-1- GENOM C SEQUENCES UPSTREAM-COFE-THE-COPHNGREGON OF THE G CSF GENE FOR
PROTEI N PRODUCTI ON. AND DELI VERY Fi el d nvention This invention
relates to %’8#8’577(?1DNA 5 Backgroumu\“mm “ﬂﬂmmvent i on Cur r eRETASPY B2 hes
to treating disease with therapeut i ncl ude both adm nistration
of proteins produced in vitro an__ggnﬁﬂﬂ%@lapy_—+n vitro production of a
protein generally involves the 10 introduction of exogenous DNA codi ng for
the protein of interest into appropriate host cells in culture. Gene
therapy nethods, on the other hand, involve administering to a patient
genetic alcl-:yommg;mem@é usaRESM oPras 6@)19115@

encodi ng ANRPELIYER¥peutic 15 protein ofRF%?ngE?E&%gfggﬁﬁgt ep@%@ﬁ@ﬁ%ﬂﬁﬁm
proteins nmay al so be produced by altering the expression of their
endogenous genes in a desi regigRaneF whehigeRAraRgeti ng techni ques. See,

e.g., U S Patent 5,641, 670, 5,733, /61, and 20 5,272,071, WD 91/ 06666,
WD 91/ 06667, and 07 FIREeRLigy %ﬁaRGﬁ(ﬁPzﬂ%P?W&RHQNﬁaIed by reference

intheir entirety. Summary of the Invention The present invention is based
upon theg identification agg%%% f Qi ¢ .DNA 5' to the 25 coding
sequence of the human gran L G End Tt actor ("G CSF") gene.
This DNA can be uséPrreiyy aprigidies ta DR iorstdirtasdatiditers (e. g.

i ncr eases) epf@fggéu@mcOf:raeesﬁgogﬁes?uaeeb%ﬁ 98RSri Be 22 ¥BATRL an cel | upon
integration into,t nome of, the 30 cell "via homdl'ogous Tecanbi nati on.

" EndogenousP f?%%*ﬂsngﬁ urgfefds F&téogéﬁ6n98n€|téeraﬁﬁronﬁgowawrocopy of a
gene that eprodest GESEf FThpreoashryeheeadi @i navallek! LhEI! 1111 VITT VI

VI Vlhb liﬁéréé&étiggiggxexogenous DNA coding 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.qg.,
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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WO 99/57291. PCT/US99/09924 2 targeting sequence including or derived
fromthe newly disclosed 5 noncoding sequence, and a transcri pti ohal '
regul at ory WOg9s™9e. The transcriptional regulatory sequencecrusswosdal y
differs in sequence fromthe 5 transcriptional regulatory sequence of the
endogenous G CSF gene. The targeting sequence directs the integration of
the reqgul atory sequence into a region wifhin or upstreamof the

G CSF- codi ng sequences of the target gerfe " such that the regul atory
sequence begcgpgst PREN akMeh¥el [ to t ndqgenous, codi ng_sequence.
g? I'gkedgﬂ' te aniﬂﬁgﬁgtﬁr Bgr§v3?0$§°m55§ﬁeﬁegl

By "operatiy % | nked™ 1s meant t e regul dan direct
expressi on 9tSthesedddgenensodingrseaueanag . sendencorafibertphibaudt may

addi ti onal | yegabasony seqabrebabl enantkansaenB:tBnhaCkLEhiLE gl ection of .

cells 15 that have stab i nt egrated the cons

sequence op%é%??%%?pr?%§§ﬁgi8 QIEESFﬁtéP.SFHUSHEeeﬁﬁ@@iﬁbﬂt, t he DNA
construct comensesiptiynab teggbbtoagyseqyaesnee 6P) tRel €88baLALYsSQIUENCE,
(c) an exofg d) plLige: r.siie. The.target] 20 sequence
directs the i%t%gr%iidﬁh%fééféggiﬂgnaééPgﬁ%ﬁt§lr?fg§ ggg(ﬂ?t?ﬂ¥%tboﬂegion
within or upbtfanregulaeoxy GsFquendeninteqaenegsonfwitieihasget gene. Once

i nt egr at ed, upst LAB|Rtof heap-depe n I DL ments (c) and (d)
and al | downstre n16%&éng sequ%ﬁcgéd%égt%g&%%%%ggﬁgﬁsggg %%ﬁ%?élﬁe?ﬂe
construct, THE X il NgerRIM 20Dy BeavpRCe rhgtdmedrgperauiveky and t he
spli ce- dondrimskde® tis the tdidogencnd €baihe xQhendd. angyher enbodi ment, the

sequence, (PSR (HiMERah) 1S aHRRE tER g chedilateTon. and (f) a
spl i ce- accefrDienita efamEr B oL tdnpress ot i of e lendeyshaests- d¢he-
la_pteegr ati onefidd Sé%ciuéflﬂge . elaeni s dhuee (rEaly.sal.Jgé"ié{]oarEale.ﬁyerrceélrgt:_sazgr?) - ()
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)rand all downstream coding sequences of the endogenous
25 gene. 1In the construct, the exon is generally 3’ of the
regulatory sequence, and the splice-donor site is at the
3’ end of the exon.
In another embodiment, the DNA construct
comprises: (a) a targeting sequence, (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



Wi thin or upstream of the endogenous gene. The 35 regul atory sequences then
dir'ects pr glli) %59% of a WD 99/57291 PCT/ US99/ 09924 3 transcript that

i ncl udes no 09 4 enents (c) - (f), but also endogenous GPESHSEYM9?Y
sequences. Preferably, the construct-derived intron and splice-acceptor
site are situated in the construct downstreamfromthe splice 5 donor
site. The targeting sequence is honol egaus to a pre- selected target site
in the genome with which honol ogous reconbination is to occur. It contains
at | east 20rymEqriptattiadasindiudes 109 aoly i glementwic{epot des) frigge 10 SEQ

I D NO 5, Wiiicdy iy L 64 _relative to the

translation start site of the ene y s meant
| ﬂﬁéﬂgf h(‘d% AE%%g%g‘g‘ér?cegs ‘irﬁ) the

that the t&G&EETHFL -Caqisind %rstn%rﬁnd:aspb#cgmctmpmls,am mtear to its

genoni ¢ t agetuatid® isP HHeatcdrat hartdeidvits SEME NESorR ?15%5 A get site can
under go% raol ogous. .reconbi nation. A small percentage of Dbasepair
m smat ch 8, ccséﬁt ble, as [|ong as honol ogous reconbi nati on can occur at

a useful frequenc'yheTOai-getingaﬁeqheﬁﬁlaogQuﬁofn@QegthaEboa S:Qe targeting

bqut 20 0 50, 400,
ieggg)ncgals% gal rsr'?t&b%%aettl 5 'f%’ ar%e q ‘%"Ee%tué’ﬁ'ﬂtfrbgf?‘%ﬂls‘?ﬁ?%l udgr
genomi ¢ se&'@@ﬁﬁ@énattrlm eIt §|Od@qu; re@torl:m;aemaj dry 18f@d RANO 5, so |ong
as it incl gdl t| g.at dreagla 520 S%Ugreqtdd;e%d}fa]@c}y%g]Il{hé&%roﬁ:vleéc?eg%ﬂ“} For

exanpl g, ‘onal_ targeting sequence co

sequenc,JlaO I IPeten FBOFDINBTS SRS t%léﬁdgiﬁﬁ)@-cﬂreamrﬁﬁ4 on
initiati onreéqmelvee tof threhexﬁn@‘ilétg@me sttt HeolompHahins Mg exi st
at the G Cgf gen%th,h m_nor. varlatl%smthe nucl eotide 3 .

conposi ti oA of "any gi V&N gﬁ&%sc & JEANY Aty Rsc d@r et inghy gi ven

mammal i an spagesse Ts&r geentg cedquenced ftildtently 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:5
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.



correspond to such polynorphic variants of SEQID NO5 (particularly human
pol ym)lrophi c vari ant g) gre \?\A’thi n the scope of this invention. WO 99/57291
PCT/ US99/ 09¥Q49/5891 Upon honol ogous reconbi nati on, the regul arcr/ysomespsence
of the construct is integrated into a pre- selected region upstreamof the
codi ng sequence of a G CSF gene in a chronosone of a cell. The resulting

new 5 transcription unit containing the,construct-derived regulatory .

sequence alters the expression of the target G CSF gene. The G CSF protein

e encoded by
The ol tar og beUpbﬁeHbmsabgbﬂs3?858m5§g%?3%ﬁ agﬁgfggﬁhﬁggégysubstltuted

h | t d, do ene
_ E)ref e\lijxgtrle ere G O%g q’tﬁ,é%%%d-r%dr{t@gqqf@%qm:q Yp®IB-CSF protein,
due to chaw@dsqtretc}miag:mh apstrdas W tile ROMIMRPASIILEUTRIMNG] | 'cg-e

Altering g e N _enNconpasses ctlvtlng (or causmgto
expr essed) %‘aé%'g ne \Aﬁrﬂc% |C§1rr?g“rrg)ns'§1"} fa Lent [T W

unexpr eszedranscrietdsn Las.tomuaeah,lnmmg:mg;mlruc?ﬁ@e&&sﬁw thef e
expr essi on reevalt 2y &ﬁ%‘ﬁ [ at | attern of ag
sugh t hat thg gtter I’I%IS fcfeg%gr?gi%n%%%?ﬁa §es % S8 ad 334 ned.
"Cel |l as oft&PRedenfef erdie §05F @aOLtedn o pz-@dmeldomalyogms

reconblnatud&ntlcalAh&DQ@dd@n%eth% $HRPe @@FtQﬁdt@%%n@d@5déa fjod  of
usi ng the HNA nstruct to alter expréssion of an endogenous G CSF
gene in a FF& CIHPRCSEERGd PRcMade§ORté gt gslisional i nt r oduci ng

the DNALO 25ubenstumeti i lmtroftelwerrramiﬁbl &&1@6‘|rle51ﬁh1|e)s @l Rbipaeg ke cell

d d h e Qus 4 at ion.to occur between the
ggng'zrﬁg? g%goailh %%Fﬁg b{"gtrsge e hor‘rﬁlFo 8u§ 6‘9Fﬁe1P§F§QPFﬁ& &&quence,

to produce®arREHd O@§u§|°jﬂ°l’1@§@hlﬁl ﬁanpmbehlatland (iii) 30 maintaining the
honol ogously recomi tewing &ldndNt&ression encompasses 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
- as 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) malntalnlng 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



conditions that-permt expression of the G CSF coding sequence under the
comtrol of the construct-derived regulatory sequence. At |east a part of
t he genom cwot934567e°tl site is 5 to the coding sequence of an EREAEHANGAIR4 WO
99/ 57291 PCT/ US99/09924 5 G CSF gene. That is, the genomc target site
can contain coding sequence as well as 5" non-codi ng sequence. The

i nvention al so features transfected or_ 5in_f ected cells in which the
construct has undergone 5 honol ogous reconbi nati on with genom c DNA

upst r eam ofg{dwr @é&d@gen@k!étAI@ | Bhtl §haRi€0daBakh 83EOLROLEARLLS! oS of

t he endogenou$ G CSF_gene. Such i;ans ected or ecte F%B call ed
honol ogous| SPFRDNBTRERECE ePPsWehdyvaS an RPRaFedimgCBEquRPEessi on pattern.

These cells are 10T;h@r timmemrilon utlefoll fdaurdy \Wridrs fadeRfa ywduction and

for delivey n her . _Met hods,_ of maki and using such
cell's are glﬂs%&et%%{% % 9’? ‘gh% n@eﬁ{? ﬁon%ﬂﬁuméep?g ‘dﬁagﬁﬁoﬁF vertebrate
ori gi n sBchamplngos |Ja¢c<(>labgnath0naw;thogenumﬁ@ leAnﬁpstréaw oPi ghehor se,
goal, 15 hefReridila A9, 1AEEDLL1oRDUSEon IMh NGRe PLE! bogfggﬁﬁ%ea rat)

origin. The nveciflfon furt er ates a net fanmmal i an
G CSF prot éﬁfff-‘ iSRRI FrCIT veensy |$|‘F‘F}éd%€¢m§f°:<h©edb©nemléecte@ed

construct iceldd heaPéb geaDI@d Ofhoo egéusEy | ré’é@n@ﬁ'i@ﬁ@geé'fléecﬂg@énat | on.
is then nmai ntai ned under " conditions

The honol lésity (gbé nt_cell

that allow ranscer epcf %r?ﬁ%ﬁf?ﬁ?’o‘ﬁ’ RAGEeHpt | ohEFS, cebks eaten of the
G CSF pt@t @a‘rtlm.é.arrfhbenm@fuhlﬁ@rf.émuieso acm—cr&mlpfwh@@%&l &nqd 2poAcCi d
conpri si ng q,q,_u:% st. 30, 50,,6 100, 200, or
1000) cont |%l}oslus nu eotl es o? %eég) 4%]'9@9% &?& %%n‘fﬁ e’ﬁ%’ﬁ’tngo‘?n ®f a
sequence | #&iIT Authy cEEG 1IN B exupradet k@oltylmrnmmtviadsmat iTHS or
other M Nefeld® ik B € Eertdissscd o oM Ay die S SIS an

(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, or 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 which does not prevent honol ogous reconbination with the target
sequence. In one enbodi nent, the isolated nucleic acid of the invehtion"*
i ncl udes a WOMHFRIbuUs 100 bp block of SEQ ID NO 5. For exanPptEUS19%09924

i sol ated 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, WD 99/57291
PCT/ US99/ 09924 - 6 801 to 900, 901 to.1000,.1001 to 1100, 1101 to 1200,
1201 to 1300, 1301 to 1400, 1401 to 1660, 1501 to 1600, 1601 to 1700,

1701 to 18@@1 1:80bgi0 Opal to 0, t 0Q, t 00, 2201
to 2300, 230% tQ gggé,b%gofo5g?§oé56§@@2§6€q9§026 &%azgﬁﬁa%g&b786%ﬁz701 to
2800, 2801%%t 39§00 139d0%t 44960014930t 35900015900t 36300163201 to

3300, 3301tb019400, 13401tb018900, 13921 0 13600, 13091 tot 203600503401 to 3800
3801 to 39§0’2§§81 53 gogo, é%%l 5% 4100, 4101 to 4200, 42010 4300, 4301
to 4400, 4401°%C8°10°48005°486%% 02483018890 02493012690 024930, 4801 to
4900, 4901tPo25000, 25001tb025000, 250A1 tbo 25200, 25201 tb0 285300282301 to
5400, 5401,}0,55Q0, 1,.10,5600, 1,10..5700, 5701 t 00, 5801 to
5900, 5901t%02§§§0,zggglt%o3gggoo?5ggof%t812500?131 5958280 0388101 SEQ I D
NO. 5 or it§°. 3308enBPEéAehp. 33R8se3BPdcks 3508EQ3EDINEL534a0d,i 8501

conpl ement tar g78b$0348¢f bb 880bangell en I ot co ugts of the
i nventi on. HB thg igolated DNR, t he SE% ?%?REIg?gérESeggogéqgéhée%Ps not
linked to &*PAr14t8AgER &2PRF- 2887ngC 4808eqhdAdetonh480, ] 448 Eo not

| i nked lin ¢BeosanBotondi gaoati asofi te. a7sepanabedeBy 488, Saggneacodi ng

sequence) cc ip.a at | geno Th rm "isol ated DNA", as used
her ei n, thggogbeggﬁétgae%égg'ahxgﬁrgﬁoggﬂg'o lb r§8 prlle 820dehBni c DNA
(as might b&005 FAGdrporated, i At6latooSADA, o6SPeasd BELDfi 658 tehr onosone)

that incl ugesenos7enl yoPasboorsabh eb 556! Dsob Bo BHbod! 8802NcLNt act

G CSF coding sequence an
6100, 6101 to 6200, or 6136 to 6235 of SEQ ID NO:5 or its

.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:5-derived
sequence is not linked to a full-length G-CSF-coding

20 sequence, 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



t he sequence which |ies between the G CSF codi ng sequence and the sequence
corresponding to SEQID NO5 as it 30 exists in the genone of a cell. It
does includ¥9?¥at?!s not linmted to, a DNA (i) which is i ncBEFHYSEY®R4 nt o
a plasmd or virus; or (ii) which exists as a separate nolecule
I ndependent of other sequences, e.g., a fragnent produced by pol ynerase
chain reaction ("PCR') or 35 restriction endonucl ease treatnent. The
i sol ated DNA WD 99/57291 PCT/US99/09924 7 preferably does not contain a
sequence whpréfepabligsdoeBt ast Eorbhipr ACHEREenCce “hicH CREoHRIP! ete with
Its endo%ﬁ&qgg ge r_gék.on Si gnal pez%tqi de) . e invention also includes
i sol at ed G ngrl ngTSEEFIRd ‘Whfeh EoRCEi FOMR1SEGUERER st is at
| east 100 (engogembubeastrgbfiondBfgnal pepBlideycl eotides in length and
that hybridi zes un Y gl siri nt or noderately stringent
conditions with SEC %%r}%?&lmor?}%%seo cloanp]?“gf%%tl%?lgﬁﬁ[ ﬁ%WNO 5. The
sequence > sCAMPHEbEINGnkadstsapdGvtsEhcodnhgineqaenequenteathheask kg nhot
linked in theasaneosonLi guragio o] rs,hp a hye none., By
noderat el y strjngent (rg%n%i {i %%sm(ieg%tr:regg?' ﬁggl‘i Q?‘ng??gx nggﬁeggﬂeéhur ch
buf f er (7%1§bs4;e 955, ard PRt 1hXPEBFAZe S0pBERFneisBeanhagblyi n) and washi ng
at .15 50C str MGEBE. ot gbtiyrat elpgentingadit tonai gt 8ngeli PRJsEaS
hybridi zatign at 42GJn ége rese ce'aé gooﬁfornanide- a first magh at 65C
with 2X SSC cont ar hi ng: 1 o'g%g‘?me?gl?g FobiPaQeRondTiesReareBse whth 0. 1X
SSC. Al 38 amfr abbkeyg theai @BvedF+ondisgi sefjatrde PNAr 20 Teawti skngod strand
whi ch conta SEqu e tad 0 (e.q.,.at_least 200, 400,
or 1000) n?ngg??dgg Q?ﬁ ?%ﬁgt%6§E%é%ﬁéfgéﬁa%gsoéfu?%a%? 0%, PREYVE at
| east  85%IFHIE 9508Y Jrod@ugtebyjushEEngeeht topdikitna segneatt of equal
I 'engt h 'f r orhyBRQ d {243 &n ost thercc A I@iBEh Fuddlr eefs .gpHhe seguence is not
linked o 4GS~ 508 Mbra, 15 bov: - -- |
" » 1% bovine serum albumin) and washing at
15 50°C in 2X SSC. Highly stringent conditions are defined
as hybridization at 42°C in the presence of 50% formamide;

a first wash at 65°C with 2X SSC containing 1% SDS;

followed by a second wash at 65°C with 0.1X SSC.
Also embraced by the invention is isolated DNA
20 comprising a strand which contains a sequence that is at
least 100 (e.g., at least 200, 400, or 1000) nucleotides
in length and that 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 equivalent, using a gap length penalty of 12
35 and a gap penalty of 4 where such parameters are



sequence, or at least is not linked in the same configuration as occurs in
any native genone. Were a particul ar pol ypeptide or nucleic acid holecule
is said to WOAI5E2Mpecific percent identity or 30 conservat POWUS/@924

ref erence pol ypeptide or nucleic acid nolecule, the percent identity or
conservation is determ ned by the algorithmof Mers and MIler, CABICS
(1989), which is enbodied in the ALIGQ[Q#qgran1(version 2.0), or its
equi val ent, using a gap length penalty of 12 35 and a gap penalty of 4

other paranoe aesred s ALe SohRel PAddhebrre R2Y BEto Rpeteddebhiran i s
readily avaPPabbeonBee, Acgegs, tat ApIFNwhA2regitnr svailbbhéal | gaeguess. cg

on the Intergl_et.hﬁtﬁh;é/wwwemigﬁncﬁi:ﬁin?BiHV§§i§nn§EQQg.ﬁ%idgh' ¥b! N9
GCSF to an, nllr,rgl (e.g., a mammal such as a hun@n, “non- man primate,
cow, pig, ho s%, %E)at, sheep, cat, dog, rabbit, nouse, guinea pig,
hanster, Sor rat) byher driwdintgor adeldd fsnserendogRtten GrCee198R8 g been

activated gs_ cribed. ei.n, _and_inplanting the cel|] in the animal,
where t he g%l%%g’g?e llésglgi@g—'. ikt %cﬁﬂ‘@ﬁii AUEReas| RyBHERBN Pena Mot hod
of produci n@-“@@&ﬂlrwab‘?—ovﬁ:@l‘i‘mgpégl cedrsehogeaendsyesplscék CSkogene has

been acti vatgshas, @@ﬁgéi i REL e} ) ur i ll_in.yitro under
15 conditions 'q€h$ern13§§ﬁe %g$?gtgnggﬁgééé %ﬁgréggréféﬁr?y I The
i sol at ed DNA Tt HERPSE cFRAGFCRANS He- CREFeRrorhas been cactvatsduase of an

upst r ealOP@R gt iteed flos reise, &MGM§MMHQ§1 ¥hé Negn BULA 3L 919¥\4?§a$n,r eam

primer) ir1i§é téﬂé“ééhirﬁééﬁgg'aﬂggﬁyg”d or_coding regions o
endogenous | gene, "or as a ?%r ti BT ot e i iR ing the
presence oflnerdrisyones 1 metkopredaratduni ngfGHosRIbE b RPEHRS .4 |t can
al so be used) ASHSSKCTd A8 enous G-csr 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 meﬁtioned

35 herein are incorporated by reference in their entirety.



below,.in a nethod for altering the expression of an 25 endogenous G CSF
gene in & v&rtgﬁggﬁte cell. Unless otherw se defined, all technical and
scientific Per ded herein have the sane neaning as commoRGIUSYE ood
by one of ordinary skill in the art to which this invention bel ongs.

Exempl ary met hods and 30 materials are descri bed bel ow, although nethods
and materials simlar or equivalent togthose described herein can also be
used in the practice or testing of the "present invention. Al

publ i cal | oTn RISTUE A1 LA ) e PALESLS. oA00: PLOSE LT of gnes, fent i oned
Yy /

35 herein incorporated by reference in their entirety:

PCT/ US99/ o%%&nl&lé’onﬁ n ‘Pglsjg FIOERF 1 | cEhe (hrteFEaket mebleds catndn,

including exsmplias enss idilustootivd .odhe 4md efdl ntdRdd@ds, Bod exanpl es

are iIIustqghbnggﬁly and not intended to be limting. 5 O her- f eat ur es

and advant ages o he invention wll be apparent fromthe foll ow ng

det ai | ed®descri pti 8kherafgatusast AsdchdivastaBesebrDener ipiear iof, t he

Drawi ngs Fiwd 111 beS appaaheimtd i i e nonmic 10 structure of

t he human GngSF er?g) Fig. 2 %ﬁa%@%%ﬁa‘%%a%%%%@?@cfﬂt%n G

CSF genoni@ JF% t@ﬁb d by the inserts of plasm ds pHGCSF1 and

PHGCSF4. Fig. 3 is a representation of a partial sequence 15 (SEQ ID NO 1)

of a human G CSF gene, 'Egé cg 6,578 nucleotides of the sequence 5 to.

the ATGinitiation codg AHST -t arawangsept | de sequence

(SEQ I D NO 2) encotidl- by i$eacodhagasiquéhagrabeghoncas tHer G¥gdmELom t he

J unct i oro obcklecea0BEC rlsehnadN§-tche 2Lphage armin the GICSHS phage

clone are underlined. Fig. 4 1s a sche I'Cc di agram showi ng a construct
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 6,578
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. Sequences
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.



of the invention. The construct contains a first targeting sequence (1);
an anplifiable marker gene (AM; a selectable marker gene (SM; a * ’
regul at ory WORNETRO,: a 25 CAP site; an exon encodi ng part of PCTussiogseal
pepti de of G CSF; an unpaired splice-donor site (SD); and a second
targeting sequence (2).. The black boxes represent coding DNA and the

sti ppl ed boxes represent transcribed bu untransl ated sequences. 30 Fig. 5
is arepresentation of SEQID NO5, a é nom ¢ sequence upstream of a human

G CSF transcriptiong;stagty i 7291 PCT/US99/09924 - '10 Fig. 6
is a representation Of a fi rs% e’f%é%é%%\gatﬁ%%u%cae IS 1B ES i ndised in a
.construct ofeHHENCEN\ERRi 3R. NPi:§) ®sed anr epressnrattonfotha second

targeting bneeguesse (SEQ ID NO 7) used in a construct of the invention.

Det ai | ed Descripti The present invention is based on the discovery of

the nucl eotide compgds tiont SR FRRESRENGASIIROE t2 sdwont)) teorjetgirzequence
of a humén S=@sengené¢SEQ TISFNOS7h apeakineat Bahssii:At! dkegpthe

prol i ferati%%qgig' fferentiation of henmatopoietic progenifor cells
committed to the neutrophil/granul ocyte lineage. G CSF is routinely, " used
in the prevention of 15 chenot herapy-i nduced neutropenia and in association

with bone marrow transpl ant atg 1 TN U S, Ii.l' opat hic and congenital
neutropeni ¢ di sorders al so show ) ; G CSF injection. The
human G CSF gene erd&Sd@¥e£ept4 15Wentiomiiso baz@dacnd thee dissovepfoiog N

‘ (C:}ogtsgi ni ng t;hé(h@dﬂél@t;f&é dc&hﬂ@@iti&@péf d@eqt]-&’?cge&%ﬂdf%émpt Oft'hlg he _human
9808 dSai sy oW Il %r L J@rﬁaﬁm@-ésslrcggrfgu e based” om'a 2, 960
G-CSF is a cytokine that stimulates the
proliferation and differentiation of hematopoietic
progenitor 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 acid 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 published 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) .



bp published sequence (HUMSCSFG GenBank accession nunber X03656) which
bedi ns at’ 363 relative to the 25 translational start site (unless
ot her wi se speC|Pf§% all positions referred to herein are r8CHUSIUOVY t he
transl ational start site). The gene contains five exons and four introns,
with the first exon encoding 13 2/3 amno acids of the signal peptide
(i.e., the first exon 30 contains 13 coglgns and the first two nucl eotides
of the 14th codon encoding the signal peptide). WD 99/57291

PCT/ US99/ 0 enct heeHﬁh\ahOGt—beFHJé’ﬁ G CSF Gene To obtain genomic
DNA cont ai ni ng upstIre ene a _human | eukocyte -
genomic library in 9 %%%qt%&%%)é on GiP HR5 XA ) SSRERTS eened

5with a 72t %f¢§‘6n9eneotadbutpaobéegboeyaeegehysmeemlbfh mﬁobe

| ncl udes G I&ibexopnds and1dne 8 vaEa18aPki L7 SEQS?“’Q%S?E denRA ¢ P e

usi ng ol gonu eot| rs desi gnat
desi gnedlsfr %@d/%u }Pg @@B‘Flﬁ%bﬁ?cpmhesgqneneeedowlrpga 1). The &'

end of pmlﬁhléiprmherﬁﬁﬁbwdéstG Cspséibﬂg 134Rd gndaﬁgewg imer's sequence
is 5 - TAT%W% TGr\;_l%‘_j1 ( SE '\l%é The 5' “end o primer 105
corresponds 50 posTTi on 384 R Y 'Elf) ugingeqliigepusieotide

5' - OCCACCT CACTIICAGETT N 32d (BED 4131 NOD@) . baGh Appreki Rt ebyel. 5 nillion

reconbi nantgdagce e dlolabell 729 bp probe. Four.
|ndependentgphage %"Fﬂ;fow %:@ﬁv\ﬁre |sy\%kg? dﬂl’:I e oI ?'ﬂ%?n YeIFFHERE™ cl one

G CSF/ 3t igsed ¥ or st oftriieer 2@2Ac©r5emorlﬂﬂ$1dttd>l Kpnl
fragment frpwsiphiage G45SF/ ahd ase spibchopes ééﬁ@el\?\% SCEipt 11 SK+

(Stratagen produce pHGCSF contalns t he

upst r eam se('f‘f %é ééé#{..}}(f@ﬁq T ptRi R i by r e@?%nS o#nd hef G- CSF gene.

An additi orimgstiEamoutEdmnels 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 plaques were isolated. One of them,
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 genomic



2 HGCSF4, was prepared fromthe 3.3 kb Sall fragnment, which overlaps by
agogt 0.4 kb vm'tﬁ tﬁe I nsert of pHGCSF1 (Fig. 2). The pHGCSF1 and pHGCSF4
pl asmi ds weW@9E@Ienced by the Sanger method. The sequence BET/HSSEMSAVET €
aligned 30 to obtain the sequence of a 6.6 kb region i mediately upstream
of the transcription initiation site of the human G CSF gene, starting at
position -6,578. This sequence is pqrrlzof_ SEQ ID NGO 1, shown in Fig. 3.
The 19 bp (underlined in Fig. 3) at thé®™s" end of 35 SEQID NO 1 are

derived fr ' td ' i PCT/ US99/ 09924 - 12
iﬁ;:a\r/t andqmﬁggghjgwggr%iﬁfﬁ%%%%nf%&vggﬁﬁéﬁ%}mgﬁﬁﬁgﬁe, the Sall

site in thirSSFEIOF S editsn Sad InGitepiasdiis A% e Mesdorgemomet r om whi ch

t he phage biresany ins tder ihtehn B_é@m&%qlf&%ﬁ“@ﬁfdﬁﬁ%%eoﬁﬂa&;ieoﬁﬁb'rgr /8 and 5
364 (SEQ I IS, humgmn genomi c s ence froma regio upstrédam of the
previ(ougl yQStTgF?)slh‘%@G@ﬁ SO e g’%&ﬁ’@ﬁé‘e?"éﬁ&iﬁ% nét: SSe@ndepor t ed
previ oust y36%o (§FQed Dt N@:éﬁpd&@mnmbemnﬁl&d@@q&@?h%segf%‘ég\ I%%%%%vlvao? (I:DINQned
i ol asmosEReRoot EHe0 beEe T okt brd tEher G sr aBamirn o es: st ance

as . .
Iggng. IoNucl 383B8§§e14?9dt 25779t ( BEEN| DeROr6pRdr ppersenslyhe first targeting

sequence as schenats Gl igr reRs esaidrbidh St tn Lnddleddif seqand targeting

. : e
reguence SheBt syl zaBierk PERL pioat Ll 1 NUCTECL RS T8 Lo SoTe
sequencd® wa§ SEan&d Nowﬁstvaeanflrllo?ggngggwivﬁ%ggﬁgan;%c??gfgglgggtgg{gg FESI st ance
giﬂ?bi ;rihﬁgggﬁjl?i ?%?@mérgrn%ﬁg ésbearé‘xglgxﬁgé§F8HCF09§PFOW honol ogous
r econbi nat VeAL Pt hdeReléRBogenélid3 G(EBE §BNKO: Gkl represshst apt to 418
after. pl aspifst Nnt&PgEEEhgNsWB:Bnce 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 CMV
promoter and neomycin resistance gene. The pPGG13 plasmid
was introduced into human fibroblast cells exhibiting
20 little or no G-CSF gene expression to allow homologous
récombination 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 pGG13 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



screened to identify cells with increased G CSF gene expression, as would
be expected |f a_honol ogous 25 reconbi nati on event between pGGl3 and the
genom ¢ DNAWYOP36E% ace in the vicinity of the endogenous G PCEUSaNes24
General Met hodol ogi es Alteration of Endogenous G CSF Expression Using the
above-descri bed G CSF upstream 30 sequences, one can alter the expression
of an endogenous hunman G CSF gene by _a t hod as generally described in
U S. Patent No. 5,641,670. One strategy i's shown in Fig. 4. In this

strategy, afiasgethpgetOBSkUtbsitsedas N nclud f.irst .targeting
sequence honol ogous ?g a WO 99 §72§1 PE%I%%SQF%S& 2t %m% Fé? get site

upst ream of ™ ?ﬁ%gﬁeﬂgneanaaﬁﬁﬂPFF&Pﬂé mREKRET I§88e, aaregMéetahWe mar ker

gene, a reguégiony areAPOBn.té CAR eixba. edloefl QRCAME 'ﬂ% %g m {‘0 ?C'tﬁ
at o e

“sequence wh L denti or. functl nal | U|valent

first 13 2/§g€ge%%ea H oﬁstﬁge tégﬁ PﬁnangﬁéBP?&éY(Pqélvaﬂﬁatfmpst exon
cont ai ns 513tkadonE ahd fhestansn/Bmammnoleehddeefothbhg @g@hsggggﬁ

encodi ng t i ghal (peptid [ si.t e, second” targeting
sequence hon&?o dﬁs(?oga sg%gn 1?2# %?o ?8ntﬁbnﬁo%§sFP§8ﬁFoPn9h§ hej 1 st

tar get S|tef%ﬁ%tt%Vﬂ1Hﬁ?#ﬁ@téﬂﬁﬁepfmFbﬁlh4eh gpdtneenrofiinhet®eCSF codi ng

sequence. érgmﬁa3p§pt@aegy atbﬁlibésaoﬁag sgeand ﬁ&r?eéeébkﬁs are
|nned|ately Fé cent in the chg prior to ogous reconbi nati on,
but such a TOMT gtFat PORUFECHo OTB PﬂaHFrEG gséecandotargew) sikenol ogousl y

r econbi A@ntdowsstseaw | of pthduféran ﬁEN@epre@uésgﬁdmbéﬁmlﬁgﬁiﬁgponds to the
donor si te g ehertEbLECaE BELELAE, F Cp PO cEE AR e  Seretresr gone,
20 |ncIuduﬂft9h#$}%E}a¢¢mY0n§heeﬁenst and secumdra@séetedltéggaQE (Fig.
4) . Splici ngndaidi &1y raasseept {85thé Schfomosome 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 3’ 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 iﬁ
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 strateqgy, the 5’ end of



a MRNA in which the exogenous exon is fused to exon 2 of the endogenous

G CSF gene. Translation of the nRNA produces a precursor G CSF. The' :

i ncl usi on oWOI%FeAIng .25 exon in the DNA construct allows ®cE/Useyesate any
desirable nodifications to the signal peptide. O her approaches can al so be
enpl oyed. For exanple, the first and/or second target sites can be in the
first intron of the G CSF gene. Alterngt'i%/el_y, the 30 DNA construct may be
designed to include, from5' to 3 a first targeting sequence, an

anpl i 11 abl e ehekeecernCearger Seteet 3Bl 8 BPLESDI 900G, s figquLGt gLy Tedi on, a

CAP site, an egonél a plilce-donor site, an rntron, a splice- Rcept or

site, and a SRTohd ‘Pa?ge'f fgRSERRLnEeCS ok raRssat Bgnal r andtyatioe 5 end of

WD 99/ 57291 #iXié USHA/ 68@@4 to dvoidhendesonddat Ar@ekeait echbdopief egably Iess

than 60 bp U 32:8{- t he no(frhg%dGCSF translational initration site, in
u

order to avol EST et ATS 2 cHHoRsthe haprikcgeasly seecombimedd from
t he honol 8got@tys retbhbimelude | theisexbgénous| exén | hehexegesOMsS £X0N, the
exogenous 1 £Es 99595, S4 t e intron, the exogenous

splice- acce;%%r%te, (% eéistg%bn@%? a%%%?%ﬁé%ehﬁ%ﬁ%%’, U SXP9ER™¥¢Riences
bet ween t he SRR 1GeREIP S Lerueike sercbnd heaByeuing ansquéhes, reggon of

&_ﬂ?cﬁ”digﬁ”“(;’f{ %ﬁéﬁf&ﬁ%ﬂﬁ%ﬁ%ﬁ%ﬁ%&%ﬂﬁf GE' S g
either the nothal & LR DT I Hffal oS thr rerdogsneugegrne cal | y
engi neer 8 Swhistimen of grials serrenaeipt WEL B gendfaddan GEAEENANSH Ntron and
coding rogion o tReaieE PP S PSS Cha ARG SEFof the
regul atory M&HigE aither the incaniadn GISR expordthiond igisgnaand RGN
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 and 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. In addition, there can be
multiple exons and introns (with appropriate splice donor

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



target sites need not be imedi ately adjacent or even be 20 near each

ot hrer . VWen the are not imedi ately adjacent to each other, a portion of
the G CSF g¥ 28br mal upstreamregion and/or a portion of PEEUSHNMY
regi on mould be del et ed upon honol ogous reconbi nati on. The DNA Construct
25 The DNA construct of the invention includes at |east a targeting
sequence and a regul atory sequence. Ltigmay additionally contain an exon;
or an exon and an unpaired splice- donor site; or an exon, splice donor

site, [ntrolankad npl the asgapten spleceThensrodick! - depbfcl, 15 3' of
t he regula{géycggg ence, .and % é Ea i red splice- donor sitei1s at the 3
end of the" 3X0RCHSETHE ! AP BRISRECSpFPcBSa8R08EEP St §iTCE ShesBNR are 3
of the spllsendbnen sruglnah pedtt oénthehgeaomanolfea Kokt pkg@i1exons and

(o s P RRLETONR, agtpbehedenthmdicPlosBRRERce Bhi BRaRes, " ho-

unpai re@ spe¥ert dbrem ppreiomrecbNnhenentdhgevonst gevomis D¥Rerred to as

exogenous,pﬁé@éﬁttbﬁ DNA cksingtigd ekl gkaﬁlsfceiéeaoﬁf h?ngsgggﬁno a host
cell. eno. 0SSsess. sequences | entlca to or Yer ent

fron1port| a fv?ﬁEOEndoﬁgnHﬁg gBﬁBﬁFE DNArapeégerionsi mRangel | prior to
t ransf ect i omt poduot kohi ofi pyasmndathGCEOEelésbySeﬁehebélnandtranSfeCtlOn

nmeans int I d_into,a.ce b hem cal d. physical neans
such as<x#é§%¥&éﬁo@% %geggnhca?c?ﬁﬁ?iﬁmcﬂr8gpg§tsooﬁrEé?ﬁ??ﬁtion, |
DEAE- déft reml ated-preatsieation, DEpBfdektpan-medtategoration,

i cr of N eatiaHl s CLOR! 0L PEbELERIOA! DIOLESLLG UPAbALed Uptake. As used
herein "infection” neans introduction o nucl'éic acid into a cell by

virus inf EE¥FERLINIPEE 18Ny R} GERPEPEAEHE bef ncpudedol hst he-Mhiabadt r uct of
the inveniptaker e Alesesédeetdifet shfeO€IOMY means introduction of

viral nucleic acid into a cell by virus infection. The
15 wvarious 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 Segquences

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

35 in the host genome. Targeting sequences are homologous



The DNA construct can also include cis-acting or trans-acting viral
sequences (e.g., packaging signals), thereby enabling delivery of the
construct |iWOPISH®120 nucl eus of a cell via infection by a vPCBUUSY®YAN .
Where necessary, the DNA construct can be di sengaged from various steps
of avirus life cycle, such as integrase- nediated integration in
retroviruses or episone maintenance. Disengagenent can be acconplished by
25 appropriate del etions or nut at i ons “ofOviral sequences, such as a

del etion of .the.inptegqr ding region.in_a retrovirus vector. Additional
details regg%d?ﬁggﬁhea%ggng r@%ﬁF&ﬁggﬁﬁlﬁégeSngﬁpﬁlwﬁég@oF§e&Fe found in

- Robbi ns et aPspephaveatelrgethaegi®hs3514Ehel@88r gedodle .Gunzburg et al .,
Mol . Med. Today 13%%@Julé@%}\k@éﬁé&uéé‘c@&?"éﬁf%@bé’ detgfence.

Targeti ng Sequences Targeting sequences permt ho ous nbi nati on of
a desired sE%E@ﬁEénﬁnFSqu§€FecP€dt§Pt@r gorensenerhbst tgzgemengTargeting

sequences aseghenoksgoua YOn8AkSDRAL cBEELYRSY/ AQ9240ntalf 8 Li- €., able
' ' regions in the

to honDIogoH8g¥ geconb'ne mﬁth%.thelr resEectlve t ar get

host genome' -A cPreaf arSDRkRATEGHLIPuEEIEACERpI 0¥ SRRERE SE&EgESI ng
sequence, ovhigb arghves tepgeatngt aegathog ib ReMUEBEEEs Aahi PealgPNA
construct tajn e, a ggat sequences. The target
site to mﬂ?ﬁﬁﬁgﬂg?eeﬁ&§grgég?ﬁg'ééggghcéﬁiéﬁ%oﬁﬁkggoﬂg EanUPEEFBR™ wi t hi n
an exon andPbrandti®RediatféyRasrcgrhetoupber @afSFofodnngi regdbnat el y

adj acenty ot 0ot hep &t £SEmCeei agar 86l Qnd_iégaﬁ{:eu?ﬂ)ﬁ\eéﬂéoé—égg akag,di stance

fromthe G CSF.coding region. The first of the two targeting s%%uences I n
the constriT¥'®r the entire targeting sequence, if there is only one
targeting sequence The tfhiestorst rtiet Jtwes tdigetdthg sequences in the

- construct (or 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
sequence can contain a portion of SEQ ID NO:1, 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 Requlatory Sequence




15 at least in part fromthe newy disclosed genom c region upstream of

t he® G CSF- codi ng sequences. This targeting sequence can contain a portion
of SEQ I D N¥PPIPEY " at  |east 20 consecutive nucl eotides fPERUSAN09924
sequence corresponding to positions -6,578 to -364 (SEQID NO5). 20 The
second of the two targeting sequences in the construct nmay target a
genom c region upstreamof the coding ;sequence (e.g., also contain a
portion of SEQID NOJ5), or target an exon or intron of the gene. The

targeting sequencefhy FayudddbiyoBablénicRCLEIeHe2BNReUaRES ARried from a
previously-disclosed region of the G CSF gene, including those déscribed
herein, as SY3ITHLRE (FyiWHFT REIHHTEERt Fed wi PRIt SEwkitYeral |y

unchar act ertiizehendpexaif ire owmppeihidiblnedthdd €s) j neritencard, 30 Genonic
fragnents that | S targetin sequences_can be identified by
their abil i%%@y%ﬁ%@gﬂeﬁo %%lr%rbseq%%rﬁaa'?ﬁ’ﬁga%q?c ent p5ttedn of SEQ

| D NO 5.5 segrtdve glegwlatdry gelementtsl, hyrRGRriptippriactsr derived from
SEQ 1D NO bindfinbn@ Rean! al:0lgompeliaionaes, W S &% L1909/ 09924 | 17

The regul atory sequence o constr can n Bne or nore
pronoters (e.g., are®n¥ePulpFQEy sefyspeesgavi becderivaduéicbmeapr onmoter),

enhancers, eukeafyicdlit ald.ar.nNmeimiadi0)S & VRl Xgeidmehmile Sif €S, . 5
negative requl atory el enments, transcrjption factor binding sites, or
conbi nat i ofS < at%}?éfé’e SEBRNSS l“ﬁ?}é‘%g@% AP SJuenidel tath > deri ved
from a Blk&hpse ¢has. gegulmteltien)expredsiain gen@wio Weafly) oF eudat ory
sequences iyagllde, | g tq, 10 those that requlate the

expr essi onb% e%\,mézﬁég:he?agr&ﬁ;rtdeé @geglﬁe%s,’ Qaély oamaegnéavd‘\ﬁ%énagjéﬁ%sl,a%d
adenovi r us I8&ESr | affdeYgedes inedyds sedwicuaty negilatorderiagidns deri ved

from genes encoding mouse metallothionein-I, elongation
factor-la, collagen (e.g., collagen Iol, collagen Ia2,

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

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 desired 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



m genes encodi ng nouse netal | othionein-1, elongation factor-la,
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maj or hi stoconpatibility conpl ex nolec and human | eukocyte antigens.

bi ndi ng
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al so be Bsattiovdtead Iemcms;emlmogem mdy pdﬁdl@cé'l&)v’é@g Eh@}g%\{gf]i%d?%l ﬁgqu ng
DNA sequengfs 14 £ant ?Lﬁ[ﬁl |e copies o ]

35 geng can besﬁentlfled %3&/ gro Theth ‘é?f&é’?ﬂ S W UHS57291

PCT/ US99/ 0dd:@n argl ggpentthewrapwel ects for the expr essi on of t he

o] F ically be
oli 68 i ggﬂgeﬁﬁaeﬁéb‘é%ﬁ% R OSRERLE 1 FhEp miEREy henet) BOCEPFsd -
cont ai ni ng AN SpiebRbHy RdEadqant a @ﬂjﬂg@tdnﬁ: :gerhemay produ

very hilh Iampéhsfm‘bleenﬁsjﬁer a;yiaeara@ld hues, desefdile Tnfrdd \err O Jyotein

ker genes
roduc- tiqp.a t her . Th((aEi abl e and anpl 1 fi"abl e mar
80 not ha\(t}g1 t o rQ%rﬁ’redl a O}(g‘erﬁ {5 % JAF KG¥th @eneph a0 benpl fiable
mar ker gen@léih’@t@ det dblee imimcer aferthec N @onstruct. Suitable
amplifiable marker genes and selectable marker genes are
described in U.S. Patent No. 5,641,670.

15 - The Exogenous Exon .

The DNA construct may further contain an exon,
i.e., a DNA sequence that is copied into RNA and is
present. 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
éxogenous 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 résulting MRNA is in-frame with
the coding region of the target G-CSF gene. That is, the
eéxogenous 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 sequence and



the sane gene. One or both of the marker genes can be situated in the

I ntTon of’ t&ﬁ?*gghéranstruct. Suitable anplifiable marker genes and
sel ectabl e WErker genes are described in U S. Patent No. 5, SET/US?Y9993E The

Exogenous Exon The DNA construct may further contain an exon, i.e.., a DNA
sequence that is copied into RNA and is present. in a mature nMRNA

mol ecul e. The exon in the construct isjgeferred to herein as an exogenous
exon. 20 The exogenous exon can be identical to or differ fromthe first
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exon cont ai¥ecepteu hindtumepreperhieHNAromnswouck mbesl grobeigasi gned such

that, upon {Z@EsShé Phd ;g0 i ckog, sLeading _frame of the resulting
MRNA is in-franme mﬁ?% P?%gggéggng fggi%ﬁéﬁﬁl%heg?8r8§?9ﬁﬁegﬁ G8RB. That is,
the exogerfils ERPAE 2 speltcacnbrane cpachenous exgnalnpepsddeanaer t hat

does not Chﬁm\t’@ecépp.ﬁp@fi@é@réﬁi‘&iuﬂgaflégéeroge?ﬁ@negftéﬂn of the MRNA
derived framthe endogenpus exon._The igﬁlusion of a coding exon in the

targeting CONSIITET BFTHUR’ t RS Pr bHTTET AL BR1RIf HEPHANpr8FedR that 35
contai ns b®pi WwRDfEI® U GBSH pratei puskfiieactoandf Wik 99L63R91

PCTI US99/ 0 : ot £i uence., Such a hybrid protein ma
KL rlu%t%?%%if‘%%%@m edd *LEoH, S8 FECTO TR Fere bl igvhg ’

conbine_th _
propertt®s fromt itient o one pol ypeptide. For exanple,

the exogenous exonTheCaRogBaede axeal i sMeiRnaRy apchery 13 %B%U | Reptide to
| mprove Ce”ﬁﬂﬁgﬁf cretion, a | eader, sequence, an eénzymatic r 5i8n, a

co-factor B WROrELG - aft IHISHERRF tHitact$i2 aseqpemdé i cation of
the G CSF which directs the splicing of one exon of an RNA

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



hybrid protein produced fromthe reconbi ned gene | ocus. 10 The Spli ce- Donor
Site The exogenous exon is flanked at its 3' end by a splice-donor'site.” A
spl i ce- dondWOSPEBIIs a sequence which directs the splicing péT/os®0esan of
an RNA 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 |ocated at the ?ts end of the first exon is palred
with a splice-acceptor site on the 5 {de of the second exon.

Splice-donogitsdt gyence repre 20 sented
ag (A O A@mwﬁm%?&ﬁgg%ﬁése%i%ﬁnf'ﬁ'né‘ﬂ?ﬁgl %if?’ﬁt @ ¥R%rtnh and

fifth posi tTHEe %gc?‘%’cféﬁr%%ﬁu?g%k%%nltwuﬂ e$¥:d¢\0| ds Research 19:

3715-3798, 1991). Thee sbiligk-donee B&%%SfQE ‘k'i‘ﬁ BhieC Lugonsensus site
are the Iast t hree bas gs of the exon: i.e & e?sa?llg %olgg’%gmél%l:g & out .

Spl i ce- donoF® si Ty thcW%n%‘?’F%t’aé?‘?ne’d e’o'y ihethe a@ﬁm$ltlyu¢b effect the
appr opr i at el trselch |td’lerw\,11émmbt&mcasrﬁb%nsm{ nglgldla_al dvedpr &y $Mye of exanpl e,
the splice-fopat.sd i mredi ent_and 3' to an ATG
codon when 30 tthe pr ecg%nn:cﬁe)eeo Epio%‘ge SO égJI '#/Q/éﬁ'hé"rﬁf&eﬁ RS s not
required f &R Re SRIgersis Skl awing hqmdlrcwmasmtdrcormkknmaﬁfdmdu@@n of the
target ed gm t\éyie_;%tt %@Qﬁﬁé% SO H® cg;,ed re amino acids
ence of the targete gg{ﬁ;e SHHETY Cpef’l ce- donor

in-frame w g?q‘@gg)
WO 99/ 5729f’1’ﬁéT uﬂf SiuPaigeh s lsamidoney @idmed s medi at el y
adj aceniOt dmlwﬂg@nmmlmww%ﬁmg@%ddss s%ll%éieaccgg&oszpl i ce- donor

~site-flankigy he O%@-{Eﬁ: en%&osn |Os u(r}ho in _the constru l.e., .in
t he construct 5 'tse A& ngg r?% rng sP;ﬂqc@@s&éE’erﬁfort@ te
downst r eamtaRISEE 158 |R;@ddmed fBIIdITE the \Moineh ddesid13t trelconAmde @pl i ced.
Fol | owi ng ﬁ@@ob%%%u%é@%?ygmﬂﬁﬂéﬁyldl%boof 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) ,,NYAG (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 mRNA
molecule.



the target site upstreamof the G CSF codi ng sequence, what was the

const ruct” s‘g %@Z{ﬁd splice-donor site is 10 functionally paired with an
endogenous é —acceptor site of an endogenous exon of G ECFUSPM9ES| ng
of the transcript produced fromthe honol ogously reconbi ned G CSF gene
results in splicing of the exogenous exon to the splice-acceptor site of
an endogenous exon. 15 The construct -szi he i nvention can also include a
splice acceptor site., This site, in conjunction with a splice donor site,
directs the splici zheotapngiexon to another exon. Splice-acceptor sites
have a characteri saLi equence represented as_(Y)| ONYAG (SEQ | D NG 8),
where 20 Y denot esTg%yBE%r ?l%n%qn | ﬁélcgn&aﬂ .Rgﬁdf’é@léh'ycﬁﬁ&?éét Bd€AP( Jackson,
Nucl ei ¢ AciSddeRes dar@AP 191 137 15 37 HpedDBilY . tramddolise e SM-CopstLuct may
optionally I5 | it ' | s, & sequence of one or nore 25
nucl eot i e;&ﬁ%gﬁb%ﬁede%%%_lﬁge% %%%&%ﬁ%z%i}%%ﬁ%lqwm or site,
and i s rendv8dChy IRILIGRE Fitemis Ineated at RNAvomi e erd Tt Hiee

formati on eb &hERERIENAy FRIREHE MO ik 99/09924 21 The
CAP Site T %IQNA.cor?%tru t ycan 0 tionaﬁ I yagéoﬁ:tyal n lla%%%%c?} S:g?a CAP site
is a specifi ¢ Oranse AP FF UK AR Ny itheasamilattadyi t h and

utilized bpegmencegdiateaty Syregicsns B & GARMdE b tlrfat‘tatb%%ﬁ{s %qDOSi tion
relative tget regyl.at o%__seej\:gllé%n%ef n the construct such that ~ foll ow ng

honol ogous reconbi nati on, ‘T he tegul atory "% &qiferid Sdidfedine Bidachdgi s of a -
t ranscribt tPRafopegrnstat anch&heAr rsinser iditiemeat iappayathe GARSite is

i ncl uded i Do¢BtkheyCaRFELUGE LANS Ll pt i.on apparatus. wl |

| ocate by default yﬁ appr.qpr ?g?g%gﬁﬁlﬁ%%hegltt%r glé]t %be Sétlfgett@doe utilized

as a CAP sPfBe to be utilized as a CAP site.

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 resistance
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-



Addi tional DNA el ements The construct nmay additionally contain sequences

15 which affect the structure or stability of the RNA or protein produced
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construct.
structure can be, for example: a targeting sequence,

15 plasmid DNA (comprised of sequences used for the
selection and/or replication of the targeting plasmid in
a microbial or other suitable host), selectable
marker(s), a regulatory sequence, an exon, 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 targeting sequence,
a selectable marker, a regulatory sequence, 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



The order of elenments in the DNA construct can vary. Were the construct
I'sa circular glasnid or viral vector, the relative order of elenents in
the resul tiWg2/€Plcture can be, for exanple: a targeting scBEBRHEY/0993

pl asm d DNA (conpri sed of sequences used for the selection and/or
replication of the targeting plasmd in a mcrobial or other suitable
host), selectable marker(s), a regulatpyy. sequence, an exon, and an

unpai red splice-donor site. 20 Where the construct is linear, the order can

be, for exmmdeon fd rsiré@rtgﬁgétgl@%@m&m@ sg¢l f&d@bh €orymr ker gene, a
regul atory Sequence, an exo Ehace- donor site, and a second targeting

sequence;  SF31H THe arél%’écfl?faﬁ C§TIXCK R i Ry SEkRfer@leat T egul at ory
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second tar ' t nent.s. ca so be: a fi rst
targetin %%tg&g%ce%%i a sei ect ﬁq{&en’aﬁi é ral?er eg J?ﬂ%tr 3%& %IP’P exon,
splice- nGrargettén%rFQ%tqltﬁ?S £ lanking d‘d‘c,GEpﬁJarstmaael,ecSihhnm imnAtdy an

internal rivl@s0HRImc dusSIsIeQ;DuéH&s’v\ PG ndY QRId ML SRAUBNGE -
Al ternati v%b&, the Qr der, can first tar get ng secLuence airst
sel ectabl e SBRILAHRF Lfudridst feleainble spnkse donor

site, a 3SWMd@n¢Harsﬁidnm ssdgueratd e m}@ﬁel@ﬂfbtseir&.@ﬂ&dmr ker WO
99/ 57291 PCT/ ene; t. targeting sequence, a
BE 9%%% Q%:%%Aéfec%e og 53151 e,c,cé:eci{)r?rﬁi hfqg%est éb]{e abl e

regul atory ~ sequence,” an

mar ker Jgénétahlye@maf@cgad m?gr sefieertes] varth 'the sﬁam:m:d selteaicabl e mar ker
gene. Recoghiball,0R1tesn d i kdrar 9eiidig c%q_ci%e'?:%‘?h | ankidy tcfe first

sel ect abl e _mar Eg,r w th honol ogous sequences 1 n the geno esults in
the target E8%i RYeGramten 16F & MEdHums cosdiadariae @nrr@tge@t whiltH e the second

sel ect abl espekes iformeipridisegod &F the first marker 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 kllled
in the selection medium.

20 A positively selectable marker is sometimes
included in the construct to allow for the selection of
cells containing amplified copies of that marker. 1In
this embodiment, the order of construct components can
be, for example: a first targeting sequence, 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



Desired transfected or infected cells are those that are 10 stably
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sel ects agai nst the second marker. 15 Transfected or infected cells that
have inproperly integrated the targetibpg.. construct by a mechani sm ot her

t han honol ogous reconbi nati on woul d be expected to express the second

mar ker genausEd1®) | ehbelogby Hee dyitldndea i itrhe %@E%%%bﬂﬂs leile 20 A
positivel y{“ﬁz nmetines included in the ‘construct to

E@ggl e_mar ker |s _sSqne

al l ow for PRE t PBIeSR 2t BT LYo ieFing ARSSEr COAPORSIES SR hat
marker. | nalshi beerodiated: frioe sepdeatel gepest.r uct conponents can be, for
exanpl e: arthhskebigA! HRO 1RRAULICH of DphiaRLe ROt L Vel Y

sel ect abl e“TTar ke ETOTT0 : SRRMRLNALION | at ory
sequence an

exorﬁ'h%l lﬂiﬂ | censiorest sd)f et;h@nm\eerstexmnobamr}g@timgrm

sequence. dleeMalhedstakerRAlS %fuchh‘ascang&r &_ycag gg bt ai ned from
natural souyrces genom ¢ DNA), or pr oduce 'n§Tgenetic

engi neeri nbmf“QEﬁig‘\iﬁggg Gellsyaenat Fén§|1609§§e§°n$ﬁ§uﬁ§gupat esy sepgi-on, CAP

site, exonatepDNAesdQﬁehc&Bt@hlbﬁtb@&oméngn§ﬁkb69a€€999596 EREe of the
construct s be |so ated as.a co het unit fr human

el ongati on"factor-1a (%nﬁgﬁ&egﬁq B%V\E‘) §§P§?§9EtP@TPBSQQf-GQQQ§ - 24
HUVEF1A4)0 geadlor - The EyIAontabevnnuxodGeaBaals aefupese, - HEWEMYP1) i nmedi ate

early reglQgragggae(ﬁggnoggng§ﬁéggf: al gl%eSL%ngt dBfﬁgog %ﬁ arate genes.

Transfection or Infectiron an co I Na COI’]St ruct
of the .nv%ﬁt?%hhcaﬂdﬁéluﬁ%naledaééanﬂﬁdo phectetiilasucblasudepri mary,

secondary, TBé 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 3’ 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

PEN

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



imortalized cell, as a single DNA construct, or as sepa- rate DNA
sequences’ V@I ch p%come I ncorporated into the chronobsomal or nucl ear DNA of
a transfect®3 8P Phfected 10 cell. The DNA can be i ntroducedPEE/USMEL |
doubl e- stranded (with or w thout single-stranded regions at one or both
ends), single-stranded, or circular nolecule. The DNA construct or its RNA
equi val ent can also be introduced as_.ayiral nucleic acid. 15 Wen the
construct is introduced into host cells in tw separate DNA fragnents, the

two fr agrrerd]seaw@d ewi e SPEpERTEL hONOL R éoa@réﬁe)oﬁtmoI:Qes:"?teS”QoOf one
fragrrent a one carries a I rst targetlng

of the
sequence a%%{% = ot hleg%%ﬁ r?’ésgaap%%(io'ﬂ%{]?%u%%rﬁﬁi?ﬁgt%eﬁﬁ%ﬂééecgﬁagn
i ntroducti @ iinfectibeh!, The résmltf:mgnﬁﬁéé ONA. eNder HecROABL OgRYS
reconbi nati r h the first_and second
target i ng s%éutieﬁ%ésff%?\% ng t eflér)&egﬁg%lrlrl\glo IOV T RO ERARERR { FES R
ori gi nal fdiktiome thediree A cends Zﬁa}’sbet htereatnedi wbrn ani tabl e for

honol ogous dmﬁiélléh?ééoib areddd dhericehd ) 45 siatgel. x%if More than two

fragments an élf@@% 4% ach of them de ned suc g they wll

under go horfd (ﬁjﬁ%‘s fi%at 118 wi 13 eRIFbtHermueleeidemt By form a

product suiltemigteh f and quee fegoatsl y8 QL 0 @060 rt@id:%ébﬁr/]!déb the P@Aéé%)?rté arget

sites as desgs v, struct, of .the invention, |

cont ai ni ng a se%e&t %Pee %aerq];g%c}f ejicqcr}leca HFeE RMARIXS ed or

co- i nf ek? eFeamampinrstingy evantr uctn ttiuts Ionpahinnts, Holodmuker . A

targeting Rlermd i e DMWY Hil eqigﬁté%?i 99 4 25 arfééa ved wth a
rea Ti

restriction. enzyme at one or. more Sit gapped
nol ecul e pBESP™E tteHiwste Mtiildn regulithfigettiwm. Cdmeas esﬁjltihmg:efr@aﬂwﬁ ends

i ncrease t bequieneeusn @l ok itdee &@lél%é?&f@k%%nécﬁ%@ﬂ?tél@ event.
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
precipitation, 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 édenovirus,
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,



5 1n addition, the free DNA ends nmay be treated with an exonucl ease to
create overhanging 5 or 3 single- stranded DNA ends (e.g., at ledst 30°
nucl eoti deswD99/51286hgt h, and preferably 100- 1000 nucl eoti des pair/Usy@mbéps t O

i ncrease the frequency of the desired honol ogous 10 reconbination event. In
t hi s enbodi nent, honol ogous reconbinati on between the targeting sequence
and the genomic target will result in %%o copies of the targeting
sequences, flanking the elenents cont ai 'mﬁthin the introduced plasmd.

15 The DNA S n C preferably in vitro)
by a varletiﬁ%fiéﬁﬁiég or giﬁ@n?%gfé Eh ﬁé ﬁo%?55¥?%poration

m croin- j ErBE?EFQE%PFéobo@ﬁaﬁhﬁeﬁtCSEagenenlphosphate

pr eci pi ta_tlon |lpmd§6ds\lt )ted?fmbq(ﬂa)ht%r QA Pr(iDRAE 205 g%x% Q- medi at ed
transfectiqgn,. The transfected cted cell i's maint'ainé

condi ti ons W TP HEPRRORRE o %ﬁ%r? RABP hegres, re%QmHé@%¢i®@U ¢anthe art
(see, e.§. bé}mﬂﬂmtufléﬁlhycpheﬂétﬁﬁﬁ@ é@ﬁ&enﬂﬁ§9ér Ey ahd tegecel 1™

i s meant atgﬁ% §$ (9r I nto an} ce tor of mhlch a

mol ecul e has beéen in y A FRENEE Ot HAFe T nHAMeRPFRrPent i 2egavct or .

By "i nfect e®EIce3A) f@rr@aChSFa c@¢rhm¢1'¢Dalvmr,$\A(]oit$ NEr ade t@Esi@r  of
whi ch) a DA e RNA T 201051 D38 R Gfd ML AAUEED WRLNGL 8, 1] { aljyect of . SO
uae

Vi ruses kn t.o be useful as vectors Inc nOV|r 34 -associ at ed
virus, Her %QQ@S%%CWU@M el ovican, al%mtbmxdesqt:rﬁawda\by uses,

Si ndbi S10i eIt Hch AMRE QUGN Ehezi USRS Skch &S 50 Wd‘j iphen the
honnlogous&y Qﬁ?onb'ﬂﬁﬁb cel | |s nalntalned under 5 con |t|ons sufficient
to permit transcript of S The™ " WD 99/ 57291 PCT/US99/ 09924 - 26 the

regul atory region AatueddchdrbynthEhBNAetmnsptumhrymtbhlQhtQﬁclﬁé@%criptiOﬂ
of the G C3K)0enf1s present in a suspension of cells isolated from
a 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 secdndary 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



Honol ogously reconbi nant cells (i.e., cells that have undergone the desired
honol ogoUs reconbi nation) can 5 be identified by phenotypic. screening or
by anal yzi YPPH&29tul ture supernatant in enzyne-1inked i MmunBEHPBWMIASSayS
(ELI SA) for G CSF. Commercial ELISA kits for detecting G CSF are avail abl e
from R& Systens (M nneapolis, MN). Honol ogously reconbinant cells can

al so be identified by 10 Southern and Mgrthern anal yses or by pol ynerase
chain reaction (PCR) screening. As used herein, the term"primary cells"
includes pirimaell angr eseindairyd RIIRINTHAR 15glils ai'rﬁ%lf?a ddgm  a
vertebrate t'ssug gpgn%e gprior toltheir bei ng. pl ated, | . e., "attached
to a tissugngﬁpf FE SAbSEEPAe 1UGHEYTE: dish or flask), (ii) cells present

in an expl ant deriGells fsebettadubor (titanstettsonl atednfeecibg Ehpst tine,
and (iv) ersi Qn (A o e pl.ated.cells.. Primary cells
can al so bggggl?gﬁgsgﬁkgy%xggﬁréﬁffagg ar %%WM iﬁ%?iﬁnﬁ§+99‘¥%laniwm.
Secondary Bet)sagr ebgalinedat makie Sybhseontain goewes tham twaice iargunthat i s,

the first penehkhatcBFabedteRn MLY)C are st fromthe.culture
substrate and re Iatedbgpggsagggf%)tﬁggigrgﬁﬁéﬁgg%% 95'%%9 Pttas 25
secondary EBF|IBTOLE€in, Bug| RPncgLpELisi85hoEheENt hoas Shgss. deSdzeddary cel

strains colsush ak,senogdanyieekks 1eBsChhahavaebe@relagspaged @ne. or nore
it a finite nunber of nean

bopul at torbhtBtet Pags AV BPERee £RE ERE 5VBBe Pty Cotl80a0nt act -1 nhi bi t ed,
anchor dde- depatuedl , glddih cedhshwhaghb- dependencerdeesnnat appkyeto cells
are not i e earEe N SOBTER I UL e R S Eaged)508ka 1o 35
cel | straj?RtaiReR- t Ret dBEPghat PenavghearAd pEsenhadckdr inWehear57291

PCT/ US99/ 0882¥en@7or 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



primary and secondary cells) that exhibit an apparently wunlimted |ifespan
in culture. Cells selected for transfection or infection can fall Tnto
four types WOW&I29gories: (i) cells which do 5 not, as obtai petussordooz0r
contain nore than trace anounts of the G CSF protein, (ii) cells which
make or contain the protein but in quantities other than those desired
(such as, in quantities less than the |Igyel which is physiologically
normal for the type of cells as 10 obfafhed), (iii) cells which make the

protein at fgajkexe i chai ysi.al ogi,ga n |- he_type -of cells
as obtaine? butégréﬁté géﬁgggnéﬁgéd 3?'%% angggynaghgﬁy A%éﬁtent or
producti on, 5ﬁ8r6F§? E¥PRsCRAtUnEcRoliersioded ' ARBLE) t 6CThaBge ,t Bewpat t er n

of regul ati gaTOC @éLiBdMQtb@ﬂegfMélﬁﬁBﬁaGEEQﬁ%gg%ggéogﬁﬂasgggégrLgaiﬁé

d ' taljized [ b t .
;?gggn?rﬁe?ﬁgﬁbggﬁ&bzk&égtgﬁﬁeaigﬁgnFERga%gg§§ SATECsSGEs1aAd1) ncl ude al
app[og{iéteC030201ypA$thC§h zaa)beconbzbgimn@ctnc@ﬂlﬁu%syrEOLE?r exarple,
suitabl e pr e C e oblasts, keratinocytes,
opi thel al SZBpH RAECECEER ARy oL, aRHERE (RRBECRLERLE AT “bpdnol | ol

cel1's), endeehbsi 4ATCE| FCL gLBhl BetrejitnderalATcel teL i®sjeduetgnents of
the bl ood (eed1 X ; n r el cle cells, .and
s & apéef¥%§é1v§§|8? ﬁeﬂ? éﬁfﬁg (%@é%088$050u§r§

precursors of these somatic ce ere t o #B€onbi nant

es
cells are td dbr BEH 16 é%ﬁ@CtQGPaégg)erha§9 cells BCCpeef.erab)y
obt ai nedof rem ofe catiyi daratctocwhom | herik afist egt@d S¢r,i phopted primary or

bt aimed rraeal dinbfe (PR BHE ThEL TR ot Menceri eALp obkEGNL) of
the same speEh edd3 Exadfp| esroinomaroeébls z eurdminear ceY ), | kees ygpdal  for
S bsb oA 490 Lo SCECL Lo, WA Sl ok 23 0 0
LS174T (ATCC CCL CL-188), LS1i80 (ATCC CCL CL-187), MCF-7
15 Dbreast cancer cells (ATCC BTH 22), MOLT-4 cells (ATCC CRL
1582), Namalwa cells (ATCC CRL 1432), NCI-H498 (ATCC CCL
254), NCI-H508 (ATCC CCL 253), NCI-H548 (ATCC CCL 249),
NCI-H716 (ATCC CCL 251), NCI-H747 (ATCC CCL 252),
NCI-H1688 (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-CZA-(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), SW1ll6 (ATCC CCL 233), SW1417 (ATCC
CCL 238), SW1463 (ATCC CCL 234), T84 (ATCC CCL 248), U-
937 cells (ATCC CRL 1593), Win (ATCC CCL 218), and WI-
38VA13 subline 2R4 cells (ATCC CLL 75.1), as well 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.



WD 99/ 57291 PCT/ US99/ 09924 28 Blick et al., Cancer Res., 48:5927-5932,
1988), A549 (Anerlcan Type Culture Collection ("ATCC") CCL 185), BeW
(ATCC ccL 9¥P998%Ms Mel anoma cel |'s (ATCC CRL 9607), CCRF- CROT(USTODIBCL
119), CCRF-HSB-2 (ATCC CCL 120.1), 5 COL0201 (ATCC CCL 224), COL0205 (ATCC
CCL 222), COLO 320DM (ATCC CCL 220), COLO 320HSR (ATCC CCL 220.1), Daudi
cells (ATCC CCL 213), Detroit 562 (ATCC eon 138); HeLa cells and
derivatives of HelLa cells (ATCC CCL 2, f 1 and 2.2), HCT116 (ATCC CCL

247), HL- 60GGe|S|FS e %%_Q)l, 10 HT1080 cells (ATCC CCL 121), |MR-32
(ATCC CCL 127), rkat_ce TI B 152), K-562 | eukem a cells (ATCC
CCL 243), KB carC| ‘ﬁ‘BO%‘éSH‘P‘éS% TEECerPinant’ gelis(afccheCthvenB)onkG | a

(ATCC CCL 248pipesslL8LZZH A'ECGe@GIreZEE)eveILSSJaHHT Rl s ey @3 %@dhrsto

(ATCC CCL r.cells (ATCC BTH 2 4 cells
( ATCC CRL Gigs%‘)crﬁawgg|°\%‘]‘%e%1 “fﬁ NSSTARYB (ATCC CCL  254),
NCI - H508 § ATCC CCL Mswcc ccL 249) NCl - H716 (ATCC CCL 251),

NCI - H747 ( ATCC CCLI% NGl H2126 ( ATCC CCL
256), Raji 20 cells c@MI%i gﬂ%%f 4 AGCORBRRS 2880t AT caL
30), RPM 8?1286€E|1P§ CATCEecese é)or MUVELAq AFCCGucEiom25E B)-CsSNU- C2B

(ATCC CCL 2Bhg, CSWAéSa&ATﬁglﬁghlﬁga)und%%A%oﬁﬁE@QoggL %%1?Eﬁ§?ﬁ§iiggg$ ng

230), SWISO0, é&rgc m% sw%g (ATCC CCL 227),
S48 (ATCCOCTS33F - sHiith FRFELtER %?)ress\APAlle(me@el@@L 2% SW463
( ATCC C@o 2@4¢SFTEtO(:AIEiOn€QLbé4@)A;r1lﬂ-1eﬂSEr@&i e 10ATG5aER: £293)) W Dr

ATCC CCL 2 -, 38 Li | 75.1
&ell as he%er%ﬁﬁ% ﬁ%na XA%ﬁa§HQ &gg %§5P§ﬁg FoﬁuﬁﬁﬁtééPPQSBO and

cell's of an%?ﬁe@ §§€cP€§te$éc6ﬁ§aby ﬁa&aweteuroblashumahrarnan such as
W-38 (ATCG:S%haTSbyasenVER: BohAT On@bhackil) - wota@egsgﬁowhnl;gggw' on,

primary, second?ry or Tnnrta i zed hunman cel as wel
secondary, g., ora intravenous, intramuscular, intranasal,

15 pulmonary, transmucosal, 1ntradermal, transdermal,
rectal, intrathecal, subcutaneous, intraperitoneal, or
intralesional). Oral administration may require use of a
strategy for protecting the protein from degradation in
the gastrointestinal tract: e.g., 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 of homologdusly

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 delivery 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



or imortalized cells fromother species, can be used for 35 in.vitro
protein production or gene therapy. WO 99/57291 PCI/US99/09924 29 ’
G- CSF- expr e¥9i9%§72%k| | s Horol ogously reconbi nant cells of thePCTIUsIwa9ma
express G CSF at desired levels and are useful for both .in vitro
production of G CSF and gene therapy. 5 Protein Production Honol ogously
recombi nant cells according to this inygntion can be used for in vitro
production of GCSF. The cells are maintal ned under conditions, as

described ifabbgofk! bwhecnamw Eraasgiahﬁai' B0 ;0L PLal ei g, The 10 G CSF
from cel sat €5 or Supernatafits.

protein may g Eurl g . arants d ] 4
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Bt (g odul i agglntranaGS%\j[ 1?%4&

art (e.g., nt ravenou ntranuscul ar nonary,
transnucosafl n?#ﬁﬁé?ﬁa?r S?5ﬁ§88?ﬂﬁPs cphit SETaiAgr atRecal , subcut aneous,
|ntraperﬁtdwéainleteredttalaalmndkyldﬁhal1ﬁdWhamsthathgﬁogﬁalrgQU|re use of

a__Strateay,acc prabect Laat beofr ghela fromdepradation n the”

gastrointesti na ehcapsara
n1crocapsul%%ff1€%ﬂ@tTﬁ@@ﬂbythﬁndogbu@hyappcopbnaaatroetés ob éﬁe present

i nvention ewﬁeg@eéﬁlméﬁepgoaiﬁébpastﬂé pobLeqoys! §o§88889' toge!

or 3kcondar
cel s, a5 HOMCTOBLORE 5L FECERLFPERE LFORES - cobl PBYPaphesbral incesias
b et i s e (g, o
gléigéfﬁg'2£¥gggp?€% %fgﬁ%%grﬁso% r%ﬁ%ﬁ%?ﬁ%nfncéb?sb?gyp?%sent Such
cells may beesisksiin lamlebedwmlyt sy5t Ene favnstmall ot i mydéderapndi feration
and - condition. If the cells are syngeneic with respect to a
| immunocompetent recipient, the cells can 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,



differentiation of hematopoietic progenitor cells, or for any other
condition treatable wwth G CSF. For instance, the cells can be used to
prevent cheWBR&f2by-i nduced 35 neutropenia; to treat patienPSTHSIUINA ng,
or who have WD 99/57291 PCT/ US99/ 09924 - 30 undergone, bone marrow
transplantation; or to treat chronic idiopathic and congenital neutropenic
di sorders. . Honol ogously reconbinant pfimary cells, clonal cell strains
or heterogenous cell strains are 5 adm nistered to an individual in whom
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i npl ant at i ey steinn. 2B s Qféméléé dhe tiﬁ%%ﬂ@eﬂ%ﬁ@'%\q {EELY
per neabl e a(nd can | eave tq:e) rrier ul ce and enter t oca space
surroundi ng e ‘i mFiH e Y ALEing i readatrerevaesfe. g., U.S.

Pat ent Nos.the, 641,167 Whesy 44k H3ea o), B mdn 485, /3 be atyh s omned U. S.

Pat ent 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. In 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 gene 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
WO 97/15195, herein incorporated by reference.

The number of cells needed for a given dose or

35 implantation depends on several factors, including the



30 Application entitled "Delivery of Therapeutic Proteins" (inventors:
Justin C. Lansa and Douglas A Treco), filed April 16, 1999, all herein-

i ncor por at eWOW9/sPzM er ence. The barri er device can be i npl ant pAT/@s9%909y24
appropriate site: e.g., intraperitoneally, intrathecally, W 99/57291

PCT/ US99/ 09924 31 subcutaneously, intramuscularly, wthin the kidney
capsule, or within the onmentum Barriqr3§egices are particularly useful and
al l ow honol ogously reconbi nant i mortali“zed cells, honologously 5

reconbi nant gg! Hh ci mol, qgous| nt, xenogenei c
cells), or ¢ F;E'e%sf#%%”%%%% F);ft c%)-@l% 8’ t(e it 'l |t?1% Lr%ét )céhet?%ogﬁ’ &0l ogous| y
r econbi nant © ?‘Sg BRstc agdmad) taéldoéherrplllmﬁ{t@&lfo@ts asegciatedMiah subj ect .

The deV|cesthetamplaﬁhh&1bh procearhR0s 1T %ﬂevh%%bewh'Eec%&ﬁteCt'“g
the cells frﬁmFL g Eost S mw system Bafrier devices also

conveni ent SRBFEPTEPNED(ARe® Far’i’éﬁ‘i;@’i’t Pt RENERY SBPLaPrS W ﬁgzlee‘]ady rermval
of the cel hpimhénishént that menger efi TEX i19*t ©o be Xiaitbled Eay any reason.

Tr ansf ect ed e e ge [ ng.d5 neic cells may al so be used
in the abse géfgggsggr? gra ev?cgejcé ijosho?‘trlé l%%lsrh éine r &Y. Ben t hat
case, the Giustaprsduatdmbytipdeceliteswinl the patueatedelthew ¥e Rkl the

cells are rejigpet 8¢ Bveths Bestos bFHRGLHSYSLE A Ls8keS nthet'C
sem synt het j or nat eraI Bf| I '?r ation mta:n%r g%egbggg'begﬁgggofo? t

pur pose, iﬁ‘c’:l taPRgteBudsSnBeeAPrited to, cellul ose, cellul ose acet at e,
ni tI’OC€|]JQJ| ose, polysulfone, poloAHey [Ends |Bndﬁj’@ﬁ_méi|-jtf§ uori de, polyvinyl chloride

pol ynmers and poly s .of .25 ,pol n chlar. erivatives. Barrier devices
can be utilized {r(;%rtal Sovt\?oprtlpnal}r/rifi Sl atrkiia Shfindhen iartiit |'s from

anot her spekfa8asbeenpdegseibedr 1genenu becappni nithughasdetailed
description thereof, the foregoing description is

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:



Anot her type of device useful in the gene therapy 30 of the invention is
an i npl ant h% gﬁb{agen matrix in which the cells are enbedded. Such a
devi ce, whi'¢R ¢arf’! contain beads to which the cells attach, PSTHE®A®Med in
WD 97/ 15195, herein incorporated by reference. The nunmber of cells needed
for a given dose or 35 inplantation depends on several factors, including
the WO 99/57291 PCT/ US99/09924 - 32 -.gxpression |level of the protein, the
size and condition of the host animal, and the limtations associated with

the inplantation priacedumNA Wenaltnudthe Hathhart s Galdfesd By as egh i n an

adul t huma r.skmlarly-sized 5 animal is in the range of 1 X 104 to

5 X 1010, 2?1’3‘5"%%%?%%‘%%%? 36T H 2 I gmggians ca@%iveap they may be

i npl ant ed atntedrapiensines thetyenpmei efit thei tbel aiaohemolbgBudl Over a

period of nmot S. € : : ated, as peeded. 10 O her
difo hat oS- 105 08RG MPomBE; LERGE! o4

Enbodi ments 1t is to be understood tha e i nV&ht Roh?THEE 1Bden
descri bed iFPEARCACEPRRAIRINT tde Heaak| 20 cdetigupusonucheotdfiest he

f or egoi ng dfwen | PG OrD i 90 : 5 NgeAder | 0ai tLa8EERL Se 88Ha DO %815&81»% the scope
of the 15 isné/enéi on,. which is defined by the scope of tﬁ appended

claims. O herm%lsrb%%ts, advant ages, and nodifications are wthin the scope
of the followng clains. Wiat is clained is: WO 99/57291 PCT/ US99/ 09924 33
1. A DNA construct -t ha I S S, .0 f..an ndogenous G.CSF gene in a
mammal i an cel | upo%' i trII' %gﬁja i 8§§%nfec§%tthg)fgé:r‘}3r}g‘ g‘f' &M Y% honol ogous
r econbi nat iMSEIRCe cHarEhRY comprisengan (¢¥om ard get $phiSe s@éonence

cont ai n1 pg sted east 20 conti guous nucl eoti des

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 construct of claim 1, wherein the
15 construct further comprises a selectable marker gene.

5. The DNA construct of claim 1, wherein -the
targeting sequence contains at least 50 contiguous
nucleotides from SEQ ID NO:S.

6. An isolated nucleic acid comprising at least
20 20 contiguous nucleotides of SEQ ID NO:5 or its
complement, wherein the isolated nucleic acid does not
encode full-length G-CSF.

7. The isolated nucleic acid of claim 6, wherein
the isolated nucleic acid comprises at least 50

25 contiguous nucleotides of SEQ ID NO:5 or its complement.

8. The isolated nucleic acid of claim 6, wherein
the isolated nucleic acid comprises at least 100

contiguous nucleotides of SEQ ID NO:5 or its complement.



fromSEQ ID NO5 and (ii) a transcriptional regulatory sequence. 2. The
DNA construct of claim1l, wherein the construct further conprises ‘an exon
and a spl i cWOd95391 10 site. 3. The DNA construct of clai m 2PCTWI&9419824t he
construct further conprises, downstreamfromthe splice- donor site, an
intron and a splice-acceptor site. 4. The DNA construct of claim11, wherein
the 15 construct further conprises a_sg]ectable marker gene. 5. The DNA
construct of claiml1l, wherein the targeting sequence contains at |east 50
contiguous nucl eoty despHd 3B ERJIL i D iS50l at %. cl.gl cid
conprising at |eas 28 20 conti guQtﬂ—%{gr%u%cllCgc‘?tdl%L es?%gfcagé' I%ll_ﬂ) I@e%egrn its
conpl ement ,* Rt P HAERE PUBLaiedaRid| ePEPEEFES dBkslaast 20@ode ful | -1 ength
G CSF. 7. TduntSgphai€dnaotest €desi 8f OSEG! BH M. sWoLr §E 8 c&ﬂﬁléxﬁ&gg ed
nucleic acid conprises at |east 50 25 contiguous nucl eotides o QID NOS5
or its conplenent. 8. The isolated nucleic acid of claim6, wherein the

i sol at ed nucl ei ¢ adiod cdimer iised aed emell eiQ0 acdeNidfgwdas meG! adlerdas, of SEQ
ID NO5 gr C, 9/ 5729 1 US99/ 09924 -_34 9. The

i sol at ad°ni eZi?cggqg%ﬂgg&apﬂ%?ggmg6%%\%5(%‘?%(;1?%% 5ot 824 Ml eic acid

conpri ses &ontagopyonuehert ydosisohuBERoID NG : BHf oSER $ rdip Perasnt § S
conplenent. 10. The isolated nucleic acid of claim6, wherein 5 the

i sol ated nucleic acid co rLsei at |east 500_ contiguous nucl eotides of SEQ
ID NO5 or its conpltenent’® i£olpkedi DYRaPEd CBRATOE cWREFESD ®herein the

i sol at ed nudddiatetimicbaps i sesd nishsoi ddle snddTdbt Dade 2817 ©f e SEFFP NO 5,

or its comen 1p 1912 JPe;iSOLASh AR Of claim6, wherei n the

10 12. The isolated DNA of claim 6, wherein the
isolated nucleic acid comprises SEQ ID NO:5 or its
complement. )

13. An isolated nucleic acid comprising a strand

that comprises a nucleotide sequence that (i) is at least
15 100 nucleotides in length and (ii) hybridizes under

highly stringent conditions with SEQ ID NO:S5 or the

complement thereof. o

14. The isolated nucleic acid of claim 13,
wherein the nucleotide sequence is at least 200
20 nucleotides in length.

15. The isolated nucleic acid of claim 13,
wherein the nucleotide sequence is at least 400
nucleotides in length.

16. The isolated nucleic acid of claim 13,
25 wherein the nucleotide sequence is at least 1,000
nucleotides in length.



i solated nucleic acid conprises SEQID NOS5 or its conplenent. 13. An
isolated nucleic acid conprising a strand that conprises a nucl eotide
sequence t h&P®PIP1s at Ieast 15 100 nucleotides in | ength BEHUSP9/G9924
hybri di zes under highly stringent conditions with SEQID NO S or the
.conmpl enment thereof. 14. The isolated nucleic acid of claim13, wherein
t he nucl eoti de sequence is at |east 200320_nucleotides in length. 15. The
i solated nucleic acid of claim 13, wherein the nucleotide sequence is at
| east 400 nucl eot ildes iAn |isgidted Gudhei ¢ sk id ecombie] €ikg agi gk ping! ai m

13, 25 wh I . i i t | t 1,000, | eotid
Fength. o oorB/58ToPESPBenofisa BBt IHE" b lReeP Bl ud ndal Bkc Lo |
conpri si ng h0¢tnandeothdesconplengthaandcl(ed)i dhazreguancaeklsat gpis) i s at

| t 100 | Ld Wa : de(Lj | 09

dont i ty wi ShoaERe eaehe LT ol nas SrabheBrr s sBh 1IN0 PR L he

SEQ ID
nucl eoti de %%ﬁu%ﬂ@%.lﬁBStﬁhésig%?a?éﬁlﬁeéﬁéﬁcséépén§ﬁ-cIain117, wher ei n
t he nucl eotide sequence is at |east 200 nucleotides in length. 19. The

i sol ated nucleic acgid of,claim.1 10 wherein the nucleotide sequence is

at | east 400 nucl g’@t'i déd§ r%ﬁoelrﬁg}'te}ﬁ %"ff”% IS ReFRIP ST acid of claim

18, wher eiwheheimucheonudtestidenseqienat hLsaat 1888 2pucl eotides in

| ength. 15 ogqu conmbinant cell stably transfected with the
Lo thaR R ket

DNA construct o al construct havi ng undergone honol ogous
reconbi nation with
19. The isolated nucleic acid of claim 18,

10 wherein the nucleotide sequence is at least 400

nucleotides in length.

20. The isolated nucleic acid of claim 18,
wherein the nucleotide sequence is at least 1,000
nucleotides in length.

15 21. A homologously recombinant cell stably
transfected with the DNA construct of claim 1, the DNA
construct having undergone homologous recombination with
genomic DNA upstream of the ATG initiation codon of an
endogenous G-CSF coding sequence.

20 22. A homologously recombinant cell stably
transfected with the DNA construct of claim 2, the DNA
construct having undergone homologous recombination with
genomic DNA upstream of the ATG initiation codon of an
endogenous G-CSF coding sequence.

25 23. 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.



genom ¢ DNA upstream of the ATG initiation codon of an

codi ng seq

with the DNRO®oSEOtuct of claim?2,

endogenous G CSF

uence. 20 22. A honol ogously reconbinant cell stably transfected

the DNA construct havi ngecTrdssogosea

honol ogous reconbi nati on with genom c DNA upstreamof the ATG initiation
codon of an endogenous G CSF codi ng sequence. 25 23. A honvol ogously

recombi nan
DNA const
upstreamo
sequence.
cell stab
construct
upstreamo
sequence.

of claim1l
permt ho

honol ogous
reconbi nan
codi ng seq

sequence. 26. A neifmoebdic g efhé DX E&sst AL ©fo AN 20 R ndopengusy & CSF
gene Ir’h_d’i a

15

20

25

30

t cell stably transfected w,th the DNA construct of claim 3,

t he

ruct havi ng undergone honoro& us reconbi nation with genonic DNA

w0 95/ 57501 PTekelr 9gasty e dinb SHERRLE, ShaBLy, T ccomi nant

Fropsiestes: wd thi the BYNADRenstsotuef oflagimism 4het IMNADNA

bavisheudRdangane RoIR Q@RS hro%q@%bg.%é gggﬁ\g%g%&t%géogwg&hgy

f the AT nitiation cadon of an .

F8NoR1 e PN UBFLEEREY Py t8e AFSsiia EdptaRT ErdeFeRdusnG CSF gene
i n a nanrekendogeabus GhReSHeicdd nat @aefulesiceg | ntroduci ng the DNA construct
into the 10 cell; maintaining the cell under conditions which

nol ogous reconbi nation to occur between the construct and a
genoni ¢ target sit25homdlnrusdtef thkbtenineteéxpgreseipence, aho produce a

endogeapbisnanitstehlned 5mgﬂ+m' §3Lal he ) Iy
t ce?ﬁ .under gongi?FoEg %hic %%?h?teg%%fegg%gﬁeg?ﬁgi
GEAPE184d8r the control of the transcriptional regulatory

naqgalian cell, the method conprising

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 a 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.

26. 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 a 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. ' '

e G CSF



i ntroduci ng the DNA construct of claim4 into the «cell; naintaining the
cel’l undér‘g§ng}%igns which permit 25 honol ogous reconbi nati on to occur

bet ween the"ednat®lct and a genonic target site honol ogous PETAUR09924
targeting sequence, to produce a honol ogously reconbinant cell; and

mai nt ai ni ng t he honol ogously reconbi nant cell under conditions which
permt expression of the G CSF 30 codi.ngsequence under the control of the
transcriptional regulatory sequence. WD 99/57291 PCT/US99/09924 37 27. A

net hod of deliverirmg G QShméthed &fid@liveEPAR &SEHE 5 oglildg'#qgméfe cell of
nting the cell in the animal, wherein the tel

claim?2l, a Ll

secretes (;gng*gg}%g nmet hod of delivering GCSF to an aninmal, conprising
provi di ng the cel | mfowiding 2he arelll i opl @rdimgei heasgl | in the ani nmal,
wherein the 10 cel] { 1 29 met hod delivering GCSF to an
ani mal , conprisind”%rOV|€ﬁ é?%%&f %RA%?%j%?ﬁﬂgian CTSR ¥ ng t he
cell in thecahl nBecrarepefnCPRe 15 cell secretes G CSF. 30. A nethod of
delivering GCSF to an animal, conprising providing the cell of claim 24,
and inplanting the cell_ in the aninmal, wherein the 20 cell secretes

G CSF. 31. A nethod®f gt SR & C2 1veming F14FF provindianindike, cel | of
claim?2l, arompuisimgng the cell in vitro under conditions which

providing the cell of claim 22, and

implanting the cell in the animal, wherein the
10 cell secretes G-CSF.

29. A method of delivering G-CSF to an animal,
comprising

providing the cell of claim 23, and

implanting the cell in the animal, wherein the

15 cell secretes G-CSF.

30. A method of delivering G-CSF to an animal,
comprising
providing the cell of claim 24, and
implanting the cell in the animal, wherein the
20 cell secretes G-CSF.

31. A method of producing G-CSF, comprising

providing the cell of claim 21, and

cul;uring the cell in vitro under conditions which
permit the cell to express and secrete G-CSF. '

25 32. A method of producing G-CSF, comprising
providing the cell of claim 22, and
culturing the cell in vitro under conditions which
permit the cell to express and secrete G-CSF.



permt the cell to express and secrete G CSF. 25 32. A nethod of producing
G CSF, conmprising providing the cell of claim?22, and culturing the cell’
in vitro unWeMIEHi ti ons which pernit the cell to express RPOTUSEN9g4E

G CSF. WD 99/57291 PCTI US99/ 09924 - 38 33. A nethod of producing G CSF
conmprising providing the cell of claim23, and culturing the cell in vitro
under conditions which permt the ceII3%o express and secrete G CSF. 5 34.
A met hod of producing G CSF, conprising” providing the cell of claim 24,

and culturing the cel 18 wihdaUHGE-Sadihs 08sc¥p! ChomBEL Bl Lgthe cell to
express and secrete G CS
prov1d1ng the cell of claim 23, and

culturing the cell in vitro under conditions which
permit the cell to express and secrete G-CSF.

5 34. A method of producing G-CSF, comprising
providing the cell of claim 24, and
culturing the cell in vitro under conditions which
permit the cell to expresé and secrete G-CSF.



