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-1- NO‘ C SEQUENCES UPSTREAM OF THE CCDI NG REG ON GZQ ?GEO&}%SE ZGEN":P%?

"PROTEI N PRODUCTI ON  AND DELI VERY Field of the Invention Thi s 8roogntggen
‘rel ates..to 59,&,NA. 5 Background of the Invention Current approaches

to treating dlSEé%é with therapeutic proteins include both aB®I/HFF%REi on
of proteins produced in vitro and gene therapy. In vitro production of a

protein generally involves the 10 introduction of exogenous
the protein of interest into appropriate host cells in cult ’m m& U”m
atl

therapy ngthods, on the other hand, involve admnistering toa™p
geneticalty engineered cells, plasmds, viruses that . contain_a sEfffénce

encodi ng t F@Dog \-‘f@%é"tﬁﬁs PSTREANDOBTHEEH CODING RETIERN @ SHHE G@F%@K@F&R@%ﬁﬂ?%bﬁcrm
proteins nay a e produced by altering the expression of t
endogenous genes in a desired manner with gene targeting techni ques. See,

e.g., US. Patent Nos. 5,641, c2igld IRI G Tnvemt i2kh 5, 272, 071, WO 91/ 06666,

WO 91/ 06667, and WO ) sl 1i384ntaldn ﬁ%ﬁa@@bcgoaéﬁanQQr ated by reference
in their entirety. Sunmary of the Invention e present invention is based

upon the identification and sequencing of genomic DNA 5 to the 25 coding

sequence of the human granuBackomonoBon§ shé nhweémnipd actor ("G CSF') gene.
This DNA can be useGurdedit @&%%la%hebnt% ggéagpgétéuct t hat, gl ters (e.g.

i ncreases) e§R%eSS|on of an éndogenous ian cel |- upon
I'n

i ntegration 53PRBEHENBHE D1 henBrdse|Roty @dhémuﬁcgeusone@bnblnatlon
"Endogenous BrxCEFingepriddueddrin twi trdtlligenkl w%eragprongﬁogp%}ocopy of a

2 koo VTR0 TSt Hobives one
ng for the protein of
interest into appropriate host cells in culture. Gene
therapy methods, on the other hand, involve administering
to a patient genetically engineered cells, plasmids,
viruses that contain a Sequence encoding the therapeutic
15 protein of interest.
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
20 5,272,071, WO 91/06666, WO 91/06667, and WO 90/11354, all
of which are incorporated by reference in their entirety.

Summary of the Invention

The present invention is based upon the
identification and sequencing of genomic DNA 5’ to the
25 coding sequence of the human granulocyte colony-
stimulating factor ("G-CSF") gene. This DNA can be used
for example, in a DNA construct that alters (e.g.,

’

increases) expression of an endogenous G-CSF gene in a
mammalian cell upon integration into the genome of the

30 cell via homologous recombination. "Endogenous G-CSF
gene" refers to a genomic (i.e., chromosomal) copy of a
gene that encodes G-CSF. The construct contains a
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¥
-0 8 OCT 2@02 WD 99/57291 PCTI US99/ 09924 2 targeting sequencgoc&n%lmudi ng

- or derived fromthe newly disclosed 5 noncoding sequence, & 2
transcri ptiwodb;s7degul atory sequence. The transcriptional r &55(4
sequence preferably differs in sequence fromthe 5 transcri pt| ona

" regul atory sequence of the endogenous G CSF gene. The targeting sequence
directs the integration of the regulatory sequence into a region within or
upstream of the G CSF-coding sequence§ of ~t he target gene such that the

regul at ory §gg§gg§1e bggg‘{}g&f@per ua/%n%e%ﬁ]t e'tr[‘}grt%g %go{nge endogenous codi ng

sequence. - In Yt ey sequence
can direct @9(5?35%%?‘%5 fn‘PWéO%ﬁw)gﬁﬁmmce Csmd eodranssenptensiesl The

construct naygaﬂsltcbrpngéél—.yeﬁ@@t al']j‘he e\;ﬁejs% lie ggrigg% {E{}'g? faC|d}| tate
onstruct, and/or

sel ection of ceIIs 15 t g %lif |ntegrate t he

another codrAg SequehtesY atc? |Hﬂ<é“‘§qt”6néepﬁﬁ<h‘bt‘é’re In one

enbodi met , traRsONPTomsal Mgmummsemhceaotat@@téﬁw;m@e, (b) a
regul atory gegussee, (Fle &h | ice-donor site. The
targeting 20 sequence dlﬁectljs f};g ?lsr'tée g%ﬂeor?igfeu?srer? HrfEastoRt s (b) -
(d) into a PEgton THIH q’lt%ymﬁ dF‘ttOhé ©egSpn windiity gequences of the

t ar get geneup@cmm b gried exkCSRlc®ny Chueatedi §£Cind taari%fcere% an of
el ements (c3, CEha(éj)tk?é‘dreag{+1a‘1% styeam codé E sequences 0O € €endogenous
25 gene. In the construct S ex s gener SFFYTSS Fenatd velygul at ory
sequencé? ahtP¥eft pithe W@Uﬁeqoshag shqueBte endyof the exon. In

anot her enboshewntivdiie H‘M:e(aonitsr HelantCORREI Eﬁé re(%flaf?:o geting sequence,
I ce-donor site, (e) an

(b) a regqul é/nCESO Se (H.Lenc an _.exon, g
i ntron, and%ﬁ a splite- §|Stsé°"v\ﬁ& PR eniogsRugeG-R§Fsequence
directs tfm?qqﬂﬁgﬁﬁﬁquﬁnQﬁ [ ﬂ@elboasdruct may additionally contain
a selectable marker gene to facilitate selection of cells
15 that have stably integrated the construct, and/or another
coding sequence operatively linked to a promoter.
In one embodiment, the DNA construct contains: (a)
a targeting sequence, (b) a regulatory sequence, (c¢) an
exon, and (d) a splice-donor site. The targeting
20 sequence directs the integration of itself and elements
(b) - (d) into a region within or upstream of the G-CSF-
coding sequences of the target gene. Once integrated,
element (b) can direct transcription of elements (c) and
(d) and all downstream coding sequences of the endogenous
25 gene. 1In the construct, the exon is generally 3’ of the
fegulatory sequence, and the splice-donor site is at the
3’ end of the exon.
In another embodiment, the DNA construct
comprises: (a) a targeting segquence, (b) a regulatory
30 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) - (f) are
within or upstream of the endogenous gene. The
35 regulatory sequences then directs production of a



elements () - (f) such that elenments (b) - (f) are w thin org gL egm of
t he endogenous gene. The 35 regul atory sequences then directs production of
a 1- 0 8 O CWO2981291 WD 99/ 57291 PCT/ US99/ 09924 3 transcri petilahosos

i ncludes not only elenments (c) - (f), but also endogenous G CSF codi ng

" sequences. Preferably, the construct-derived intron and splice-acceptor
site are situated in the construct downstreamfrom the splice- 5 donor
site. The targeting sequence is honologoUs to a pre- selected target site

in the genon’Ermhbr\ﬂthEhE@n‘Dﬂa@m 1ac Ui nagi occur,. Lt contains
at |east 20 YN L0t S ?(g)otl d¥d f Bth 10 SEQ

ﬁig at | east 58%]%;) %céggz ont| guous nuc

ID NO: 5, whi 8h°PeBPESaRPEURLET %?P@U@@cesm Prefendbily t ahehe
transl ation seastrsrtedetivée inamm GrdSkplgeaeacByp t@pr@_{@%% i s meant
t hat thetargg}ghgg aSSHUERE €~ g i r suff|C|etIy simlar to its
genomi ¢ tar ggt Site sggt EQ‘{Q t%e t!tar getal%%sg §&BnEEo ﬁn%‘ﬁ?ﬁ%’:&et site can
under go hotof9g8tisSEEBenbi nation. A small percent age of basepair

m smat ches i s acceptmid Q,arggtlhgnge@%,h@émigmlr %ggbkgaglgn can occur at
ous reconbi natton,”the targeting

a useful fr cilitate nol o
sequence is ;g)ggggtr%%l IQr 5t aBo ezge?’é’mﬁ wishy wich dgmoisgous00, or
1,000) base 5%??@{n®bl?nl bhd-© Ancun.ar §ét crgtsingsiemca et albso i ncl ude

genom ¢ sequeaces, A omesrt et h@or)egbglglggggﬁeguﬁeé@gelgfgg SFOso | ong

as it inglyud a:ED|§$ Q}? cl eotides fronrwt

exanpl e, “addi T oral N & ge‘f lng“ FEGFETEE TEo B 23t Hée s er6Sidd thr oibthe
sequence | yi ¥Rl deivweero SH@ |raN@lat iand sthet eatlog e usd HaRser GhEgen
initiation ncegPfnhd e GG 9eNfeaiie 190 %%@#hl smthat may exi st

at the GCS enetlc | ocus, ‘m nor varirations in 8Fi de
sequence is identical or sufficiently similar to its

genomic target site so that the targeting sequence and

15 target site can undergo homologous recombination. A
small percentage of 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.,

20 50, 100, 250, 400, or 1,000) base pairs ("bp") long. The
targeting sequence can also include genomic sequences
from outside the region covered by SEQ ID NO:5, so long
as it includes at least 20 nucleotides from within this
region. For example, additional targeting sequence could

25 be derived from the sequence lying between SEQ ID NO:S
and the endogenous transcription initiation sequence of
the G-CSF gene.

Due to polymorphism that may exist at the G-CSF

genetic locus, minor variations in the nucleotide

30 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 NO:5
(particularly human polymorphic variants) are within the
scope of this invention. :



30 conposifion of any given genomc target site may occur i yen
mam"ralrr})an"speci es. Targeting sequences that correspond to rs‘[zljeraltj.{%‘o?(lgzrt)rph| C

variants ofWSB#S1283 NO5 (particularly human pol ynor phic vq;rci[ﬂjgt)§a99§4re
within the scope of this invention. -' s OCT 2032 WD 99/57291

© PCT/US99/ 09924 4 Upon honol ogous reconbi nation, the regulatory sequence
of the construct is integrated into a pre- sel ected region upstream of the
codi ng sequence of a G CSF gene in a chronosone of a cell. The resulting

new 5 transcripti Wpaidon@Q¥gah8l RecbRB1 RQOSLA UCipderly e, fegulatory
sequence altd g ﬁgprx essi%tg% of tﬁ_e t%r get G"tcgg ‘Ee%l‘gfat‘ﬁfégc} CSF protein
so produced %yn%g ©; dgh?iﬁﬁrlxs'?’ﬁ“cstedt?eﬁ@é%a.ttﬁé énesFappoeei n encoded by
the unal t éedgcteddygehonsupemnssamiofmhecediding addibhenabs 10gsubstituted,

r fewer agigmo Ld;pesi 0 r.e t wild e G CSF protein,
gue to ¢ a?sgsgiéﬁlt,a‘rééu?:egyg?@s}n%esq £ %Ftlgdrmlt}g‘ﬁoﬁs}“iggﬁﬁl RaYi on.
Al teri ngg‘lgégénéﬁﬁi‘ﬁ’ééP%nu%cﬁ?ﬁés?é@g—nacﬁ:heapbngtrgot-darlsveg to be

R Cooads T i T, 8 Ssthbneos LY
[ ce ined, .inc

gggﬁgggfiﬁe@%& égg?'a %heeﬁZG,' dpfﬁ’gﬁdf’nﬁot RECrEgEAabrBnPPattern of a gene
such that tRENpAEREr#N|seqlidricer got theofr CHAL pfotéhﬁhéﬂd:c:adeﬁsb}@b&% ned.

"Cel | 1 pede h | | Jprj o_hono] ogous _
ecombinat Lo A sou T The Seess oF PRE FEUEAPR ORI B hod of usi ng
t he pr ésent %f\ﬁ\l COHS ’ru°c"”tnfte8’eéfl £8r-NexpFédsTBRidnes ans erritpmmmiistdG- CSF gene
in a mammathanvEkd |typhiG- I8t podtiedal udes tbechiRgss of ndFdaiddd aduci ng the
DNA 25 coastésietr idd %imo{ggggaggggmgg%tié%l ) maintaining the cell under

conditions that perm t honpllogous reconbrnation to occur between the
construct and a #itering gene expression éncompasses activating

(or causing to be expressed) a gene which is normally

15 silent (i.e, essentially unexpressed) in the cell as
obtained, increasing or decreasing the expression level
of a gene, and changing the regulation pattern of a gene
such that the pattern is different from that in the cell
ag obtained. "Cell as obtained" refers to the cell prior

20 to homologous recombination.

Also within the scope of the invention is a method
of using the present DNA construct to alter expression of
an endogenous G-CSF gene in a mammalian cell. This
method includes the steps of (i) introducing the DNA

25 construct into the mammalian cell, (ii) maintaining the
cell under conditions that permit homologous
recombination to occur between the construct and a
genomic target site homologous to the targeting sequence,
to produce a homologously recombinant cell; and (iii)

30 maintaining the homologously recombinant cell under
conditions that permit expression of the G-CSF coding
sequence under the control of the construct-derived
regulatory sequence. At least a part of the genomic
target site is 5’ to the coding sequence of an endogenous



genom.c target site honologous to the targeting sequence, tqQ produce a
honol ogously reconbinant cell; and (iii) 30 maintaining the ﬂcﬁ?rBﬁBg'@@Zsl y

r econbi nant % ger conditions that permt expression of the G CSF
codi ng sequence under the control of the construct-derived PGEERMAIES y

" sequence. At |least a part of the genomic target site is 5 to the coding
sequence of an endogenous 0 8 OCT 2002 WD 99/57291 PCTI US99/ 09924 5

G CSF gene. That is, the genomc target site can contain coding sequence
as well as 5 non-coding sequence. The invention also features transfected
or infectedGce$¥ wene whiTiat hs canet genbmhast 4AEEF 080€e Sc M) Qaqys

reconbi nati oQoiM & ﬁﬁm tream,of the _endogenous ATG initiation
codon in one %r b%t eclceesqgﬁ\fw}git%'hea%eg:doggﬂoﬁgdf‘}r1 FRFRSe Such

transfected or infedP8din¥eRFE0n apker chftd et dsonslangdesitgdr eeonbi nant cel | s,

have an al t bnped@CSfe lepries $harkhPahbeEBnsThese KLl 'én@é%%% particul arly
useful forg I}EO%AM o G CSE. pr.aduct.i on ang for delivering Vi a gene
therapy. Nethous kTS R tdornyisicHeRenic VA upsiresmodceteby t he

i nvention. Terdogssidus @dié Baisfiarerhebodbe Diii ghe Stdb@s JMETRL 3R (€. 9.,

human, non- htHe@nfIdd@®iRrs @AWsFPLEneNOr goat 15 sheep,, cat, dog,
rabbit, mouse gﬁlii nea pi S, hgrrgt gr 2€or §‘rgtz,:a}tl) or!?sgﬁenc.stﬁeoﬁprf\f‘gﬁﬁtﬁﬁ further
od-6f° C%l&& c?‘ﬁ@‘oaoﬁaﬁﬁh}’i’-&?fz@@&am otedils,i havietro or in

relates to a
vivo by i ntamduidiengd lte Caloespdesstbhefaconst I ucthdJi ¢ diheg 2Q.0enone of a

'S then mai e anddr ot e HA TS T T SRR o AR FaRsl at i on.
and optiondSYy,VeSeBRei-6RFoVirheete CSrFe prRrlt ei Methels mfemakengaksia
features an usioiatsedhniellesCardSadsh leOPiddSiti0 ches QINRNGS Af ALy Least 20
(e.g., at l%@ﬁhs can be of vertebrate origin such as mammalian
(e.g., human, non-human primate, cow, pig, horse, goat,

15 sheep, cat, dog, rabbit, mouse, guinea pig, hamster, or
~rat) origin.

The invention further relates to a method of
producing a mammalian G-CSF protein in vitro or in vivo
by introducing the above-described construct into the

20 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 G-CSF'protein.

The invention also features an isolated nucleic

25 acid comprising a sequence of at least 20 (e.g., at least
30, 50, 100, 200, oxr 1000) contiguous nucleotides of SEQ
ID NO:5 or its complement, or of a sequence identical to
SEQ ID NO:5 except for polymorphic variations or other
minor variations (e.g., less than 5% of the sequence)

30 which does not prevent homologous recombination with the
target sequence. In one embodiment, the isolated nucleic
acid of the invention includes a contiguous 100 bp block
of SEQ ID NO:5. For example, the isolated DNA can
contain nucleotides 1 to 100, 101 to 200, 201 to 300, 301

35 to 400, 401 to 500, 501 to 600, 601 to 700, 701 to 800,



30, 50, 1P, 200, or 1000) contiguous nucleotides of SEQ ID NOS5 or its
conpl ement, or of a sequence identical to SEQ ID NO 5 excepjgfgnT 2002

pol ynor phi c wiadeisabgons or other minor variations (e.g., legs than 5% of

t he sequence) 30 which does not prevent honol ogous reconbi nat ERPPA t he
" target sequence. In one enbodinent, the isolated nucleic acid of the

i nvention includes a contiguous 100 bp block of SEQ ID NO 5. For exanple,
the isolated DNA can contain nucleotides <1 to 100, 101 to 200, 201 to 300,
301 35 to.4(g$, 4092%020 500, 501 to 600, 601 to 700, 701 to 800, O 8 OCT
2002 WO 91 E7781 T (38do/teudPPO - 1901869 £80000110D1te cL2N0,120301 t O

1100, 1101 to LEIO0, 101 tot @ 45300,14530% ot 584007 5d 404, t k50 150%501 to
1600, 1601 .4 g 4700, 7%70%0@ 29 00 §go% to igooi 1901 t o0 2000°%001 to
2100, 2101 to 2200, 2301 %o 15500, 15331 019480, 199B1t% 309 2560012501 t o
2600, 2601 %% 22PR0, 2EPA1 teo 22800, 22801 tot 230290023 @H0o tox 63008403001 t 0

3100, 3161 to 23200, 3201 £ ot 633005633081 00.. 3401 tq 3500. 3501 to
3600, 3601, tg 2}700, 37of°t063800236,331&?095%0,273‘3%)(1%1‘%c?%ﬁ’googgﬁém to
4100, 4101 T 4280, 4931 P0343880, 38881tP034200 3UAD LG $2D0,45001 4501 to

4600, 4601 b0 33700, 34701tb034800, 34801t5035d890035¢0QL 13¢090094,9001 to

5100, 5101 ti0 35390, 3539115035530 3 400, . 5401 tq 5500, 5501 to
5600, 56014@ 5700 5701 t08§§o§?°§88‘% %%"@90&0’53&1 4t°§06068,b16991 to
6100, 6101 % 3%283°10°6436%¢ 04893581 43R | £ NO > G400t s4261cospl enent .

These blQck$00f SEQLI BoNdsBoandsblstoconpd LNefd1 aie 4@log0 Wgghul as
targeting gegyenges i p.t co ucts t jnvention. In the isolated
DNA, the SEQ I D N%%% ggr?\%%' gé%egéesfio ho ldli MeP208 - aS20k I tPengt h

G CSF- codi RG°°205384uERce408r BE0LebBt55&0 NoESAl rdcedsion, t Beosar®

confi gurat bano(i 501 sepssabedsby1ths SHE, NPOdIiNG( 3EdLEHEe) as occurs
' any natkygo9eBBR: cIN€2667 r 6136 to 6235 of SEQ ID NO:5 or ire
15 complement. These blocks of SEQ ID NO:5 and its
complement are also useful as targeting sequences in the
constructs of the invention.
In the isolated DNA, the SEQ ID NO:S5-derived
Sequence 1is not linked to a full-length G-CSF-coding
20 seqguence, or at least is not linked in the same
configuration (i.e., separated by the same noncoding
sequence) as occurs in any native genome. The term
"isolated DNA", as used herein, thus does not denote a
chromosome or large piece of genomic DNA (as might be
25 incorporated into a cosmid or yeast artificial
chromosome) that includes not only part or all of SEQ iD
NO:5, but also an intact G-CSF coding sequence and all of
the sequence which lies between the G-CSF coding sequence
and the sequence corresponding to SEQ ID NO:5 as it
30 exists in .the genome of a cell. It does include, but is
not limited to, a DNA (i) which is incorporated 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
35 restriction endonuclease treatment. The isolated DNA



"isol atedPNA", as used herein, thus does not denote a chronobsone or |arge

' 5 corporated into a cosm 1Y t
pi ece of genom c DNA (as mght be 25 in p od%%rc Dmﬁla 5

artificial ) that includes not only part or all of
but also an in g”?’i% CSF codi ng sequence and all of the seqBERVSIMIPIN

|i es between the G CSF codi ng sequence and the sequence corresponding to
SEQID NO 5 as it 30 exists in the genome of a cell. It does include, but
is not limted to, a DNA (i) which is incqrporated into-a plasmd or
virus; or (ii) which exists as a separate nolecul e i ndependent of other

sequences, @ref%tra‘bhgrmms npltoduﬁedlh}’apgééfﬁshééewﬁ DMC%%? ISO?) S_P%O)Z

35 restri e_treatnent. | sol at ed
\%) 99/ 57291 (F%T/ U899/0 24?%%“1’% &t dFabry o§§ FhoPmRbtH %W th d8Guence whi ch
encodes i nt &4 @Wsprsé@e’ﬁfrépn(mgnal@e}s&dehpl ete with its endogenous

secretion signal pepthge)nvé}k&dr{lvﬁ@d A% BhSR ¢ ”%'o‘ig‘ééd' El%at e? m (5e
conpri si ng acsoirg%-:.sm i ch contains a seguence that eas g.,
‘at |east 20 , 91060y ﬁﬁBFe‘ﬁPf‘B}és“’i‘?ﬁ‘}%ﬁg@ hs%m@ft%tthhybnsdazes

under either lfiagH v 00st(ei. ggenatolea@dezmgly%%t réNAEIY0) gg@@llgbgggﬁy It EkggQ
e seque
ID NG5, or JHWQ.e@l%'EW %‘i‘f@nEhQE %i@l%@ under &3 d?'ﬁlﬁlhﬁpfe sa

to a G CSF-co uence, east 1s Nno
confi gurati off & % r &7 F?Ogﬁya%%h’v%tr?gféﬁ‘ﬁm% cByd itnichersa e ki SEQI ngent

conditions i QTOrréanbr lyler tding Béménie abf S i 1b GRach Byff %g(‘éé%?[)? 0.5%

SC.
NaHPO' 1 E 9 vipe,sgr al bum n) andwashln at 1 n2XS
Hi ghly st%ngge lc%o]{?]{%?t ans grgé’@(‘:le‘%léjneog = Lfﬁflﬁ‘?'dlofalal“ ACEEt4DE RALt he

presence of Gr FBnTHE; SaBe fForT igersit inn 66C ardurs2XnSSRy cast avai Nng 1%
SDS; fol | owgdnbyea sBeonddseste R} éﬁ%&ﬁ@éﬁl(EdHéf%%gns is meant

hybridization at 50°C in Church buffer (7% SDS, 0.5%
NaHPO,, 1 M EDTA, 1% bovine serum albumin) and washing at

15 50°C in 2X SSC. HEighly 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 wash at 65°C with 0.1X SscC.

Also embraced by the invention is isolated DNA

20 comprising a strand which contains a Ssequence that is at
least 100 (e.g., at least 200, 400, or 1000) nucleotides
in length and that shares at least 80% (e.g., at least
85%, 90%, 95%, or 98%) sequence identity with a segment
of equal length from SEQ ID NO:5 or the complement

25 thereof. The sequence is not linked to a G-CSF-coding
sequence, or at least is not linked in the same
configuration as occurs in any native genome.

Where a particular polypeptide or nucleic acid

molecule is said to have a specific percent identity or

30 conservation to a reference polypeptide or nucleic acid
molecule, the percent identity or conservation is
determined by the algorithm of Myers and Miller, CABIOS
(1989), which is embodied in the ALIGN program (version
2.0), or its eguivalent, using a gap length penalty of 12

35 and a gap penalty of 4 where such parameters are



Al so enbraged by the invention is isolated DNA 20 corrp'risigﬂ a strand
whi ch contains a sequence that is at |east 100 (e.g., at | §t00270@[,]02400,
or 1000) nucMdWd¥d in length and that shares at |east 80%dBushonssdh

| east 85% 90% 95% or 98% sequence identity with a segnent of equal
“length fromSEQ ID NO:5 or the conplenent 25 thereof. The sequence is not
linked to a G CSF-coding sequence, or _af least is not linked in the same
configuration as occurs in any native genone. Wiere a particul ar

pol ypepti de pequigé€lC ACHdorARLOS4H-£nd id L a specific percent
identity or ggigggﬁer vation to algr ef er%n%g ép}ci,%egp;é?dghsgrn%%#ﬁl& acid

mol ecul e, t hB Bercent ‘i dBRFFFS B AbHrimitisasily gvatiabbed bsed he

al gorit hm of eMyer sharm: K/ Wiee , i ABEAS . (x1/A89)/.21WBhCHub S5 ?g@p iedn the

ALI GN progragnfyghrsion 2.0), or its equivalent, using a gap engeh penal ty
of 12 35 and a gap penalty of 4 where such paraneters are 0 8 OCT 2002 WO
99/ 57291 PCTI US99/ 09824 iryentdem pége Appteremra partnet ©/fs dalevepind 0 their

defaul t postétC®Rsto Arsesnihl Ald QN | S mRdrishy iLab See, e.4d.,
http://ww2. j gh zﬁ;%zsirixéée?i né%lal g)nlc(?ug_%r cgi a(%n:tgﬁfe} é%n% g?%me r?: _E?Oﬁie
i nvention al'so ?e ures a’ net no ' i“Fer PR et Fah sifgml (e.g., a
mamal such B3P humfHSRorguingmPis.i emsterowor prat) heF $rovd@@hg sheep,
cat, dog, rabbill VEBSE efEbHGBHUYE G- , t) by providing a cell
whose en%ge 10US (E?» %SF %ﬁne haﬁsﬁﬂbe,eg; Sg?fétéf‘%dhgé %%‘e%e écltﬁvbaéﬁdhérsei n, and
i mpl anti ng the cettcd PRt anidhd  IMBARStdnBhEheefel b i dites aBi@SE, Al so
i ncl uded i n vitrre itheerne bh secxemet IBodsef. pAOHYC AEL GLBH Py pRrovi ding a
cel | whose endaganyts G Shasis Q&spt}%gﬂcggt i ¥9%%_g 1%31_ descri bed herein,

[ [

and culturing the cell in vitro unde condi p(?l?"&éiliﬁﬁt at he cel |
to express L df1aste endogenous G-CSF gene has been activated as

described herein, and culturing the cell in vitro under
15 conditions which permit the cell to express and secrete
G-CSF. _

The isolated DNA of the invention can be used, for
example, as a source of an upstream PCR primer for use
(when combined with a suitable downstream primer) in

20 obtaining the regulatory and/or_coding regions of an
endogenous G-CSF gene, or as a hybridization probe for
indicating the presence of chromosome 17 in a preparation
of human chromosomes. It can also be used, as described
below, in a method for altering the expression of an )

25 endogenous G-CSF gene in a vertebrate cell.

Unless otherwise defined, all technical and
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

30 materials are described below, although methods and
materials similar or equivalent to those described herein
can also be used in the practice or testing of the
Present invention. All publications, patent
applications, patents, and other references mentioned

35 herein are incorporated by reference in their entirety.



G CSF, The,isol ated DNA of the invention can be used, for exanple, as a
source of an upstream PCR primer for use (when conbined wth a suitable
downst r eam pr.j mer%i'éi n 20 obtaining the regul atory and/ or codl Qld)CrTeéqu ns of
an endogenolt® &¢@M gene, or as a hybridization probe for PEE/U8099Y t he
" presence of chronbsonme 17 in a preparation of human chronosones. It can
al so be used, as described below, in a nmethod for altering the expression
- of an 25 endogenous G CSF gene in a vertgebrate cell. Unless otherw se
defined, all technical and scientific terns used herein have the sanme

neani ng as CanoaskyoBndenst 0ad rdipary. skill in the art to
which this i?é/g%g_?n bel Onﬁ@i Exer}'péljziri?fgfﬁél?hggg@é%ldg%%t Madigge
descri bed below “aFtRBEgh" et fUEEatd ~ MReePrBeEial o6 Ivathmdsaquindal ent to
t hose descrig¥@mpéeei are cill wdsmthiersusedyi And heopr Aoddie P d gating of the
present invenihopindl | publications, patent applications, patents, and

ot her references nentioned .35 herein are incorporated by reference in
their entirety. 8 OEFP20seatier 99/ &7 HAVROTAI880L698RE inBent togase of

conflict, theilesenspspenid ifvati @he EBSIEFIRY dé@i@l@dt.id%{;%’riﬁ%u%gom rol.
3 |

The materi al g5 nethpds, aﬂ% anples are illustrative only-a
intended to be limti neij. : %)r(ier features and advantages of the invention

will be apparent fromthe follow ng detail ed description, and fromthe
claims. Brief Descripti oprofr tries X iamiggs oFi Ohe 1pj Sgehematic di agram

showi ng the genom c..10 structure of the human _ e. Fig. 2is a
schemati ¢ di agram sﬁé&i ng the® rﬁfﬁh‘%ﬁ“aél?céﬁagéﬂanﬁbovemm aonpassed by

the i nsetPs Piructure of the human G-CSF gene.

Fig. 2 is a schematic diagram showing the human G-
CSF genomic regions encompassed by the inserts of
plasmids pHGCSF1 and PHGCSF4.

Fig. 3 is a representation of a partial sequence

15 (SEQ ID NO:1) of a human G-CSF gene, including 6,5;8
nucleotides of the sequence 5’ to the ATG initiation
codon. Also shown is a partial polypeptide sequence
(SEQ ID NO:2) encoded by the coding sequence. Seqﬁences
derived from the junction of the genomic insert and the

20 phage arm in the G-CSF/3 phage clone are underlined.

Fig. 4 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

25 CAP site; an exon encoding part of the signal peptide of
G-CSF; an unpaired splice-donor site (sD); and a second
targeting sequence (2). The black boxes represent coding
DNA and the stippled boxes represent transcribed but
untranslated sequences.

30 Fig. 5 is a representation of SEQ ID NO:5, a
genomic sequence upstream of a human G-CSF transcription
start site.



pl asm,ds pHGCSF1 and PHGCSF4. Fig. 3 is a representation of 3£arti al
- sequence 15‘§SE§)%7I D NO 1) of a human G CSF gene, including 88987 2002

nucl eoti des of°? 2%’equence 5" to the ATG initiation codon. PArageHIeMN i S
a partial polypeptide sequence (SEQ ID NG 2) encoded by the coding
" sequence. Sequences derived fromthe junction of the genom c insert and
the 20 phage armin the G CSF/ 3 phage (_:I?@e are underlined. Fig. 4is a

schematic di agram showi ng a construct of the invention. The construct

contains a first taFgetifagisequesiedentardadame! Lf iabl rker gene (AM;
a sel ectabl e g@é@{c§er% (§F_@ a_tequl tc?ry é’egﬁehcgirﬁgz A¥APL LT e; an
exon encodi ng part o SES 4 gNgr E)egﬁe eldfd Rmsrrucin afnhier ed

spl i ce-donor Wf&RY8M).; and a second targeting sequence (2). The bl ack

boxes represent codifg, DNA and tippled boxes represent transcribed
but untragslated squgences. II| §e§§qggtéope8?e§eﬁ?%‘?‘i‘%ﬁ:%ﬁgﬁa@g D NO 5,

3 :
a genoni ¢ sEqRRITCECupsERedth B0+ 3) huseth 1B GSRdmsarsieri pEi @Re Start site. O
8 OCT 2002 WOvedt58291 PCT/US99/09924 - 10 Fig. 6 is a representation of
a first targeting sequence (SEQ ID NO 6) used in a construct of the
invention. Fig. 7 is a representation of a second targeting 5 sequence
(SEQ ID NO. 7) used in a constrRgtadfledh®esicmientban. Det ai | ed. Descri ption

The present inventi @hd priasad 9AvEALigdhSEOV f_ . the nucl eotide
vERgLgh L ﬂdgl/ enég; Y f5En 8 SEPVETHUREN G CSF

Gene. G CF Le%a D R SR s SeHBenBRoRp S or e opo artde
di fferenti%t FBALBE” Ae@eRmpOI iac human G-CSF gene.
' G-CSF is a cytokine that stimulates the
pProliferation and differentiation of hematopoietic
p?ogenitor cells committed to the neutrophil /granulocyte
lineage. G-CSF is routinely . used in the prevention of
15 chemotherapy-induced neutropenia and in association with
bone marrow transplantation. Chronic idiopathic and
congenital neutropenic disorders also show improvement
after G-CSF injection.
The human G-CSF gene encodes a 204 or 207 amino
20 atid precursor protein containing a 30 amino acid signal
peptide. The genomic map of the human G-CSF gene is
shown in Fig. 1. The map is constructed based on a 2,960
bp pub}ished sequence (HUMGCSFG, GenBank accession number
X03656) which begins at position -363 relative to the
25 translational start site (unless otherwise specified, all
positions referred to herein are relative to the
translational start site). The gene contains five exons
and four introns, with the first exon encoding 13 2/3
amino acids of the signal peptide (i.e., the first exon
30 contains 13 codons and the first two nucleotides of the
l4th codon encoding the signal peptide).



progenitor.cells commtted to the neutrophil/granul ocyte |ineage. G CSF is
-routinely.’ used in the prevention of 15 chenotherapy-induced neutropenia
and in associ gitj QR %ﬁth bone marrow transpl antation. Chroni c0i8d0&hawri c
and congenital neu openi ¢ di sorders al so show i nprovenent FROTYERII/BIBSF
“injection. The human G CSF gene encodes a 204 or 207 amno 20 acid
precursor protein containing a 30 amno acid signal peptide. The genomc
map of the human G CSF gene is shown iLnikig. 1. The nmap is constructed
based on a 2,960 bp published sequence (HUMGCSFG, GenBank accessi on nunber

X03656) whi ch—%@gmee_aﬁ_mﬂsmgm_ﬁﬁmto the 25 transl ational

start site (unl ess otrRepWt §€n S 4 asiitions referred to herein
are relative t t é)nanf‘s(’?ar S|cfn3%mllﬁ’§ JESETEBMt SpFIeRFY e

translatio
exons and foll f ‘?n Totfs ISMS h 3t REMADr deulsReKt e ngendmix 183y ami no aci ds

of the signal laepdd ML &Clohbechi e8ta 230Ny HLLOFEA) Nfad L %%%”? g”;j the
e Si | de

first two 14t h. codon encodi ng t

OCT ' cud? \/\of@ésge%fo 5’&?&56?8%?2“‘961%0%%%%@@ thy PRE.Human G CSF
Gene To obt ai TRHRRAfARe DRSluEABaGNFEE epshs eamamseqienas wafs a G CSF gene, a
human | eukocydmp i@ & dombhahyni gen&ﬁ{@dﬁq I\@%l%oﬁ(cg ongtpolc}%%&cat al.og #

HL1006d) was ed 5 .with a onuc ®g5n8Fat ed by
PCR.  This pr&glen%%%c%uéeg &%Fzé 0 bothyRf Wkt chameief i ed from
hunan genom CNgngsi fgool tgenwaebabbke Gmsm@diﬁsd oAl edghlg-and 105,

both of whboch(pwey.e1)desirgaed. fLQ v mc  DNA sequence
10 (Fig. 1). ‘I?#?S' pri neénép%%‘o%%g@ozﬁd:soﬁrfw &glst F8n - 345, and

the primer's sesd&éﬁ’é‘e S§55' N ATRARXINSICACCEREEGSY iESEQ-1 D NO 3). The 5'
end of pri mMIATIAECE6CTERAONTETE B POSHEG arb +@84,) andrhe pPLiger: s

primer 105 corresponds to position +384, and the primer’s
sequence is 5’ -CCACCTCACTCACCAGCTTCTC-3 ¢ (SEQ ID NO:4).

15 Approximately 1.5 million recombinant phage were
screened with the radiolabelled 729 bp probe. Four
independent phage plagues were isolated. One of theﬁ,
designated clone G-CSF/3, was used for subsequent
studies.

20 A 6.5 kb HindIII-Kpnl fragment from phage G-CSF/3
was subcloned into pBluescript II SK+ (Stratagene, La
Jolla, CA) to produce pHGCSF1l, which contains the
upstream sequences and the entire protein-coding region
of the G-CSF gene. An additional upstream subclone,

25 pHGCSF4, was prepared from the 3.3 kb Sall fragment,
which overlaps by about 0.4 kb with the insert of pHGCSF1
(Fig. 2).

The pHGCSF1 and pHGCSF4 plasmids were sequenced by
the Sanger method. The sequence data sets were aligned

30 to obtain the sequence of a 6.6 kb region immediately
upstream of the transcription initiation site of the
human G-CSF gene, starting at position -6,578. This
sequence is part of SEQ ID NO:1, shown in Fig. 3.

The 19 bp (underlined in Fig. 3) at the 5 end of

35 SEQ ID NO:1 are derived from the junction of the genomlc



sequence i s 5' - CCACCTCACTCACCAGCTTCTC- 3" (SEQ ID NG 4). 15 A@@* %Firr%%l y
-1.5 mllion reconbi nant phage were screened with the radi ol abelTed 9 bp
probe. Four WMhH&3¥ident phage pl aques were isol ated. One of pd1meswo/09924

desi gnated cl one G CSF/ 3, was used for subsequent studies. 20 A 6.5 kb
"HindlI'l-Kpnl fragnment from phage G CSF/3 was subcloned into pEl uescript Il
SK+ (Stratagene, La Jolla, CA) to prgdyse_pHGCSFl, whi ch contains the
upstream sequences and the entire protein-coding region of the G CSF gene.

An addi ti onalnagst raaain tHe =& kR e r ed.-fromthe 3.3 kb
prens R e PR pHGCSF1

Sal |l fragne i.ch erl.aps by .abqut 0. S

(Fig. 2). Thnfehepﬁj%’ g%c? S‘ﬁg%slé’%tﬁ aSnfBESwe? PR exp@ivfed shyrott he Sanger

net hod. The R&EARMcaddthe semanvgencaki foed wi{ch o byt hepsggyence of a
6.6 kb regian idamdicat el YrrdPSlgy f nscription jnitiationh site of

t he humDENgs%SFsg%m, styrar %%&Q%{Hc%og%??%%ﬁi&wo%ié'Sgéqaﬁrﬁce I's part
of SEQ I of 0 NOrPg. 13 hymenigenpmirrkrysnmsl firomFagredioat the 5
end of 35 SEQtkBaMOcE ahe geeivedslyopubhesidine i g{?ngn&cgenom c G9 CCT
2002 WO 99/5';}%%}]CQCTI#§9%{3 9%%% 12 1nsert and the phage armin the

G CSF/ 3 phage ¢l one. erefore, CHE"SAFYORTE%E RAFVHRYS1Y9 bp region is not
present in the hunafP gehthe Thorsxatiassiche ofhageehtibyangud ©-aer ved. The

sequence begemen ROSNAI GBSgmEnE780ARLin: Ry Jak1SEQIR NL5) L is fb‘s’ﬂﬁ“
genomi c l's&qg%n%%Qf &B”}\Iﬁ-ée i on uEgér eamof_ the previously- i ed G CSF
genoni ¢ sequence, and ha3 ROt GaBREFetord é%?‘a&r"@'\i{)é’@glﬁ. upgt agarerof he
expressi on 8f CYM PREBgEASUSNG ESReogenin e dANA afcag @enk . cont ai ni ng

nucl eoti desNté700t 9444234740 9f 4 $EQ |42 NQP I\W%%)Clr%rfbergsiagtt: Ot}?el: asm d pCGL3

upst ream of £5 .
irst targeting sequence as schematically represented in

Fig. 4. For the second targeting sequence of Fig. 4, a

15 DNA fragment containing nucleotides 4728 to 5979 (SEQ ID
NO:7), relative to the translation start site, of the G-
CSF gene sequence was cloned downstream of the CcMV
promoter and neomycin resistance gene. The pPGG13 plasmid
was introduced into human fibroblas; cells exhibiting

20 little or no G-CSF gene expression to allow homologous
recombination with the endogenous G-CSF gene. Cells
resistant to G418 after plasmid introduction were
screened to identify cells with increased G-CSF gene
expression, as would be expected if a homologous

25 recombination event between pGGl3 and the genomic DNA
took place in the vicinity of the endogenous G-CSF gene.

General Methodologies
Alteration of Endogenous G-CSF Expression

Using the above-described G-CSF upstream
30 sequences, one can alter the expression of an.endogenous
human G-CSF gene by a method as generally described in
U.S. Patent No. 5,641,670. One strategy is shown in Fig.
4. In this strategy, a targeting construct is designed
to include a first targeting sequence homologous to a



a CW . pronpter and a neonycin resistance gene. Nucleotides 1470 to 4723
-(SEQ 1D NG 6) represent the first targeting sequence as schepgst| IJ@}

represented in 4. For the second targeting sequence of Fi'g.”4, 15
DNA fragnent % c%??fsé?gﬂi ng nucl eotides 4728 to 5979 (SEQ I D NECA/USIPEI%4 i ve
"to the translation start site, of the G CSF gene sequence was cl oned
downstream of the CW pronoter and neonycin resistance gene. The pGGL3
plasmd was introduced into human fibr ast cells exhibiting 20 little or
no G CSF gene expression to allow honol ogous reconbination with the

endogenous CEsEcgeargetellse BSEELIof 0 LAl { el BhAPIETLLIL T oducti on

were screened to identify cells wth increas ssi on
woul d be exp8Eref \geé‘ehoﬁDISS 865ab5? (BRI r%cqeonaeVéEtllbé@men pGG13 and

the genonic BRAiongok GREceiks,thar wikehnidgoding he andageseus G CSF gene.
Coneral_Wethadolgalge e 3L oo EDAO0ERUS CCS6, Expr ceel on LB ng the

above-describ ream sequences,
of an endogehdds Oﬁuﬁ‘ﬁﬁ élESF bén%/%yafammtam@sasfgeher@rd:smdﬁﬁgﬁa]bed in

Ui S.tPatent Nept5€5641,1630 Ene 51@& e@yod %d&'ft?%s' @laF!éBdon? a v{ t
st rat egy, i gne o jnclude afir ar geting
sequence homtgﬁLl gugutgoﬁggég &éi.e % q@%f?@?“P@T‘F%WO@?M - 13
first target SéBFé%B@PFééﬁ? ofatmlmeﬂom aiplel, f nabl @ se@sik®r gene, a

sel ect abl e rrarakgétgﬁgeseauéﬁeé”ﬁ&%}’o Jﬂ't%“’a ?e%ﬁ’dsééf e@L8%0N encodi ng
an anino i cal or functiohally eguival ent to 5

uence i den
that of the g?‘?’? §a?/§¥hﬁﬁﬁoba’6 TS FIhEiEeCcardsFeFminateis i de (i .
the first exehtbentwinbifn3orodpsisreand dthe hef IGr-SBFtMBdﬂ@|@;§dé§ﬁ3%_Of the
14th codon engoghRg LheacSLINA nPERLife)snad SRLLGC: SONOF SiLe, and a second

immediately adjacent in the chromosome prior to
homologous recombination, but such a configuration is not

15 required (see also below). .Homologously recombinant
cells will produce an mRNA precursor which corresponds to
the exogenous exon and splice-donor site, and any
sequence between the splice donor site and the
transcription termination sequence of the G-CSF gene,

20 including the G-CSF introns, exons, and 2’ untranslated
region (Fig. 4). Splicing of this transcript results in
a mRNA in which the exogenous exon is fused to exon 2 of
the endogenous G-CSF gene. Translation of the mRNA
produces a precursor G-CSF. The inclusion of a coding

25 exon in the DNA construct allows one to make any
desirable modifications to the signal peptide.

Other approaches can also be employed. For
example, the first and/or second target sites can be in
the first intron of the G-CSF gene. Alternatively, the

30 DNA construct may be designed to include, from 5’ to 3,
a first targeting sequence, 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. For this

35 strategy, the 5’ end of



targeting sequence honol ogous to a second target site 10 domstreag@ the
-first target site and termnating either within or upstream & 8 0% EsF

codi ng sequendQ 994791t his strategy, the first and second tar ggtrdkésiged" ©

I medi atel y adj acent in the chronosone prior to honol ogous reconbi nation,

" but such a configuration is not 15 required (see al so bel ow).. Honol ogously
reconbi nant cells will produce an nRNA precursor which corresponds to the
exogenous exon and splice-donor site, aﬁdlény sequence between the splice

donor site andthBesetdfHSEL il er. lLQn uence of the G CSF gene,
20 i ncl udi ng ttr:\e GS%SFﬁ?ngér% s, %g?tgnsl,rsn E%!Egra%ﬁ?r FRF atRRP §%din (Fig.
4). Splicing ofPEhTEaR rahsths pronmadult §SFnt ransRAA dmme v it 1418 Bx0genous

exon i s fused $dtexoin 2opder teae a%d@%ﬂ@lé?si%@s&f@ea?ar Tr@g&%[}%t.i OQ’hOT t[‘ﬁ
a codi ng exéh in the

nMRNA pr oduces RS € [ CSF.. The i.ncl usjon o
DNA construct a o%f%%gr?o? @eﬂ?g%ﬁ? L58g; Fé%l’éo%]cﬁg‘?‘%?alm Fesombirted si gnal
peptide. O Rerlepp? gakhlesincdmdal sbebexegphoyedexdmy tifxaigandyae fir st

and/ or second $@BI 08 - SAHS G538, benkn LLstointron.of the G CSF gene.
Al ternatively, the D%NA construct ?r}éyggrelé‘é;ésil%ﬂnléOE’t oq:rﬁcﬁx&&@fml‘*‘tsom 5 to

t 30
3, a first tTHNT 1 TRIGENELECantRRPFEFPRD| e rRatiars geamenae , selact abl e
mar ker gene, @mMeRgRioIges bgtonenat BAPsetded ta%l_;e&_&(?% sRqRRhiee zdanor
n

site, an intrafhe & SRIHGE; - o] | te, a Seco targeting sequence.
For ihs 3% siiare N R R R i R T
PCT/ US99/ 0982 £P 1 1T 0 fs ¢4 R dE FaRgering twillk garefrerably rReaswhhan 60 bp
upstream of t Emdrenalra@sCSEetir 80SpoddeRal a ighdd BtdoQn o £S Mlﬁani 8 ﬁ]gger to

ol 0gousy. §Esans! SeTEY, SaRoT AT (et (G AITE LeRBYERGDS L cRomuane
ex0genous Or a genetically engineered secretion signal sequence.
The size of the exogenous intron and thus the position of
15 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
target sites need not be immediately adjacent or even be
20 near each other. When they are not immediately adjacent
to each other, a portion of the G-CSF gene’s normal
upstream region and/or a portion of the coding region
would be deleted upon homologous recombination.
The DNA Construct

25 The DNA construct of the invention includes at
least a targeting sequence ahd a regulatory sequence. It
may additionally contain an exon; or an exon and an
unpaired splice-donor site; or an exon, splice donor
site, intron, and splice acceptor site. The exon, if

30 present, is 3’ of the regulatory sequence, and the
unpaired splice-donor site is at the 3’ end of the exon.
The intron and splice acceptor site, if present, are 3’
of the splice donor site. 1In addition, there can be
multiple exons and introns (with appropriate splice donor

35 and acceptor sites) preceding (i.e., 5’ to) the exon



splice-donor site, the exogenous intron, the exogenous splice-acceptor
-site, the second targeting sequence, and any sequences bet§8diCTt BB2second

targeti ng seqvepgeend the 3' untranscri bed region of the e gene.
10 Splicing of this transcript will generate a mRNA which ng?@g@%ﬁu

“translated to produce a precursor of human G CSF, having either the nornal
G CSF secretion signal sequence or a genetically engineered secretion

si gnal- sequence. The size of the exoge¥ous intron and thus the position of
15 the exogeppus requl atory region relative to the coding -region of the
gene can be %/]garrlﬁé%ae?oc?' d%iei x‘i“?é‘gfﬁ FRNEEE FIPRF $Hee r efiHEdWY imegi on. | n
any activati®me stengegct tilke rbfestednto ses abgdige! Sides tpgegRot be
imredi ately adjagent ; b 0_pear_ each other. en they are not

i medi at el y adj acent Q{rol%\églgﬁ g?ﬁ%r?fla&?o%r%%onmeofo{ ﬁe\ﬁgsésﬁeééne' s nor nal
upst r eam r eFHIERNDPNR 8t PEASESS t RIVTHIGR idegitdralwe drbdidel et ed

upon homoBogimse e dyen pakic@Bns 182 EINA Rsddrirls 2R nH8 DNfaconst ruct of
the inventi i udes at |east_a targeting sequence and a regul atory
sequence. | ?&_én%ytag&d‘l tt?’gnﬁfa?; B’éﬁ?’éingafrfaé?&ﬁ%&d@naﬁrekéﬁe&ﬁéloanbyunpai r ed
spli ce- donorvidigle;vesitoan eRenusedl hexeidonort ragistfectishromeaasd splice

acceptor si timerBaucaxen off p3Qshi@Satlo 4 Sed1 ¥y tc@%m&f%gg' al.Qry sequence,
and the un%e;}i};seld plice-donor site is at the 37 end o he“exon. The
intron and sprivce 2acfERPSr SEFEeds | Falfislomhosphats orporalfaumpl i ce donor
site. |nladdilicaridet lcorpreanpbeat ind t igHAE -exontTaanehedibEeRs (Wi th

appropri at e tsldsge 4apgr 3% ptgr. si receding (i.e., 5 to) the
exon 08 O CT 2002 WD 99/ 57391 /" S&S/eggg%ﬁ%?ra%%onﬂ anked by the unpaired
spl i ce- donoMSFCERIPREIPNA PHCIIRROISStStheget ors biefléstéd-tnedastexogenous,

since the DMAtake. As used herein "infection" means introduction of
viral nucleic acid into a cell by virus infection. The
15 various elements included in the DNA construct of the
invention are described in detail below.

The DNA construct can also include cis-acting or
trans-acting viral sequences (e.g., packaging signals),
thereby enabling delivery of the construct into the

20 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-
mediated integration in retroviruses or episome
maintenance. Disengagement can be accomplished by

25 appropriate deletions or mutations of viral sequences,
such as a deletion of the integrase coding region in a
retrovirus vector. Additional details regarding the
construction and use of viral vectors are found in
Robbins et al., Pharmacol. Ther. 80:35-47, 1998; and

30 Gunzburg et al., Mol. Med. Today 1:410-417, 1995, herein
incorporated by reference.

Targeting Seguences

Targeting sequences permit homologous
recombination of a desired sequence into a selected site

35 in the host genome. Targeting sequences are homologous



is not an original part of the genone of a host cell. Exogenous DNA may

- possess sequences identical to or dif 5 ferent fromportio CTt 12@2
endogenousv@emsypeic DNA present in the cell prior to tran§g§f§ on_ar
infection by viral vector. As used herein, "transfection' 9924

“introduction of plasmd into a cell by chem cal and physical neans such as

cal ci um phosphate or cal cium 10 chl oride co-precipitation,

DEAE- dext ran- nedi ated transfection,- EEpofection, electroporation,

m croinje tc§ o, erri c:?gjgr 0] ecHDI es, or hiolistic-nmediated uptake. As used

herein "i nfecti i ffs SONtFBRHOBCN S L¥f TeGoRaine el @il theiid i nto a cel |l by

vi rus i nf extspect itiee th¥gear regd oplsedBNt Be i Redtidesh i t he DNA construct of

the invention arg desgribedyl g&ﬂguc%elcg\évdﬁglﬁgem construct can al so

i nclude cis-acting or trans-acting vira ¥ ‘(‘e?’gl?g,lﬁ)ackagi ng
signal s), “4REFLBY SREYENRRG. deKi vepyosi mote sapetanecitarseeihe 20 nucl eus
of a cebl sdqaenakect i anlhyearvbfal c¥B6t Phcr &ordi8G8S ALY t he DNA

construct isengaged from various steps of a virus PFte cycl e, such
as integr gfgg‘? %gglggtgg ?%Fgﬁgéf‘?oﬁefme?%??ovi dRrgetepfitonto mai nt enance.

Di sengageit®dfhicangpaeactanpet shedsbyudscappr OfmcAiogyodel ehhORsSs Qe MUt ati ons

of viral seqHences, exsHCAna¥oa 98l ebjop; > d rase coding region in a
retrovi ru%fv?ﬁgon AgditirglnalO details reoecahrezji@agdsﬁl AEonEPPEEEF®HN and use

of viral vectors>IP&tBhRdYi AdI BEBBF ns difenlG-CSPhgediosl reghem, 80: 35- 47,
1998;. Hhdo30upBhzbamgot andl. at Mol di dbshedl oy Lrdl@-44F, <4995, herein

i ncorporategiby.reference. Targeting Sequences Targeting sequences permt
honol ogous recorg%lifr ation of a desired sequence into a selected site 35 in
t he host genone. JettiStg e GHEnEES srEIBBIRY O3PUENBLOINSERRL O $ OCT

2002 PCTLUS99108824or the entire targeting sequence, if there is
only one targeting sequence in the construct) is derived

15 at least in part from the newly disclosed genomic region
upstream of.the G-CSF-coding sequences. This targeting
seqguence can contain a portion.of SEQ ID'NO:l,'e.g., at
least 20 consecutive nucleotides from the sequence
corresponding to positions -6,578 to -364 (SEQ ID NO:5).

20 The second of the two targeting sequences in the
construct may target a genomic region upstream of the
coding sequence (e.g., also contain a portion of SEQ ID
NO:5), or target an exon or intron of the gene.

The targeting sequence(s) may additionally include

25 sequence derived from a previously-disclosed region of
the G-CSF 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.

30 Genomic fragments that can be used as targeting
sequences can be identified by their ability to hybridize
to a probe containing all or a portion of SEQ ID NO:S.
Such a probe can be generated by PCR using primers
derived from SEQ ID NO:1.

35 The Requlatoryv Seguence




16 to (i.e., able to honol ogously reconbine with) their respectivye target
-regions in the host genonme. A circular DNA construct can enpd yﬂcé gI e

targeting seawgggernepr two or nore separate targeting 5 seq nces,
| inear DNA construct nmay contain two or nore separate target %5 §%9éﬂ3%2ﬁces

" The target site to which a given targeting sequence is honol ogous can
reside wthin an exon and/or intron of the G CSF gene, upstream of and

i mredi atel y adjacent to the G CSF coditg7egion, 10 or upstreamof and at a
di stance fromthe G CSF coding region. The first of the two targeting
sequences in the cofif mMRgUiaomhsegnence bar gbe i DIgh sequiert chnt here is

only one tar gehtagnseﬂgeagembgetpgoﬁgg@_tg u&t) i s der ln\é‘ég &? at | east in
part fromth di scbosed engm c region- Upstreamo he- G- CSF- codi ng

sequences. Thi s SBFFn 1C SRRUERTRC TR (:R)"rﬂ"iﬁtﬁ”a\ p6RhEBAREDS, SEQ | D NO 1,
e.g., at | e§§af291daase@uhmeet nued sots d:&s rfat@iixt Be tSeaHERE es LU d espondi ng
to positiofns B{8et P 4 econd of the two
targeting senﬁgécesel neaﬁﬁatééﬁ%ru %}I,C,} ttran5§FIB%Q8ﬂoﬂ‘?%t?’égl on upst ream
of the codi AgPSth8eRttefe. oY, C%!’F%U‘%folrﬁ% ®fatpesei eheméntSEQ I D NO 5),

target an exon or |rrtl~reo&egﬁ,xlhlﬁergeaequ3h@et@£zg%é rweﬁ%ae@%sgsg may
additional l'yg Hggl_ggﬁl c2Pe s&quence ed from ? revi ousl i scl osed
region of the G gene, = i hcludr a[ o0& Yéstri BeBoRereifsedy well as a
regi on furth&fI% %F‘Pé‘anﬁ’m@mﬁf% nglycteur @Iultyarannharm}ﬁﬂrédl% bUt can be

mapped bwmnemke'tleﬂt'fbémt@réhe GeRTLG Ekag{??@téa{gﬁ be used as
targeting guences can be identifi eé) by their hyb &l ze to a
probe cont ai ﬁl ng al 7Y o1 HottioH F°T8En FBQNGFSI’OVSH% w2 jnol@tean be

gener at ed by3FEFRe usi riEhsy iakss imtdnidecdebudat SEQ +&NRisl .derived
from genes encoding mouse metallothionein-I, elongation
factor-la, collagen (e.g., collagen Ial, collagen Ia2,

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

20 metalloproteinase, ribosomal proteins, major
histocompatibility complex molecules, and human leukocyte
antigens.

The regulatory sequence preferably contains a
transcription factor binding site such as a TATA Box,

25 CCAAT Box, APl, Spl, or a NF-«B binding site.

Marker Genes

If desired, the construct can include a sequence
encoding a des;red polypeptide, operatively linked to its
own promoter. An example of this would be a selectable

30 marker gene, which can be used to facilitate the
identification of a targeting event. An amplifiable
marker gene can also be used to facilitate selection of
cells having co-amplified flanking DNA sequences. Cells
containing amplified copies of the amplifiable marker

35 gene can be identified by growth in the presence of an
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- The regul atory sequence of the DNA construct can contain on@ 800CToi0e

[ [ [ - i fi i nduci b}, r),
promoters (ewgpggfaggonstitutive, tissue-specific or in § %%gg
enhancers, scaffold-attachnment regions or matrix attachnent %@ég

" negative regulatory elenments, transcription factor binding sites, or

conbi nations of these elenents. The regul atory sequence can be derived
froma eukaryotic (e.g., manmalian) or Viéral genone. Useful regulatory
sequences in Iud gut arg not limted to, 10 those that regul ate t he

expr essi on of 35Y 0v8&F| FeORCE S BPT Jéife §XP€>¢t5§ﬁ@§aP5vth@sarg;elmﬁz,

adenovi rus nggoe.| aThe genESatél'cheamﬁﬂc_;%@zdu@CbudSFrQQHé&LPI:V {}?&i&%‘ﬁ}de” ved

ei n i on, factor
col T agen (e o dnBiiERUac IR Mo UaRC ' apB SPHER Fbeismnng  actin
(e.g., .-y-abfFrRFT, gﬁﬁﬂuno%bkﬁjlqwtammgmltenhetmeglq&eﬂfg dehyde

phosphat e 5 de?ydw@geﬁaéﬁdo&rﬁmisf@?ﬁ@ et ﬁﬁgé‘éﬁé‘i‘iﬁ oc-ﬁ'gel s of |

t I [ viJrentin sm

fh)r/(r)mngl %3'62 t{:gggggg%hlﬁ?t%’?% é’fs%ﬁngf’al FBpF’bFé‘Pr&%%telrﬂm protel ns,

maj or  hi sto’ééﬁﬁa@ﬂ%mﬂl? whandmex nol ecul es, and human Iteukoc]yt et anL: gglnrs]g
amee LipLion factor

The regul atory sequ sréuef:eag@éyaﬁ@rﬁrﬁgﬂsflaabéter ?ﬁ%& kpg\ﬁn% S PRy oit el

t h TA Box AP1
i/lar Eefu%engz ‘?Yedégﬁ “F"P?éjs’r?&‘?ét}’r 8C02E8RtI bel errh Pwsuen@e encodi ng a
desired &l y@tﬁphﬂeabb@enatkemelgerﬂel ahadswet\;]%lh@%ﬂ{)%%{j tdg%f %?m :t gf
b [ en i ch can be Used to
he e rae §§'£§o#épée R (B0cH ? NS JAHTeS gfngs can be

the identification targeting even
situated in the vntron of the DNA construct. Suitable

amplifiable marker genes and selectable marker genes are
described in U.S. Patent No. 5,641,670.
i5 The Exogenous Exon

The DNA construct may further contain an exon,
i.e., a DNA sequence that is copied into RNA and is
présent in a mature mRNA molecule. The exon in the
construct is referred to herein as an exogenous exon.

20 The exogenous exon can be identical to or differ from the
first exon of the human G-CSF gene. Alternatively, the
€xogenous exon encodes one or more amino acid residues,
or partially encodes an amino acid residue (i.e.,
contains one or two nucleotides of a codon). ~When the

25 exon contains a coding sequence, the DNA construct should
be designed such that, upon transcription and splicing,
the reading frame of the resulting mRNA is in-frame with
the coding region of the target G-CSF gene. That is, the
exogenous exon is spliced to an endogenous exon in a

30 manner that does not change the appropriate reading frame
of the portion of the mRNA derived from the endogenous
exon. .

The inclusion of a coding exon in the targeting
construct allows the production of a fusion protein that

35 contains both endogenous G-CSF protein seguence and



mar ker, gene can al so be used to facilitate selection of <cells havin
-co-anplified flanking DNA sequences. Cells containing anplif@ 8&@06&@3 of
the anplifi abvesrsmier 35 gene can be identified by gromh i pﬁt. g,zs“ence
of an 0 8 OCT 2002 WD 99/57291 PCT/ US99/09924 - 18 agent that Se ects
“for the expression of the anplifiable gene. The activated endogenous G CSF
gene will typically be anplified in tandemwi th the anplified sel ectable
mar ker gene. Cells cont aining nmultiple é@pi es of the 5 activated endogenous

gene nmay prodyee \é‘ |gE | evel s of and are thus useful for in
vitro protein produc- é’ﬁds%%“heé"ci%er a?b‘fh Ph&vSeidcpapteimmiaynpl i fiabl e

mar ker genes C@8LASE thavetrectiml mmthyataelly: adiragegbnto gach other. The 10

anplifiabl e reckekogenenah er gene can be the same gene.
One or both of tﬁ e Hgsﬁc%;é b S|°t§‘uat gd in™PhE PRRYSI®f the DNA

e_mar k gene ca
construct. SIFf8bPBE Bﬁ&’? Fafte mfrq{erexg’l@@é§ aﬁBESekegead»he avesker genes

are descr?bedni ento8e Ratehl nﬁ\dﬁnbr&n@‘lbn@?lgr 13 %-)Nin s, Exon The DNA
sequence et hat is copi ed

construct nm e n

into RNA an leisj%{’rgeég%?uli% }e?rtra}t ure ﬁRﬁAlﬁBFECUFEqu%%ee@h in the
construct |seP§¥’@$Féa Fe9Het eitn a5 fastexohéndusgexegior) dherexogenous exon
can be ident epatope ﬁagdtasfﬁrc1f1r1ctrattehguriﬂéét?&SH”of’ftﬁé‘ec; hymn G CSF gene.
Al ternativel y,p (S £X098h0Us. £ o% %nco eE one or noré am no acid residues,
or partially P AR MOASEE FESMG (FEEombERAt dene deeus. two

nucl eoti d&s of a co@ﬁ)_.imhmﬁ_mgnn contains a codi ng sequence, the

DNA construct shoul ¢hebexdesh@n t, tr.ansgription and
ebex8g8n8nedepaich 4 ha n}éér%%& ;@Q ﬁ g%?rebiﬁn’th

spli ci ng, ng rgadtn franme of the resultin iSTi
codi ng regi ot ot ST R gEtt S CaFSpinee- cfﬁlé?rl%ltfthles a sequence

which directs the splicing of one exon of an RNA

t he

transcript to the splice-acceptor site of another exon of

15 the RNA transcript. Typically, the first exon lies 5’ . of
the second exon, and the splice-donor site located at the
3’ end of the first exon is paired with a splice-acceptor
site on the 5’ side of the second exon. Splice-donor
sites have a characteristic consensus sequence repre-

20 scnted as (A/C)AGGURAGU (where R denotes a purine), with
the GU in the fourth and fifth positions being regquired
(Jackson, Nucleic Acids Research 19: 3715-3798, 1991).
The first three bases of the splice-donor consensus site
are the last three bases of the exon: i.e., they are not

25 spliced out. Splice-donor sites are functionally defined
by their ability to effect the appropriate reaction
within the mRNA splicing pathway.

By way of example, the splice-donor site can be
placed immediately adjacent and 3’ to an ATG codon when

30 the presence of one or more intervening nucleotides is
not required for the exogenous exon to be in-frame with
the second exon of the targeted gene. When the exogenous
exon encodes one or more amino acids in-frame with the
coding sequence of the targeted gene, the splice-donor



exogenous exon is spliced to an endogenous exon in a 30 nman adnsloes
- not change the appropriate reading frane of the portion of rhe%eotcmp
derived fromWY®®/8Mlogenous exon. The inclusion of a codi Nngpe¥RReddEsslhe
targeting construct allows the production of a fusion protein that 35
" contains both endogenous G CSF protein sequence and 0 8 OCT 2002 WO

99/ 57291 PCTI US99/ 09924 19 exogenous_pyotein sequence. Such a hybrid
protein may conbine the structural, enz{/ tic, or ligand- or

recept or - bi ndiirg pPeOPEEbESSaHI oML ot ei.ns _ i.nto one
pol ypepti de. [EQ e hie gxo \gﬁ%ﬁéeg%rﬁ“ BEE len@5dECE EeEP Rhsrbr ane

r_exanple,.t ) _
anchor, a si ghar pepti geding PRPIOVES c@P | 13 'sedidet.i on, a | eader sequence,
an enzymatic regi orfhea spddfcacidandy Bditeg f&ﬁﬁk@ﬂ? e aék%{eq{cﬁf%)eefo%g to
ce

facilitate pukif{gatippgoft G hybrid protein pro romt he
r econbi ned. gene Iogus.gﬁoillrhgﬁ%pcf%%%% r Si%e HhetBRoGERBEEUGKON i S

flanked at”it5S81Zchaehy b RPlFeecmpamying tsplikespbieptrdongirsite is a
sequence whibohndtfeahsot hehsSpdp i i HnHNe €%01 0 ranscript to
‘the splice- aﬁggp&gr Si18.9f aEnoilher_ exon o%li% ?ﬁet"ﬁ%gh%ﬁs%??ﬁ?
Typically, the fi F st exon 1i €95 OIS IRNIOgoRE sreATbARAt tdre Spid ce- donor
site | ocated®Be E#egeB sinl uistiteanf afttiex @i 0SS padifg ¥édherde |
spli ce-accepuhat wdd eci ddisBuc 4e ol ad_exon. Spice-donor sites
have a ctl?r a;_;‘%gri st i"tc?r CONSensus. s_equengglgggfggggg%e PRY a3 ¥V IS AGGURAGU
eno

(where R S HPTHIH hPR I RAT Yl thénceideseneus ospt heamkdddtdy posi ti ons

bei ng requi r&dte (Jacks anddysciceisc eknind®Resegrch BBocdddirRy ?{371:9&}1]}1&1991).
t

The first thfegndas ld.ce- Of _consensus site are e | ast
t hree bases ’%:?% he ?}ogr#ug:.e?otftéﬁ g(r?% %8?028985?f¥$%@1% iTe- donor
u

sites are f i B I5FSefiSndd Splicing of the exogenous exon to the
splice-acceptor site of an endogenous exon.

15 _The construct of the invention can also include a
splice acceptor site. This site, in conjunction with a
splice donor site, directs the splicing of one exon to

. another exon. Splice-acceptor sites have a characteris-
tic sequence represented as (Y),0NYAG (SEQ ID NO:8), where

20 Y denotes any pyrimidine and N denotes any nucleotide
(Jackson, Nucleic Acids Research 19:3715-3798, 1991).

Introns
The DNA construct may optionally contain an
intron. An intron is a sequence of one or more

25 nucleotides lying between a splice-donor site and a
splice-acceptor site, and is removed, by splicing, from a
precursor RNA molecule in the formation of a mature mMRNA
molecule.



by their ability to effect the appropriate reaction wthin the nRNA

- splicing pathway. By way of exanple, the splice-donor site caf) 8b8CT [Eced

i mredi atel y agpggensy; and 3' to an ATG codon when 30 the presence of one or
nore intervening nucleotides is not required for the exogenofSTEREWM be
“in-frame with the second exon of the targeted gene. Wen the exogenous
exon encodes one or nore amno acids in-frane wwth the coding sequence of
the targeted gene, the splice-donor (rj & OCT 2002 WD 99/57291

PCTI US99/ 09924 20 site may preferably be placed imediately adjacent to
the exogenous codi FSs&RFeBdseon its 3' side. The splice-donor site

flanki ng the exogenQi AN cohs cHRR LB § nstryct, i.e.. in the
construct 5 %ggﬁlf ]Rh i S_no, accorgjgﬁgﬁ/i ,!rjlgtép ?EP.. accocf}e%&l& asfp8

downst ream of _fhe splTée-BbHor it Sk hichreRscrartéon starthesisp i ced.
Fol | owi ng hoBi&fots 2eeenbitrt ivoith rral Utid ibalgBl Shi ere Jgam of the
G CSF codingregadrencerhi ihad ; ruct' s _unpajred Splice-donor site
is 10 functi ongél%/ %{ai red Wp{\r/]ﬁzcné E&ﬁsdoqgez:ﬁatotﬁg &bl FcBgﬁ’ch‘fﬂ dgrelagiivve of an
endogenous e%Xdn & PERAL PR, SEBIGNF O fde tpansrueptspodiaaed from the
honol ogous| yfektwmriqetbnd] g s ae: dr@siWakes ob N §H!éifé%l91§tflcgt he exogenous
exon to the sspld&&s qﬁ%eeq’lt%r %é & 2n endogenous exon. *The const ruct
of the invention can also incrade a5 GetheRBPTHRL sthat besiigssate, in
conj uncti on W% AP Sidis ce Adomamnagiivelydi nectart berspld Girtd @b q0Rg exon to

anot her éRrontheSpldrEe-AREPRHE $hiee$ AALE -2 gtﬂgﬁ%t%%asfa%i cwzﬁguenc_e i
denotes pyrim di ne

represent ed gs.4 I (SEQ.1 D_NO 8),. ere _

and N denot €s ant}) r?g(a%gt%iu&g_ gPJ&?Pé'SFP,nRIEEI%%%eA&:IF dheRgsagechd

19: 3715- 3798e704$P) be mitidigedhesDEACABNsLtact may optional |y contain an
Additional DNA elements

The construct may additionally contain sequences
15 which affect the structure or'stability of the RNA or
protein produced by homologous recombination.
Optionally, the DNA construct can include a bacterial
origin of replication and bacterial antibiotic resisténce
markers or other selectable markers, which allow for
20 large-scale plasmid propagation in bacteria or-any other
suitable cloning/host. system.

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

25 recombination between the construct and the targeted
genomic DNA, the regulatory sequence can direct the
production of a primary RNA transcript which initiates at
a CAP site (optionally included in the construct) and
includes (i) sequence corresponding to the exon and

30 splice-donor site of the construct, if they are present,
and (ii) sequence lying between that splice-donor site
and the endogenous gene’s transcription stop site. The
latter sequence may include the G-CSF gene’s endogenous
regulatory region as well as sequences neighboring that

35 region that are normally not transcribed. In an opera-



intron. An.intron is a sequence of one or nore 25 nucleotides lyin 2between
-a splice-donor site and a splice-acceptor site, and is re ! B

splicing, fwompaneprecursor RNA nolecule in the formation W §Bloby,e MRNA
nol ecule. 0 8 OCT 2002 WD 99/57291 p 'US99!' nong 21 The §|te he DNA
“construct can optionally contain a CAP site. A CAP site is a specific
transcription start site which is associated wth and utilized by the
regul atory 5 region. This CAP site i3 4%cated at a position relative to

the regul atoyr.y, enGs i the construct such that follow ng honol ogous
reconbi nat i on,elts}ﬁgqr egu §t°8§f§9u§3gh8ﬂt:etlb‘?r CesyrresFétef of thanscri pt

t hat begi n&aKIeting camssiruet Airechata vedlicitey GARNSI t6 bSspnckyded in 10
the constr dcepitd el FARKKELPL r i1, locate by default an
appropri at wr‘e in thee tﬁrget eg bggﬁ%f_to ge%ot%lss] }glzfeéhsseﬁg?ﬁ?’n Yfe.

Addi t i onal el PEnt SUFHeTRBRhstREcEeTiRehdtiatiedmakky benpascduseguences

15 whi chS afffrest uHee fsfliyckpl ecod minbid idnarticribe RNAnrsoproLei n produced
by honol ogglé%e_rﬁ%qngi- ti.qn. | I t he construct can include a
bacterial origin of %Egpklgga??%ﬁaél%oé}c%'eﬁ%h SREFLFBEi SP1ESiRT ance

mar ker s or SOt 1SeFdErSbre Rar&erendagansusaleow.f oln28ndetige- scal e pl asmi d

propagat i oenmbodiaeher vaepe' any @hﬂe—a%&et;ﬁ@resqunggg{ggf&%@t{rﬁm I Al Ik Sf
Tvely |inke

or funct{ oaatl ¢ Pas el SPPRC TESpec™S GRdadH o6 REPRC THeTOTes Wpon
honol ogdlis XS9E8eBAbERAEPONL hetawered thy corstangetong ddresdArget ed genonic
DNA, the regul at or yriee@ienee ogan18heREL 1R nd RAIGIR0, 0L a primary RNA
transcrlptvgg§gh Wgé;éa%§§ égnstruct is a circular plasmid or wviral
vector, the relative order of elements in the resulting
structure can be, for example: a targeting sequence,
15 plasmid DNA (comprised of seguences 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, and an
unpaired splice-donor site. |
20 Where the construct is linear, the order can be,
for example: a first targeting sequence, a selectable
marker gene, a regulatory sequence, an exon, a splice-
donor site, and a second targeting sequence; or, in the
alternative, a first targeting sequence, a regulatory
25 sequence, an exon, a splice-donor site, a selectable
marker gene, and a second targeting sequence. The order
of the elements can also be: a first térgeting seqguence,
a selectable marker, a regulatory seguence, an exon, a
splice-donor site, an intron, a splice-acceptor site,
30 optionally an internal ribosomal entry site, and a second
targeting sequence.
Alternatively, the order can be : a first
targeting sequence, a first selectable marker gene, a
regulatory sequence, an exon, a splice-donor site, a
35 second targeting sequence, and a second selectable marker



a CAP site.(optionally included in the construct) and includes (i)
- sequence corresponding to the exon and 30 splice-donor site qfgtotd 2002

construct, i re present, and (ii) sequence |ying between that
splice- donorug{agyzgznd the endogenous gene's transcription Stop ert®E* The
“latter sequence may include the G CSF gene's endogenous regulatory region
as well as sequences nei ghboring that 35 region that are normally not
“transcribed. In an opera 0 8 OCT 2002- @® 99/57291 PCT/ US99/ 09924 - 22
tively linked configuration, the splice-donor site of the targeting
construct diFeREs ¥ sphikint evavgetiada seguesee. ascepywiatsitye 1 anki ng one
of the exonssefuéhee craogetmns a GiiSkgeBBorsdehet hatrihe %@e?‘ierc%ql protein
can be produged. 5, Lot eeng uléll_ys scol [ ceﬁ\d mature transcript. The splice-
acceptor site can be endogenol, ST FREPCERABISHPERETRE: e is direct ed
to an endogetRRRN@ xS eq Rk tirerkere gooei. neRecombivat hen Hpltiveenaggept or

site is imBcligeget ing tdeqiteaed i NG KISt EHE! £5 | GiRg event renoves
the 10 exogengus intgr ogn@? nt r oduced nby_?he targl;%??nggic%%sqgﬁcfn.ark?ﬁe or der

of el ements TH % HEBNOIVHE SIS 1PaFde DRSF coerrne iesudast ihs a
circular pl asm dcorgatiedlinnemptariont bé rhkafiver oselbscwaibiel @geRLs, i n the
resul ting siind Wigs r | g; argetinhg sequence, 15 plasmd
DNA (conpri sedl of seq&gér}:céggi u%%fcﬁégqghgargg%e%:%i%%t glr{%/e%FaFgﬁl'i cation of
the targeti MEPIERGitFaFiestAt ehiafesEedt aetlsrrabitoseoshpr sekect abl e

mar ker (S)P estragiy atxxns feefeenes; iafeexeq, ward @Me WAl red.spLice- donor
iret targer g SEquonas SRl X B o SHATKEr L Lbrtan 4 S54PAFBRY sequence.
an exon, a A4 Q¥ HSWH Sint & Meddun sevbatnimg gut iauprseghenre; or, in the
al ternative,sel ddusStf draled@lriet® isR0deNERe Ai FEIUALNY and another
agent which selects against the second marker.
15 Transfected or infected cells that have improperly
integrated the targeting construct by a mechanism other
than homologous recombination would be expected to
express the second marker gene and will thereby be killed
in the selection medium.
20 A positively selectable marker is sometimes
included in the construct to allow for the sz2lection of
cells containing amplified copies of that marker. 1In
this embodiment, the order of construct components can
be, for example: a first targeting seguence, an
25 amplifiable positively selectable marker, a second
selectable marker (optional), a regulatory sequence, an
exon, a splice-donor site, and a second targeting DNA
sequence.
The various elements of the construct can be
30 obtained from natural sources (e.g., genomic DNA), or can
be produced using genetic engineering techniques or
synthetic processes. The regulatory region, CAP site,
exon, splice-donor site, intron, and splice acceptor site
of the construct can be isolated as a complete unit from,
35 e.g., the human elongation factor-la (Genbank sequence



25 sequence, an exon, a splice-donor site, a selectable nar kﬁ g%?ez and a
- second targeting sequence. The order of the elenents can als % W r st
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Alternatively, the order can be : a fir targeting sequence, a first
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sequence, a "elg Ior rmedi atiec @aray é?ﬁhona s'«EiMSﬁa Ctnmmnesmsecaa first

sel ect - abl ealsmrberi ganred f&@&p@éphaag@tgéwe§equence and a. second

sel ectabl e nprker. ge %n I% |eré t.|onab the 5 targeting sequences
flanking the TTTSt Setectapre market — vt HoHD! Froth EE3ea@i n t he host
genone results in The PEAg@@Mn‘mmg:rfattMnmirehbmzfnd:s:h sel edabl e narker,
whi | e the seggesh slaiceﬁt@t@ @1ar kehichSagos. 15{‘):? [Bsired transfected
or infected cells ar.e é{: that are 10_ st transfce(?te or °Fnfected with
the first, buTmCFFotta E8 lseP8cPablRIharih COS'{ch-H‘U(?éI | ®rcas Bepsel ect ed
for by gromt#ﬁqqtQNHﬂaﬁqmang@mtahmchgbewbmgnﬂﬁchpdﬁateﬁeh@@bstBer expressi on
of the flrstcﬂgg d a S -agai ns the second

mar ker . 2{:? nﬁ%ﬂg S?n?’%l g%tagdg@g %\,’r*gtqﬂ[at%%]hfgevctéel Foﬁ@ tedng egr at ed
the targ nst c OBy Cénnﬁéhbﬂ%‘?ﬁhéﬁ%ras t2h3r nisewol dggbéereconbl nati on

\IQDH ddbe exm:daerdiletdo (webx essﬂ.b%ﬁﬁc@i’rd_;l@-@t&{arﬁ%&?ré@@o}‘l’s' Lttgﬁéeby be
illed int et iy ositively selectable mar
somet i mes |Ar}§lb§§h %hr?%t hg‘g%ﬁ%r ucfart"g > Hl 1Bw ércuﬁﬁé DOLEEEL BN of

he DNA construct or its RNA equivalent can also be

introduced as.a viral nucleic acid.

15 When the construct is ‘introduced into host cells
in two separate DNA fragments, the two fragments share
DNA sequence homology (overlap) at the 2’ end of one
fragment and the 5’ end of the other, while one carries a
first targeting sequence and the other carries a second

20 targeting sequence. Upon introduction into a cell, the
two fragments can undergo homologous recombination to
form a single molecule with the first and second
targeting sequences flanking the region of overlap
between the two original fragments. The product molecule

25 1is then in a form suitable for homologous recombination
with the cellular target sites. More than two fragments
can be used, with each of them designed such that they
will undergo homologous recombination with each other to
ultimately form a product suitable for homologous

30 recombination with the cellular target sites as described
above.

The DNA construct of the invention, if not
containing a selectable marker itself, can be
co-transfected or co-infected with another construct that

35 contains such a marker. A targeting plasmid may be



cells containing anplified copies of that marker. In this enbodi nent, the
- order of construct conponents can be, for exanple: a first tpg@eii mm

sequence, an %’és‘ {fiable positively selectable marker, a second
sel ect abl e marker 3k)ti onal ), a regulatory sequence, an exofCT4I599/09924

" splice-donor site, and a second targeting DNA sequence. The various

el enents of the construct can be 30 obtained fromnatural sources (e.g.,
genom ¢ DNA), or can be produced using genetic engi neering techni ques or
synt hetic processes. The regulatory region, CAP site, exon, splice-donor
site, intron,ckervesblvicth acceptoicsite enfyhdien P IH4C Inoean shedsselated as

Sequence 0 Er&d‘t&‘i&rz@grogz s drs, 59 RS R S % e tar taene or the
cyt onegal ovi rts ¥ 1 s edfi8nE@suHEHEIWRI9e iDiRe dindise iearkyseeghen. These

conponent s cafrealambei &Qbaﬁégifé@nﬂl&m_%ﬁﬁs %@%ﬁmﬁ%@@ékegv og or

I nfection and QgQULs Igggorrmi naﬁl%(lgn % e DNA construct o "tHe"

i nvention can Ee i HtT oo diCed FRE P Y heSE IMaYs fogh tx€24°pr Wathyansecondary,

or imort al iPEPUEAgaseasoacseatt co B hargisty Eet prog’asingpa- rate DNA

sequences MiSHtabﬁ@an@MAHQQBEOR@@QTiJE 0 dhg 3%h§191£‘938qg|ciegr  Qucl ear DNA of
DNA ro

a transfected or nfected 10 cell. The can _be I ntroduced*d8s a |inear,
doubl e- st r andad (Wi ERGOPTRFERTRAY ot M1 1% makdeqtidgrois hengnk) o bot h

ends), singl é—mneaﬁ@edheotremem&ﬁromrﬁmuie@.ireﬁhgo%lﬁoggggt ruct or its RNA
equi val enig C&%c%'n{iﬁnla%iohng{r%pe(jlr?%rﬁ.swe%lodg%cl | ¢, acl 9 15 When the
i e paPare

construct is _*introduced into host cells 1ntw PPRUFragnent s,
the two fragfEfPEPIRaFECNDRAC R it HRGSIEa8Y Eoquehap)and the 3° end of
one fragmengeanditheasgeendi DI #dulot hey cwahicb8:Q8CELE €82 Rueting

sequences, flanking the elements contained within the
introduced plasmid.

15 The DNA constructs may be transfected into cells
(preferably in vitro) by a variety of physical or
chemical methods, including electroporation, microin-
jection, microprojectile bombardment, calcium phosphate
pPrecipitation, liposome delivery, or polybrene- or DEAE

20 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
24:1288-1292, 1989). By "transfected cell" is meant a

25 cell into which (or into an ancestor of which) a DNA
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.

30 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. When the
homologously recombinant cell is maintained under

35 conditions sufficient to permit transcription of the DNA,



first .tar geti 'ng sequence and the other carries a second 20 tgﬂageqtﬁngm
- sequence. HQ uction into a cell, the two fragnents d 60
honol ogous reco ination to forma single nolecule wth the HATYES99/¢902k

second targeting sequences flanking the region of overlap between the two
“original fragnents. The product nolecule 25 is then in a formsuitable for
honol ogous reconbination wth the cel lubgr -target sites. Mre than two
fragnents can be used, with each of them designed such that they wll
under go honol G IEEFEEHBM asigseniirts resiciredt ber the DA tédmighied orm a

product suitahla falrtép@laqmb%qogleg@m%gabl ?EFW‘ th the cellular target
DNA

sites as descri bed bov§9 construct. o fivent i on, if not
containing a sel ect aPPB° ?‘R‘é‘? Yt%“eﬂ’cfmbjé?sﬁ‘f“becekl@t(tlansf,ecemzlsou:hat

co-infected wiave amstergioneonsier deksirbdt hdmot 6868k NSe SoHAY 6{%&,; CaQ
targeting pl amiGJiRYy WO 99/ 57291 PCTI US99/ 5
cleaved With a.restri g?%gg%g%egggﬁpoﬁeSSF SHDtRS PY &Y t3falyzéagethel i near
or gapped nolcé&}luéepﬁ”@ﬁrﬁétﬁﬁénsﬂeénkme bunkadennmmso'lihi%nﬁzeégls&yag free

DNA ends i ncri@&gesa)h&oxf Geqsencyc@ﬁmgpglggstiggAhg{@s[ %ﬁrtec ombi nati on
event. 5 In addicd qn, é@glflrggeD%IA nds rrgé be treated w th an ~8onucl ease
to create overhan ing AgPe™ >Rt PARLEHES DN re1e@Polésg. MNAL | east 30
nucl eoti des F{ﬁmolléﬁ@tlﬁ1Yaﬁécpméﬁ-eaabl ge1D8- 4800auis I eotiidas ipchepgt h) to

i ncrease 1hesbuegdencynaf Nbhendesi L I reconmbin t| on event. In
thi s enbodi mgat,. honol gggfs r econbi na’??%% gfr\gggjbqtymertaﬁgg ?hB sequence
and the gendmic taPgdf & | FF8SUHE%in two copies of the targeting

sequences, flanking PtShelselcbrkmnamomhal med-mm"bbhﬂai—ﬁec& g odiaedenl asm d.
15 The DNA copst kHElS B?¥sbﬁttfﬁﬂ§f§§§§%hé{§n ofacéils isolated from
& vertebrate tissue source (prior to their being plated,
15 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
(iv) cell suspensions derived from these plated cells.
Primary cells can also be cells as they naturally occur
20 within a human or an animal.

Secondary cells are cells at all subsequent steps
in culturing. That is, the first time that plated
Primary cells are removed from the culture substrate and
replated (passaged), they are referred to herein as

25 secondary cells, as are all cells in subsequent passages.
Secondary cell strains consist of secondary cells which
have been passaged one or more times. Secondary cells
typically exhibit a finite number of mean population
doublings in culture and the property of

30 contact-inhibited, anchorage-dependent growth
(anchorage-dependence does not apply to cells that are
propagated in suspension culture). Primary and secondary
cells are not immortalized.

Immortalized cells are cell lines (as opposed to

35 cell strains, with the designation "strain" reserved for



(preferably in vitro) by a variety of physical or chem cal nethods,
-including electroporation, mcroin- jection, mcroprojectile bonbardrrent

cal ci um phosphate precipitation, |iposone del i very, or pol ybhfdn8CT IM2DEAE
20 dext r an- m3P R53W1t r ansfection. The transfected or infect eet1oedob/odeds

“mai ntai ned under conditions which permt honol ogous reconbination, as
descri bed in the art (see, e.g., Capecchi Science 24:1288-1292, 1989). By
"transfected cell"” is nmeant a 25 cell gLo_ which (or into an ancestor of
whi ch) a DNA nol ecul e has been |ntroduced by a neans other than using a

viral vect or priBary rgrﬁptsgoqﬁl alry 'c%l’I%‘?”EHQtC LLib g o \g%gea&eg}g HI nto an

ancest or |ch) RNA"nol ecul e een TNtTo g a viral
vect or. 30 \)‘i1 ets(?aﬁlel&sé‘ﬁlt}ltuﬁ vectors include adenovirus,
adeno- associ ated vi Catlsl—leepestem rfsy -t FAHgER CtiilonS or PREEOVII Dan

| enti virus, tyr Q IS, Vil and ccini.a viruses such as
canary pox vﬂlra?uls \f{thén e%'y%g%) 6981‘3‘??%“%%%13?%;& 5’1l§ An@Pnt ai ned
under 35 EortA%:i @r?s%i}faflin@ﬁenf“ai‘:@ p&r PRt 2@ Terd ptHaom tafac’ehamahwcso 8 OCT
2002 VIO 99/ct7 2%k RCTASII608934 (1396ce! ig mgéwg 228b8a At roduced by

the DNA congtruct tVélll|n| alter tran g{__llgt
Honol ogousl y re nbl A& UEerfs I 81 PSREhath aﬁh\F@Cﬁﬁd Pgéﬁ@dt he desired
lk)lom)l olgoglsnr(é%@lflblaﬁat |1@P)queanlt5e$eledenthaim am&%mn@rmﬁig:ggm ngsg; .
()éL?gi)g g’gy@il@’%@%lﬂ’fﬁe?@g@ ?8& tHe detéecc{élliﬁ% %% CSF are avai | ab?/e
from R& @ys‘? éﬁ% Ef 233 s kﬂ)w lFBn‘B‘T kyohs proseanbrhaat leedl s can
al so be i derwthllff:hedSbyhmlsd)uglneahlgndowl gispid) tangalt);@@sogrcgylé)oigner ase
Cha:nd reaciyneR i HBER) Laer geni pg- béSaHéﬁgnJ§H(%J1en g%cg g%" ey cells”
| ncludes content or production, and (iv) cells in which it is
desirable to change the pattern of regulation or
15 induction of a gene encoding the protein.
Primary, secondary and immortalized cells to be
transfected or infected by the present method can be
obtained from a variety of tissues and include all
appropriate cell types which can be maintained in
20 culture. For example, suitable primary and secondary
cells include fibroblasts, keratinocytes, epithelial
cells (e.g., mammary epithelial cells, intestinal
epithelial cells), endothelial cells, glial cells, neural
cells, formed elements of the blood (e.g., lymphocytes,
25 bone marrow cells), muscle cells, and precursors of these
somatic cell types. Where the homologously recombinant
cells are to be used in gene therapy, primary cells are
preferably obtained from the individual to whom the
transfected or infected primary or secondary cells are to
30 be administered. However, primary cells can be obtained
from a donor (i.e., an individual other than the
recipient) of the same species.
| Examples of immortalized human cell lines useful
for protein production or gene therapy include, but are
35 not limited to, 2780AD ovarian carcinoma cells (Van der



(i) cells present in a suspension of cells isolated from a vertebrate
- tissue source (prior to their being plated, 15 i.e., attachegqg @ca fossue

cul ture substwetsg;sgdach as a dish or flask), (ii) cells pres
explant derived fromtissue, (iii) cells plated for the fi r??&nﬁs&/@%
“(iv) cell suspensions derived fromthese plated cells. Primary cells can
al so be cells as they naturally occur .20 within a human or an ani nal .
Secondary cells are cells at all subsequ%?lt steps in culturing. That is,

the first t| t t ed rim re rem)vedfromthe cul ture
substrate and %g’% atF (pacsa’loageé:d)}g{a theﬁga HteAttred 188 )hePSi4R as 25

secondary cel (Rmemscan dhald Galtuge ﬁoé&bsemmnt"mmsage;sgl, 18egondaky cell
strai ns consi siTo¢ @@pmar)gogpelsl %e‘MAhBHa DavEs Qn%%aggg ne or mor e
| n| e nu

ti mes. Second |caII exhibit a

popul ati on d@é%? %’% pﬁ‘%ﬁ é’r)lcl FRBE piShred t (RTHC wlcéﬁtoaat) - nhi bi t ed,
anchor age- éep@@ﬁ@jﬂl grA@&ch Coj.athOrageLdB@gnghmrme (_(tq_egzrgqt 2Bphy to cells

that are Oﬁ@ﬁ on Primary. _and _secondary cells

are not immorta |ze§\ qﬂa:m*rnr{‘3?%géd0§§{3 £§I%seR @I’H& |Cr?é‘s2 9sléppBakdito 35
cell strains, Stth WREUESIYRABY enDesEedt N6 e@@q@e@cmomes 08812002 WO

99/ 57291 PCT/ 4004 cmaz@era?;at@weaaby paga secondamrcgelels) ot hat%egggblt an

apparently I m t. i f re CeI | s sel ect ed f ransfection
or inf ectlont%aén |6nﬁ§%?§u!?ef‘ygéé A% G&lilés:(ATCE €6FI 84%hich do 5
not, as oBPalHﬂé’ePBQm‘@IGr (88RCaFALNDRR) 1 hmrz-t312ad&mmaﬂLsu@§ the G CSF

rotein 1 )Jwesddes ihgh ( c | e ei.n bu ntities
gt her thaEl t)J e %d%§:édgé§ KEEE 9513 Qgﬁ)aq%nsits{}t |l§él fteess (31191 r(u‘g%&%vel whi ch
I

is physiolo nofal FGF“?W@ E§pEsS ofATEA IC§Lad 7) . KG 1 (ATCC
cer 246), KG-la (ATCC CCL 246.1), LS123 (ATCC CCL 255),

LS174T (ATCC CCL CL-188), LS180 (ATCC CCL CL-187), MCF-7

15 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-HS548 (ATCC CCL 249),
NCI-H716 (ATCC CCL 251), NCI-H747 (ATCC CCL 252),
NCI-E1688 (ATCC CCL 257), NCI-H2126 (ATCC CCL 256), Raji

20 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),
SW48 (ATCC CCL 231), SW403 (ATCC CCL 230), SW480 (ATCC
CCL 227), SW620 (ATCC CCL 227), SW837 (ATCC CCL 235),

25 SW948 (ATCC CCL 237), SW11l6 (ATCC CCL 233)) SW1417 (ATCC
CCL 238), SW1463 (ATCC CCL 234), T84 (ATCC CCL 248), U-
937 cells (ATCC CRL 1593), WiDr (ATCC CCL 218), and WI-
38VA13 subline 2R4 cells (ATCC CLL 75.1), as Qell as
heterohybridoma cells produced by fusion of human cells

30 and cells of another species. 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
immortalized human cells, as well as primary, secondary,
or immortalized cells from other species, can be used for

35 in vitro protein production or gene therapy.



10 obtained) , (iii) cells which nake the protein at a level which is

- physiologically normal for the type of cells as obtained, but are to be
augnent ed or enhanced in their content or production, and (i 0)8 0T 12802 n
which it is 887 e to change the pattern of regul ation opct/Bsdondstati on
“of a gene encoding the protein. Primary, secondary and imortalized cells
to be transfected or infected by the present nethod can be obtained from
a variety of tissues and include all gp@gopri ate cell types which can be
mai ntai ned in 20 culture. For exanple, suitable primary and secondary
celI's includecitdr otmsdsssideercaingocytes, epithelial cells (e.g., manmary
epithelial cells, intestinal pt theli al cellsa endot helial cells, glial
cells, neural cells: °P8?'ﬁ%8u%f3érfé?ﬁ‘§“h&f“at“ﬁecﬁ 68dcf ethe  inyerphicmyt es, 25
bone marrow cEFRESSS Arsgre ateldesiraddleversir&al 2:ef uskese fggrrggtﬁ cell

berapy, pei mary cel LR o e O Lan s FBRFERY | ndi vi dual Lo

ual to whom

t herapy, primry ceIIs are refera
the transfacted or im%?—b%—gﬁiw secondary cells are to 30 be

adnmi ni st er ed. Homevengm@lmmsﬂ}cejéc%n@:a&ahe ebi gi ”é‘é’co:fcfl g donar ('- o
an indivi dualj Qther; otr{‘%’& he ngdpke{)t% of .t he sarre specl €s. “Exa m? | es

i mortalized human I s “Gsef uf ViIFS BFRBFbEBRt PENCOFESHene
therapy incl Jd¥ st sapge Qslﬁé@lmdnmrecthxt monﬁl&@élsovaslaés@aiﬁé@ona cells

(Van der O 8 {ECER0GZ: VGn994572001 PO WS903924 028, Gk ot gl . Sancer

R 48: 592 A54 A T tThect ATCC
c?:i 185) , 2y \Zfo%%%i?&%%& g8y g%oé&m{ﬁinﬁ&ﬁépgéwslrm GR‘_C@%DP) :
CCRF- CEM ATe@p@@Damg)ts CORFohmacquGalcebm@ael&ion%&QQﬁ%n ATCC CCL

224) CQ0205h@AEC@S@Cbr8@3).n S Be BAMLALOE Lnial) o OFO S20HSR (ATCC

CCL 220.1), Dau
anlmal by conventional pharmaceutical routes known in the

art (e.g., oral, intravenous, intramuscular, intranasal,

15 pulmonary, transmucosal, intradermal, transdérmal,
rectal, intrathecal, subcutaneous, intraperitoneal, or
intralesional). oOral administration may require use of a
strategy for protecting the protein from degradation in
the gastrointestinal tract: €.9., by encapsulation in

20 polymeric microcapsules.

Gene Therapy
Homologously recombinant cells of the present

invention are useful as populations of homologously
recombinant cell lines, as populations ofghomologously

25 recombinant primary or secondary cells, as homologously
recombinant clonal cell strains or lines, as homologously
recombinant heterogenous cell strains or lines, and as
cell mixtures in which at least one representative cell
of one of the four preceding categories of homologously

30 recombinant cells is present. Such cells may be used in
a deliyery system for stimulating the proliferation and
differentiation of hematopoietic progenitor cells, or for
any other condition treatable with G-CSF. For instance,
the cells can be used to prevent chemotherapy-induced

35 neutropenia; to treat patients undergoing, or who have



it 562 (ATCC CCL 138), HelLa cellsgangct 208
celI's (ATCC CCL 213), Detroit CC(L Tec oo 18 )2'2), LTI 16 ?XTCC .
- derivatives Q@ Fﬁ& cells (ATCC , SOWIWa32
247), HL-60 cell% ?"ATCC CCL 240), 10 HT1080 cells (ATCC CCL ReLp! R432
(ATCC CCL 127), Jurkat cells (ATCC TIB 152), K-562 |eukenmia cells é}l
* CCL 243), KB carcinoma cells (ATCC CCL 17), KG 1 (ATCC CCL 246)8, KLSlgo
(ATCC CCL 246.1), LS123 (ATCC CCL 255); 36S174T (ATCC CCLICL-18 ),T ; e
(ATCC CCL CL-187), MCF-7 15 breast cancer cell s‘(ATCC BTH-22), MOLT- 202
(ATCC CRL 1588€raQiifal ReNeeMRE TOXTCCATRD1 4488 i ol 01498 c(ﬁéE@? CgCLCCL 5255)15
NCI - H508 ( ATCErCEHi 253)iophiehi H5484( A; ﬁ%a?‘lﬁ%%ré,\'%i'ﬂ%l A Favee o)
NCl - H747 ( ATCC CCL 2'2?‘8(? NCIs: H16r8e8 (ATCC CCL 2l , RiDM REY ATOO oL
256), Raji 20 cells {RICOIS196) e IIARPCC BOLMETF) ce ](SNU—C28
30), RPM 822:@ld.e|s|tga(m"s:csrcahté55¢en&h&}&H(Hﬂ&n%z 550- g/&m CATen oL
ooy Swass CamiBdetd el %%é‘g?%%@md?i(%c t%@??‘%ﬂ?é:com 235), 25
230), SWAB0 (ATCC CCL 227), S\ _ , 238) Sw&463
SWp48 ( ATCC e53FRPlSVEPRE1 £ AFG £CLo 233)t reMet] b M@@enel:sgé 3 Vo
(ATCC CCL 234nffT184ehATEGaRE Lt 248)a B &3%5&4&1@}1%80%%,730 1%*’as el |
et or 21§}esgnng\({ oAU LT 1~Ce’{?}'!f Sc?ﬁ(Jr?dWSJ@éP% BOAamd cel s of
as heterohybri dona ceﬂ(s pr o uced” by’ B GF urTe A
anot her spechg.SlséeahaaHyh{mbmvambrm@]@t. St miyss.0184eBadsy We B8. (
et onahr oo SLABC € o iblon W ool L BLTEY.
A t uman : . A b
?ﬁ’?rgp?:w,zegagé{:ﬂ@ ?gﬁl{%?‘h%tr TheqEel vy pasdtusssl o hgsbbdy Vit r o pr ot ei n

producti on oFS§ehest her SpYroeBriCh 202 AMRCIHT7 321 uRETL LS99/ 09924 29
G CSF- expresgbngiebhs Hefmolpgqusqy. ra‘}('eo’Eg)n%%ﬁtefi%ekvhgpﬁieéggcé ALY
express G Csfmgttlngggrln;raggegltevreelcsipair;nta}r ethlé %eljl.ls Cc):ran be administered
15 or implanted intravenously, intraarterially,
subcutaneously, intraperitoneally, intraomentally,
subrenal capsularly, intrathecally, intracranially, or
intramuscularly. _
If the cells are not syngeneic and the recipient
20 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
prevented from leaving the device upon implantation into
25 a subject, but the therapeutic protein is freely
permeable and can leave the barrier device and enter the
local space surrounding the implant or enter the systemic
circulation. See, e.g., U.S. Patent Nos. 5,641,670,
5,470,731, 5,620,883, 5,487, 737, and co-owned U.S. Patent
30 Application entitled "Delivery of Therapeutic Proteins™
(inventors: Justin C. Lamsa and Douglas A. Treco), filed
April 16, 1999, all herein incorporated by reference.
The barrier device can be implanted at any appropriate
site: e.g., intraperitoneally, intrathecally,



in vitro production of G CSF and gene therapy. 5 Protein Production

- Honol ogously reconbi nant cells according to this invention cp® gog wweed for
invitro pro%%d'/%ﬁglof G CSF. The cells are naintai ned under conditions,

as described i e art, which result in expression of prot&RES9ME410

" G CSF protein may be purified fromcell |lysates or cell supernatants. A

phar maceuti cal conposition containing the G CSF protein can be delivered

to a hurman or an aninmal by conventionalzpharmaceutical routes known in the

art (e.g., oral, intravenous, intramuscular, intranasal, 15 pul nonary,

transnucosal SUPRuFasepHaly .t iansdensallartectwlthimtchat kedaky subcut aneous,

intraperitoneabsue, bt Qghﬁghog%)omg@madm nistration may require use of
a strategy for protecti,ngrthe protein from degradation in the

gastroi ntestinal - t r &A= .2 een @& s BRATHE6RI # Rl 2 ugpf yinearic allow :
mi cr ocapsul egomoBegeudher apyobimamg oltahyr t L0 Ranh sGehbso bt e pr esent
invention aregUsgluh atlons omol ogausl y,, reconbi nant cel |
lines, as popSI aﬁbongﬂgf ?ﬁg%l gggﬁs?%t}ge? et oe%)lieﬁa POBPﬁﬁﬁ?’;}sb}’ secondary
cell's, as hoRBFEUBLERYT ¥ereapnebntcelbial weldeldsr drom ar nbhnesto-as

honol ogous| ycompaonbi Daey - et €FOQ@ oS C&HmoﬁUg%b@iy%e!:EHB? afnd as cell
Il “of one ol? e four

m xtures in ! . ] east.one_represent ative Ce

precedi ng ca%ggg ?%él%fg%%}r% ob%ﬁ%fyl Fshifiorakteg8ePeRt i ’f ;r esent . Such
cel s may besuBgéctn BThelefieévirys systtaim fawllst iimibatingdt bespfQld foration
and differepitvafi wRind hesBtOPOILtd e RIOGENIF! I r.for —any other
condi tion treatable l'th’,.GrCS - For_ i nstance,. gﬁhgﬁ%e_?ggc%nl%@rifsed to
prevent chendt heT Apy- THTcTd St r iah oMo COPER1 pat | Bt Weder goi ng,
or who have 018 QCTtR{2ieMD IH&EIY] RCHIISANEGI984dy 3Bemoval of

the cells when the treatment regimen is to be halted for
any reason. Transfected or infected xenogeneic and

15 allogeneic cells may also be used in the absence of
barrier devices for short-term gene therapy. 1In that
case, the G-CSF produced by the cells will be delivered
in vivo until the cells are rejected by the host’s immune
system.

20 A number of synthetic, semisynthetic, or natural
filtration 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

25 polyvinyl chloride derivatives. Barrier devices can be
utilized to allow primary, secondary, or immortalized
cells from another species to be used for geﬁe therapy in
humans.

Another type of device useful in the gene therapy

30 of the invention is an implantable collagen matrix in
which the cells are embedded. Such a device, which can
contain beads to which the cells attach, is described in
WQ 87/15195, herein incorporated by reference.

The number of cells needed for a given dose or

35 implantation depends on several factors, including the



under gone, . bone marrow transplantation; or to treat chronic idiopathic and
- congeni tal neutropenic disorders. Hom)l ogously reconbi nant primry cel I s
cl onal cell stral ns or heterogenous cell strains are 5 adm nil8dKdd

i ndi vi dual i n"QA¥i**he abnornmal or undesirable condition i sPCUUB@/Q‘)oBat ed
“or prevented, in sufficient quantity and by an appropriate route, to ex-
press or make available the protein or exogenous DNA at physiologically
rel evant |levels. A physiologically rele 33 vant |evel is one which either
approxi mates the level at which the product is normally produced in the
body or resutxBréssioprbeeriendt afhe fpercedenion, Mehe OF i #& dgsd Iy ¢ s¢gNndi ti on.
If the cells e n i h r t nmunoconpet ent reC|p|ent
the cells canélf)etg%mﬂﬁgg ée:prﬂgé1 115 %?djet% al(r%'tméaal:h??iv%% %Fe‘d wit
intraarterial¥§8 1 lo%%%mglspcqqﬁ%peﬂispehém tye nunibemrEncalllly,

subrenal capsithplayted nis airheealley hund %Qr éehéi—' é/lmP.'farl' tgsgmescul arly. If
the cells are, gg&n%ypé)enel 3_1 and the éseg. Mocorrpet ent, the
honol ogously Té&conbi rant 9 3P K d?ﬁ rlliosttéDr édxcéﬁ beaBAcl osed in one
or nore senipeefendbly barX ild® tevicEsloThe Ifiedaeabed | ttyneyprng@ergé es of the
device are smﬁpii&a@ea@c%ﬁhlc%;ﬁree s RV en! efle f %&Hér&a‘“ g Lhe ge‘“ ge upon

inplantation into 25 a subject,. but t he t herapeutic rotelnls r 88Fy

per meabl e and ¢%n ?%a?/vert B4t dé\?lnéésaﬂﬁ YRR%ES tﬁ"éle Hesagespage -
surroundi ng the Yepdated @rs emegied.he systenic circulation. See, e.g.,.US.
Pat ent Nosg 5, 641,670, 5,470, 731, G283 4§7 737, and co- ovvned U S.
Patent 30 Applicati on entitled ' apeutic Proteins"
(inventors: Justin CITLAfsEC PR RARTe&od thescohilei the 11Apsmdlorﬁ 1999,

al | herein i oy poreat etbdoribebieneneen;jther Pas vy &m deyd Ql%t% e i rrpl ant ed
at any appr Ogéﬁ;tr%.ptsl'o%e ergrdor,' ThHE a@%&legg{'ﬁé"éeyscr'lgtrl%% (;,_(s:a ot
intended to illustrate and not to limit the scope of the
15 invention, which is defined by the scope of the appended
claims.
Other aspects, advantages, and modifications are
within the scope of the following claims.

What is claimed is:



CAVUVON DA MUENCHENS O, 18- B- O [V S AN A - +1Y, 89 239944065 41 | )
WO 996582830 PCT/ 1US99/ 09924 31 subcut aneously, intranuscul arly, ng’Q

-the kidney <capsule, or within the onentum . . Barrier devices ar 209924
particularly useful and all ow honol ogously reconbinant imortalized cells,
honol ogously 5 reconbi nant cells from anot her speci es (honol ogously

" reconbi nant xenogenei ¢ cells), or cell s4froma nonhisto- 8 0CT 2002
conpati bility-matched donor (honol ogously reconbinant allogeneic cells) to
be i nplanted for b&@gt ment of a ., subject, The devices retain cells in a
fixed position- ithPN gPRsiructihat altess etnsessionglien endegeangns BGSF gentiost * s

i mmune system Barrier devices also allow convenient short-term (i.e.,

t ransi enthamielizmpeeibypaal inegratipuistedye garmveds thé cell #a loatdlsgoken t he
treatment reginmen is to be halted for any reason. Transfected or infected

xenogeneigg. i S . u i n_the absence, of
barr ror deraaaR R BB ook ata ol sip e ollnB R B
produced by .the cells wl] be delivered in vivo until the cells are

r ej ect ed BPLUEYWS Rysleotidssfram SEQIA NEN$ and (in) afmrisemptegnab yagulasory sequence.

sem synthetic, or natural filtration nmenbranes can be used for this
purpose, including, but not limted to, cellulose, cellulose acetate,
nitrocel |l ul ose, polysul fone, polyvinylidene difluoride, polyvinyl chloride

I d inyl chloride derivati Barri devi
Can be uti i Sodtr ey Fan PR et o Bl o oS Bk Pormeret afeatt Y om

anot her spgci ef té) be used for gene therapy in humans. Another type of
devi ce us8fArPiTF-¢PROT§Efre t herapy 30 of the invention is an inplantable
collagen matrix in which the cells are enbedded. Such a device, which can
contain beads to which the cells attach, is described in WD 97/15195,
herei n incorporated by reference.

3. The DNA construct of claim 2, wherein the construct further comprises,

downstream from the splice-donor site, an intron and a splice-acceptor site.

4. The DNA conpstruct of claim 1, wherein the construct further comprises a

selectable marker gene.

5. The DNA construct of claim 1, wherein the targeting sequence contains at jeast

50 contiguous nucleotides from SEQ ID NO:5.
6. Anisolated nucleic acid molecule comprising at least 100 contiguous

nucleotides of SEQ ID NO:5 or its complement, wherein the isolated nucleic acid

molecule does not encode full-length G-CSF.

AMENDED SHEET



The nynber ,of cells needed for a given dose or 35 inplantation depends on

- seweral:flactorsivimc| udi ngsthe d : 8 Oz 2001 WO 99/ 57291~ PCTHUB89/:09824: #32
expr &89be®0Pevel . of the protein, the-size and condition of the ho86 009909924
animal, and the lIimtations associated with the inplantation procedure.
*Usual ly the nunber of cells inplanted in an adult human or ot her
sinmlarly-sized 5 animal is in the range of 1 X 10' to 5 X 1(1® 0Chne2
preferably 1 X 108 to 1 X 109. If desiLped, they may be inplanted at
multiple sites in the patient, either at one time or over a period of

th X :
Enbod; ment & 11 1210 ber pRaarar oo Rrdp SERRLAS, fReRAGAEtode FhIEL agd

descri bed unction w the detailed . description thereof, the

f or egoi né‘“ﬂe‘é’i 1pRYTS et] caﬁr??’@r?&éﬂg‘f%ls W“PE@F?eétoésgperQH POTiSnit the scope
of the 15 invention, which is defined by the scope of the appended clains.
O her aspempigmeatlvant ages, and nodifications are wthin the scope of the-
following clains. Wiat is clained is: ~ 1v ::l-:1"AML- ..IE, OG:18- F-
(0 (x:2:2t. @ 1319 1y>J~4U5:is11 1 & 05-2000 - US 009909924 33 - 8 COCT
2002 1. A DNA construct that alters expression of an endogenous G CSF gene
in a nannall n_cell upon |ntegrat|on into the genope_of the_ cell via

honol ogous Theiselatednuclep acidgnalecule of elarm pi wbwgm(rhy 159lated pealeiggeid
sequence contalnlng at least 20 contiguous nucl eotides from SEQ ID NO 5

and (i) molédudnsenpides anizbstrsogubat guons aecléenids .of SEQIENOMA og @tgst ruct  of
claim1, wherein the construct further conprises an exon and a

splice- dggr% @?de%? 3. The DNA construct of claim?2, wherein the construct
further conprises,

9. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic acid

molecule comprises nucleotides 1470 to 4723 of SEQ ID NO:5, or its complement.

10. The isolated nucleic acid molecule of claim 6, wherein the isolated nucleic

acid molecule comprises SEQ ID NO:5 or its complement.

11. An isolated nucleic acid molecule comprising a strand that comprises a
nucleotide sequence that (i) is at least 1000 nucleotides in length, and (ii) shares at least
80% sequence identity with a fragment of SEQ ID NO:5 having the same length as the

nucleotide sequence.

AMENDED SHEET



dowasid.eanpnfrom the splice-donor site, an intron and a splice-accepty$ 009909¢
-site. 4. The DNA construct of claim1, wherein the construct further
conprises a selectable marker gene. 5. The DNA construct of g@l 'fnéb

wherein the targeting sequence contains at |east 50 contiguous nucleotides
"fromSEQ ID NO5. 6. An isolated nuclei3 .acid nol ecul e conprising at |east
100 contiguous nucleotides of SEQID NO5 or its conplenent, wherein the

i sol ated nucl eic acid nolecule goes not encode fU||_|%B%£h CSF. ANMENDED
SHEET O . VBN Agmplegopslynerombingupeell stably transfegted withhe DNAgogptruct
239944 ;5: 012 18-05-2000 US 009909924 ~ 8 OCR 3~ -34- 7. The isol ated

nucl ei cofglafin TOHRCONSA ebnéthith BhbingWides dheHiend1§ 8o rREomY G tion vaith d

nol ecul e conprises at | east 200 contiguous nucl edtides of SEQ ID NGO 5 or
its conplenent.. 8. The isplat nuclejc acjid | ecyl e of claidp 6, ,.wherein
e | oBBAIINAORS AR Of 61 A LG B RAHApCd08 AL FEOEeRYE Gorih GRS

nucl eotides of SEQID NO5 or its conplenent. 9. The isolated nucleic acid
nol ecul gefifengd.ai m 6, wherein the isolated nucleic acid nolecule conprises
nucl eoti des 1470 to 4723 of SEQID NO S5, or its conmplenent. 10. The

i sol ated nucleic acid nolecule of claim®6, wherein the isolated nucleic
acid nolecule conprises SEQID NOS5 or its conplenent 11. An isol ated

nucl eic acid nolecule conprising a strand that conprises a nucleotide

sequence t hat3.(4) hérmoRigousigstcdibhantictlbstablyasarsfedtahgtth, thaiiNAidopsthelr es
at | east 80% sequence identity with a fragnent of SEQ I D NO 5 having the

009900 OP5disi, BREDNI TSR R RR s e ot biei iy -

transfected with the DNA construct of claim1l, the DNA construct having
under gogendmivdDdoupstreann nHiheaA T Grinitiaton apeoo wif an BRAogpmtusdant S cadisg ATG
initiation codon of an endogenous G CSF codi ng sequence.

sequence.

14. A homologously recombinant cell stably transfected with the DNA construct
of claim 3, the DNA construct having undergone homologous recombination with
genomic DNA upstream of the ATG initiation codon of an endogenous G-CSF coding

sequence.

15. 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 G-CSF coding

sequence.

AMENDED SHEET



13v. vayhomoliogous! yo reconbigant «el | stahly transfected with thg PNAsugi46s5: 414
- conmd-pggioooof, ¢l aim2, the DNA construct having undergone honol 0goUS |5 0g9909c |
reconbi nati on with genom c DNA upstreamof the ATG initiation codon of an ~~
endogenous G CSF codi ng sequence. 14. A honol ogously reconbi nant cell
" stably transfected wth the DNA construct of claim3, the DI\I@gcbresrtmdgt
havi ng under gone honol ogous reconbi natign_w th genornic DNA upstrea f
the ATG initiation codon of an endogenous G CSF coding sequence. 15. A
honol ogousl y reconbi nant cel| stably transfected with the DNA construct of
claim 4, the!BNA BsHad efditanmg expressisy gioareeningehoego(GsCEE@enbimat i on wit h
genom ¢ DNA upstream of the ATG initiation codon of an endogenous G CSF
codi ng naesHelatce]l AVENRERh & ESdipising EPA \I1Jf::cC E\ O(; :1E'- 5- (1 20 89
2:39944(i15:1114 18-05-2000 US 08990§’ 36 0 8 OCT 2002 16. A nethod of
altering expressjon o endogenous G CSF gene in_a mammlian cell, the
met hod conpr I"FWY<I% S%ﬁn@%m@lé’é@létm@dbeéﬁnbl aim1linto the cell;
mai ntai ning the cell under conditions which permt honol ogous reconbination

to occur befnsgRRinife tHeaRs] dnder cangitdnd 9N £ go%s%éq#. the
targeting sequence, to pr oduceca horrgl ogously reggﬁn%ﬁ\ant ce ;Qﬂxgﬁgntt&

mai nt ai ni.ng,t he hopol ogously r.econbi nant cell undey caonditions which permt
express?%‘?’i’q(ﬂep‘?’ﬁé‘ @gég S‘EB@YBHQ SREPEvEdagRhide EWEO U5 1 thertargeting P

transcriptional regulatory sequence. 17. A nethod of altering expression
of an esdipgaonus pdisE ajesrroiogoaslyracombinant €4l;landt he met hod conpri si ng

i ntroducing the DNA construct of claim4 into the cell; mintaining the
cell under c R i ¢h i,{, _homol.ogous .+ econbi natd on to ., occur

bet ween t he @gﬁ*st%‘f%‘%g‘h%%&"@gﬁ‘é% Egﬁog&bl@gmswle WPB@BSES f”&“?h}@ew geting
sequence, to produce a honol ogously reconbi nant cell; and maintaining the

honol ogotskssiereeHihsi GLrSE cedingiseqeenceamdiet thenontdol ofi thearaniscriptispalessi on of
the G CSF codi ng sequence under the control of the transcriptional

regul at &rgﬁla?&%k%aﬁ&od,A‘NENDED SHEET

17. A method of altering expression- of an endogenous G-CSF gene in a
mammalian cell, the method comprising

introducing the DNA construct of claim 4 into the cell;

maintaining the cell under conditions which permit homologous recombination to
occur between the construct and a genomic target site homologous to the targeting
sequence, to produce 2 homologously recombinant cell; and

maintaining the homologously recombinant cell under conditions which permit
expression of the G-CSF coding sequence under the control of the transcriptional

regulatory sequence.

AMENDED SHEET



. 18:05-20Q0 . r.L.i it 18-05-20Q0 US 009909: 8 OCT 2002 -37 18. Use Qijb@gogg
-cell of claim12 for the manufacture of a medi canent for the deliver

G CSF to an animal by inplantation of the cell into the ani mab &&jéﬁ%e of
the cell of claim13 for the manufacture of a nedi canent for ﬁe very
“of G-CSF to an aninmal by inplantation-gf7-the cell into the aninmal. 20. Use
of the cell of claim14 for the manufacture of a nedicament for the

21 Ueeof tnd-cart ObREH e p Tor B0 Einiesbin of Emedionmans doke {or ¢ e

delivery of GCSF to an animal by inpl antatlon of the cell into the animal.

22. A neldygrosf orGlEdong ﬁuﬁﬂ:by inpiantationdf the esll Hitothd hgingg! | of claim
12, and culturing the cell in vitro under conditions which permt the cell

to express and secrete G CSF. 23. A nethod of producing G CSF, conprising
providing the cell of claim13, and culturing the cell in vitro under
conditions which permt the cell to express and ANMENDED SHEET 1. \(Y

S\, 411018, Ndse efthe(cell of tainb1 3 for thé m2dhufactut BPmedidamielt 465theM R
18- 05-2000 - US 009909 0 8 OCT 2002 -38- secrete G CSF. 24. A method of

produci %]@%qugp%%% %L%Chgg o?%‘% crﬁ}in?cl) ﬁﬁmargi%i éand cul turing

the cell in vitro under con erm e ce Xpress and
secrete G CSF. 25. A nethod of produci ng GCSF, conprising providing the
cell of claim15, and culturing the cell in vitro under conditions which
permt the cell to express and secrete G CSF. AMENDED SHEET

20. Use of the cell of claim 14 for the manufacture of 8 medicament for the

delivery of G-CSF to an animal by implantation of the cell into the animal.

21. Use of the cell of claim 15 for the manufacture of a medicament for the

delivery of G-CSF to an animal by implantation of the cell into Ithc animal.

22. A method of producing G-CSF, comprising
providing the cell of claim 12, and
cuituring the cell in vifro under conditions which permit the cell to express and

secrete G-CSF.
23. A method of producing G-CSF, comprising

providing the cell of claim 13, and

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

AMENDED SHEET
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sacrete G-CSE.

24. A method of producing G-CSF, compnsing

providing the cell of claim 14, and

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

secrete G-CSF.

25. A method of producing G-CSF, comprising
providing the cell of claim 15, and

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

secrete G-CSF.

AMENDED SHEET



