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(57) Abstract

An isolated nucleic acid molecule that hybndlzes under stringent conditions, or shares at least 80 % sequence |dent1ty, with a defined
genomic region upstream of the coding region of the IFNA2 gene, and a DNA construct containing that DNA molecule as a targetmg
sequence for homologous recombination.




e.g., US Patent Nos. 5,641,670, 5,733,761, and 5,272,071, U.S.
Pat ent Application Serial No. 08/406,030, 20 WD 91/06666, WD 91/06667, and

WO 90/ 11354WOe957292 whi ch are incorporated by r ef er ence PEHUSHUI9S
entirety. Summary of the Invention The
present invention is based upon the i denti fication and sequenci ng of
genomic DNA 5 to the 25 coding sequencelof the human interferon-[err] 2
("1 FNA2") gene. This DNA can be used, -for exanple, in a DNA
construct that alters:(e.qg., increasesLG%éEression of an endogenous

| FNA2 g TRIBAY{ |OF  [F518,CODI 100G PR THE FFN-ALRBIAR [{HENE OB nRROFEING he
cel l iﬁﬁgﬁﬁaﬁguﬁgﬁgg econbi nati on. "Endogenous | FNA2 gene" refers to a

genon1c (i.e., chronosomal ) gene that encodes | FNA2. The construct
contains a‘targeting sequence ﬁ%ﬁiﬁ*ﬁ%}ﬁgé—lﬂ¥22¥¥%&2000

US 009909925 - 2- This davenedohr eelabesnen! yedbmibopRA.5' noncodi ng
sequence, and a transcriptional regulatory sequence. The
transcriptional - _ '

5 Background of the Invention

Current approaches to treating disease with
therapeutic proteins include both administration of
proteins pfoducéd in vitro and gene therapy. In vitro
production of a protein generally involves the

10 introduction of exogenous DNA coding for the protein of
- interest into appropriate host cells in culture. Gene
therapy methods, on the other hand, involvé administering
to a patient cells, plasmids,” or viruses that contain a
sequence encoding the therapeutic'protein of interest.
i5 . Certain therapeutic proteins may also be produced
by altering the expression of their endogenous genes in a
desired manner with gene targeting techniques. See,
e.g., U.S. Patent Nos. 5,641,670, 5,733,761, 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.

Summa;z of the Invention
The present invention is based upon the

identification and'sequencing'of genomic DNA 5’ to the

25 coding sequence of the human interferon-ao 2 (“IFNA?“)
gene. This DNA can be used for example, 1n a DNA
construct that alters (e.g., increases) expre351on of an
endogenous IFNA2 gene in a mammalian cell upon
integration into the genome of the cell via homologous

30 recombinatibn "Endogenous IFNA2 gene" refers to a
genomic (i.e., chromosomal) gene that encodes IFNA2. The
construct contains a target;ng sequence including or



regul atory sequence preferably differs in sequence fromthe

transcriptional regul atory sequence of the endogenous | FNA2 5 gene.
targeting spg9geme; directs the integration of the
into a regi on upstream of the endogenous

The

I egWCaTUBIYOsRSIUENCE
| FNA2- codi ng sequence such

that the regul atory sequence becones operatively linked to the
endogenous codi ng sequence. By Eeratively i nked" is nmeant that the
regul at ory sequence can 10 dlrect expfeSsi on of the endogenous

| FNA2- codi
sel ect abl e
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(b) -

Qtdry 20
sequence trmngrbmempstrEGMUof|thecﬂndpgemmwsrIRNA2+snding:ssquence

such that the regulatory sequence becomes operatively
linked to the endogenous codlng sequence. By
"operatively linked" is meant that ‘the regulatory
sequence can direct expression of the endogenous IFNA2-
coding Sequence.: The construct may additionally contain
a selectable marker gene to facilitate selection of cells
that have stably 1ntegrated the construct, and/or another
codlng ‘sequence 11nked to a promoter _

In one embodiment, the DNA construct comprises:
(a) a targeting sequence, (b) a regulatory sequence, (c)
an exon, (d) a splice-donor site, (e)'an intron, ‘and (f)
a splice-acceptor-site, wherein the targeting sequence
directs the'integration'of itself and elements (b) - (f)
such that elements (b) E (£) are within'or upstream of
the endogenous gene. The regulatory sequence then
directs production of a transcript tnat'includes not only
elements (c) - (f), but also the endogenous IFNA2 coding
sequence. Preferably, the intron and the splice-acceptor
site are 51tuated in the construct downstream from the
splice- -donor site. _

. The targeting seguence is homologous to a pre-

selected target Site in the genome with which homologous

30

35

recombination is to occur. It contains at least 20
(e.g., at least 30, 50, 100, or 1000) contiguous
nucleotides of SEQ ID NO:12; and can contain, for
instance, at least 20 (e.g., at 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,
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not only elenments (c) - (f), but also the endogenous | FNA2 codi ng

sequence. Preferably, the intron and the splice-acceptor

si t uat ed ‘| nNMOSIEAst r uct downst ream frém t he spliée- dgﬁgék%$?%?§ 25
The targeting sequence is honol ogous to a pre- selected target site in
t he genone with which honDIogous reconbination.is to occur. It
contains at least 20 (e.g., | easg 30, 50, 100, or 1000) contiguous
nucl eotides of SEQ ID hK)ll and can contain, for instance, at | east

20 (e.g., ator 3k le}aﬂi 3, (&3. DratiobaasbrﬁmgLSﬂJs Q) ot | 180 bf SEQ I D

NO 7, at I r co I des of
SEQ ID ‘?&5“18‘ 4eastt’2‘8é7 @P%Eéollﬁe%(g?iﬂo rﬁ)g&’%ibtw e‘(%
AVENDED SHEERRTgeting sequen%r&’argmtml abt Jerat #0 SEEQQD NEE 12 | n
addi tion, thgeagt 30, 50, or 100) contiguous nucleotides of SEQ ID

5 NO:16, at least 20 contiguous nucleotides of SEQ ID
NO:17, at least 20 (e.g., at least 30 or 50) contiguous
micleotides of SEQ ID NO:18, or at least 20 (e.g., at

least 30, 50, 100, or 1000) contiguous nucleotides of SEQ
ID NO:19. SEQ ID NO:7 corresponds to nucleotides 1 to

10 278 of SEQ ID NO:12; SEQ ID NO:8 correqunds to
nucleotides 3492 to 3564 of SEQ ID NO:12; and SEQ ID
NO:13 corresponds to nucleotides 279 to 34921 of SEQ ID
NO:12. By "homologous" is meant that the targeting
sequence is identical or sufficiently similar to its

15 genomic target site so that the targeting sequence and
target site can undergo homologous recombination within a
human cell. A small percentage of basepair mismatches is
acceptable, as long as homologous recombination can occur
at a useful frequency. To facilitate homologous

20 recombination, the targeting sequence is preferably at
least about 20 (e.g., at least 50, 100, 250, 400, ox
1,000) base pairs ("bp") long. The targeting sequence
can also include genomic sequences from outside the
region covered by SEQ ID NO:12, so long as it includes as

25 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
gene. _

30 ~ 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 polymorphic variants of SEQ ID NOs:7,

35 8, 12, 13, 16, 17, 18, and 19 (particularly human
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targeti ng sequence can contain at least 20 (e.g., at |east 30, 50, or
100) contiguous nucl eotides of SEQ ID NO 15, at |east 20 cont i guous
nucl eot i deswoby/82® | D NO 16, at least 20 (e.g., at 5 | eaPCTAHYPIND)
contiguous nucl eotides of SEQ ID NGO 17, or at | east 20 (e.g., at |east
30, 50, 100, or 1000) contiguous nucl eotides of SEQ ID NGO 18. SEQ ID
NG 7 corresponds to nucl eotides 1 ho_278 of SEQ ID NO 11; SEQ ID NG 8
corresponds to nucl eoti des 3492 to0 3564 of SEQ ID NO 11; and SEQ ID
NG 12 10 [esy Sptd . : Mol 5 r11. By
" honol ogousﬁﬁ%gét ﬁ%ﬂﬁgﬁaérgéﬁ%&ségﬁgﬁc%c%e i en%lﬁbé;llo or
sufficient|JeeRF¥I@R-t0 it's genomic target site so that the targeting
sequence and t ar getupor hickivlodioder gechmbina@ovn, the kegaratszii on within a
human cell. A snall_g rcentq&%?of 5 . basepair msmatches is acceptable, as
|l ong as horBTEYTRSS LRR OB s nl%awtg%%{ﬁt:%c? R & BT T equency. To
facilitabe selecteduregbos upstmddmatf drhe tdedimy gequenceqierare s
preferably . t s OJAL: 3 g &L t or
1, 000) 1Ead aofg J(“bp"'.-; --;’f‘(g)'{r?n%é&'i%qu%g‘%ﬁg ?@h%élgegse“lgtglﬁ‘%ﬁgeg"i ncl ude
transcription unit containing the construct-derived

regulatory sequence alters the expression of the target
IFNA2 gene. ThéfiFNAZ'protein so produced may be

10 identical in seguence to the IFNA2 protein encoded by the

'~ unaltered, endoggnous gene, or'may contain additional,
substituted,-or'ﬁgwer amino acid residﬁes as compared to
the wild type IF&AZ protein, due to chénges introduced as
a result of homQIOQOuS'recombination.

15 : Alteringigene expréssion encompasses activating
(or causing to bé:expressed)-a gene which is normally
silent (i.e, eséentially-unexpressed) in the cell as
obtained, increésing-or decreasing the expression level
of a gene, and chénging the regulation pattern of a gene

20 such that the paﬁtern is different from that in the cell
as obtained. "qéil-as obtained" refers to the cell prior
to homologous recombination. = o

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

25 an endogenous IFKAZ gene in a mammalian cell. This-

| method includes'the-steps'df (1) introducing the DNA
construct into.thé"mammalian cell, (ii) maintaining the

cell under condi?ions that permit homologous '
recombination tqﬂpccur 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 éermit:expression‘of the IFNA2 coding
sequence under the control of the construct-derived

35 regulatory sequeﬁce. At least a part of the genomic



20 genomc sequences fromoutside the region covered by SEQID - NO: 12,

so longas it includes as |east 20 nucleotides from vmth G@ |on
For exanpl e OEHQFP onal targeting sequence could be derlve romth
sequence Iylng bet ween SEQ I.D NO 8 and t he endogenous transcrlptlon
initiation sequence of the | FNA2 25 gene. Due to

pol ymor phi sm that exists at the |FNA2 gepetic | ocus, m nor variations
in the nucleotide conp05|t|on of any . given genom c'target site may

occur in angagigedn simendls &1 to thepawiding Eequehite) of que meddnmius
correspogg TeNRYCY Sx% PaREEOrRN| %k}‘%‘#ﬁéﬁi&ﬁé’%a@é R NP dan &onthind?: 15

16, 17 ¢ artlcularly i
AVENDED SHEEPding sequenge G weldy as 5’ non-coding sequence.

PCT/ US99/ 09925 The invention also features transfected or
5 infected_cells in which the construct has undergone
homologous recombination with genomic DNA upstream of the
endogenous ATG initiation codon in one or both alleles of
the endogenous IFNA2 gene. Such transfected or infected
cells, also called homologously recombinant cells, have

10 an altered IFNA2 expression pattern. These cells are
_particularlyluseful for in vitro IFNA2 production and for
delivering IFNA2 via gene therapy. Methods of making and
using such cells are also embraced by the invention. The
cells can be of vertebrate origin such as mammalian

15 (e.g., human, non-human primébe, cow, pig, horse, goat,
sheep, cat, dog, rabbit, mouse, guinea pig, hamster, or
rat) origin.

The invention further relates to a method of
producing a mammalian IFNA2 protein in vitro or in vivo

20 by introducing the above-described construct into the:
genome of a host cell via homologous recombination. The
homologously recombinant cell is then maintained under
conditions that allow transcription, translation, and
optionally, secretion of the IFNA2 pfotein.

25 The invention also features isolated nucleic acids
comprising a sequence of at least 20 (e.g., at least 30,
50, 100, 200, or 1000) contiguous nucleotides of SEQ ID
NO:12 or its complement, or of a sequence identical to
SEQ ID NO:12 except for polymorphic variations or other

30 minor variations (e.g., less than 5% of the sequence) -
which do not prevent homologous recombination with the
target sequence. For instance, the isolated DNA can
contain at least 20 (e.g., at least 30, 50, or 100)
contiguous nucleotides of SEQ ID NO:7 or its complement,

35 at least 20 (e.g., at least 30 or 56) contiguous

_—
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-4- pol ynmor phic variants) are within the scope of this I nventi on.
Upon honol ogous reconbi nation, the regul atory sequence of the construct
is integratvedosmez a pre- 5 selected region upstream of t h@CTBSINEH92S
sequence of an | FNA2 gene in a chronosone of a cell. The resulting new
transcription unit containing the construct-derived regul atory sequence
alters the expression of the target | ENA2 gene. The | FNA2 protein so
produced may be 10 identical in sequence to the | FNA2 protein encoded by

the  unal tn%r %%ot%’&é%g%&olé%cﬂﬁgf’mﬂe Y ¢tk %%&%hﬁ:' ongl tlﬁaS\F\n 28 type

substi t ut ed, ewer am no-ac resi dues as co
| FNA2 protel(ﬁ* queattol@l?éﬁgéé):l #%0d®Oad OFs 10003 coRELEUSMShONDI 0gous

reconbi nati emcltdtides of @EIQEUJD”'WQ}QBG &Xﬁk%s%bﬂﬁléﬂﬁﬁﬁpa%%eieaﬁtl vat| ng
(or causing toeéae expresaﬁc‘? vvh| ch (59 nor gzlp SI| é

essenti al | y ahe€rfeas@d §the ce °'a§r 1099 g0 Her BHS Fies

decr easi ng tdfeSEQDIIeBNOerd ereclits coinpd egent, aludlehalugangcbhelge.gubat i on
pattern of u I | fr in the
cel | as o é'%ess geﬁ tg%‘?s Itdgiqgrﬁ%%znl %rg E‘%‘if’ﬁ%}‘gél %@ FLQSFt

honol ogous r2@cd|eb|snat iatn least 30 or S,QI)sGOnttlBunushBuséepeldESt g i nvent i on
i s a method SEQ G 4 G RN uielmse%%mplmneons&r Wl 16ast! B (expresgion of 25

an endogenous gene in:a manmalian cell. This met hod~i ncl udes t he.
steps of (|ﬂqaﬁﬁr§@UCﬁﬁg @ﬁ@ DQx 1000 contlguous nucleotides of SEQ

10 ID NO:19 or its complement
In one. embodlment " the 1solated nucleic acid of
the invention ;ncludes.a contiguous 100 bp block of SEQ
ID NO:12. For example, the isolated DNA can contain
nucleotides 1 to:100, 101 to 200, 201 to 300, 301 to 400,
15 401 to 500, 501 to 600, 601 to 700, 701 to 800, 801 to
800, 901 to 100'0: 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 22(:)0, 2201 to 2300, 2301 to 2400, 2401 to
20 2500, 2501 to-ZGOO, 2601 to 2700, 2701 to 2800, 2801 to
2900, 2901 to 3000, 3001 to 3100, 3101 to 3200, 3201 to
3300, 3301 to 3400, 3401 to 3500, or 3465 to 3564 of SEQ
ID NO:12 or itS'complement' These blccks of SEQ ID NO:12
or its complement are also useful as targeting sequences
25 in the constructs of the invention. '

" In the-lgolated DNA, the SEQ ID NO:12-derived
sequence is noﬁ linked to a sequence encoding"intect"
IFNA2, or at least is not linked in the same
configuration'(i,e., sepafated by thefeame noncoding

30 sequence) as ocCﬁrs 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 might be.
incorporated into a cosmid or yeast artificial
chromosome) - that includes not only part or all of SEQ ID

35 N0:12, but also an intact IFNA2-coding sequence and all

—
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construct into the mammali an cell, (ii) mai nt ai ni ng the cel | under
conditions that permt honol ogous . - reconbination to occur ReneRiebe
construct ang%¥ genomi c .t arget S|te honol dgous::t.0 't he targetlng
sequence, to produce a honol ogously reconbinant cell: and (iii)

mai nt ai ni ng the honol ogously .reconbi nant cell under - condi tions that
permt expression of the | FNA2 coding -. 7 sequence under the control of t he
construct-derived 35 regul atory sequence. At |east, -a part of the genonic
target siteofsthe Bequbaceowhnghséqasnbetmheanthﬁdﬁ@ﬂh@u;OdENﬂZ gene.

That is, thg &ﬁ@ﬁ@bca ' 96k Skhfendd EB%E@%%o to SEQSQB”gBQizaS vel |

as 5 non-cod % sequence |nv ntion al S0 features
transfecteda§r1 ne¥astE instbel penpmewsifch R lcondtr degshascdudengone

honol ogous put ikeaeEbilAmiten Wol hagenari(a)Dihidhstiseancekpbiateadogenous
ATG 5 into a plasmid or virus; or (ii) which exists as a
separate molecule independent of other sequences, e.g., a
fragment produced by polymerase chain reaction ("PCR") or
restriction endonuclease treatment. The isolated DNA
preferably does not contain a sequence which encodes
10 intact IFNA2 precursor (i.e., IFNA2 complete with its
_ endogenous secretlon 51gnal peptide) .

The invention also includes isolated DNA
comprising a strand which contains a sequence that is at
least 100 (e.g., at least 200, 400, or 1000) nucleotides

15 in length and that hybridizes under either moderately
stringent or highly stringent conditions with SEQ ID
NO:7,.8, 12, 13, 16, 17, 18, and/or 19, or the complement
of SEQ ID NO:7, 8, 12, 13, 16, 17, 18, and/or 19. The
sequence is not linked to an IFNA2-coding sequence, or at

20 least is not linked in the same configuration as occurs
in any wild-type genome. By moderately stringent
conditions is meant hybridization at 50°C in Church buffer
(7% SDsS, 0.5% NaHPO,, 1 M EDTA, 1% bovine serum albumin)
and washing at 50°C in 2X SSC. Highly stringent

25 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 wash at 65°C
with 0.1X SSC. :

Also embraced by the invention is isolated DNA

30 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%,
90%, 95%, or 98%) sequence identity with a fragment or
all of SEQ ID NO:12, or with the complement of the

35 fragment. This fragment can include, for instancé, a
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initiation codon in one or both alleles of the endogenous |FNA2 gene.

Such transfected or infected cells, also called honol ogousl

r econbi nantwoeds®ez have an altered | FNA2 expression 10 pat tPETAISINNRY e
cells are particularly useful for in vitro | FNA2 production and for
delivering | FNA2 via gene therapy. Methods of maki ng and using such
cells are al so enbraced by the i nventi_on. The cells can be of
vertebrate origin such as mammal i an (e.g., human, non-human prinate,
~cow, pig, hBééE 0}5 19°8F: sﬁbe?ﬁ N62Y, 30913fa?b't17”Dﬂ§e1oﬂuiﬁea pi g,
hanster, or ? I gin The'invention further relates
to a met hodThe SetuFGGUéPnBOE Hnkedi A ARNABLAFBt EFMAZHCQRERD or in vivo
by IntéeQ_uéhaa tBe aboyeadessslhcd Iﬂﬁﬁéduﬁ;h théosahe genone of a 20

host cell via honol o reconbi nat  on, Enlogousl¥ . reconbi nant
cell is thefi® FﬂPEF éﬂnuﬁﬁe?CEBﬁﬁlfPoﬁ§thé ¥YB% 9P anscripti on,
transl atison, and omhem‘eala )pars:emlﬂlamrpodﬁrpdm:lde dr-hitleriat @icid

sequence or "arerile, 18 HpEa t8 nEvE s HELEL BB bERcERy SRS W]
cont i guous nqnseuvauegnotOSECFE£B$EnQ§ Eﬁlypgptldecgﬁpn@ﬂ%ﬁﬂc %¢1®f a

sequence 'dﬁaiéﬁﬁieﬁot Fcbéghéﬁklidéﬁﬁf or cBﬁéePGéﬂﬂBﬁpDéC variations or
ot her m nor variations uence) which do

% o
not prevent@ ﬂ%ﬁﬁWéﬁBGszOtgPeEBﬁBFﬁEPWo mﬂYﬁth%n% i}e @S For
|nstancqm thess9), which is' embodied in the ALIGN program (version

- 2.0), oxr its equlvalent using a gap length penalty of 12
and a gap penalty of 4 where such parameters are
required. All-o#her parameters are set to their default
positions. Access to ALIGN is'readily'available See,
15 e.g., http: //www2 igh.cnrs. fr/bln/allgn guess cgl on the
Internet.
The invention also features a method of delivering
IFNA2 to an animal (e.g., a mammal such as a human, non-
human. primate, éqw, pig, horse, goat, sheep, cat, dog,
20 rabbit, mouse, guinea-pig; hamster; or rat) by providing
a cell whose enddgenous IFNA2 gene has been activated as
described hereih; and implanting the cell in the animal,
where the cell"secretes IFNA2. Also included in the
invention is a méthod of producing IFNA2 by providing a
25 cell whose endogénous IFNA2 gene has been activated as
described hereiﬁ} and culturing the cell in vitro under
conditions which permit the cell to express and secrete.
IFNAZ2.
. The invention further includes isolated DNA that
30 shares at 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, or 1000 bp in length) of
the HindIII-BamHI insert of plasmid pA2HB (described
35 below). The 3’ énd of this portion of the insert is at

—_—
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I sol ated DNA can contain at |east 20 (e. g., at | east 30, 50, or 100)
conti guous nucl eotides of SEQ ID.NO 7 or:its, conplement, at gpe 99/09925
AVENDED SHE¥Q 99/57293 5. 06- 2000 PCT/US

US 009909925 | east: 20 (e.g., “at |east 36--or 50) contiguous

nucl eoti des of SEQ ID NO 8 or its conplenent, at least 20 (e.g., at
| east 30, 50, 100, or 1000) contigguous nucl eotides of SEQ I D NO 12
or its conpl enent, least 20 (e.g., at |lgast 30, 50, or 100) 5

cont i guous nasgeoslﬂebpoﬁPSEﬁha@ ). the ORTG srangDhETeNAt inftiation | east
east 20" ( ogaotopf bher Tnfhs bos KacbateRbe 1oruded #iCRRRGL of Sk0 10
NO 17 or itplasmpleimaertor at |east 20
The isolated DNA of the invention can be used, for
5 example, as a source of an upstream PCR primer for use
(when combined with a suitable downstream primer) in
obtaining the regulatory region and/or complete codlng
sequence of an endogenous IFNA2 gene, or as a
hybridization probe for indicating 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 descrlptlon,
30 and from the claims. '

Brief Description 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 sequences (GenBank



(e.g., at least 30, 50, 100, or 1000) contiguous nucleotides of 10 SEQ ID

NG 18 or its conpl enent. I n one enbodi nent, the isolated
nucl ei ¢ acivb s/s7Re2e i nvention includes a contiguous 10BCHYSHYBS of
SEQ I D NO 11. For exanple, the isolated DNA can contain nucleotides 1
to 100, 101 to 200, 201 to 300, 301 to 400, 401 to 500, 501 to 600,

601 15 to 700, 701 to 800, 801 to 900,701 to 1000, 1001 to 1100, 1101
to 1200, 1201 to 1300, 1301 to 1400, 1401 to 1500, 1501 to 1600,

to 1700, 17Q3dmipNARPD, 88Qdehed 88, PEROAriRerS0PrN2O0 FN®, 1FNs 2100, 2
to 2200, 2201.to 2300, 2301 to 2300 2401 to 2500, 2501 to 2600, 2
to 2700 2788d GF¥oRTe8B4icatedobY 3¥85Weo 20 3000, 3001 to 3100 3

1601
101
601
101

to 3200, 3201 to 33GQ. 330k to sihatic diaddQh shod50G, the BeMENto 3564 of

corol cnbrt  BFEA3) S8nGRIR| FOBbn encodRBsa b, nd SN, 0.

of the irfvepA2BA, . In the. |solated DNA, the SEQ ID
NO 11-derived 25 K uangg izs zwréééﬂeeachfo% %fS%me%a@B%eébng 'nt act

| FNA2, or at ast is not |'inked in the sane con(%guratlon i.e.,
separ at ed b?egﬁén§§néSﬁQnEBdNﬂg7%eﬂﬁeﬂcﬁ?gh%nO%Eﬁﬁﬁﬁqmn yeRe | grding

sequence of a human IFNA2 gene. This nucleotide sequence
has not been reported previously.

10 . Fig. 4 is a representation of a sequence (SEQ ID
NO:9) of a human IFNA2-coding sequence and some flanking
5’ and 3’ non-coding sequences. The underlined sequence
(SEQ ID NO:B) has not been previously reported. The -
polypeptide sequénce (SEQ ID NO:2) encoded by this gene

15 is also shown.  The N-terminus of the mature polypeptlde
is indicated by "Mature."

Fig. 5 is.a schematic dlagram showing ‘a construct
of the invention.  The construct contains a first
targeting sequence (1); an amplifiable marker gene (AM) ;

20 a selectable marker gene (SM); a regulatory sequence; a
CAP site; an exon; a splice-donor site (SD); an intron; a
splice-acceptor site (SA); and a second targeting
sequence (2). The black boxes represent coding DNA and
the stippled boxes represent transcribed but untranslated

25 sequences. ' '

Fig. 6 is a representatlon of a sequence (SEQ ID
NO:11) of a human genomic sequence 5’ to the IFNA2 codlng
sequence, and including some coding sequence. The
underlined sequence_isapreviously reported while the

30 remainder (-4074 to -511; SEQ ID NO: 12) is new. The
framed sequence is SEQ ID NO:13. The sequence 5’ to SEQ
ID NO:13 is SEQ ID NO:?. The sequence between the framed
area and the underlined sequence is SEQ ID NO:8.
Nucleotides -4074 to -3270 is SEQ ID NO:16. Nucleotides

35 -3267 to -3239 is SEQ ID NO:17. Nucleotides -3241 to -
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type genone. The term "isolated DNA", as used herein, thus does not
denote a chrompsonme or a |arge piece of,_genomc DNA (as 30 pivPis

i ncor por at OB cosnid or yeast artificial #i% chronosone) that

i ncl udes not only part or all of SEQ ID NO 11, - but also an intact

| FNA2- codi ng sequence and all of the sequence :

AMVENDED SHEET 15- 06- 2000 - 11 -

US 009909925 which [ies between the | FNA2 codi hg sequence and the
sequence 3137cdsr8BRoERI NQ:18. SEuckenbidesas31B9ekPstBlinish8EQenone of
a celtp hb:gees include, but is not limted to, a DNA (i) which

I's incorporated into a plasmd or virus; or (ii) which exists as

Fig. 7 is a representation of a first targeting
sequence (SEQ ID NO: 14) used in a construct of the
5 invention. : '
Fig. 8 is a representation of a second targeting
sequence (SEQ ID NO: 15) used in a construct of the

invention.
_ Detailed Description .
10 . The present invention is based on the discovery of

the nucleotide composition of sequences upstream to the
coding sequence of a human IFNA2 gene.
Interferon-o constitutes a complex gene family"
with 14 genes clustered on the short arm of chromosome 9.
15 None of these genes, including the IFNA2 gene, have
introns. Interferon-o is produced by macrophages, T and
B cells, and a variety of many other cells. Interferon-«
has considerable antiviral effects, and has been shown to
be efficacious in treating infections by papilloma virus,
20 hepatitis B and C viruses, vaccinia, herpes simplex
virus, herpes zoster 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
25 gene is shown in Fig. 1. The map is constructed based on
1,733 base 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
30 positions referred to herein are relative to the
translational start site), and end at position +1,223.
The cap site is located at position -67.

This Sheet Has Been Replaced

[T



5 a separate nol ecul e i ndependent of other sequences, e.g., a
fragment produced by pol ynerase chain reaction ("PCR") or
restricti orwomisT292i ease treatment. The isol ated DNA pref erd’ﬂTWS”’“’”s does

not -contain a sequence which encodes intact |FNA2 precursor (i.e.,
| FNA2 conplete with its endogenous secretion signal 10 peptide).

The invention also includes isolated DNfocanprising a strand whi ch
contains a sequence that is at |east 100 (e.g., at | east 200, 400,
or 1000) nu i 2! indl TRsiwndae @hxt her
noderatel y i I D NG 7,
8, 11, 12, $steginc Fngodenc L) H8enent of SEQ I D NO 7,

8, 11, 12, 15 16 '1:6 ohndinrgenomlc XA éfdmtaﬂqimglcmeqwem upsgtesshi 0 an

co E?‘.ZQE?SL '8 S il Yepe, & Minar®IRulR AT JenBhld 1InEIE A |
stri ngentscdmmhdaomlaﬁ (ﬂionﬁeﬁmcaw&qul#zmql@@ﬁdt) S@Peﬁr:}:'eenﬁdChurch
buf f er 7%)$Q§h bp éygﬂD 2X ra %dNb@DEQR 1%ng§|P§°§grun1albun1n)

and washi ng at 50 err C. H.JQ stringent conditions are
defi ned as: corre Sdltz"at’%b@n gam!!EFeF‘Pﬁ@%%@ﬁ&eSPeEQH&§18¥‘SSO%3

formam de; and n¥l9e, and W%ﬂ@ll@&[e@r ff]r@nt/\mhha&XgSSSmﬁ.@nDHAnuBQné% SDS;
Fol I oved bydifa%%uéieéilde ﬁ%lﬁgf G%L%Egk%tﬁbF? _ gngNG both of

10 which were designed from the available IFNA2 genomic DNA
-sequence (Fig. 1). The 5' end of primer IFN7 corresponds
to position -263, and the primer’s sequence is -
5/ -AGTTTCTAAAAAGGCTCTGGGGTA-3' (SEQ ID NO:3). The 5’ end
of primer IFN6 corresponds to position +69, and this

15 primer sequence is 5'-GCCCACAGAGCAGCTTGAC-3’ (SEQ ID
NO:4) . _ _ o

-Approximétely one million recombinant phage were

screened with the radiolabelled 332 bp probe. Sixty
positive plaques 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 web51te

25 “"http://www.ncbi.nlm. nih.gov/dbSTS," using the’
identification code "NCBI_ID:42433." The 5’ end of
primer IFN1 corfesponds to position +639, and the
primer’s sequence is 5’ -AAAGACTCATGTTTCTGCTATGAcc¥3 ' (SEQ
ID NO:5).  The 5’ end of primer IFN2 corresponds to

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

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



Al so enbraced by the invention is isolated DNA conprising a strand

whi ch contajns a sequence that (1) is at _ | east 50 (e. Op gﬁ@ﬁ 70
or 100) nucVOMSH2 i | engt-h and (2) shaffés”at | east ?e at
| east 85% 90% 95% or 98% 30 sequence identity with a fragnent or al
of SEQ ID NO 11, or with the conpl enent of the fragnent. This
fragnment can i ncl ude, for instance3 a part or all of SEQID NO 7, 8,
12, 15, 16, 17, AVENDED SHEET

15- 06- 2000 A 8.3 kb HindIII-BamHI fragment from phage 4-4-1JS

?gﬁggggggl 8as subcloﬁ£d }ﬁto %Bfué@? gEeIgsﬁth(bkgggggERean gntact

“configuratiéalda., CA) t@cEH@éuPﬁ PASHRI | whigbecguhains approxlmately
4.3 kb of untranscribed upstream sequences, the protein-
5 coding region (1.1 kb), and approximately 2.8 kb of
downstream sequences of the IFNA2 gene. A restriction
map of the 8.3 kb HindIII-BamHI fragment is shown in Fig.
2. _ ' :
The pA2HB plasmid was sequenced by the Sanger
10 method. A 278 bp sequence whose 5’ terminus is at the 5°
end HindIII site is shown below (see also Fig. 3):
AAGCTTTTATAGGTGTAAATTTTCCACTTAGTACTGCTTTTG
TAATGTTGTCTTTTTATTTTCATTTATCTCAAGATGTTTTCT
AATTTCTCTTGACTTCCTTCTTAAATTCTTACCTCATGTAGA
15 CATACATTTTTGGCCCTATGCATTGGGATGCAAAACCAGACT
AATTTACTTTGTACAAAAAGAAAAATGAGAAAGAAATATATT

TGCTCTTGTGAGCACTATATGGAAATACTTTATATTCCATTT
GTTTCATCATATTCATATATCCCTTT (SEQ ID NO:7)

The HindIII site is located at poéition -4,073. A
20 previously unpublished sequence between positions -583
and -511 was also determined, as shown below and as
underlined in Fig. 4.

CATTGGATACTCCATCACCTGCTGTGATATTATGAATGTCTG
CCTATATAAATATTCACTATTCCATAACACA (SEQ ID-
25 NO:8)

The sequence (SEQ ID 'NO:13) between the regions _
corresponding to SEQ ID NOs:7 and 8 was also determlned
- The genomic sequence_between positions -4,074 and
-511 (SEQ ID NO:12) is the eeguence which is not
30 underlined in Fig. 6. SEQ ID NOs:7:and 8 correspond to
nucleotides 1-278 and nucleotides 3492-3564 of SEQ ID
NO:12, respectively. | |
To alter the expression of an endogenous INFA2
gene,'a DNAlfragment containing hucleotides 279-3311 of
35 SEQ ID NO:12 was cloned into a plasmid to produce
targeting construct pGA402. Nucleotides 279-3311 of SEQ
ID NO:12 was designated SEQ ID NO:14. The fragment was
inserted upstream of a CMV promoter and a neomycin
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Where a particul ar pol ypeptide or nucleic acid nolecule is said 5 to

have a specific percent identity or conservation to a ref erence

pol ypept i dewomoste2ei ¢ aci d nol ecul e, the percent . i o AT/YSPIQP925
conservation is determ ned by the algorithmof Mers and Mller,

CABI CS (1989), which is enbodied in the ALIGN _ program (version 2.0),
or its equivalent, wusing a gap length 140. penal ty of 12 and a gap
penalty of 4 where such paraneters are requi red. Al'l ot her

paramet er s _ae8iafhnk@ bQﬁbr aflaf a4 Echema/t@.@illyogﬁpréﬁéﬁéédt PnApiGN i's

readi ly avall g.
fr/bin/aligR:guS¥. t9§158ﬁ°PﬁetPﬁ9§Fﬁ§B sequenceh@f,ﬁygntﬁonaapgg f eat ur es

a method of fgagmeati donthENARgt Auallect$deni 1B £6. §9, 08 HRETEFNAPCh as a
human, non- hunan

ors shee dog,
rabbi t, nDugsyegﬁgﬂBﬁnﬁFg?g?Wh 1ﬁaﬁ§9er9 Bﬁsrﬁi?ngé %?89?9F%§m tel whose
endogenous LEdAZMyepeomoterhandbaeomgctinvaesdistandesgeneed herein, and

L0t N9 WiE1E8Llaee -sg) Bol BS B! ERL: 1eREsCabhE § g'dés%,&_%g;a' PNAZ.

Al so include rnventronis a UC|ng
provi di ng aSE@| [D NO: 15mho?beeﬁﬁbgﬁaonéaSWNﬂzwgénbnhagdb@@ﬂ antcvated as

descrlbed humaHeEQbBonEQtCHElMé'éﬁhEB§t§ﬁ§|ll€tYet69 HBdﬁﬁFﬁ@ngeﬁéons
whi ch gern1t he cel | &9 exgres secrete, | F
xpression, to allow homo. ogous recombination with the
10 endogenous INFAZ gene. Cells resistant to G418 after
plasmid introduction were screened to identify cells with
increased INFA2 gene expression, as would be expected if
a homologous recomblnatlon event between PGA402 and the
genomic DNA took place in the vicinity of the endogenous

15 INFA2 gene. o

General Methodologies
Alteratlon of Endogenous IFNA2 Expression
Using the above described IFNA2 upstream. ..

sequences, one can alter the expression of an endogenous

20 human IFNA2 gene. by a method as generally- descrlbed in-
U.S. Patent o ' .
No. 5,641,670. One'strategy is shown in Fig. 5. 1In this
strategy, a targeting construct is designed to include a
first targeting sequence homologous to a first target

25 site upstream of the gene, an ampllflable marker gene, a
selectable marker gene, a regulatory region, a CAP site,
an exon, a spllce -donor site, an intron, a spllce- _
acceptor site, and a second targeting sequence homologous
to a second target site downstream of the first target

30 site and terminating either within or upstream of the
IFNA2~coding sequence. According to this strategy, the
5’ end of the second target site is preferably less than
107 bp upstream of the normal IFNA2 translational
initiation site, in order to avoid'undesired ATG start

This Sheet Has Been Replaced




The invention further includes isolated DNA that shares at 25 | east 80%
(e.g., at l|east 8500 90% or 95% sequence |dent|ty OpcH899/ddb5e S
under hlghfv JIP/s erately stringent conditions, i with a portion -
(e.g., at least about 20, 50, 100, 400, or 1000 bp in length) of the

H ndlIl-BanmH insert of plasm d pA2HB (described below). The 3' end
of this portion of the insert is 30 at.15 -
AVENDED SHEET WD 99/ 57292

PCT/ US99/ 09¢2idons within the transcribed sequenced- A tragmstriptl bp

upstream of ﬂflﬁl\ﬁ{e% tff’&r?ltﬁ{é C}R:Ml'éd&}éﬂﬁ recombined locus will
include the construct-derived exon, the construct-derived
splice-donor site, the construct-derived intron, the

5 construct-derived splice-acceptor site, any sequence

between any of those elements, and the sequence from the
construct derived splice acceptor site through the entire
endogenous coding sequence to the transcription
termination site of the IFNA2 gene. Splicing of this

10 transcript will generate a wRNA which can be translated
to produce a precursor of human IFNA2, having either the
normal IFNA2 secretion signal sequence or a genetically
engineered secretion signal sequence, depehding on the
characteristics of the construct-derived exon. The size

15 of the exogenous intron and thus the position of the -
exogenous regulatory region relative to the coding region
of the gene can be varied to optimize the function of the
regulatory region.

In any activation strategy, the first and second

20 target sites need not be immediately adjacent or even be
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



codon of the | FNA2-codi ng sequence included in the plasmd insert.

The isolated DNA of the invention can be used, for 5 exanple, as a source
of an upst WMY/FER priner for use (when conbined with a BGTUSRYE992S
downstream priner) in obtaining the regulatory region and/ or conpl ete
codi ng sequence of an endogenous | FNA2 gene, or as a hybri di zati on
probe for indicating the presence of _1 hronosonme 9 in a preparation of
human chronosones. |t can al so be used, as described below, in a nethod

for al teédf%éﬂlﬁx&%%%é%ﬂr&ﬁ nﬁf&&gf‘d}?u ézNA?cd}?d?ﬁ g AT
vertebrate cell nl ess ot herw se ‘def’ ned all techni cal "and 15

scientific ingtAedQf MF ei MIRVREIRE NG REHHYRF SPtionaddionly
under st ood :mcms)foﬁ b atidrs kidledtable mddtkers b m&nltda't% i nvention -

bel ongs. nme mat.eri al.s, ar rib bel ow althou h
met hogs ancF SR ﬂh{%? %#@"%W%?%ﬁuscgry FRAPRLAG ft%%ts"hgose%f’e Weer ei % 20
can al soSheremekhtory heegiiart tdaoe twhen dwt jinfwddudes to hesent i nvent I on.

Al'l publi cyf (%ﬁerzeq&gﬁptrecomé&ef%@, 3@]%,0@ t etr J:r%f erences -

ment i oned n are 1.ncorpor at erence 1n their entirety. In
case of corffites, I%Prﬂéiﬁ)rfé’s%rﬂx%ﬁﬁﬁlfqrbaﬂwaqm tl'éﬁq%’g?@z@fdéiﬂ‘iem tions, will
control . Thegwaiterdml s, nmethods, and exarrpl es are illustrative only and
not intended to be her features and advantages of

the invention FFeEé‘anbﬁSgégnt t??oﬁ?‘?ﬁﬁn‘f"’dﬁl BRPHG2HRTY) FeIloR s pt i on,
30 and ﬁoomhduﬁesfuéa sequence mutation(s) may be introduced into

‘the genomic DNA in a single step. The: DNA construct used
in this embodiment may contain both the exogenous
regulatory region and a targeting sequence that contains
nucleotides corresponding to the desired mutation(s).'

15 One may also co-transfect or.co-infect two separate
constructs into target cells, with one construct
cdntaining-the-regulatory region and the other containing
nucleotides corresponding to the desired mutation.

If desired, a mammalian splice-acceptor site may

20 be -introduced into the genomic DNA, e.g., - at a site '
between an undesired ATG initiation codon and the correct
ATG initiation cddon, 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 1nfected 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 uhder-the control of the exogenous regulatory



Brief Description of the Draw ngs Fig. 1is a representation'of
t he publi shed’ sequence (SEQ ID NO 1) of a human | FNA2- codpgpusssaeess e
and some f %Rk ﬁ@z’?ﬂ' and 3' non-codi ng sequences .GenBank

HUM FNAA). Sequences of PCRprinmers |IFN1, |FN2, “I'FN6, and | FN7 are

I ndi cated by arrows. Fig. 2 is a schematic di agram show ng
t he human | FNA2 genom c regi on enggnmpassed by the insert of plasmd
pA2HB. 5 Fig. 3 is a representation of the nucl eotide

sequence regiciERIID Naclude the egiogencst resan ,oftHehexmbinupsequence of
a human, ) NS 3R1E 51 T 5 oHE | SR YNGR Rt diitlo ik e,
any sequences between those elements, and the sequénce
between the exogenous splice-acceptor site and the
5 transcriptional termination site of the endogenous IFNA2
gene. Upon splicing, the splice-donor site of the
transcript will be spliced to the splice-acceptor site,
and the intervening intronic RNA, which may contain
undesirable AUG initiation codons, will be removed. Any
10 problems associated with having a transcript with
undesired AUG translation initiation codons between the
transcription start site and the IFNA2-coding sequence
are thereby avoided. Of course, the regulatory region,
exon, splice donor site, and splice-acceptor sgite can
15 instead be introduced in a single step. The DNA ~
construct used in this embodiment contains a regulatory
region, an exon, a splice-donor site, an intron, a
gsplice-acceptor site, a targeting sequence homologous to
a genomic site between the correct INFA2 initiation codon
20 and the undesired ATG codon, and optionally, 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 splice
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,



reported previously. Fig. 4 is a representation of a
sequence (SEQ ID 10 NGO 9) of a human I'FNA2-codi ng sequence and sone
fl anki ng 5'WQ9RIS7292 3' non-codi ng sequences. The under| i nBETASHENE (SEQ

| D NO 8) has not been previously reported. The pol ypepti de sequence
(SEQ I D NG 2) encoded by this gene is also shown. The N term nus of
the mature polypeptide is indicated by jdhature." 15 Fig. 5is a
schemati ¢ di agram showi ng a construct c% the invention. The construct

contains a 4+és3’ {Sf Oché NSplice SGRAGENSELLé ). IRhdI¥idd Al rBrdf gene
(Al\/pz a sel ecF abigi le mar ker gene ‘%Sl\/p' atl'rrgq%“ atory_tsequer_\,_ce_;._ a CAP
site: an ex3h;Maltiple exona and  jntrens byt RLARTGHAtS SPEQ&- accept or
'site (SA); dbnommahd aevepibt asiees hgis ethenomdtYuct Therhd ama hioxes
bt anel at he SRS edifed ' LORZ USRI LP IR SR 077, P!
seqyenceS(SEQmQt-an-mgil}a.bfpﬁhmﬁrt@mamsaﬁja\dms}i dedli.he | F|NA2 .
R s i e s b e e T R
] - from portions of the endogenous genomic DNA
present in the cell prior to transfection or infec’tio‘n- by
viral vector. . A_é_s used herein, "transfection" means
10 introduction of a plasmid into a cell by nonviral (e.g.,
chemical or physical):meéns, such as calcium phosphate or
calcium chloride co-precipitation, DEAE-dextran-mediated
transfection, lipofection, electroporation, '
microinjection, microprojectiles, or biolistic-mediated
15 uptake. "Infection" means introduction of a viral vector
into a cell by viral infection. Various elements
included in the DNA construct of the invention are
described in detail .below. . '
The DNA construct can also include cis-acting or
20 trans-acting virél sequences (e.qg., packaging-signals),
thereby enabling delivery of the construct into the
nucleus of a cell via infection by a viral vector. Where
necessary, the DNA construct can be disengaged from
various steps of a virus life cycle, such as integrase-
25 mediated integration in retroviruses or episome
maintenance. Diséngagement can be accomplished by = -
appropriate deletions or mutations of viral sequences,
such as a deletion of the integrase coding region in a
retrovirus vectoi'. Additional details regarding the
30 construction and use of viral vectors are.  found in
Robbins et al., Pharmacol. Ther. 80:35-47, 1998; and
Gunzburg et al., Mol. Med. Today 1:410-417, 1995, herein

incorporated by reference. - : :



511, SEQ ID NO 11) is new. The framed sequence is SEQ ID NO 12. The
sequencé 5'_to SEQ ID NO 12 is SEQ ID NO 7. The sequence PCT/OSYono$8 t he
framed ar eaVQIY T underlined sequence,is SEQ 1D 30 NO 8. Nucleotides
-4074 to -3270 is SEQ I D N&-15. Nucl eoti des FHH 3267 to -3239 is SEQ ID

NG 16. Nucl eotides -3241 to -3137 is SEQ I D NO-17. Nucl eoti des -3139
to -511 is SEQ I D NG 18. -.19 - AVENDED SHEET
15- 06- 2000 , us
009909925 Targeting Sequencesis a representation of a first

targeting seqmﬁﬁ@é%&éﬁ peRf MémERassusICt of . the
I nventi on. ' a representation of seco

targeting rec°§@&ﬂéﬁé€“(§§Qal%eﬁéng)sﬁggﬁnFﬁ &n68h§tF§éF°Gthﬁéte

invention. in the host genome. Targeting sequences are homologous
5 to (i.e., able to homologously recombine with) their
respective target sites in the host genome.

A circular DNA construct can employ a single -
targeting sequence, or two or more separate targeting
sequences. A linear DNA construct may contain two or

10 more separate targeting sequences. The target site to
which a.given targéting sequénce is homologous can reside
within the coding region of the IFNA2 gene, upstream of
and immediately adjacent to the coding region, or
upstream of and at a distance from the coding fegion.

i5 The first of the two targeting sequences in the.
construct (or the entire targeting sequence, if there is
only one targeting sequence in the construct) is derived
from the newly disclosed genomic regions upstream of the
IFNA2-coding sequence. This targeting sequence contains

20 a portion {e.g., 20 or more contiguous nucleotides) of -
SEQ ID NO:12, e.g., a portion of SEQ ID NO:7, 8, or 13.

" The second of the two targeting sequences in the
construct may target a genomic region upstream of the -
codihg sequence or target part or all of the coding . -

25 sequence itself. By way of example, the second targeting -
sequence may. contain, 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

30 part of the endogenous IFNA2-coding sequence. If
desired, the exogenous coding region may encode a
heterologous amino acid sequence, so long as the
exogenous coding region remains sufficiently homologous
to the endogenous coding region it replaces to permit

35 homologous recombination. e
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5 Det ai | ed Descrlptlon _ The
present invention is based on the discovery of 10 the nucl eotide

conposi’'ti orwobysEyences upstreamto the coding sequeﬁﬁgﬂﬁ?m@”ﬂ%nan

| FNA2 gene. Interferon-a constitutes a conplex gene famly
wth 14 genes clustered on the short arm of chronosone 9. None of
these genes, including the IFNA2 gene, Jijave introns. 15 Interferon-a is
produced by macrophages, T and B cells, and a vari ety of many ot her

cel l's. Interferon- gyt LRt 199 Ydfence maYl hua&%'loﬁaﬁg ine ﬁghas been

shown to be efficacigus, in treatipg.infections Vi rus,
hepatitis B°¢fderce deriyed fxam I REEHMS IR, deacle e?@ﬂﬁ‘?%@ her pes

zoster 20 wnélrﬂﬁhmsgéndlrﬂﬁclﬂ@ﬂngftﬁmbérd&scrlbed hereln, as welel human

| FNA2 gene encode 18 n cursor SEQ | D NO 2)
cont ai ni ng FAR Eﬁgﬁ%n @u%@ﬁ ? @é % £§f nap of the
human | FRA2unehmracterized but can be mapped by one skllled in the

art. o g : o

Genomic fragments useful as targeting sequences
can be identified'by their ability to hybridize to a
probe containing all or a portion of SEQ ID NO:12. Such

10 a probe can be generated by PCR us1ng prlmers derlved
‘from SEQ ID NO:12.

The___Rﬂu_l_a_tmr_Ss_g\_l_e.r&e
_ The regulatory sequence of the DNA construct can
contain one or more promoters (e;g.,-a constitutive,

15 tissue-specific, or inducible'promoter),'enhahcers,'
scaffold-attachment regions or matrix attachment sites,
negative regulatory elements, transcription factor
binding sites, or combinations'of‘theSe'elements.

The regulatory sequence can be derived from a

20 eukaryotic (e.g., mammalian) or viral genome. Useful'
regulatory sequences include, but are not limited to,
those that regulate the expression of SV40 early or late
genes, cytomegalovirusfgenesf and adenovirus major late
genes. They also include regulatory regions derived from

25 genes encoding mouse metallothionein-I, elongation fac-
tor-1a, collagen (e.g., collagen Iol, collagen Ia2, and
collagen IV), actin (e.g., y-actin), immunoglobulin,
HMG-CoA reductase, glyceraldehyde phosphate
dehydrogenase, 3-phosphoglyceratekinase, collagenase,

30 stromelysin, fibronectin, vimentin, plasminogen actlvator
inhibitor I, thymosin B4, tissue inhibitors of
metalloproteinase, ribosomal proteins, major
histocompatibility complex molecules, and human leukocyte

antigens.
This Sheet Has Been Repl
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shown in Fig. 1. The map is constructed based on 1,733 base 25 pair ("bp")

publ i shéd se ences (HUM FNAA, CGenBank accessi on nunbe ﬁggfﬁp
V00544; SEV ) whi ch begin at position - -510 rel a |ve e
transl ational start site (unl ess ot herw se specified, all positions
referred to herein are relative to the transl ational start site), and

end at position +1,223. The cap 30 sitgiis |located at position -67.
AVENDED SHEET WD 99/ 57292

PFT/U899/09925 The regulatory sequence preferably coﬁk&iﬁéix Sequences
o o o RGBS B o Bsbans BULEL BACETARTSTANE BRE Cene
CCAAT Box, APl, Spl, or a NF-kB binding site.
Marker Genes
5 If desired, the construct can include a sequence
encoding a desired polypeptide, operatively linked to its
own promoter. An example of this would be a selectable
marker gene, which can be used to facilitate the
identification of a targeting event. An amplifiable
10 marker gene can also be included and used to facilitate
selection of ceils'having co-amplified flanking DNA
sequences. Cells containing amplified copies of the
amplifiable marker gene can be identified by growth in
the presence of an agent that selects for the expression
15 of the amplifiable gene. The activated endogenous IFNA2
gene will be amplified in tandem with the amplified
selectable marker gene. Cells containing multiple copies
of the activated endogenous gene may produce very high
levels of IFNA2 and are thus useful for in vitro proteln
20 production and gene therapy. :
The selectable and amplifiable marker genes do not
have to lie immediately adjacent to each other. The
amplifiable marker gene and selectable marker gene can be
the same gene. One or both of the marker genes can be
25 situated in the intron of the DNA construct. Suitable
amplifiable marker genes and selectable marker genes are
. described in U.S. Patent No. 5,641,670.

-The Splice-Donor and Splice-Acceptor Sites
The DNA construct may further contain an exon, a

30 splice-donor site at the 3’ end of the exon, an intron,
and a splice-acceptor site. '
A splice-donor site is a sequence which directs
the splicing of one exon of an RNA transcript to the
splice-acceptor site of another exon of the transcript,



to an | FNA2 gene, a human | eukocyte genomc library in 5 |anbda EMBL3 -
(G ontech catalog # HL1006d) was screened with a 332 bp probe gener ated
by PCR  ThiwoO95/51292 corresponds to the genonic region bet“ﬁé‘@?&@ﬁ%* I ons
-263 and +69, and was anplified from human genom ¢ DNA using

ol i gonucl eotide priners designated | FN7 and |1 FN6, both of 10 which were
desi gned fromthe avail abl e | FNA2 genamizg DNA sequence (Fig. 1). The 5
end of prinmer |FN7 corresponds to position -263, and the priner's

sequence i s resul tiAg T HARAA rbn (bﬂiﬁebﬁ.lﬂ@ékwo Fieez. end
of primer |IEN6 corr-espqnds t.Q position +69,_,and this 15 priner sequence is
5 -GCCCACAG&%ﬂ@IlIJ@C?%'e ¢ [5°0 NG S 5t 'ehe® se EXCRat &G one
mllion recdiig mplighapnorrsite lomadmthatnithe t3He enddiofl el Ifdds332 bp

probe. Sixt ye:%or%gahsi é;i\ﬁ:ee%:\lm%qﬂﬁsa ‘_’%]]%.cjes- mﬁ?@o@ %’I‘tteh?)flg hIRLY 3G eeni ng

20 plates. L age was i sol ate mthirty esé pl aques

and subj et éipqndEx QY the &y sids o &eComd gxorer s SPRNEeand | FN2.
Both | FNL anghnor |diNesiaied ahridctariie i3 dendenatlsabaguengieon of the
| FNA2 gene; their sequences; c be faoun the website 2 ]
"htt p: [/ ww STERCSATH ﬁ%o‘_xﬁ@@%ﬁm‘\%ﬁn Eﬁﬁ? R degokes; fc RUrdRScode " NCBI
| D: 42433. " 'H\F:JEéotdrdia)qf wit;_l'p-lrtihéal,GU ANl ther fespehd anido flidftjht I on +639, and
NG 5). ‘The SOSHETH Rted st ae (CERlEbh el Ride Besgarchy” pe
primer' sl8ediPndVis- 3798, 19BIGCATRRGAGABAATAEERADASEs ESEQhED NO 6). O
the thirty gspRAdRIGHRIP@hednhIMALEE thie QuReCERI21BaRRsPER

the exon: .i.e.,. they are not spliced out. Splice-donor

sites are functionally defined by their ability to effect

the appropriate reaction within the mRNA splicing

15 pathway. : ' e
| A splice acceptor site in a construct of the -

_ invention directs, in conjunction with a -splice donor
site, the splicing of one exon to another exon. Splice-
acceptor sites have a characteristic sequence represented

20 as (Y),NYAG (SEQ ID NO:10), where Y denotes any.
pyrimidine and N denotes any nucleotide (Jackson, Nucleic
Acids Research 19:3715-3798, 1991). ' ' '

The CAP Site
_ . The DNA construct can optionally contain a CAP

25 site. A CAP site is a specific transcription start site
which is associated with and utilized by the regulatory
region. - This CA?-site is located at a position relative
to the regulatory sequence in the construct such that
following homologous recombination, the regulatory

30 sequence directs synthesis of a transcript that begins at
the CAP site. Alternatively, no CAP site is included in
the construct, and the transcriptional apparatus will
locate by default an appropriate site in the targeted

. gene to be utilized as a CAP site.

This Sheet-Has Been Replaced




product. One of the two phage plaques'mas further purified by two
addi ti onal _rounds of hybrldlzatlon 35 screenlng yleldlng P RREGPUSHHAIR2S
4-4-1. W@UE2Fo00 g

US 009909925 o A 8. 3 kb HlndIII-BanHI fragnment from
phage 4-4-1 was subcl oned into pBluescript Il SK+ (Stratagene, La
Jolla, CA) to produce pA2HB, whi€lRIontai ns approxi mately 4.3 kb of
untranscri bed upstrean1sequences the protein-coding region (1.1 5 kb),

and approxi matel y AcRill Eementsjuences of the | FNA2 gene. A

restriction map of fﬂ@&&%éﬂ ity laddationally Jdrﬁ%’i?ﬁts g%eﬂ&\w in Fig.

2. §A2HB pl asm d was sequenced by t he_Sanger nethod.
A 278 bp séﬂ%@ﬁ%eaﬁﬁﬁ§5 het%Fﬁ?ﬁﬁgr?s°ﬁtsFﬂgl§lt¥nﬁ HrRe | RA 19F site is

shown bel owp¥fs€eeinl ofth@ed3py homologous recombination.
AAGCTTTT%T&;EQE%& YITEEACEEQE££§§€§§EETSQH include a bacterial
origin of replication and bacterial antibiotic resistance
- markers or other selectable markers, which allow for
large-scale plasmid propagation in bacteria or any other
suitable cloning/host system.

10 All of the above-described elements of the DNA
construct are operatively'linked or functionally placed
with respect to each other. That is, upon homologous
recombination between the construct and the targeted
genomic DNA, the regulatory sequence can direct the

15 production of a primary RNA transcript which initiates at-
a CAP site (optionally included in the construct) and
includes the sequence lying between the CAP site and the
endogenous IFNA2 gene’s transcription stop site.
Depending on the location of the CAP site, a portion of

20 this sequence may include the IFNA2 gene'’s endogenous
regulatory region as well as sequences neighboring that
region that are normally not transcribed. If an exon, a
splice-donor site and a 3plice-acceptor site are present
in the construct, the primary transcript will also

25 include the exon, the two splice sites, and the intron
between. the two sites. |

- The order of elements in the DNA construct 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.



TAATGITGTCTTTTTATTTTCATTTATCTCAAGATGTITTTCT )
AATTTCTCTTGACTTCCTTCTTAAATTCTTACCTCATGTAGA 15

CATACATTTT VEGO@STAZ GCAT TGGGAT GCAAAACCAGACT PCT/US99/09925
AATTTACTTTGTACAAAAAGAAAAATGAGAAAGAAATATATT
TGGTCTTGTGAGCACTATATGGAAATACTTTATATTCCATTT )
GTTTCATCATATTCATATATCCCTTT (SEQ ID N 734 - The Hindlll site
is located at position -4,073. A 20 previously unpublished sequence

bet ween posi tions ifirerthe Tohstructhds dliteaist ahE deracaph®e) bel ow
and as undegljined in.Fig. 4. N . L L
CATTwTAd%ﬁﬂ%ééﬁ??Am%cfiﬂﬁmﬂAﬁﬁﬁﬁﬁle
TCCATAACACANAEEEX | §=he), 83 regulafbryseegeenee( S&) ¢XohD 4 23pbiteven t he
regi ons cor ngk tQ.25. l i dad : d r m ned.

The genonicagégge%%ggbegﬁegﬁt§§§%t%g%§§}§?9%§c§%§@§ §i§€51§£§§gb_lD NO 11)
i s the sé&quepeendhtargderting: seadenrte ne@r nin therjtepnatshrel R NGs: 7 and 8

correspond fpreects%égﬁﬁglga&ﬁeﬁeé, a regitstEeti Hequedde; %?%ﬁn,SEQ ID

NG L o ey ELL - 080 sits, cam CHRb o A Ao e 279. 3311
of SEQ | D Néeldctablewasrképngeneé Nt Opeihably Cah OlNESHSE HGESMAD
Const [ PERER. st AN ELLSe IR A SRR, 11 1 Oect gt
and 10 Alternatively, the order can be : a first
targeting sequence, a first selectable marker gene, a
regulatory sequence, an exon, a splice-donor site, an
intron, a spliceracceptor site, a second targeting
sequence, and a second selectable marker gene; or, a
15 first targeting sequence, a regulatory sequence, an exon,
a splice-donor site, an intron, a splice-acceptor site, a
first selectable marker gene, a second targeting se-
quence, and a sécond selectable marker gene. - '
Recombination between the targeting séquences flanking
20 the first selectable marker with homologous sequences in
the host genome results in the targeted integration of
the first selectable marker, whi1e5thé second selectable
marker is not ihtegrated. 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 homoldgous'recombination'would
be expected to-e#press the second marker gene and will
thereby be killed in the selection medium.’
A positively selectable marker is sometimes
35 included in the;écnstruct to allow for the selection of



35 a neonycin resistance gene and is schematically represented in

AVENDED SHEET 15- 06- 2000

US 00990990 99/57292 Fi g:~5. ‘For the second tatigeting seuneCr'll‘(,:‘ésggq‘o”lglsg
a DNA fragment contai‘ni ng nucl eotides -68:to 69 of the | FNA2 gene
sequence shown in Fig. 1 was cloned downstream of the CW pr onot er
and neonycin resistance gene. Nucl eoti~d@ -68 to 69 of 5 the | FNA2 gene
was designated SEQ I D NO 14. The pGA402 plasnid was introduced into

hunan fi brosledds contaimimchiampid fiad |gories of thago magker .gedd

expr essi on,
| NFA2 gene.

or
scr eened tohederf'ﬂrf PR irst targeting s%quence,

5

10

15

20

25

30

35

t&ﬁsalén@adm&itogm rdi&aaﬁaldzatddmt\wdt comé:onetrﬂ:% gpgenous

i ntroducti on were
an

| s resi st t to 118 afte

amplifiable p031t1vely selectable marker, a second
selectable marker (optional), a regulatory sequence, an
exon, a splice-donor site, an intron, a splice-acceptor
site, and a second targeting DNA sequence.

The various elements of the construct can be -
obtained from natural sources (e.g., genomic DNA), or can
be produced using genetic engineering techniques or 
synthetic-procésses. The regulatory region, CAP site,
splice-donor site, intron, and splice acceptor site of
the construct can be isoclated as a complete unit from,
e.g., the human elongation factor-la (Genbank sequence
HUMEF1A) 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-
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

(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

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
at one or both ends), single-stranded, or circular



10 increased | NFA2 gene expression, as would be expected if a

honmol ogous reconbi nati on event between pGA402 and the genomic

t ook pl ace wowis®R9%icinity of the endogenous | NFA2 gene. - PCT"H”@@ﬁﬂﬁal
Met hodol ogi es 15 Alteration of Endogenous | FNA2 Expression

Usi ng the above-descri bed | FNA2 upstream sequences, one can alter

t he expression of an endogenous human IFgNA2 gene by a nethod as
generally described in U S. Patent No. 5,641, 670. One strategy is
shown in Fimplécule. t Iilsersttrle expnstruct gist i infrodifved dmtta Uxdsti s desi gned

o incl ude gufifsto ! Ahgedin. 3604966 SrragnentiTURI LR tﬁag,aérft% tar get

site upstreamo e mark gen a sel ectable

mar ker genesh@mmaseq@ence Omt?]e@mbn (oeeximpksiate the Hx@nd »f

splice-dongsnsi £ faghidht HAR e 51 end SPF | €46 ANARA Olyisille ord @ second
targeting sequence hoppl ogous to a second arge I te downstream of

the firsP tea%etesq xRl targe?%ﬂﬁh?ﬁﬂ??ﬁf%ﬂ? R afhen carsi®%am of

the | FNA2- codéédond tarGeeiitd Ceequirtes di Mgpdm iﬂumcﬁidtardigﬁnﬁdm 5 end of
t he second target site |stgreferqgl%éles§% g_ 107 bp upstream of the

normal | FNAR1T ansh S TRt t Tt aT 9 ous

F0%avoid 30
undesired Afétatlaination to form a single molecule with the first

and second targeting sequences-flahking 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 céﬁ be used, with each of them designed -
such that they will undergo homologous recombination with

15 each other to-ultimateiy 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 gselectable marker itself, can be

20 co-transfected of-co-ihfected with another construct that
contains such a-markerl A targeting plasmid may be
cleaved with a rgstriction enzyme at one or more sites to
create a linear or gapped molecule prior to transfection
or infection. Thé 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_fréquency-of the desired homologous '
recombination-evént. In this embodiment, homologous
recombination between the targeting sequence and the
genomic target will result in two copies of the targeting
séquences, flanking the elements contained within the

35 introduced plasmid.



AVENDED SHEET WD 99/ 57292 PCT/ US99/ 09925

- 15 - ° thin the transcribed sequence. A transcr pgiusesddosyiuced

fromthe hoﬁ@ﬂgggﬁéﬁy reconhizned | ocus Wil |l | nglude the
construct-derived exon, thé‘construct-derived “i$plice-donor site, the
construct-derived. intron, the 5 construyct-derived splice-acceptor site,

any sequence bet ween any of those eléﬁénts and the sequence fromthe

construct derived splic cce te through_the_entire, endogenous

codi ng sequence to ?h@ ﬁwgngegﬁgFVShs-maYe ﬁiHﬁ?Pﬁﬁengg 6Pt9h85$gﬁm2 gene.
Splicing of (prefeablnanarrvitradi IHy gensrmitatya oiRiphysiiadl can be transl at ed

to produce %ﬂuﬁ%ﬁf% etHodl! n%%éld%(%@%é&&&é%l&rpe mict¥¥d®l | FNA2

secretion signal Seéquence or
]ectlon, mlcroprOJectlle bombardment calcium phosphate

5 precipitation, liposome dellvery, or polybrene- or DEAE
dextran-mediated transfection. _

The transfected or infected cell is maintained
under conditions which permit homologous recombination,
as described in the art (see, e.g., Capecchi, Science

10 24:1288-12592, 1989). When the homologously recombinant
cell is maintained under conditions sufficient to permit
transcription of the DNA, the regulatory region
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 occur
within a human or an animal.

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

35 primary cells are removed from the culture substrate and



engi neered secretion signal sequence, depending on the characteristics
of the construct-derived exon. The size 15 of the exogenous intron and thus
t he positi GMOOH/STN2 exogenous regul atory region relatlveppaﬂﬁﬁ%m%%ﬁlng

regi on of the gene can be varied to optim ze the function of the

regul atory region. In any activation strategy, the first and
second 20 target sites need not be immead ately adjacent or even be near
each other. Wien they are not i medi ately adjacent to each other, a

porti on-of Jté'gelaﬁ-‘e@\Z(MQedlbr ngthey - altmsmememagimrhaﬂﬂmmsa porti on of

t he codi ng t URoN .
Mut at i ons t%}é‘%rg&r}r %ate al te?%iéoaﬁplof en oglenous IF Eﬁg xplfgesm on may
be i nt r oduk&rondary Héel‘,lqr%%mlconsﬂ%@ BSeransiagb ee Llec shsickat i on.  For

i nstance, ifav@been Haseshedbbte tOr aRd HhmeSPUdcttn wday red ATG

initiatign codon upstream of the, correct ATG | |t|at|on codon and

bet ween ?het@&)‘b%%ﬁﬁ Bt drinEg JHURRE ¢ r&ﬂﬁj’érﬂﬂ?q FNA2 codi ng

region in td&;ﬁtmmj@gnuSd:ulturéemwmhecpﬁdpnBty'ﬁf do so, one can enploy a

targeting nstr t. ) C qgg!ogous to a

genom c Si % rfclhaécf ]b‘il?‘n 5| recééﬂ% N aq-T e% codon. This

targeting s@uﬂmeagmfdepemdm ednesiawt lapply to cells that are
propagated in suspension culture). Primary and secondary

D

10 cells are not -immortalized
'Immortali?ed.cells are cell lines (as opposed to
cell strains, with the designation "strain" reserved for
primary and secondary cells) that exhibit an apparently
unlimited llfespan in culture.

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

20 (such as, in quaﬁtitiés less than the level which is
physiologically-hormal-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 chaﬁge the pattern of regulation or
induction of a ééne 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



WO 99/57292 _ _ PCT/ US99/ 09925 :
- 16 - ‘i@r rwg;ﬁ%nd to the desired nutation, e.g., contai ngefrhdesn9ezs

i nst ead of targeti;,ng construct soptional k... includes one or nore
sel ectabl e markers to facili‘tate sel ection of henol ogously reconbi ned
cells. An exogenous 5 regulatory region can then be introduced to the
honol ogously reconbi ned cells upstream @@ the altered sites, using the
expression alteration nethqod of the i nyention, - Aternatively,

the exogenoG®iddguiforged edemsntsh P Fhendlred rley Seqddmphaait@s.on(s) may
be ijnt roducwﬁﬂ@hﬁgrgﬁ Re19e)9MnfuddVe ideld <5 Hragide pYeRfursolie dz\lﬁkhlés?ét ruct
use in this enbodi,qent _may cqptain hoth the exogenous regul atory
regi on and &VRFE O ls &qBSTe %%&&{%H}W°i°3ﬂ}% oﬁmd%’gspondi ng
to the desi cedlsutate do Pe uteddin geneltherapit,r prdfmaty aelds iaeect two
Separat e | g!I.LE;y Y n cont ai ni ng
t he regul%t g%%ﬁ%#é‘?%% e o%ﬁ?&rﬁsﬁﬂrﬁlﬁﬂq‘n& eOQ:ﬁgEatglecorrespondi ng
to the desi r&anafiestiesh or infected primpa rasd secaorslamt icedlsplanse-taxcept or
site my 20 e JdirAdeRdd N GidwiR e PR imadNA cl 1% - YUdtained’®t VeEN
an undesired A‘?G ilnitiatio_n codon and ?r?el cQ ré:cei1 s cﬁG%ﬂﬁ%ﬁ?ﬁ?codon,
in a sinilaffhfedonpie Bng -/ dbARHEduRle PEheT tHan F%ose contains a

targeting revd@iemt) P VHe)Gind Gpedi’kypN ¢ site upstream of the

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 1192), CCRF-HSB-2 (ATCC CCL 120.1),
COLO201 (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), HelLa

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 255),
LS174T (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), SW480 (ATCC



25 correct INFA2 initiation codon, and adjacent to or enbedded within
t he honol ogous sequence, a sequence corresponding to the desired °
splice-accapooyseize. Cells contai ning the correctly rec®¢HURYIRNAD
| ocus are then transfected or infected with a second construct 30
cont ai ni ng an exogenous regul atory region and an.exon wi th an unpaired
splice-donor site at its 3' end, =~ togepher wth targeting sequence(s)
whi ch target the second construct to a genom c regi on upstream of the
i nserted sptcrte2agiepbws20i {RATCE OCLNRR2Y) { r aW887i PATES erhd2’sH, under the

e [Jgggloggg@gtzﬁx?R@Eﬁ”éeieg%?t %kW1116 (A'rcc\f\oc&?/ 24392 W17, (ATOC

i ncl ude t heCe%0@aRdUSSHXEA3 - ﬂhﬁcﬁxﬁgbnaaé), T84| (RTCAOPCE 248k, Whe

exogenous sphiyCex3sECRARECSERE 1503 R1VwsBEUCROEE BELEEA) | Nang wiement s,
and t he sequence bet ween t he exo ﬁno us sgblce accept or S|te and the 5

transcrlﬁilBﬁgalﬁeﬁﬁbﬁaﬁﬁoﬁRélﬁﬁléﬁ ALCEngbHeRBud) | FRRWell @%e. Upon
splicing, thété@bh?ﬁrd&&ﬁé -8bLBsOprbltced byaﬂﬁﬁicﬂtow himée splised to the

splice- accegtgr i&s of another spec1es Secondary human fibroblast
strains, such as WI-38 (ATCC CCL 75) and MRC-5 (ATCC CCL
171), may be used. 1In 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 productlon of  IFNA2 and gene therapy.

Protein Productlon

Homologously recombinant cells according to this
invention can be used for in vitro production of IFNA2.

20 The cells are méintained under conditions, as déscribed
in:the art, which result in expression of proteins. The
IFNA2 protein may be purified from cell lysates or cell
supernatants. AtpharmaCeutical-cOmposition containing
the IFNAz-protein can be delivered to a human or an

25 animal by conventional pharmaceutical routes known in the
art (e.qg., 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;micro¢apsules. '

Gene Therapy .
Homologously recombinant cells of the present

35 invention are gseful-as populations of homologously



and the intervening intronic RNA, which may contain undesi rabI e AUG

initiation codons, will be renmoved. Any 10 probl ems associ at g %ﬁ?ggfgn ng
a transcri pWW{sﬁ” undesired AUG transl ation injtiation codons ween
the ~ transcription start site and the*| FNA2- codi’ g sequence are
thereby avoided. O course, the regulatory region, - exon, splice donor

site, and splice-acceptor site can 15-i.A3tead be |ntroduced in a single

step. The DNA construct. ysed in this enbodi nent c ntai_ns a regul atory
region, an &EGRMPbinant celdyddmes i &8 HoQ ns, of ?"é’ﬁlq ptor site,

a targeti ngré@%ﬁi@?dtolpﬁlwd:osecommyod ra:ieals g&é)ﬁdmd gfdwleyorrect

| NFA2 initiatl n,codo ATG .codon, _and optional one
or nore é‘ﬂa@rﬁwﬁ%ﬁ% A . %q%%ll\? frt essépe?rsat%) dq‘qgé’ étl ng
constructs u&pm@mmemndgma:m@ mtmpins tdre ldgwpd,atagdy arsegl on, the
exon, andet p ,@ , ddte ' Sle ?&%‘E&J

splice- ag%e%t%ori gt!l?‘g: 'I:thn w%oé}g(?rgtrl%ucts can% Intro uce(?tl nto t ar get
cells in ©of smeyid $he four preqdinratagaries of homolpgousiy
construct OfreHaﬁudllﬁétht ic1lishalgl sdnt. IR Ry ey He wR@EREe and a

oo dBnGEISNERY GVEHETLENT SRR (ond S o, SARARh DY © and A
spl i ce- accepuah szﬂmxselm atm@apmsltdmacwlmfse, tepatitid B mﬁsemt is. 3 of
(he oI S AR A Moo AN il b 5T
varicellosus v1rus, and rhinovirus, and (ii) any other
conditions treatable with IFNA2.
- Homologously recombinant primary cells, clonal
cell strains or heterogenous cell strains are
15 administered to an individual in whom the abnormal or
undesirable condition is to be treated or prevented, in
sufficient quantity and by an appropriate route, to ex-
press or make available the protein or exogenous DNA at
physiologically relevant levels. A physiologically rele-
20 vant level is one which either approximates the level at
which the product is normally produced in the body or
results in improvement of the abnormal or undesirable
condition. If the cells are syngeneic with respect to a
immunqcompetént recipient, the cells can be administered
25 or implanted intravenously, intraarterially,
subcutaneously, intraperitoneally, intraomentally,
subrenal capsularly, intrathecally,'intracranially, or
intramuscularly.
If the cells are not syngeneic and the recipient
30 is immunocompetent, the homologously recombinant cells to
be administered can be enclosed in one or more
semipermeable barrier devices. The permeability
properties of the device are such that the cells are
pfevented from leaving the device upon implantation into
35 a subject, but the therapeutic protein is freely
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- 18 - are 3' of the splice donor site. 1In addition, there can =~ be
mul tiple exWo99aT#2i ntrons (with appropriate splice . dono®PCIFIYeWRHt or
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
cell. Exogenous DNA may possess sequences i dentical to or dif- ferent
from portions of the endogenous genomic DNA °~ present in the cell prior to

transfecti opeomeablecandncay leavertheVbatvier devisedan®ieiter the

"transfectlﬂe afeﬁﬁécéo Pfé ﬁ?fégoghgfgﬁ%£$£§q$g éﬁ% r ceII q% nonV|raI

(e.g m ca ysica as calciu
caIC|un1chI%%?@@1%%1®$e0|§$?at$dﬂ-:DEAE dextenin- Mm@+a5£ﬁﬂl GTOansfectlon

l'i pofections, £y@CY5DPPOS 2620883 Eﬂfé@'ﬂ,s,?ﬁé:?&‘ cHL Gt 4 81 | pfiSen O
bIO|IStI% nedi ted 1 U%AQ+?%F"1n ection" neans 1ntroduction of a viral

vect or 1cakien d; 1Petivery ohrThriarswhigiBroteing! uded in
t he DNA con(simmﬁt@fst hem@wmtcnomm andlepsidghes AN tedas) , bel

The DNA Coqgérffllgan13$§o ﬁg¥e5ﬁslﬁggfﬂgkated by reference.
The barrier device can be implanted at any appropriate
site: e.g., intraperitoneally, intrathecally,

10 subcutaneously, intramuscularly, within the kidney

 capsule, or within the omentum. o
Barrier devices are particularly useful and allow
homologously recombinant immortalized cells, homologously
recombinant celle 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 flltratlon membranes can be used for this purpose, '
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



20 trans-acting viral sequences (e.g., packaging signals), t her eby
enabl i ng delivery of the construct into the nucl eus of a geflusydiPds

i nfecti on bYOR¥FF vector.. . \Were necessary, -the DNA construct can be
di sengaged from varioussteps of a virus life eycle, such as integrase-
25 nmedi ated integration in retroviruses or episone .- maintenance.

D sengagenment can be acconplished by - 33ppropriate deletions or nutations

of viral sequences such as a deletion _of the integrase coding region in
a r et r oviceld- s, an¥hien SR8ciRg £i9 Pe aFadifar GRPSGheFRRY Jdt i on
and use of Hymng/ectors are found in Robbi ns et al., Pharmacol. Ther

00:35- 47, 1998, "y SRZEVER 8 BhoichhaglB T OB JulOhiTuc}ooS
US 00990992%f the invention is an ilplpaitahjl Sempidagen matrix in-
;-Zr get | ngSS%l‘iecﬂqui%eDeé’éEfs-m@@léﬁ?ﬂé@é&co@i&%{ Hbvice, wlﬂfcl‘? éiaq?i red
guence Tnto a selectedsite in e host genone.
contain beads to which the cells attach, is described in
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 Recognitidn 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 restrictions
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



Targeti ng sequences are honol ogous to (i.e., able to 5 honol ogously -

reconbine with) their respective target sites in t he host genone.

A circul ar VBDI89/8T28%t ruct can enploy a single tar get i ndTAEY > or
two or nore separate targeting sequences. A linear DNA construct may
contain two or nore separate target- 10 ing sequences. The target site
to which a given targeting sequedke-i s honol ogous can reside within
t he codi ng regi on of the | FNA2 gene, upstream of and i nmediately

adj acent toanfie35 U.S.Ccof123.r eBhendepesiped rearentakmibt ke di stance from
the COd'ng.maiﬂ%aiﬁga'Qﬂth 4P1 the care necgggaf¥r§6 dep NEL LYW BL geti ng

sequences in t construct (or the enfire targeting sequence, if |
there i s onajd uncopraminaedi fgrsagRertedi Aftak +eARE rikYS YR2%Rrived from

the ngpty¥rdtBE! R68E HeBenAt CrégUesuSEUPStheafutiisdiind F¥\% codi ng
sequence._ This arg t] g aejuence congalnsla Do tion ée.ggs 20, 30 or nore
cont i guods - AAEPEBt eE{;:l| o<l FeANBR 1918 g 309 1R r3FBFase T Fo 1D
NO 7, 8, orpéfiod of at least thirty (30) years after the date of

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.

. Oother Embodiments
. 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 illuétrate 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:



The second of the two targeting sequences in the construct nay target

a genomc rg |on stream of the coding sequence or tapgg }Uﬁﬁéﬁng
all of the 5H§equence.|tself 25 By way of -exanpl e, the secon

targeti ng sequence nmay contain, at its 3 end an "exogenous" coding
region identical to the first feM/%gdons of the | FNA2 codi ng
sequences. Upon honol ogous reconbiTation, the exogenous coding region

reconbi nes with thgj_SI red I{Iﬁr&q{&%d@t I'PaIt t;wfteelrgj é?s:icﬂc\l% %ji ng

sequence. If 30 d e exogenous” codi g 7egi 0 nay en
heterologousndogenoaa1mBNae|qeseqmaneemammaﬂ@ng gsldhuperogenous codlng

ngbgggoggzﬁntegratlon into the genome of ANENPEW)SHERThomo1dgofd- 2000
recombination, the construct comprising (i) a targeting

5 sequence containing at least 20 contiguous nucleotides of
SEQ ID NO:12, and (ii) a transcriptional regulatory
sequence.

2. The DNA construct of claim 1, wherein the
construct further comprises an exon, a splice-donor site,
10 an intron and a splice-acceptor site.

3. The DNA construct of claim 1, wherein the
construct further comprises a selectable marker gene.
4. The DNA construct of claim 1, wherein the-
targeting sequence contains at least 50 contiguous
15 nucleotides of SEQ ID NO:12.

5. A DNA construct that alters expression of an
endogenous IFNA2 gene in a mammalian cell upon
integration into the genome of the cell via homologous
recombination, the construct. comprising (i) a targeting

20 sequence 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 an exon, a splice-donor site,

* [ L M s *

25 an intron and a splice-acceptor site.



remai ns sufficiently honol ogous to the endogenous codi ng region it

repl aces to permt honol ogous reconbi nati on. - The
targeting swowesT292nay additionally include - sequence RAVYSIBINS om a
previ ously disclosed region of the |IFNA2 5 gene, including those

descri bed herein, as well as a region further upstreamwhich is
structurally uncharacterized but can - 36 - be mapped by one skilled in the
art. Genomi c fragnments useful as targeting sequences can
be identified by thkir ZlDNA tconastiudly itdiate aldkexrsprecipression codntaa ni ng al |
or a portio 1 u generated by PCR
usi ng prlneggag rlvedE?PE%% Een?Dﬁﬂtglﬁéﬂﬂslféﬁ cell upgﬁ The Regul at ory

Sequence  integration 1nt?h§hﬁegﬁpaﬂ6r9fsébﬁeﬂ€é1 o¥iaheomplogewst r uct can

contain Onerééoﬁ@iﬁaﬁi@fmt ehe egnstruatceaﬁf,tiyi ?e(li | §Stige etﬂ&g
speci fic, I nduci bl e_pronnt er 2rs, scaffold-att ch

regi ons ot ﬁﬁﬁ???cﬁtFQB ﬁéﬁ%ngl%gsfeﬂg Pv%°?5b%?%?%r?uc e°t1@$%ﬁ%%ts
transcri pti 8BQf 2Dt NO: Bj ndndg (4i.} ea, tnansonbpﬂﬁbn@hSreéulatorythese
el enent s. Sequgnge[egulatory sequence can be derived from

8. The DNA construct of claim 7, wherein the
construct further comprlses an exon, a splice-donor 51te,
10 an intron and a splice-acceptor site.

9. An isolated nucleic acid compriéing at least
20 contiguous nucleotides of SEQ ID NO:12 or its
complement, wherein the isolated nucleic acid does not
encode full-length interferon-o 2.

15 10. The isolated nucleic acid of claim 9, wherein
the isolated nucleic acid comprises at least 50
contiguous nucleotides of SEQ ID NO:12 or its complement.

11. The iscolated nucleic acid of claim 9, wherein
the isolated nucleic acid comprises at least 100
20 contiguous nucleotides of SEQ ID NO:12 or its complement.

12. The isolated nucleic acid of claim 9, wherein
the isolated nucleic acid comprises at least 200
contiguous nucleotides of SEQ ID NO:12 or its complement.

13. The isolated nucleic acid of claim 92, wherein
25 the isolated nucleic acid comprises SEQ ID NO:7 or its
complement.

* [ L L] S *
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a eukaryotic (e.g., mammualian) or viral genone. Useful regul atory
sequences i nclude, but are not limted to, t hose that # st he
expressi on WO 99§92 car | y or |ate genes,; cyt.omegal ovi r u%égg and
adenovirus major |ate gene"gThey n al so i nclude regul atory reglons
derived from genes encoding - _ nouse netall othionein-1, elongation
factor-la, collagen (e.g.: 25 coLraéén Iferr]l, collagen I[err]2, and
collagen 1V), actin (e.qg., . y- act |nnunoglobulln HVG- CoA
reductase glyceraihéhyg%he isolatgd spw %%%1Beﬁﬁﬁ¢d@%n%%%1m 9, wherein

3- phosphogl yaer diselliatage nuedleizgadse comprised ISBIEIIYS N0 : 8f idy ditect i n,
vi mentin, plasn1no en activator inhibitor I, thynosin [err]4, tlssue
i nhibitors oGP 9%5 H@talloprotelnase ri bosonmal proteins, major
hi stoconpatibility - conpl ex nol ecul es, and hunman | eukocyte anti gens.

AVENDED SHEET 15, The isolated nucleic acid of claim 9, wherein

5 the isolated nucleic acid comprlses SEQ ID NO:12 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:7 or its complement.

10 17. 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.

18. An isolated nucleic acid comprising a strand
that comprises a nucleotide sequence that (i) is at least
15 100 nucleotides in length and (ii) hybridizes under
.highly stringent conditions with SEQ ID NO:12, or the
complement of SEQ ID NO:12.

19. The isolated nucleic acid of claim 18,
wherein the nucleotide sequence is at least 200
20 nucleotides in length.

20. The isolated nucleic acid of claim 18,
wherein the nucleotide sequence is at least 400

nucleotides in length.

21. The isolated nucleic acid of claim 18,
25 wherein the nucleotide sequence is at least 1,000

nucleotides in length.
N A0 o
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- 21 - The regul atory sequence preferably contains a

transcri ptiwoodssmddr binding site, such as a TATA Box, CCMW”-‘APl
Spl, or a NF-[err]B binding site. Mar ker Genes 5

desired, the construct can include a sequence encodi ng a de5|red

pol ypeptide, operatively linked to its38 -own pronoter. An exanple of this
woul d be a sel ectabl e mar ker gene, which can be used to facilitate the

i dentification of- aZtargetLagIGVthnu¢heampacida@¢mpnnsnmgMersgmamdcan al so
be i ncl ude [ f.cal:hsshavi.n
. gﬁiﬁd g@@% Dﬁanac i@k ide %eé.ge&fcen t¥atCqlh S 18ayk

co-anplifi sequences S contalnlng anpl |?|e3 copi es

of the chd{ﬂ dn dengtdaande (iddnhivibrdg¢izesguader in t he

presence thl@hlqg@ttrﬂ tseaoefaﬁlws WiereamerId W0:¥3 ok the anplifiable

gene. The actl ated 2N g@fg@aéfwéz gene wi |k be anplified in tandem
"Ker

wi th t he a5 gene. Cells containing nultiple
copi es of the actlvated endogenous- gene nay ‘pr'oduce very high | evel s
of IFNA2 and are thus ugef ul & quc | Q0. gene

t her apy. EyTheﬁge 19%?%n%%é %%%|I bﬁmﬁ%gﬁi d%nes not

have to |i &hammeimprdlsesad mlteomdeaeﬁque thag (i) is at 1east
50 nucleotides 1n length and (ii) hybrldlzes under highly

stringent . condltlons w1th SEQ ID NO:8, or the complement
10 of SEQ ID NO:8.

24. An igolated nucleic acid'comprising a strand
that comprises a nucleotlde sequence that (i) is at least
50 nucleotides 1n length and (ii) shares at least 80%
seguence 1dent1ty.w1th a fragment of SEQ ID NO:12 having
15 the same length as the nucleotide sequehce.

- 25, The isolated nucleic acid of claim 24,
wherein the nuclthide seqﬁence.is at. least 100 -

nucleotides in leﬁgth.-

26. Theaisolated nucleic acid of claim 24,
20 wherein the fragment is: a part or all of SEQ ID NO:7.

27. The_isolated nucleic acid Qf claim 24,
wherein the fragment is a part or all of SEQ ID NO:8.

28. A homologously recombinant mammalian cell
stably transfectea_with the DNA construct of claim 1, the
25 DNA construct ha&ing undergone homologous recombination
with genomic DNAlﬁpstream-of the ATG initiation codon of
an endogenous IFNAZ coding sequence.
R

T ‘

Sheet Has Been Replaced

\\ll\l\\ M \l\ \lI\



anplifiable marker gene and: selecﬁable narker gehe can be the sanme gene.
One or both_of the marker genes can be 25 situated in the inpbrpristdpoose DNA
construct. YQPEH%2 anmpl i fiabl% mar'ker genes and selectab?&fnarker genes
are described in U S. Patent No. 5,641, 670. The

Spli ce-Donor and Splice- Acceptor Sites - The DNA construct may
further contain an exon, a 30 splice- cﬁw&ﬂ Site at the 3' end of the exon,
an intron, and a i e«gccept ite uuﬂ; A spl.i_ce-d site is
a sequence which dlgég %mw~£-§ ﬁé@ &gquaﬁga».o g anscrlpt
to the spétalel nceeanefected witlanbhdaeEka@mstruhe of ankumpz, the
égéggégggo DNA construct having undergone homologa&s recomblna %an N
renpval of tWikth rgenembat PR upsEredp. of t e ATG lmmtb%m«;od%eoi. r st

exon |iessd a9fehd@gessQ@8UIENAY, c88ind h8equence. sl i ce-donor site |ocated
at the 3" end of the first exon is

30. A homologously recombinant cell stably
transfected with the DNA construct of claim 3, the DNA
construct having undergone homologous recombination with
genomic DNA upstfeam of the ATG initiation codon of an

10 endogenous IFNA2 coding sequence.

_ 31. A homologously recombinant cell stably
transfected with the DNA construct of c¢laim 4, the DNA
construct having undergone homologous recombination with
genomic DNA upstream of the ATG initiation codon of an

15 endogenous IFNA2 coding sequence.

32. A method of altering expression of an
endogenous IFNA2 gene in a mammalian cell, the method
comprising introducing the DNA construct of claim 1 into
the cell and maintaining the cell under conditions which

20 permit homologous recombination to occur between the
construct and a target site 5’ to the coding sequence of
the endogenous IFNA2 gene.

33. A method of delivering IFNA2 to an animal,
comprising
25 providing the cell of claim 28; and
implanting the cell in the animal, wherein the

cell secretes IFNA2.
NORL
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paired with a splice-acceptor site flanking the second exon on 5 the 5
side of the second exon. Splice-donor sites have a characteristic
consensus wwoisesTese represent ed as (A C) AGGURAGU (whePETRSHUWREs a
purine nucleotide), with the GJin the fourth and fifth positions
bei ng required (Jackson, Nucleic Acids Research 19: 3715-3798,
1991). The first three bases of the - -1@0 splice-donor consensus site are
the | ast three bases of the exon: i.e., they are not spliced out.
Splice-donor sites e A methé@n@fldeidVQI:mglIﬁﬁhbthrﬁnranimalxy to

ef fect the QR LE s reaction within-the mRNA splicing pat hway.

A splice acceptor Sitein a-construct of the 15 -invention directs, in
conjunction with a ppvidiggneheseebl eheclaim 296pﬁ¢@|ng of one exon to

anot her exon. Sp"cfhﬁfﬁﬁfiﬁg ShéeSell in FRYCarikdIB] APREFé B i theequence

represented as (Y)[er | NYAG:: (SEQ I D.NO 19); where Y denot es any
pyrim di ne &£%d INSEEH &ﬁyAZ _ nucl eoti de (Jackson, Nucl eic Acids
Research 19: 3715- 3798, 1991) 20 The CAP Site

35. A method of delivering IFNA2 to an animal,
comprising - : ' '
prov1d1ng the cell of claim 30; and
1mplant1ng the cell in the animal, wherein the
10 cell secretes IFNA2

.36, A'méﬁhod of delivering IFNA2 to an animal,
comprising ;. o
prov1d1ng the cell of claim 31; and
_ 1mplantlng the cell in the animal, wherein the
15 cell secretes iEﬁAz. ' | ' '

37. A method of producing IFNA2, comprlslng

prov1d1ng the cell of claim 28, and

culturlng the cell in v1tro ‘utider conditions whlch
permit the- cell to express and secrete IFNA2.

20 38. A method of producing IFNA2, ccmprlslng
prov1d1ng the cell of claim 29, and
cultur;ng the cell in vitro under conditions which
permit - the cell ‘to express and secrete IFNA2.

39. Anmethod of producing IFNA2, comprising
25 providiﬁé the cell of claim 30, and
culturiﬁé the cell in vitro under conditions which
permit the cefiito express and secrete IFNA2.

AR R0
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The DNA construct can optionally contain a CAP site. .= = A CAP site is a
specifit transcription start site which is .. associat ed w é{;u?;%”zs
utilized bQ”?H@ bulatory region. This CAP site is loc at a
position relative to the regulatory se- 25 quence in the construct such
that foll ow ng honol ogous reconblnatlon the regul atory sequence
directs synthesis of a- transcrlpt 41 hat beglns at the CAP site.

Al ternatively, no CAP I in ded in_tde construct, and the
transcriptional 40. ap&ax~l amfi ?ﬂéﬁ :'E' | COMPLEHWhr i ate site
in the 30 targetegprganding heltddlilzed aslaa.nCBl?. Sian@l

éEZ/TE;\IBESQISESS;_S cu\./l\.Qu?:%./ %7%%% cell in vitro under conditions which

permit the cell to express and secrete IFNA2.

5 41. A DNA construct that alters expression of an
endogenous IFNA2 gene in a mammalian cell upon
integration into the genome of the cell via homologous
recombination, the construct comprising (i) a targeting
seguence containing at least 20 contiguous nucleotides of

10 one or more of SEQ ID NOs:16, 17, 18, and 19, and (ii) a
transcriptional regulatory sequence.

42. An isolated nucleic acid comprising at least
20 contiguous nucleotides of.’one or more of
SEQ ID NOs:16, 17, 18, and 19, or the complement of one
15 or more of SEQ ID NOs: 16, 17, 18, and 19, wherein the
isolated nucleic acid does not encode full-length
interferon-a 2.

43. A homologously recombinant mammalian cell
stably transfected with the DNA construct of claim 39,
20 the DNA construct having undergone homologous
recombination with genomic DNA upstream of the ATG
initiation codon of an endogenocus IFNA2 coding segquence.

44. A method of altering expression of an
endogenous IFNA2 gene in a mammalian cell, the wmethod
25 comprising introducing the DNA construct of claim 39 into
the cell and maintaining the cell under conditions which
permit homologous recombination to occur between the
construct and a target site 5’ to the coding sequence of
the endogenous IFNA2 gene.

o
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- 23 - Addi ti onal DNA el enents The construct may

addi tional |y contain sequences whi ch affect the structure or stability
of the RNAWO99/572920t ei n produced by honol ogous reconbinati RICT/US99/09925
Optionally, the DNA construct can include a bacterial origin of
replication and bacterial antibiotic resistance mar kers or ot her

sel ect abl e markers, which allow for. - karge-scale plasm d propagation in
bacteria or any other sui tabl e cloning/ host system 10 Al'l of the
above-described el eg®nt sAohethed DB del toesing cIFNAZ tmeeirata'.n/:'ﬂi\a/.l.,l i nked or
functional | %o%:@%esd with respect to each other. That . upon honol ogous
reconbi nati on 59 the construct and the t'arget ed genom c DNA, the

regul atory sequenceprevidingctheheelb of ocll@imodlofardprimary RNA

transcript which inggy f&ﬁélﬁ% the3c&fD $hi€né ORhimAPR! lWhdRCinIdL i n the
construct) and i nc udes tNe sequence |ying bet ween the CAP site and the

endogeno FPI%AZS@SSF'@‘?%r ‘i ption stop site. Dependi ng on the

| ocation of the CAP site, a porti on of - 20 this sequence may include the

| FNA2 gene's endogen ul at [egion | as sequences

nei ghbori ng t hat $EQ|%n g?da?g %’6?%3?1‘?931%«%’%%%‘?9 B9 f an exon, a
splice-donor site apziomémgcehaccehl oof s¢laimr4l prawdnt in the
construct, the pri CLhRt i ! ;8! i ' , t wo
Pl ce sites, and tRBLrhFEARCthe L i, pEegd bl Yoldft S wiih
order of el Peamis ithet I@@woc@i\@trﬁ?@t a@@nsecrete IFNA2.

—
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vary. Wiere the construct is a circular plasmd or viral vector, the
relative order of elenents in the resulting 30 structure can be, for

exanple: a &gr,g@%iggg sequence, pl asm d DNA (conprised of pepusswm@s2sused
for the se I'On and/or replication of the targeting plasmd in a
m crobi al or other suitable host), selectable mar-ker (s), a regulatory

SeqUENCe, sy ceXORr R ER - MoneneB FrShidic e&:muaomm&éa 3c8Bkkize- accept or
site. -440 TA ABFEZTA ATTTAATTT TTAATISTTT TATGATTOIT TICRATAATA AMATATIAAG .

PCT/ USQQ/-Q%Z‘Q&?AC".‘? TTAATTAAT GTATACGAATA GAGATATACA TACGRTATTE AAATACATAC mr e t he

construct _j S_LJ,‘_.Q_E,S 1565 3R AR wa b‘%ﬂ LSk Lar geting
sequence, -3¢ SEATELTE mar ker gene, L an exon, a
splice- .230@5kcastd Ssganian TSRIBRTacs a&plaqeeg- Waw second

t ar get i N1k GRANSEASA ¥TRGARMPT  EACHISER ICRETE PaRad AM %mgemgﬂ%equence

a regul atory seguenc ap (-67 nor_ s intron
splice- accé%té?:‘gﬁ% € fabl e %I’” %%H‘oﬁglw nternal

ribosomal _;5 cRiihdkes h.{cﬁx'.ﬁi : .m&éﬁa&%&m&q% Oscomcena
Alternatively, the order can be : a first

' LPMetAlaLeuT hrFPheAlale uLluValAla LeuleuVall euSerCysly
IFNG (70)
Mature (70)

§1 GICANGTISC TOTSTGGECT CUGATCISCS TCAAACCEAC AGCCTSSGTA CCAGGAGSAC CTTGATGCTS
B

177 sSer SerCys SerValGiyC ysAspLauPr oGinThrMis SerLeuGlyS erArgArgTh rlauMetley
1:1 CUGETACAGA TGAGGAGART COCTUTTTIC TCODSCTISA AGGACAGACA TGACTTIGGA TTICCIoAGS

417 LeuAl aGinM siArgArgll eSerLauPhe SerCysLeul ysAspArgHi sAspPheGly PheProGinG
191 AGEAGTITTSS CAACCAGTICS CAAAAGGTTS AAACCATCOS TOIGCTCICAT GAGAIGAIDS AGSRGATCTT

§4P luGl uPheGl yAsnGinPMe GinlysAlaG luThritePr cValleutis GiuMatlleG

1aGlallePh
251 CAATCISTTC AGCACAAAGS ACTCATCICS TGSTTISGGAT Gm;-.\.;_ TAGACARAIT CTACACTUAA

870 eAsnLeufne SarThrlysA spSerSearal aAlaTrpAsp GluThrleul euAsplysPh eTyrThrGlu
311 CTCTACTAGS AGCIGAATGA COUGGAACCC TUIGTIGATAC AGGGSETGSS GGIGACAGAG ACTCSITX:A

111 LeuTyrGInG InLeuAsnAs plauGluAla CysvalileG (nGlyvVal Gl yvalThrGiu ThrProLauM
401 TIAAGGAGGA CTCCATTONG GOUGTGAGCA AAT.ITIOSN AAGAATCACT CICTATCIGA AAGAGAAGAA

134P etLysGluAs pSerileleu AlaValArgl ysTyrPheGl nAeglieThr LeuTyrleul ysGiulysly
471 ATACACCOCT TOIGCCICGS ACUTIGICAG  AGTAGAAATC ATGAGATCTT TTICITIGIC

ot

157PsTyrSerPro CysAlaTrpG luValValAr gAlaGlulle MetArgSers P heSerLeuSe r ThrAsnLay

Stop coden (565)
$41 CAAGRAACTT TAAGAAGTAA GGAATGAAAA CUGGTTICAAL ATGRAAATIGA TTITCATIGN TICSTARIGCS

1810 GinGluSerL cuAcherLy sGlwese (SE@ 1D wWO:d)

IFNt1 (839)
11 AGTICACCTT TUMATGAICST GCCATTITCAA AGALCTCATOT TICIGOTATIG ACCATGACAC GATITAAAIC

631 TTTICAAATIG TITTIAGGAG TATTAATCAA QATIGIATIC AGCICITAAG GCACTAGIUC CTTACAGACS
751 ACCATECIGA CTGATCCAIT ATCTATITAA ATATITTTAN AATATTATIT ATTIAACTAT TTATAAMACA

IFN2 (854)

821 ACTTATTTIT GITEATATTA TOICAICISE ALTTITINCAC AGICGITAAT GUAATAAAAT GUGTOCTTNG
entiifm— .

, poiyA site (899)
891 TATTIGGTAA amrm*:: TOTICTICAT TOAACTSTRG CTATCGAACT TITGIACTIN TTUATICTTT
961 AAAATGRAAT TC C-n ATIGIGCAAC CTCATTALCAG ARTAACTSST ACACTOTATT TQITTATCAS

»d b e & N

polyA site (1074)
1031 TATTATATTS AAGATATAAG TAAMAATAMA CTITTTSTAA ACCAAGTTGT ATGTISTAST CRAGATAACA
1101 GSOTGAASCT AACAAATACA ATTCTCCIST CTTGISTATT TSAITITTS. ATGAMAAAN CTAAARATGS

1171 TRATCATACT TAATIATCAG TTATGGTAAA TCGIATGARG AGRAGRAGSA MG 5‘;& ) BV -H))

Figure 1|
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targeting sequence, a first selectable marker gene, a regul atory
sequence, an exon, a splice-donor site, an intron, a splice-acceptor
site, a second targeting sequence, and a second sel ect abl e narker gene
or, a 15 fiwOWIS®IYeti ng sequence, a regul atory sequence, aRCd:
spli-ce-donor site, an intron, a splice-acceptor site, a first selectable
mar ker gene, a second targeting se- . quence, and a second sel ectable

mar ker gene. = Reconbi nation between the targeting sequences flanking 20
the first selectable: narker_mnth honol ogous'- seguénces in 't he host genone
results in the targetéd integration of the first sel ectable marker,

whil e the second selectablie* - 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 mar ker. *- Such
cells can be selected for by growh in a  medium containing an agent

whi ch sel ects for expressiion - of the first rmW%_P‘&ﬂd anot her agent which
sel ects agai nst the second mamier 7oTr ansf ect ed for- ArEH2Y cells 30 that
have i nproperly integrated the“t@ﬁgﬁgh . ' by a nechani sm ot her
t han honol ogous reconbi nat:i.on. moulr L

mar kggwgene and wi | | s 'theréﬂy O | f-_.,?e ection medi ult®
rker | _%___ Qs 1305l ipel/uded in the con;\que\ ‘

A positively sel ectable _
al l ow for _the seleciiorat—> AV ¥

dcvm_smam region

upstream region

Figure 2
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WD 99/ 27292 . ' o PCT/ US99/ 09925
- 25 - cel I s contai ni ng anpllfled copi es of that marker. In this

enbodi nent , r of construct components can be, for e - a
first targef?ﬁ%mgéggence, an anplifiable positively select%%ﬁﬂgﬁﬁp%gr

second 5 sel ectable marker (optional), a regulatory sequence, an exon, a
splice- QHQ r S|te an. intron a splice-acceptor site, and a second

target,i ryys ..%W uct can
be  +0BbRlAS FaRARSITE " eﬁeﬁ: m%
pr Odmeémwm ses.
The $80 4oty AGIAITIATACASGARTNSTT TATAPIGRE - mnmcmmmo splice
acceptor site of the construct can be isolated as a conngbe uni.t . fs

€ B 2gene

e.g., the human elongation factor-1[err] (Genbank sequenc

or the cytomegal ovirus (Genbank sequence  HEHCWP1) imedi ate early

regi on. These conponents can al so be isolated from separate genes.
Transfection or Infection and Honol ogous Reconbi nati on The DNA
construct of the invention can be intro- 20 duced into the cell, such as a
primary, secondary, or imortalized cell, as a single DNA construct, or
as sepa- rate DNA sequences whi ch becone incorporated into the
chronosomal or nuclear DNA of a transfected or infected

Figure 3

3/10°



cell. By "transfected cell"
ancestor of which) a DNA or

is meant a cell

into which 25 (or into an
RNA nol ecul e has

been introduced by a means

ot her than using a viral vector. By "infected cell” is neant a cell into
whi ch (OVOISEB92in ancestor of which) a DNA or RNA ol ecul PCTIN990992% 0 ey
I ntroduced using a viral vector. Viruses known to 30 be -useful as vectors

i ncl ude adenovi rus,

pol i ovi rus, | enti virus

adeno- associ at ed
retroviruses,

VI rus,
Si ndb| S Vi rus

Her pes virus,

munps virus,
and . vacci ni a

Vi r US8E SHESHRC '“‘b‘&'?ﬁﬁ' SEATAT E’S‘W M’ét&‘ﬁ“b’é"’?ﬂﬁd\:cv&&"&ﬁ a linear,

doubl e- sr ra A & ¥ K o) : one or both
ends)3% CEA r'a'ﬁa'e'd' or €l rtgl] §F'“ gy 5% '{J:s"" - .
PCT/ U§9:9/a98ﬁ2§m TCAATAGEST TTTAATTTAA TTTTTAATTS m—ca-i&-—-wa.am%mﬁéﬂ-‘i Wen the

CONS LR AACTTATIE I TICEASTES] ARTOTATAGN ATAGAGRZRY SCATACIARS TSTRaTARA exENdAcichagnent s,

t he t-308 fATSMETGATE SAAAATATNT COCRAIRTS e ATRAGRIAAN
one f-R¥yfdMsasard %‘H‘&"ﬁf‘e‘?ﬂﬁiﬂ?‘iﬁéﬁ_ _m
tar geﬁf%g‘%ﬁﬁ’é‘ﬁd‘@%ﬁ“‘f‘h@f‘mﬁ?@a E‘aﬁ‘f'es"‘

Upon | 9t rgmlagu\me Mﬂ%v\wb m B.bbmb;

-23

ATG (1)

AAGT T e COCACSEAT?

TAGCAGCATS M"C" ACAXTCSSCT TGACCTTGS

1PMetAlaL

ANFETTIP )CosrAAdas 3’
Wﬁszwwml r st
"'“'}1 AR ST gt gt Sequence.

TIARCTAGS

e m Wl b o o WA

euThrPhoAl aleuteuVval AlalLeuteuv

Mature (70)

48 CAAGTCAAGE TEKWGauwilna Ub.-uunb".- u.s.-.nAACC

<5P sLysSarSer CysSerVaiG ly °

118 m AGATGAGGAG

17 LeuLauAl aG InMatArgAr
188 AGGAGGAGTT TSGCAACCAS

40P tnGluGl uPh cGIyAsnGxn
258 C""CAA'IC‘”C TICAGCACAA

§3P ePheAsniau PheSerThrl
328 GAACTCTIACC ma::::aa

870 GluLeuTyrG ! nGlaLauAs
398 TGATGAAGGA GGACTCCATT

110P euMetLysGl vAspSertile

bR CysAs pLe

c: ca -m GTQ mome G-- -

uProGlaThe HisSarLeuG lySerArgAr

ML‘-.--».;
gt ;Ser Leu

PheGl aLysA
M‘C

ysAspSer Se
TIACTICGAA

nAsbLiuGl u

Lcu_'Al avala

Cwe aldibiaw e

483 GAAATACAGC

1330 sLlysTyrSer
538 TOGCAAGRAA

ProCysAlaT
GITIAAGAAG

1370 LauGl nGl uS
608 GICAGCICAC CITITIATGA
§78 ATCTTTITCAN ATGIT-IIAG
748 AGGACCATGC TGACTGATCC
818 ACAACTIRIT

ar LeuArgSe

LARMUAL L ol &
x

rﬁG} uvaiVva

FLYSGiue .
TCIGCCATTIT
cammar
Armt.-arr

TTIGTICATA m'r:.'::xm

polyA site (899)

aes3
3s8

TRTRITIGG
Te-AAAATGA

TAAATTIATT
AATTCCAAGC

afh

CITA

AAAEPIRG & SNGERN S
p-towwv- Flopr- ¥y

1923
1098
1153

CRATATTATA
ACACCOTGAA
TSOTAATCAT

i b

! .U&Uo avbh b

preerie e anv
alleuSerCy

m‘ - o -mm

gThr LeuMeat

S o' otmw oo b

TGAAGGACAGC AQATGACTYS
PhaSerCysL euLysAspAr gHisAspPha
COGAAACCAT COOISICCIC CQATGAGATIGA T

eProVallay Hi sGiuMet |

taGluThr 11
& &'

rAlaAlaTrp
GOCTOTGTGA

LR

AspGluThr L euleuAsplLy
TACAGSSSGT GGOGGIGRCA

AlaCysval |

1 eGInGlyVa 1GlyValThe
ccmmam: ACTCICTATC

rgLysTerh aGlnArgile ThrleuTyrl
Bgtli (514)
CAGAGCAGAA ATCATGAGAT CTTTOETTT

JArgAl aGlu (leMstArgS erPheSerLe
Maﬁus&. mw TCAT T e oeAT

(SEQ 1D NO:2)

CAMGACTCA TGTTICIGCT ATGACCATGA
CAACATTGTA TICAGCTCTT AAGGTACTAG
TAMATATTA TTTATTTAAC
CACAGTGGTT AXIGTAATAA

TAARTATTTT
TARACTTTS

CA‘I'K'.AAC’:".‘

C'.'?n. perves

m-q-.

m"nm ACTTIOTIAL TOSTTR

w&h.‘bb\-

GlyPhaPraG
8gil

TECAGCAGAT

leGinGInl!
ATICIAGACT

sPhaTyrThr
GAGACTCCCC

GluThrProL
TCRAAGAGAA

euLysGluLy
GICARCAAAC

uSer ThrAsn

TSATICGIAT

CACGATTTAA

TCCCTTACAG
TATTTATAAA
AXNTGICTICT

AR &
b adbb bird !C

ﬂALL.una. 3 CAGAATAACT GGOTACACTTS

polyA site (1074)
TAAACCANGT TSIATGT-ST aC

mc_ Vo b oawedd

ACM. o= akie

ATTGATTT TELAIGARSA

A wawa ol bth

C.-\Lu P e oy

AAATGGTATG AAGAGAMGAA GGARCS

Figure 4
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cell, the two fragrrents can undergo horml ogous . reconbination to forma
single nolecule with the first “and seecond targeting sequences fl anking
the region rlap between the two original fragnents. 12;‘?? g#gt
nol ecul e i s%ﬁéﬁls‘%fa form suitable for honol ogous reconbi™ %%R’ h
the cellular target sites. Mre than two fragnents can be used, with
each of them desi gnedy such that they will undergo honol ogous

reconbi nation with axh otther to ulji “dy:a product suitable for
honol ogous reconbi n%t 7/ on ith the cellular tar get Sites as descri bed
above. Thg DNA xonstruct of|{ the invention, if ngt cont ai ni ng
a sel ectabl e marker \tself, o-transfected or cojinfected with
anot her construct t coytai ns suclh a marker. A targeting plasm d may

be cleaved with @ gy at one or nore Si tg Create a
| i near or gapped le prica ' ction - or inf [ - The
resulting free DN&e equency of the ig ¢d honol ogous

reconmbi nati on event. g ree DNA ends nma reated with

an exonucl ease to s or 3' single- anded DNA
ends (e.g., at |east e length, and pre y 100- 1000
nucl eotides in | engt 40 incred h& frequency of th 1 red
honol ogous reconb tion event. #hPs enbodi nent, ho DUS
reconbi nati on betweep_the targeting s4glience and the i target will
result in two copies 51 the targetingl sequences, fl atki/ng t el enent s
contained within the| 3% introduced . —
= S _|w]
< Q Qrm
N:
N::
NEL:
- e
e
& G
o |F
Q _
Q
o
_ _ ot
g g
£ o J S -
@ S g o
8 O = =} x
«an Q c -
o J o w "
Q =
= < 2
- QA <o
& =g o
= o >
- cc Q
Ww Qo <
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WD 99/ 57292 PCT/ US99/ 09925
- 27 - The DNA constructs may be transfected into cells

(preferably in vitro) by a variety of physical or .chenic?k?éﬁﬁiﬁﬁﬁg

i ncl uding Y@8¥$.%or ati on, mi croin- jection, mcroprojec
bombar dnent, cal ci um phosphate 5 precipitation, |iposone delivery, or
pol ybrene- or DEAE dextran-nedi at ed transfection. The

transfected or infected cell is nmintained under conditions which permt
honol ogous reconbi nation, .; as described in the art (see, e.g., Capecchi,
Sci ence 10 24:1288-1292, 1989). Wen the honol ogously reconbi nant cel

I s mai ntai ned under conditions suffi csiignt to permt transcription of the
DNA, the regulatory region-: introduc El%w'the DNA construct will alter
transcription of the I FNA2 gene. 15 . Honol ogously reconbi nant
cells (i.e. Hind@l-4093)t hat have under gone the desired honol ogous

reconbi-#grei QRGCTTATAT AGRTETAMEMTITECATA TG TRERECOT Y FETAATGTREMETIYTIATTDY anal yzi ng

6/10

the Sdj! treathbr! faldier meRzMTRe e praLridwiasRiieRtratems  (BLISA)

OF T34 ¥ AGAE&?gaCA4§ brdac ehirdcRl GBGATECAAR ACCAGACTAA TTTACTTTGT
-3894 ACAAAAAGAA AAATGAGAAA GAAATATATT TGGTCTTGTG AGCACTATAT GGAAATACTT
-3834 TATATTCCAT TTGTTTCATC ATATTCATAT ATCCCTTTAC TAACATAAAG CTGAAGGTG
-3774 |ATAAAAAAAT. CAGGGTTAGC CAAACAAATT TTCATGGTCA AATACCACAT AAAAAGTAA
-3714 [TATACTTAAG TTCCCAGCAA AATCTGAATT GAACGTAGAC AAAATGCTCA TTTCTCAGT
-3654 [VITGACAGAC TTAACAGTTT GAGCCAATAA AAATGTACTG ACTAGATAAA CTACTAAAA
-3584 [TTGTTAATTT TTGCAATGTA TATTTCTGAA AAGAAAGTTT ATCTATTATA GAAATTCCT
-3534 {TGCCCATTTA AGAACTTTGA GCATTTTAAT TGTTTAATAA TATAGTTTAA TTGCATCAT
-3474 [AAAATAATCA' ATAATACAAT TTATTTGGTT TATTTAAAAA AACTGATTCT TTCTGCTCT
-3414 [TCTATATATA GACTGATTTT ATACTAATGT TGCCTAAAGA TCACCAAATT GTTTGAAGC
-3354 [FAGGTTTCTG AGGGATGGAA AATGATGTCA CAACTATTTA CAGTTCACAC ACACATTCT
-3294 [GGATTTAAT ACATCCTTTA CAAGTGCAGG AAAGGTGGAA GATTGATGAT TTGGGGGAA
-3234 [TAGAGCTACC ACACCCCAGA GGGTGGTATG GTATGTTGTC TGTTGTGAGC TGTGTGAAT
-3174 RGAGAGTTTG ATTTAGACAT ATATTTAGAA AGAGGAAAGA TGAACCAATC AAAAATAAT
-3114 ACTATAATGA CTTTTCAAGA TATAGACAAT ACAGTTAAGA TATAAATGGA AACAAAAAA
-3054 [BTTAAAAGTG GGGAGATGAA GTCTGATTTT TTGETTTTTT TTTTTTTITG CTTTTTTET
-2094 [TGTTTATGTA ATCAGTGTTA CCAGTTTAAA ATAATGGGTT ATAAGACACT ATATGCAAG
-2034 [ TCATGGTAA CCTCCAATCT AAAACATACA ACAAATACAC ACAAAATAAA AAGGAGAAA
-2874 [AAAACACAC CACCAGAGAA AATCACCTAC ATTAAAAGAA AGACAAATAG GAAGAAAAT
-2814 WGAAAGAGAA GGCCATCAAA TAATCAGAAA ATGAATAACA AAATGACAGG AATAAGTCC
-2754 [ATAAATAAT AACATTGAAT GTAAATGGAC TAAGCTCTCC AATGAAAGAC AGGGAGTGG
-2694 ([TGAATGTATT TTAAAAAAAA TATTACACCG AGCTGTGCGT GGTGTCTCAC ACCTATAAT
-2634 [LCAGCATTTT GGGAGACTGA GCCGGGTGGA TCACTTGAGE CCAGGAGTTC GAGACCAGE
-2574 [TGGCCAACAT GGCAAAACCC TGTCTCTACT AAAAATACAA AAAATTAGCT GAACATGGT
-2514 BCACATGCCT GTGGTTCCAG CTACTAGAGA GGCTGAGGCA GAAGAATTGC TTGAACTTG
-2454 [AGGTGGAGG TTGCAGTGAG CTAAGATTGA TGGAGCCACT GCACCCCAGC CTAGGTGAC
-2394 [BAATAAGACT CTGCCTCAAA AAAAAAAAGC AAAACAAAAC AAAACAAAAA ACCCTTAGA
-2334 [CAATGATTC ATTGCCTACA AGAAGTATGC TTCACCTTTA AAGACACATA TAGACTGAA
-2274 [TAAAGGGAT GGAAAAATAT TCTATGCCTA TGGAAACAAA CAAAAAGAAG CAGAAGCTA
-2214 PTTTATATCA GACAAAATAG ACTGCAAGAC AAAAACTATG AAAAGAGAGA AAGAAGGTC
-2154 [TTATATAGTG ATAAAGGGGT CCATTTAGCA AGAGCATTTA ACAATTCTAA ATATATATT
-2094 PCCCAATACT GGAGTACTCA GGTATATAAA GCAAATATTA TTAGAGCCAA AGAGAGAGA
-2034 AGACAGACCC CCATACAATA ATAACTGSAG ACTTCAACAC CCCACTTTCA GCATTGGAC
-1974 [BATCATCCAG ACAGAAAATT AACAAACATC AAATTTCATC TGCACCATAG GTCAAATGG
-1914 [CTAGTAGAT ATTTACAGAA CATTTGATCC AACAGCTGTA GAATACACAT TCTTCTCCT
-1854 WGCACATGGA TAATTCTCAA GGATATACCA AATGCTAGGT CACAAAACAA ATCTTAAAA
-1794 [TTAGAAAAAA AGTGAAATAA TATCAAACGT TTTCTCTCAC CACAGACTAA GAAAAAAAG
-1?34 GTCCCAAAT AAATACA@TC TGAGATAAAA AAGGJ.\GACGA GACAACCAAT ACCACAAAA



20 | FNA2 .are avail abl e fron1B|osource Internatlonal
annlogously reconbi nant cells canzalso
Nor t her n analype8s
As used herein,
suspensi on of ceIIs I sol ated from
bei ng pl at ed,
di sh or flask),.

their
a
ti ssue,

deri ved”

nat ur al

11§14

pTAGATﬁA&ﬂ{FGﬂAﬁAQHQﬁ@ﬁfCQQC&aﬁAQﬁﬁpﬁ&ﬂG TTCAGGTTTT GTATTEHG

#gétte)?lm "

i.e.,

primary cells”

Bkt AL Bk b b S alh Bl adary AL il e

%nt deri ved
cel |

(Camarill o,
"bg identified by Southern and
pol ymer ase chai n reaction (PCR) s
i ncludes 25 (i) cell
a vertebrate tissue source (prior to

attached to a tissue culture substrate such as

(ii) celiks presditd- ién (Banedsysd

CA) .

Eofpibiios ,

from

suspensi ons
bECARRI | s as they

dary cells

are cel 115543.'[ TAGTACTA D STAR GOANTAG TAARBATTGTT MCTASKACOAI NTETTEET TerTeateedfirst tine

that plaf TEfATTRIOTTERTOGRA RERTAARERN RPhdahRAC! Reragitdcd satalPichat € and
V\nggl 5 1%?42 ATGABACAC AAGCCATACT (MAAMAGTATC. CCAGAABAGA Acﬁ?{&{ﬁg‘?&qgg&
- - rie f % ﬂ K& d ereln secondary
cel |'s, #2874, BFTSATCAAL TS qu AT TITAMMA GTAATAGEAA TCCAACTCAA ATTATTAAA .

-1314 WAATAGAGGT GGACAGAATC TTTCCAAATG TATTCTATGA GGCCAGTGTT TTTTCTGAT

-1254 [AATCTCCCA TTATATTTTA ATCACATATA AAACCAGAGA AAGACACATT AAAAAGAAA

-1194 RAAACTGTAG GCCAATATCT CTGATGAACA TTGATGCAGA AATCCTCAAC AACAAATTA

-1134 [AAACTGAAT TCAAGAACAC ATTAAAACAA TCATTCATCA TGACCAAGTG GAATTTGTC

-1074 [TAGAGATTCA AGTGTGGTTA GGTATGTGCA GATCAATGGG TTTAATGTTG TCCAATGAA

-1014 WTAATGTCCT CCAGCTCCAT CCATGTTCTT GCAAATGACA GGATCTCATT CTTTTTTAT

-954 BCTAAGTAGT ACTCCATTGT GTATAAGTGC CATATTTTCT TTATCCATTC ATCTGTTAG

-894 [ACCTAAGTT GCTTCCAAAT CTTAGCTATT GTGAATAGTG CTGCAATAAA CATGGGAGT

-834 [TAAATATTTT GTTGACATAC TGATTTCATT TCCTTTGGAT AAATACCCAG TAGTGGGAT

-774 [CTGGATCAT ATGGGGGAAA ATGGAGATGG CTAACGGGCT CAAAAATATA GTTAGAAAA

-714 PTGAATATGA TTTAGTATTC GATAGCACAA TAGGATGACT ACTGTTAATG ATAATTTAT

-654 AAATAACTAA AATAGTATAA ATGGGATGTA TGTAGCAGAG

-594 CATTGGATA CTCCATCACC TGCTGTGATA TTATGAATGT CTGCCTATAT

-534 AAATATTCAC TATTCCATAA CACAGCGCCT CITATGTACC CACAAAAATC

-48¢ TATTTTCAAA AAAGTTGCTC TAAGAATATA GTTATCAAGT TAAGTAAAAT

-434 GTICAATAGCC TTTTAATTTA ATTTTTAATT GITTTATCAT ICTTTGCAAT

-384 AATAAAACAT TAACTTTATA CTTTTTAATT TAATGTATAG AATAGAGATA

-334 TACATAGGAT ATGTAAATAG ATACACAGTG TATATGTGAT TAAAATATAA

-284 TGGGAGATTC AATCAGAAAA AAEIIIQIAA AAAGGCTCTG GGCTAAAAGA

-234 EEA_EEAAAQ AATAATGAAA AAAATGTGGT GAGCAAAAACA GCTGAAAACC

-184 CATGTAAAGA GTGTATAAAG AAAGCAAAAA GAGAAGTAGA AAGTAACACA

-134 E&Eﬁ&llllﬁ EAAAAIEIAA.ASSASIAIEI IEEEIAIIIA.AEEEIAESEA

-84 QA_ASEAAEE IQIISAEZE:?LSSIEEABES JAAGGTTTAG EQIQAEEEA_
ATG (1)
-34 IIGACCTTIG

IIQAAEEAE_-EI_EQAESA_ CTIGCAACATC
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Secondary cel
passaged one or

of nean
cont act - i nHVE;%:

nunber

not apply to cells that are

and secondary 10 cells are not

strains consist of secondary cells which
nore tines.
Populatlon
(anchorage

propagated in suspension culture).
I mMmortalized

| mort al

have been

Secondary cells 5 typically exhibit a finite
doublings in culture and the pr
§®92 anchor age- dependent growt h

g@ﬁéﬁé@ﬁ@% does

Primry
ized cells

are cell lines (as opposed to cell strains, with the designation
"strain" reserved for primary and secondary cells) that exhibit an
apparently unlimted |ifespan in culture. 15 ' Cells selected for

transfection or
cells which do -
of the 1FNA2 protein

obt ai ned) ,
physi ol ogi
augnent ed
which it i
I nduction

i rmortalize

can be 30
cell types

not ,

which'is

I nfection can

as obtai ned,
, (i) cells mhlch nake or contain
in quantities other than those desired 20
than the |evel

o i o

(such as,
physi ol ogi cal |y nornal_

|nto four types or categories:
contain nore than trace .anounts

(1)

t he protein but

(iii) cells which make the prot eilg PhACATAARE ETGAAGE

GTTAAAAGTG
FGTTTATGTA
CTCATGETAA

AAAACACAC
[GAAAGAGAA

GAATGTATT
CAGCATTTT
GGCCAACAT
CACATGCCT
AGGTGGAGG
AATAAGACT
CAATGATTC
TAAAGGGAT
TTTATATCA
TATATAGTG
CCCAATACT
GACAGACCC
ATCATCCAG
CTAGTAGAT
GCACATGGA
TAGAAAAAA
GTCCCAAAT

AEYM]‘RF’ &
e

CATAAATAAT

GACTGATTTT

AGGGATGGAA

ACATCCTTTA
ACACCCCAGA
ATTTAGACAT
CTTTTCAAGA
GGGAGATGAA
ATCAGTGTTA
CCTCCAATCT
CACCAGAGAA

GGCCATCAAA'

AACATTGAAT
TTAAAAAAAA
GGGAGACTGA
GGCAAAACCC
GTGGTTCCAS
TTGCAGTGAG
CTGCCTCAAA
ATTGCCTACA
GGAAAAATAT
GACAAAATAS
ATAAAGGGGT
GGAGTACTCA
CCATACAATA
ACAGAAAATT
ATTTACAGAA
TAATTCTCAA
AGTGAAATAA
AAATACAATC

ATACTAATGT
AATGATGTCA
CAAGTGCAGG
GGGTGGTATG
ATATTTAGAA

TATAGACAAT

GTCTGATTTT
CCAGTTTAAA
AAAICATACA
AATCACCTAC
TAATCAGAAA
GTAAATGGAC
TATTACACCG
GCCGGSTGGA

TGTCTCTACT

CTACTAGAGA
CTAAGATTGA
AAAAAAAAGC
AGAAGTATGC
TCTATGCCTA
ACTGCAAGAC
CCATTTAGCA
GGTATATAAA
ATAACTGGAG
AACAAACATC
CATTTGATCC
GGATATACCA
TATCAAACGT

GAGATAAAA

TGCCTAAAGA
CAACTATTTA
AAAGGTGGAA
GTATGTTGTC
AGAGGAAAGA
ACAGTTAAGA
TTGETTTTTT
ATAATGGGTT
ACAAATACAC

ATTAAAAGAA

ATGAATAACA
TAAGCTCTCC
AGCTGTGCGT
TCACTTGAGC

AAAAATACAA

GGCTGAGGCA

"TGGAGCCACT

AAAACAAAAC
TTCACCTTTA
TGGAAACAAA
AAAAACTAT
AGAGCATTTA
GCAAATATTA
ACTTCAACAC
AAATTTCATC
AACAGCTGTA
AATGCTAGST
TTTCTCTCAC
AAGGAGACGA
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i NLTBARTT BRASST RRACARMATELIGA) TITF Bk

TtgA%ﬁ;ﬁé UAGBARTAT CARGCANFAM SMATGTACTG ACTAGATARR GTAGFARAAG
GERAATI T ITGORATGTA tTRATTE TR0t eabAARGTTT eTUTRTTATY dARSTTTCEY
gt edaf dARt ArTeRIGCREN TAHT FERTNLRAL LT ACPRAW O g8l Tcatd
A?kaﬁﬂfkﬂgﬁrlEiAFtf*kf??esznTATTTAAAAA

AACTGATTCT
TCACCAAATT
CAGTTCACAC
GATTGATGAT
TGTTGTGAGC
TGAACCAATC
TATAAATGGA

TITTTITTTG

ATAAGACACT
ACAAAATAAA

AGACAAATAG

AAATGACAGG

AATGAAAGAC

GGTGTCTCAC
CCAGGAGTTC

AAAATTAGCT
GAAGAATTGC

GCACCCCAGC
AAAACAAAAA

AAGACACATA

CAAAAAGAAG

G AAAAGAGAGA

ACAATTCTAA
TTAGAGCCAA
CCCACTTTCA
TGCACCATAG
GAATACACAT
CACAAAACAA
CACAGACTAA
GACAACCAAT

TTC?GCTCTC.

GTTTGAAGCC

ACACATTCTG
TTEGGGGAAT]

TGTGTGAATG

in quantities |ess
for the type of cells as

ch is
t are to be
v) cells in

fecondary and
bent et hod

appropriate

AAAAATAATA

AACAAAAAA
CTTTTTTGT
ATATGCAAG
AAGGAGAAA
GAAGAAAAT,

AATAAGTCCT]
AGGGAGTGGG

ACCTATAATG

cacaccaced

GAACATGGTQ

TTGAACTTG]

CTAGGTGACA
ACCCTTAGAQ
TAGACTGAAG

CAGAAGCTAQ

AAGAAGGTC
ATATATATTQ
AGAGAGAGA
GCATTSGAC
GTCAAATGG
TCTTCTCCT
ATCTTAAAA
GAAAAAAAG
ACCACAAAA




culture. For exanple, suitable primary and secondary cells include
fibroblasts, keratinocytes, epithelial” : “celils (e.g., mammary epitheli al
cells, intestinal 35 epithelial cells), endothelial cells, glcraisesains,
neur al [ 57292

PCT/ US99/ 09925 - 29 - ~cells, forned

el enents of the blood (e.g., |ynphocytes, bone marrow cells), mnuscle
cells, and precursors of these somatic cell .tyfes. Were the

honol ogously reconbinant ' cells are to be used in gene therapy, primary

cells are 5 preferably obtained fromthe individual to whomthe

Exanpl es of

CCL 98),

I rmortalized human cel
or gene therapy include,
carcinoma cells (Van der

but

transfected or infected primry ec
admi ni stered. However, FQ§1Z Rﬂgggxm

primary ce
i ndi vi dual

ot her than the

can

fall s are to
obt ai ned

be

froma donor (i.e.,

reci pient) of the sane speci es.

ar e

not
Blick et al.,

| i nes usef ul
limted to,

Bowes Mel anoma cells (ATCC CRL 9607),

AAACTGAAT
AGAGATTCA
TAATGTCCT
CTAAGTAGT
ACCTAAGTT
AAATATTTT
TGGATCAT

CATTAGAAGA
ATTCCTAGAA
GAAGAAATAC
CTTCATGGAA
AAGCCATACT

- TTTGCCAAAT

GGACAGAATC
TTATATTTTA
GCCAATATCT
TCAAGAACAC
AGTGTGGTTA
CCAGCTCCAT
ACTCCATTGT
GCTTCCAAAT
GTTGACATAC

TACTATGAAA
ACATACAACA
AAGAATTGTT
CCATGAAGAA
AAAAAGTATC
ATTTAAAAAA
TTTCCAAATE
ATCACATATA
CTGATGAACA
ATTAAAACAA
GGTATGTGCA
CCATGTTCTT
GTATAAGTGC
CTTAGCTATT
TGATTTCATT

CTATATGCTA
TACTGGTCTG
TCTAGAACCA
ATACAAAATG
CCAGAAAAGA
CTAATACCAA
TATTCTATGA

AAACCAGAGA

TTGATGCAGA
TCATTCATCA
GATCAATGGG
GCAAATGACA
CATATTTTCT
GTGAATAGTG
TCCTTTGGAT

ATAAATTGGA
TTCAGGTTTT
TTCTTGTATT
TGAACAGGCC
ACTCAGGATC

TCCAACTCAA

GGCCAGTGTT
AAGACACATT
AATCCTCAAC
TGACCAAGTG
TTTAATGTTG
GGATCTCATT
TTATCCATTC
CTGCAATAAA

AAATACCCAG

for protein production
2780AD ovari an

Cancer Res., 48:5927-5932, 1988),
(American Type Culture Collection ("ATCC') CCL 185),

AAACCTGAA
GTATTTTTT
TCTTCATGG
AATAACAAG
TGATGGCTT
ATTATTAAA
TTTTCTGAT
AAAAAGAAA
AACAAATTAG
GAATTTGTCO
TCCAATGAAC
CTTTTTTATG
ATCTGTTAG

CATGGGAGT

TAGTGGGAT
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CCRF- CEM (ATCC CCL 119), CCRF-HSB-2 (ATCC CCL 120.1), COL201 (ATCC CCL
224), COLQ205 (ATCC CCL 222), COLO 320DM (ATCC CCL 220), COLO 320HSR
(ATCC CCL 3589dk720P2udi célls (ATCC CCL 213), Detroit 56PCTANRINLINTE
138), HelLa 20 cells and derivatives of HeLa cells (ATCC CCL 2, 2.1 and
2.2), HCT11l6 (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 | eukem a cells (ATCC CCL 243), KB carcinoma cells (ATCC CCL 17),
KG 1 (ATCC 25 CCL 246), KGla (ATCC CCL 246.1), LS123 (ATCC CCL 255),
LS174T (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), NCl -H508 (ATCC CCL 253), NClI-H548
(ATCC CCL 249), 30 NCI-H716 (ATCCr{g.L8251), NCI-H747 (ATCC CCL 252),

NCl - HL688 (ATCC CCL 257), NCI-H2126 (ATCC CCL 256), Raji cells (ATCC CCL
86), RD (ATCC CCL 136), RPM 2650 (ATCC CCL 30), RPM 8226 cells (ATCC
CCL 155), SNU- C2A (ATCC CCL 250.1), SNU- C2B (ATCC CCL 250), SW13 (ATCC
CCL 105), 35 Sw8 (ATCC CCL 231), SWI03 (ATCC CCL 230), SwWi80. (ATCC

WD 99/ 57292 PCT/ US99/ 09925

al

3P
GAGA ACCTGGAGCQ

. ' ATG (1)
AAGGTTTAG GCTCACCCAT TTCAACCAGT CTAGCAGCAT CTGCAACATC TACAATGGCE

TGACCTTTG CTTTACTGGT GGCCCTCCTG GTSCTCAGCT GCAAGTCAAG CTGCTCTGTG

g
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- $%¥? ooo CCL 227), SW2Q_ (ATCC CCL 227), SW837 (ATCC CCL 235), USVBdd09925
(L %fi 237), SWL116 (ATCONGCL 233), SWLAL7 (AdCeses CCle238), SWE4Q3 - ,
(ATCC CCL 234), T84 (ATCC4 48), U :*eW37 cé:-l-.._s.-(ATCé.i CRIis*$593)s Wy Dt
(ATCC CCL 218), and W- 5 13 subliné 2R4 celbs (ATCCsCLE *7501),* A2 YRk

as het er ohybri doma cel | oduced by2fust on of Aufman cells and cells

of anot her species. Secormdafy human fi brobl ast strains, such as W-38

(ATCC C@erispdafdonRChe nawdg Gdeclosedl B’ mepcohdingesequenceddiido?,
primary, secondary, or 10 i rtalized human | | as well .as _primary,
secondaFf?nscr&Ptﬁﬁﬁﬁﬁt5Fﬁ?gg%8§Wi§EHPGPF8rhe&%§p§EF8§Fr&Bﬁlﬁgaﬁsed f or

in vitr ' I I~Qn s : ol 2 r ' I'ls
Hono|oggE§P§%$§§8ﬁ§? a%%c%éP?%f%?%%%gh?ﬁégﬁffoﬁnlguééggggse?%mgghgf desired
| evel s amdnsceiptdbnzlfl aeghdbitory isequehnce pfodhet eadogenbEEAZFNA2 gene

t her apy. Protein Production . _Honol ogqusl y _reconbi nant
cel Ps a8€Bedi ndheo tAgpeting gegnenss cdxeresusbe AateprabirroOfr §86cti on of
| ENAZ. | ) : bl , . _ .
the. art TogRiaEoRg, RaReaCR, AR ATHeUICH! (ARt ai R o8, fRRELENSH | T,

be puri frirsglofcodiag lsebyedices stichCéhlat theUpegndbébtry. sefuphaenbecdinesal
conposi tion containi ng the | FNA2 protein can be delivered to a human or
an 25 aepeaptiyedynidmiednglo ther endogencyls codisg kequence-th8y  art
(e, A Bralllavenaus, JuLLamIsel! 2oy THEA0888 utory” YoTRAAEE can

10 direct expression of the endogenous IFNA2-coding sequence. The

construct may additionally contain a selectable marker gene to

facilitate selection of cells that have stably integrated the

construct, and/or another coding sequence linked to a promoter.
In one embodiment, the DNA construct comprises: (a) a

15 targeting sequence, (b) a regulatory seguence, (c) an exon, (d)
a splice-donor site, (e) an intron, and (f£) a splice-acceptor
site, wherein the targeting sequence directs the integratioﬁ of
itself and elements (b) - (f) such that elements (b) - (f) are
within or upstream of the endogenous gene. The regulatory

20 sequence then directs production of a transcript that includes
not only elements (c) - (£), but also the endogenous IFNA2
coding sequence. Preferably, the intron and the splice-acceptor
site are situated in the construct downstream from the splice-
donor site.

25 The targeting sequence is homologous to a pre-
selected target site in the genome with which homologous
recombination is to occur. 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)

AMENDED SHEET



(ﬁ? bgsg! . transdernal, N subcut aneous, intraperitoneal, : or US 009909925
|ntra eS|onaI) O al adn1n|strat|on nay.reqU|re Us@e30 of-a JSterat egy-v,08~-.

protecting the protein fron1degradat|on. Sin the gastr0|ﬂtq9PPQal greget: o

€é.g., by encapsulation in pol ymeri c n1crocapsu|es . %o’ e CENE %L
Ther apy Honol ogousl y reconbi-Bant® cel IS *of *t he present 35
i nvention are useful as popul ati ons of honol ogously WO 99/ 57292

PCT/ US9%yagggziious nucleotides of SEQ ID NO:12. -3dn addltmorpa}q]ant cel |

i nes, as oooulatlons of honDI ously r.eco ant primar e dary
cel T, dad et ARETCe (R AN @toraestord o3 1 A 199 Fie
horol ogays! y,, C%{#{@f LRI DGR AR, raq:s,leaay?c 390 5
cel | m%tblsfres |:L aed at edgtrﬁ{)ér?'e regirieeés:?rﬁ ﬁe 02\1 of one of the
four presetiitgcet egorles: infed) @ISR WD WO : 16, @miliczatt zmelﬂesg S @tesent.
Such cells may be used in a delivery system for treatbggﬂ% I nf ections

caused byeast s?t}bt?%ﬁ(l)sé’ﬁ%wﬁ IRl eRtides RHFEQ (1D C°® &K r uses,
vacci ni g, g0 ngf fé P! e)%t}”t];]éeé;fst NEJ Peso 2096 or MAHJ)CedftSiGudid Us, and

rhanV|rus any o
nucleotides of SEQ ID NO:18. SEQ ID NO:7 corresponds to

nucleotides 1 to 278 of SEQ ID NO:11; SEQ ID NO:8 corresponds to
nucleotides 3492 to 3564 of SEQ ID NO:11; and SEQ ID NO:12

10 corresponds to nucleotides 279 to 3491 of SEQ ID NO:11. By
"homologous" is meant that the targeting sequence is identical
or sufficiently similar to its genomic target site so that the
targeting sequence and target site can undergo homologous
recombination within a human cell. A small percentage of

15 basepair mismatches is acceptable, as long as homologous
recombination can occur at a useful frequency. To facilitate
homologous recombination, the targeting sequence is preferably
at least about 20 (e.g., at least 50, 100, 250, 400, or 1,000)
base pairs ("bp") long. The targeting sequence 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, 8, 1i, 12, 15, 16, 17, and

18 (particularly human

AMENDED SHEET



bqg_djg.'gm treatable w tph | FNA2. Honol ogousl y feconbi nant Uy 009909925

cells, clonal cell strains or heterogenous cekl estsai ngearesls5  --, --,

adm ni stered to an individual in mhon1thé.bbnorn§l-op. . :Jnéqskgablg °s °

condition is to be treated or preventeds ine sufficeents quantrty anc by,*
1 o088 O [ (] 4

an appropriate route, to ex- press oP-neke avar I'abl e the protein or

exogenous DNA at physiologically relevant | evels. A physiologically

rel e- 20Carget lsdte iiss Sdn&owtiheh codimer sgapencenefean ga oug IFNA#B ch
the product is_pormally _produced.in the %o%¥ or - Tes%lts i n J.nprovemnent
of the §ﬁﬁﬁrnaF%8F dide SPPaBEEO™MLC: SRFEEFo F 1t B SRR FE enei ¢

W th respetlente® as welTMHROGINREHERLATSE RegfllenckNe cells can be
adm ni stered 25 or inplanted intravenouSly, fintraarterially,

subcut aneousl y, i ntthepdanvemtdan »lsontfeatmesaltiansfecteldr eralinEmodedar | y,

intrathec%llyh in n:&ganially, or I ntranuscul arly. If the
cel Ps ar&id&t 18y w i Ehen FongETNEL PRdningsToene BERELeS¥ ent , t he

or mor o eSS TR Gk 1 Berpnu® o BBl LE Ehe" BRBGARELTIAE | L 0T
the deviiggtdae ionckddoal ihheneelhks batd allelewebifedhbr emdogaviond [TIFNAdeVi ce
upon inplantation into 35 a subject, but the therapeutic protein is freely
gene. Such transfected or infected cells, also called
homologously recombinant cells, have an altered IFNA2 expression
10 pattern. These cells are particularly useful for in vitro IFNA2
production and for delivering IFNA2 via gene therapy. Methods
of making and using such cells are also embraced by the
invention. The cells can be of vertebrate origin such as
mammalian (e.g., human, non-human primate, cow, pig, horse,
15 goat, sheep, cat, dog, rabbit, mouse, guinea pig, hamster, or
rat) origin.
The invention further relates to a method of
producing a mammalian IFNA2 protein in vitro or in vivo by
introducing the above-described construct into the genome of a
20 host cell via homologous recombination. The homologously
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) contiguous nucleotides of SEQ ID NO:7 or its complement, at

AMENDED SHEET



: S-O6RRY | ' PCT/U899/09925
WOI _ us 009909925
- 32 - perneabl e and can | eave the harrier devieee.and gntaf, the .

cal space surrounding the inplant or &nt®} thé&isysteni c $ Suior cul BtiDh.
ls'ge, e. 5., U. S. Patent gNOS. 5,641,670, « 53470, 3?1 5,520, 883, 35, 487,:737.,.
and co-owned U.S. Patent 5 Appli cation&ntlt| ed®® DAF| very‘ of *Thefaptltit
Pr ot ei ns” I nventors: Justin C. Lansa and Douglas A Treco), filed
April 1619265920, ((f-Herepf LRBEEP3PaPEdSBY cehbignews nucld@beibesr ber SEQ

t
"ot r aper EDong: bR L8 B TaNe08" B 1BRGE aRolet§: - (AFy heestLPa | 50,
within tmeol,<ldﬁeyooo)C@eﬁﬂLQuoeé ﬂh&*ﬂ?atiaés ﬁ? #@‘gousﬁqy 12 o%gﬁ%mer

devices are particularly useful and | ow reco _
i nmort al FQ@E{)@@entf abnbeagbudby(e.gr gcattbleast ze||sofrem apes her species

eic cells or cells from a nonhi st o-
Conpat | BEPLEYTRRYE HEAC BT SR oo, SHOUL NP 556 @ ke compi enguh atcol | 5)
f u e ices.retain c
;Of Piehnﬁ%i‘.g%ueg% ?%néigﬁ%%%i?gtlb?% ec |%%Qt¥15m§ ;jfé 9% ohrfhe host' s

|
i mune 2©omgbemmtBaat|beasiev2@e$ea¢sp it %@@W@%ﬁ@oﬁ%%tiﬁéﬁs when

., transient) thera al l owi ng ready renoval
'E Ihe tredt of gg@ o%lfbé‘l%al? €@ fifs complemearis,oror Tatarikdast ez or

|nfected(ég§pgqgglfeggg 30, 50, 100, or 1000) contiguous nucleotides of
i0 SEQ ID NO:18 or its complement.
In one embodiment, the isolated nucleic acid of the
invention includes a contiguous 100 bp block of SEQ ID NO:11.
For example, the isolated DNA can contain nucleotides 1 to 100,
101 to 200, 201 to 300, 301 to 400, 401 to 500, 501 to 600, 601
15 to 700, 701 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 1200, 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, 2801 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:1ll-derived
25 sequence is not linked to a sequence encoding intact IFNA2, 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 incorporatéd 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 sequence
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al1l506@ cells may al so be used in the absence of 25 barrier devi LS 0H9609925

short - ternlgene therapy. In that casg, the IF&M&.pxoduaad by the eell&,

will be delivered in vivo until the ¢&LtS aré&ir@pected by -t.he host '-s; :
i mmune system A number of gsyndheti§, seliSynt Retid, of_es o
natural 30 filtration nenbranes can be-Osed for *hi*4® purpdSe, ** nctudi ng,
but not limted to, cellulose, cellulose acetate, nitrocellul ose,

pol ysul fwiniesh dalesyibetiwetaneche INNA2Iaidding Eeiguennd arid ahicdesqupiemes s and
pol ymers of pol yvinyl chloride derivatives. Barrier devices can be 35

utili ze@qléf%ﬁ%@lﬁ?g rte? VBEQ dOAWrL asr ditmexishis Aay the genommcgfg/asngz

PCT/ US99/ 925 ot her
speci escigﬁbe use G deec Chferbupt lIS not i}l}r?g‘te?ag to, a ﬁlther ype of

devi ce usefiHcdrpdh SE Nt e eg:masmd)fort RA rudverddr Qi ii)S wHi dHYRband e | &
collagen matrix in 5 which the'cells are enbedded. Such a device, which can

cont@ai n eatranarevmaledile cigidepentdenth off otdesr magpgniaes, e.g., a
fragment produced by polymerase chain reaction ("PCR") or
restriction endonuclease treatment. The isolated DNA preferably
does not contain a sequence which encodes intact IFNA2 precursor
(L.e., IFNA2 complete with its endogenous secretion signal

10 peptide).

The invention also includes isolated DNA comprising a
strand which contains a sequence that is at least 100 (e.g., at
least 200, 400, or 1000) nucleotides in length and that
hybridizes under either moderately stringent or highly stringent

15 conditions with SEQ ID NO:7, 8, 11, 12, 15, 16, 17, and/or 18,
or the complement of SEQ ID NO:7, 8, 11, 12, 15, 16, 17, and/or
18. The sequence is not linked to an IFNA2-coding sequence, or
at least is not linked in the same configuration as occurs in
any wild-type genome. By moderately stringent conditions is

20 meant hybridization at 50°C in Church buffer (7% SDS, 0.5%
NaHPO,, 1 M EDTA, 1% bovine serum albumin) and washing at 50°C in
2X SSC. 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 SSC. _

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%, 90%, 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, 8, 12, 15, 16, 17,
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\}\@59(76.254)95, herein incorporated by reference. It can be irrpl ant 959909925
descri bed above. The nunber of cel | s needeel for.-a sven desge of

10 i npl antati on depends on several factdfs’sincl®ddisng thes . expressi ons .
level of the protein, the size and condiiti ob Jof the hokt sahi ral , cande he
linmtations associated with the i mpl=ftation*SfS¢&dure.® Usudl Iy the
nunber of cells inmplanted in an adult hunman or other simlarly-sized 15
ani mal i®F i¥B ¢ helhargrausnge X & ofek rlinked Lo 10f eintjactaritFNA2 predimabl y 1 X
10[err] to 1 X 10[err

f d d b | d | |
sites i TRE pati et &lte ]t%?eﬁt;fl E}%éﬂ fh’ﬁ%l% tg?ﬁ’ersaé“r% an %‘?é%&u‘ﬁllt’il .

years. Jdus9sadariPiwild e d F&r@d&% as needed. 20 Deposit
Under the terns of the Budapéest “Treaty on the I nternational Recognition

of the De?ﬁtisrre ofpart uckao mushysept fds  dhendilrguas eacnifd RedlesduRE ol ose 23
asm d pA2HB was, made with the Anerican Type 25 Cul ture

t he td£ sit of %lr
Col 1%t i q’{ eHIAS iRgREeND 1dent iy IVH-’y consgrvatggg! thhed deposit was

gi ven ACLESSL % %g._Q ant nee
Transkaryotic e% %7%2 i m'lrcelr?rlecsearﬁ t"}? < "ﬁ‘ee'A%%Egl%e%c%tpo& tory
af f or di niglent isf mm&fvawmuﬂqmsaétmﬁﬂe@@y @f‘eesasmg}aﬁlﬁnm té@f@@ré‘ﬂ
by the public if a patent is granted. All restrictions

avai | abidng Ylitld athe GRRIOST @98%e rvﬁue:rh dls smbodigshdgi ttéﬁe \AIHIGN)e
e SRS 41 T o B P s
deti M RrshdltBot he @a{anasga@gedacmﬁ dintd thhPeQ:et Rl %&%té?s GR 114
required. All other parameters are set to their default
positions. Access to ALIGN is readily available. See, e.g.,
http://www2.igh.cnrs.fr/bin/align-guess.cgi on the Internet.
The invention also features a method of delivering IFNA2 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 endogenous IFNA2 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 IFNA2.
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, or 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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- 34 - and 35 U.S.C. [err]122. The.deposited wméerialeswi b be -- .-

mai ntained with all the care necessary §d.%eep '¢ viabl e :and. ¢ 00 e
uncontani nated for a period of at leastsfivle yeads ¢ af teers@hes npst, recent
request for the furnishing of a 5 sanpfB-Jf the&*deposited maférial,’ and”’in
any case, for a period of at least thirty (30) years after the date of
deposi t BMINRAhe SrTreRees of PR @rimerd kB, IFN2hi NG ecrapdrIBd7is

| onger . licants' Si gnee acknow edges its duty to replace the
deposi t aﬁ\jﬁ%drﬁ&t%tﬁ%%ﬁ%g%’%‘f?"&?y be unable to furnish a sanple when
request ed due top{de é’oi@'élf[é’éh&ﬁaﬁ[}g cﬂ%ﬂtﬁ'sh w'n% the hum%ré IFNA2

O her Enbodi ments Is to nder st ood t ha Ilet
i nvent i grenomimsrdyeion dascongressed o hecdnsesrinidth glsnitied apAxHB 15
description thereo the foregoing descriptionis I ntended to illustrate

f
and ot to limt tt%i%cd’pel%fa tfapresentation of the nucleotide sequence
(SEQ ID NO:7) of a region upstream of the coding sequence of a

human IFNA2 gene. This nucleotide sequence has not been
reported previously.
Fig. 4 is a representation of a sequence (SEQ ID

10 NO:9) of a human IFNA2-coding sequence and some flanking S5' and
3' non-coding sequences. The underlined sequence (SEQ ID NO:8)
has not been previously reported. The polypeptide sequence
(SEQ ID NO:2) encoded by this gene is also shown. The N-
terminus of the mature polypeptide is indicated by "Mature."

15 Fig. 5 is a schematic diagram showing a construct of
the invention. The construct contains a first targeting
sequence (1); an amplifiable marker gene (AM); a selectable
marker gene (SM); a regulatory sequence; a CAP site; an exon; a
splice-donor site (SD); an intron; a splice-acceptor site (SA);

20 and a second targeting sequence (2). The black boxes represent
coding DNA and the stippled boxes represent transcribed but
untranslated sequences.

Fig. 6 is 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:12.
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.
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QG her aspects, advantages, and nodifications ar@ 20ew thj t e scope-pf, t

foll owi ng cl ai ns. What is -cloai-med |-s ---. - s see s e : :

- 35- 1. A DNA construct that alters expre95| on-of ap,-engpgenws' i
Interferon-[err] 2 gene in a mamalian Tdel [ upon |ntegrat|on into the

genonme of the cell via honol ogous reconbination, the construct conprising

(i) a targeting seﬁh@nc@ tenaareprgsentaehon of aofirgfuctargetingti des of

SEQ 1 Dg%) # #P cr| i pnal re uI atory eguence. 2. The
DNA con3 ?%c?c ?% g aNé\Ag‘gf e‘rlﬁ h?anc%ng? of “the Invention.
Fig. 8 is a representation of a second targeting

sequence (SEQ ID NO:14) used in a construct of the invention.

Detaile e iption

The present invention is based on the discovery of

10 the nucleotide composition of sequences upstream to the coding
sequence of a human IFNA2 gene.

Interferon-a constitutes a complex gene family with
14 genes clustered on the short arm of chromosome 9. None of
these genes, including the IFNA2 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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splice-acceptor site. 3. The DNA canstruct.cﬁ.clahn11pomhere|Q tﬁ

13 C‘CD

construct further conprises a sel ectabl & #¥rker® gene. . ..4. The
construct of claim1l, wherein the targeﬁlng sequence conbalns az Ieast-QQ-
conti guous nucl eotides of SEQ | D NO 01413~ * *5 A°DNA coist flict® t Wat

alters expression of an endogenous Interferon-[err] 2 gene in a mammali an

cell upon integratﬂom i3ntkdp Hmmdymiemamﬁﬁ Ehagmeht \frovhphBlgegdud -1 was
reconbi na n, the construct conpr|3|n ) a targetin sequence contalnlng

at | east OBRG GRS PRIGISSSTimEs dStpakegeneanda Yolla, CA) to
transcr ipidgt A%@%I a3 Y5 S %&%s rox1m§tte-£§e4D§|Ak%0%‘°ft ruct of claim
5, wheréin ?h (E,)(r)nstructl PU # SPPSea AN ex spl i Ce-donor site,
an |ntrunxran@crab&ﬂlmgst&eeﬁp@QQU&mbes, the protein-coding region (1.1
5 kb), and approximately 2.8 kb of downstream sequences of the
IFNA2 gene. A restriction map of the 8.3 kb HindIII-BamHI
fragment is shown in Fig. 2.
The pA2HB plasmid was sequenced by the Sanger method.
A 278 bp sequence whose 5' terminus is at the 5' end HindIII
10 site is shown below (see also Fig. 3):
AAGCTTTTATAGGTGTAAATTTTCCACTTAGTACTGCTTTTG
TAATGTTGTCTTTTTATTTTCATTTATCTCAAGATGTTTTCT
AATTTCTCTTGACTTCCTTCTTAAATTCTTACCTCATGTAGA
15 CATACATTTTTGGCCCTATGCATTGGGATGCAAAACCAGACT
AATTTACTTTGTACAAAAAGAAAAATGAGAAAGAAATATATT

TGGTCTTGTGAGCACTATATGGAAATACTTTATATTCCATTT
GTTTCATCATATTCATATATCCCTTT (SEQ ID NO:7)

The HindIII site is located at position -4,073. A
20 previously unpublished sequence between positions -583 and -511
was also determined, as shown below and as underlined in Fig. 4.

CATTGGATACTCCATCACCTGCTGTGATATTATGAATGTCTGCCTATATAAATATTCACTAT
TCCATAACACA (SEQ ID NO:8)

The sequence (SEQ ID NO:12) between the regions corresponding to

25 SEQ ID NOs:7 and 8 was also determined.

The genomic sequence between positions -4,074 and
-511 (SEQ ID NO:11) is the sequence which is not underlined in
Fig. 6. SEQ ID NOs:7 and 8 correspond to nucleotides 1-278 and
nucleotides 3492-3564 of SEQ ID NO:11, respectively.

30 To alter the expression of an endogenous INFA2 gene,
a DNA fragment containing nucleotides 279-3311 of SEQ ID NO:11
was cloned into a plasmid to produce targeting construct pGA402.
Nucleotides 279-3311 of SEQ ID NO:11 was designated SEQ ID
NO:13. The fragment was inserted upstream of a CMV promoter and

35 a neomycin resistance gene and is schematically represented in
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15A0é2)%ogonstruct that alters expression of an endogenous Interfert[good;gégggxs
gene 1n a mamualian cell upon |ntegrathon dnto the.genonn.of.bhe cedsl yra

honol ogous reconbi nation, the construct* cdhprlébng (|) & tahgetlmf .
Sequence contai ni ng at Ieast 20 contlguou& nucl ot i des’ of SNAD Ntrﬁ and
(ii) a transcriptional regulatory sequefiée.® *eee*® 8. The Const r uct
of claim?7, wherein the construct further conprises an exon,

splice- ddi@r it efomnthat secondntargsping eseguenterosi Fig- 5, a DNA 9. An

i sol ated_nucl ei c aC|d conpris | east 50 conti nucl e tldes of SEQ
ID NO  15¥39meRE CoRb %g?%?hd?%e *&oFat ey ‘%ﬂc‘l'ﬂé‘? not

encode fc+g$%$%§n%%8wﬁniﬁr féonl[ﬁﬁé]cfbn?d downs%Fééh JPetﬁéq&ﬁ@ed nucl ei ¢

acid of erein i sol at'ed nic
promoter and neomycin resistance gene. Nucleotides -68 to 69 of

5 the IFNA2 gene was designated SEQ ID NO:14. The pGA402 plasmid
was introduced into human fibroblast cells exhibiting little or
no INFA2 gene expression, to allow homologous recombination with
the endogenous INFA2 gene. Cells resistant to G418 after
plasmid introduction were screened to identify cells with

10 increased INFA2 gene expression, as would be expected if a
homologous recombination event between pGA402 and the genomic

DNA took place in the vicinity of the endogenous INFA2 gene.

General Methodologies

15 Alteration of Endogenocus IFNA2 Expression

Using the above-described IFNA2 upstream seguences,

one can alter the expression of an endogenous human IFNA2 gene
by a method as generally described in U.S. Patent No. 5,641,670.
One strategy is shown in Fig. 5. 1In this strategy, a targeting

20 construct is designed to include a first targeting sequence
homologous to a first target site upstream of the gene, an
amplifiable marker.gene, a selectable marker gene, a regulatory
region, a CAP site, an exon, a splice-donor site, an intron, a
splice-acceptor site, and a second targeting sequence homologous

25 to a second target site downstream of the first target site and
terminating either within or upstream of the IFNA2-coding
sequence. According to this strategy, the 5' end of the second
target site is preferably less than 107 bp upstream of the
normal IFNA2 translational initiation site, in order to avoid

30 undesired ATG start
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conpl enent . 11. The isol ateds nuel ei c_@acéckeof chaj MmO, wherein-
the isolated nucleic acid conprises aX Jeast ﬁbOooontlguous-ﬂuclqotg&es-
of SEQ 1D NO 11 or its conpl ement. oe LI S BN SO
3 -f9- *AvENDED YHEET |

Targeting Sequences

Targeting sequences permit homolégous recombination
of a desired sequence into a selected site in the host genome.
Targeting sequences are homologous to (i.e., able to

5 homologously recombine with) their respective target sites in
the host genome.

A circular DNA construct can employ a single
targeting sequence, or two or more separate targeting sequences.
A linear DNA construct may contain two or more separate target-

10 ing sequences. The target site to which a given targeting
sequence is homologous can reside within the coding region of
the IFNA2 gene, upstream of and immediately adjacent to the
coding region, or upstream of and at a distance from the coding
region.

15 The first of the two targeting sequences in the
construct (or the entire targeting sequence, if there is only
one targeting sequence in the construct) is derived from the
newly disclosed genomic regions upstream of the IFNA2-coding
sequence. This targeting sequence contains a portion (e.g., 20

20 or more contiguous nucleotides) of SEQ ID NO:11, e.g., a portion
of SEQ ID NO:7, 8, or 12.

The second of the two targeting sequences in the
construct may target a genomic region upstream of the coding
sequence or target part or all of the coding segquence itself.

25 By way of example, the second targeting sequence may contain, 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 segquence. 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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135 o'gngog@ol ated nucleic acid of claim9, wherei n the isol ated nucl BISC0EEa0b925

conprises SEQ ID NG 7 or its conplenments ¢ ¢ 4+ Theget sobat ed Juglerg

acid of claim9, wherein the isolated nycd ql c aq deewconpei spg*SEQ 1D MY 83

or its conpl enent. 14. The isgl ated nygl g acied,of ¢t a) m,Q' %ee’

wherein the isolated nucleic acid corrp?q"ses SEQ I D NO 11 or its

conpl enent . 15. The isolated nucleic acid of claim9, wherein the
i sol at edremading sufdiiciesdiy ihvewlagdusasio mec@mdog@mymmdémg degism SEQ
ID NO 7 ,0r its conplenment 16. The i ola ed nucl eic acid of claim
9, wheréditn éaﬁc'ﬁ%pétoeé’% |hé)“¥?c]‘i°§°ucgoﬁ5ﬁ I°é"ast 20 conti guous

nucl eotides of SEQh2 NQ:8etirid SecRiBRITRiAy addltlonally include

sequence derived from a previously disclosed region of the IFNA2
5 gene, including those described herein, as well as a region
further upstream which is structurally uncharacterized but can
be mapped by one skilled in the art.
Genomic fragments useful as targeting sequences can
be identified by their ability to hybridize to a probe

10 containing all or a portion of SEQ ID NO:11. Such a probe can

be generated by PCR using primers derived from SEQ ID NO:11.
The ulat e c
The regulatory sequence of the DNA construct can
contain one or more promoters (e.g., a constitutive, tissue-

15 specific, or inducible promoter), enhancers, scaffold-attachment
regions or matrix attachment sites, negative regulatory
elements, transcription factor binding sites, or combinations of
these elements. The regulatory sequence can be derived from
a eukaryotic (e.g., mammalian) or viral genome. Useful

20 regulatory sequences include, but are not limited to, those that
regulate the expression of SV40 early or late genes,
cytomegalovirus genes, and adenovirus major late genes. They
also include regulatory regions derived from genes encoding
mouse metallothionein-I, elongation factor-la, collagen (e.g.,

25 collagen Ial, collagen Ia2, and collagen IV), actin (e.g..
y-actin}, immunoglobulin, HMG-CoA reductase, glyceraldehyde
phosphate dehydrogenase, 3-phosphoglyceratekinase, collagenase,
stromelysin, fibronectin, vimentin, plasminogen activator
inhibitor I, thymosin B4, tissue inhibitors of

30 metalloproteinase, ribosomal proteins, major histocompatibility

complex molecules, and human leukocyte antigens.
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i71.5-@@.2bggl ated nucleic acid conprising a strand that cdrrpri ses a S 009909925
nucl eoti de sequence that (i) is at least 200 nugl godd des.in bengt h 3nd ¢e

(ii) hybridizes under highly stringentttafdditidhsswith SEQED.NO 181 8r +

its conpl ement. 18. The i$ol gted ndicl eix *agi ds ¢f Ll aidm 17!, .

wherein the nucl eoti de sequence is at -RBast® 400°Hutt®oti d&s i A®l ehgt*t. *°

19. The isolated nucleic acid of claim 17, wherein the nucleotide sequence

IS at |e=stltiifglimucemorallest i the ehgtion between: tRO). tvwm sioeat ed nucl eic

acid co risinfla Séﬂgﬂgiéggtegggxgiggssg'ggcgﬁgiéﬁéond exon, and the
ypically, ,
splice-donor site located at the 3' end of the first exon is
paired with a splice-acceptor site flanking the second exon on

5 the 5' side of the second exon. Splice-donor sites have a

characteristic consensus sequence represented as (A/C)AGGURAGU
(where R denotes a purine nucleotide), with the GU in the fourth
and fifth positions being required (Jackson, Nucleic Acids
Research 19: 3715-3798, 1991). The first three bases of the

10 splice-donor consensus site are the last three bases of the
exon: i.e., they are not spliced out. Splice-donor sites are
functionally defined by their ability to effect the appropriate
reaction within the mRNA splicing pathway. .

A splice acceptor site in a construct of the

15 invention directs, in conjunction with a splice donor site, the
splicing of one exon to another exon. Splice-acceptor sites
have a characteristic sequence represented as (Y),,NYAG
(SEQ ID NO:19), where Y denotes any pyrimidine and N denotes any
nucleotide (Jackson, Nucleic Acids Research 19:3715-3798, 1991).

20 e it

The DNA construct can optionally contain a CAP site.
A CAP site is a specific transcription start site which is
associated with and utilized by the regulatory region. This CAP
site ié located at a position relative to the regulatory se-

25 quence: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
appara%us wilkl locate by default an appropriate site in the

30 targeted gene to be utilized as a CAP site.
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ly stringent conditio NG 7 or its conpl enent
21. An i1solated nucleic acid conprising a strand that conprises a
nucl eoti de sequence that (i) is at least 50 nuclootides in length and (ii)
hybri di zes under highly stringent conditions with SEQID NO8 or its

conpl enent 22. An isolated nugleic acid conprising a strand that
conprises a nucleotide sequence that (1) is at |least 50 nucleotides in

| ength and (iL) sha I 8 e ' It 1.ih .2 fragnment of
SEQ I D NO 11 Kavi %gb?%e%éé“ﬁggﬁéﬁggﬁ%gs g?‘%g%%u?%‘g%tg% é’xn\gggqfu??%ce.

endogenous Interferon-o 2 gene in a mammalian cell upon
integration into the genome of the cell via homologous
recounbination, the construct comprising (i) a targeting
sequence containing at least 20 contiguous nuclectides of

SEQ ID NO:11, and (ii) a transcriptional regulatory seguence.

2. The DNA construct of claim 1, wherein the construct

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

a splice-acceptor site.

3. The DNA comstruct of ¢laim 1, wherein the comstruct
further comprises a selectable marker gene.

4. The DNA construct of claim 1, wherein the targeting
sequence contains at least 50 contiguous nucleotides of
SEQ ID NO:1l1l.

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 comprising (i) a targeting
sequencé containing at least 20 contiguous nucleotides of

SEQ ID NO:?, and {(ii) a transcriptiocnal regulatqry seguence.

6. The DNA construct of claim 5, wherein the construct

further comprises an exon, a splice-donor site, an intron, and
a splice-acceptor site.
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W@B@ﬁ'ﬁﬁ%ﬂm vt B 230 hd i ol at ed nucl eic acid of 1%aPTUR 009909925 |
lerei n the nuel eotide sequence is at '|edst 100 nucleotides in |ength.
24. The isolated nucleic acid of claim?22, wherein the fragment is a part
or all of SEQ ID NO 7. . 25. The isolated nuleic acid of claim 22,
wherein the fragnment is a part or all of SEQ ID NO 8.
7. A DNA construct that alters expression of an endogenous Interferon-a 2 gene in
2 mammalian cell upon integration into the genome of the cell via homologous
recombination, the construct comprising (i) a targeting sequence containing at least 20

contiguous nucleotides of SEQ ID NO:8, and (it) a transcriptional regulatory sequence.

8. The DNA construct of claim 7, wherein the construct further comprises an

exon, a splice-donor site, an intron, and a splice-acceptor site.

9. An isolated nucleic acid comprising at least 50 contiguous nucleotides of
SEQ ID NO:11 or its complement, wherein the isolated nucleic acid does not encode full-
Jength Interferon-c 2.

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

comprises at least 100 contignous nucleotides of SEQ IID NO:11 or its complement.

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

comprises at least 200 contignous nucleotides of SEQ ID NO:11 or its complement.
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ruct of claim1l, the DNA construct havi ng undergone hom)l ogous
reconbi nati on with genom c DNA upstream of the ATG initiation codon of an
endogenous Interferon-[err], 2 codi ng sequence. 27. A honol ogously
reconbi nant mammalian cell stably transfected with te DNA construct of

genon o’ DNA. AR (TEARRte qubtel AGia K kTame 0T whaln B Blated B ARG o7 1T

Interferon-[er r% 2 codi n sequence. 28. A honol ogously
r econmbi Fewprises PEG HHNO7 r@dﬁ%m% the DNA constract

13. The isolated nuclere acid of claim 9, wherein the isolated nucleic acid

comprises SEQ ID NO:8 or its complement.

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

corprises 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 mucleic acid

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

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

stringent conditions with SEQ ID NO:11 or its complement.
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W t genom ¢ DNA upstreamof the ATG imtiation codon of an endogenous
Interferon-[err] 2 coding sequence. 29. A honol ogously

Teconbi nant cell stably transfected wth the DNA construct of claim4, the
DNA construct havi ng undergone honol ogous reconbi nation with genom c DNA

f under g ith genomic DA
codi ng- sequerceTt® SOt iBeRraGR OF ity 7 AR NACIcBABE SEhi- ot

endogenous Interferon-[err] 2 gene in a mammlian cell in vitro, the
net hod tidesanlenigtly t he. DNA construct of claim 1 into the cel
and maintaining the cell under conditions which permt honol ogous
reconbi nati on to occur between the construct and a target site 5 to the
codi ng sequence of the endogenous Interferon-[err] 2 gene.

19. The isolated nucleic acid of claim 17, wherein the nucleotide sequence is at

least 1,000 nucleotides in length.

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. An isolated nucleic acid comprising a strand that comprises a mucleotide
sequence that (i) is at least 50 nucleotides in length and (if) 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 at least SO nucleotides in length and (i) shares at least 80% sequence
identity with a fragment of SEQ ID NO:11 having the same length as the nucleotide

sequence.
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delrrvery

of Intferon-[err] 2 to an animal by inplantation of the cell into
the ani mal, wherein the cell secretes Interferon-[err] 2.
7 . . AVENDED SHEET '
32. Use of the cell of claim27 in the inplantation of the cell into the
ani mal , wher @30 Tlsteisblated nadleicrictd dEE1aTn [22] Wheteih hehuclostids sdjaence is at
i npl antation of the cell into the animl, wherein
least 100 nucleotides in length.

24. The isolated nucleic acid of claim 22, wherein the fragment is a part or all of
SEQ ID NO:7.

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 mammalian cell stably transfected with the
DNA construct of claim 1, the DNA construct having undergone homologous

recorbination with genomic DNA. upstream of the ATG initiation codon of an

endogenous Interferon-e 2 coding sequence.

27. A homologously recombinant mammaiian 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 an

endogenous Interferon-« 2 coding sequence.
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A et 2dhe

rranufacture of a nedicanent for the delivery of Interferon-[err]
2 to an aninmal by inplantation ofthe cell into the animal, wherein the
-cell secrets Interferon-[err] 2. 34. Use of the cell of claim29
in the manufacture of a nedicament for the delivery of Interferon-[err] 2

to an ani mal 28y A tohivlé retonibiganteell stabily tiahefeatddrmith théDINA Ronstiectcel |
secrets Interferon-[err 35. A nethod of producing

I nterferq@n;l.e r| t he cel cla m26 and
cul tur ;98 S e DA @F%u%?‘mn%mwﬁ b Bomafhons SrsiEnbinhliof of
express and secrete Interferon-[err] 2.

genomic DNA upstream of the ATG iitiation codon of an endogenous Interferon-oc 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-« 2

coding sequence.

30. A method of altering expression of an endogenous Interferon-¢. 2 gene in a
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
recornbination to occur between the construct and a target site 5' to the coding sequence

of the endogenous Interferon-« 2 gene.

31. Use of the cell of claim 26 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. —
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0 I'ng providing the cell of claim?27, and culturing the
cell in vitro under conditions which permt the cell to express and

32. Use of the cell of claim 27 in the manufacture of 2 medicament for the

delivery of Interferon-u 2 to an animal by implantation of the cell into the animal, wherein

the cell secretes Interferon-¢ 2.

33, Use of the celi of claim 28 m the manufacture of a medicament for the

delivery of Interferon-o 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-o 2 to an animal by implantation of the cell into the animal, wherein

the cell secretes Interferon-¢ 2.

35. A method of producing Interferon-o 2, comprising
providing the cell of claim 26, and

culturing the cell in vitro under conditions which permit the cell to express and

secrete Interferon-¢; 2.
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[err] 2, conprising providing the cell of claim28, and
culturing the cell in vitro under conditions which permt the cell to
-express and secrete Interferon-[err] 2. 38. A nethod of
producing Interferon-[err] 2, conprising providing the cell of

claim 29, an@6. A method of produsingtlacerfiabh-a B, comprisitigder condi tions which
permt the cell to express and secrete Interferon-ierr] 2.

providing the cell of claim 27, and

culturing the cell in vitro under conditions which permit the cell to express and

secrete Interferon-¢ 2.

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

secrete Interferon-e 2.

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

secrete Interferon-o 2.
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39. A DNA construct that alters expression of an endogenous Interferon-c 2 gene in

a mammglian cell upon imcgraﬁon into the genome of the cell via homologous

recombination, the construct comprising (i) a targeting sequence containing at least 20

contiguous nucleotides of one or more of SEQ ID NOs:15, 16, 17, and 18, and (it) 2

transcriptional regulatory sequence.

40. An isolated nucleic acid comprising at least 20 contiguous nucleotides of one
or raore 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 does not encode full-length interferon-c 2.

4}1. A homologously recombinant mammalian cell stably transfected with the
DNA construct of claim 39, the DNA covnstruct having undergone homologous

recombination with genomic DNA upstream of the ATG initiation codon of an

endogenous Interferon-a 2 coding sequence.

* [ L L] - *
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42. A method of altering expression of an endogenous nterferon-a 2 gene in a
mammalian cell in vitro, the method somprising introducing the DNA construct of claim
39 into the cell and maintaining the cell under conditions which permit homologous
recombination to occur between the construct and a target site 5' to the coding ssquence

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-o 2.

44. A method of producing Interferon-« 2, comprising
providing the cell of claim 41, and

culturing the cell ir vitre under conditions which permit the cell to express and

secrete Interferon-¢ 2.
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