;e3e"-&& d)XT*D, 6, T"- O d OCT 2Q02 WD 99! 5T291 DC.'T~'L'Sggég?géé?EﬁENONIC
» SEQUENCES UPSTREAM OF THE CODI NG REG ON OF THE G CSF GEMS F N
PRODUCTI ON Ridoldiad; VERY Fiel d of the Invention This inventi earrgbfigs; to
genom ¢ DNA. 5 Background of the Invention Current approaches to treating
“disease with therapeutic proteins include both adm nistration, of
produced in vitro and gene therapy. In vitro production of a gmwﬂﬁmwm@mmm"
generally involves the 10 introductiomr df -exogenous DNA codin
protein of interest into appropriate host cells in culture. Gene thasapy
met hods, on the other hand involve admnistering to a patient genetically
engi neer efEHOR SEQURNES P HREAN OF THESORING REGON PRTHE GrCSBERNEFORPROTEN @RORLCT 10

t her apeutic proteln of interest. Certain therapeutic proteins my also

be produced by altering the expressign of their endogenous genes in a
desired manner with gene targgfﬁié—ggeﬁgﬁq%%%gﬂ%%%ﬂ e.g., US Patent Nos.
5,641, 670, S, 733, 761hisnin@én sl &y 2r 7L e IND D Wity DWR.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
identificltion and sequenci A Imveng ioie 25 codi ng sequence

of the human 9ranU|©@ﬂf@n@C&t@£§Wo§c§hé§J|tQ§ltﬁgaaftaQ{g)rdl( se@seSkithgene. This DNA
can be used, ,for

u at _alters i ncreases)
expr essi on 5Pe§ﬁD€H&&§eH38§eéﬁés#n§gﬁg ﬁ gﬁnﬁaﬁéPFaﬁr %&é 6ﬁgn i ntegration
into the gemuneeamStpeOQ@ceélunvwathonahgggaserebenbpmai|Im1viimwogenous
G CSF gene" efer gen R 0, of a gene that
encodes G—Cgé%d$ﬁ§l%gn§5rEc?gggﬁégl%gnegg QgD§HUB%}¢§ @% WO 99/57291 - 2
PCT/ US99* 89§34 fesi G trRg Ol e GiAER M Ac PHBi REISRIdERTF vElE fRERRT T afew v

di scl osed 5'inteteed igtscqpenepriand AobtadeTlspihosaltde9ul &Ry Sequence.

The transcrl@}lgggagfegglgtorxrsgguggﬁgrpag%grab ofeﬁdﬁsln seqéfnce from

the 5 transcrlptl regul'atory ‘Sequence the" &ne. The
targeting sé@u@n@@tdﬁﬂecssn?hecﬁhﬂegﬁéﬁibﬁeeﬁﬂtﬁellegu@bnsm%dssequence into

a region wibhhls WpSE! eankaknl BesEy(Bhee08hgasRgUENE Ondfaddift sicAT Get
gene such that the r%gulatorg sequence becones operatively
protein of” intere
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. pPatent Nos. 5,641,670, 5,733,761, and
20 5,272,071, WO 91/06666, WO 91/06667, and WO 90/11354, all

of which are incorporated by reference in their entirety.

Summary of the Invention
The present invention is based upon the

identification and sequencing of genomic DNA 5’ to the

25 coding sequence of the human granulocyte colony-
stimulating factor ("G-CSF") gene. This DNA can be used,
for example, in a DNA construct that alters (e.g.,
increases) expression of an endogenous G-CSF gene in a
mammalian cell upon integration into the genome of the

30 cell via homologous recombination. "Endogenous G-CSF
gene" refers to a genomic (i.e., chromosomal) copy of a
gene that encodes G-CSF. The construct contains a

T

*GO0001*



10 Iinked to the endogenous codi ng sequence. By "operativel g8 o0ketdd2 i s
~meant that the regul atory sequence can direct expression of the endogenous
G CSFcodi MyOS¥Ei#8hce. The construct may additionally cont afAI/HSREPREt abl e
mar ker gene to facilitate selection of cells 15 that have stably integrated
~the construct, and/or another codi ng sequence operatively linked to a
pronmoter. In one enbodi nent, the DNA-cgnstruct contains: (a) a targeting
sequence, (b) a regul atory sequence, (c) an exon, and (d) a splice-donor
site. The targeting £6gsencentmcHid kg sot f&im&grfatdromhef netgel f and

el enments ( - ipto h r tr he .G CSFcodi ng
sequences g%‘ ﬂﬁég%%rEetnggéggl‘gcgé\ééu%&g tedé eﬁ%%%t %’B}'lﬁ’ﬁﬁ di rect
transcri pt-‘f-‘@@ubﬁ@rﬁnéﬁqge{l@? an'Eh%dVW%&thwismeea&ﬁCQdumg secruences

of the endegeﬁeﬂée2§r99@§abw dNEEEPHSIN Wedqudi@ xBh kfegenerally 3' of
t he regul at nce ﬂ%s | i ce- donor site is at the 3' end of the
féay 566

exon. 117 aﬁﬁ?ﬁﬁ?r bﬂ??ﬂan LYRRIR O T SrFr £EESTePaYSaCr ar get i ng
sequence, ¢8F gemegul'aheryaﬁg)etsmesle@erﬁcé @Jrreax(sntb(ed),naeglalatﬂﬁndonor

site, (e) agp I:IFUP%%L\?QQO )s@aéajl#gel fe:ptzoey t@ut}qlggr%n the targeting

sequence direc Integration its (f) such that
el enents (BPStream ‘aﬁetwat%r%s%TC LRI e%ﬁﬂ‘éﬁnqmoénﬂbgeﬁéﬁgegeﬂeneme 35

regul atOWSﬁeﬁuelﬁlé;@SthéeﬁeguI@@éﬁy Ps @flusrid O befomds oBedaPte2p02 WO
transcri i ncl udes not only elenments (c)

99| 572 1099 th t
- (1), ?'119 R3S eﬁﬂoé@ﬁoﬁgd@?ﬁu% %‘? a HUEHAEE: PPEferably, the

construct - lepevadivalyohinked $pl caemtz:etmm tdia eeguéasbtryated in the
const r uct QQ%@&&&@%FJ&%&@@ S+ EEs Bofl QDO e 1 te%doéggohgrgeEEPQ sequence

i s honol ogousS to a preselected tlarget site in

honol ogousc@éé’éﬁ?rb?ﬁ@t‘?’a‘ﬁers The o%?:nLﬁtr‘-P‘EtdEﬁ'ﬁfaﬁqﬁ’étéPnPé&k't coptadn g . at

| east 50 og i@?éc@@gléQM@hBeﬁl@érﬁa@ttdeﬁaéimﬂ& SEE)ebalNﬁ léf welTH
represents_nucl eotide 78 4.r1 tive t e_translation start site
of the(iLgs B b%ﬁﬁegeﬁaeb gm%%%o%@e ou@gléonrfseta t’hgfld?ﬁﬁ ERPERET ng
sequence |s0ddeﬂt$%@eo¢esw¢rﬂﬂe\mh§/ bimtedirta @ pPromgeatric target site so

that the targeti nQnS%Qiéemo@&%e%@ t @haebNal E8n&aF,L d AR il @gous
reconbi nati on. gg{\cent agﬁ%of basepai r nm smatches i gccept abl e, as
Pacs i6

| ong as hO%F%@%% BRATT on O §EEHGPCFr e§BENRY. To
facilitat eekonpl agdusdy esoa@lmanoi heittear gethengasggtiénge i s preferably

at | casly 2boute20c (81 fec o 20n50nd0lra 280, D0t el A0} B3R DI 1S (" 0P")

| ong. sEquence can enoni ¢ _sequences from
out si de théb} eyi é@a) chuePed BHIED YNGR 9 wﬂt@ﬁ@maﬁl EhenEraees at | east

20 nucl eot ¢ggsn r@@&;ﬁ‘éﬁ@é@ &hi She eghffet R¥nexanple) iaddgthosal targeting
sequence CcoO

dfromthe encelyl bet ween, SEQ.1 D NO: 5
and t he enﬁgﬁﬁﬁﬁﬁs?}n aﬁi?r pFon TF %EP%n sr}eqoLfeﬁgngP fhg igli—' gene. Due
to pol yrmr b} sand hat 1 ndqwestts@armtccvda@ng}@mejeqﬁ@t 1] Itbeusndqgmmus/ari ations

in the %&%i deIﬁotﬁsnPaﬁgéf@& of t REYe by ofs GRARTRG1a8gebrSLLE MAY occur
‘in any n nanmmal I an ecCl es %{6?5&'(?“ n sequ nces that correspond to such

pol yror phl Eegat 2 BAYY %9q’$E’f‘f?D NeTh§HER HSI FRoFphi c
vari ants) areemfit®f nthbeegsénpe of this i nvent| on.

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



i

~ a ocT zoo2 wo 99/s~z9i - 4 PCT/US99/09924 Upon honvol ogous Pécg%%im%&ion,
t he regulator%-sgggence of the construct is integrated into a_presel ected
regi on upstﬁ% A'oF°t he codi ng sequence of a GCSF gene in a ATGHBL8IR of a
cell. The resulting new 5 transcription unit containing the

-construct-derived regul atory sequence alters the expression of the target

G CSF gene. The G CSF protein so produced-may be identical in sequence to
the G CSF protein encoded by the unaltered, endogenous gene, or may contain
addi ti onal , tI8nsgpdPrt Ghed, 10F1Reaer naki el kenedisdues as (Ebppaned to the

wild type GESE BhAbgeRoudUE- EOF ChaagRS &akiatued Gb%efﬁe&sswgt, Phe.

honol ogous reconbi nati.on. Altering gene expressi on enconpassées activating
(o~ causi ngcPBShEUELpAESLXES 5355%% ﬁ%&c?Pf@F?ﬂﬁQﬁﬂﬂtﬁrl§1§PIéﬁ@ (i.e,
essenti al | ysipeapedsiadrhencbhetrett dswodtriiedrdmeneasbdgcor decreasing
t he exprQ§sh8no%e¥§Ieof a gene, and changing the regulation pattern of a
gene such t at°the ﬁaftern is different fromthat in the cell as obtained.
"Cel | as obtained" The etaraes itrge seguenge dis Romo bodows | tog uprmedeconbi nat i on

Al'so withi nsthecseapeagheths:tovent i e dg‘,én&nmmp Wi cHS hBAo1 BgoRL esent DNA
construct to alter expréssion of an endogenous G CSF gene In a manmal i an

cel . This RECRABALIRACEGGeLSthR SFEPE- of L i SORMRINGIGE A§2BReZPNA 25
construct ieogtheamanienktabocet|104) idomaintaininugliebeiaek! fuader

condi ti ofis_£bat 1BCKAI.E NQHRLASPLS: L SCAUD! MM AL {12 0CEHY s DEL WELR, t he
construct and-a genoni ¢ target sjte honplogous to the fargéting Sequence,
to produce &ehBEBVEgEasther BERRDI HahPD cRF 2L Mo i9fi FheohHaant @r @Ry t he
honol ogous| yengconbynanbmeebyousdes s ot i e et tReEELEngxpr ession of
the G CSF coding sequence undgrlthg gog%rol of. the construct-derived
regul at ory SEQUEREE. *Bt *FEHEtF" paft R0 Ml it argEP LFFe is 5 to
t he codi ng segamacetefrgen ehtegemoulat the BRrgati2@02ewlefd,ts5I291 - 5
PCT/ U3991é3992§g@tc§'§clgleegg gﬂé&rgé)hémg&é@“xf‘eé&m Le3bhe CAN contain

codi ng seguence_as we non- codi ng sequence. The 1 nventjon al so
features traRetecPEIERERAR R R BEPFET | T $HA W eshd Sc8RSEPERPLRas@Einder gone
5 honol ogousongcasbhaablegoust he genoimar INA eistadcean ak khesepdbgenous ATG

initiation LNn.one Qr . I n . F_gene. Such
transfectedggggﬂﬁbggfedTgnggg?é?%%gc%?TééF#éﬁ%ﬁﬁ%ﬁﬁﬁgﬁég?ég%gﬁ%%%nt cells,
have an al t bregdeGiuSFsegpenssi b9 preferablWaisdaasit] gbape 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.



10 particularly useful for in vitro G CSF production and fob 8ddT V&Ri ng
- G CSF via,gene t herapy. Methods of making and using such cells are also
enbr aced ¥ nvention. The cells can be of vertebratepé:r—ri/ﬁg?(ogsga‘th as
manmal i an (e. g., human, non-hunman primte, cow, pig, horse, goat, 15
“sheep, cat, dog, rabbit, nouse, guinea pig, hanster, or rat) origin. The
invention further relates to a nethed4of producing a manmmal i an G CSF
protein in vitro or in vivo by introducing the above-described construct
into the 20 genoPasf hemedogouel regpmbhnabiogousheeregbiaadtpn. The
honol ogougkyukReaNBEnaRd &&8lde it heh HRidhaled sUiders gag%d' tions that

allow transcription, translation) and optionally, secretion of the G CSF
protein. FRACSFREENT EORORI WS Freatds tif iS85 iR F aqtvansec oF5 aad-d conpri si ng

a secruencerofent LpastcRfbordsone offta lceddt. 3@hebGedul?,inZ0@ewor 1000)

conti gyou | i . SEQ ID.NQ: S5 Qr its C | ement ,. or. of a sequence
i dent i (L:égl Engéﬁ%%lgEgﬁﬁ:@;%&gg&t%l&lrﬁo%%rcﬁﬁsgq&gﬁi'é{;'lfO‘rY§dor ot her m nor
vari ati onsegelagory| esguehem HBpafs ttihe sxpresse B fmtiheh tédagetnot prevent

honol ogoug . pgpogbhaat i Blle W IdbH RE-Jrali9L1s S Y JHRIACE mahyn pRne enmbodi ment) the
isolated nuycleiC acid of the invention includes a contiguous 100 by bl ock

of SEQ | D*REREICEYr IRXSHFPHYIC e it S-EFFDREEE e GRCcRGehiy &58i des 1 to
| 00, 101 tnalOlred@PlehdoPusBQerdh tor 439, céhtatin 2AitIGhatlo 600, 601 to

700, 7 X | - . D . 2 PCT/US99109924 801 to
000, 901 TEeT0062= 10015 of 1000 2151 A 265 P55 2 CPIRGTCMBE Lo 1400
1401 to |5be, wik@d1type | GOEEF BPLain. 1 AVE, tP7GhangersGatrogretdoas900, 1901
to 2000, 200dst0t 2300nordMgdud 2200mpA2RL ilow 2300, 2301 to 2400, 2401 5 to
2500, 2501 to 26%% 2601 to 2700, 2701 to_ 2800, 28Cl to 2900, 2901 to 3000,
3001 to 3100, 316195350857 328%PT 553500, S350 853208t 8Y®3i%D 3500, 3501
to 3600, 3691céosBA90to 379 lexpre383E)380ere 39GCh IS0 botrmadQ§O, 4001 to
4100, 01; 20C, o4 ; ] 0,; 4 0.,4500, 4501 to
4600, 1%0%‘%%?%785;?215%%5%%1%%8’, Lt4“8g0;gf%%s%éigo,m4§8’jf {C%fléoé‘%, 5001 to 5100,
5/ 01 to 59DB3iBeB1 +BCEIPIINGRFL AT AGENHAGE EFPIFEFios5deVed 560C, 5601
6200, Of 9138 Lo 6228 of. SO 1T Na 5 s 1o Gl enent, These bl ocks

, or 0 Ror its c emren e ocks
of , SEQ | DsRﬁg5E§%%l ?}?% %%%ggneqﬁt de{'%ef%gleéitg E;ré:’f"ul%%s’f tar tﬁgtei ﬁ&igequences in
t he const aacebtatnede | heeht iagn obteimed"i seifgred tONAhet e LEEQrEDr
NO: 5- @Ry | ¥8dLSRYUEHEE:s | SedMbilddtseh to a full-length G CSF-coding 20
sequence, or at least is _not Jinked in %he same comfirgu_rati on (i.e.,
separat ed by the wishe8dFRG SE3RENRE)thE HREEREIPR by MR genone.
The term dEsakahedc PR ressntudelh eratrudthes ddeermetkptesetienac€hr onosone
or large pje nom. c S ;i gh i.NCQRrROr a into a cosmd or
yeast artig’f’li %ﬁ%ﬁ %%rg%%%o%eg ée&%t J'|an% En l}e}‘g\aﬁgtano%%%aﬁar Eﬁlgrs all of SEQ ID
NO: 5, butmarbedainthedes whSiteansdiafy (dequdtaedasdnal thef DNRe sequence

whi ch Jdg esohst weep iheo GSmAR@H1NGHS@Uancy iand raheitsedydagceneor respondi ng
to SEQ ID lé\ﬁ-ﬁ’r”%%ﬁilt 30.exists  iin the genone of a cell. It does include,

but is nof T 1 ORS RS O BET TS 9FGAF5P Ped into a plasmid or
virus; orrécopbnhationxisteay desspmnatienvioscsiamcitndageadent of ot her
SequeNCeSaefioflic @a:@%é@”? em&%%ggngv RO HIE A58 RN Le@ehican (" PCR')
or 35 res?rlc i on endonucl ease treatnent. The isqlfated DNA ",

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 seguence of an endogenous



WO 99/57291 0 8 0 Ci 20U2 PCT/US99/0992i preferably does npg @qnp@bn a
rsequence whi ch encodes intact G CSF precursor (i.e., G CSF conplete with
its endogen etion signal peptide). The invention al sg-

i sol at ed DNA 9)§§ﬁrr§)ri sing a strand which contains a sequencgcir@g%%gﬁat
“least 100 (e. g., at least 200, 400, or 1000) nucleotides in length and
that hybridi zes under either highly stringent or noderately stringent
conditions with SEQ ID NO:5, or the cenplenment of SEQ ID NO:5. The sequence
is 10 not linked to a G CSF-codi ng sequence, or at least is not linked in
the same cofffguregnen abhakecia s tihe @gnarild e ngetoss. teHcamdenatthy
stringent cepditd Odscrhsnd®asy Jwbr igl zat i A ANG idafdulgh buffer (7%
SDS, 0.5% NaHPO'™ 1 EDTA, 1% bovine serum al bum n) and washing at 15 50C
in 2X SSC. Highly <0 AG¥APCESRdPEPBnECAFEraRf FRRUSERCRGBrHi zati on at 42C
in the presentecodd 5080 Iorimmrtiesh aHe reinawasi rtahaGsGndidriyodX SSC

cont ai ni 1% SDS: _follo J secar, .d sh .at Cwth 0.1X_SSC. Also
enbr aced%gyh?rﬁgp? ?/%sntjl"%érll\grﬁ%lquaso A e‘@‘ta\l@v%f@lgoﬁg’% HEET 828 PEnERGAI ch
contains a sedoesreds MATG|nididbast 0Py d¢n ene s beast a2001e400f or
1000) nucl eghk degaddle hSRPtdL @tE ddiad . SRAIGS 3@k B0U Gnrlceredt | €ast
85% 90% 95%.or 98% seauence identity with a s,e%ment Qf. equaf’ ength
from SEQ | DC?\%;%' AFLEhes )g]rﬁfpgfﬁ?ﬂ B4 &GCOMPHEADE TSNS i B2KBt | i nked
to a GCSF;andéahtgezsmme e)tpzaass!iaastpaits:emlt. | Mhicee iclelil_beasems

confi guiyl | 9 AScPCET S Ul ALY AR 142 AR LS A RALLHCUhAT £or

pol ypeptide or nucleic acid nolecule is sal ve a specific percent
identity ord8bivenkg VatFdn i Z9ns sh&ET@PYpol Yisspodge odr makéngi andci d

nol ecul e, theipersemm E&ETS idde Al SONS@IARIEOBY Shdetier@npednby the

al gorithm of ers and MLl er %AHI 08@(5198?_%, W&]’luch is enmpodied in the

ALl GN progr'ﬁ#%/?/e‘?asl? & Plo)VerReRnar & QHAH e fUC &P §eE A3 2 engt h penal ty
of 12 35 andleaggaphyreanal tryporofhunarheeimsareh pawanptern s haree, geatD 991 57291
- g _0 0 L. 20 P S 4 r e red. 1 he ters are set
to thei rl%de?)gﬁ%}t)' p%%?’t%éni{. %%:%b:%é tng) ALI'G%%lin?%r g il 3‘5‘3‘33??&%. See,
e.g., http: FaWmexighcnrs. fr/bin/align-guess.cgi on the Internet. S The

[ nvenlti on ﬁl SO feﬁﬁ'ﬁéein&eﬁeﬁbﬁdfﬁf;ﬁeﬁ Yelatgs &&%hm@tt&menﬁ mal ge. g., a
manmal such_a n, RN pr . .Ri Q.: haorse, .go sheep,
cat, dog, r%ﬁ%???lér:%”}éeq‘gﬁﬂ%lﬁé%; ;ﬁo &é%;)%sott%gg c';'rlpJ rq’:'ft‘tt)l%b?/’%prl gv?%lf’%g a cell
whose endogeyiolst B>ESH r@e rfdheh P Prscrsiasar pgde goastZocge dotpbele her ei n, and

i mpl ant iog §Bgok€lds 1D Kdee Ml MR 1R usehle o681 8keS off; CSFne Al SO
included in"the_invention is _a nethod qf ,psro ucin CSF hy providing a

.G y
cel | whose BRABBHRIRINIL G EORIEHaS ACOEPalEdREE 1ESCHPERE her ei n,
and cul turiagndbeimed | that vdllow underschi prdiodi, t teaaswhitdbnpeandt the cell

to express gnd; secrate GG i JiNed w9latat Aot e invention can be

used) for

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,



exanple, as a source of an upstream PCR priner for use (whe BCﬁ{}bizmd W th
-a suitable downstream priner) in 20 obtaining the regul at or [ or codi ng
regi ons ofwanysrdogenous G CSF gene, or as a hybri di zat i onrpT@bes/foez4

i ndi cating the presence of chronosone 17 in a preparation of human
“chronosones. It can al so be used, as described below, in a nethod for
altering the expression of an 25 endogsenous G CSF gene in a vertebrate

cell. Unless otherw se defined, all technical and scientific terns used
her ei n haye ,t HE ni_.ng o] ly u LSt by_o nary
skill in ;éf?é g?’t to 'm%gh t?’ml?%u ﬁv?r??ﬁo%obgﬁgn SQQEX 49 Qf é)heﬁfg"ds and 30

mat eri al s tar @ 3ddscrliddad tigeL4R,0 ,alltdddugle r#étoﬁodéséhdtnnléfﬁ(D alfssesll mlar or

equi val ent: f @ 712058 Has¢ld ti%@oherl%lori %M@'o%o Q@oyseg woéhez @actice or
testing of the present invention. Lications, pﬁf | cations,

patents, &R%d 23 %er %%F@ngégoneﬁﬁo&néﬂ’ §§°Her§?ﬂlaf*% ?‘h‘é‘br %t ed by
ref er ense tion 2&hei,r 23w ret 3zsofoI ,W2@039¢672900, g701~t8f£1€6fo 2ALdR ' ud
PCTI US991 Q99 In i it en egi i ncl udi ng
PCTIUS991 49934k %6, 2 SO Sooat U8 BIgRens BeeEhlisal) abed el

i 11 ustrat ioge 33010 P Insre iPr0énded Ctlo the 3Fi0RI t BRBL BoAHRT, fxlures and

advant ageg 0 7lolte ianaNticon awiol |3at@>q %@,p@rs@rat Bpem 28646@6 | oy gng (et ai | ed
descriptian, and .from the cl ai the Drawi ngs Fig. 1

is a schefdt®c &ikfgr &R SRR nlérgoﬁe té’eﬁafﬁ é gtFﬁc?gﬁ’% ot¢the&human G CSF

gene. Hbg4520i,s 48 0sic v@natsioo , du%@ﬂamcsha\@nongwne bunaao@(:&-‘ecglerumﬂ C regions

enconpass Y he RSer of eplads a %—65:8 . 3is a
represent g’?l %n 0?906% szr sto%o SBSéeln?e glggGCgﬂ)b RIO g %uman G CSF
gene, i ncl53ding 5@@78%t§é|°@ot |53é>§ &P £REVseaa8ACEC5560G: tfhfeo%'lt(? initiation

EOdOR Al $009h0wWvdls t [BanlI,alsgpal teepbode seqmeaseséﬁﬁgé@w&@% encoded
y the co S nge. uence rive om.t pe of the genonic
i nsert an%llt%%e %g%é‘n;é’e 62?@1 i t%eﬁ% %gg%haéeggﬁ)oﬁgﬁgglﬁﬁj&tﬁ ned. Fig.
4 is al‘éctm@rrr@tlie@editagr Sinesieolileg ks ednSEQUED BP:Ehandniemti on. The

CONSt T UCt LAALAIAS, A el %tlsfoam%tﬂurlg a%eqa%agﬁlﬁg)seeaem | {4 ahle marker

gene (AM; a“sel ect abI mar ker gene (SM; a regqgul atory sequence; a 25 CAP
Site: an PG CENCSH r?gf S&et 1GVete&i-gnal peptide of G CSF; an unpaired
spl i ce-donor SI te1hSEhe Desh & second, tetHgesEqa s equenderized The bl ack

boxes repre cocy n%ol'gl\l@ g&gdt E% st 'fBHﬁeq Rﬁéﬁs LERES %?%éé ranscri bed but

unt r ansl ate uences fes ion o ID NO: 5, a
genormi 20 s@@@u@@@mpm @&nﬂ-@lasé h@nﬁlﬁ’tGlea edr Ansthepsamm start site. 08

OCT 2U01 Wik JACTHUS99/ @8924-ated0by the same noncoding

sequence) as occurs in any native genome. The texrm
"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 segquence 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



Fig. 6 is a representation of a first targeting sequence (SE%ED NO:@% used
in a construct of the invention. Fig. 7 is a representation PdedPad

targeting Sweeppenge (SEQ ID NO:7) used in a construct of therhyyenseon.
Detai |l ed Describtion The present invention is based on the discovery of the

- nucl eoti de conposition of sequence upstreamto the 10 codi ng sequence of a
human G CSF gene. G CSF is a cytokine that stinulates the proliferation and
differentiation of herratopoi etic proge‘ni7tO'r cells committed to the

neut r ophi | / | o | i neage. G- CSF is routinely, ~used in the prevention
of i5 chem%’r‘«?&%ﬁg Yo soss ﬁ‘gﬁt FOPEARLE an8eANSRESOMPAER 0RNOPE4S bone narrow
t ranspl ant atimwactCle-@SE prédicopabli qiaed, congeri tahphetér KPeni £ £i sorders

al so show i nprav nent. after ctio The human G CSF gene encodes a
204 or 207 a@%%d(r%3 S i CpFéc%SES%gBPgt Bleﬁgég al ning a 30 am no acid

si gnal peptide. TheTgendmventeqn oflshelimide G C8A afete NG shown in Fi g 1.
The map i§ cRRY IrlléQLn%g taa%@aaa @hzc%goﬁxaﬁﬂgl 589@%@&9&%@%3(
which b rela |ve to

GenBank accession _nu egins at position
the 25 transiStortd° steaF’t 'sFFe EGﬁFe@Q%tﬁBP\M o8 ipee! freelequitemsiti ons
referred toikereingtay emrdeltatarVBybﬁltiheefsr&ﬁ&é&t eobRkrskaghlyite). The gene

cont &l s, L VEAMMBANG LaleL0LE OnS: ALDLL BT ELogKal) sncadl gy 13 212

am no aci ds rrst "exon S 13
codons and e i o3t © C@G‘@Pé@@ﬂée@%ﬁ@h@lﬂ@ﬁcod’@he ese@inge tie si gnal

peptide)io noc8 1@n@e¥1 Teuzl 8- M‘@F%béiﬁ@l sE@éhé§99b99§@41éa§tl isogaence S
to the Huma C%a ﬁg‘ﬁ? o obt ai n eno DNA cont ai ni nlgnﬁfghétrea‘m sequence
b b G o QATKEd, iRGe PalRocy e JGRRBRIE™ RBr QFGUFR 1
(G ontech caealcog .~ Hylfo6dranadiyseteengdnd wbhfiaid29 by rméarg:onucl eoti de
pr obe gener ale bt ReRonTbS speole, el tles, G L expapel 31,2, and vas

ol'1 gonuc d

anplified fr human aﬁnom C usi ng e primérs designated
102 and 105N350a of MhFRR:mete RREI R TR FHHM AR dvaiandbvastiagragenoni ¢
DNA sequesceo0 {figx 43c. Tha@lyemtﬁngxmrrmroﬂ&&w@fsr @3Re0Aadgiheqposi tion

-34S, and the priner ence GC%GGCI GC%I SEQ D NO: 3).
The 5' end %fs p |br¥é'fil%5§§g§r gs%(b)ﬁcds ?d po § oM -% ?ffjﬁé‘ ﬁér S
sequence i s 85'SiGEACEREACTCACSKGHRIUT X' S YRR igirg) 1615DApprOX| mat el y

1.5 mi | Xi on faqeiaianagt zphagenwelesacheepset Widh thay agicol abel I ed 729 by

probe. Four |ndependent age ues were isolated. One of them
desi gnated cl one GESE? 33“‘-?‘/%5“%528' e JUERhIsHt @&&PE@“?ODW‘G 5 kb

Hi ndl | | - Kpnicompagremy far enrphdgeh CeBSEARt maiss sabstguencé nilmtp:i]aje&crl pt |1

S (Stratagene, baoialla, ) Lg.groduge PHOCSEL \uhiehuponiaimdhe

upst ream seatences “an proter h-codi ng regi on o
An addi ti ondR l}}@mﬁ@amﬂﬁuﬁéﬁénéhaQQSpHGCSﬁStV\é ¥pfepar e rifasthe 3.3 kb

(Q’,a:” fr2 ?gnquts,% Wiogh ewer | apsoby) abeaﬁeacé KQeM’ciE'yt\hﬁtH r@%’égn%fﬁmpg&SFl
ig. : p e _seqguenc e Sanger
net hod. The® e&&éﬁ? lﬁé’ﬁég gfgm\/\gég gﬁ lghe% 3D Flaeof)?%ﬁr}h sequence of a
6. 6 kb regi cheremfdi atfbley segseneanmiof nohelinkadctopai@rCSFriaaditigon site of

the human Gy e, t t;po i 5 i guence is part of
SEQ 1D NG Lo i R ac 3045f 1 8RRt ! PEarEaPIR i S IueS  Tre s

by
end of 35 SEQWfBgN@’aflépea&ePFG‘éHSfPBn?PHen?Ehﬁ?l%ﬁn%et he genonic

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



D a oc~ 202 WD 99/57291 - 12 PCT/US991 09924 insert and the gpohage gpmin
1t he GCSF/3W9§;%25:1I one. Therefore, the Sall site in this 19 by region is
not present 1n thé human genome from which the phage |i brar YG1U&PI%¢d.
The sequence between positions -6,578 and 5 364 (SEQ ID NO:5) is hunman
genom ¢ sequence from a region upstream of the previously-published G CSF
genom ¢ sequence, and has not been reporgded previously. To alter the
expressi on of an endogenous G CSF gene, a DNA fragment contai ning

nucl eot i des TRAPG TEG -47 24 L PtdterSp@rapeNers was skoned tidDr plearsnild pGA 3

upst ream of WY oRYsQNO e o 2 3d Cls I n . Nuc] eotides 1470
to 4723 (SEpas 5 X = R AR Egahﬂ?n%‘?%‘gg%}%%h%e age

D NO: represent the first target
schemat i cal gygr'ég?’égérit/zg‘”ﬁ? BiSg- CRTSESE/ PR/ abtentouesyatd ingrs edieence of
Fig. 4, a 15nPE&nktagnent containi ng nucl eotides 4728 to 5979 (SEQ ID

NO:7), redative to lon start site, of the GCSF gene sequence
was cl oned downst re’%ﬁ%@&ﬁ?ﬁ%&% %f%?m FUTF FeBRroPA PEssl tiremingne. The
pGd 3 pl asnfdCRds tPnero@ida@li HeeShumanméinbadbsastt aeld g bihbhog 20

little or NRukRGSErdfRAe EXRIRSSHe te o] | ggous recomhi nation wth
the endogengy GgSF gene. Cel Ig rgesi g?g%\f V\?%Q‘['é?ll%%ef ‘o351’ aSffd

i ntroduct i oh“wer&’ sPPESFed G PReRE Pr yPRBFFRT wi @ Tat0r dus @do@iBSRggene

expr essi on, aasedduitiobe exgegeadusf GaChPNDENE Hiss %%érﬁ%@miv@%%logﬁevem

bet ween 1pCFHa-apdpkhe i C : e n t vicinity of the
endogenous G CSF ?%ﬁe?g%%g?r'ala%tlhgg% gJQL? sTH§ 1355t iioh tBe BRdBBENoUs G CSF
Expressi on YBPRE ERE &BdvesqEseErhe@- CSESF Albsn ricmiv@@dsdguenees, one can

alter the expvession 95 anmeBHEgesOUSrHENBILLS rethod as
S5}6 F%%,eggrggggl?gi% shown in

generally d i in_U.S Paten 5,641, 670. _

Fig. 4. In c?%lfg §$$3 eS?flogePng;e{;f F 7% it Qeerdestégivededoasncl ude a

first targefffgrseadenerehionobogousltoring M2 ¥H1F3723%1 v5 £13 urad-0CT cuu2

PCT/ US99/50989844{t {Shst @ bi-e; upstL e f ene, _an anplifiable
s!Phieh BoifitPShi A D tc% agcoogfsrseﬁpgn,se re® site, an

mar ker gene . el ectab_e marker gene, a regu
e: con encod?H n amno acid sequence which is identical or functionally

equi val ent to 5 thaheofi ddimtdd SNALB 2k BealhPOn LAl & GF4CSEsi gnal
“two"

el cot i des R HE 19F r SRR E Eh i e AT ALK BEbFFdcs oF dspl i ce- donor
site, and al“eeRmrTaiged Hitseyurntetonslogeusehn arseeondidarget site
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 tésting of the
present invention. All publications, patent
applications, patents, and other references mentioned
35 herein are incorporated by reference in their entirety.



10 downstream of the first target site and termnating either wthin or
*upstream of the G CSF codi ng sequence. In this strategy, thesfodTstidand
second targgl o3fshsy are inmedi ately adjacent in the chronosegpyBiddesst 0
honol ogous reconbi nati on, but such a configuration is not 15 required (see
“al so below). .Fionologously reconbinant cells will produce an nRNA
precursor which corresponds to the exogenous exon and splice-donor site,
and any sequence between the splice dorr-site and the transcription

term nati on sequence of the G CSF gene, 20 including the G CSF introns,
exons, and B! aase anf| corfl iagi crhe Birgsed). sSptifiogtbdnt hiscludirsgri pt
e aenous S YL e o NRA0eN0dheHABekFa S e LREX 0L g OF (e

endogenous G CSF gene.’ Translation of roducesS a precursor G CSF.
The incl usi GRS c%R | gt WSt r@kdivs @ndie 2BRANeBniREeREeA] tDWRE One to make
any desiralliniitd i cations to the signal peptide. O her approaches can

al so be enpl oyed. ex e..Lhe first and/ or nd.target sites can be
in the flgrst i nt rorlé%gﬁert %ggé‘{%% %%ﬁe?éﬁ?’?teargﬁasti el%g‘,e t‘ﬁ’é(eg *BRA construct
may be desiwjied ko ippinsty froomtiie foldowingf destiled gi¢sogimeicprence, an

anpl i fi abl e /mriesm oene 13 5@ ect abl e marker gene, a regulatory region) a
CAP site, an exon, a splice-donor site, an intron, a spliceacceptor site,

and a second targeting sequence. For this 35 strategy) the 5 end of a a
ocT 2cu2 WD 99/ 57291 - Adie PO dL4ISON NIADHF itihhe Deeandatarget site is

preferably less th 60,by . ups t he nor CSF. trans| at i gnal
initiation site, I %qgr'dérxfoga%/%ﬁ%%%{ esﬁ“ec{}%ﬁghggir 5%‘80%?905&1%_Tt NA
precur séP prrothraer e rom thfe Moms 6&g&$s geneconbined 5 locus will include

the exogenous exongighezexeggnstiSedt i€ ed Am YrsingheneXadeRAUE-i ntron,
t he exogenqg splice- acceg.t or site, the second targetin sgquence, and any

, d
sequences b TIPS s § &PGEPRG S§6qHENnERE ahiSEHe® £ unt ranscri bed
regi on of trien ssmicis) epiEESKjerend POIGESIF4ci ng of this transcript will generate
a MRNA whi ch can b%ig.aﬁsgggréﬁré’ém& %rﬁe%“%%%i%fl QuERE, G CSF,
havi ng either the norma secretion signal sequencé or "a genetically

engi neet8d SR R MNP st gl s dymenc &-CPHegsPee dRCIWRIRS OyehBus i ntron and
thus the pasididnt Dded Dot e )eR@RROME BegubatREYATEOi QI it &8 ve to the

codi ng region, of t gin can .be varigd ;o o] tirriée the function of the
regul at ory FEHon. nﬁj’oé“& iVafi §F St tBﬁE’,’P?B 14F 12399 Second t ar get
sites need (REQ bED iNOredl aralodeddjracsine grdéugnseeueicacarSepsnastsher . Wen
they are nQie{:.‘irV@ij'f"f&ﬁYtl?é_ij%ﬁm%f&tio%oo‘ia%Beobgﬁémié‘ PRsd o dfie G CSF

gene's normal upstreamregi on and/_30r a portion t he codj ng. regi on woul d
[

of
be del eP8d RiFFH HFD| BydUE & n&RGR. CTARS DREE GRS TIAARCD5 The DNA
construct of the imient kobsi acttidesavic | Easiram tsiogdngng segeencetand a

regul atory sequence,,lic Y. addid ianally, coptain, a0 expni or an exon and an
unpai red spli ce-donor STTe or an exon, splrce_donor_site) intron, and
splice accefrrgeting. squuenseonl)if ag0appddénable smarker qane rédllat ory
-sequence, afNtsde-tippd MRd-iaY igeeredqrer ;Sht eeb8l atotPesekudittk 0fa t he exon.
The intron and splice acceptor site, if %regenlt" are 3} of t).%e Ejpglce donor
site. | A addh iDHEet A S%h BERNG BPETeRonS Ant FTRT FRP WIS
appropri at e sI8¥ ceaxomga iXedmpldceegomorsstits) (pPecezhdicr (seand 5' to) the
exvn 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.



0 80 CT 2002 WO 99157291 - 15 PCT/US99/09924 fl anked by §#Be0lingsilr ed

-~ splice-don L The DNA in the construct is referred to us,
since the Ekﬂ??gﬁ%bt an original part of the genone of a ho§§n§§?ﬂgﬁQ
Exogenous DNA may possess sequences identical to or dif 5 ferent from
~portions of the endogenous genom c DNA present in the cell prior to
transfection or infection by viral vectld.- As used herein, "transfection"
means introduction of plasmd into a cell by chem cal and physical neans
such as cal ci um phdSighatbe 16r ac FEPr@FeRO2EAPEr Plea chipsect proat inm,

DEAE- dext r apefBehatedsthans gl Plsdd PO af ddibe RIRCHORYRAL i ON,

m croi njection, mcroprojectiles, or biolistic-nedi ated uptake. As used
herein "i nf éB¥VPBR*®Reans i ntroduction of viral nucleic acid into a cell by
virus infection. ThEdl5 Vvasi ausepresentationl ofled secohe ENAgEONEE ruct of
the inventi [ e L b [ etall.bel oaw._ The DNA canstruct can al so

i ncl ude g s-gggﬁleﬁﬁgo?g%¢a%@-lgégtﬂng@év%dr aJ‘I?A sae(:fl?&sggs‘fc(te.Ogg.%?’epackagi ng

signal s), thavebyienabling delivery of the construct into the 20 nucl eus of
a cell via infection by a viral vector. Were necessary, the DNA construct

can be di sengaged fron1varioui stegs of a virus life cycle, such as

i ntegrasenedi ated i ntegration = Depi some nmai nt enance.

Di sengagenent can I#heageesphitshedebyi2b appbapedabre ded edisnsvery raf ati ons
of viral se n as £ f -t eqr. odi.ng,region in a
retrovirus gggtgrg.éligglf??on%rﬁp%?t%?@%rg sa%ﬂ'ferﬁgét% sggﬁgﬁ‘r g(c:)t iggﬁ and use of
viral veé@ ofdaRe FeEWENs® FobbiMinat GiCSF Befenacol . Ther. 8D: 35-47, 1998;

and 30 Gunzgulr)g et fcalcs,p Mgl a Pg’?dokIﬁéaihit4§@irﬂd-l7a§ré@9:51e_ herein

i ncor por at e .reference. et ing Secruences Targeting sequences

per ni t hom?ﬁﬁ%bgefﬁéb%i%%?i%lﬁ{%reaf‘r%éaglroéﬁ °§;§ﬁ§‘ﬁg8gf’ﬁ{589§ selected site
35 in the hpsbggehvae. cdhlgetdmu eficre ehearetiowphdgdgsanulBegsr57291 -
16 - a OCTI 2QERoECT/ §5004 0092 10 ddvfiuadiblses LCNOTRLAGRUSLY oecomdi ne

with) their respéective target regions in the host genonme. A circul ar DNA
const r uct® caReBRPPBTRRY 3t E HFYRTIRESq Gl SESPRdasLCRpétBepar at e
targeti ng 5bsaguercesw drinsiEhintAMNA wonstaHrenimay diepkahict wador nore

separate targeting, sequences._ Th ite to ich iven targeting
sequence i s© B%Pgﬁ ggné%%xe?pe%!?%cg %/\Jn'a%%c{ne%n aglfgnsgﬁg/ (L;'r“-%lrﬁlt"r On"6f the G CSF
gene, upstradbeofGaAdFri meektt@ty adjacent to the G CSF coding region, 10

or upstream of andmafe #.da%t @neerf gaRL! BRc&ESFa CO6U NGk rARY Umirdde first of
the two targeting seauences in the construct (qr the enti r,g tar eﬁi ng
n

sequencé? | REERePESFUr §RF yPIIEE 1 G G 41 g Feile MR RPhBCEBnSLRTRE) i s

derived 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
14th codon encoding the signal peptide).



15 at least in part fromthe newly disclosed genom c region upstream of the
- G CSF-codi ng sequences. This targeting sequence can contain g gottiQm of
SEQ I D NO 1,w@sflsaerat | east 20 consecutive nucl eotides from gpdgusRPuagce
corresponding to positions -6,578 to -364 ¢SEQ ID NO:5). 20 The second of
“the two targeting sequences in the construct nmay target a genom c region
upstream of the codi ng sequence (e.g., also contain a portion of SEQ ID

NO: 5), or target an exon or intron of "t hé gene. The targeting sequences)
may additionally include 25 sequence der| ved froma previously-disclosed
region of tR=GS Fore:2{SREL G é-g&8Eri bed herein, as well as a
regi on further upst'ﬂ.‘eaabMim'ge*Sorﬁicf lthr@éﬁWaiﬂm{gﬂrtq&étﬁFéaZre@e@ubn@%n be
mapped by one; s |d Icesq_, the a Pm geGﬁ i % can be used as
targeting sequences car? Filed SBYF 938 T“Ilfy t8"AYHridi ze to a
probe cont allﬁmigiaalﬂMEéﬁ a(q}@lnttﬁ@h GﬁtsEle B N@lgossmchaa prodbenedin be
gener at ed by, RGR 1Siag Iormg%nQette%qaferg%ﬁg%tﬁek@céd é{; dae, ReQU atorv
Secruence C{H;EOCT 204 9/ 57291 - 17 CT/ S99/ 0992~ The regul atory
seauence of YThe® BRARE I b‘@?scgncégnﬁéf’ﬁsoneaﬁ for 8"Br¥ddters (e. g., a
constituti veamp]usﬁsuﬂ} sﬁpexm humaar gendud chbEApuetmyes) igenbahest fde

scaffol d-att rﬁegr get 5:0 Ebgacgggﬂt o?' &ﬁ?ch%gﬁgat' ve

regul atory rrent s nscri p I on I'n or~tonbi nati ons of
t hese el emert%ﬁ3-9}'??65i rfé‘glm &ber ﬁvéééééﬂtéchgﬁFbeeaémveENAP-r gpyueRIkar yotic

(e. g., menmatign)i)or wnreals genanss H&Qfm@'r 'i@gubat:95¥p§ﬁgéle€t935 i ncl ude,
but are not I|mted t }‘E\OS t hat regu ate the exgH ssion of SV40 early
éél avic ?

or late gendSS*yBhe EnBE *M8Ad SadedBy st | ate genes. They
al so i ncl udETATARCRCHTRCAGEFTAAS -der i(88Q fPoNPgadhes Theol'’ ngndrmﬁe

met al | ot hi Orzt?fﬂnér 1%'50’&9&%'&505@@ eb- Fésﬁ%haggga an& gh&

col l agen la 15 and col g Vé% é % é
Fi MG CoA r eciRIUEREE g}lsyéer &Ry Csﬁﬁgﬁﬁ* CaTHERy roé%ﬁ@s@
3- phosphagl ycer at ekApps@xmaJdé]@gmasem]inm{re}amnﬂnrfavm Q_ﬂh@@'&el Rergi mentin,

pl 25 nogen AELINALOTANLBLY QLal o LIXFRELNsb FpotLaske TOLRL o7 of 20

net al | opr ot el nase, Tri “bos ei ns onpati bi uﬁy conpl ex
mol ecul es, alﬁtﬁﬁnﬂmeﬂtetﬂl‘@@yt élaﬁﬂﬁgewgreThéOﬂégaﬁat oPpe sefjudrare preferably

contains a tdadshiidddd @ dnactobshbyndi REsSukeasEel 3sbaeddddy Box, _ 25 CCAAT
Hox, APl, Spl, L?cﬁ]ﬁa NF- xB bi nding site. Marker Genes I|f "desired, the

construct cdtF Stde a sequence encoding a desired pol ypepti de,
operativeby |inked AOGLSSklmvmxpiIdm)-tlepnI Air agrenl &€ mfm thiagewcuCdFp2 a

sel ectabl e 30, JALken JENe.; o aleaecggpesgg ;seﬁ%ttatgwg@né & 4

identificatio tar etln ve ene can al so be
used to faciJetkre C's“él é@t |Pé”ﬁ’ yreceRPSSRavi W§1€B ﬁﬁﬁFFW%dtlﬁ anki ng DNA

sequences. Galdsramntstigliengeanphiif tad eﬁaues plot Benasplihy akd i orar ker 35
gene can be Ifjergl fd %%Fb%e%r owt H.n' ngig .Steﬂggtgfear% subclone,
25 pHGCSF4, was prepared from the 3.3 kb Sall fragment,
which overlaps by about 0.4 kb with the insext of pHGCSF1
(Fig. 2).
The pHGCSF1 and pHGCSF4 plasmids were sequenced by

|nnunoglobulln

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



WO 99157291 - 18 ~ 8 0 CT 2002 PCT/ US99109924 agent that se) 8dild R&? the
- expression he aTplifiable gene. The activated endogenou

wll typi ca‘lgpft9 @9énpl ified in tandemwith the anplified se?gg@%’o@ rker
gene. Cells containing nultiple copies of the 5 activated endogenous gene
“may produce very high levels of GCSF, and are thus useful for in vitro
protein production and gene therapy. -The sel ectabl e and anplifiable marker
genes do not have to lie imediately adjacent to each other. The 10

anpl i fi abl dnagtiteangefdiaamhags eotmldine tier Ge€Sg§éAepbagebelohe. same gene.
One or bot el dith-dTBIdE GanessGan he t?l'ﬂsu‘i‘beﬂP' QegPSn'P r@f of the DNA

construct. Suitable anplifiable marker genes an ect abl e mar ker genes
are descri BFESERTU S WA genane f5em WTSC*FhéhExBEjéﬁ%uls’kE;@ﬁY ~ The
DNA const ruest det viad t hamecmtqa.lehcmw peXxoReni peswteoablA ssegw@r&@jthat i's

copi ed | e te i The exon in the
constr uc i sﬁrNgf%b(rje I’g'l h rgam%% g&%8§éﬁoﬁ§q3§8ﬁe 5’60“?' ? 5858¥hous exon
can be i denwmiscaleam aff tdwf frereviimmivheubilishedxGnCBF ghrohimman G CSF gene.

Al ternati velegdre ©XREENRUS nﬂaeorbe%ceeeereee BEelRLEs NO acid residues,
or partially encodes ap anino acid resjd %’érﬁrh , contains one or two
[

nucl eoti des of a cbBofl teV\h’éﬂetﬁe"?Ss%’x%‘h sRAP RSN G -S8Fuence, t he
DNA constr mahwlmmamegned:mnuhgt nuupeattdanscs 7 Pti®m Awd

splicingy die SepAdilqd 2k Lfc {died a3dll b Qgsmﬁélgnu LA, i lh the

codi ng region of the target G gene. € exogenous exon is
spliced toaarﬁ:“@n%m &06h & me@ﬂy@lﬁaﬁﬁe#smaeedeeee not change the

appr opri at quceadicid@dy anzaooftd mevzeor(tsrr:@nzgf nbhe) nReWrdeshtachd rom the
endogenous exon. The inclusion of E‘g exon_in the target] 4: const ruct
all ows the dlr&&u&talr&?tdfngasﬁ%\e&?epra&t élc f“ﬁéi‘cﬁg Xoﬁ?%ﬁ%&g’ﬁcﬂ %é’ndogenous
G CSF prot e?mg .sdquerce ah@ seWOrDItEZ2etinglfeq@Bcd® € TFRPO2A, a

PCT/ US9P{ 09 %Q)U%o%rt%&‘?h ‘?ﬂz‘é‘?‘n@%‘ézd HCE'7é‘ah¥Qr%§l7§”P§ﬁ tgray

combi ne the struc enz , an or receptor-bi
properti es M¥:dr:t %& 1G 1¥sr éoprt&eel%“lsﬁta 1BReSpBFypepEE deet Hre é‘a(arrpl e, the

exX0genous @M deredlscefieode azaseldlmﬁbaanasaﬁeamrofatmgxw peptide to
i nprove cel ] %I r._secre

| e n iQn, a
co-factor Bl r'lzgerr eam rl{leomry%ln %,—%%,{15,%3%{%2 8?0 faci f‘l LPrJIa%’ égtl on of
the G CSF wmlmcmmmad pmmjéwamr ér:rbme aeeomlhedemums 10 The

Splice- P@nqut%llteeolzheloem@e@o'g%@e&plresfsheakee 81164 Shéno RiybJYy a
spl i ce-donor plice-donor sife is uence which directs the

spli ci ng ofre(‘fﬁ’é&’éi’@ﬁ:lc?fn & ERNA RS 56’989?59“?0% BF sPPite- ¢ or site of

anot her examrsdfstant to G418 after plasmid introduction were
screened to identify cells with increased G-CSF gene
expression, as would be expected if a homologous
25 recombination event between pGGl3 and the genomic DNA
took place in the vicinity of the endogenous G-CSF gene.

General Methodologies
Alteration of Endogenocus 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



15 the RNA transcript. Typicalhy, the first exon lies 5 of the second

~exon, and the splice donor site located at the 3' end of the{f%ﬂﬁﬂ ewxdn is

palred Wit h e-acceptor site on the 5 side of the seg ng 4
Splice- donoyr‘%sg?%esqhave a characteristic consensus sequence repre gzsent ed

as (A C) AGGURAGU (where R denotes a purine), with the GU,.n the fourth and
fifth positions being required (Jackson, Nucleic Acids Research 19:
3715-3798, 1991). The first three basesi9f-the splice-donor consensus site
are the last three bases of the exon: i.e., they are not ( 25 spliced out.
Spl i ce- donoif igistes aaetf wiclei apakkyasdebEnete byetdipian abigdliitas abaeef f ect the

appropriate reﬁgg \@tly EQ?&%§§A|EQLEELn Rgtg¥§%§%ﬁ%£ﬁﬁ¥gof exanpl e,

t he splice-donor &%an be I at to an ATG
codon when 3@9@-@@ plae§é=|?c§lc§1€:oﬁe gKkohpeRCPALRY VvahiaRiu@Eadat | des i s not

required forsehlih%n@éo%ﬁ@l'ﬁ 1@X9Reheibg1i Bef E@H&mﬁﬂweoﬁﬁ%ﬁ@n@xge of the
targeted € exogenous ,exon encodeéﬁéa? nDre am no aci ds

in-frane h8f06§|ngl§§ uérncé’dr 2MHBOt &F G35 sien@é- donor
~aocT 2‘pept\i\ﬁ@ 99/.%7.29the ZQrsPCEAUS004AOOHs Sit edtmhgplekierabl y be

placed | mrodiiatsl ¥, adkagantlieLheceraengys codlne semenos on 11s 3

side. The spli I"ank e exogenous axon i unpalred in the
construct, ﬁléna |@ePﬁédédnsﬁrﬁéﬂlserP§éPF sheg e and rfo saES®Epanyi ng

splice- acce[&'ra&l’ge&lltr@ @@e@etnrceaﬁbafalbaeusptbce Soneid Hr@yelto swhiech the

| atter c e spliced. F QWi ous. [ eco nati.on i,nto the target
site upsf& %ﬁl ﬁﬁﬁgme- h@oéﬁga gDE%%EeSI qaaeqqﬁ?%ﬁﬁﬁﬁert s
unpai r ed spbn¢96domumhsmt@rlQpﬁcréamcofohHEIQ ¢SﬁrquﬂnngIsaqmeenéogenous
Spl i ce- acceptOk i tecqfac%yeméage@mcaéqa Qécgaéisf Jggégge%%' sng,af the

transcript produced from rh gous % reconbi ne gene results in
splicing ofl@W§déﬁ6§éHb@§3§§6Httb“ BesHRFEBOSRBRMROC%i%% of an endogenous
axon. 15 Th&omensigoust refcorbénakttvant ban sashad seoriMichitde ianspki ggcaccept or
site. Thi |t Qnj ungGt_i o h a spli r site, .directs the
spI|C|ngi%f§ ﬁ%lﬂe% éeaﬁ%thegegégn ﬁl@éf%é#us o?’sf?tg'ﬁ e a
characteri smedl%m;éﬂc@ncemcesent W&sptwunm&f(mqqymmﬁdsmgre 20 Y

denot es any ¢p ie e@l%uasmé;dsndaaat 8p12B¥- aeﬁ&e%i&e (@FRelesgn, Nucleic Acids
Research 19: 3715- 379 1991 Tntrgés The DNA construct may optionally

contain an SRANGRCEARST the 5Plagte EEOBfSBH% 25 nucl eoti des
| yi ng betmee&amssﬁhgnﬂxﬁmeWmthe1andsaqsahceeeﬁqﬂ&pmnmfsi@eneand is

R e
region (Fig. 4 . Splicing of this transcript results in
a mRNA in which the exogencus 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 alsc be employed. For
example, the first and/or second target sites can be in
the first intron of the G-CSF gene. Alternatively, the

30 DNA construct may be designed to include, from 5’ to 3/,
a first targeting sequence, an amplifiable marker gene, a
selectable marker gene, a regulatory region, a CAP site,
an exon, a splice-donor site, an intron, a splice-
acceptor site, and a second targeting sequence. For this

35 strategy, the 5’ end of



- 21 Pc'l'ILJcoo~~aw-Q The CAP Site The DNA construct can opggqual ke
-~contain a CAP site. A CAP site is a specific transcri ptlon start site which
i s associ at eYORPERIBNd utilized by the regulatory 5 regi on. TRTASEHPIMI t e
is located at a position relative to the regulatory sequence in the
“construct such that foll ow ng honol ogous reconbi nati on, the regul atory
sequence directs synthesis of a transcripl that begins at the CAP site.
Alternatively, no CAP site is included in 10 the construct, and the
transcri pti onge aRired u(_saz\gnlcl dieeatie py-eQQﬁ_—agllg, g@sgpgﬁggrg@tgpy te in the

targeted gene_to be uti ed as a P t 1tional DNA el enents The
congtructgnm)"pasottﬁeﬁ%n Rﬁ‘ c&?trgﬁaﬁogeagg Eéénf abhPRAL af REbtaE e st ruct ur e

or stability siftdhelrRrdar pookgiondpuadesedeldyatnonst agouscdesonbi nat i on.

optional |y, Uit SANNILIEL 2R N EUAe cRePACKEI babu BT L LD gmb%;gg”cation

and bacteri al an lotic re |stance mar kers or o ers
whi ch al | o de?CLzso Wikl elnedarde [SF‘&SR?CQQSPQBQQQKPGn the besegeteusr any ot her

sui tabl e cl onigny &@Sdorﬁd’zs'fs@ﬁb Auaeotexbbenabgvgnd@éﬁrl@ﬁé’ ek syt ss of the
DNA construct gre operatlvel i nk Eg‘ or fun tional I{ﬁ)}gl aced Wth respect to

each ot her. 580 §ef:88 nbPhat F bR bEE MR E hedBDnst r uct
and the targetred W@mt%he tbgukatonyg Saqgeunngcsmq\mhmmtamale

production of.\a pfd MB{dy rE’b@BSQEbEBnV"BECE'hEné% %,; @é $AP site

(optional | ¥ |ncluded In_the construct [ nclu uence

cor r espondP ngP Rt 44E é%(forfbalﬁdtfﬁ'én%FPEé Ué%r%??’éa'b? %h‘é ket if
thgy ﬁre p(rje&ﬁm beami-a(nsDat&ezqnenpeoaucagabpfuceﬂséhﬁéf Shbhge-cloner, site
and t he endo . tran i op_site. The er_sequence nay
i ncl ude the %‘»e%él%‘gg%ﬁie%% end%ggﬁgbgir Egt g?cr?%b?%ns’a%n |5 HEEhuences
nei ghbori ng tdrata :ﬁweégu@iltyhanganeeng naktyehbont s bgszl i baghierae an opera
p80CT ZOO%HADS%%éyﬁkhe %20989%9598/:9882&11&'&/@&&/ ém@‘&?&ﬁ%@ﬂ%‘fat' on,

t he spllce donor site o ﬁ etln construct directs a I Cl hg event
to a splié c’:rn}é?pted‘?ogﬁri%‘sf I“&HK: ﬁgoﬂfe BE1PReT BkBNEVDIt? h"eheerﬁﬂfb’é%us G CSF
gene, such t hatgidre cfesilteegepeotannbeanabtegr oduegtlihi £¢ othd MRuied 19n

spliced mature-t t. eacceptor site can be endogenous, such
that the spl |O§t; n%&g\?e%r#ﬁatogpr ec?kéﬁto an endogenous exon. |n anot her

enbodi ment wher e t helBpRREc2 &I Huxategyi.ndhedédriss end saFgadi ng
construct, thesd Célrtgasﬁ\t@'éﬁ h@EIDhSéSlhhédigtéx?gﬂ'ﬁé@eﬁ@tdlorévéﬁ reguced by

the targe constr he o] el enent s construct can
vary. V\he%é q}?ea 8% &gFchfﬁV BF 5shPh brpm?f?’r% aCqTe
relative ordero cfacd @mé-mrs |anpr:rE1pasuEt thg GtCEEtgeme 'carnduer)a]f or exanpl e:

a targeting 3%;&%%1 13% ap;asioPNé\ LE0PRELSEE Ofe SEOMENSES iKY for the

sel ection an Ion of "the targeting plasmd ina mw¥<robial or
ot her sui tabl"é“ﬂdistl)e dseelleé@tdaHPénnﬁPW@?‘PQ?usar?%‘ﬁf&q”a}ﬁ‘ﬁ%p%equence an exon,
and an unpai rgg spia @mrwc site. 20 V\here the construct is |linear, the

order can ge, for exggg ﬁm COASrts}uétar&et g%ugggg ncﬁel ect agl e marker
de i

.gene, a ré ulatory s an exon, a sp |ce Sa®Second
targeting sedueafte;a drardetinge sguenaat £08, aareégulatony g%ﬁtqtr@‘lcs%quem‘,e, a

regulatory may additionally contain an exon; or an exon and an

unpaired splice-donor site; or an exon, splice donor
site, intron, and splice acceptor site. The exon, if

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

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



25 sequence, an exon, a splice-donor site, a selectable maPIgegc*gqm, and a
‘'second targetl ng sequence. The order of the elenents can also be: a first
targeting s ?f’ée" a sel ectable marker, a regul atory sequed&&/USa0%8¥bon, a
_splice-donor si te an intron, a splice- accept or site, 30 optionally an
internal ribosomal entry site, and a second targeting seauence.
Alternatively, the order can be , a fifst_targeting sequence, a first

sel ect abl e marker gene, a regul atory sequence, an exon, a splice-donor

site, a 35 megmwut tb@f%tel Iug S.Qgéﬁnﬁﬁll@@dd@néﬂcé)ﬂﬂe selﬁ@é ame jwrker VO
99/ 57291 - %1? ~ PCT1U 09924 gene; or first targeting
e

99
sequence, gctﬂnas[ccfﬂfcséaugﬁégrrﬁ té?(O‘F‘ls 2P ?%‘ésdosr‘ﬁ?c ithe DNK st
sel ectabl e llmn‘km gemeiginsécpadtt af gehe ngelscerqelecmﬁea sk aceskEcond

sel ect abl ¢ pieioaeTRn RRCOBDEDBLEOB.LELNEED 1hEnd 44 98l 100 daglucnces

flanking_the first_ selectable marker wth honol ogous sequences i'n the host
genome résdfigxenth 48 PoFGdPBE Pht BOR ERRPEIICERTERPBIC JifAct abl e nar ker,

whi | e the secawhtsealreehablelimpkesri so n@famﬁf@@ﬂiﬁéﬁcbr Dest @k 4 aysf ect ed
or infected cel,|g are thoge thaé gre 10 s Iy%é nsfected or infected with
the first, BUtnott s&fdnd %F%l%rk ?a X2 | SLHI be sel ect ed
for by grov&mtrquita:trm o) DOAEELA] hytana ageht hichemsistaktand or expression

of the flr yERIdear n?e@@lsaeqt;heasagsmlmlltsﬁos%&k&@é So R NS{y he second
mar ker . C-rg’gl nsfect ed or infect cells'that” have | ppr operlfy i nt egrated

the targ 8t| Boi& ﬁi’ctprl?§lBlFr‘éEh%ﬁr SR neex & ¥ MR oebus  r econbi nat i on
woul d be emmtsﬁadmoe»gprlessfebelsﬁcoaﬂemr&mr@m,and wi |l thereby be

killed in t] me W rke is
soneti nmes f“ﬁ%fﬁ’g‘é@c“‘} rtl-'q{a A g%gg%? é\EPPf % Ilf-ok?iscgjh 2%) c|{T§(E)ln of cells
cont ai ni ng YRHSKE | ed\%eeﬁéshere%haf lﬁ’éﬂ('e*m'l Means @Tﬁmmﬂon ttfe order
of constr UGt xEAMRRIARL S %@E’!deHttf)Oé @é@ﬂ%;e varhd rsiedar 08t | ngrpequence,  an

25 anpl | |able 05|t|vel sel ect a second sel ect abl e marker
(option % YEF LIS §edﬁ§ﬁ8§edahnﬁ% I\étz\scp‘?If‘%t'e""b‘fotho‘?fcs"1 %, and a
second tar gieNawg:iDMAaxeqdeacembé’c&emadewsl ébehent s of the construct can be
30 obtai ned from nafurghs SUH A€ Gy ag_g@,oghngM) ciQL aE@QnQe oproduced

using genetic engineering techniques or synthetic processes he regul atory
regi on, CAFRZARERSISE, VEpRLcEedorBresi {29 ntRIFREHNE sHige Hoceptor site
of the consihdiaibycamape ingohal edeng Af COmPl eoestidt firyd tHe e.g., the

ggr2928%8n9§%§0n f S%g;%géggfgbfggeégﬁggqgf a &Eé%f’&éé%é@:‘*wﬁérémo
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.
Targering Sequences
Targeting sequences permit homologous
recombination of a desired sequence into a selected site
35 in the host genome. Targeting sequences are homologous



HUVEFI A) gene or the cytonegal ovirus (CGenbank sequence HEHCWP1) i nmedi ate
-early region. These conponents can al so be isolated from sgpal tém%enes.

Tr ansf ecWoOdwst91 | nf ecti on and Honol oaous Reconbi nati on 5 PTRASBINAIBONST r uct
of the invention can be introduced into the cell, such as a primry,
“secondary, or immortalized cell, as a single DNA construct) or as separate
DNA sequences whi ch becone incorpo[aigd_into the chronpbsomal or nucl ear DNA
of a transfected or infected 10 cell 7 "The DNA can be introduced as a

| i near, ublk estra i i t..s) -str eqgi ons at one or
bot h endg?,?gr%gre?gﬁga%§25?m§?°§?%§§ aFégg egﬁgewfgﬂgqﬂkﬁgﬁonstruct or its
RNA equi V&FBAEtENR SPEEcherpatrpguéadths. Aostraenemel eic acid. 15 Wen the
construct is.'inmd roguaechd M NastisoRldsS dah W 1ssPar @EEHPE\‘A fragments, the

two fragnents share DNA sequence honglaﬁ¥ (overlag% at the 3' end of one
fragnent “AAESEABI5SCGHENEF t RE &PRePT PeSORRTRET rTFFIH NS st targeting
sequent e sandethhesot her 1¢aerkedNA seaendult thay gedhtmisaeperie. Upon
i ntroductj i e ts Q. .homyl ogous
reconbingFggngg%gféfgl%gggﬁgﬁggﬁgﬁéggﬁggaitHfﬁﬁey$%$é?E%ﬂﬁﬁgébond targeting
sequence¥PEFRNRI ﬁ@vﬁﬁetﬁégﬁghnaf SEFEENEP bethREpl erus ERIDriegiidel
fragnent witkhe prodwen ERBEEU! €n8PohSot hehe i @-@SF Qfdn s Uidalhl@ akor
honDIogo% re ongingtggn mﬁgg.thg Ee%luhﬁr é t sites. Mare than two
fragment S cARCba ISR "R e B4BREBE FReRhtedT Gloc St (IR Phey wil |
underbk® keonvpegyesty efoabinati andisthneachron hehe t@-CRR iawmiieky form a
product sWihtghle fox honol ogous 30 reconbination with the cellular target
sites as déscribed apove. The DNA construct of the invention, if not
containing a sel = itk 198 LRERT DG E6TUPRASFetRetNDdr co-infected
Wi th anotbesteanst (oet thhatn85reontagasisycheuarnskerif AHeategeti Ng pl asnid
may be 9 7 - = 2442 24. cl gaved With a
restrictFonyeﬁégnég%?egﬁggo?eggggggi%gstﬁg?%$§§§¥éé}l ife er&FeSapped
nol ectd eafr lepstoinr RASEeEFPBNLEE RAVEEtdbsclasrd regndntimgetion DNA ends
i ncreaseypbBerEaRABENEReO - the - 881 heUdsBQURA OGOUS Troro i Rakiiey event. 5 In
addition, the free DNA ends may be treatgd wth an exonucl easé to create
over hangPRGUSNCEr €30 EPRGREEt FaRGBHPRIACENSRR (B O Lt 9-&ast 280 nucl eot i des
in | engt heaand2pr ebesabliyi¥0DntOD8onudtesof rotesthe sengirttle t 0 i Nncrease the
frequenc Lr 0] s_30 conbi i kn this
enbodine%??gﬁ%ﬁgpggggsggegggg#ﬁgﬁgon%bg?ﬁegﬁbtiigtarégﬁﬁﬂémgéauence and the
genom ¢ ThegeEcRPAl ofekhPft VA FAEIEEPNEsSHFURNHERS afydiieng sequences,
f1anki ngcbhecehetenky eapgatnedgehbhis tégismtupsticatn pJaghed. 15 The DNA
construptsgga¥ be tgansfgégeq |n£gocgglgaﬁgreferqpky I%'§ﬁ£{ by a variety
of physi C8F*BF BRIMTESF netRodsy TRcFOUTAY" ef &t opot &t 6= ricr oi nj ecti on,
m cr opr oNecEi | eoborbagdhean, esahcpuniphosphat cclpg egsysit ati on, |i posone
delivery, or pol gl i ddFAfe Rl riteX(sh amifedisati edohk ane f £6d 1 The
transfected or i%?{%c?%l " is ﬁrr% nt ai p]fp? I}T’ﬁder 00£di tip,%ns %ﬁbh permt
‘honol Yo GEHERBRLAREEVER, FESMJBSRFPEEQUF Y 1 TSS9 &8930y °f Capecchi,
Sci ence 20e1288s5%282ne]198Arlulyngt thnsé ed¢ ook tedd "hereinpants &ell25 cell
| nto whi 83 §orsblbR 90:PRCESLOL.PLMMLAD, A DNASBLAGHg s been .
i ntroduced by a“nmeanS other than using a_viral vector. By "infected cel
i s meant uacbarRcErrdzahi BHE( 8RN REoTARPRRCRYS tRe oFkinhiath)ina tbRA or RNA
mol ecul e jgas been introduced using a viral vector. 30 Viruses known to be
useful as vectors incjuq? adenqvir S, adeng;asso iated virus, Herpes virus,
munps® Vi rus, polTHRTR, LHaNGRAT s &0 ber USES 28 habPet#AF us, and
vacci ni asegueaeasseeh be ddaacyfper byrtiseimniXiwy hondlydgddd zg
reconbi nant _c LS Lot aiped d 5 it ffd gjenrt to permt
e 8nsg¢>b{ahggghg\gms a¥DdsL 35600404 cl9f‘ss§d’. 1 §icRt,

Such a probe can be generated by PCR using primers

derived from SEQ ID NO:1.
35 The Regulatorv Seguence




080CT 2D02 ' ~4"0 99157291 PCT/ U599/09924 - 26 the regglgapeyr wWlegi on
-introduced by the DNA construct will alter transcription of the G CSF gene.
Honol ogous| wo exsyadii nant cells (i.e., cells that have under JeT@&9messtesi r ed
honol ogous reconbi nation) can 5 be identified by phenotypic screening or by
“anal yzing the culture supernatant in enzyne-Ilinked i munosorbent assays
(ELI SA) for G CSF. Commerci al ELISA kits for detecting G CSF are avail abl e
from R&D Systens (M nneapolis, nBTogoust reconblnant cells can al so

be identified by 100y %oqetbej’&rsgt%r}gal\%r&@e{c% ana %(lgeBNgr cQXs u tch%agse chain

reaction (PCR) screenin erein, the téerm™prirna i ncl udes
(i) cells pFeseain Ang Qusﬁ@ﬁslbﬁomﬁt%é$léelgcmzﬂeﬂpﬁ&QmﬁuaIWEDtebrate

tissue soureengéLgbeEOfteebr— 935991Bi@t§£'®mc3-t5ef £.enmifcached to a tissue
cul ture substr te such as. a dish or flas ] ceII resent in an

expl ant der #G@ P}Gn?FF§55@°nE|F??leg?lgrpW%EE&Ff%ﬁtq it SEteSme, and
(iv) cells suageaswenSedenaver}vfeibmnenese @fﬁt@&aﬁpﬂii& fRdtary cells can

al so be cel | g§n%hg¥t tugal£¥T8 Elggsw%gtgﬂgég %:ny% Qr, an ani mal .

Secondary ce S at se uen eps | urturlng That is,
the first tine thatThd ateghiatiqms ;setgellemeaucenr baodedivednfrdre xulture

substrate agdxhepbated épessaagﬂlaqalmﬁy afevf:eélerd&tbnteo hejsgirnias 25
secondary cells

ubsequent pass econdary cel
strains con§F§P18F°§¥cﬁﬁaa?9c88lFgcgha q% a%%éﬁ’ gg§& &¢ 6Re or nore
times. SeContasy chhtsregpﬂeaélyhexhxmw¢ssu¢mrnﬁeﬁvnnﬂaarquoweaatpopulatlon

doubl ings i BegH tuE?téﬂ%ﬁhb?vE{' Ee{;ébfeé’f M GGt ahiLed; o

anchor age- dépendént g anchor age- dependence does not a }tho cells
that are pr8pa§ated Heguébéﬁsﬁﬁﬁlﬁﬁﬁt%ﬁ%ﬁla¢9F¥nﬁ%9¥%ﬂ§ §é€éﬁ6§ry cells are

not irrrmrtatet.-aadqehargoéhabuzeg eelks tﬁét&aEBdsdh:ldrrBﬁ&t-(Ta,S eqenaaeetoho 35 cel |
strains,

% h eS|gna gggn' traln %grweq[fo ° g 591 - ~ 8
4 C T 20Uy PETKBOS/ o922 %rrnar aﬁd’seco d%?y éﬁﬁléﬁltﬁgﬁn Rr i t an
appar ent1y enti gplddgknf &¥ranachivullewse. Tetdsinel dntmadiobdrotuiansf ection

or infecti OHM@a&oRaB:EdhEEQs£0U§1§r¥Q§§1&>éh§@é ead@ssed i) cells which do 5
not, as obtal ned, make or contain an trace anoynts of the G CSF

proteln (|FFh¥€FP98RﬁF€h ﬁaRﬁoﬁphESLY%?Fﬁt?ﬁ??ﬁ%ﬁ%HQF FEE A Guant i ti es
ot her than eb@saedysuhedf@buoheas;ntnvrmemmimtepﬂdsmmnd@emnatb&vheuel whi ch

is physiolo ok ma exhyp tained), (iii)
cells Wthhgﬁég %ﬁ‘ L kh BS§H ﬁ%évgfgéﬁ *#%2?%5%%% g&eglcally normal for
t he typeZ%f”@éﬁﬂéoagoééiaﬁﬁéd)rbh9saﬁéltEFQﬁﬁ%ﬁﬁMnﬂﬁlﬂf or enhanced in their

content or REQ@BEbh@Et1Bﬂ§jléyVn\:oﬁa§!{é§ hL #BL L | tard S Hgsin ablRokprehange
t he pattern of regu ation or
The regulatory sequence preferably contains a
transcription factor binding site such as a TATA Box,
25 CCAAT Box, APl, Spl, or a NF-«xB 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



15 induction of a gene encoding,the protein. Primary, secongfgmcqngmz
“immortalized cells to be transfected or infected by the present nethod can
be obt ai nedMa¥rRtvari ety of tissues and include all appr oBETAS/8I4
_types which can be maintained in 20 culture. For exanple, suitable primary
-and secondary cells include fibroblasts, keratinocytes, epithelial cells
(e. g., manmary epithelial cells, |nte§}|nal epithelial cells), endothelial
cells, filial cells, neural cells, forned el enents of the blood (e. g.,

| ynphocyt esag en@Scageesmé@wf&flﬁae O{J@fés%ﬁ%' of cABdaRpeeriagig of these

somatic cell "types. Were, the hono| og reconmbi nant S are be used
in gene theP8p§; pFPﬁaP?tbﬁ?F%ad?%é?ﬁ%ﬁQH%ﬂﬁ'F SEhegPfel it toRYPREALAYI vi dual
to whom t hebtr anslected on tafidet adigh ivrRr yanmlseeanda&ysceebhé are to 30 be

adrrinistere‘;;{%nﬁ,er tﬁgge per?ig ééﬂéﬁln% l%ar%qkelne axg nor (i.e., an

i ndi vi dual an the "recipien he "sa spe Pl es of
i mort al izedchivaheGephdpgoraus sEgng may HﬂQﬁugﬁanrUdbéghoheuelgené t her apy

i ncl ude, bug-age, 3§naoarél@hw%é@ﬁuﬁ7§ﬁAQrpwar@np%&ehnO§§oasbLS (Van der
V4' O 991 57291 - 28 ~ D CT 2002 PCTIL3599109924 " Blick e , Cancer

Res., 48:595%°893Dd 9688)tN9%3RY ( Anerican Type Culture Col | ection ("ATCC')
CCL 185), BeW (AT@BOGe128)abBevwasdNVehabofbalsbs |ma OGRS 360 Hot

220), 0L CEM(?%E%E?&%@%?E %‘i‘@%%%%&%%ﬁ%&? "Cat RFac0LR (ATOC

CCL™ 220.1P) , 2aDRYAE iablEsmanior aeme 28 sedeatabl espRTKATCRenEl cagshe Hela

celI's and denkvatidegeqt. Hecb@ewlﬁodrﬂ@cc@@mark%rlgead 2c2M pEICT116 (ATCC
CCL 247), HL-60 cel.ls (gh? ?t 240) 1080 cel | § 121),
k!

| MR- 32 ( ATCEEBERCE37§0 Y (/K*FC@ ECODS5F uck. 56§u?‘EﬁP fiia cells
(ATCC CCL 248p.liKBabdecmavker cedrnes (AKCECCQEcteble KErkef AJER=2ECAra46),

KG|a (ATOC;ECL 2881 bS323 ABRC XL 238, dr174T (ATCC CCL O 288).
LS180 (ATCC CCL - ? breast 'cancer cells (ATCC BTH 22), MOLT-4

cells (ARCC CRL 153@)%&9&%@&2& (ATCC CRL 1432), NCl-H498 (ATCC CCL
254), NCI - H508 (ATGGLBNR ZInsthCEeHRdD foFERe £Qordadn dMClextdfl6 (ATCC CCL

251), NCI-H747 (AT 52 688, (AT NCl-H2126 ATCC
CCL) 256), RAjF" ( ng’igl iﬁ%?“og%‘%%ﬂi E%&Cg&g‘% 2650((ATCC
CCL 30), RPM-‘68226 &al asmgm:&: A |nsﬂ)ec1$m CIhe( A¥OC @@Ltne 1), SNU- C2B
(ATCC CCL 25@hgt W31 EATOE: g 1QD)hDWG, (a/éT@Q Eebgdrshs SYEA3 (ATCC CCL

230), SWIS0 (ATCC CCL 227), SW620 (AT AT CCL, 23S), 25
S\Ve48 (&PCCTE%LQL‘@??“O%W ’i%n('%ﬁ*té’etd_%cez'%c 4??%:&%&% oB3gRe SWi463
(ATCC CCL 284Y¥st T8R0AASECE MCLh@vd) ,GAIEFT geelel. s AAEEENERLva593) thWDr ( ATCC

218 1 b I | as
heterohg/brl ggné\é \\'(ﬁsg’ﬁrggd%}égﬁd%ﬁ%ﬁeglgoﬁ @E%%%Bcééfé) }Sg g@%el | s of
anot her spe@Fe@arSéééhMaﬁycm%rﬁrf|ad‘F16’cﬂ aaidsregiAge deh-as W-38 (ATCC

CCL 75) , andolB&ihs(ORECoEQwd Thclatdides wFed. cbloaddi t waen @hemary,
Seoondak SobTIRAAbEcH IR oLl 35 WL oB8 RODTRLYe SeRSRORTY, o
producti on be deréghhdr apyh thatD 9HGBY teEnsc2zdptiod Bnd §p2®c2ng,
PCTNSQQ/OQggﬂe reading frame of the resulting mRNA is in-frame with
the coding region of the target G-CSF gene. That is, the
exogenous exon is spliced to an endogenous exon in a
30 manner that does not change the appropriate reading frame
of the portion of the mRNA derived from the endogenous
exon. '
The inclusion of a coding exon in the targeting
construct allows the production of a fusion protein that
35 contains both endogenous G-CSF protein sequence and



G CSF-exDressina Cells Honol ogously reconbinant cells cf thegignyentain
express G CSF at desired levels and are useful for both in vitro production
of G CSF an¥WQ¥fé2¥herapy. 5 Protein Producti on Horol ogous| YCTaE8H#%ant
cells according to this invention can be used for in vitro production of
"G CSF. The cells are naintained under conditions, as described in the art,
which result in expression of proteins;glhe 10 G CSF protein may be

purified fromcell lysates or cell supernatants. A pharnaceutical

conposi ti oneﬁegéapasn?réb@irﬁ%ém@t eiguctar bgHaald pebedihom@yhuman or an
ani mal by convgntlonﬁ ghar maceut ' _cal routes knqwn in the art E’e. g.,
oral, intrabBRBhBe FABr ahteCUiER ISRATFISS , OF5 {p@361alPy¥, transnucosal ,

i nt rader nal retepnsdebimiing quicphert iy fidrecalvo subowraneeuseins

i ntraperitog , i j onal ) I ni_sLratl requi re use of
a strateg ? gr@gp?gtge%tgliggéﬁie@%r otFec?rnore?érag%’wq e’grt g‘ at%ig Sﬁgpﬁ%)téhsxgn

gast r oi ntesEpRaPnNEPdet 2 eell mIPrEEREMENARRT.0f SAIP@pokpRBLEcto

m crocapsul gspréeaecdhenady dermlwgasly ace¥iseanleneel, | gnof the present
invention are_useful as _popul ation f homol.agousl y .reconbi nant cell I|ines,
as popul ati 6HEYDR F\SnﬁF%g‘B’E‘slﬁl sy fae%?ﬁb%ﬁé‘r?ﬁ%gr irr‘?é Bor ©5eBBndary cel | s,
as honol ogoapliyopecoati nanfacl bitd t & glur isticaitisnopfl thesG-asrhonol ogousl y

reconbi nant hheterogeneEsn Cotdaidddi Pt Hd ReRonr®ifhedS gefik! 18LYEUres in
of one of the fg

whi ch at_ | eaSt one representative cell ur preceding
categori®¥s of homlmﬁ%@&éﬁént cells is present. Such cells nay

be used in a deliverhe sycigenoher exbhnik afl agkédeaprdtd f2er alfomand
differentiatjion_of :h t jeti,c ogenit or. cel.ls, .or _for any ot her

condi ti on t%ngggrgog\ng?hggg‘lcsF.A.I%ll?:r?§tag(r%1€§, %tlﬁg ¢él FSSSSHe%EEUSEd to
prevent chewbinbrdpyernaucke [5 iwing ofewng, exont pdaenpai¥Aent s under goi ng,
0. who haverrahlbc8iPETedCe -s MR A9/ 2629t PO WS Q8824er 3Qonugder gone,

bone marrow transgl antation; or to treat chronic idiopathic and congenital
neut r opem c C8FsBN el SaNEGHHY oyo SR Geecdimbithent I p S n&rPPc AL RS, 5¢1 BRal cel |
strains or bhtesegendusxor) |larsd rdinspdries datwrnisiter @dchoeanat nghei dual in
whom the abhorgph ge pndepl Labl & gond Laands henbe LLegLed o Brayent ed.
in sufficient quantity and by an appropriate route, “éxpr éss or ke
avai | abl e t FétprefebhReof’ e USSR eSO RIPHI- 0gSRAEF§ -Eenevant | evel s.
|A phlysi ol Ogis(iﬁlals)’héeéea]-@hé{\ﬁdﬁ_ tél&.\/sﬁtlild %o@i%%dn\&ﬁigC_Eethh@E gepf@xi mat Ies the
evel at ich the_pr r ced in the body,or results in
i npr ovenfht SSNFH&&E%?%@M@@%&% %‘ Lé‘&ﬁ‘&itﬁsoﬁ*. PPFl{%bv c¥tF8 are
syngenei ¢ wkbk €Uspectheofeuytimarst diifdtemosisdopisebeingheegeiredcan be
admi ni st er eqy48xQbn| Mhant 8d Adidavaneuslon 1icht haastenbal | Yoor) |
subcut aneousl y, _intraperitoneally,_ intraomqentally, subrenal capsularly,
i ntrat hecal F§e EAEFRCFBAPSI PSSO r&*}eaﬁeggﬁeaPP;{ﬂ% fOPRENERF| $15Fe not
syngenei c aaget bRer 2akpi ehtebdsed rafundeorxehnent i.the bhsepl ageuhby
reconbi tzcells .t e adm nist e encl i .
-sem per m@abfégggr&rii g}lpdey?&{s}%é%&%e%%g% Ia?{tgy f%?%gé? ?ggsogéfggggevi ce
are such thiy theirerbslity 7 &&hfictd theomPraapragtensedetied upon
inplantatiogitAta 2ReamBNR &S1iciig dJdtdwaRer apeutic protein is freely
permeabl e and can |eave the barri ffr device and enter the |ocal bsegace
surroundi ng the i mianttYoriefit8FPLfe SVSt BT tRITVMATE SdeP% g., U S
Pat ent Nos. pha64d, bffledSadgly 78ljaHB2@n8B3,’' 5048n, A3E, caddncwhemned U. S.
Pat ent i I Nkt iy \vers f p i : i ng"
(1 nvent ?%&gésﬁ?ﬁbgﬂcga%%a&ﬁ%ﬁ%&gﬁ%éﬁ&%g}%@é@ EP%FEBE%\%%% 9%6 1999,
all herein RpEorparired 69rridiereraenous 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



The barrier device can be inplanted at any appr opr| ate si teﬂaé)cé o

-intraperi t?ﬁé%a)ﬁslﬂbl ntrathecal 'y, ~80CT ' "cup 2 WO 994?;@%&0992?31
idn

PCT/i.rS99 Ubcut aneously, intranuscularly, within the ey capsul e,
or within the onmentum Barrier devices are particularly useful and all ow

7 honol ogously reconbi nant imortalized cells, honol ogously 5 reconbi nant
cells fromanother species (honol ogousl30 reconbi nant xenogeneic cells), or
cells froma nonhi stoconpatibility-matched donor (honol ogously reconbi nant
al | ogenei ¢ gétesyay opbefenphintieel pbrced ebnmaditateflya asijificentc. tThehdevi ces

retain cel |§xb§e%uéxg%%léé®%ﬁ& 1c9nVié’Q 3MWy4l4 protecting the cells
fromthe host's i ne em_Barrier de ces al so all ow conveni ent

S
short-term ~i. SPEACE “BREPAD Y L5 é‘t\ilaﬁ%ilﬁ@ FREJ§*PIPRRET ¥R he cel | s
when the treat nmpaiegdrrﬁm t lse t cobet had t pdi feor, awtrrfeamst“fmalﬂsfect ed or

i nfected xe gi I e Y.al.8Q he. used in the absence
of barri é';?( ggggges&?%gs% J’tée)(?%gﬁg%&éﬁ%% a#ﬁcel r?‘ctcﬁgt ogagét the G CSF
produced bydetrstrgas v\ﬁltth%esplibimed@@or nSWQ/cFQJMhJJCYt kdecdlksear e

rejected bYCEHeb@0§§1§cé@“unﬁoﬁy§&fﬁ@ RS SBBIRE - RN a8 bHC i ne o
sem synt het | iltr,~tion n@gbran s can be used for this

pur pose, Fﬁﬁl ﬁ@rgﬁﬁts’rﬁﬁ ‘F?ﬁ’f%ﬂ“t%ﬁ F 150 O¥e COGHPUISE L CRERT at e)
ni trocell uI 12)57:14 xp@éyshléfmeﬁtpmd:tyw Myt alenesd chr:fllumr—idd:e:,orp@li}t\ei agl chloride

ol ymer n ai i ayl Misvati rrier
gev?/cesslcognggg%%@%{gle Z%] RQié’Pr(l%éla eg&l)%d(g% ?l i$2- |a\é%§Ptt§ ized cells
from anot hefispeef e%nt%“%%%‘élsf%’ﬁoﬁ ¢ Hethapy Prﬁ’%ﬁrﬁ}% oAnshBer type of

devi ce usef ul:ahglcfbpt gpf@dﬁ&@cuapzyorsotmé m&@omdnwmlyorrelc%mﬁneapbant abl e
col | agen maéél,x n_whi ch. t he, cel I . are en%) qbed Such a device, ich can

contai n bead®" t 8 Whit ?ls‘t‘%%s cJeIFI%p FTH,© SPE5EY Yo SO0 7P15885,
herei n i ncospbiateaicbypref s eteerf Thm mnws @drs needed for a gl ven

dose or 135 i nplant %Heor&o@@ra%qft Qi %%\éerﬂ?ak/e?xé%ﬂréan'Qféé'di:{@ld&f
99| 57291 - 32, ~ 042, PCTNS99| 09924 expression level of the pr ot ei n,

t he size anapébﬁﬁl??ﬁﬁp%‘?rt%‘:%ost B1f ngd te and® 1APB IMNGEERR WAshadsoci at ed
with the i nphbantatdoncproiesiuréirdistsl tlye tdrel ivimaeo foloneelkksni apl anted in

an adult hugggtgéroéggﬁ.Si@gif&éy£§é5§¥%r 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 1%$:3715-3788, 1991).
Introns
The DNA construct may optionally contain an
intron. An intron is a seguence 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.



S animal is in the range of 1 X 10' to 5 X 10", and preferablgy $cK 20 to 1
-X 109. If desired, they nmay be inplanted at rrultlple sites in the patient,
ei ther at oM® iS5iPlor over a period of nonths or years. The PEESE¥M¥y, be
repeated as needed. 10 Ot her Enbodinments It is to be understood that while
“the invention has been described in conjunction with the detail ed
description thereof, the foregoing desql ption is intended to illustrate
and not to limt the scope of the 15 |nvent|on which is defined k~'y the

scope of the appended ¢ 3 @Fea her aspects, advant ages, and nodifications

arevmthlnthesco lowing clainms. What is clainmed is: rvr 7
~ ~JJrtov. hw PNf SOpSEFYGE Can pRtdensdPy-contain » GARC T 2002 1.

.4 DNA consg{tet tjgacAalggw ﬁ.%(pée§§é@ﬂf9<f tﬁhrﬁé&qgﬁ&%%s sEaCBFs9ege in a
rrarm~ alian ell

0 at e3r at nto cel a honol ogo
r econbi nat i BATCR hg c%lifgﬁﬁ%?éc%%? %? gl)lzaeci a"rygéﬁ"l ngegégﬁg‘:‘]% 908
cont ai ni 1I/g aegiast 2DhienfARusitse nisl bmatzmis a&oran pBis@tibnN\debaeide (11) a
transcriptigpaing e?é@@ingfe@éwce 2in THe LU rg%&:hothgéa' mil,

wherein t5e_corstz~uct furtther tonprises an E~con an pl rce-donor site.
3. The D\'.CtoRiiRachoBe gt 2Rt R 1 the té’c?n%‘-‘ig‘u‘étatf’m’t her conpri ses,

dovszi st r easeqiede tderept s e oiiosi Sid L, a Ardridordptantiad BRLEE-Accept or
site. 4. Thgh%é;a%fééuct PJe;Aﬁm&lyTh%els%f‘FAn %E:gﬁ%ggisqt gggt further

conprises a sel&c Keredine etatth I,
wher ei n ithetkarerns tpreequand é&%oﬁr@hmmtﬂm apBazenus-wbly nucl eot i des

from SEQ ) DMRA& ¥y dbrisnl aaredaésm%% facfichdlieOube eaupriogng at | east

100 conti guous nucleotlde of ~ or its conplene erein the
i sol ated nuBtRT CARY Wot ¢ R ot Thfcode full-1cnath G CSF. AVENDED
SHEET Additional DNA elements

The construct may additionally contain seguences
15 which affect the structure or'stability of the RNA or
protein produced by homologous recombination.
Opticnally, 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 seguence 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 seguences neighboring that

35 region that are normally not transcribed. 1In an cpera-



~~.tu:ti'.t -nE~c.ii~~n- :ia 0- @ ~-~ ﬂB~@QL2NH- +~~ H-
23~ t~~ ~ ~ j ~ ~= 18-0s-2000 . , , US 009909024 0 OCR 2! -34
The i sol af’vecfj”i‘ﬂ?ﬂlel ¢ acid znoleeule of claim®6, t-e~herei ﬁ’ctfﬂ@?/%?ht ed

nucl eic acid nol ecul e conprises at | east 200 contiguous nucl eoti des of SEQ
IDNOS or its conplenent. 8. The isolated nucleic acid nolecule of claim
6) wherein the isolated nucleic acid gplecul e conprises at |east S00
contiguous nucl eotides of SEQID NO:5 or its conDl eznent. 9. 'X' he

i sol at r ~dtivelsi d imkied rohédgheaot onl athe 6spidexdinod hﬁtJ'eSQJfatt(h@ nucl ei c

acid nol e%‘é‘r%%%ic%%c%ﬁa' 89&%995 %4591£8;r 3%2%; 'a P2, OF 1ts

conpl enent nucl erc aci €€ ~herein
t he |soIaﬁ@@ﬂﬁﬁéﬁéﬁétécﬁdaﬁbpéﬁupéecéﬁp¥h%e%XQE§QQﬁ)Qb33ﬂ§dm9amnys

conpl ea~eet-cb® genA) 's%‘é'hat:ﬁétnléﬁleeaésﬁﬁécﬁi ﬁpé@é‘atﬂ OB ptidig agst rand
t hat corrprl ses% ;é(\:l!;ﬁofll gquence t hat I s at_ | eas{ Q000 nucl eoti des

in | engt Ar E8LAFePeBRFUBROLS i demS SPLHCEn a fira~xnent
of SEQ DaN@d@dmaVBngethansh&Eehéngéhoas t ecutiaaptitde spquamnge. AMENDED

SHEET 1@\)% t2q_%0 dlf‘i‘eQQ:%a {g—ag gn@o&el:[ogg 0gxorx In another
embodiment where the splice-acceptor site is included in
the targeting construct, the splicing event removes the

10 exogenous intron introduced by the targeting construct.

The order of elements in the DNA construct can
vary. Where the construct is a circular plasmid or viral
vector, the relative order of elements in the resulting
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 sequencef 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 seguence.

Alternatively, the order can be : a first
targeting sequence, a first selectable marker gene, a
regulatory segquence, an exon, a splice-donor site, a
35 second targeting sequence, and a second selectable marker



-35 12. A lzonol ogously reconbinant cell stably transfected ﬁn tﬁ%f %MDNA
construct of claim1, the DI CTA constzuct havi ng undergone h @D gous
reconbi nat i e 9gistivioenom ¢ DNA upstream of the ATG initi ati paTastsmeenf an
endogenous G CSF codi ng sequence. 13. A honol ogousl ~ reconbi nant cell
‘stably transfected R~ith the DNA construct of claim?2, the DNA construct
havi ng under gone honol ogous reconbi nat i W th genom c DNA upstream of the
ATG initiation colon of an endogenous G'CSF codi ng sequence. 14. A

hondl ogousl| e%ﬁmog@ ngnhgghl tﬁ?g)wuéwd%rlﬂme &eled yrid éﬁlgggrDNA construct of

claim3, th ohstruct orml 0] dconbi nati on
wi t h genom SEDARNEPst RBaRKSR, tﬁes ?TﬁQﬁQﬁ|ﬁﬂ$600@ozl@ﬁ»aﬁébﬂd@genous

G CSF codi ngh5€0HeRker d8neA HOSBLOGOUSL r de‘@@dﬂé&Eecelahdséabl
bransfected with,t nstruct _of c construct ha~~ing
under gone h%?’r%‘?%ﬁoﬁ%l?DNeﬂﬁg?n‘&??léﬁrvﬁ‘he ge%ﬁ%ﬂaﬁlﬁﬁsgﬁéﬁﬁ?%fm%e ATG
initiati én cadgat bhg aaegudngeaoflkaﬁkﬁ&t: Oroal i nigr sse gedree abAVENDBERSHEET  C
\E35)1‘:L’>)} j o }?111_?%&10199;055' ié&‘%e‘a%e > 0h Ehe 'Hdsﬁsgg&é%gh;ul%gii? zbbzt?ges
the targeted integration of the first selectable marker,
while the second selectable marker is not integrated.
Desired transfected or infected cells are those that are
10 stably transfected or infected with the first, but not
second, selectable marker. Such cells can be selected
for by growth in a medium containing an agent which
selects for expression of the first marker and another
agent which selects against the second marker
15 Transfected or infected cells that have improperly
integrated the targeting construct by a mechanism other
than homologous recombination would be expected to
express the second marker gene and will thereby be killed
in the selection medium.
20 A positively selectable marker is sometimes
included in the construct to allow for the s:zlection 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



16. A method of altering expression of an endogenous G CSF geBé D& &uu!
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rate DNA sequences which become incorporated into the

chromosomal or nuclear DNA of a transfected or infected

10 cell. The DNA can be introduced as a linear, double-
stranded (with or without single-stranded regions at one
or both ends), single-stranded, or circular molecule.

The 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 is then in a form suitable for homologous recombination
with the cellular target sites. More than two fragments
can be used, with each of them designed such that they
will undergo homologous recombination with 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
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length, and preferably 100-1000 nucleotides in length) to
increase the frequency of the desired homologous

10 recombination event. In this embodiment, homologous
recombination between the targeting sequence and the
genomic target will result in two copies of the targeting
sequences, flanking the elements contained within the
introduced plasmid.

18 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 adenovirus,
adeno-associated virus, Herpes virus, mumps virus,
poliovirus, lentivirus, retroviruses, Sindbis virus, and
vaccinia viruses such as canary pox virus. When the
homologously recombinant cell is maintained under

35 conditions sufficient to permit transcription of the DNA,
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25 secondary cells, as are all cells in subseqguent 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
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%4098 () - g&&g@mqqmuein\t%m1% cells which make or contain
the protein but in quantities other than those desired
(such as, in quantities less than the level which is
physiologically normal for the type of cells as

10 obtained), (iii) cells which make the protein at a level
which is physiologically normal for the type of cells as
obtained, but are to be augmented or enhanced in their
content or production, and (iv) cells in which it is
desirable to change the pattern of regulation or

15 induction of a gene encoding the protein.

Primary, secondary and immortalized cells to be
transfected or infected by the present method can be
cbtained 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.q., 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
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Blick et al., Cancer Res., 48:5927-5932, 1988), AS549
(American Type Culture Collection ("ATCC") CCL 185), BeWo
(ATCC CCL 98), Bowes Melanoma cells (ATCC CRL 9607),
CCRF-CEM (ATCC CCL 119), CCRF-HSB-2 (ATCC CCL 120.1),

5 COLO201 (ATCC CCL 224), COLO205 (ATCC CCL 222), CoLo
320DM (ATCC CCL 220), COLO 320HSR (ATCC CCL 220.1), Daudi
cells (ATCC CCL 213), Detroit 562 (ATCC CCL 138), Hela
cells and derivatives of Hela cells (ATCC CCL 2, 2.1 and
2.2), HCT116 (ATCC CCL 247), HL-60 cells (ATCC CCL 240),

10 HT1080 cells (ATCC CCL 121), IMR-32 (ATCC CCL 127),
Jurkat cells (ATCC TIB 152), K-562 leukemia cells (ATCC
CCL 243), KB carcinoma cells (ATCC CCL 17), KG-1 (ATCC
CCL 246), KG-la (ATCC CCL 246.1), LS123 (ATCC CCL 255),
L8174T (ATCC CCL CL-188), LS180 (ATCC CCL CL-187}), MCF-7

15 breast cancer cells (ATCC BTH 22), MOLT-4 cells (ATCC CRL
1582), Namalwa cells (ATCC CRL 1432), NCI-H498 (ATCC CCL
254), NCI-H508 (ATCC CCL 253), NCI-H548 (ATCC CCL 249),
NCI-H716 (ATCC CCL 251), NCI-H747 (ATCC CCL 252),
NCI-E1688 (ATCC CCL 257), NCI-H2126 (ATCC CCL 256), Raji

20 cells (ATCC CCL 86), RD (ATCC CCL 136), RPMI 2650 (ATCC
CCL 30), RPMI 8226 cells (ATCC CCL 155), SNU-C2A (ATCC
CCL 280.1), SNU-C2B (ATCC CCL 250), SW-13 (ATCC CCL 105},
SW48 (ATCC CCL 231), SW403 (ATCC CCL 230), SwW480 (ATCC
CCL 227), SW620 (ATCC CCL 227), SW837 (ATCC CCL 235),

25 5W948 (ATCC CCL 237), SW11l6é (ATCC CCL 233), SW1417 (ATCC
CCL 238), SW1463 (ATCC CCL 234), T84 (ATCC cCL 248), U-
937 cells (ATCC CRL 1593), WiDr (ATCC CCL 218), and WI-
38VAl3 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. In 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.
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10 G-CSF protein may be purified from cell lysates or cell
supernatants. A pharmaceutical composition containing
the G-CSF protein can be delivered to a human or an
animal by conventicnal pharmaceutical routes known in the
art (e.g., oral, intravenous, intramuscular, intranasal,

15 pulmonary, transmucosal, intradermal, 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 homologously

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
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10 vant level is one which either approximates the level at

which the product is normally produced in the body or
results in improvement of the abnormal or undesirable
condition. If the cells are syngeneic with respect to a
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,
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subject. The devices retain cells in a fixed position in

10 vivo, while protecting the cells from the host’s immune
system. Barrier devices also allow convenient short-term
(i.e., transient) therapy by allowing ready removal of
the cells when the treatment regimen is to be halted for
any reason. Transfected or infected xenogeneic and

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

20 A number of synthetic, semisynthetic, or natural
filtration membranes can be used for this purpose,
including, but not limited to, cellulose, cellulose
acetate, nitrocellulose, polysulfone, polyvinylidene
difluoride, polyvinyl chloride polymers and polymers of

25 polyvinyl chloride derivatives. Barrier devices can be
utilized to allow primary, secondary, or immortalized
cells from another species to be used for 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
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the implantation procedure. Usually the number of cells
implanted in an adult human or other similarly-sized
5 animal is in the range of 1 X 10* to 5 X 10%¥, and
preferably 1 X 10°® to 1 X 10°. If desired, they may be
implanted at multiple sites in the patient, either at one
time or over a period of months or years. The dosage may,
be repeated as needed. \
10 Other Embodiments
It is to be understood that while the invention
has been described in conjunction with the detailed
description thereof, the foregoing description is
intended to illustrate and not to limit the scope of the
15 invention, which is defined hy the scope of the appended
claims.
Other aspects, advantages, and modifications are
within the scope of the following claims.

What is claimed is:
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recombination, the construct comprising (i) a targeting sequence containing at least 20

contiguous nucleotides from SEQ ID NO:5 and (ii) 2 transcriptional regulatory sequence.

2. The DNA construct of claim 1, wherein the construct further comprises an exon

and a splice-donor site,

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 ¢laim 1, wherein the construct further comprises a

selectable marker gene.

5. The DNA construct of claim I, wherein the targeting sequence contains at least

50 contiguous nucleotides from SEQ ID NO:35.

6. Anisolated nucleic acid molecule comprising at least 100 contiguous
nucleotides of SEQ ID NO:5 or its complement, wherein the isolated nucleic acid

molecule does not encode full-length G-CSF.

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

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

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

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

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

nucleotide sequence.
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\ aBYNC 12. 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.

13. 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.

14. A homologously recombinant ¢cell stably transfected with the DNA construct
of claim 3, the DNA construct having undergone homologous recombination with

genomic DNA upstream of the ATG initiation codon of an endogenous G-CSF coding

sequence.

15. A homologously recombinant cell stably transfected with the DNA construct
of claim 4, the DNA construct having undergone homologous recombination with

genomic DNA upstream of the ATG initiation codon of an endogenous G-CSF coding

sequence.
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mammalian cel], the method comprising
introducing the DNA construct of claim 1 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 recombihant 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.

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

introducing the DNA construct of claim 4 into the cell;

maintaining the cell under conditions which permit homologous recombination to
occur between the construct and 2 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.
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delivery of G-(CSF to an animal by implantation of the cell into the animal.

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

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

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

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

22. A method of producing G-CSF, comprising
providing the cell of claim 12, and

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

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

providing the cell of claim 13, and

culturing the cell in vitro under conditions which permit the cell to express and
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sacrete G-CSE.

24. A method of producing G-CSF, comprising
providing the cell of claim 14, and
culturing the cell iz vitro under conditions which permit the cell to express and

secrete G-CSF.

25. A method of producing G-CSF, comprising
providing the cell of claim 15, and
culturing the cell in vitro under conditions which permit the cell to express and

secrete G-CSF.
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