .of Tmec&&queaaﬁ PYEDPER SHEEh te 135'1@;@112@@@1'1( a® 6 NOv 2002

US 009909925 . ...
“mammalian (e g - human,_non human prlmate\quyh ngg b@gﬁgen the

exi A5 1T e SeEe Cor o Rar| SEPREG ey SREMLTB G RBSHPR 120 1o, iat

DNA (|) Mtt)ckbﬂ:s;ﬂmcorporated into a plasmd or virus; or (ii) which exists

as 5 a separate rml ul.e mdepen%ent of other sequences % a fragnment
produced by pol yner l@W&PﬁlPBa FFoReY "Ry e oS ésf“teltéf’fio Eendonucl ease

treat meng roé{neag;%l HafthaPNANPE BhLS aﬁfa{t&'ﬂ@snmﬁl G2 Npav3eguspce which
encodes 1 ntact NA2 precursor (i.e., IFNA2 conplete with its endogenous

secr et i onnsighalink) thepabdek- dgheripednionst micto infrol tHesgesohatell DNA

compe si g, & shiad eh,eontal iz g sequense thal, banalobetsty 100 (o9,

recombinant cell is then maintained under conditions that allow
transcription, trénslation, and optionally, secretion of the
IFNA2 protein.
The invention also features isolated nucleic acids

25 comprising a sequence of at least 20 (e.g., at least 30, 50,
100, 200, or 1000) contiguous nucleotides of SEQ ID NO:11 or its
complement, or of a sequence identical to SEQ ID NO:11 except
for polymorphic variations or other minor variations (e.g., less
than 5% of the sequence) which do not prevent homologous

30 recombination with the target sequence. For instance, the
isolated DNA can contain at least 20 (e.g., at least 30, 50, or

100)-Eontiguous nucleotides of SEQ ID NO:7 or its complement, at
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1 T

| east—206—400,Or 1000 NuCcteor T aes M rangrh—amt—ttrat—hybrarzes—ome!
ei {hepsderately stringent or highly stringent 15 condigt$ o0y 202 h)SEEdE3905
No: v/, 8, 11, 12, 15, 16, 17, and/or 18, or.the conpl.ement. ofs-SEQ |-D NG-/,
8, 11, 12, 15, 16, 17, and/or 18. The séquUence’d seanot |inked«to an *3 ¢

| FNA2- codi ng sequence, or at |least is @pt #inked jn-the:samg eopfiguargiron
as occurs in any wld-type genone. By foder at el y stringent conditions is 20
meant hybridi zation at 50C.in Church buffer (7% SDS, 0.5% NaHP0O4, 1 M EDTA,
1% bovi ne®28F utl al i n P tarn§ 27as AP ngT a? © 5oeT i PRRUSSELCEgRE Fe 8t PF nfeht

condi tiops @6 eg def ined éﬁ?mmhwi zationsata 426 in the pegsenss, okp50%
formam de; a first wash at 65C wth 2X SSC contai'ning 1% SDS; foll owed by a
second 2500asdr a0 BEComrtthg0oLX $IC] edt sde =t #63d IPyNDhé2i avehtson i s

i sol at ed conprising a strand which contains a sequence that (1) is at

| east SOC%)TENP%?TE ft 13a a‘?g 85 ?60§'nu%? e]get'ﬁfegol'nsloenﬁfhlgﬂg_ (2) shares at
| east 80%bh€:dioudinda@sk 18a% 0808E0 IBYoN®I1 DM 3@ zeqpensentdentity with
a fragment or all of SEQ ID NO 11, or with the conpl ement of t he fragnent.

This fragpest Tarrdnidioyges norleasidmeeof SHUED HO:aK| oof 1SEQ I D NO: 7, 8,
12, 15, 1t  AVENRER SUEET, (o 4| 45-08;2000 Q.6H5V.2002L)5,009909925
.nucleotides of SEQ. ID.NO:17.o08ritd.coliiearauenee ks Doistizked to an

|nt act | FNA2-codi ng sequence, or at least is not |inked in_the sane
confi gur &2 i%n &F dEedts30n ARy WP d-eyplfnsvatighers aupheetidparct

pol }(?epté%s & NB’:(ilseio?: qg_' dca #g&g&i s said 5 to have a specific percent

idenfity conservation to erence pol ypeptide or nucleic acid
nol ecul e, the perceani ondeBhbbiigent pnses iaddleitelds ndel et 81 aetld byt tites

al gorithmof Myers and MIler, CABTOS (1989), which is enbodied in the
ALI GN pr bgfeith{QreidicdnagsoR, CortigeoequtVaitdhlogki R SE9apP 1 ¥ngth 10

penal ty pbr 12,800 A QAR REBRLLYaOhNA MET&RUQh PREAOBLEASs ecsemy red.
All ot her paraneters are set to their default positions. Access to ALIGN is

readi |y d@hitaldo®d, 888, te. §00, hB0p: o WA, i4gh. tor §0Pr/ BPh/ abi I guEesss. cqi
on fpe IpLernet .01 to 800, 801 to 900, 901 to 1000, 1001 to 1100, 1101

to 1200, 1201 to 1300, 1301 to 1400, 1401 to 1500, 1501 to 1600,
1601 to 1700, 1701 to 1800, 1801 to 1900, 1901 to 2000, 2001 to
2100, 2101 to 2200, 2201 to 2300, 2301 to 2400, 2401 to 2500,
2501 to 2600, 2601 to 2700, 2701 to 2800, 2801 to 2900, 2901 to

20 3000, 3001 to 3100, 3101 to 3200, 3201 to 3300, 3301 to 3400,
3401 to 3500, or 3465 to 3564 of SEQ ID NO:11 or its complement.
These blocks of SEQ ID NO:11 or its complement are also useful
as targeting sequences in the constructs of the invention.

In the isolated DNA, the SEQ ID NO:ll-derived

25 sequence is not linked to a sequence encoding intact IFNA2Z, or
at least is not linked in the same configuration (i.e.,
separated by the same noncoding sequence) as occurs in any wild-
type genome. The term "isolated DNA", as used herein, thus does
not denote a chromosome or a large piece of genomic DNA (as

30 might be incorporated into a cosmid or yeast artificial
chromosome) that includes not only part or all of SEQ ID NO:11,

but also an intact IFNA2-coding sequence and all of the seguence
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The invention also features a nethod of delivering IFNA@()I nzo#s ani mal
(e.15¢96-280@rammal such as a human, non-human primate, co 3?2 or 56, 0QRPAP P25

sheep, cat, dog, rabbit, nouse, guinea pig,. hanst el *or raL) by provwdlng a
cell whose endogenous IFNA2 gene has beén® dctivat ed”’ asodeserdbed herelﬂ .
and inplanting the cell in the aninal, _dhere the .cell sebrdt'es’ | FNA2. ‘AlsSo

included in 20 the invention is a nethod of producing | FNA2 by prOV|d|ng a

cel | whoa@ueﬂdggegwét&gm@m%ms cee%g?g%gﬁgﬁﬁﬁ @r@ deggerd rein,

and culturing the cell in vitro under con permt he cell to
expr ess andrsepoeﬁenthwQSEQTﬁD|vaentaenltuekhets|hmluhhaganameabédaDNA t hat

shares at | east _.80% (e. , at least 85% 90s, or 959

identity?S gi hy Flﬂ??@l ?ﬁﬁﬁg"h%&ﬁlﬁsoPoﬁDéeTéY%éyt%Trﬁ qgoﬁ'lfpons
with a powt hHEo%Foeredainﬂ&%Stpl%Q%liH 89 v§9us 109 400, “Qflcw@&l%xsl Bs

| engt h) of the ndl 1'1-BamH insert of plasmd pA2HB (descri bed bel ow). The

3' erid ok Shperpbetm@heqﬂlarmndameeﬁentsOBOOQheﬁmﬁﬁtuﬁndaﬂEEE g.. a2, W

99/ 57292 PCT/ US99/ 09925 % Ngﬁ hgﬁ ast 511 bylgﬂftrean1of the ATG
transl at t6ASTRTET BE POR-TDd0N & YFﬁgaFE aﬁ%d?%ﬁf NE&EN RePaded in the

pl asmi d tfaeeﬁ.ctibﬁ @bl dHA tebathent NVehd OfsCialt € Disedreffeirably
exanpl e, as a source of an upstream PCR prinmer for use (when conbined with

a SU|tabﬂ@eéomﬁ§t¢@%h¢¥ﬁ|%ﬁﬁ%QWQQCGbWQFﬁthH?@Qﬁﬁeﬁﬁﬂ%ﬁ?n%?Nﬁ@gPéﬁC&ﬁéPér
conmpl ete gogl ng; €§ﬂ%e€%gplo tear‘)ue@ldg %4;‘5[1\%5 gse ot gngxbrl di zati on

pr obe for i'ndl ca resence o onDsone in a pré€paration of
humam chpepbs@aes. It can al so be used as described below, in a nmethod for

altering the expression of an endogenous | FNA2 gene in _a vertebrate cel
Unl ess ot herwi se de???m&ﬂvﬁﬂqlopeéﬂﬁPcéPcéH@e%EF%Rﬁ%ﬁﬁq'EW@ CoFRELEiRG 2

her ei n. hgueahlie, RAMR JRANING 25 sLOIURALY cHOKIer5100d dak 108 00fe05di naty

skill in the art to which this invention ongs. enpl ary net hods and
mat eri al 3east Bescr4bed dmﬂkm&o)ahnhmagbldeermmkﬂengthnmm@rmabs simlar or

i val th d d h 20 | b in th t]
Casti ng BYOERE BT BoRHs RATErORCORTE R B FEA TR HaPem ApBr FRBBFOh)

pat ant s, candipibes walieranced wenyi opedihere h A e 1idcqmpokakgdrbys,
reference in their entlrety In case of conflict, the pr esent
speci fi cari bhe ¢erepieitens 25 $&2 APt Neng, i 111 cortr IS, The AAEerndler

t hods, d | | ust |y t
R R .

from t heatol awt nis dedailietkededer thei same o draaidrh@scbacues tnBri ef
Description of_the Draw ngs FI%K lis a representatlon of the published
n

sequenceavseeﬂr%ma)gwne huREn™PRRESE @ bYi Hor Wetpien con4id 18B8/e™f1 anki ng
5" apd 3meBRR-KPH-NG SAGURNGES s0eNBAMGurch buffer (7% SDS, 0.5%

NaHPO,, 1 M EDTA, 1% bovine serum albumin) and washing at 50°C in

2X 8SC. Highly stringent conditions are defined as:

hybridization at 42°C in the presence of 50% formamide; a first

wash at 65°C with 2X SSC containing 1% SDS; followed by a second
25 wash at 65°C with 0.1X SScC.

Also embraced by the invention is isolated DNA
comprising a strand which contains a sequence that (1) is at
least 50 (e.g., at least 70 or 100) nucleotides in length and
(2) shares at least 80% (e.g., at least 85%, 50%, 95%, or 98%)

30 sequence identity with a fragment or all of SEQ ID NO:11, or
with the complement of the fragment. This fragment can include,

for instance, a part or all of SEQ ID NO:7, &, 12, 15, 15, 17,

AMENDED SHEET
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HUM FNAA) . Sequences of RCR prinessel&NL, kFEN2ge | FNG-- ane,
iFN7 are indicated by arrows. Fig. 2 is‘a*schefthties di agraimeshowing £ bhe :
human | FNA2 genonic regi on enconpassed <y §he i, mserte of «plasmid pA2HB: 3
Fig. 3is a representation of the nucl®btide sequence (SEQ ID NO:7) of a
regi on upstream of the codi ng sequence of a human | FNA2 gene. This
nucl eot | 8 Stqueithe FRERISRGE BEACE eptP ¥ 5t A dEPPE EFfA22cpding
[ epresent Aol i seayence (SHLD AN Y ol 2-RUMBEAEENAZaCON
sequence and sone flanking 5 and 3' non-codl ng sequences. e underl1 ned
sequenceo¢ShEg i MOyBWwihdstppe demomerevi ously reported. The pol ypepti de
sequence (SEQ ID NO:2) encoded by this gene is also shown. The N term nus
o the el i FolFRACIaRT: SOHRVELISA B TNEdfe 201 PoTRL §ouge 15 ofal
schegmt i ¢, diAQ aMIQWREG BeLODSE I USdnOftyf RE- IBKeRLLQR: olhesconstruct
contains a first targeting sequence (1); "an anplifiable nmarker gene (AM; a
sel ect abtefemarkesr ppénpepSifie arregulatoraciskquércelea TAP petreentan exon; a
splice-dpnor_site (SD); an_[ntron; splice-acceptor _site.(SA); and a
second tJa‘?e(féttJitﬁ’g °§e63§ﬁ@5vf‘é}9nﬁ1% %?%%P%é%yr g%‘?e?iﬁ?r& g’i“n%f é&’&eﬁ%d the
stippl edaRPX¥ESL 1180 eaenbst (20867 | bewh ti Jninbaaskat ed spguenees. Fig. 6 is
a representation of a sequence (SEQ ID NGO 10) of a human genom c sequence
5' to tHrIFNA edisAgn28 .- 8kquenckts afhiviediendi nyssnaea coaP neR¥Fguence. The

S1150 SECTE NG, T s B He8 piad B S W R SR PP i 1
sequencerdjuilr@dSEQaLD NOhé?Z parHiEdAdd MYel setheoseguenceebeteen. the

framed area and the underlined sequence is SEQ I D 30_NO:8. Nucleotides
-4074 t PRHFAPNSs SBOCRPSNEP 1ALI G che diqaded Y- 8¥8%18B123239°%s SED 1 D NO: 16.

Nucl eotiges, - 8244t Qgn3eafs! Frjbin/align-guess.cgi on the Internet.

The invention also features a method of delivering IFNAZ to an

15 animal (e.g., a mammal such as a human, non-human primate, cow,
pig, horse, goat, sheep, cat, dog, rabbit, mouse, guinea pig,
hamster, or rat) by providing a cell whose endogenocus IFNAZ2 gene
has been activated as described herein, and implanting the cell
in the animal, where the cell secretes IFNA2. Also included in

20 the invention is a method of producing IFNA2 by providing a cell
whose endogenous IFNA2 gene has been activated as described
herein, and culturing the cell in vitro under conditions which
permit the cell to express and secrete IFNAZ.

The invention further includes isolated DNA that shares at

25 least 80% (e.g., at least 85%, 90%, or 95%) sequence identity,
or hybridizes under highly or moderately stringent conditions,
with a portion (e.g., at least about 20, 50, 100, 400, oxr 1000
bp in length) of the HindIII-BamHI insert of plasmid pA2HB
(described below). The 3' end of this portion of the insert is

30 at
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- SEQ tD NO:17. Nucleotides -3139 to -S11 is SEQ ID NO: 18. AMENDED SHEET

15-06- 200‘80(39/?7;9\;0\/_ 2902 US 009909925 .... .. STIEE _PCT/US99/09925

Do Fig. 7is a representatlon of a flrst targetlng sequems:emQ/SMID
NO 13) used in a construct of the invention. Fig. 8 is a representation of

a second targeting sequence (SEQ ID NOy14) used in a construct of the

invention. 5 Detailed Description The present invention is based on the

di scover y1 ol st hepPUGheRtEdR eTREY WG ek GUSRELS diRSLEGAM 1O the

codi ng sequence of human | FNA2 gene. Interferqgn-a constitutés a conpl ex
gene fan1¢9dQ%t%ﬁ1ﬁhaeﬁ§§AérG§@éP@dS@ﬂ“@ﬁéesH@FtWﬁ%ﬁ(ﬁp &Reonosome 9. None
of these 1d|gﬁgggtng the | FNA2 gene, have introits. 15 Interferon-a is

produced by macrQ a s, and a variety of many_other cells.
| nterferon-a has ‘gq%{ﬁlkl#r%ee$?%%?%1°%nﬂgﬁa§eb%%?ﬁsh@ﬂ% to be

efficaai OebSamplléfeaél agsbufreet bﬁnenbyapmmelahmomm/prnimemmt ukks B and C
VT ts.  antSEE ReaTP T R e CrERS Sy B R ESAS B P8 a0 aci d
precursorommimmg(SE@ ngNmazpryomeglmnngnal/b% a:mmpdea‘.ce dogiiggal pepti de.
e $on0rfuBic8! oL UIRRGL SN atind Seploved B, 1. The b 1
(F|UN|mewbx;ﬁgg@klggcgggbgnfor 1nd1cat1ng the presence of
10 chromosome 9 in a preparation of human chromosomes. It
can also be used, as described below, in a method for
altering the expression of an endogenous IFNA2 gene in a
vertebrate cell.
Unless otherwise defined, all technical and
15 scientific terms used herein.have the same meaning as
commonly understood by one of ordinary skill in the art
to which this invention belongs. Exemplary methods and
materials are described below, although methods and
materials similar or equivalent to those described herein
20 can also be used in the practice or testing of the
present invention. All publications, patent
applications, patents, and other references mentioned
herein are incorporated by reference in their entirety.
In case of conflict, the present specification, including
25 definitions, will control. The materials, methods, and
examples are illustrative only and not intended to be
limiting.
Other features and advantages of the invention
will be apparent from the following detailed description,
30 and from the claims. r

Brief Descrivtion of the Drawings
Fig. 1 is a representation of the published

sequence (SEQ ID NO:1) of a human IFNA2-coding sequence
and some flanking 5’ and 3’ non-coding seguences (GenBank



-namber—J00207 and VOUSZZd, SEQ TU NOT I WhT CIT oegr Imatr  posST T Iom 510 rerartve
t o14.pe-dgpans! ational start site (unless otherw se speci 0ibeNOV 2R posichbomsgos
referred to herein are relative to the translatiopel. start siste), and end

at position +1,223. The cap 30 site is:leCated at-positron *67. AMVENDED:
SHEET WD 99157292 - 12 PCT/US99/09925 O 6 NQY, 2062 Spgcifj.ec Segruenges

5 to an | FNA2 Gene and Their Use in AMP&r] ng Endogrenous | FNA2 Gene
Expressi on To_obtain genom c cont ai ni ng sequence upstreamtqQ an | FNA2
gene, a APHENAMYuko SFERST Pi‘BrB’r’}m?‘ﬁgSI "g’anN@IVBE§N€O BRtediN¢at al og
# HL10064) e Wass Sl eeNed, whthya 332 by probe generated by PCR This probe
corresponds to the gendm c regi on between positions -263 and +69, and was

anplified from humghggerorisc aDiAhasa hic ofl i grrae |sotviity phenensadesFgmat ed
| FN7 and_| FN6, both of 10 whi ch#e}ge esij%?ﬁed frO(r)FQ Hhe avai | ?bl e | FNA2
genoni ¢ PRECTEGUGTEET BRGORRSS$HePY' "R d e T i9te PLRER? AcBRFE8 ponds to
posi tion -263, andgie BriiBER' $cpLEHEREL iSn D ARET IGFAAAPAGECT LRI A- 3

(SEQ ID NO:3). The 5" end of primer IFN6 corresponds to position +69, and
this 15 pPEQEID SE7eneéd is rsgiGOIATARTCAGCIIGACORingSEIhEntle: 4f 2

Appr oxi nat el mllion ¢onbi nan age were screene ith the

r adi ol ab}élﬁTae% ]%g\g‘zb)?eﬁ)qledbe&gélsx?vc%%é?fc?eve epquzie&fees r 89 s%ﬂFS{led fromthe
primary M&.&f&&%r%@i@h@?& Lanbda phage DNA was isolated fromthirty of

t hese pl aques and subjected to PCR assay using oligonucleotide prinmers |IFNL

and | FN2. Bot h | FNFignd4| FR22a¥ epaessnvart farbmit lee sgquancean8EQtE regi on of
t he FNAt@c ne;- t.hej e e b 0 t he websi . .

" ht %% IIVW\i\S/Jvé.a) nc f| .anl%rlﬁ ﬁ?lhgggg? a%%%?g %es%uneg{}%hgéﬁddg%fn f ??zéblﬁﬁﬁéc%deaw\lwl

| D: 42433 " rldre dodiend setruphiceer | B wodeAspaidseboeposi (R0 #6380 :&nd t he
primer's sequence is 5 - AAAGACTCATGITTCTGCTATGACC- 3" (SEQ I D NO:5). The 5
end of pPrIFrEICY MRENCBFEESPYRUE FTOPRO-Fbsi thhsn PPa¥BePEAdet BRIPFAGRr ' S
sequencedsy 5EFEGRACATCAGAT AT ATEAAGA R 1(SEQ:bD:NB) - Ehetife thirty
phage sarrp%Qes, two gener at edA*te%-e expggg? ed l215 Bsy SCR pr oduc(ta. One of the
two phageeptiapesinadef methee polyperuidey itsvdndddiatedndl [Bargss of

e oon R vgaoodasers%s ¥l SLELER PPELALGEEY o conecdPB200 ©
.+ . . the inveht3on. - The  censtruct -contains"aBr3rkk EhpgitindanH fragnment
from phage 4-4-1 was subcloned into pBluescript |l SK+ (Stratagene, La

Jol | a) G¥Iuanqsr dduceapAamBl ifkilte dwitkamgeaspridi) meebglacBride of

marker gene (SM); a regulatory segquence; a CAP site; an exon; a

splice-donor site (8D); an intron; a splice-acceptor site (S8A);
20 and a second targeting sequence (2). The black boxes represent
coding DNA and the stippled boxes represent transcribed but
untranslated sequences.
Fig. 6 i1s a representation of a sequence (SEQ ID
NO:10) of a human genomic sequence 5' to the IFNA2 coding
25 sequence, and including some coding sequence. The underlined
sequence is previously reported while the remainder (-4074 to -
511; SEQ ID NO:11) is new. The framed sequence is SEQ ID NO:1l2.
The sequence 5' to SEQ ID NO:12 is SEQ ID NO:7. The seguence
between the framed area and the underlined sequence is SEQ ID
30 NO:8. Nucleotides -4074 to -3270 is SEQ ID NO:15. Nucleotides
-3267 to -3239 is SEQ ID NO:16. Nucleotides -3241 to -3137 is
SEQ ID NO:17. Nucleotides -3139 to -511 is SEQ ID NO:18.

AMENDED SHEET



untranscri bed upstream sequences, the protein-coding regi 5 kb and
apﬂ?tﬁﬁ'gg(?%l y 2.8 kb of downstream sequences of, the | FNg‘fg%\ﬁ(]az.n&A US 8d9909925
restriction map of the 8.3 kb Hi ndllIl -Bam-f fragngnt is:shopn in Fid. e 2¢

The pA2HB pl asnmi d was sequenced by the :Sanger npthod. *A:278: by seljudnte
whose 5' terminus is at the 5 end Hinditl® 10 sttt %is shbwn Yel dw {see ‘al so
Fig. 3): AAGCTTTTATAGGTGTAAATTTTCCACTTAGTACTCCTTTTG

TAATGTTGTCTTTTTATTFIGATT TAI ( CAAGATSHITtERGbn of a first targeting
AATTTCTCTTGACTTCCTTCTTAAATTCTTACCTCATGTAGA 15

CATACAT PEAREESECT AFECAR TR AT Goppe o Aaaonst ruct of the invention.

AATTTACTTTGTACAAA. A; AGAAAAAT. ATT :
TGGTCTTGTGAGCACTAT%':IL' ' TAWE&fT&?ﬁﬁ%ﬁﬁﬁ%ﬁ ( SEQ
| D NO: 7)sebheendiendSER $Dt KOt 34] ocsdddirata pasistirant- 4f 0TBe #@éhtpireavi ousl y
unpubl i shed sequence between positions -583 and -511 was al so determ ned,
as shown bel ow and as underlined in Fi g. 4.
CATTGGATACTCCATCACCTGCTGTGATATTATGAATGTCTGCCTATATAAATATTCACTAT TCCATAacACA
(SEQ I D NO: 8) The sequence (SEQ ID NO:12) between the regi ons correspondi ng
to 25 SEQ ID NGs:7 and 8 was al so determ ned. The genom ¢ sequence between

positions -4,074 and -511 (S I D,{\IO i1§_ t he Sequence which is not
underlined in Fig. 6. SEQID %&i#—%%}r&%i%dﬁ%% nd to nucl eotides 1-278
and nucl eoti des 3492e3p64sofht SERLR Mk 1k phespeshi Med Vai Hbvkaaldrer the

expressi on of an endogenous | NFA2 gene, a DNA fragnent containing
nuct@®ot itdes nprdeggide of OWETS 1 3 MO OLL sgesicaicefedp prerm i 451 adsngr oduce

targeti struct _p ) H;}Q eotides 279-3311 of SEQ ID NO 11 was

desi gna{%@%%gﬁel é‘l\ﬁ:%ég)%hle ragq%lnet' was i nserted upstreamof a CW

pronoter and 35 a DROEYEETOH &8I Sdritde u@eRe aabfmb Ses chatat L@l lyy wiepr esent ed

in AMENDED SHEET _ 15-06-2000 0 6 NOV 2002 US 009909925 .... .. .. .. .. ..
. 14 gepes clugtered gn tthe short arm ¢f chromosome 9. None of

these genes, including the IFNAZ gene, have introns.

15 Interferon-a is produced by macrophages, T and B cells, and a
variety of many other cells. Interferon-a has considerable
antiviral effects, and has been shown to be efficacious in
treating infections by papilloma virus, hepatitis B and C
viruses, vaccinia, herpes simplex virus, herpes zoster

20 varicellosus virus, and rhinovirus.

The human IFNA2 gene encodes a 188 amino acid
precursor protein (SEQ ID NO:2) containing a 23 amino acid
signal peptide. The genomic map of the human IFNA2 gene is
shown in Fig. 1. The map is constructed based on 1,733 base

25 pair ("bp") published sequences (HUMIFNAA, GenBank accession
number J00207 and V00544; SEQ ID NO:1) which begin at position -
510 relative to the translational start site (unless otherwise
specified, all positions referred to herein are relative to the
translational start site), and end at position +1,223. The cap

30 site is located at position -67.
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24 ... .. Fig. 5. For the second targeting sequence of
"Fig. 5, a DNA fragnent contalnlng nucl eotides -68 to 69 of the | FNA2 gene
sequencevf(gg 4N Fig. 1 was cloned downstream of the CW pe+aiddbRab928nd

S neomycin Ut %nce gene. Nucleotides -68 to 69 of 5 the IFwﬁ% gﬁﬁﬁﬁ&as
designated SEQ I D NO: 14. The pGA402 plasm d was introduced i*n g

fibroblast cells exhibiting little or no | NFA2 gene expression, to allow
honol ogous reconbi nati on with the endbdgerous | NFA2 gene. Cells resistant to
(418 afteg plasn1d |ntroduct|on wer e screened to |den%|fy %ells with 10

reconblnaAneereﬁgnhneege%eesp@eﬁﬂa @eaethepgeeeﬁbﬁ DNA took place in the
vicinity © € en %Enous JL<gene ner a hodol ogi es 15 Alteration
of Endogenous | FNR2 BRI 38R7M1% i DR t FRP SV SRFIHRE 1HRELr 8t r eam

sequencestoonf CaNAal behet ha expaasieakoeltangendagenausrawgpann FNA2 gene

b hod I y.d bed ig U S . 5.641°670. On '
s?rgtggi ?émsaaaﬁ&g § (élo%_%% ?ﬁFéTQErgtggébsgggawaétFﬁ§e§8e onst?uct i's
desi gned wathnal ade bpfpm@betgegerangdsequeﬂﬁe h@mksopaobet 0 a first target
site “p5t58§?g§%oh9% Q%”%heaaaﬁgﬂhhfE@Bh%n”ﬁéﬁ%éege§§51%1§%'eCE%B'e mar ker

gene, a reégqu ry re \P" onor “site, an
intron, aasgl r68,aendpwes ampdifard froecbmmanasgerimig B¥duesdaghonol ogous

25 to a seieggnhe&aeh%t 8 -dunst neanyah cbhe 1kiwS knkaresk , Skbenald

tern1nat|ng Ither within or_ upstream of the_ |FNA2-codi ng sequence.
)

Accor dithgWhdchnieret desdgped faosr téﬁdaHﬁl@ﬁ§1§eé§N62t5@@@@1§|P@Als
pref erabl gebigackhariyQ7 1y, upser sameat bifep @@meelIFENAao&&e@ﬁbeheonal

initiatiop site, in or% r, to d 30. undeS|red ATG st.art AVENDED SHEET
W0 901 57989 POSEE LBET 0G0, Gedoane Bramlety LeGuehS.sit
5/ -AGTTTCTAAARAAGGCTCTGGGGTA-3' (SEQ ID NO:3). The 5’ end
of primer IFN6é corresponds to position +69, and this
15 primer sequence is 5’'-GCCCACAGAGCAGCTTGAC-3' (SEQ ID

NO:4) .

Approximately one million recombinant phage were
screened with the radiolabelled 332 bp probe. Sixty
positive plagques were isolated from the primary screening

20 plates. Lambda phage DNA was isolated from thirty of
these plaques and subjected to PCR assay using
oligonucleotide primers IFN1 and IFN2. Both IFN1l and
IFN2 are derived from the 3’ untranslated region of the
IFNA2 gene; their sequences can be found at the website

25 "http://www.ncbi.nlm.nih.gov/dbSTS," using the
identification code "NCBI_ID:42433." The 5’ end of
primer IFN1l corresponds to position +639, and the
primer’s sequence is 5'-AARAGACTCATGTTTCTGCTATGACC-3’ (SEQ
ID NO:5). The 5’ end of primer IFN2 corresponds to

30 position +853, and the primer’s sequence is 5'- S
GGTGCACATGACATAATATGAACA-3' (SEQ ID NO:6). Of the thirty
phage samples, two generated the expected 215 bp PCR
product. One of the two phage plaques was further
purified by two additional rounds of hybridization

35 screening, yielding phage clone 4-4-1.



0 6 NOV-—Z002 " Co0oNS W T T I T e T T anscr I oed Sequente. A TTanser e prooucet—
fr g ddigodonol ogously reconbi ned | ocus will include the cBrﬁsNQ\ﬁ&ﬂﬂzggrddgg@ggzs
exon, the construct-derived splice-donor site, thesconstpructederiyed, ,--,
intron, the 5 construct-derived splice-aeceptorg:site, ,any seguence befiwgen
any of those elenments, and the sequence_frpmthe, copstructe desi wed, splfice
acceptor site through the entire endogéﬁéus codi ng sequence to the
transcription term_nation site of the TFNA2 gene. Splicing of this 10
transcript will gedefatek® FRRAIWATBAMEAN RITTUNfrare@PpgephoduteVas

precur sog,0fy SuuERn JfNAR: JBaki-g: ekt hek, t e normlnd FNA2 ssgeLet qgn shgnal
sequence or a genetically englneered secretion signal sequence, depending
on the chavdotem’HES wiifi chheonbasths ugppdeximeetloaxan3 kheosi ze 15 of the
exogenous intronragjn%n(}'lus t he gosi tion of the exogenous regulatory, region
rel ati velRFFRECHANGPPEGFER SFIPFRC R R SHarceding opeiatzét the
funcgi ongef, ther re@H-aliRkY el §0b 08. kib No Ao dr\eRkH %@gﬁ&h@%ggé&f the first

and second 20 targét sites need not be inmedi ately adjacent or even be near
each ot hEfNAdNgsnea.hep Feetmortiopetintef \thaljéacem HOndaER-BeMBE, a portion
of the | ENA2 % ne' s nor malinupstre?m regi on and/or a portion of the coding
regi on WouT 0" pe dél & ea'nupon hoito ogous reconbi nation. 25 Miutations that
facilitate alteratitpe ghzﬁad?g@@:ey@ wdNAZ RIEHRES bYN t ABY shegé Athethused i nto
the chronosomal DNA via honol ogous reconbination. For instance, it may be
desi rabl® 36 dtpolsesheacgpwhPeasS ante Loy ried akTGhenpt | apfoRiedHbh upstream
of e C ect i nitikati 0 . and,,bet ween the exogenous regul atory
reg?gn a%{fre t%hseéé?&%jg&ejtﬁggg ?lgf\gzag%gi ng'r edi ‘on in the honol ogously

reconbi ned | ocus. To do _so, one can e%I o%ca tarG&eti ng construct having a
targeting sequenceAﬁ@ﬁEFgééaéG?%G 1 CARGTESRGES Egﬁth he undesired

ATG initiation 35 CEASRITPRESTTaf CBPEBAEALREChucl eot i des t hat
WO 99/57292 - 16 P&ELFUSHSIEGRETECHT TIOCFESPEREAED t he desired

mut 3%i on, e.g., cofRARPRASTATTTEECSECERIIGIATARGCGATREARARGERAGAGT const ruct
optional ly incl ude®AGNEACT TIOTAECERARTANAITA TRACRAASARATAZBT I t at e sel ection
of honol ogousl y receericredTCRECACTATR BOCGIGNTRCT TTFATRGULCARDTY regi on can then
be i ntroduced to thertheavtagaustyraecordumed ekl spupstyeam of the altered
sites, using the expression alteration nmethod of the invention.

Al ternatively, the Tg*ﬁo&éﬁ@ﬁ@r%b‘iﬁ atDriPd§ioRtar@sibiPRe-Hel7 ed Lequence
mut ati o : i - i geno LG Si e e The DNA
cong{%rurck?‘)euse%g sﬁﬁ’ %’%&’gggggg ?n%%@l%% cont ale?]l %ﬁkgﬁgsexggﬁen%ﬁi %—elglul atory
regi on awek aalisar getiemgisedueaseshdiat lmdntwaiansl aschederiiésedoir &Simnding to
t he desired tation ... 15 One al so _co-transfe or., CO-] cl .t

separ at e G PIA S AR Tt R D e Rt PR S R ATATE T The

r egul at oryFFEGPAGRBnd SERe 1Bt K878 kont ai ni ng nucl eoti des corresponding to the
desired U ald PRncEl (4891 T8N0 & SPBEY dA Hld CRyABASPLOErE5hndHYg 4Q; be
introduced into the genomc DNA e.g., at a site between an undesired ATG

i ni 2% at i $HO U diPsand anbde8cwas ezl sATdeiquntingd.on codon, in a simlar manner.
The DNA construct #ed for this (gur osg:f gontains a tar?etk%feau nce

honol ogous to a gerdfi ESBPPEC UPREYEAHT SIS TIRE 2B 85FF8BE T ifitiation
codon, anghpdjAReRD 0.9 ) erbegide dsinidide L8 RORBI AgEUSHEEHUENE®, ird
sequence corresponding to the desired splice-acceptor site. Cells

cont ai ni g ¢ He cEEQedD JOpeZoabil N2 dcPRNEPAnsc e arelentades ahs? & tJHF or
infected wi-th.a sec c rugt i.Nni N n_exo us regul atory
regi on ar%lw“(lj‘:laenote:'“xc()arﬁa %\I/l\ngghgggau%%a%%gdfés)ycﬁcleq-’d%ﬁ% eg?%gggf.i ts 3' end,
togepher with targed agcsequBRACES)rav dh (o @@l ehiegeR608IINFAS dGeted, to a
genom ¢ re%\i@gn upstream of the inserted splice-acceptor site. A primary
tr anscr i PPN fygmessd capbaining BOMTVILdsS 2HE-8Rd4eRUSERTRIN oFy WD

99157292, 11 o, fEGT4/3804.08925,,0, 6. N 2002 150100, EohDELUOE Sdbron .
exogenous exon, thé exogenous splice-"donor Sltg, €X0genous ,
spl i ce- acoeEpcari dest @,79a0y 13 eqflese@ SIhatovadn wakosesebaarati sSSEQNTD t he
sequence_bet ween the exogenous splice-acceptor site and the

NO:13. The fragmént was inserted upstream of a CMV promoter and

35 a neomycin resistance gene and is schematically represented in

AMENDED SHEET



5 tkahsekhPtional termination site of the endogenous | FNA8 NDANE02
spﬁ:sgqérs]ééd)c?he splice-donor site of the franscript Mill be.spl.i.ceduggrgﬁnggoggzs

splice-acceptor site, and the intervenihg intrdili <.RNA, ahi éh. may fcomtaih
undesirabl e AUG i nitiation codons, will:beiremoded. Any :10:groblers <« ¢
associated with having a transcript witkuidesiréd AUG tr'anslfati'on®® °
initiation codons between the transcription start site and the | FNA2-codi ng
sequence Fdi%e fher EBY &06i geaon®rtakaatdad seaueagal af oF yar eBi oh,PNdon,
splice d rsite ; | ce- tor site.can l5.i e jntroduced in
a singl eq‘:{s}%gg& hgo%%%lgglﬁgt FUC ecoﬁ-’giépsi n stehitg gﬁbgai ?r%%tf%\é%aﬁen%sera

r egul at orsediegicen shaknexAnNFid. splvae-ddened sowastaBahmndf Ofthe &MV
splice-acceptor site, a targeting sequence honol ogous to a genomc site

bet ween tHEMOGEreeRd| RERDYFHE t T2 TRICEIGR™ 20 aNuCt pet iR siG%edAPE Sddon,
and ti | | n e l%q.gﬁtt@@ kel:s,. t t.d o par at e
targce)'cstoi ng}%o%ﬁ%qﬁgcgggrémggied%{le ul, w%tE%ag&r?e&ééﬁg\léi ﬁ?ﬁ% écﬁgc%éeg&}%{@r%y

regi on, s éxampdanddt hetsphureer ddhnorbdiate, cabilst &eh b teinae drittailel g t he
splice-acceptor site. 25 The two con[sélar ucts can be introduyced into t,arhget
celI's in™ SThGPeIEPEPS RHR® IR CHTs BLdEl PRECERECRH MR TURLTEC 1Fe W1t

i nventi oryeNehudgendhs! e@ph2 aydil 9eld1g :Segueuesnangd, &/ AOW Al Y sequence.
It 30 can additionally include an exon; or an exon and splice donor site;

or an ex@iasaidplibtrodenbiosivare @artriesnednocandent sy i osllacodgftor site. In
the const,ruct, the , 1f present, is 3 of e, _requl atory . uence, and
the b1 cBtibrgracriERE sbue BB 1o, 2endouldohh T HF 4 hon “The
intron angmepbyeasaceebh®ingtich dfenr @seiben pi 99/ B2 Yhe gbomic

PCT/ US99/ 09925 o0 s_Nov ~ao2 are 3' of the splice donor site. In addition,

t here caMe tRgkt PhRESekBNENSIH Jimitonof( Whehenppeopriat VAR igé@edonor and
acceptor sites) in the construct. The DNA in the construct is referred to
as exogenous, since the DNA 5 is not an original part of the genone of a
host cel IGenExageHethoBBlPodghys possess sequences identical to or different
from portions of the _endogenous genom c DNA present in the cell prior to

t r ansT ecidSreEipR 8L+ ERACFENONS: LFNAC. Expreasigned herein, "transfection"
means 10 introduct | 9919% £nd! A dell 1BGEk bnRY ﬁlf?&’féﬂ defruethcesGheni cal
or physical) neans, such as cal ci um phosphate or cal ci um chl ori de

CO- pr eci pirteatiron 21 DEAEE lex¢xmregwEdinadd atir engdbgetown, himgpoflddiri2ogene

el ectroporation,. m.croinjectian i croprqjectiles,_or biqlistic- Lated 15
ot ake. " B PelREBRE FRAAES T B AR ABEE SovPt St SR N /& 0err Oby
viral infoeel is@Rat¥ayi 0dSsieb@BH Filgnclsudedni Bni Bes B &pNStd tekrget ihbe
invention are described in detail below The DNA construct can al so include
ci s-%tt i PPELETRGLL EndeatIney tA ralcly@guenéésst et axget It IGRFUSHSI gnal s) ,

t her eby i elivery. t nstruct. | h of cell via

i nfecti o%l%%%llga\%ﬁga}:bvgc %)g.t \)K}V%‘gfrgge%n%glrecgsg %/?g%%% Wéo St retjcta?lcan be

di sengageatpllidiabari adskst efpnegf =a seiledsablkemeykeée, gsneh aasgeguflegraye 25
medi ated integration_in retroviruses or episonme maintenance., D sengagenent
can be ad&GAPTYsRebABySibpr oPt iSHE d& SPLERE - BPRATIt 3t F NSO ANFTPR @
sequencegpigueh a@%e%tgfl 8140 Ha the JBhagtasse £ oMk N h&H QN Hohc ogous
retrovirus vector. Additional details regarding the 30 construction and use
of Vi% al treet sescadetbpget $itRobhinssreamabf, tPhaf ivasol tarfedr si8@: 35947,

1998; d Qunzbur. t. . Mpl... Med. Tod 1:410-417 995 i
e o e patidecrathar Mhgiia I, BRI eE. o6 bhoo TR ATSIges . .

sequenge.. - A8cBrding-td this strategy,-the 5'.end of the second

ket LT

'térgét'sité is'pfefefably less than 107 bp upstream of the
normal IFNA2 translational initiation site, in order to avoid

30 undesired ATG start

AMENDED SHEET



--1.9- . ... .. .. Targeting Sequences Targeting sequences

) perm t honDIogous reconblnatlon of a desired sequence int dsite
in the hd¥ 9YER%e. Targeting sequences are honol ogous to%zﬁw%ﬁbﬁﬁﬁge to 5

~honol ogously reconbine with) their respective target sitegg Rovhmohost

genone. ' A circular DNA construct can enploy a single targeting sequence,

or two or nore separate targeting seqygnces. A |inear DNA construct may

contain two or nore separate target 10 ing sequences. The target site to

which a ga:ésaangawewlﬁgtﬁequeaﬁedxs.ﬂmle@lg@u&ecan;\r eshaacwihpi n the coding
regi on of th NA% gene Bptrﬁam of _and |g}1ﬁv§> iately adjacent to the

codi ng re@FB cgf HESFY &M BPTRAPIRUST Y. 2 PEAOAPEHE ¥dding region. 15
The fi _rstlﬁélﬁhe the ]'fcc@hﬁetru&g slemiemeemom theecebaetuabtéaeribﬁdentl re
targeting_sequen if t ne.tar i ng uence. in the
construct‘fpiécﬁeﬁoggg ]St’lct) g‘%n%\%%%usél eﬁsggbﬁgn&%% OPegggﬁs upst ream of
t he | FISA2condtnycsedeenved ?DﬂsCEa@gemmm@rs@qmencenWOBeauaaca portion

(eg.. 20p¢ %\g%ép”gh% §?“R§h%8u% MR, | desy) @ §E§u£9el§'0f}ém

portl on The second o two targeti ng sequences
in the coReRsLEUCARSeriVge: SR1AER0MCCREGH0IS ilhes thERRTSS thﬁeeaéarﬁg

sequence ghdbgeHshsPRBHIfg eééuefndéﬂecmmen@r%%@%a@%1bhse|f 25 By way of
ce ma contaln at its 3 end an

exanple t he Second targetlg g i
exogenou%er?}b’af‘ﬁéopeﬁll effPcHENAG OFDeri r SPIRERIE08EnERYE t he | FNA2
codi ng.cseguangesiptpaillogenegatte e om ma)bjdmn,cahhbeE)&QgﬁBﬂ)HﬁeQOdl ng

regi on reggpg%gggggiﬁgggg%uE%BQeEEg}R%En '%N%ge ndo enougHSBd 3codlng

sequence ThE“exogenous codi ng Veg|o
het er ol ognasmahi HENALI desegiente sigmadlosgauendee oexegenoaSWG&iing regi on

AVENDED SEEEIn?e}édoge%Q%len stMQ% %Q%%eugeoo%%%%%%§ng on the--

TTchafact&ristics of the constgmmtnscifrdciesmr-y ABAOFSEBUS to t he

endOgQ@UéfC@Hé“g:db@@h@l{hsl tintephaces: tccpmrgertmet paeARlieaows tgeonbi nation.
The target uence % addi tianal |y .i nc udg s«%ﬂ‘uencg .derived froma
e ° ;

preV|ousI9x88§ PHSed e Rrdr TERE TENR? 25 1¥én €l &GSt h69&°Hescri bed
herei n, asfwehk g&na b&@l@& frartileer tupsiotdamashittle ifenstriovat ofakhyg

unchar act mapped by one skilled in the art. Genom c
f ragnment sgééaig]:ggg fcf%rg'ge?l ng sequences can be identified by their ability

to hybridize to aliprame a0t boatbeRi AFralegyr bheofiteh afc SEYABINO: 11
Such 20 PREERN DR cGeRRERl AdeOwPERni it 1y MRIfRCAAE! YedeleAMLEEQ | D
NO: 11. The RecLul atorx Sequence
near each other. When they are not immediately adjacent
to each other, a portion of the IFNA2 gene’s normal
upstream region and/or a portion of the coding region
would be deleted upon homologous recombination.
25 Mutations that facilitate alteration of endogenous
IFNA2 expression may be introduced into the chromosomal
DNA via homologous recombination. For instance, it may
be desirable to abolish a spurious and undesired ATG
initiation codon upstream of the correct ATG initiation
30 codon and between the exogenous regulatory region and, the
endogenous IFNA2 coding region in the homologously
recombined locus. To do so, one can employ a targeting
construct having a targeting sequence homologous to a
genomic site that spans the undesired ATG initiation
35 codon. This targeting sequence contains nucleotides that



The régul atory sequence of the DNA construct can contain one or nore
pronoters (e. g., a constitutive, tissue 1S specific, or inducible
pronot er )wopsagers, scaffol d-attachment regions or nmatri pcptusasevornt
-sites, negative regulatory elenents, transcription factor biapégﬁ sblgs
conbi nati ons of these el enents. The regul atory sequence can y' from
a eukaryotic (e. g., manmualian) or viral genone. Useful 20 regulatory
sequences include, but are not limted6to, those that regul ate the
expreSS|on of  _Sv40 .earl | ate genes, cytonegal ovirus genes, and
adenovi r uS°r&Ss Popgtg ggﬁgsde?ﬁéﬁ Y& atABRudE - BegulcanspyinsedMans der i ved

from genesneneadi b§ ATGse mhbatb&bht@ﬁgl&ohst%h@@gékaBnEQQ?or'la col | agen

, 2 | | L d _col |

(o8 2Eriatbatetplaby fablogst e angcoliaoen LU, Jectin (e o
dehydrogeﬂaéectiophgfphogbioepaséylmasembﬁﬁbaagemase, ﬁhre&%béﬁbﬁs 4
fib ¢ hi,bi t thynmosin (i

ST kB BBy RegBLASELACORRROEL! YALOLALBRLOLECL G, (1Y .

tissue inhi |tors opro el nase ins, major
h|stocoan?WBFPBPySéﬁnﬁ?é?mhépééuFéé1San§Shuﬁam béukheyEEtaBédgenS -
AVENDED SéEEérs, W©: 89/ 55393xFr3%mBQ_TéP@@%Q%ﬁ%Qt?oB‘OX 2@82 The
regulator% ggence preferably contains a transcription or bi ndi ng
site, suc 19ATA Box, CCAAT Box, AP1, Spl or a NF-xB binding site.

Mar ker Cenes 5 IfAld:ces:rraeﬁ,vet]}}e s texidfe RGUGR RS e_.cg;éq encoding a
desir p |veI nked to |ts own pr onot n exanple of

this &guF%A%eggggg g §8§§e mar K éFa éﬂ%gs&hWEK Beniperadeaedoinkeilitate the
|dentlflc%h?oge@¢mact@N§eLnng evagle snepnpl The abke d6nsbrker ggpg can al so

be incl udgd used [ o of cells having co-anplified
f 1 anki ng E»M?gg%uencgggméﬁ? %ég %?%#ﬁ £69 ??e%XE%%P%%SOf t he

anpl i fi aﬂ%@%@WYgéﬁﬁl%nazb@ adémgqaterdgbgegmmm that heoptgsgsace of an
agent th&iuéEé@@i&ei%oi‘P@s SRE LRS! 0, ene.

The~a¥ é§ted endagenous | e%egﬁnéée éeé ??@%%Q#%g?gﬁgen1mnth t he
anpl i 1% BY abt B° nee KeFayeh th%¥l%°tb%f%¢%lﬁ@on@¢map¢eecop|es of the
acti vat ed:cmmit)gmnmsugmetmﬁget)r@élmg weith hogh towetsyof | FNA2 and are
thus usefad for J n e| n 20 oductl n_and gene therapy. The

sel ectable an POt FHRRERSY | Fent MRSt el y
adj acent I%‘tFJe%@W $1e¢0rﬂ¢@@mqbimglmlmmaﬂé<ﬁr@$nmwmh@@j ect abl e marker
gene can be the e o] h genes can be 25
situajed.in fhe ?ﬁ??gﬁgggd e n@&m@%&% EE? %g Faﬁpé Anprtfi 36%e nar ker
genes gn&’%e’r%‘b’f%ﬂﬂ“@@mﬁk@ "g‘é%@e%@@fdéiiﬁﬂ bedsin at & Fatent No.

5, 641 , 67®between an undesired ATG initiation codon and the correct

ATG initiation codon, in a similar manner. The DNA
construct used for this purpose contains a targeting
sequence homologous to a genomic site upstream of the

25 correct INFA2 initiation codon, and adjacent to or
embedded within the homologous sequence, a sequence
corresponding to the desired splice-acceptor site. Cells
containing the correctly recombined IFNA2 locus are then
transfected or infected with a second construct

30 containing an exogenous regulatory region and an exon’
with an unpaired splice-donor site at its 3’ end,
together with targeting sequence(s) which target the
second construct to a genomic region upstream of the
inserted splice-acceptor site. A primary transcript

35 produced under the control of the exogenous regulatory



- The Splice-Donor and Splice-Acceptor Sites The DNA construct may further
contain an exon,, a 30 sglice-donor site at the 3" end of the exon, an
intron, apged/s$Pbi ce-acceptor site. A splice-donor site isper/esaumezse which
:dlrects the splicing of one exon of an RNA transcript to the NOV OM
splice-acceptor site of another exon of the transcrlpt g 200
NOvV 2002 US 009909925 .... .. .. .. Coee e

.t .. 17 =2Z- . ... .. ~
resultlng in removal. of the intron between the two sites. Typlcally, t he
first exofepies wildf ingdusiecshe exeAENgRE eRenspLheecdomenosist e | ocated at

the 3' end Qflctehaofrﬂorrstm@éon the Rabgedowst Epals.auae@e %%pfs%eS' te flanking

t he second exon on 5" side. of thg secon l'i ce-donor sites
gﬁ&f’ &

have a chéPXcF@HP?PF@S §§0s tHeG6e mF@ﬁFeséﬁgeH §s SEAMENASGURAGU
(where R denakesn &hpukkogeansuseabldek.-asceptbhes@ei anthenkourth and fifth

t b . Jack Nugl. Research 19 5- 3798,
1991) | T RrPer B eE o A T ARG 16 168! Cee HBnbr CeIRCONELIPe aro i he

| ast thregebases Upbrt Ispléxamg,i the, spiéyeadennut sgpki ofdthet . Splice-donor

sites arecbupck-gnal Ly g wlqefae %g)lli)éeﬁh%'or cabi gb&xcleoaekteg%rl 3qappropri ate

reaction Wt Ice acteptor site in
const ruct agg ﬁh@ PQQQ¥M9@Hn®h1@FF@@ﬂ§ chﬁFGﬁcWﬁwncﬂpﬁﬁl@ splice donor

site, theu%ﬁle'sﬁ'ﬁé%l‘éf Qe 1@91Qaatc90@n@ba@hsexwml1SBle' s:«em@%@pt OrAn tes have
a characteristic se ence re sg? ed .as %Y%lGNYAG,& g gONO where Y
denot ek0 aR¥ ORyEMS & Qc&ﬁ& fr Vamy RucFeatrde 3 Nucl ei ¢ Aci ds

Resear ch 19d2821%edl/ 2BG t&&hblaiﬁoﬁh&nﬁé@aﬁhbﬁ EbaoBHAbeﬁm&bmuthecan

optional | P e, CA i S Lfic _transcription start
site mhlc%rgggagg Eﬁﬁﬁ? §%%91%§n5 EF|F§%d1§§i?h§8§é8§|gfgiencgg,on Thi s
CAP site iEgel sbetredyaevaigesi-ti OF colxsevethe rhgulegolrat oegise25 quence~in

the consteligh sughshatudoll awkay hompkogous reeapblbpauipn chhe regul atory

sequence directs synthesis. of transcri glns CAP site.
Al terngi 9§IS>FeaﬁobGAPr§|rPéiqc§di AEY @dEdns et ﬁée@ons hecPNAand t he

transcri pbogRahuitp afsidis ivitlii sl eedbdimendet-adkhiag appeemiliadbeysite in the

region, an exon, a splice-donor site, an intron, a
splice-acceptor site, a targeting sequence homologous to
a genomic site between the correct INFA2 initiation codon

20 and the undesired ATG codon, and optiocnally, one or more
selectable markers. Alternatively, two separate
targeting constructs may be useful, with one containing
the regulatory region, the exon, and the splice-donor
site, and the other containing the splice-acceptor site.

25 The two constructs can be introduced into target cells in
a single step.
The DNA Construct

The DNA construct of the invention includes at
least a targeting sequence and a regulatory sequence. It
30 can additionally include an exon; or an exon and splitce
donor site; or an exon, a splice-donor site, an intron,
and a splice-acceptor site. In the construct, the exon,
if present, is 3’ of the regulatory sequence, and the
splice-donor site, if present, is at the 3' end of the

35 exon. The intron and splice acceptor site, if present,



.. 30 targeted gene to be utilized as a CAP site. AMENDED SHEET WO

© 99/57292 - 23 PCT/US99/ 09925 0 6 NOv 2002 Additional DNA el enents The
const r uglogg¥729sldi tional Iy contain sequences which affect PCRAISI¥9923 ure or
cstability of the RNA or protein produced by honol ogous recofth NOVi®®R. 5
Optionally, the DNA construct can include a bacterial origin of replication-
and bacterial antibiotic resistance markers or other sel ectable nmarkers,
which allow for |arge-scale plasm d r}r%pagati on in bacteria or any other

sui tabl e clonin /ho tem 10 All of the_ abo descri hed el enents of the
DNA cons@F&ct’ a E‘@ré‘%’ qlr?ﬂ?eosb'iefunrc% ‘%’rt'r’sprb'l rI'E‘)l?e"dr%\/l‘i'sl'f'lrespect to
each ot hee. mﬁhatlplle et hmd)lmgmcms e(mmth rmpmp:bmW\eeépli‘@e construct

roduct| RPOE BRGY BRaRr RN S Lo ST AL eofly B o1 (e
(opti onalthg icotlstdedti dst hc@ﬁmmﬂd tRQ)a%lrﬁ}ccpmms $hm@e£1mzrﬁt&l yi ng
bet we e P_si th e tion sto

e%e'ﬂl.. AP 5 to?ngfi?xol On & {\%&’éérﬂ\éﬁﬁe%ﬁ a2 Shdd@nSery P p

site. pen I'ng on th P site, a portion of 20 this

sequence Efe@erauisu A ReY) PIYRS Qfth S SRR nolant epd diorgr rdifion as wel |
as sequepeeenReirgbhPHord ildhd Jedd diddgaicudogembhyc Mtatranscribed. |f
an exon, a splice- donor si,t.e and a S | i ce-accept or S|te€%§ resent in the
construcPreFﬁéltplanﬁ' tcre%brscﬁ:ﬁﬁr i P 1 C R OB TR | Ut} %ﬁcﬁih b¥he two

splice sitieal aedtiohe |ntsrmdnbthmmmhe"ﬁmsféemoﬂ'henenmr of el enents

in thf0 &ch'(r% ta%t %’I%%n v%rly TA/yherJen#ge c,%;) nﬁ'ftnér?vﬂﬁ ﬁul ar plasmd or

vi ral ati ve der of enen he T esu E'g B0 structure

can be b@emﬂaﬁpb@‘ pé\}’tsarcgétl ORI U eFRE} %ﬁa@@l@lmm@musm of
Sequenceeali%%mf e%md%elc%aﬁﬁbfﬁﬂéﬂlsﬁplmﬁﬁél ect %hﬁ &Pétg@a' ng

plasmd in m crobi al _or ot her suitable host) r(s), a

regul atoF?a%é@@ﬁé@nfaﬁlmc%% | S LR ESRPOBBE 5PRe, an intron, and a
spli ce- agaeRiahisickt@on, W SHBRA ctiRds, Pg'l&ﬁ@ﬂi@@@@%@dﬁd@/ 2002 Were

the copstruct is lin the order can be. exa irst tar getl ng
sequehte WPE3&E -ect' dM ef% r et Jam?’é%‘l‘%tfjo?? %gpq%e‘ﬁ%’éa{ arf &%,
spl i cedodmtcsiat eeldn byntvnmal arsﬁrtameemcce\mnioxsstelemndta 5 second

Lar et G RSMEICTS, Une TRal MR ISENY S 02 Ll B OB G Seauence, @
ce X

regul at ory sequen i ce-dono an intron,
spl i ce- adespabesi tigy d@t@@lledaealmve mar ker gene optionally an | nt er nal

ri bosomal entry fhéeDNﬁngoﬁs§§89'Ech%r eq%bnqn%q%a%n%%s R Akeppati vel y,

the order can be . first targeting sequence, a first sel ecfable marker
gene, 2@ rté‘giﬂsa‘taGr‘:ylr@eQ’&é‘ﬁée S Qg IS ées%nceae%m*neuewn%s)mron a

spl Ikce AGERIHGYy %da%llaxgseremdréﬁyg@flngesme@ﬁ@ctaﬂdc@ seeond sel ect abl e
mar Ker gene,

15 first targetin ence, egul atory uence,
exon, a %qlc,eél-sdﬁoﬁ Seld, Varf i #%?Igl qrbY %15?:£ Yq%‘?t%ﬂe ﬁ%q’f?rst
sel ect ablneasrdeery, ge:nm mpse:mrmttmtged:anngbeequeengagadl firamsecond
sel ectab er qr%ll t n targ uences
f I anki ng%ﬁ t se ect degarrjfaf %&‘Pﬁ oé%u]gﬁtléée u%sen%es in the
host éénmlraéia%ﬂ tl@qagnaieqrarmte@tmvze@ﬁ%w oﬁro¢P%ﬁ@m¢| rst selectable

marker, whiilf & ReCOo alprd el g NBsKehe | §cBGh méegaawd Desi r ed
transfect ed or infect ed cells are those that are st transfected or 25

i nf ect ed ARRIPRIHAHS Agletians T SBRbATIORS| @ t’ébF%fnﬁ ®EFCRich cells can
be sel ectsrtH @Is ky qGiemilorn rof tiedi imtegnieencading agehdbnwhnch sel ects for

expressi qQn ,of the first rrark n nt_which. sel ects agai nst the
second el?é:r 1'I.ﬁ)%fnsfeeccrt &d or Cllda* c?lq%iceﬁ:ggf regardn?& tﬁé
30 construction and use of viral vectors are found in 4
Robbins et al., Pharmacol. Ther. 80:35-47, 1898; and
Gunzburg et al., Mol. Med. Today 1:410-417, 1995, herein

incorporated by reference.



- T n R S S R L SR IR
30 that have inproperly integrated the targeting constrggtNOW mechani sm

ot WeP6t3089 honol ogous reconbi nati on woul d be expected to expr%azgﬂs2 the 0982725
marker gene and wi || thereby be killed=%nedhe sel &tt% on-medrlim Az v s s
positively sel ectabl e marker is sometinges 85 ingl ided«im the gonsiryct to
allow for the selection of WO 991 57293 _-+ 25 «PCTFUS99/ 09925 06 NAV 2002
cells containing anplified copies of that marker. In this enbodi nent, the

order of constructTg&ggg@ggtgesggnggs for exanple: a first targeting
sequence, an anplifrable positrvely sel ectable nmarker, a second 5
sel ectabl e marker (Teptethab) seguerges gharyltsdgueiogouanreromnbination
splice-q§por ite, an intron, a splice-acceptor si a_second

: i,te,. an
targetin SIFEENSETUPRES VARTBLE R EREMS TS He EBﬁng’ﬁEtg‘%’?ﬂ“%e
obt ai nedrd ¥R iRl WedhiePOHECESe (BofologS®EE BNR),,, gb18aRc10 be produced
usi ng genetic engi néering techniques or synthetic processes. The regul atory
regi bn, GARIsigomslyplriecembdonerwsih e, thetr orespmed ivpl Feegatceptes Hite of
t he construct can be isolated as a conplete unit from e.g., the hunman
el ongat i O FRF 0P EGenbank sequence 15 HUVEF1A) gene or the
cyt omegal ovi rus (Gankarku$eaueg ecdid iGNl )cdnmergiialeaegihy1&£egi on. These
conponents can also be isolated fromseparate genes. Transfection or
| nf ect i dFREERF IRGNSEAYEBSE Re@BNBTPMRY FHPLFhEcPRAaEenSerdeting $¢EISHRAR i on
can be inty020 AuRRIEALOADE G IooMlE: 853 B LIBLY sosesondary. &
i mortaliZed cell, as a single CONStT UCt, Or 'as separat e %equences
whi th betmedgueacper. at €Hei tdtgdthes iy o soieh ar ghueheasrdNAwf a
transfected or infected cell. By "transfected cell"™ is meant a cell into
whi ch 2559BIenSRt dSaRCBACEEPBT %‘?nvﬁfﬁﬂﬂe FHRAT FRRNACHBTS cYit HaLTheen

| ntroducagl A MeaRs  OLBEL;LhRL AN i%\é'driglte\igcgl%ac%t "tofaed ed cell”
is meant a cell iAto whit for into an ancestor Oof I C a DNA or RNA

nol ecul ecdiisidheegiont r oducest vsamgfa arid alt wedtietanver fises Kmowrdig30 be
useful as vectors include adenovirus, adeno-associated virus, Herpes virus,
munps viTrt%,°%ol i ovirus, lentivirus, retroviruses, Sindbis virus, and

vacgg ni a viruses sggh 2s-68NGF YeiROX%wd Mt gethagDNAcGaA-DE {mtdeduced as a

| i near, doubl e-stranded (with or w thout single-stranded regions 35 at one
or bot h eamprucsi igretberemdirte tHragtingd sequence9ol 57piggre Ip only

PCT/ US99/ 09925 ~ 11d11 2 mol.ecul e he_c ruct-js iRtroduced
into hoscinecgla%gef:gn \Age%lé%zlg(?%tlen fC‘raoz;;tlgjc’\r%evjllﬁ';a gt) ? ﬁeggﬁévggafgfn@u%eghare DNA
sequencendhdnoldagyl bexar fapdmbd tdhificlis endrekannerf thagnemaansbdieg 5° end of
the other, while one 5 carries a first targeting sequence and the qt her

carri es SEBEEGRd t dP§EL FHES Sk RIEUSY5En SPREASTECE i BAF T & &l 2%the two
fraggrents, %r}eue@gegguaeg%&gpé&ir&%qn@fn@hboaPt fofpima si ng ¢, Jmligeul e

with the first and sécond targeting sequences flanking the region of 10
over | ap dfetsleeaDt Ne: Ywo8 progi¥al fragnents. The product nolecule is then in

a formsuitable for hormlﬁ’gcﬁu%r conbination with the cellular_.target
ts cC

sites. Mre than twBSfPag BYUSEFIHAPH BRERCRFST it "&si gned such

that t heyondithhicunNEey 002 R9ED| HaRiHoRC EliiBat LBBLYeih 4B wach-tifkey to
ultimately forma product suitable for honol ogous reconbination with the
cel | ul arsaaegee skt barast dezset iPedldb@fe thFheoBAg conguenes dfsalife

i nvﬁqt i Cﬂqy wiafy g(%t e%grrr]lig ie,ni &(‘E’e asesceoln%ttaa@geet%%kgéq{zéggéfrha}?a?_norg%in, at
its 3' end, an '"exogenous" coding region identical to the first
few codons of the IFNA2 coding sequences. Upon homologous
recombination, the exogenous coding region recombines with the
targeted part of the endogenous IFNA2-coding sequence. If

30 desired, the exogenous coding region may encode a heterologous

amino acid sequence, so long as the exogenous coding region

—
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201@3&%(%5885,'@& ed or co-infected with another constructqgfmfv ogapt ﬁﬁ%@%g%

A targeting plasmd nay be cleaved w,th,g.restJ. cti.on e
one or nore sites to create a |linear of*gdpped inolacul e priicae tos ¢
transfection or infection. The resultihg firee DNA edds inédriease the:ds
frequency of the desired homol ogous reenti nati'on’*évent.”’In "additi‘on, *
free DNA ends nay be treated with an exonucl ease to create overhangi ng
or 3' sirmedstsr andédcDhAt endso@l ggquattd edst eBfopanbest cokdtng nrdagingt h, and
pr ef erab,l% 10Q- 1000 nucl eotiﬁ&gs if Iehg%th trr&),BO increase the frequency of
the desitedFWoRGT6g68sPFERLIDT AT T SHPRR &FCOPA RS enbodi ment, honol ogous
reconbi nation betwegn thegtel9etidhiSRAIGAGL s8R bR IEPOM &1 i get Wil |
result in two copies of t%e targeting sequénces, flanking the el enents
cont ai negkaMeigien deléveg Fnem odl uwesy imiuashyl dlisclweegoregPe? of Xhe IFNA2
PCT/ US99/ 09925 a stO\/ Egoz Tgee INA constructs ma% ?f transfected into
cel I3 (pi8fer aBCy U PATSI FPOTe by VAT et S phPsi Yt oS cheriFd™ net hods,
i ncl udi gy ethRet LPROraknORhi &k C1DidY Rt Rl 1) GheRELhEEsH feduthardsent
cal ci um phosphate 5 precipitation, |iposone delivery, or polybrene- or DEAF
dext r an-krediappred branseeekibhed e theamstected or infected cell is

xt ran el 3¢ eelci biec St
doscrbed i n the arEipRes, Setahib e AT R s R 8 g0

When t hedadmeneg@usliybyecioabi negitl iast ltd hybeii At aened ansesbeondi tions
sufficient tg permt_transcription of the DNA the regulatory region

i Nt¥OdutBY-iRE BAR eBn3tPUCTLM 197 HFCLDt Fanstr i ptieh DPEIRE [BRA2 gene.
15 Honol I ofbi t i , |54t ggne the
desired %%%gégt%gﬁr g?o%%?n%%%én)spﬁclénﬁ%bse di%‘glé]ﬁté?f ?gédmlg%y%hiewng\?{/%ﬁc screeni ng
or by analyzing th&heuRgs ehmmicel N enzyne- | i nked i munosor bent

assays (ELISA) for FNA2. Corci al ELISA kits for detecting 20 | FNA2 are
h b G

avai | abl e from Bi 0S8Gr ERIVhE e hats e CECRial PRI BYA (9gns dusl y
reconbi nac 68l bseCap AbSO Peoddiatd fieed by aSeyhbel fuandk Narifern anal yses
or by polynerase chain reaction (PCR) screening. As used herein, the term
" prisar ersslilfsge, i ptl ddégcPblg iprawsites)pr evbancegns a seaplis]-aF techeehts

i sol ated fr.om a vertebrat etéi sue source ( rei or.1o theif tbeli ng pl ated,

i.e., attHwched £6 RTsSue-d@irtive Suostrate®suth® asta di'sh or flask), (ii)
cell's preasairintisn apagxplantiseriadd OMdingSEetes) o) efiBihqdiaredofor the
first time, and 30 (iv) cell suspensions derived fromthese plated cells.

Pri mary ©&€i5es edgReaF8o be cellls XRIHREPTHaEBAEENGS ot rPHidaiivesd KEREN or

an ani . y.gells I u nt £Rs in culturing.

That is”?élteﬁlgg?grgg?rzt i(%ééihar?érgﬁ\%e?l S%Ep?%%g?ygcé:%ﬁﬁeg ar%grermved fromthe

cul2wur e aghdatatry aaduend¥s INHGARBY, buRBarBCRAUSDONDOOR T @) +tHiG¢ 20p2

repl aced ssagegé, they are referred to erei£ as secondary cells, as are
LERPT

h
all cel I%e(i\p a§ﬁb§_ OSSR ST WEloRaarY RE a%?r%?r_hess'consist of
secondardteflels 18 elis Ngyge e ath P asra@Rd raBemdl oAVl £ 4 i J@ses Seqergary cells
S5 typically exhibit a frnite nunber of nmean popul ation doublings in culture
and t he grsspéncyude rearbatonnhiddices, deméedageodeperrre mNIREwch

(anchor age-dependence, does. nc pl el.lLs .that are pro ed in
suspens?’%ﬁlsgu eﬁf’lg;ﬂ.og r?ﬁ%lr@qa’nzeqsoe gtﬁggglyffﬁtéﬁﬁos" a?%ﬁnacfeq?%%d%t'él i zed

| Mg t aldae@doesl ta1ar eoTidenh imes, (@2 eppeagdnt oveeldctsin ajensy. ,wWith the
designation "strain" reserved for primary and secondary cells) that exhibit

an appare®atinin| imnueacl ehekan MG -C@ht geductase, glyceraldehyde
phosphate dehydrogenase, 3-phosphoglyceratekinase, collagenase,

{ he
5

stromelysin, fibronectin, wvimentin, plasminogen activator
inhibitor I, thymosin {4, tissue inhibitors of
30 metalloproteinase, ribosomal proteins, major histocompatibility

complex molecules, and human leukocyte antigens.
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15 Cells selected for transfection or infection can fall into four types or
categories: (i) cells which do not, as obtained, nmake or contain nore than
trace anowg ®/0492t he | FNA2 protein, (ii) cells which make PCTUSY/®@DIS t he
-protein but in quantities other than those desired 20 (such&af k %0
gquantities less than the |evel which is physiologically nor NpYy P%e type
of cells as obtained), (iii) cells which nake the protein at a |evel which
is physiologically normal for the typ% of cells as obtained, but are to be

augnment ed or enhﬂggfd in their 25 content or. production, and (iv) cells in
which it is desir :Bﬂﬁﬁﬁé H5EE6F 3RdgUICantEi T & nducti on of a
gene encodragsthﬂppiohefacterlbﬂnﬁ;ngesmﬂdaryuahdasnHDrA@AIE@ﬁ cells to be
transf ect ec b he present hod.can be 30 obtained froma
variety o SPRES%Q% a%ggrné Ede°§1% gpaﬁgf%p?g%?% 2t types which can be
mai nt ai ned i n culManker Kanesanpl e, suitable primary and secondary cells

i ncl ude fibrobl asts,gdegnald nqué €S i I el RyTary
epithelial cells, ?nt esti nal ep |r% &Iedaﬂ I ES%IU% d%t ﬁ%ﬁuéel cells, glial
cel I's, neSR&PAing\rodesyed Powpepel eNOVDEDPBbPVeLY | Linkedned etenments of

the bl oodoge. pgomot&ﬂphomit e%anpQBCONRER QN #6h18) be nysgéPeEE%ﬂ)fe and
precursors of these sonﬁ Wiere the ously reconbi nant

cel I s are™Bb*BE 9SSBT’ i K™Y c?ﬁepﬁpgseﬁrFﬂa??cké+¢%t%r%h% preferably

obt ai ned identtﬁECanﬂonldﬁah targhomnghevénansfmﬁt@ﬂppifi@$p§ted primary or
secondayr t e LS rimagy cells _can be
obtalggdy %g%$§ %éﬁe 8?9 a%QH‘B Eﬁ%@ﬁ 4ed) ¥ % ?h%% {%%lf%E?B?ent) of the
same spec$@éEC§®0Ex@ﬁp¢@éléfhﬁﬁwngtabra%ﬂlhﬁnaﬁ £edhkingenNasef ul fox

protein pgeduyeh orcgeng LHRE c tofl ed to, 2780AD
ovari an carglnoﬁggcelF (Vi anB e?QMng éH??lng& @%Slgg QB%B 5927-5932,

1988) , A5a©P%Aﬁ%?b%%nm¢yb§rcﬂﬁflarEanPPeze@%Wilﬂ@y)gmtnss) BeW 15
(ATCC CCLtB8) prBevsse Mok ananagest! shaATEE ERLs 9607) v h CCRES FEM { AT CC CCL

119 F- 20. 1 0201, (ATCC CCL 224),, COL0205 (ATCC
) %%CR Hsgesé‘g@wcgﬁ%ecﬁﬁnﬁ)zm ?:d‘.‘ﬁf%‘g% ?%ms 2DINAS E)audl
ceIIs ( AT@En€CHi 21 e EmplmfneBGQn(é&ﬁﬁbﬁIﬁlﬂBS&he Hehsl 20 €€l | s and

L B B S Ol o e 7
127), Jurqzﬁtthela@tmeequggpouK-gmelre@u(emadw|xse:(y\mm 243) KB
car ci nomay ggLis &fﬂ£¥hﬁ£laéi)aréﬁiﬁuéﬁﬂéékéﬁ £5L #%iééﬁéfgé¥3

, CC CCL

246.1), LS123 (ATCC CCL 25S), LS174T (ATCC OCL CL-
CL- 187P, REPIUChi@RsENda9eR? EBEFEPYATCC BTH 22), b70LT-4 cel I's (ATCC CRL

1582), Namal wa calhles seAECE#ERle Bl )ampP¥GifiE498 AFRErCoknd®4)io Nek- H508

( ATCC 53) 1 - Hb4 24 30 NCI -H71 (ATCC_CCL 2SI),
NCl - H747 S5 meﬁti"c%i%sédﬁ\ fﬁl?ﬁerf"z‘Be(Ach CCL
256), Raj ampbifsalplﬁér(l@ﬂ&r%?ne R@@A@ﬂ}ambné;@armmge?rﬁéoce(mm CCL 30),

250) s T (AT XE 0sf 2t il (Ao 985 SR ThIE ool 20),

SWI80 éATwuawgg%vlz@zmtgen thggw@m&‘@ne:wov %m@&e 227), SWs20
(ATOC COLaggT) i MBS Tnd ATCE §Ehed3hd SVOAS: INICG L0 2 Yane VA6 (ATCC
CCL 233), SN%4%E?é£i C%l 2 %P SW463 ATCC CCL 234) 84 (ATCC CCL 248),
937 cel | SSFAT e-\(oe: 2B, and W 5 38VA13 subl i ne
2R4 cells (ATCC CLL 75 1), as well as heterohybrldona cell s produced by
fusion of human cell s 551 S-cgndary human
fibroblast strai \ FMRE ATCC CCL 171),
may be used. In é@@lﬂﬁ@ncqmﬁhnmqﬁ ﬂ@@tdmdahyr gpntelnnaanabnzed human

cel | s30asselbe Adombt MBI Ye SECORASY. R $FMOL Alied £214:5 fLpm ot her
species, can be used for in vitro protein produciion or gene therapy.

| FNA2- Exo?RS s? nsP EF ¢ 32 FERBF5083FS - r econbi nant cells of the invention 15
express | FNA2 at adegilied -l ind are ausehukntar whoth HAr¥icks0 production

of I FNA2 agd QSffEEQErSPyone exon of an RNA transcript to the

splice-acceptor site of another exon of the transcript,



Prot ei n Production Honol ogously reconbl nant cel ITMW‘__
i n{&ABi2®¥0can be used for in vitro production of IFNA2.08 e |3 0ap@09925
mai nt ai ned under conditions, as described ji:n the gyt whjch result, ip, -,
expression of proteins. The | FNA2 protetrr nay be purifjed friomceld Egsates
or cell supernatants. A pharmaceuti cal_zggrmosi tdQn.containirrrg,t he ‘LENAZ,*
protein can be delivered to a human or “an 25 ani mal by conventi onal

phar maceuti cal. routes kno i e ar e.. g, oral, intravenous,

i ntrarrus’é%?lgﬁflrf%tlrnaﬁaeénav\,éﬁpﬁ n%ﬁ%rg?&férénbs “z:eoes‘flal%)hei rti‘twfjaaérg?rgr, rectal,

i ntrat heegpicdTBNSderdTEirs8UbRUHANLOHISS | 3Y raperddconaakxof; bndrehesi onal ).
Oral adm nistration may require use 30 of a strategy for Erotecting t he
protei n spblreedpntattiss tRceRedgast Fiof it estichalt tt%&cﬁ:lré. geXopyis

encapsul af j i.n. .pol LisC M u £EN8. ;herapy o] I

reconbi néérll P%%I s&ofg{%él%regég%tgﬁggéi%g%%tl on" ar 5§§fﬁ ggép%%u a(%(rllons of
honokogotisé y5' JAQAD U ERR2 secdhd £CTh USH NG Hohos BMWe20B2ve ezonbi nant

cell lines, as popul ations of honol ogously recombi nant pri n?ré Qr_secondary
cel|'s, aGh¥ARATGAISISy COBEERBIRaREILT TR T RHASES AS f/Fi HESTRAY

horrol Ogomyﬁ%%&%@t 2hBL2E RGCROUB Sl de)St KAILRS cBE LN, cRBdESS th cel |
m xtures 1 n ich at | east one representative cell of one of the four
pr ecedi ngnd aff £fpdr ipes iafi ohenbkdgouseéyu irsbniiatastonceNuslescphes@nt . Such

cells may be used in _a _delivery sgstem f or f,t'r eat i E% g% i nf ec io}gls caused
by such 5¢5%R%2 4 papitProddtei 198 hepHts (iidss Lhdee 2856Fr 05657 vacci ni a,

her pgs si P! &X dHHHS cRAGEREEs 295t &1 a M@l HeL | 1lQ3US ek UBas880ot himovi rus, and
(ii) any ‘other conditions treatable with | FNA2. Honol ogously reconbi nant

primary eedts, icleonalthegl brst nat nspbicdrbtmrtogeSpds ceelbnerr ai tes aare 15

admnistered to i ndi_vi d e i.n whom t-he abnornml or _undesirable

condi ti on™§% %odlag@yt E‘ggtl’élagg#yprlé ltaﬂtare:gdl,hletﬁ’ st Fi Fgﬁt téﬁaﬁ??’f@p%lnad:eby an
appropr i gd £od iU i thaneXBECH/NRI spBke: iy ddtallag .t he protein or exogenous
DNA at physiologically relevant |evels. A physiologicall % rele 20 want

l evel is one whichPeisPheFeappreRtPiatT-g HE Pe FORSEE UGhI € ERe product is
nor 7Bl | v, RIAAUGEA 4 LhE DOAYCOL EENS 3Ll TPLOYERENLoRL, Lhg ADngtaml or
undesi rabl e condi t1on.” Tf e cells are syngeneit wth respect to a

i MMunoc apeiceiniy fcicpieebkont be asddlsexxaxdie adpildicst ecedp2br ositewl ant ed
intravenously, intraarteriall subcut aneousé%,gfii ntraperitoneally,

i nt r aonett Iay,ChﬁfﬁFéﬁﬁFsEéﬁs%‘,F%W%e i TRAEAS | ¢ (Bt rNEPGnially, or

i ntranusgas@rdy nd.foh heyrell sy aidndis YRR miaRdet BRI RChPHSU s 3y S
i mmunoconpet ent, the honol ogously reconbinant cells to be adm ni stered can
be encl oveld€at igige (grchere, shnteindatilds Faserechdefi 3885~ ITRS perdfddbi l ity

proggrti es of the q,g\éi EEF faggtguch that the cells are prevented froml eaving

t he” devi ce upon i nto 35 a subject, but the therapeutic protein

is freely WO 991 §h298Na S2nsHaIddISRY 2222na10yNEWn 2007 perareadite and can
| eave the barrier device and enter the |ocal space surrounding the inplant

or enter® tHE HjidtertcacFPeal btF diFarScE ingign, sbast patenthdeR 1S5, 641, 670,
070 P R 8 L AL P LR e P p FORA T |
Dougl as sAtelriecdpcatiebedt Aprpdsilfionl 329 atdl: ber eha reagwolposat exk-by
refggenné%ence'in the construct such that following homologous
recombination, the regulatory sequence directs synthesis of a
transcript that begins at the CAP site. Alternatively, no CAP
site ié included in the construct, and the transcriptional
apparaﬁus will locate by default an appropriate site in the

30 targetéd gene to be utilized as a CAP site.
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- The barrier device can be inplanted at any appropriate site: e.g.,
“intraperitoneally, intrathecally, 10 subcutaneously, intranuscul arly,

Wi thin t{e deisevey capsule, or within the omentum Barrier PGEXLSEY89925 e
_particularly useful and all ow honol ogously reconbi nant i morg gINO¥eglozel | s,
honol ogousl y reconbi nant cells from anot her species (honol ogously 15
reconbi nant xenogeneic cells), or cells froma

nonhi st oconpati bility-matched donor (Zﬁorﬁ)l ogously reconbi nant all ogeneic
cells) to be irrpA ted fo 151(7 at Qt f a subject. The devices retain cells
ina fixed positm,—gﬂﬂ%ﬁ?ecti ng the cells fromthe host's

i mmune 20 systenTh&atconstrdevi mey addbtabhellgonwvaneént sehaeheterm (i.e.,
transi ent) .t her y i r ead J t el l.s..wen the

treat neng")nrlecgll r?g%)éiclstl‘ ttglejb%\@hrg"ﬁ%tté‘lg%f )(gvrlr %@elag%.gﬁr%r%r%& &d or infected
xenogenepeogrd naprogeresc hye Homarpgaalss o asrondsiniht ypri-he absence of 25
barries eewiees1h9, THY DN BRI INIAPYind Tudd 3 B d1e | FNAZ

produced by the célls wll be deljvered in vivo until the cells axe

r ej ect ed OBy Jitke Hoderd JGRkieE fpst SRR Tt oL it aigsd stadiisynt het i c,
or nat ur glark@rds Idy At RIS o ak e tis edvi Ddh tdlilowWqose, incl uding,
but not Limted taq, Cil I ul.g}se, cel | LQ.OSG acetate, nitrocellul gse,

pol ysul f&ﬁé'?eﬁglcﬁaienﬁ iAFSHE EHARTTAHE™ pot RATYTE 1h G iady b’(’f'l(%&)?ﬁ"er s and

pol yner s suofi tpdllyy iolyinicty /drdste syextierat i ves. Barrier devi ces can be 35
utilized to allo rj d ' Lze 57292

PCT/ UéSQ/ 09925 OM%PI\WE%%?ES%% &%é Fggﬁgg’%@%b\%ﬁérggp%g\%@ﬁ 0 be used for
gene t hecamp timidiu s opfmstthiae tyy gd rdfed et clunstefanalily ttheagshe t her apy

of the ipyen! QR ARd r@@@ﬁt&mé.colﬁr@gﬁmwtﬁga&iﬁbnﬁal%qo% the cells are
enbedded. Such a“device, which can contain beads to whichthe cells attach,

i s descr MEEPMRE DA PN BRIgLehdhs SRttt A e reisias®e. It can be

i rrpllgn_t e@;le&%nd@@ﬁAgeiﬁgq\égulﬂt%ﬁW{ﬂéﬁiuéﬁc@%iﬁ cJ[\ieﬁé_iﬂ_d tfr%r a given dose
or | ant ati.on depends .on several -factors, incluyding the expression
evel b1 BEREUGIER PF (heSred Vam e it o 57 YHEhIer ShAGRE 2%and ¢ he
i mtati en<a®s sicieat (e tvidria ltllye dimphvadedatiron: g comtktrmuct)swald y t he nunber
of cells.implanted.in t r..simlarl.y-si animal is
"n the 1 ARaaap Y ANl R R T T AR R oo 1
desi r ed, eridogenppsod FNAF araned satt Ganadpiet 5on e3tom gite patient, either at

one tineRLNBMPA REMIRA 1QfcdMUMSOENeaf s dhge 405308 tWh RE repeated as
needed. 20 Deposit Under the ter of the_ Budapest Treaty on the

| nt er 78t itHFE SREVEHRS iMRY SIS DSBS A2 MR ot IMFRIFST t he Pur pose
of Pat entrdineedise, rddierdeposidl 10fa | astish AR Hie Vgtsbamidey widdr t he

Aneri can _Type 2 | ture Call ect] (ATCQ) . of ..Rockville, M), _USA on May 12,
1998. Thé ﬁéls?:th sargei Ve glg sgi%&n Ut Se?“Z%%%?Z.HApap it 's'? assi ghee,

Tr anskar wetliiceHuaragi esitd mid a guldsentacedpitor hel XICE e Lrewpository
af f or di “Q&%rﬂ@mﬂcé,h%k@mﬁaﬂ%fmr epsiPididy thereto 30 by

the public if a patent 1s granted. restrictions on the availability to

t he pabl ilqdfdendhmteiom B8 dSfIREFN $ItDe: | rdvidiabiiEi¥hoved upon

t he grantgdwgredn tde pakeicehe material will be avail able during the
pendency of the patent lication to.one determ ned by 35 the Comm ssioner
to be entitled thﬁ‘@t SrQEgePgﬁiﬁf—‘ﬁnE?l&n t@ﬁ @QIIAS??§§¥?“§& can

vary. Where the construct is a circular plasmid or viral
vector, the relative order of elements in the resulting
30 structure can be, for example: a targeting sequence, .
plasmid DNA (comprised of sequences used for the
selection and/or replication of the targeting plasmid in
a microbial or other suitable host), selectable
marker(s), a regulatory sequence, an exon, a splice-donor

35 site, an intron, and a splice-acceptor site.



- PCT/ US99/09925 0 6 NOY 2002 and 35 U. S.C. Ql122. The deposited material wll

be maintained with all the care necessary to keep it viable and

uncont am [y RksiRr a period of at least five years after tipeTnsee/099%esent

- request for the furnishing of a 5 sanple of the deposited nptirn'gql mzamd in
any case, for a period of at least thirty (30) years after th ate of

deposit or far the enforceable |ife of  the patent, whichever period is

| onger. Applicants' assignee acknovM'e(j?g4es' its duty to replace the deposit

shoul d the 10 depgsitory,be unable to.furnish a sanple when regquested due
to the condition @ﬁefﬁe¥8§pggpferafkeﬁSE&BE&FﬁénﬁgelPrpgrtSaBe finder st ood

t hat whi | €orhexiampdreti on hirss themarglesing beequenomnj ainstlentable t he

det ai | ed crjpfd on t in i ption.4s.intended to
il lustrat é@g%%%n%e‘?{éd Irlal1 n{%“t?ﬁ‘;et%fc%%egﬁ&?ﬁ%’ iganl\gen é%’n,é véhjclhc‘% s defined by
t he scopedenorheidisperifed i %dhs. 2 Ghkiceaspreeertondviir agesl and

nmodi fi cat i r i 4 nsd €oPf I | J What is

cl ai rred&ﬁi ssg%rﬁt%ﬁ%céln% VrE@: : ~c§'§?§é!?é-)p~ - 3;@%%@3%&%%@%%0,”% NOV 2~1 1. A
DhA const Fd&Str RIS IRG SRR dh THHIRL2LOBARRIEIRNEE . TRt @XWon- cx 2

gene i In aammldeadbncf_ﬁlém?ﬁrhﬁ nir@tgrlt‘@ij oA é@lmé%@fg%&m sfifté,h% c211 via

o, - ~ol ogaus rec i nati.on e cor_stru~t. conprjsin i) atar i ng

seauence ESﬁrF ERHG AP tgeile’co%b%%tl%ﬁ?ejdﬁ%%%a]cfr%q : 11, and

(i.~) a teatsyrisittieghand eguedand tsepeniney 2equdrecddNA construct of claim

1, V\,helroei r_the cRp EH&Eiv‘é‘.’ﬂgt hghe_cg%re%sg%ﬁlagﬁog, f§f§€| i ce-donor liter
ite 3. e

an intran, arid a S%%I ce-acceptor s construct of claiml1,
wherei n. thEoesiang wagyenthera chpet sasl ectabb ke tedi e agekes, gene. 9:. The

D1~TA congtiiGly FeqiBrice WNEY & %ot hes taspatd - tains at
| east 50 qo%t%?g&g):ffr ucf:l eoteT des of SEQ 7:% Dlo{%wlég@f' construct

that al t eF&t&ERHre$siST. e AL SRIRYe DU 1 M eFIFh-BRIIYSRE in a mamal i on
ce7.1 upoBeigiie@@eqt iy | N1t feddred gesosE: £51 & hea St} .ganad; honplpgous

S S o GOTPE, 3 Pl et gL s ont o i
transcri pti epdliceegidraticryitset _aneiweron, dhspDive coreeptarctsiafe clai m 5,
e e I8RO R PR S5 ol Mol B0 LS,
quence, and a second selectable marker gene.
Recombination between the targeting sequences flanking
20 the first selectable marker with homologous sequences in
the host genome results in the targeted integration of
the first selectable marker, while the second selectable
marker is not integrated. Desired transfected or
infected cells are those that are stably transfected or
25 infected with the first, but not second, selectable
marker. Such cells can be selected for by growth in a
medium containing an agent which selects for expression
of the first marker and another agent which selects
against the second marker. Transfected or infected cells
30 that have improperly integrated the targeting construct’
by a mechanism other than homologous recombination would
be expected to express the second marker gene and will
thereby be killed in the selection medium.
A positively selectable marker is sometimes
35 included in the construct to allow for the selection of



7. A:D'"A'construct that alter expression of an endogenous Interf' eren,-a 2

gene in a manmaliatz cell upon irate' ation into the genor /8& el
~~i 2 hoz¥PE§ETE2r econbi nation, the construct conprising {i a tar et i S-~j
. sequence containing at |east 20 eontxauous nucl eoti des of @ £B, and
(ii~ a transcriptional re?u.latory sequence. 8. The DNA construct of cI aim
7, ~;~hercin the construct ft~zr!~ comg#ises an exon, a splice-donor site,

an intron, and a splice-acceptor site. 9. An isolated nucleic acid
conpri si ng:aa]tls exsnt &in tomt argoblfi edict ept ¢ slest d:‘hﬁE@aﬁkd:s O:Ill or its

conpl erz~ = h S u ~t|e full
length Inter eronrﬁt?gé%éhl[lbet% (% fg?gdgéﬁ;%c el c acoﬂlgﬁﬁ}ém{ ai m wher ei n
t he isol at®) riet e¢xamel el co@rpﬂ--‘é%fs BATYREEIY |TBIURNNE gqwdus nucl eot i des of
SEQ TA NOHo10fsid51€ P@?@ély séleczmsaé selAad udgldacid of claim g,

whvreiu, the: isola:ed nucl e|c acid conpri ses at |'e2st 240 conti guous
nucl eot PdeELIFCtEReY ¢ ONAREST | (REFPR2Ebn? Srfigtlatony eaoes02 &Y 12. The

i sol at ed rwd&; Ca sﬁlﬂc@idﬁﬂl@rr@ﬂtey\ff‘@rﬁeiﬁtﬁd}ﬁ |5 dpatiet Hditoraci d
conprises SE 3. The isolated nucleic acid of

claimo, Wiere e? &%‘r%‘ﬁ% n%a’rl?:gz‘ihd TSP Ses SEQ rD NO: 8 or its
conpl enent. 14. TrIélel selrabes rell(elntelnctsaufdth‘é cbastrct~chrrben the isol ated

nucleic a [ : r 't cQ S. _The jsol at ed
nucl ei c acélbg: OJ?IJ;@(F f?&g%% ai\losﬁre&(?g t%d ﬁ%ﬁ&?@h} coor?:prcasr{es at

| east 20 dnmmm@mcse@uwmugi@rsebicmmemm dredhrsiasmeplaenent . 16. The
| sol ated nugl@l&r a1 Grote 68 XZXTRe i“é@u?&t{bﬂherés%%rﬁt apuclal ¢ acid

conprises at_ | east cont i guous nucl eoti des “of T3 NO:8 or_ its
conpl ementSPiice 2oneH| SRl Heerehc OFRJdrﬁﬁl%CEQﬁthé’rstsrﬂeFrﬁj dhat

conpri ses whdUued Lot @6t can be isolated as a complete unit from,
e.g., the human elongation factor-la (Genbank seguence
15 HUMEF1lA) gene or the cytomegalovirus (Genbank sequence
HEHCMVP1l) immediate early region. These components can
also be isolated from separate genes.
Transfection or Infection and Homologous Recombination
The DNA construct of the invention can be intro-
20 duced into the cell, such as a primary, secondary, or
immortalized cell, as a single DNA construct, or as sepa-
rate DNA sequences which become incorporated into the
chromosomal or nuclear DNA of a transfected or infected
cell. By "transfected cell" is meant a cell into which
25 (or into an ancestor of which) a DNA or RNA molecule has
been introduced by a means other than using a viral
vector. By "infected cell" is meant a cell into which
(or into an ancestor of which) a DNA or RNA molecule has
been introduced using a viral vector. Viruses known to
30 be useful as vectors include adenovirus, adeno-associated
virus, Herpes virus, mumps virus, poliovirus, lentivirus,
retroviruses, Sindbis virus, and vaccinia viruses such as
canary pox virus. The DNA can be introduced as a linear,
double-stranded (with or without single-stranded regions
35 at one or both ends), single-stranded, or circular



-sequence that (i) is at |east 200 nucleotides in Ien~h and (ii) hybridizes

under highly stringent conditions with SEQ LD NO: x | or its conpl enent.

0 6 Nov 59(939/%9218. The isolated nucleic acid of claiml7,p&tiigdopberst he

. nucl eoti de Sequence is at |east 400 nucl eotides in |ength. 1%;3 mg | sol at ed
nucleic acid of claiml1l I, wnrein the nucl eotide sequ~ce is é a 21,GOO

nucl eotides in le ~~th. 2t0. An isol %':ed nucl eic acid conprisiag a strand

t hat conprises a nucl eoti de sequence ®hat (i} is at Isast 100 nucl eoti des

ir, length.aad.(ii) bridi zes _under . highly stringent, conditions with S1Q
| D NO: 7 &Olietcéll(cedzna{%ﬁ fgxﬁt copstIugt l%’so%/ré & unc%cc?ell‘ t%g’?ﬁsEorrp: -isiz~. ~
a scrod tdellis donmpaics esranadd e doragmardiee thmttwo ) frsgmenteast ~0
nucht i deg,J t o IMd A} Z ' i z=t conditions
Wi th SLQ“%)h\/al%% \ﬁ%\ %egﬁ%lq[ S éiogpl gﬁg}nt . 22. ~s). n@t?smo ea'ts:;ed %S%I %%c Cei d
conpri si PGea fstagmentt kad EdepA’'s@nd Hudhwtotdhesegitlecormat (i} is at

| east $0 yelieRt 068 Adt |t%'3:@e¥ti§iég .e%%)er?&@r&% aihd eadleB0tQrsieguence

identit5.~ wtlx a fragment o ~| O 11 ha<<ing the sarne | zngth. as
the nucl SotSEFETSeFREHEE 11T FEIYEC 0 RRP AN IRRG Rt BIEAUR ei ¢ aci d of

cl ai m 22 ceiher aine tthe Ticleeintde cruerifrds BdmdlRfdux00 ztucl ~tides in
laeB;(rj{ ) O[Zréel-:‘gq-r 5 Ia%%baf{ %%\I%'I:Jo(;:l_melac saicr{gq.eOfmocll.eacl:uniezzv}itvg-'egk?ela nf:'lt.:tt:]set:]c ragment 1>

and second targeting sequences flanking the region of

10 overlap between the two original fragments. The product
molecule is then in a form suitable for homologous
recombination with the cellular target sites. More than
two fragments can be used, with each of them designed
such that they will undergo homologous recombination with

15 each other to ultimately form a product suitable for
homologous recombination with the cellular target sites
as described above.

The DNA construct of the invention, if not

containing a selectable marker itself, can be

20 co-transfected or co-infected with another construct that
contains such a marker. A targeting plasmid may be
cleaved with a restriction enzyme at one or more sites to
create a linear or gapped molecule prior to transfection
or infection. The resulting free DNA ends increase the

25 frequency of the desired homologous recombination event.
In addition, the free DNA ends may be treated with an
exonuclease to create overhanging 5’ or 3’ single-
stranded DNA ends (e.g., at least 30 nucleotides in
length, and preferably 100-1000 nucleotides in length) to

30 increase the frequency of the desired homologous a
recombination event. In this embodiment, homologous
recombination between the targeting sequence and the
genomic target will result in two copies of the targeting
sequences, flanking the elements contained within the

35 introduced plasmid.



j2~. The isolated nucleic acid of claim?22, v:herein the fra~ncnt is a part

av of B. ?6. A boznol oaously reconbi nant ma tably
S0 RS

transfect D~I A construct of claiml, the DNA cons

- under gone honol ogous reconbin.ati.on Wth genomc | 7?vTA q@suunaqupf the
ATG xr~,itiatxon codo~. of an endog~no~as Tnterferon-a 2 codi hg sequence.
27. A honnloaously reconbi nant mammal i?d: “cel | stably transfected with the

DNA construct of cIa|n12 tae DNA construct ha~cintr uyndercozte_ honol ogous
reconbi nati on wi t R§cPRAr APRSBRACESsPR¥aRF of FRRELRTECANIRF QL FBALE0dON of an

endogenousq}ﬁaﬁxfaeﬂqn M i eash gy sequaneay of0 ghyNe2003- 40 28. h
hor ~. ol ogo sh%* onbln t ceII stably tr~. nsfected ~~'ith the DNA
const r uct i DN T 5HES, (e SR CRIALE Wit ISR b0l osot ~s

reconbinatjentmmnt1mﬁnmnpnojedU1yé hthauﬁmenrttuab%ﬂﬁmrﬁﬁdsﬁﬂaﬂt codoz~ of

an endo eH§H§ it N-1CL n onol.o y
reconbi %a ceJIF{ltea{ I?/ tF; C?% ect edci]a.11 %W ﬁr Ifb?tyblr%rgconst r uc of claim
4, the E»Md&%ﬂﬁﬂn1mﬂdiﬁﬁedrﬁf%ﬂﬁﬁﬁqﬁﬁﬂ? honologous recor.~. bination with

genom c | ~i~r A THesE&sagfeetraaeoNﬁqf@btéat bemc@goaalﬁéa@nedt ndogenous
| nt erferon- a 2 codi ng seckEuence. 30. A nethaod of alter: e~ressi oz~ of

3.n endogeH¥iRT |GANGFERE WlgeRenmity mﬁ%é?a%s @qon&vﬁnamm 0~ t he
met hod congy i &d g idd oﬂvctzmg die (¢ CCH"'.S_:U Wdpedfcial aighikridd 0 the cell

o P o e T S AR RS PR 1

t he codi ng:e;b]qmamnit&h&acbnd@mduﬁmﬁmrmrfhcﬁq;ﬂ:ne:o ?plarnti&e of the
cel | of C'&ﬂ%@rf&{& é@@ﬁé”‘cﬂl\w,e t(He a};‘ergﬁ.grja%ﬁr}tegi%rn the

introduced by the DNA construct will alter transcription

of the IFNA2 gene.

15 Homologously recombinant cells (i.e., cells that
have undergone the desired homologous recombination) can
be identified by phenotypic screening or by analyzing the
culture supernatant in enzyme-linked immunosorbent assays
(ELISA) for IFNA2. Commercial ELISA kits for detecting

20 IFNA2 are available from Biosource International
(Camarillo, CA). Homologously recombinant cells can also
be identified by Southern and Northern analyses or by
polymerase chain reaction (PCR) screening.

As used herein, the term "primary cells" includes

25 (i) cells present in a suspension of cells isolated from
a vertebrate tissue source (prior to their being plated,
i.e., attached to a tissue culture substrate such as a
dish or flask), (ii) cells present in an explant derived
from tissue, (iii) cells plated for the first time, and

30 (iv) cell suspensions derived from these plated cells.
Primary cells can also be cells as they naturally oceur
within a human or an animal.

Secondary cells are cells at all subsequent steps
in culturing. That is, the first time that plated

35 primary cells are removed from the culture substrate and



delivery of Interferon-a 2 to an animal by inplaa.tation of the cell into
the animal, wherein the cell secretes Interferon-ac 2. 0 6 NOV 20p2 41
32. Use woasa292el | of claim27 in the manLfaet~e of a rndSTEe(G92%60: ftle
“delivery of Irtrrieron-a 2 to an animal b5~ inlplerztatzon of 08 NV e
into the a~i ~al, where~zn the ceh secretes xnt,rferon-a 2. 3,. Use ef the
cell of claim28 in the manufacture a8 & nedi canent for the deliven~ of
Interferon-ex 2 to an animal by inplantation of tae cell into the animal,
~vhvr ei arepéaceH (@eusrselgml Y, ntthefyerome aceXer¥red Use lndréie a=l | of claim 29

in the f f nmedic nt, ¢ 0: [ ot ~ 2 to an
ani mal ggglﬁgﬁg% a%F&%sdf h%gge%fllntohgﬁgﬁgﬁ¥%%%e&%ﬁl eﬁgg$%§gcel
secr et es Segpedhgyorell? st3Ring cemsicy (ﬁfpr‘-’(ﬁﬂmdﬂr}’ n@@llfsarvm&%h 2,

conpri si pd,Rr gkk W%gsts%g QielolneOfoxClnﬁJrré‘tzﬁnesand SuboHELRG dde cel | in vitro

under condi t'l ons ermt the cel to exfgr ess and secrete Int.~~"eron-a
2. (P 6tMDVcaddy &th-}@ltAarrétlﬁJd&eoP 937 RPRYBH O, conpri sing

provi di n@ohhﬁlﬁglsl iof c@ﬂl%lufi‘eZAnda&%eClﬁﬁdﬁé%‘y tdge cell in virr-o under
con3itions whic g@&gt tae cell to eYprzss. and secrete ~nt ezf exon-cc 2. 3

|. A net REBEBFEHE g n BOFRSEGTST CEPIUIRIG FrgiED

(anchorage-dependence does not apply to cells that are
propagated in suspension culture). Primary and secondary

10 cells are not immortalized

Immortalized cells are cell lines (as opposed to
cell strains, with the designation '"strain" reserved for
primary and secondary cells) that exhibit an apparently
unlimited lifespan in culture.

15 Cells selected for transfection or infection can
fall into four types or categories: (i) cells which do
not, as obtained, make or contain more than trace amounts
of the IFNA2 protein, (ii) cells which make or contain
the protein but in quantities other than those desired

20 (such as, in quantities less than the level which is
physiologically normal for the type of cells as
obtained), (iii) cells which make the protein at a level
which is physiologically normal for the type of cells as
obtained, but are to be augmented or enhanced in their

25 content or production, and (iv) cells in which it is
desirable to change the pattern of regulation or
induction of a gene encoding the protein.

Primary, secondary and immortalized cells to be
transfected or infected by the present method can be

30 obtained from a variety of tissues and include all -
appropriate cell types which can be maintained in
culture. For example, suitable primary and secondary
cells include fibroblasts, keratinocytes, epithelial
cells (e.g., mammary epithelial cells, intestinal

35 epithelial cells), endothelial cells, glial cells, neural



- pro~~iding the cell of claim28, and culturing she cell in vil!ro under

conditions ~~~hich pezmt the cell to oxpress and secrete Interferon-a 2.
38. A rrwadwsd29f producing Interferon-a 2, c~onprxsin3 prk 5?@'@% he
~cell of clairrz 29, and cult~in~ the cell in ~~itro under conditio whi ch
g~,~nit the cell to express znd secrete Interferon-a 2. 0 6 NOV 2pp2 43

39. A DNA conjtruct that ~. IteT-s e--pgessiou oa 211 endogenous

Lr terfeioa-a 2 gene is a rnarnnalian cell upon ~r~tes ation into the

genome ofod@id e Khithed d PehO®S chf)UéhéeBPa‘aan%l.?D i pmBneePeLy; et
conprising (i) a tazgeting sequeace containing a feast 20 conti ' uou;
nucl eat i GEFQIMBHOHICHDrE of MU L DERE €8 | 3NA1BYeERrsorsdof Bhegad (i) 2
transcri ol c reaull alyises sequiesee . té6. hdnolsgbated Agebabenastd

e of SEQ 1D NGs:

conprisin | erst, 2Q cani gl.CUS nud ep~. des_of _on_a_or

TP na e IR SR A o S8 BPEREPY. oPPMRer Y P REA R SEP S and 1 G
wher ei 6 tgmefiadEhedcimd focod doe. snddvidneddeof whbml ehe~~h

i nterfzr - . l.nz I aghqge st ab?y

tral zsfec éﬁﬁyﬁFgé%%éﬁbﬁ%m%%%%%?ﬁé¥l%$?gngnféggﬁ?%gyD%g#lgoé%gt%%ct h3wr _?
under gonéshamtigyaieretontfieeyen, vPFinArgeast hbccan-ba gbtainadc of the

ATG i ni tgadd on £adon of &an efn doReNousuXX~behEe: FRARCERE cod.in? sequance.
0 6 NOV 2002 44 42. A nethod of alte-ria~ expression of an. endoocnous
| ntcrf er FRERDIgTHENe 95 e same species.

10 Examples of immortalized human cell lines useful
for protein production or gene therapy include, but are
not limited to, 2780AD ovarian carcinoma cells (Van der
Blick et al., Cancer Res., 48:5927-5932, 1988), A549
(American Type Culture Collection ("ATCC") CCL 185), BeWo

15 (ATCC CCL 98), Bowes Melanoma cells (ATCC CRL 9607),
CCRF-CEM (ATCC CCL 119), CCRF-HSB-2 (ATCC CCL 120.1),
COL0201 (ATCC CCL 224), COLO205 (ATCC CCL 222), COLO
320DM (ATCC CCL 220), COLO 320HSR (ATCC CCL 220.1), Daudi
cells (ATCC CCL 213), Detroit 562 (ATCC CCL 138), Hela

20 cells and derivatives of Hela cells (ATCC CCL 2, 2.1 and
2.2), HCT116 (ATCC CCL 247), HL-60 cells (ATCC CCL 240),
HT1080 cells (ATCC CCL 121), IMR-32 (ATCC CCL 127),
Jurkat cells (ATCC TIB 152), K-562 leukemia cells (ATCC
CCL 243), KB carcinoma cells (ATCC CCL 17), KG-1 (ATCC

25 CCL 246), KG-la (ATCC CCL 246.1), LS123 (ATCC CCL 258},
1.8174T (ATCC CCL CL-188), LS180 (ATCC CCL CL-187), MCF-7
breast cancer cells (ATCC BTH 22), MOLT-4 cells (ATCC CRL
1582), Namalwa cells (ATCC CRL 1432), NCI-H498 (ATCC CCL
254), NCI-H508 (ATCC CCL 253), NCI-H548 (ATCC CCL 249),

30 NCI-H716 (ATCC CCL 251), NCI-H747 (ATCC CCL 252),
NCI-H1688 (ATCC CCL 257), NCI-H2126 (ATCC CCL 256), Raji
cells (ATCC CCL 86), RD (ATCC CCL 136), RPMI 2650 (ATCC
CCL 30), RPMI 8226 cells (ATCC CCL 155), SNU-C2A (ATCC
CCL 250.1), SNU-C2B (ATCC CCL 250), Sw-13 (ATCC CCL 105),

35 SW48 (ATCC CCL 231), SW403 (ATCC CCL 230), SwW480 (ATCC



-mammal i an'cell in vitro, the nethod conprising introducing the DVA cons~uct
“of claim39 into the cell and maintaining the cell under conG tions which
permt hevobsmgmers reconbi nati on to occur | xt~~een the consRGTAEIIAPRLS a
“target. site 5 to the coding se~uer_ce of tb~c endogenous T8ieH0Y JHR3-a 2
gene. 43. Use of the cell of claim4l in the manufacture of a nedi cament
for the dalivezy of interferon-a 2 tosgn_aninmal by inplantation of the cel

into the animal, ~~herein the cell secretes Interferon-a 2. ~. A nethod
of g{ odnmegﬁl Qﬁ@”egmz@ am@:@rr@msaa@ pr @wetél7ngAtrh@ eekl ogkyclam 41, and
cul turing e ce

it vit gn er cond ermt the cell to

express 27H° %éc#é?@clﬁF%r?éF p~SH1316 A§T9£1Q§ﬁH23A¢{ SH14AA. AB¥CAn. AaFy. An
Al AN AncéLAzzé\B) AQ swAaB A (XTAC. Aad.? 2A4A(,&R8A( 9aTlal cALR2Ag) , U-

e e bt R Ry AR A A AT Bl cav ol ca
V]ca]c&]caayaaﬁcapbaﬁ@&]Qﬂa]caﬂdaUK@artaKﬁa]G&]aa zfs: wALW as +
{vaki - Wlﬁ? ?giast sathealeaheatlealcad og) cadieal eathaakeathegleal cal calc

RaU] c<a] ca
cel

s of another spec1es Secondary human fibroblast
strains, such as WI-38 (ATCC CCL 75) and MRC-5 (ATCC CCL
171), may be used. In addition, primary, secondary, or

10 immortalized human cells, as well as primary, secondary,
or immortalized cells from other species, can be used for
in vitro protein production or gene therapy.

IFNA2-Expressing Cells

Homologously recombinant cells of the invention
15 express IFNA2 at desired levels and are useful for both
in vitro production of IFNA2 and gene therapy.
Protein Production
Homologously recombinant cells according to this
invention can be used for in vitro production of IFNA2.
20 The cells are maintained under conditions, as described
in the art, which result in expression of proteins. The
IFNA2 protein may be purified from cell lysates or cell
supernatants. A pharmaceutical composition containing
the IFNA2 protein can be delivered to a human or an
25 animal by conventional pharmaceutical routes known in the
art (e.g., oral, intravenous, intramuscular, intranasal,
pulmonary, transmucosal, intradermal, rectal,
intrathecal, transdermal, subcutaneous, intraperitoneal,
or intralesional). Oral administration may require use
30 of a strategy for protecting the protein from degradation
in the gastrointestinal tract: e.g., by encapsulation in
polymeric microcapsules.
Gene Therapy
Homologously recombinant cells of the present
35 invention are useful as populations of homologously
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site: e.g., intraperitoneally, intrathecally,

10 subcutaneously, intramuscularly, within the kidney
capsule, or within the omentum.

Barrier devices are particularly useful and allow
homologously recombinant immortalized cells, homologously
recombinant cells from another species (homologously

15 recombinant xenogeneic cells), or cells from a nonhisto-
compatibility-matched donor (homologously recombinant
allogeneic cells) to be implanted for treatment of a
subject. The devices retain cells in a fixed position in
vivo, while protecting the cells from the host’s immune

20 system. Barrier devices also allow convenient short-term
(i.e., transient) therapy by allowing ready removal of
the cells when the treatment regimen is to be halted for
any reason. Transfected or infected xenogeneic and
allogeneic cells may also be used in the absence of

25 barrier devices for short-term gene therapy. In that
case, the IFNA2 produced by the cells will be delivered
in vivo until the cells are rejected by the host’s immune
system.

A number of synthetic, semisynthetic, or natural

30 filtration membranes can be used for this purpose, 4
including, but not limited to, cellulose, cellulose
acetate, nitrocellulose, polysulfone, polyvinylidene
difluoride, polyvinyl chloride polymers and polymers of
polyvinyl chloride derivatives. Barrier devices can be

35 utilized to allow primary, secondary, or immortalized
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WO 97/15195, herein incorporated by reference. It can be
implanted as described above.
The number of cells needed for a given dose or
10 implantation depends on several factors, including the
expression level of the protein, the size and condition
of the host animal, and the limitations associated with
the implantation procedure. Usually the number of cells
implanted in an adult human or other similarly-sized
15 animal is in the range of 1 X 10* to 5 X 10, and
preferably 1 X 10® to 1 X 10°. 1If desired, they may be
implanted at multiple sites in the patient, either at one
time or over a period of months or years. The dosage may
be repeated as needed.
20 Deposit
Under the terms of the Budapest Treaty on the
International Recognition of the Deposit of
Microorganisms for the Purpose of Patent Procedure, the
deposit of plasmid pA2HB was made with the American Type
25 Culture Collection (ATCC) of Rockville, MD, USA on May
12, 1998. The deposit was given Accession Number 209872,
Applicants’ assignee, Transkaryotic Therapies,
Inc., represents that the ATCC is a depository affording
permanence of the deposit and ready accessibility thereto
30 by the public if a patent is granted. All restrictigns
on the availability to the public of the material so
deposited will be irrevocably removed upon the granting
of the patent. The material will be available during the
pendency of the patent application to one determined by
35 the Commissioner to be entitled thereto under 37 CFR 1.14
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deposit or for the enforceable life of the patent,

whichever period is longer. Applicants’ assignee

acknowledges its duty to replace the deposit should the

10 depository be unable to furnish a sample when requested
due to the condition of the deposit.

Other Embcdiments

It is to be understood that while the invention

has been described in conjunction with the detailed
15 description thereof, the foregoing description is
intended to illustrate and not to limit the scope of the
invention, which is defined by the scope of the appended
claims.
Other aspects, advantages, and modifications are
20 within the scope of the following claims.

What is claimed is:
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3. The DMA construct of ¢laim 1, wherein the construct

further comprises a selectable marker gene.

4. The DNA construct of claim 1, wherein the targeting
seguence contains at least 50 centiguous nucleotides of

SEQ ID NO:1l.

5. A DNA construct that alters expression of an
endogenous Interferon-o 2 gene in a mammalian cell upon
integration into the genome of the cell via homologous
recombination, the construct cowmprising (i) a targeting
seguence containing at least 20 contiguous nucleotides of

SEQ ID NO:7, and {(ii) a transcriptional regulatory sequence.
6. The DNA construct of claim 5, wherein the construct

further comprises zn exon, a splice-donor site, an intron, and

a splices-acceptor site.

- e o alalatal 1
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9. An isolated nucleic acid comprising at Jeast 50 contiguous nucleotides of
SEQ ID NO:11 or its complement, wherein the isolzted nucleic acid does not encode full-

Jength Interferon-ez 2.

10. The isolated nucleic acid of claim 9, wherein the isolated nucleic acid

comptises at least 100 contiguous nucleotides of SEQ ID NO:11 or its complement.

I11. The isolated nucleic acid of claim 9, wherein the isolated nucleic acid

comprises at least 200 contiguous nucleotides of SEQ ID NO:11 or its complement.
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comprises SEQ ID NO:11 or its complement.

15. The isolated nucleic acid of claim 9, wherein the isolated nucleic acid

comprises at least 20 contiguous nucleotides of SEQ ID NO:7 or its complement.

16. The isolated nucleic acid of claim 9, wherein the isolated nucleic acid

comprises at least 20 contiguous nucleotides of SEQ ID NO:8 or its complement.

17. An isolated nucleic acid comprising 2 strand that comprises a nucleotide
sequence that (i) is at least 200 nucleotides in length and (ii) hybridizes under highly

siringent conditions with SEQ ID NO:11 or its complement.
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20. An isolated nucleic acid comprising a strand that comprises a nucleotide
sequence that (i) is at least 100 nucleotides in length and (ii) hybridizes under highly

stringent conditions with SEQ ID NO:7 or its complement.

21. Anisolated nucleic acid comprising a swand that comprises 2 nucleotide
sequence that (i) is at least 50 nucleotides in length and (ii) hybridizes under highly

stringent conditions with SEQ ID NO:8 or its complement.

22. Anisolated nucleic acid comprising a strand that comprises a nucleotide
sequence that (i) is zt least SO nucleotides in length and (ii) shares at least 80% sequence
idemtity with a fragment of SEQ ID NO:11 having the same length as the nucleotide

sequence.
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25. The isolated nucleic acid of claim 22, wherein the fragment is a part or all of

SEQ ID NO:8.

26. A homologously recombinant rnarnmalian cell stably transfected with the
DNA construct of claim 1, the DNA construct having undergone homologous
recombination with genomic DNA upstream of the ATG initiation codon of an

endogenous Interferon-a 2 coding sequence.

27. A homologously recombinant mammaliazn cell stably transfected with the
DNA construct of claim 2, the DNA construct having undergone homologous
recombination with genomic DNA upstream of the ATG initiation codon of en

endogenous Interferon-¢ 2 coding sequence.
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genomic DNA upstream of the ATG initiation codon of an endogenous Interferon-—c 2

coding sequence.

29. A homologously recombinant cell stably transfected with the DNA. construct
of claim 4, the DNA construct having undergone homologous recombination with
genomic DNA upstream of the ATG initiation codon of an endogenous Interferon-c 2

coding secuence.

30. A method of altering expression of an endogenous Interferon-¢ 2 gene in 2
mammalian cell in vitro, the method comprising introducing the DNA construct of claim
1 into the cell and maintaining the cell under conditions which permit homologous
recorbination to occur between the construct and a target site 5' to the coding sequence

of the endogenous Interferon-c 2 gene.

31. Use of the cell of claim 26 in the manufacture of a medicament for the
delivery of Interferon-c; 2 to an 2nimal by mplantation of the cell into the animal, wherein

the cell secretes Interferon- 2.
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32. Use of ths cell of claim 27 in the manufacture of 2 medicament for the
delivery of Interferon-e 2 to an animal by implantadon of the cell into the arimal, wherein
the cell secretes Interferon-c 2.
33, Use of the cell of claim 28 in the manufacture of 2 medicament for the
delivery of Inferferon-u 2 to an animal by implantation of the cell into the animal, wherein

the cell secretes Interferon-¢ 2.

34. Use of the cell of claim 29 in the manufacture of a medicament for the
delivery of Interferon-¢ 2 to an animal by implantation of the cell into the animal, wherein

the cell secretes Interferon-¢ 2.

35. A method of producing Interferon-¢ 2, comprising
providing the cell of claim 26, and
culturing the cell ir vizro under conditions which permit the cell to express and

secrete Interferon-ct 2.
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providing the cell of claim 27, and
culturing the cell in virro under conditions which permit the cell to express and

secrete Interferon- 2.

37. A method of producing Interferon-¢ 2, cornprising
providing the cell of claim 28, and
culturing the cell in vitro under conditions which permit the cell to express and

secrete Interferon-¢¢ 2.

38. A method of producing Interferon-¢ 2, comprising
providing the cell of claim 29, and
culturing the cell in vitro under conditons which permit the cell to express and

secrete Interferon-¢ 2.
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39. A DNA construct that zlters expression of an endogenous Interferon-c 2 gene in
a mammalian cell upon {ntegration into the gznome of the cell via homologous
recombination, the construct comprising (i) a targeting sequeace containing at least 20
contiguous nucleotides of one or more of SEQ ID NOs:15, 16,17, and 18, and (ii) 2

transcriptional regulatory sequence.

40. An isolatsd nucleic acid comprising at least 20 contiguous nucleotides of one
or more of SEQ ID NOs:15 and 16, or the complement of one or more of SEQ ID NOs:15

and 16, wherein the isolated nucleic acid doss not encode full-length interferon-ct 2.

41. A homologously recombinant mammalian cell stably mensfected with the
DNA construct of claim 39, the DNA. construct having undergone homologous
recombination with genomic DNA upstream of the ATG initiation codon of an

endogenous Interferon-« 2 coding sequence.
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recombination to occur between the construct and a target site §' to the coding sequence

of the endogenous Interferon-« 2 gene.

43. Use of the cell of claim 41 in the manufacture of a medicament for the
delivery of Interferon-« 2 to an animal by implantation of the cell into the animal, wherein

the cell secretes Interferon-c 2.

44, A method of producing Interferon-« 2, comprising
providing the cell of claim 41, and
culturing the cell i vitre under conditions which permit the cell to express and

secrete Interferon-c 2.



