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MODI FYI NG THE EXPRESSI ON OF THE FSH BETA GENE BY HOMOLOGOUS RE%?\/B TI ON
Field of the Invention This invention relates to genomic DNAS BY gr ound

of the Inveglgfm.igdr rent approaches to trea&' M' W’ase Wit lpcriiepaeRes i C

proteins include both adm nistration of pro din vitro and gene
therapy. In vitro production of a protein g oIves t he

i ntroduction of exog 10 enous DNA codi ng for tHhdsss*otein of interest into
appropriate host cells in culture. Cene therapy nethods, on the other hand,
i nvol ve admi wositekd fge ErEssRAL oreiie r98 BETA 6alH BY BUMPLOEETSEceAbINgTIoR! asmi ds,
or viruses that contain a sequence encoding the therapeutic protein of 15
interest. Certain therapeutic proteins may al so be produced by altering the
expression of their endogenous genes in a desired manner with gene
targeting techniques. See) eFdeldlbS tPRatentreflosonb, 641, 670, 5,733,761, and
5,272,0 20 71; WO 6 : I 54, all of which are
i ncor porat ed by re?%égn%g@?%y%%lé@g%%? e%dg%gmmry “the Invention The
present invention is based upon the identification and sequenci ng of

genomi ¢ E)NA 5 to the codim&@@meﬁq@fld\k@mmn follicle-stinulating
hornone f3 (" FSHi ene. can be se
%2‘ 9? apBSadily SIS J ef“&n%ﬁ%‘oébﬁ%s FSHB

construct that alt €. g.," I ncreases expr es
gene in a reewtEld arateinsugoelivdee poghi edmnnnettrhelgenofrepmcem cell via
honol ogous &%&m@m%&% anéngeaeneaerﬁgw gepevy E@é%ﬁo&&@l&enom c

(i.e.) chronpsomal) copy of a.gene that encbdes e construct

cont ai ns aocfaragéﬁ%%’e@%‘ﬁfé i NCPHHP ye&r ther FFEHOEPEH?IHeO%e@M%S'dl scl osed
5" noncaddi rhaEeqERIX &odingMo2OLhé2p3ot2in?208 OEte2882 DHO UGR9/ 09795 and a
transcripti ul r uenc tra i or

sequence prpq%ﬁr albaﬁ:% %fgfe)réseaﬁ% gg S:elrjiggg &%ﬁé Fﬁé?géﬁ ?‘?%;n% regul atory
sequence ofon Wé’l%rﬂfémfnél?@dFSHBV@éﬁé a@ﬁ‘é“ﬂ-&ﬁ@éﬂ-ﬂﬁgt@eﬁu@%@eﬂ%ﬁ rects 5 the

integrati Orgéa{ectﬂ%mggtér@l@fexéreeq@euqe totlesauaegl 88 Wiilsds ogndpst ream of
t he FSH(3-codi.ng sequences of the %%1 g«leigl that_the requl atory
sequence b(ftf’d?’f@g‘ silacis FPEﬁ?San?o fie ﬁESBSHSh% R52 PP cgécjuence
"oper at il\iellyidarrde:d is neant that the regulatory se 10 quence can di rect

expression of the endpgenouse Fahld £OU) f&éﬁwwaﬂeebeoa%aueadmy
additionally caontain a sel ectabl e nmarKer ggne to faC| itate selection of

cel | s that HYafetQTdRg) the €FPELEF 1PRe OLoh B HCERIGPERTTS FRATR I Gdi ng
sequence opwHidasd madnetked tho ganpr eawyet ing5tkahnbguesbodseent , t he DNA
construct ¢o gtaal an (q,)a %Pttaliqggtl ggsiquegces QI‘% 9?{egﬂ§té)ry7zse)quence

(c) an exon nor ‘enc€ directs
t he int é@ra?th,orWQ)fH/t%éIGIG,aW@ @Iléﬁéﬁﬁg (B)’ld W@d?o h%%ﬁ"a: o within or
upstream ofyHite RSB-iGRIrD i eBeyeRegsrehckhent BREEE &etiEretdce
integrated, elenment (b) can direct transcription of elements (c) and (d)
and all downstream codi ng sequences of the endogenous gene. In the
construct, the exon is genefammgr®' ofif theeInwventidmry sequence, and the

splice-donor site pfeadbrddensd’ i ffkhefodfid f&@é@mpohntﬁeoahea enmbodi nent,
t he DNAconstruct conpri ses: uéa a targetin % a regul atory

sequence, (HELGREEH a”(jd)seg prieg- BSnSFnQ 118 8’(‘%)5 9 nthoreo (f) a
spl i ce- 86 c eycqrermidse o iMtaree hambhe fbdl dellergtsmulating hormone 1

("FSHR") gene. This DNA can be used, for example, in a

DNA construct that alters (e.g., increases) expression of
an endogenous FSHR gene in a mammalian cell upon in-
tegration into the genome of the cell via homologous

30 recombination. "Endogenous FSHf gene" refers to a genom-
ic (i.e., chromosomal) copy of a gene that encodes FSHE.
The construct contains a targeting sequence including or
derived from the newly disclosed 5’ noncoding sequence,

IR

*G00002*



30 quence directs the integration of itself and el enents (2% mf Ug such
‘that elenents (b) - ( f ) are within or upstreamof the en 8 udlidene.
The regul at WhoRfgyence then directs production of a transcpepusédmdtes
includes not “onl"'y"elements (c) - ( f ) , but also the endogenous FSHB

codi ng 35 sequence. Preferably, the intron and the splice-acceptor , WO
99157263 -3 2 a ocr 200z PCT/US99109795 site are situated in the construct
downstream fromthe splice-donor site. The targeting sequence is honol ogous
to a preselected target site in the genone with which honol ogous 5

reconbi nati o (_jisat&ﬁg&%%%ogw%@r%ﬁgé%g%%%&%g \%ﬁfcg}akggﬁﬁo, 50,

100, or 1000) contiguous eot | corresponds to

nucl eot | des PTUHRY crequiFtofY MRAHETFSHR GEFeRE Ys€4hEREE LRuABEri ng

relative to gends afsdRtios staidcsigtton0r r85Q1LRoNY: Bequbheh 4€

corresponds t.o nuc%eotl des ﬁ'zf? to -15% of human .FSHB genom c .sequence. By

"horol ogous"t1% FRAMTETAAT FHE (4fet i esetq:‘lfgﬁéén?sSleggﬁfifzﬁaiilﬁ?c’:s

suf fici entdl ytise nideegtatids gendm cramrigatory tsegsenthatntheat aegednng

sequence and tAGEL of LA URAE 40U 00RNE P EORRLAREL O 1o thi N 2
entage o tc e

human cell. A sna per basepair m sm es IS accepta , as
| ong as honotdEERE FeronPidatieat Cdit FEEN adeTy §§EHaRCEr BgUERes. To

2t east abopt o e T 9%, S0 an0. e ho5b0) "base |
at | east abo e. f.,,8a as : or ase
1.5 L o I ity il o e s,
sequences I Qune S¢ Tegrpr < ¢ o} -8 ong as
it includes ﬁ’%ié&gxﬁén&g. n%ﬁ@O&éﬁ@&J&@m%ta@alt%ﬁagﬁyt BentWenr£gi ons. For

exanpl e, addiTjon targeting sequence. - coul d be dérived fromthe

sequence |vyi PRt PR HRER BEEXSD R Hhd AT HRkSs SELFEFORTI Aft Fatton
sequence of ther ANl getebl y Duer ddir xddy mep licsi@ttrdnat , mayd¢sirsanathéhe FSHB
genetic |ocus. i nor_variations_jn i.de _c ition of any

gi ven genom %é?%?%e?e%??%c na?/p%‘cécglr‘;%lﬁl aql%%lkge%é:n r?a%%gﬁ'f)g%% peci es.

Tar get i ngl3sequences Inhamnec embesporatt otBachNporgnetpinte aentaimss (a)

(particul arly fupRO: PRY YEREPEHLe Valh A Hefl a2y Bebllaficl pcArgnwi thin
the scope of this™inyention. WO 9$15726 -4 2 2007 PCT/ US99/ 09795
Upon honol og®¥™ r eRBPrbi Hht 7 oFPL1¢R VR &35Sy seGGehtE96F 1PHeSRonst ruct i s

i nt egr at ed | ghenee pdEsetest e r gl anratpisir efmiafseflllfeanddehgmsegsefise of a
FSHB gene in_a r o) . o T nfi’%ltl i e r [} i on
unit containi né&{]hgggﬁn%ﬁ%%%%gﬁ%/%ﬁ’ P%gu at (ﬁéfﬂgggugﬁ%eggﬁ?eégdt?%%
expressi oif ofequenees gef HUHEEIRE IS FSIABGH GERATEESHr 0BLEBE Fray be

i dentical in(spoueRCeitect her LS Pwiel peraedrttby (theatnal&er &8
endogenous ge

( . fg,dor ma¥ contg' n additi onnaelg ﬁﬁ%%{?i tu'&gdénor fewgr 10 am no
aci d resi due® as %‘Sﬂfﬁ Ut PHE ETH'S fpe r StePA; "HU8 €% %hanges
introduced a%nathescabnswofudionotivgeron sicodsneatdldy. 3A ©ér khg gegela- i
P 1 RSERREStn g6l A1 O (A1) LIRS 0108 Supesgsd) o, dipe <

of the exon.

In another embodiment, the DNA construct compris-
es: (a) a targeting sequence, (b) a regulatory sequence,
(c) an exon, (d) a splice-donor site, (e) an intron, and
(f) a splice-acceptor site, wherein the targeting se-

30 quence directs the integration of itself and elements (b)
- (£) such that elements (b) - (f) are within or upstream
of the endogenous gene. The regulatory seguence then
directs production of a transcript that includes not only
elements (c) - (f), but also the endogenous FSHf coding

35 sequence. Preferably, the intron and the splice-acceptor



obt ai ned, increasing or decreasing the expression |evel of q%gene and
“changing the regul ation pattern of a gene such that the patt quEZMR
different f{eyaddisds in the cell as obtained. "Cell as obtai REB/USIEIEs to
the cell prior 20 to honol ogous reconbination. ' Also within the scope of
the invention is a nethod of using the present DNA construct to alter
expression of an endogenous FSHB gene in a mammalian cell. This nethod _
includes the steps of (i) introducing the -DNA construct 25 into the

mammal ian cell, (ii) maintaining the cell under conditions that permt

honol ogous r ggeebispat isaRubeecaceyr thet wegsr fher et diandfdhdin @gRoN C
target site honpl ogaus to the targeting sequence, to produce a honvol ogously
reconbi nant && PFeéﬁﬁnPFiFftﬁaintaining t he honol ogously 30 reconbi nant

cell under conditi onbhe¢ hedrgperind ssqueess 08 obmbhegbSeiBe codi pge sequence
under the coniil.cQly (eoENShEECEnIERL VEEhERIU) AP IEAYENES Al | east a
part of the genomc tanggt,5|te is 5 to the coding sequence of ~an
endogenous’ FEEBoFERE2tERAL 1Ss tOt RESYENON & T Feths 2 &3 SET 20002 - W
99157263 PCT'qC]S9%@I Q2348% 36 ,si5be ¢an, cont BH oD c oty SRYERER 1asrwaks as 5'
non- codi ng sequence, e J-nyent i a tr f ect, or .i.n fected
cells in whi ?%O%e%%(?o}]:‘?t F‘?c'%'hgg‘?gﬁd!écﬁgfa%%&?%gnsgf‘oos“%ﬁ?oﬁé%%iﬂégﬁon with
genom ¢ DNA most-Addm of thhmaand6HBngaBOMIG $equsnms omuwnbdorinion redeter both
alleles of theecndogepoysohshi geneseatichstiansiocisad ab haf.ect ghlical | s,

al so call ed honol ogously reconmbi nant cells, have an alter expression
pattern. THeSOIEEISPONSEe tRaPUEACPEEHRSN IO 0sE 1l F0roh Mupiary & SHEHB

producti on ar@ricaicdekigueniceg FSFB"wbmoJegeusd heramsanetdheds tofe maki ng and
usi ng such C%LES ar.e al so %g%%acgdig nEbggirg@ﬂgd 1 .Th% cel l.s .can be of
vertebrate origin ¢uch S§S Namval an %e.g., HUmei - MO AN SprirEte, cow,
pi g, horse, ¢eoatitssheaorgcptagger gdge sabphat thrudaragtiimea sgiqgenkanst er,
or rat) origishg EhedeRvVantieorahuthhBetgh ChehESoddh R YRl il iemoduci ng a

manmal i an ,FSHB pr.otein in vit or .in_vivo by 1ntroduc t he .
above- desé?i B’é’&%&éhét ?’H nj ﬁFE’; t’heAgﬁ’ﬂ?)% %Efnta?%ﬁ%l 2:%5|e1:\?i15 honol ogous
reconbi nat i omisttaechesolisgasskptrbtonbeésaltnreld handlogousaireicamied under
conditions t l:] ow _tra LPLiog) ansl atd d ti 1. ecretion
of the FSHB gﬁ%?gﬁﬁg_f%$h§%%%§eﬁkionu%%so feé%ggggggsoﬁgigggﬁéé¥gfg aci ds
25 conpri si ndroNoIegeEiRc Ee6PTRANREASR  2BN¢ cL3rgetdng apspuenge 5@, pred- 200,
f)r 100% cogtéx@(l%b}s atuglegeti a%pefst@l@i J\[Htﬁaléﬂst?tsgéeaﬂg ,ZI\‘gsge- 9-,fat
east : : ,__Or onti guous nucl eotides o 5, or of a
sinilarsi%gdéﬁ VtFﬁh10$%§%s§&3§ng81Faeﬁ¥?%ah #??3333%“5 T5r™5 30 except
f or pol ynor plegruemceaciaonglse dngéprdai aenowte i stdusrsese fyom lcagsithan 5% of

the sequence) Hehi Gy ide Rl eRelY Yt SEEMPH 0gOUS deapMiNalongn 2w ik the target
sequence. I n one enbodi nent, the |so#ated nucl eic acid of 35 the invention

h
i ncl udes ‘a cofS 300 B thFcRUGHEREERSS i Bv/E 768 982 F BB 2002
PCT/ US99J097%¥wd Redlohsar ForfFexampaapl additionaslolatrert tDNg carueantai n

nucl eoti d , . Ol 0,500, 501
to 600, 601 %8@6%%78%%6’%0%?8&‘0%Q%ogg%‘.g?g%eo%%ﬁ&%%?’efgbfE{QoI?loo, 1101
to 1200, 120NQ:¢ mn3ghe tInscyipipon IBDIiattiAbGRIuEsCE ©f £660, 1601 to
1700, 1701 t grghi0®enk801 to 1900, 1901 to 2000, 2001 to 2100, 2101 to 2200,
2201 to 2300, 230T to 2400, 240i t ,25og 2501 to 2600, 2601 to 2700, 2701
to 2800, 2801 to 2908B4€ 2&R)P? 1153 5Pato ™3y 08X 18% 01t t b8 20%F 3201 to 10
3300, 3301 t @elwlic 34@hstom3E68 va8DAtiona600, tig50Lidlecdite, 3f01 to 3800
3801 to 39Q0, .10 t Ao & 4300, 4301
to 4400, %gof %%%‘?3‘0,&2%8‘3' é_gggfélo ?#i‘ggﬁ {0 47%%,14%7)8“2}{%%5%,1%4801 to
4900, 490! t ABOEE-VEIOORWELlEPH0SPSFHESt 0 BIXRR T g FaPrences that

correspond to such polymorphic variants (particularly
human polymorphic variants) of SEQ ID NO:4 or 5 are with-
in the scope of this invention.



15 5300, 5301 to 5400, 5401 to 5500, 5501 to 5600, 5601 to S700, 5701 to

- 5800) 5801 to 5900, 5901 to 6000, or 5939 to 6038 of SEQ ID Mpg%cqrzbis
conpl ement. Alternatively, the isolated nucleic acid of the invention can

jinclude nuche®®istes 1 to 100, 101 to 200, 201 to 300, 301 tFAE20°%01 to

500, or 443 to 542 of SEQ ID NO:5. These blocks of SEQ ID NO:4 or 5 or

their conplenents are useful as targeting sequences in the constructs of

the invention. In the isolated DNA the contiguous nucl eotide sequence is
not linked to a sequence encodi ng fuII-1éngth 2S FSHB, or at |east not

| i nked in the same configuration (i.e., separated by the sanme sequence) as
in any native genom¥POThEomelRICHSoFEERBPDRAL10Rs tRRIFe@RERFOTY hus does

not denote asehLOABSONE e | Ao RIACH Hfi ranH e dONALAS Prahtehec-
i ncorporated_into a,cosmd or#el\%st 30 al‘é,lfl cial chromgsone) that includes

not only parFe8rFed1CBfRET S - £ RAE SABERGS Ot &cf SESHESBEdI ng
sequence andinld ofrthesseguehce adlilch |Thes destuieemgt hewFSHBneedipg

d.t i , NQ: 4 it ists i
The genone of o8 (EFFY CGES FALLER UK dhd el R el BB A (i) |
which WO 998879B3e 21k Tthe 2Ry IsToL 0F7 90 $araesr F6HE 8enento a

p:c asm'hd Or VThESFSBB ﬁfdaeeym;w @6&1@@?@ &&Earcﬁtnel iRl1e G L %ﬁ'q_udﬁ@@nde_nt
of other sequences, : r agrent u rase chain reaction
CPCR o 1 E8t FRE: TERY ST e At ol e RS RA
preferably dgesenodrcory aFonta epadidd o lch sadstdésitiedt ace ESWBxpr ecur sor
(i.e., FSIB gaipbelei i +dsidife STHOILNUS SEUSLHRN I GNR) JRERHEE) . The

i nvention al so i ncl u%jes i sol ated DNA conprisipng a st randlyahgi cﬁhgont ains a
sequence t haPTPEeil, | daR 1A FARE]D. JErogudschss foFesHdE, °br hepody-

nucl eoti des goukepgtbmangattwi. hybri di zes under either highly stringent or
noderately stringen nditions _wit . 4 or or .t he conpl enent of
SEQ ID NO: 4 or 5. Ttﬁ\‘eﬁ%é:&bgn gnieseﬁgp‘-?ﬁ%{zgd'e\ggoggﬁﬁ c%%‘fﬁéa%lergﬁence, or
at | east not (25 ¢thnkéndite the extpressnd)i gurasrionwhdshodsunorimalany native

genome. Bys npdegately stridgenit Comdl e @maNtinhyhel diezat kgn at 50C in
Church buffer, (7% SDS, . 0. 5% NaHPO4 1. M EDTA, 1% bovi ne serum ﬁl bum n) and
washi ng at SBBERANO%: SRETRFYHIY VT (FSRERS T6hdiNS SAPT55S 188 1A¥EL20 as

hybri di zati onfaé 4@fe| nandechamsinr el tlfeorimampdeteanf iofst waab at 65C
with 2X SSC LI Oo$g§g | h.at Cwth 0.1X
SSC. Also enggg%:%lqé)gg%%ee/ nve%{r?olnsogl&?%%%eg}ttz t?:%% i ?lsitirzlé gggﬁrand
whi ch cont ai A8 absaiiedce ¢kl (39 ahtained'yirqfesrs teoGheecegl, patoreast
200, 400, 2mr téOQQmopg%&@gtfem;iﬂhdiQﬁgth and (ii) shares at |east 80%
sequence (e.g 85% 9. 95% .or 98% identity, wth a segment of u

l ength from SEQ I D %%:Sff 8’?‘4%}nOF%FI’/%ﬁ1OPﬁeO§O Fe%ﬁ%‘fn%*g%ﬁ(f I%'&%%%Or 5.
The sequenceofsuabngl itk epresent INAF-IB.SUTialy tsedldrte expregsibsast not

linked in thgnSsanB-GORbLIUFSREL YRS QF Winfaninth 18h RRLIVE @8HAMRec BT E a
particul ar polg egtl de or nucl gclhfc cid nolecule is said to have a specific
percent identP 5‘1 £S CBRR FNBRT G t 0 la IR D SFp ORI FONSETHEEl ei ¢ aci d

35 nol ecu2®, ihbe preéceMbtmaliat idelloy @anseradattiiming dekeercel IWRNALES7263
-9_ conditions that permit homologous recombination to occur
between the construct and a genomic target site homolog-
ous to the targeting sequence, to produce a homologously
recombinant cell; and (iii) maintaining the homologously
30 recombinant cell under conditions that permit expression
of the FSHF-coding sequence under the control of the
construct-derived regulatory sequence. At least a part
of the genomic target site is 5' to the coding sequence
of an endogenous FSHB gene. That is, the genomic target



2 8 OCT 2002 PCT/US99/ 09795 m ned by the algorithmof Mers and Ml er,

"CABI OS (1989), which is embodied in the ALIGN program (versi @B 8C8) MWor its
equi val ent , §%§/9§69 gap length penalty of 12 and a gap penap¢n§dondrovher e
such pararrevt" “dre required. Al 5 other paraneters are set to their
default positions. Access to ALIGN is readily available. See, e.g.,
http://ww2.igh.cnrs.fr/bin/align-guess.cgi on the Internet. The invention
al so features a nmethod of delivering FSEB to an animal (e. g., a mammual
such as a human, non 10 hurman primate, Cow, pig, horse, goat, sheep, cat,
dog, rabbit _.gou pi t vi di n eII whose
endogenous Eég‘é ?jgﬁegﬁhgg lt'ale(ﬁg%ltj(:{11 %cg%e%é’é dgégc%lgydéj%]e%reﬂ?rg' ﬁ;pl anting
the cell inseheeagenal, where the ceII secretes FSHB. Al so incl uded in the

in 15 vention i's a el had & OWUNELSB t&rae\é'febegdaofelﬁ whose
endogenous FSHB gene_has been actlvat ed as described herein, and _culturing

the cell in \?FFF& GRALF dBNUREFBNENGNTRS PEPST t PR RAGIIXE SOprdss and
secrete FSHBou20 reth@lhaehahedlﬂNﬁg@ﬁomhe DY ewnd $ tore G fh & Hés @ehdof-or

exanpl e, as_a sour of. a s m, P r f yse (when c ned with
a suitabl e d6WRSEr %g% prT ﬁéa? gsrrll o%?%ﬁ% ng %T%eOIES%O atac}rl\;/\qfr?d %mek‘gdl ng
regi ons of &ndogendugef6HS FSHB. gebechotrarsbenydn el Zaifieotegh oisd -f or 25

i ndi cating the a&eeeeeeleta ﬁBﬁxQﬂB§Qﬁ§lyllréBorﬁbPﬁ£@@r@él|1® QfaviRugN
chronmosomes. It ¢ in a nethod for

T or gt heLEEp P ERER SRoLHSEHIB BRbNS T o LT ARG 5116 Vo Bhvae cel |
Unl ess ofbervdcsdadeli nedfualiotethnitatoaRsH s cpemdic-tidn @ntderfms& used herein

have the Sa\%‘él'ﬁ'@@i Bg BEHBOUIRNLYy ggéﬁéﬁ@d OWe Ol Oblidaly 3l 11 11

the art to i nvention enpl ary net rraterlals
axe descri b&§ips @\W/ChaFFPIéﬁgﬁrﬁe?ﬁﬁﬂse‘é}ﬁﬂa%@e]F‘Ya‘F%e sllf}ﬁqnéirlo@r ediieval ent
to those degelilkedanebei Bfcasrobboabe SbigseUshdh t4e mima@lliice Qe .besting of
the present inyention, ?‘ 8_OCT. 2{(30%1 WO 99/ 57263 -9 PCT1US99/09795 All
publ i cations, PHERr BSPPEIRIOREIMREE ente” ¢ R bt K G e SR #8Rent | oned
herein al® ipncoapor dogd bpbbéfervngeei nguhees phyi reanstam caseash
conflict, the;prgsent specification, including definitions, wll control.
The 5 materlal §, nmethods, and exa les are.illustrative onIy and not
intended to be IiniTRfginieHeCN etgg?}rhﬁé' &Fd 2@ FarrCage®eBROR 2t i nventi on

wi Il be appapreducinemat hamhal iani ngHdepadt etindescri pté @y, iand ifucobyt he
clains. 10 r|efDe ¢rl RELO L Rg i dlagram
show ng theliéletﬁgr?'lu rir(i'%:l ufglejg{s? Fﬁ P%%Pr%ﬁ é@ﬁ%@tu& %]'—t% %%% @%% %schematl c
di agr am 2fowtng thlfpetg@ﬁéih Ulﬁebpmﬂlego‘tlﬁerﬁﬁwahlmglgeﬂ"é‘le( th@ﬁplo-
enconpassed déyxswerls%ohme&hc(benom @ﬁeﬁlegﬂheam&ndme ddnage bars in
the m ddl e represe c_regions_o ene ose sequences have been
publ i shed. F*§"S3 tg’alt ﬁﬁgggnﬁ?ﬁaﬁrwtygar%?3{1%% Ehc&YSEB 1D NO 1) of a

human FSHB gemmalilycl séicmgtIpnb4fnube 2BSEAt presedt. t he sequence 5' to the
ATG initiation codog, d?\ﬁer?ﬂw d1sA ctdzaés a%megh' Hﬁc?@ﬂé‘%‘@fdé SEQ 1D

-NOZ) encoded by the co sequence. Pu sequences _are underli ned.
"SD' and 2! Sﬂomr&ﬁdnﬂoﬁ §6HP8§CGoﬁ5ra§| %%a%ldz%pl(?c% addeptedstside,
respectivel y50," Nlour €00, or 1000) contiguous nucleotides of SEQ ID

NO:4, or at least 20 (e.g., at least 30, 50, 100, or 200)

contiguous nucleotides of SEQ ID NO:5, or of a similar-

sized portion of a sequence identical to SEQ ID NO:4 or 5
30 except for polymorphic variations or other minor variati-

ons (e.g., less than 5% of the sequence) which do not

prevent homologous recombination with the target se-

quence.,

In one embodiment, the isolated nucleic acid of

35 the invention includes a contiguous 100 bp block of SEQ



25 denotes the beginning of a mature FSHB protein. Fig. 4 is a schematic
di agram show ng a construct of the invention. The construct 208)|BC£| 082 a

first target'@ /§7ez\g5uence (1); an anplifiable marker gene (AM¢T/asPdrRbOSt abl e
Jar ker gene‘% %} regul atory sequence; a CAP 30 site; a sequence

identical to the first, non-coding exon of a human FSHB gene; an unpaired
splice-donor site (SD); and a second targeting sequence (2). The bl ack
boxes represent coding DNA and the stippfted boxes represent untranslated
sequences. WD 99157263 -10 2 8 OCT 20 PCT/ US99/ 09795 Figs. 5-7 are
schematic digagr [ tr E[}ﬁg o truck entlipn:._The
constructs széﬁmf né%ﬁ% s?é%lng?}z eeea gq‘ﬁ%asgglﬁt%;dsbgﬁsg?%{eggbg%(l)nt he
pl asmi d. Th%@%ﬁﬁ%ﬂ%ﬁ:t% fncl We Hisdquetde EhdodiongC8.53ghyeoptdeein

a-subunit (iq@ #SHego) I@dﬁfdcéowo cydmegalod,r wp1( tEMI0), PEeaOESr . The
abbrevi ati ons_shown in gure are: nsl at ed sequence;

“amp" for an%??:i I?(?:h tod"?go'fo]roqjepq‘? c"aatq%Tsl&ro lr‘J?n 53%[)‘ 1£8F & ﬁl i ce-donor

site; "HSY TKI06 prl:h@x pes 54 0P) exd4 v racs JISrO)Dm d.lSO]lO teelkonaseegenes " DHFR'

for di hydr of e ct as v HB\; tityi ) apdqy1h for
human growt h @6 rrjé)ﬁ(sejij #5?1 PB%Ol 5'%10 %g)% 1T9%|% S0P guctl g(r)\ f%rm HT 1080
cells transf%%@%d 9k Wm(ﬁ@l EBO gﬁ@osel@@tleéolgwér gtBi ki n the

presence of ¥ysgo OuSsEDNESNIE@S ) mpftmmtreﬁ@tletorQQOOQ Qsoast%
represent at i en pS m_Q

transcripti o %‘?arfg@rt%o '\52)?)09:1 33&%0% O;bépbé‘% isgﬂ ﬁ%&g Pf) NO: 5, a
sequence lpsi3eam »I0h w0 FSHBL QY s S0t &% Ot &lot 3§00e. 3F0Y.tdl is a
represent at'?f‘%&f ?wﬁiréé ﬁ@é@%écﬁg éﬁwes@%@th%@o 6lolsedsin a

construct of e inven' IS a representation of a second
targeting se‘hh%‘hcé%@s‘ﬁ(}? D"N@P 5‘32%&? |4h3°é)'c<§r$§t1r GOt 46P 0t he4PhveRAL i On.
Detail ed Desc5o@llmoﬁ0c5hesmﬁsean1 id/ ermaogn 479 1basedson, t heodi sgovery of

t he nucl eot |g§,\%€]gn1)§@r_|t nsc%o nctes éjl%t resa}_rglt Q_ot ngsod gg%sg uence pf

a human FSHa gohado ropln wHi Ch pl ays™an és3 role in
the mai ntlénam@oa@@bvmo%‘h%t %‘ioboﬁsﬁytwoanéS‘?lV\QOQQﬁQ?Z%GQl8t®CT 2002

PCT/ US99/ 0979%¢ § pes 71&i 02935 & 6o noga“@ai EHUCHIR RBY8DOLOYY ESkbpossesses
oo subuni ts,3fd B 488 18ti6Ta B s SRRRile fona ol gl gt oo

the isolated nucleic acid of the invention can include
nucleotides 1 to 100, 101 to 200, 201 to 300, 301 to 400,

20 401 to 500, or 443 to 542 of SEQ ID NO:5. These blocks
of SEQ ID NO:4 or 5 or their complements are useful as
targeting sequences in the constructs of the invention.

In the isolated DNA, the contiguous nucleotide

sequence is not linked to a sequence encoding full-length

25 FSHR, or at least not linked in the same configuration
(i.e., separated by the same sequence) as in any native
genome. The term "isolated DNA", as used herein, thus
does not denote a chromosome or large piece of genomic
DNA (as might be incorporated into a cosmid or yeast

30 artificial chromosome) that includes not only part or all
of SEQ ID NO:4 or 5, but also an intact FSHB-coding se-
quence and all of the sequence which lies between the
FSH coding sequence and the sequence corresponding to
SEQ ID NO:4 or 5 as it exists in the genome of a cell.

35 It does include, but is not limited to, a DNA (i) which



‘The human FSHB gene encodes a 129 amino acid 5 precursor prgtéa'gﬁ C@g’é)ai ni ng
a 16 amno acid signal peptide. The gene contains three exoffs II

introns, W & ddseada rst exon being a non-codi ng exon. The g@aaMS8YeaPs of
the human FSHB gene is shown in Fig. 1. The map i s constructed based on
publ i shed sequences (HUMFSHBQL, 10 GenBank accessi on nunbers M4912,

V38644, M21219, and ML8536) that correspond to three separate genomnic
segnents (Fig. 1). The first segnent is 720 by | ong and contains 530 by of
nontranscri bed upstream sequences, exon 1 (63 bp; non-coding), and 127 by
of intron 1.iShindsrxacir sethrem Megnis o porksi onr- 152) avdiends at

posi tion +36dx{&dd POSI tdQNs-&f efd1RE 1@ hekebBnabRrrSkabiNE QI he
translational initiation site, unless specified otherwi se). This segnent

d

i ncl udes 1469P§P%AST M 1Dn B SAINSRT FBSIIGRY RKIP2OYT8T28F ¢MiBn 2. The
Lhi rd seg Zormriilmnt'amlfw" 102 ll}edsﬁrjjdtﬁmnfeﬂdaﬁdceé@@e3tré§)ﬂm@ﬁ£t§ ends 1,480

y past t rans i.on tao on...Speci fic, Sequences_. 5 to a
FSHQCodi nt(.:s(re %u’e Og-%a% Cg eiFirDr E’eralbnlYA}%toeersi ﬁatEﬁ %g%ﬁ%u% FE e
Expressi on Tehbbh agme e m it ONA R angichgsoequénee, uPSER eaompPletten a FSHI3
gene, a hunag; { |QUKOCYL. Sy £ ddVAl%n B:1AARAaEMBES) (Tl ont ech catal og #
HL1006d) was screened w.th a 40 b% O|I90 uc[eotide probe, BETA2. This probe
is derived from 23 BYeof¥RBR1INaREST 7IBYI WS it tpd DR RREPFAS-
foll owi ng seimeneestB3ihd' wHiKEOSHEBAGSGET EEGAAGT ETACAGETACTIIILHA 3' ( SEQ
| D NO: 3) p i pat el 1d i r nbina - eened with the
r adi ol abe@?egegEg@A;b%/o e‘.a']'(%#e’J pﬁde%gﬁé 8(%, @882?%%%\%5%%%% 1-1-1, was
i sol at ed. Theenger Fnk M hdivacidimest nelfherm bhalyby gsuringentas

T‘:JbglKon(eCSit’ ?r\ﬁ%%fﬂ lsltjz21 e?xtOGBn&QQZoBQTQQFQ9éQ%7ﬂ5 IE@?@_&B'EHgSC{i gt 6
+ ratagene, La Jolla, o produce a plas cont ai ni ng about 6.
kb of upstre%ﬁlgééﬁdé‘?ﬁ%]s‘?m%r?*l,sqt%t&oﬁ%i, 8)‘503'2,@1&?1@%‘5?/“%? Jigsntron 2
(Fig. 2). Theopl hismked was aesdHfhatetl ngHEBZuebcdheop HEB2l paais mak was
sequenced shyy § g, PAYE BRI NRd oo g%‘?:‘l‘é’i%%eﬁggé@g?%iﬁﬁ’e%xﬁé%&gi dto

obtain the conplete sequence of the“entire p . 8- , ert. IS

nucl eoti de seEFRIRe (BETIIFIEGERY iSErdRGRITI AORAYLIQNS 158 TRRABthsert was
shown t o encloypessi gat/id2ath)socegianchfiréhebrft#:3 genaDsst ar.sisng at
position -7, Fi q. he.se NCEes i i 1j.Ons -7.454 to
-1,417 (6,0 g%%/é.‘df qt ﬁ‘g)ﬁgg&régmggggﬁgn%%&@%%: %)%%a%,&%&ggﬁt P5ns - 696
to -155 (5425%} dm i2&t SR .1; HSEQLYDS15ingeny ¢rnditiensheae defénedd
previouslzp 8 Rbe{qidie RAPrASSIOR oh eHe s -3idh3 rashamikiBe
general approach shown ucl eot i des 3860 to 5784 of SEQ

in Fig.. 4 was used,
’D No: 4 sorvBGEBESE HEATH (AT TEC) MPRRERi HC SRRt neuih SDSZOTPB-ND: 5
served 20 aslébhed slee andsd®nd twargietatn@ sSe quitriced . IDNAST.agnent s cont ai ni ng

t hese sequences mrg&gggn@gggggggowéahﬁ%ﬁagﬁ t0 igroqgtll_gg bangeting

constructs pGA308, \ h are illustrated in Figs. 5-7,
respect i vel ySOMRELRIRY & rf e ch i icdhcamyadpsuf 8eguen®® that afyetishg 25
sequencelmdaabp?ﬁs@ fjb@- Kéﬁ P, La’i:l’ ]gﬁair‘]sltg 2|$)equggoe. ofﬁl?@@ﬂdﬁ@é%@ﬁ/ﬁig
separateytrans ecl e t ach .of .t e _plas S.a pl ace un I
selaction APERriokeRath A i e slats TreEr PO AR 1 el
plates were coud$®d.90%, kRt iwn,o8He icendiityowsth3d seginemt iof each wel |
was screenedefs) Yedth EREEEHOPRAEL 88 s0eblsr el Dhd | e

production were trypsinized a counted. The cells were then diluted and
plated in 96%hePt PrAtH N 4&iertat e T RETUeRFRELS aBRt L 1ES @ of
cul ture, 30 oRaipceddimppdidans, W atsdeast3nonellifloed Gin RS praasitict i on by
ELI SA Cblonkgﬁfiéﬁggk{éh'as occurs in any native genome.
Where a particular polypeptide or nucleic acid
molecule is said to have a specific percent identity or
conservation to a reference polypeptide or nucleic acid

35 molecule, the percent identity or conservation is deter-



2 8 OCT 2002 WD 99/57263 -13 PCT/ U 599/ 09795 produce GA-FSH were expanded
in culture and stored or further analyzed. Table 1 sunmari zed 8t 6T 2002
endogenous gene activation frequency and ot her observations é‘g@ @ gbove
cloning prod¥Q¥¥2635 The cells transfected with pGA308 were 'éd’ 1I’'n nore
detail. Fig. 8 indicates the range of FSH production achieved in
pGA308-transfected HT1080 cells cultured in nedia having various
concentrations of nmethotrexate. The bar | abeled "0.2 (cloned?" represents

the FSH production 10 froma cell I i ne ¢l%ned by limting dilution of cells
resistant to 0.2 uM nethotrexat e, g results graphed I n i?. 8 clearly
i ndi cate t hat™¥i&ghé&ty c}'@ﬁcéﬁﬁPitlltBWs f MyBERoeRExdt elesn GABT@S cE19891 nes

t hat produce a,t Wreast 150 enbgplied ¢Altkei ALAGHaprogrdmble=ds Phasmi @iTot al
No. Tot al tlvatlonT I H~ nsf ect ed(#1
GeneFr equency onal BB eiegucu\éghgm sggﬁti ﬁ?\gét %ﬁf% E%O%nd a

cel | sCol oni egammemag(ﬂyatoédﬁnWMre such parameters are reqwred All

hour s) peA3Q1 3443 Yo126 L LIAGIREAIAT31068321 1038620450pGRA02T4T441) 6869165
21 .pf Oaa.wJIJ'NT.W S-*—I 2 ~ ocT zoon\D

991 57263 - 15 ANCHATSTS @éﬁ:@%’ Géné'ﬁﬁ kKt ﬁﬁab%ﬁ?%s A$‘F%r a®i9n JFtERdoaenous
FSHf 3 Expressiwafv2.igh.cnrs.fr/bin/align-guess.cgi on the Internet.

The invention also features a method of delivering
FSHR to an animal (e.g., a mammal such as a human, non-

10 human primate, cow, pig, horse, goat, sheep, cat, dog,
rabbit, mouse, guinea pig, hamster, or rat) by providing
a cell whose endogenous FSHfS gene has been activated as
described herein, and implanting the cell in the animal,
where the cell secretes FSHE. Also included in the in-

15 vention is a method of produding FSHZ by providing a cell
whose endogenous FSHf3 gene has been activated as describ-
ed herein, and culturing the cell in vitro under con-
ditions which permit the cell to express and secrete
FSHf.

20 ° The isolated DNA of the invention can be used, for
example, as a source of an upstream PCR primer for use
(when combined with a suitable downstream primer) in
obtaining the regulatory and/or coding regions of an
endogenous FSHR gene, or as a hybridization probe for

25 indicating the presence of chromosome 11 in a preparation
of human chromosomes. It can also be used, as described
below, in a method for altering the expression of an
endogenous FSHR gene in a vertebrate cell.

Unless otherwise defined, all technical and scien-

30 tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which
this invention belongs. Exemplary methods and materials
are described below, although methods and materials simi-
lar or equivalent to those described herein can also be

35 used in the practice or testing of the present invention.



Using the above-described FSHa upstream sequences, one can Bejett f
expressi on of an endogenous human FSHa 5 gene by a nethod as generally
descri bed i atent No. 5,641,670. One strategy is sho In
this strat e&?”?ﬂfg'r geting construct is designed to incl udengHsggbﬁgs
targeti ng sequence honol ogous to a first target site upstream of the gene,
an anplifiable marker gene, a 10 sel ectabl e marker gene, a regulatory
region, a CAP site, an exon, an unpai recb splice-donor site, and a second
targeting sequence correspondr ng to a second target sr te downstream of the

first target,$ ermnatr wi.t.hin or ream f t he
FSH~i - codi ng seqﬁencegai%orﬁ £t e%str tegcat%‘ﬁgsﬁ Pg %\ﬁ s%‘?: n‘atlt%’rget
sites are i metkrertys augrned merled nchirenisorepprroedt by hoabé ngocs
recombi nat i oy, bk s SUSH LABIY OUral i@l dl ©NBLnERYUL! ClnéSEPal0 bl ow.

Honol ogousl y reconbi nant cel’l I produce an recursor which

corr esponds %E)e?hgl%%%’g‘é“QGW%ﬂezgﬁ&%bPPée Wohor CREEL andThey
sequence Betm@esr i APs sphé EifodidNeindSiekampldst Beet taDasttat iea €Iy nation
sequence of thg FStI:—I( B#eng |ncI uedr nggutth$l FSHa introns, exons, and 3
untranslateaarr;egr% %S rﬁ Mg -of St hi s nmessage results ina nRNA in
whi ch the exogenous Oz5e@x@ﬁatsregs@mdt@ﬁ‘e%mﬁ§e$f0ﬁ deeidogandon FSH( 3

gene. Tr anslvattpnb@f @&éﬂ\l&ﬁm@t@e%al%@%r 86EaFBE 33 A PEL: ARPr Oaches
can al so be enc? ?% or exansp'; first and/or second target sites can
be in the fi% B orh®iCh ‘SH~i gene. Alternatively, the DNA 30
construct nay be designed to include, from5 to 3', a first targeting

sequence,jgan anplifi abl ep [ ke gens tlaonsecgfeq: aebln JRLKer gene, a

regul atory region, a CAP"ST'%‘E‘_H'H_E%mI"I_CE—%O‘Wé? te, an intron, a
splice-accep tor sifFdg-ahrdis 3eeoheMiw¥@ciisfyrVedianniag Fbe oehomic WO

99/ 57263 - 16 2u St &kd 26 02h LG dd nSTFSHBO gaestrat egy, the 5 end of the
second target site i s pr ferablé rIless t 41 56@; Lf_g)strea of the nornal
FSH-3 transcri pti ondlt9st 4r t5sft ESPFPP ot Ut AT &V SFP inde SPfe dSRPBIS ar t
codons. A RN jomcof soie mwmhméwmﬁr gﬂnehétbpmnbocémgawsécy becdbi ned | ocus
will i nclide; {he, expasnoln Qo) Adie aCxa8a0uSTRB! ERFedUNLs Sid Gnd N

exogenous intron, t exogenous splice-acceptor site, and any sequences

bet ween t he %%%OE%F’%?)EF?% HREPCoregiresaRd the $‘?%‘T‘rs‘@?‘?§ﬁr%ﬁr

term nation Gudéecof Hinge arsggmlished.Q gene. 10 Splicing of this
transcript wll generate.a rrRNA be: transl.at.ed 59 roduce a
precursor of human §ﬁ~| 3 RavrR g erﬁl eoefnoar?PrraL\IJta gF&Fi on signal
sequence or éﬁ@énb@imily g ﬁ'ema@dF§él§r genen énghudls@q’(te‘lfﬁﬂe nuHe- si ze of

the exogemousot &M ANthd mquétﬁep@m tboBnef aAtE Lher Lx008NUsIdegul at ory
region relatjve to the coding region Qf the gndo%enous gene can be varied

to optimnze RO FERRYR b F RAF 1PdgEPaYBEREAEEi BRTUFRCaNISER ti v &G on
strategy, thefiestoded lsecdr doariget ssquescaeedpnbhﬁeed neegliatedsy

adj acent or gnulpc?%gpnpg@r eagh g :aer..ﬁ F%Ig ggegogrgpfpée (Fg;%t_t ately

adj acent to each 0 a portion o ene' s normal _ UpPst r eam
regi on and/ oF1%&® ARG | I e 1ARCARSGN § LE &g 6HSRBGFHV9bYdeI ‘Blataiygpon

honol 0gos reensbésathd bed inies ogda mACuReOHBRB protéEnactivated FSH-3
gene 25 can be prodyced in.a cell %% t hat ea? ﬁ_hes a hunman gl élgoprot ein
a-subunit (FSHa) geRéS t AelBr BdECREBTt i THFX & FodPREFTWFEL t he
product of t¢té Wi:mwmaoﬁl'hr Sheayobstaunat gpatbyngcazufi¥siy watd strain or

cell line. @Lé&b cd h@ hu%”a%biﬁ@@éﬁﬁ.@' Hai‘kéf‘bé%é gene (Genbank
sequence HU e co- expresse W th product of e FSH(3 gene,
with such coE®xpredlleMmademaAaisnddMpy éxEFSEQPBﬂrﬁfS?Wl’Fﬁﬁmrﬁ

gl ycopr ot3®i rsﬁteubarnséqrgame ardesiN&adnder thbeféoat | ohowfcad iy tatdre
pronoter, or py Qﬂq the jhunmn . gl.ygo Ho P SUbun gene
t hrough t he rret%a‘gs%lg ereP‘n ,Ba é\%gg%gé&» of 4R HD)
a second targeting sequence (2) The black boxes
represent coding DNA and the stlppled boxes represent
untranslated sequences.



2 8 OCT 2002 PCTIUS991 09795 - 17 By way of exanple, a sequepqe Ef)%@g for a
"glycop rotein a-subunit can be included in the DNA construct. ? I's coding
seqguence iswplgﬁgﬁgls under the transcriptional control of a regriustwnows
sequence that "has a nucl eotide 5 conmposition that may be identical to or
different fromthat of the regulatory sequence that is to direct expression
of the endogenous FSHa gene. Figs. 5-7 illustrate exanples of such
constructs. The DNA Construct 10 The DNA construct of the invention
includes at |east a targeting sequence and a regul atory sequence. It may
additional ly contaifigan exanarel seRe@X¥eicaldagpaMBPalled-sRtigg- donor site;
or an exon,t§§I i ce donor site, i,ntron atn.d splige acces%tor site...The exon,

i f present, “HESPsCRISHFUGHR Phgtat B T efibnc & Pt UnhFaididd et

spl i ce-donoinsthe sszatof hehd' akdwl axe t3e WO L.nsErE adhtinore arhéd splice
acceptor si i f.pres ' t, | j t ition,
there can b f?nsjﬁflbl efgﬁ%%s@%ﬁ%%%ﬁsonlg% lvﬁﬂéhca:.p%?g‘“{%r}% g%scpﬁqlggd%onor and
accept or 2098YEeBYOpe bR el figPynite. (1 82, tigHA)he facarik & tepedidd -unpai r ed
spli ce-donopygitig. (They DNASESmdhe- CONBid Wb reSr A i GHArAS reXegenous,
since the DNA is not gn“‘g{, gi pal \g@:r; of. the, genome of g host cell.
Exogenous DRASHRS PhEsestieqtehcBiiaiind ed ISP E i f &Bht S9%om porti ons
25 of the endpgendusngehomt DNA prFrisiarrtion tdweigiel,|; praldr foxr tspadsf ecti on
or infectiopcbyoubial; vect ofgy Askusest henhgidh <ians! qGLIQN't HIRARS -
introduction of plasmd into a cell by chem cal and physical neans such as
cal ci um L%o§5h5€~§aﬁ? gaRei un BNt orf e BRI iata irc%rﬁ%,{l%B@E ;3¢ HBV"

dext r an- nedifateHepatnsi ecii ohyusj poidkctin@H" eecthopor aidawth hor-

m croi nj ect ;ngné m croprojectiles) or biolistic-nediated uptake. As used
herein "inféctron" neans introduction of viral nucleic acid into a cell by
virus infection. THdgvwars duss selberesrsphnefudéd prodhet bNA EvestiTict 35 of
the inventi9ngargcdesCEibalria: detdidn hedoywe (MR 9957268 schl el OCT 2002
PCT/ US99/ 09795 The DNA construct can al'so includ€ cis-acting or

traps- act? ngo¥i BAPWERLRNERS PEESECE R KA IRF S i RRADEr aH& P Eenabl i ng
delivery of meBRcepagateact into the nucleus o~ a cell via infection by a
viral vector. Wier g2 Necassar Y. %@%e%ﬁEBHSEEU%QCfB R§.di sgngaged from
various steps of a'vitus life cyg €, such as integrase-nedi ated integration
in retrovi r §se¥epFeepPebReafaPht 2riaean B§HR fgerfsirmiP td@r W agdconpl i shed
by appropri gieedel etions or nutations of viral sequences, such as a

del etion,of 10 the j.ntegrase coding region.in a.r Oyir ector.

Addi t | on?i? details 1'lr‘ecfbar g théS %ﬁ??glﬁég%ﬁ 8ﬁdggée¥%fﬂéi’¥al ®vectors are
found i n Bolseansnet ubpstréaarofical huidrerESHY: IRuELr 30N atdr@inzburg et
al., Ml. MadieToday 1:410-417, 1995, herein incorporated by reference. 15
Tar Qeti na Secxuences Targeting sequences permnt honmpl ogous reconbi nati on of
a desired sequence F¥&-o ]g‘- Jd éctré@’*'?isﬁé‘tﬁglf’ﬁeoﬁo%t LyERBNBATIRF HRF i ng
sequences aseqlenebodsEe tD KO:e6) add® i harsiageud i edenhinvenw t h)
their res e%i%(r)1 five target sites in the host genone. A circular DNA
construct” can-erpl oy a single targeting sequence, or two or nore separate
targeting sequencesEigh |ihd@ aDNAPFERSNtaELopapicantarangwsaseehbre

separat e t a@glieRdeSeaHENEBSNOTHS) t@8&@tiHid ecdistthicth o ZhdiiwRnt-ar geting
sequence i s _honol ogous can reside within an exon and/or intron of the FSHa
gene, upstré'f&ﬁ’inof and i nmedi ately adjacent to the FSH~3-codi ng regi on, or
upstream of and at a distance fromthe FSH(3-coding region. The first of

the two targeting sequences inpthe: S dpr the entire targeting
sequence, if there is only one [ence in the construct) is at

| east in3Part deri VERE fRXSASTHe HBRNE 9N dSoPagegeRBntBer B§FERYCEPsPF eam of

the FSH(3- cafiengug@euenaes compbsit a6QEdf NS GOSHEEE Qupii e Sc gy ti on of

SE? | D NO: 1’co%‘i%‘g’ s%tquggcgegyazgu%ggs,gﬁélé/eengpcl eotides fromthe sequence

FSH is a gonadotrophin which plays an essential

role in the maintenance and development of oocytes and



WD 99/57263 - 19 2 a ocT zooz PCT/ US99/ 09795 responding to positions -7,454
"to -1,417 (SEQ ID N0:4) or to positions -696 to -1S5 (SEQ 2B 08 2§02 The
second of t{g, doechargeting sequences in the construct nay tpargsbyes7genon c
region upstream o? t he codi ng sequence (e. g., 5 also contain a portion of
SEQ ID NO:4 or 5), or target an exon or intron of the gene. The targeting
sequences) may additionally include sequence derived froma previously
known region of the FSH~i gene, including.those described herein, as well
as 10 regions further upstreamwhich are structurally uncharacterized but

can be mappeshdpmns; kil efhnfhit hepddaucernen 6y EE898BPL S FhAt,6an be used
as targeting sequences can be identifjed b% 'lt\lgelr ab I|,t¥ to hy%l’ldl ze to a
probe cont ai FHF RIS HHES o GPSED FBSNG25T6F 8183 &GERCR™ probe can
be gener at eds 11yl PCROWIHIN Prdimdrcy icderli wpaecifdri8gQ | D NO: 1. The Regul atory

Secruence The regul @Bgrguﬁgguggﬁgtgégg hfg%%gogsltﬁmatr?ﬁ,@ agccmlt ain one or

nore pronoters (e. @., const 1 ve t1ssue-specific, or 1nducible
pronot er) O PHRERRASE DRRoddisl GontEdehmehe A8gRrBagooRCHEL Fignat t RePment
sites, negativge redtHatfme lemiing thrdksekbiki aAdf awboinbisding sites, or
conbi nati ons of these. el enents. . The regul atory .sequence Cf‘lp‘ be derjved from
a 25 eukaryof1® (€€ firshafkan 49106 %/irﬁoéll'cﬁ\éﬁfiﬁe?x%efu F e3P LT y
sequences i nodpidsf dhe hmamdatSHA gened itso shblvoseént Bag. r egul ahe théne

eXpI essi o of ¢ AL EAI e PTod UL HPRED1 CHLATEGRLONEL S (H6AREHEANT

adenovirus maj or [ate genes. “ﬁq al’'so include re at oréhr egl ons' deri ved

e u
from 30 géhelenBRIYHiaRFIRAISE FrRers M5dérn- M?Bégéng’?ﬁ?? of ad®dr - | cx,
col l agen (e.Mngs39) |@gan dadrepiddagen thex2, sapdraokl ggrsmiy)segctin (e.

g., 'y-actin i mT{;kn.o | abul i Hl\éqgo r se ceral dehyde, phosphat e
dehydr ogenasr)é?n%'sph slpq%o& y'ce?fa ki nass%e,S%%_gﬁ%%‘agéﬁagé?g §?r%ﬁ%‘?y§?‘%, fibron 35
ectin, vinentdnsaipiasidhdyger fasanratagsdnilpieldi tpstreanhgagueyee 9ol 57263 - 20

2 s ocr 20026/ USAH QY 95, ARidbdilty) ! 1a23U8 2N BEbLEOE 8t 8bn 1, The
met al | opr ot ei nase, ribosomal proteins, nmgjor hist ocgngatl bility conpl ex
r

mol ecul esl® aFREPRAETEIRAMKOBRHE I ETYARSITHRE régdl aRdr §PE8qREnReS P ef erabl y

contains trahsd €34 Pptial fractiaridnsndigfgreicie toshebesna ard AFALBoxve CCAAT
Box, APL, Spéo éﬁeE%;ﬁ%é?%é¥é%§fulﬁ§éf%ti%%ré%%egeﬂﬁ§ess specified
otherwise). This segment includes 146 bp of intron 1,
exon 2 (165 bp), and 208 bp of intron 2. The third seg-
20 ment contains 102 bp of intron 2 and exon 3, and extends
1,480 bp past the translational stop codon.
Specific Sequences 5’ to a FSHE Coding Sequence and Their
Use in Altering Endogenous FSHR Gene Expression
To obtain genomic DNA containing sequence upstream
25 to a FSHB gene, a human leukocyte genomic library in
lambda EMBL3 (Clontech catalog # HL1006d) was screened
with a 40 bp oligonucleotide probe, BETA2. This probe is
derived from 23 bp of exon 1 and 17 bp of intron 1, and
has the following sequence:
30 5’ TTGGCATCTACCGTTTTCAAGTGGTGACAGCTACTTTTGA 3’
(SEQ ID NO:3)
Approximately one million recombinant phage were
screened with the radiolabelled BETA2 probe. One phage
plaque, designated clone 8-1-1-1, was isolated. The 7.6
35 kb HindIII-KpnI fragment from phage 8-1-1-1 was subcloned



| f desired, the construct can include a sequence encoding a desired
" pol ypeptide, operatively linked to its 10 own promoter. A 8%&n¥% of this
woul d be a sel ectabl e marker gene, which can be used to facpdtiigdomoidse
identificat¥8i”8t?4 targeting event. An anplifiable marker gene can al so be
used to facilitate selection of cells having co-anplified flanking DNA
sequences. Cells con 15 taining anplified copies of the anplifiable marker
gene can be identified by growth in the presence of an agent that selects
for the expression of the anplifiable géhe. The activated endogenous gene
w il typicall be lifie d h the applLfjed selectable marker
gene. 20 Cel’ ré" r’q) Fi%u% p:;]?{; ggﬁygtscagﬁnfaheﬂgc%i‘/g eoﬁ‘e%)ndto%enous gene
may produce pm:@ucm gh dlfaﬁemsi afonEgtiaiagdabrett Aué kbedblil upsrreamvitro
protein pro thergpyn hessghest ablg 9’15’%3:5@11{&13:%1% mar ker
ac

genes do not have to e 1 me |ately adj acent. to_e ot her
anplifiable Wb}&eﬂ Jgen& i P et ¥5ise ﬁ'ﬁﬁ-ﬁéf“t@éné E2#%- be the same gene.

One or both of the mekgﬁpgzn§5a§mu beasidampiattdd dyhe hentaageef the DNA
construct. Suit lifiabl ee&%ralégr 8’% nes and_sel ec bI e mar ker genes

are 30 descrleogﬁxi‘ %ﬁ%ﬂc BT S6 Y6 S TRE BBt BAIR  Ebn The DNA
construct neyhef \garipsie e reed ue rae etomhe eetlra Dhﬁgse@ulaﬂl:eltMems copi ed

into RNA andryis ROGSEM: ide adRlidice TBNA 7Bl Reuh . s Jhensxon: d neide
construct 35 is referred to herein as an exogenous or construct-deriv WO

99/ 57263 -28° 2 8 OCT 2002 PCT/ US99/ 09795 ed exon. The exogenous exon can
be non-cdding, |ikeThBeifhsest exonslodwrd e hemeomdsSd( 2 gewse2 apd in fact can

opti onal |y he.ddentieald i asausnee Laathealtepokolon Af epaptivel y.  the

exogenous exoir encodes oOne of re’amno ac ues or partially
encodes ar. @fiTho Hci d Thesishguerices, en@@ﬁ‘?éisﬁénﬁnéo%%t#\mﬁ nutl €t ides of a

codon) . Wher.s t4ye; exono BRI ca;ec%@egesaqgeagencéheséab\wn@%u)uct shoul d

be designed su h that uporn. t ranscr,i %tlg 2aﬁ gl i, Cl n(g% t he readi ng frane

of the resul3t tn‘F‘iNBé i €305 arte Jq B R5diRGF orP¥4 Yhe target

FSH~i gerié. Nma) mavet heotexggenoepoexed psespbusgéd.t o an endogenous exon in

amnner that does agla¢bap geh&hsxgapgégm B LEURGHAT R8sl e portion
enous_exon.

of the nMRNA derlved rom the endo e 1 nclusion of a coding
exon in the IR cdiig rapte %Al ARPHOREPPHRNEL ABNFF - ot fYAT diSgH ot ei n t hat

cont ai ns botﬂuwssdﬁiﬂo Esuciof SEQUEDCROaNds €xPgE LISt HY ot ei n
sequence. Su r rotein conbi ne, t. en tic,

| i gand- or %’t?es& oi@ |%UEP Sé@rtnlcgéz f"qu&tr;] a/%é fﬁqm\?c?e pt o ert"yefr%s |nto
one pol yﬁ@ptasje:.hd:wempﬂe') tthe:g@x(;g!ensas{uenoﬁ cabPNEntozmnentcel | nenbr ane
anchor, a signal, 1eld Gléhééé 'm&%%e%e%ueaehaﬁcgeﬁeme@ 1gades sequence,

an enzymat|c regl on, a cof act or™ bi nd I ng region, or_an ep|to e tag to
facilitate 2599 iRERUsSE d’fa%lPSHanﬁ§5PFBSpP8{\%?‘h p?%ﬁf@e'd Fdm t he
reconbi ned g,maad'pcumldfhear&al;ulqe:slamamedsmeFIbe exoyeneespextoivd sy f | anked

at its 3 enﬂl%%e %f |I.C don contt%m aﬁghkcm ?oggbsye %Isqea& sr?%uence 30

which directs T e one exon o ranscrip
splice- aé’ée;ﬂ@ﬁue}M% arid Ud?era &cSn K&f 3f hEaRNALERENS'APRCe Typical |y, the

first exon lies 5 afr-tbgoseeens ﬁéﬁ@,s@ﬁ@rétt’@lyspﬂaﬁﬁf@@&@l’d wit@ |ocated at
(he 8 end oLt I0aL Sl dh B 1L 2anl Ligsabseplolgs slie on
After approximately 14 days, G418 resistant colonies in
6-well plates were counted. In addition, the conditioned
30 medium in each well was screened for GA-FSH expression by
ELISA. Cells exhibiting GA-FSH production were tryp-
sinized and counted. The cells were then diluted and
plated in 96-well plates to generate clones. After about
two weeks of culture, clonal cell populations were scree-
35 ned for GA-FSH production by ELISA. Colonies found to



. 27_ PCT/ US99/ 09795 sites have a characteristic consensus af?
represent ed as (A/ C) AGGURAGU (where R denotes a purine), h the &U in
the fourth h positions being required (Jackson, Nuck
Resear ch 19@91%#7 98, 1991). The 5 first three bases of the@yr’;JISle%ée9 %onor
consensus site are the last three bases of the exon: i.e., they are not
spliced out. Splice-donor sites are functionally defined by their ability
to effect the appropriate reaction wthjyn the mRNA splicing pathway. 10 By
way of exanple, the splice-donor S|te can be placed i mediately adjacent
and 3' to a ogdQan pake e; of y & dntervening
nUC|eOtldeSBF§E§%% %g U|regeEP gggﬁobgﬁgggﬁgﬁ%n o BéLE |ﬁ ffame with the
second exonfHFEPRE ﬁ&@éé?@é geﬁéb1V%bnS¥mma%k%§%ﬁduse@@OGW@nuengedes one or
nore ani no aetd$atﬂohr&&EqﬂbhbythﬁdC@@h@ﬂ SELUIBAGE s %Q%n#%&geted gene,
the splice- ggggr sgte .ma % Srably be placed i medi ately adjacent to the
exogenous coding § 8&éﬁ ePORCFERTS: "side. The spl i ce-donor site flanking
t he exogehous exon Tite i &= Lirpatineets fiectede weohspGABDS Wese sﬂﬁhié&fﬁﬂnStrUCt
itself ther onp in treamof the

Roks Ba-aggomaay! ng §Ré1&&@§0@géspr§§e§f @é’%s%oﬁacﬁb%l ogous

spl i ce-donor ﬁlte t.o whi ch | atter can
reconbi nat i BRMLAVES: k8 PSP3AE- EF%%ﬁiﬁﬁﬁﬁdx#ﬁ%ﬁsqIﬂ@lﬁSHauéodrag $mquence,

what was thaedmashauehgswmmauﬁecloxs@ém.cﬁam o?ﬂ ﬁrféth%c&%&ﬁ&bona‘r{}éé pai red
with an endgggnggg sRlyl Gg- Qc?egtor site of an enous exon of
Proce55|ﬁ? BiSRscri ft (prodtted ??Qﬁﬁ%?ﬂ?ﬁuS | 6§G6uBKFgd P@Ebﬁﬁlned FSHa
gene res t §¥P® spFeéingioe Fh@n@&d@edmmmuwﬂg1dmiumhen36fspélme agsept or
site of an eaﬁlegeBOUwemnmeIﬂ@@tE&Eh%é uctynf Jé&%l‘c@vggggﬂgdcﬁ aigo pnclude

a splice- accg é g his site, in conjunction w “tdnor site,
directs the® g Fe¥YngnBfcshs EQ%B hiE eI ENGIR E LSPRi 86- a@ébptnexstees
have a charasneyisl@5celt Seneenteat epreieiy ed asac¥) FONYAE (SEQ1IIR NO: 7),
wher e WO 99 J§7g§2 23 2 a ocT 2002 PCT/ US99/ 09795 Y denotes any
pyri m di ne and N denotes any nucl eoti de (Jackson, Nucleic Acids Research
19: 3715-3798, 1991). Introns The DNA construct may cptionally contain an
intros n. Anintron is a sequence of one or nore nucl eotides |ying between
a splice-donor site and a splice-acceptor site, and is renoved, by
splicing, froma precursor RNA nolecule in the formation of a mature nRNA
nol ecul e. The CAP Site 10 The DNA construct can optionally contain a CAP
site. A CAP site is a specific transcription start site which is associ ated
with and utilized by the regulatory region. This CAP site is |ocated at a
position relative to the regulatory sequence in the construct such that 15
fol | ow ng honol ogous reconbi nation, the regulatory sequence directs
synthesis of a transcript that begins at the CAP site. Alternatively, no
CAP site is included in the construct, and the transcriptional apparatus
will locate by default an appropriate site in the targeted 20 gene to be
utilized as a CAP site. Additional DNA el enents The construct may
additionally contain sequences which affect the structure or stability of
the RNA or protein produced by honol ogous reconbi nation. Optional 25 |y,

t he DNA construct can include a bacterial origin of replication and
bacterial antibiotic resistance markers or other sel ectable markers, which
allow for large-scale plasm d propagation in bacteria or any other suitable
cl oni ng/ host system 30 All of the above-described el enents of the DNA
construct are operatively linked or functionally placed with respect to
each other. That is, upon honol ogous reconbi nati on between the construct
and the targeted genom c DNA the regul atory sequence can direct the prod
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25 reconbi nati on woul d be expected to express the second gﬁ and
"will thereby be killed in the nedium A positively selectable nar er

sonet i nes “Qﬁg? ﬁg in the construct to allow for the selectp@ﬂmeﬁmﬁﬁkls
.cont ai ni ng ed copies of that marker. In this em 30 bodi nent, the
order of construct components can be, for exanple: a first targeting
sequence) an anplifiable positively selectable marker, a second sel ectabl e
mar ker (optional), a regulatory seauences .an exon, a splicedonor site, and
a second targeting DNA sequence. 2 8 OCT 200Z WD 99157263 - 26

pGTI USg9/ 09795 The various el enments of the construct can be obtained from
natural sources (e.g., genom c DNA), or can be produced using genetic

engi neering & Qﬂﬂﬁﬁlq&@§h690§?ﬁﬂﬁétlc processes. The regul atory region) CAP

site) 1:eon @atqemd@rﬁomgabbenfaaadggggl Eﬂ@feé@idr@n and f3|0| ice accept Or
site of the construgt, can be isola as.a C nit from

hunan el ongati on fg@?b? 9| % GRS "lf? mf@ﬁge%ﬁﬁfﬁ rﬁgﬁ‘esﬁ’ﬂu?ﬁ‘égs'

cyt onegal ovianss daGerBaek sbguerpreBBEHOWPRL) an nemdbgtrowmrhymare 3B These

com 10 IOOBeQ}e%ePQJ} al sRched sel ggsgrtaw? é@@@f%é‘d genes. s Treqisdfgction or
I nfection and Honol ogous Reconbinati on DNA const ruct of the I nventl on

can be int rd"cduc,se(f‘nmsdot he CBE| Ftrg'&EﬂYa%s Sy Rty Fcdhdarl? %
i mortal i zedtaeldegyas aa taragkenbNAcaenstetici s @és@i@:@pﬁi&rﬁcﬁllﬁim

sequences i;ncor i ear DNA of
a transf ec\t,\,g'J ortbﬁ%%g%ttéggcggﬁpg%ﬁg Bﬁf&g % géhtfré\)tn;r) etdoéaasznéla i near,
doubl est r andeid g winstsreemyEhsbe SPRGl east rERHEEL 2lkp d\lﬁsﬂmr @rner ot h

ends), suog@l%crt%M%dma%egl HeHkar aMRbeGUL Cord OrddianDNA calstdiycd or its
RNA equi val e. can al so be introduced. as a vjral rﬁl ei ¢ aci d When the

construct i$h rﬁ’?oddu@éld“Pﬁ’Fdrﬁ sBPceFPSIPRCT vt Sopdtit & eChgnent s, the
t wo fragrrentrsazs_m:rngl‘déqsequencerheprogyngot/@rdtaqnsccatd therget enideof one -
25 fragrent ahfhddizam 2Ndndl ciDerOthehec WOILE, ON% SR AR egqrst
targeting sequence and “the ot hér carri secon tar get’i ng sequence. Upon
i ntroduct i orflither aicsip, Whépﬁﬁéeﬁma@ﬁeﬁ’@% B35 1rRfEED IRAIBOUS

reconmbi nasi o tthifOsra cegigl ehgotgesteamitgeé&mfﬂdﬁge@r&wm tar 30
geting sequences flagkl % .t he geg OF gver cg bet ween th Ei? V\qﬁ)orl gi nal
fragnents. PEEGPE 8 Hsn ORI R Tabi e G751 ogous
reconbi nati ors \metdmnﬁoheladzebhul autt angbt cenf egurdbien tMmQWéqtag:@t s can
be used, wt f des I

honol ogous r%conb%lnsgjt P%E%W) 'h gg@ﬁﬁoéﬁﬁ&\% féwné’ﬁd cégo%gﬁ 99/ 57263
PCTI US99/ 09 BPAure annaiRSPy PFEERTFECEr BREER SaF TR Gt hdma SFaee-

reconbi n20i aoud tdxdnhangekblliae-tanget sstépsansd ﬁe}sm‘éch&dmcﬂé)m&wegie DNA
construct of e |nvent o o] £ rker itself,
can be co- tra}%{'fs eSS orogcgg igfrli c%‘uélg \{/?m%l?hEg%% e%%o%rgﬁ%%% cont ai ns
such a nmar ketequence @6t thg pPESnBENAay ineledbay cthav EFHA Mot on enzyne

at one or Mg ! ehd @ CLeRY8na1htBAALe8ioHaPRES. D) ECWH® Dy JfO0

transfection . or infection.
this message results in a mRNA in which the exogenous

25 exon is fused to exon 2 of the endogenocus FSHS gene.
Translation of the mRNA produces a precursor FSHS.

Other approaches can also be employed. For examp-
le, the first and/or second target sites can be in the
first intron of the FSHBS gene. Alternatively, the DNA

30 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-accep-
tor site, and a second targeting sequence. For this



10 The resulting free DNA ends increase the frequency of the desired

" honol ogous reconbi nation event. In addition, the free DNA end$Chaillbe
treated with ) exonucl ease to create overhanging 5' or per/Akdvaemsstranded
_DNA end§”?éw5§2? at least 30 nucleotides in length, and preferably 10015
1000 nucleotides in length) to increase the frequency of the desired

honol ogous reconbi nation event. In this enbodi mnent, honol ogous

reconbi nati on between the targeting. $gquence and the genonic target wl|
result in two copies of the targeting sequences, flanking the elenents 20

cont ai ne t 17 QEHAC S h ¢ '
& ity gﬁé Rt Qduced Rhasgkdond eapalé\t OPSd UC s fef%w cal or

transfected into c (preferably in vitro) avarletyo

cheni cal 3RhIESS A UEONGPeHBELEERBr i RS ﬁPE‘i‘“’t‘)]r nj ¥4 itgignscr-

(T f:r opr ojlexttlldrelllb@mtdmmte,, aal grdarpbesgbaied@ﬁ@@spf.;écap&% ti OE |'i posone
elivery,, po rene- .or trannmedi at ed.transfection. .The

t ransf ected *or é-‘c?t ed cﬁ?r %Pﬁﬁafn%oﬁ%%? é%%n&ll q—feoﬁbo Ch pernit

honol o@o@Uﬁé(yomqmtbl@@d docdesyiilbednichudhethe texsgmous gxorCapecchi,

Science 324 LelBilad% 1%%§9hon@¥ sEE@nSEEEt@Qo§fﬁ$$F fﬁ;?%ﬁpt a cell inta

whi ch (or 1 nto an ancestor of whi ch) nol ect as been i ntroduced by
a neans CtWelXIRERUS 7§ 1d CFI-AEFePERT 0Pty BNAT RRY TEFUENCeS s neant a cel |

into whi tleti@en e &Bco@%&&tsobp(lﬁc‘éhhﬁb)sp&o%@é ANA UAY ecanzb | e has
been intr d_usin I t \/ru 263 -28 2 8 oCr 2~
PCTI USQQ/C%% ngtwn l% \ée Usé (Ié ag \9%6 O?ﬁ%?lﬁ%lg%é{'gyr?oﬁﬂ S-us,
adenoé@s@@la-tcedlganusi,hlﬁertp‘egsﬁmns Wn@ﬁrpsemarase PONRNFY iwhish | enti vi rus,

retrovi re%eﬁ,béit&%bisqa\tieeueo e@d\aaernFee&uwéetso@%%}né}ﬁ Cffsafprydp?x virus,
I'S nmal Nt al ned under conditil ons

When t he honol ogousl reco ant. cel
suffi ci ef®% tl&gp%"'rﬁi’teyrt ~&i7s &PFPE OESH% BRETBRACTt FEST%Y (TSRYGAFSr egi on
i ntroduced ly geme thita ldonenguake ewekd| sabretlbnaesgmabtsequeofcd he FSHf 3 gene.

Horol 0gouHey Ji60HY Ml Lellholls: EnerEAl hial Pibs 1131{)? Linder agne the
deS|red honol ogous reconbi nat’i on) can. e enotyprc screening
or byl naqezuqa@aaﬁ*@%meepéawwr ﬁ&gaﬁﬂ ifﬁléﬁ?z‘]ﬁetCPlW@d:qqhmnosor bent

assays (HEdg3th oo twe%dogemecgeheEbhﬁAbgl Varisd wetqaliinigSH ~ are

avai | abl Q Accurat cal .and Scientific 15 (Westbury, NY).
Honol ogo&gﬂey %t C?‘@I FEIPARCIF¥0T 68 PRenti fi ed by Southern and

Nor t hern anal yseSnoanjayaqmivyamexcasesu:ﬁa:egyr,eamﬂ dirEPCRhdsseeemdng. As used
nereln o diadsr 0 ok S8 Be LRRLUAGRC( ) a8fLdond B Rer e SLSPENS! On

of ceIIs at ed a~vertebrate trs urce rior to their being
pl at ed? |n6@r e&tqkacﬂmrto &’hFPs§G§YCGFFUPQtsBB'§WJaR"eEJ§U<ﬁ‘?J§§eé‘td| sh or

flask). (Hd )eaeel |cﬁ:11§re$%mpolrl&1&ﬁ expknet FARBI yefe f¢ aBAMasupstE-i i) cells
pl ated far the f.rst 4 /TR ang’r(;ii\c/)}1 fgel L susgﬁnm ons derl ve romt hese

pl ated c 81T 555 |ar1f‘a or,c‘e—’ll s"can a e cef1e9as eril wr?aq'ﬁlr Qel y occur
wi t hi n a dedregredoruram MIOQOSec@‘nGanOetllsnare ceI | s at all subsequent

steps in cul turi pg. adbared s chdopiddnl: demndalohated poipsyngel I's are

rem)v§g fromthe culture substrate and 30 repl ated (passaged); they are
d

refer R s fredcededindarfideVRe 5Bk 8XBI9S%%T 1% l'}ur'i“aé”ubsequent
passages.glyexpidaes it &f-lsubiihditng FSHas | gknef sheoptedyctceld whildhch have been

b o TR SR Sl a 4B AL, 2 Tl
WO 99/ 57A8Bs may be a naturally occurrlng cell strain or cel

line. Alternatively, the human glycoprotein a-subunit

30 gene (Genbank sequence HUMGLYCAl) can be co-expressed

with the product of the FSHS gene, with such co-expressi-

on accomplished by expression of the human glycoprotein

a-subunit gene or cDNA under the control of a suitable

promoter, or by activation of the human glycoprotein

35 «a-subunit gene through the methods described herein.



=29 2 8 CCT ~ PCT/US99109795 tact-inhibited, anchorage-dependent growh
(anchor age- de pendence does not apply to cells that are prb&mat god2 i n
suspensi on Primary and secondary cells are not i mgeghal 4,@9;!5 5
Imortali zeg\%%ﬁ%@g are cell lines (as opposed to cell strains, vmbt h t
designation "strain" reserved for primary and secondary cell s) t hat exh| bi t
an apparently unlimted lifespan in cuI ture. Cells selected for
transfection or infection can 10 fall inya four types or categories: (i)
cel' s which do not, as obtained, rrake or contain nore than trace anmounts
of the FSH(3 protei I OL-&0 t rotein_but in
quantities other tha%ﬁ/ %ﬁgﬁggpﬂb(sugﬁ%‘é Cl:n %%chln tiP;S:S%I %lgl “Ran the
level which Fetehpsworeunst i @ |5 nigiaidedor it ffet PYA epneeriet as

obt ai ned), (Thié es&Iﬁgw@é@@e:ﬁr@gelé he et Rindiedt tael eyshszé\mﬁbléﬁal
physi ol ogi cal e of cells g%&o t ai ned citre to be

ma

augnent ed or %%’ﬁ ie‘alfl"ﬁ ‘f‘ﬁ%‘r‘ a%% SHIEFS5r SHIEt P8, aﬂ‘d%?% lls in
which it i3 despoabtieototihangey 26 tivenydicedr toobrr égliFateon frormnducti on
of a gene en nget p I dJRfencsecondany agdg t cells
to be transfglgfgted(ggrb?% %%%@151%055 E'rg%lrré?sent met h lo ganigg‘p%b?xaé%%% froma
variety of t$53Mes ahﬁelﬁ’éqi%%“%‘lsi 25 mcopr Fagé cerl typestymieh can be
mai nt ai ned i @&x&mplyseof Folckexedmderucds.table primary and secondary cells
i nclude fi br@bl aﬁﬁg kKerati né)cyt es, epithelial cells (e. g., mamary
epi t hel i al epithelial cells), endothelial cells) glial
cells, nelfral cells THeomDM2d c3dselrerents ohet hevdéhioiorh (imclgdes yutrphocyt es,
bone marrow ) I r e I I

£ #é a ng%'?géélﬁ 18 uﬁ)&%n%rn%clé 3 IQEoEQ %& qué

types. Where the h ous ant cell are t e use |n gene

t herapy, priRaYy2@&LFsonpel br%‘?%‘i’%ﬂ:ﬂ Wb EX&rie @%f ABnEERR #Rdi ¥ diat to whom
the transfecpeired 38p1ioéetdesk psivey pmrarsmndaspmeélaoﬂcbﬁ §dxde admnis
280CT 200 99I 72 CT, Y/ 30 r ver rimary
cells can fn he‘an$ o%%lgdoéné;r ga%oqg.siﬁaen mé?lgv? 04 %fh%‘?é? W the
reci pi ent1)5 o#sthe sinthe preyebat Erarga@ense i gwer thei veBahuedrsrll4 |ines

useful 5 forcPrgbrbR ES.QQU%'&J@ e Qsen%ridf"%rfa%el BgbHde, TRAIt § B Lot
limted to, 27 OAD pvarian carci noma ce 1E%Van der Blick_et al., Cancer

Res., 48:59299%93p1158ga5CenEd® §:kifer rli’r SBteuPERra’ Cof I BRe i i~ ATCC)
CCL 185), BetkodéAGECsCEE. 98)n HbiEsidvsl ahere cehl be(ATDG SR Q687 , 10

2on), oa0o08 R TGRS S5 s R ol isora Biindie (sroc

CcL 220. 130 @aaee ceresedrEC( @ - 219) | tqjettm exop2fiareed doy Ui®8), Hela
cells and deﬁhﬁd&itééssﬁilé‘l@l@oﬁ@i’|§1t(e°sTC@h@CIDN& id. thandodbt 2udy ,i4CT116

ATCC CCL 247 ells (ATCC OCL 240). HT1 ILs. (ATCC CCL 121
(R 52 (ATCC Eg) t8 87 KGFORTTE e et g’%% %8 b3 B gt s

(ATCC CCL 243}, p&Btcaf cthengenehe L ATGOSCCIcell)., REPIeRANTECONICIMBAE6) )
KG | a (ATCC sgéé Eéqu&x?é@é MJ&E&@- 2> ¥p d&%%ér%ﬁtllir&rﬁ\ d%%sfl 188),
15180 ( MCF- 7 breast cancer cells (ATCC HI MOLT- 4
cell's (A Lt1158251d°ﬂaﬂa‘|1§va9%%?ﬂusc (A*Pcereeenme) thﬂc??%k%r{%‘rcc CCL
254)) NC - H508 ﬁHﬁEf@Etlaﬁ&)r N edtidth GATOGrGTL vééBpy . NChs Hiddd (ATCC CCL

(AToC ca pekpre R e Rty R et S
( ATCC CCL 30%, cesz bgzeaemwk dercx@n@e@alsmeanSNeueeAaﬁAcr&w 250. 1),

SNU- C2B (AT h%@)or%i&&rﬂ@ﬁéﬁde&@ z@é&%lﬁé@%%laﬁﬁl) SWI03
(ATCCCCL3 é \M80 cc3o 227) 227), SWB37 (ATCC

CCL 235), L¥ARCRe t%%?‘}ra%?/& CanT P@é%c’éé@i’ eLE1TORMTC oL
238), S\/\14631(>A'.I'Gﬁ1€6b1ﬁ34¢t16184 (TR rdeczdd)s , UpS7btel i st { ARSI GRL
1593), W Dr éé!@%??hkéw)p.sa&&'ei‘!\'ﬁ@é%?- nglelc'?ﬁo%m'mggh% hﬁ@é&lQL 75.1),

as well as 35 hete doma_ cel l s produce fusion o uman cells .
tion of v1ral nucleic acid into a ce 11 by virus infec-

tion. The various elements included in the DNA construct
35 of the inventiocn are described in detail below.



WO 99157263 -31 2 8 OCT 2002 PCT/US99109795 and cells of another speci es.
"Secondary hunan fibrobl ast strains, such as W-38 (ATCC CCL2 85)CTaria2 VRC- 5
(ATCC CCL 1&31%] Ilgza/ be used. In addition, primary, secondar)act@liss909795
imortalize &9 cells, as well as primary, secondary, 5 or imortalized
cells fromother species, can be used for in vitro protein production or
gene therapy. FSHa- expressi ng Cells Honol ogously reconbi nant cells of the
i nvention express FSH(3 at desired |evelg_and are useful for in 10 vitro
production of FSH 3 and gene therapy. Protein Production Honol ogously
recombi nant cells a%ﬁerghﬂgcéﬁswuétléwrglw SRR used Jon gno\y”o

production of FSHf 3. The cel ar e~nai nt al ned under condi t| ons
descri bed 15t¥4PRSHREEMS Wﬁac,lh SEESGREesn (8xBr esgiaﬁﬁa%%n%r%%%ﬁfhgs The FSHi 3

protein may digefuny fér@bﬁlrr@ﬂd@qllkzelrysatfesher c@ﬁbtrﬁb@eiﬂ@ba@lﬁé nvel -
pharnaceutlcal cqpp05|t|on cont ni_n be delivered to

19 g Er oge%n
a human or an il 5 cof &%I Bh Vrrﬁcgﬁlfi-" al “Foufes TRY%h in the art
20 (e. g. 5 aueadessauy,a\xé'rmlmA iaunsarustukan, benduaaasad;edpﬂtmnmm
transmucosal o, d I AHeT IR, (NS demRky ofect lichi BT 2085 Aks e SHDELL aneous,

i ntraperitoneal,. |ntrale5|onal) Oral administration pRy require use of
a strategy fo?d p’l"?ﬁ-'teeﬂ:’ﬁ“ri‘g’rt H& Ete&tr(?ivﬁrfllsﬁﬁl BEgPRYSPTO IR HIEENRREE -
gastroi nt estmiwéngagmﬁente aan Heyaenompiulsatedohyl appobyreate cmré@rca-psul es.

Gene Ther apy, é—lo&;tplng&oq__ Cx,h (ﬁormlrgﬁntsegg é gf ggghpggs n& entl op are
useful as popul i'ons. of 0gousl ¥ recodo: wbr nant ?lne
popul ati dffs ©te mmlquné@omem@ammpm ﬁaﬁyomrls%cm@aw cel I s as

honol ogousl VA&MJ@rEe@Aﬂ@alre@%Irhﬁtyr ehesceﬁsEfﬁ@@loﬁsamr@éég&psl y
reconmbi nant het erogenous cell strains or lines, and as_cell mxtures in

which at | edStrohe’$ERES ftatidr@cc afy R8EbERSoRE 3t - t RPRBIRCHF ecedi ng

cat egori es ofhdwnd@gmisiy, 1998W @n&QGﬁﬁ%Bﬁrg%tZaB OFMo2pp2eCT/ US99/ 09795
reconbi nant ge €, t ch i |ivery system
for treati ngflérﬁ%rllt 4|1pc{ 431'e7norlgeléharkllf:él%n fer% PP?ggig%da ﬂ%ﬁe%?n%gm mal , or
for treatlidng any ot table with FSHf 3. 5 Honol ogously

recombi nant pri mrywaebésmglgé@ue&@éé ﬁf@m%&&ol@b@@o&@@%& cell strains
are adm ni stered to an Ind:{\”d undesj r abl e

Condit 1 on § SRR M e Tk FEREBACE] REEa: B BFLRFESiaR T T yithnd by an
appropri at e thatlyst gyenonE) prlesygesingakeqaencktabbee t hemplotais o

exogenouslgv\lgaé p%@'t%ltﬁﬁ{dﬂﬁegro%'swa%cbﬁx@hétﬁftﬂhyéﬁgip V\i@;& a/.

rel evant I's one which elt r oxi mat es | evel

product %0 nbkYRl t3rgRodidEas iR (the §§ EENPBSul ts in inprovenent of the
abnormal or undesi rAberéﬁlﬁﬁnﬂNAl@éhsd:fudd’leza‘rﬂdmblaiye*a. S¥mgaeeicarwi t h
respect to alnmunoconpet ent i pi ent dm ni stered or
i npl anted i N T BVEhot et NSt raa(r%twé%r |%al F‘OE %§ %gﬁégﬁgf ?glng S€

i ntraperiton@anggsi ntk a]dmﬁﬂraIDN}‘- C@@Eﬁénal: BapsaPRERYD tWerar eexd | vy,

intracrani al §¢pafdtd M@g@t&%& @é‘@relniéeslf trhe gskbétaéft@%osmg@meac and
the recipjent.is i munoconpetent, E’B gousl recombinant . cells to be

adni ni st Pedd R KA EIRY cfeitheé’ﬁ§ &F‘ gRPBefARabr Rl Bar Y1 et 1 Hevi ces.
The per neabi &ntexdr opxed foresimfron of the FSHS gene, upstream of and

immediately adjacent to the FSHB-coding region, or upstr-

eam of and at a distance from the FSHB-coding region.
The first of the two targeting sequences in the
30 construct (or the entire targeting sequence, if there is
only one targeting sequence in the construct) is at least
in part derived from the newly disclosed genomic regions
upstream of the FSHB-coding sequences. This targeting
sequence contains a portion of SEQ ID NO:1, e.g., at
35 least 20 consecutive nucleotides from the sequence cor-



25 the device are such that the cells are prevented fromleaving the device
“upon inplantation into a subject, but the therapeutic progpagcwsmhfeely
perneabl e and can | eave the barrier device and enter the Io%gbu§§§
‘surroundi ngWPH&5126H| ant or enter the systemic circul ation €.9g.,

U S. Patent Nos. 5,641,670, S, 470,731, 5,620,883, 5,487,737, and co- owned
U S. Patent Application entitled "Delivery of Therapeutic Proteins"
(inventors: Justin C. Lansa and Dougl as @ Treco), filed April 16, 1999,

all herein |ncorporated by reference. ﬁe barrier device can 35 be

|nplanted it g raper, 9. 237263 -33 2 8
o 2005 et Yd é‘iﬁ&,“’?‘ﬁt Far ﬁgéal F Esﬁ%guégﬁé\gﬁgi ’§E§'g) or
i ntranuscul a¥% yposkttinns t+ﬁe96k|®ne>15(5ari§@IQe*DoNOV\/5t hi nThéesecend umf Barri er

devi ces are fad td il gl usef @eqal@@lcel | 9w 'EQBD!:QHQH:?u&‘t rﬂ&?”@é)ﬁ@é‘é
immortalized cells, honpl ogousl recogglnant cel from anot speci es

(honDIogousl@eq%mkﬁﬂﬁQQﬁﬁn &7 ofcé SFOdbﬁgcé?g§e¥F%nf% g,

nonhi st oconpsl $di ddrinairatac edtdamo o £( SEPOIDINOSE Yot eEphbRapirgdd agenei C
cells) to be | ant rt 1 of a subject. The devices retain cells
ina fixed po}kég)l% ﬁ'gtrff%’ fret%\rrﬁg € protecting the cells fromthe host's
i mmune system BarrFBe aeveeesngl%@q%ﬁ¢Qﬁ¢%bnvenm@@#Qﬂmmailwenmp@ude

transient) tdehafed i d tEdreadyre@ieual yoknbhe s&hisnWenide
treatnment re nis to be halted for reg g Transfected or infected
xenogenei ¢ RPEBAE | JGErIcE HEelPORn S RFEL0RE BRER T n Fhevabbeite of
barrier dévicssidmy ShoHernt epmtgere wheéchpyrel atthaturakey thehdHSH -3
Produced by Qe £l Rueiddn B JBIDKA Y BevLKO1YOY Ly | 6 SRS ar e

rejected by t t's imune s nber o nthetrc,” sem synt hetic,
or natural 20 f|Itrﬁ?P@ﬁlﬁeﬁﬁﬁam%%t%a?h%keQERKPQ(Nse@hﬁ§ pargesaengi ncl udi ng,

bult nolt fI i mé@lféroses:le&alévIm.s3,dfe?ﬁlllfu§eseyaleab_@keabmiwcg&le%fdlze g

pol ysul f one, _pol yv i dene .di.fl uoride, polyv c ROLyrers an

pol yners of 'bcg ’?ﬁy SR Ak &lé‘né’eﬁl\}aPFvg pgﬁg#ﬁ‘e?gd"géé g% RArt 5 utili zed
to 25 al Ildw Ppri rmrqh %gmmh&aro,a,n e gerwereskbdzbd BER|ssim@npaimdier species

to be used fgu i ns. Another type of device useful in the
ﬂ%gf 4 I RyTan yp
gene t herapy &% e |nvent|on IS an |nplantable collagen matri x in which

the cells are enbedd88. REgeh2B0HESRBIENG] ch can 30 contain beads to which
the cells attach, ishdesegibetoi y&@&ﬁkﬂﬁkﬁSth&emmmncbﬁ@Q&DQtabaﬂ by

r ef erence. T@ @unber of cells ne 9&9 |ven dose or Iantatlon
oIl or more e con tlt'l.lltlo
depends On SEVeral” fac ors, 1nc u e ex Fesdi BAT eve the protein,

the size 28nd et t9rae ids cof otrhenld@§v-b&n| pubToned) t henthamiens i cmaf—
associ at ed Wdiy-atk HHeleht r\é(;flo%%l é?%ﬁt&hﬁ Lophanhatt oLy P HCady

i | anted i n_an adul t. human he.ran X108 to 1 X
105 2O e Ay slanE e hEeBPCabREY %np%f%far?ﬁrr%ms " epeat ed
as needed. POReSOHARPbinations of these elements.

The regulatory sequence can be derived from a

-

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

30 genes encoding mouse metallothionein-I, elongation fac-
tor-la, collagen (e.g., collagen Ial, collagen Iw2, and
collagen 1IV), actin (e.g., y-actin), immunoglobulin, HMG-
CoA reductase, glyceraldehyde phosphate dehydrogenase, 3-
phosphoglyceratekinase, collagenase, stromelysin, fibron-

35 ectin, vimentin, plasminogen activator inhibitor I, thym-



-34 Usually the nunber of cells or other simlarly-sized X 10 to 5 X 101,
and preferdesired, they may be inplant patient, either at d8e0QT 292~r
years. The dosgae,ppy be Qther Enbodiments It is to be undergi®esohstal
while the inventidn 10 has been described in conjunction with the detail ed
description thereof, the foregoing description is intended to illustrate
and not to limt the scope of the invention, which is defined by the scope
of the appended clains. Qher aspects, _agvantages, and nodifications are 15

within the scope of the following clainms. Wat is clainmed is: 2 8 CCT 2~
-35 1. A Dr: o“sﬁ?amw&{sé@é‘tl&hﬁﬁ&s g '1 r%fte%ag@dOg?Bé?%‘? FS~ gene
ir. a manunaljaa cel| u~On integrstioa into t enome of the cerT via

~: or aol ogousalf e%’ff?ﬁﬁ’%% arl Q%@kﬁﬁ?ﬁ%"—%WYSlC@@PéeﬂamgétheSe ~ruence

cont ai ni ng aind Q@&ﬁaﬁm@@%d;}gg@@ﬂlgé@tl des from SEQ TD ND: S and a
transcri pcional reg blez i guence The nun c nstnfes of cxaim z, wherein
the construct :furt \éﬁ)‘ PERTY 28 SRGHCS aREC LEEHP 1 X S PUTOM S iEEE@NS3  The

~ eonqt r uét cﬁfip:ttﬂom nf &ctomtbihiding gilee ,censthr et af TATREBoRPNPCASES,
downst r eam fgéggn tﬁg:l pslpi ce:- oancNF_skB t53im r;]fd L har ~ arid a~
0

spl i ne-acaagtor’ site. co: ~struct E258I'm 1, wherein the
const ~cuct further &éﬁiﬁi&s@éﬂaﬁsel ectabl e marker geae. 5. Az~ ~.sol ated

nucl eic acid nol eGU::Ide@@méa Si:B.l abnbeﬁﬁ&cS@aﬁOxnéiLm@Las ln%@ti des of
The isol ate |d1tloleeule

SfiQ=fl No_ s 9 e
of claim 5, |r?$t"?1 %esn}; poc}yhot? 8% SPEE3 %’6582 élﬁlée t%e’s @t Least
100 oori t10 gmmgmmmteeﬁa de”sn ExaEQ 12D df] OhS sowoutlsl Bemal sakattalPle The

| sol ated nuGhaiiteSalehdp! Aot Oy dlused cgcalratbechgolaled nucl eic

acid nol ecul e conprises at |east 200 contiguous nucl eotl es EA ID TO:5
oY its cotaptEtifttion & FHATISNIDBERRE e Aragrelifeablecmeker clait-~a
5, ' wherei nydrie d&@ol Al el bwioliC racifhM A tere s3lact EOAPHE S€S1HEQ | D NG~

Sori.ts CQERHﬁﬁfrcééamplified flanking DNA sequences. Cells con-
15 taining amplified copies of the amplifiable marker gene
can be identified by growth in the presence of an agent
that selects for the expression of the amplifiable gene.
The activated endogenous gene will typically be amplified
in tandem with the amplified selectable marker gene.

20 Cells containing multiple copies of the activated endoge-
nous gene may produce very high levels of FSHB and are
thus useful for in vitro protein production and gene
therapy.

The selectable and amplifiable marker genes do not

25 have to lie immediately adjacent to each other. The
amplifiable marker gene and selectable marker gene can be
the same gene. One or both of the marker genes can be
situated in the intron of the DNA construct. Suitable
amplifiable marker genes and selectable marker genes are

30 described in U.S. Patent No. 5,641,670.

The Exogenous Exon

The DNA construct may further contain an exon,
i.e., a DNA sequence that is copied into RNA and is pres-
ent in a mature mRNA molecule. The exon in the construct

35 is referred to herein as an exogenous or construct-deriv-



AMENQED SHEET 2 S OCT 2~2 _~s. 9. An isol ated DATA nol ecul s~

ccrtpri.~iz~g a strznd that conprieas a nucl eotide sequence T(gmzls at
| east 400 nv.cleotides in length, and (ii) hybridizes wth % .5 or

its conpl en®®9%A%er incubag on at 42C is the presence of m de;
at~.rsc wash at 65C with 2x S5C contaiai.~xg 1~ sDS; and a .second wash at
65C with Q 7x 88C. 10. The isolated DNA noi~cule c~ cl.a.3m9. w. nerein tre
uuel eoti da sequence ~.s at |East 1, Qt,aucleot~.des :.ri length. 11. A..

i sol at ed DNA nol ecul e conprisf,ng a strand ~t conprlses a nucl eoti de

sequence thé& %xgé}lsTﬁg é%%%gpggg é%g |§§ﬁ ?n codln OﬁtE Cfs%ﬁ (II)

shares at Leéas c sequ y W t ragnen
havi ng the §aree EEQchfashehhuMGEoF%@@|$Eﬁ%eqUEhG@-rﬁzt The bpel ated DNA

! eoul e of tebAkM bLogthagperchn coh crauRledt nala aPdusaee Eaopl | cast 210

rrucl eat $des_in . The isol DNA nol ecul e of claim 11, wherein
t he nucleotﬁaée§@aﬁl¥ﬁl¥e FBe a8 XPapPus REXMNUGERIFe OTr 8% BAXA. Z~. The

i sol at ed PNAmiRbegzidl @e@ﬁ.dﬁé@l mo#. ﬁarmﬁelrm reﬁdtﬁielwcalpeatnlld@ seggnca i B at
| ::ast 1, 00t aégé.zotl 3es |n l engt h Iy recorn xxxazzt
f

S
ce7.1 stabl S5 &t &d’ WIC?H FHa® on%ongt r‘ﬁ%tmbcf ec?l%oég BEDNT~

const ruct haW|ngWhedetgeneXhon©®DQQUBsrixﬂﬂdﬂﬂguﬁaqmenom,thhgeDNBrnS.e DNR

Lpstream of caﬁsté\a@cl Eﬁoul53bétée9 504 o, of ar{atea%a&e@%ﬁsgﬁ codi . ng’
Sec~ci ez~. ce D, SHE .~ honol ogo st

reconblnantt&QPIa§9aﬁP}lF?89~ E?%c¥ bqgié%%WﬂEQ§ &Re 6ﬁ§PPE&P90f ola~, m 2,
t he DNA bbnsRNAHCHshaxuifgamadet gbnehd ommdi g atesyircer @fnltheategew. ~t h genomi c

DL'rA upstr gamyof, £32C FAIG LD tLALT Grogef il hsftln 33 Sp18hegeRYUs, FSHL-

oodi ng sequeaae.
endogenous exon in a manner that does not change the

appropriate reading frame of the portion of the mRNA
derived from the endogenous exan.

15 The inclusion of a coding exon in the DNA constr-
uct allows the production of a fusion protein that con-
tains both endogenous FSHf protein sequence and exogenous
protein sequence. Such a hybrid protein may combine the
structural, enzymatic, or ligand- or receptor-binding

20 properties from two or more proteins into one polypep-
tide. For example, the exogenous exon can encode a cell
membrane anchor, a signal peptide to improve cellular
secretion, a leader sequence, an enzymatic region, a co-
factor binding region, or an epitope tag to facilitate

25 purification of the FSHS hybrid protein produced from the
recombined gene locus.

The Splice-Donoxr Site
The exogenous exon is flanked at its 3’ end by a
splice-donor site. A splice-donor site is a sequence

30 which directs the splicing of one exon of an RNA transcr-
ipt to the splice-acceptor site of another exon of the
RNA transcript. Typically, the first exon lies 5’ of the
second exon, and the splice-donor site located at the 3’
end of the first exon is paired with a splice-acceptor

35 site on the 5’ side of the second exon. Splice-donor



17. A honol ogously xeconbirlant Cel,3. stably Lransfected with the DNA
"coast zuct of claim 3, the DhA construct ha-ring undsrgoa9 hadr870gaWeg
rseonbirsa:ior~ w.i,th geaonz.c DNA u~astream of the ATG initiation codon
of an encLogarmiss268SH~ codi ng sequ~t~ce . 3.B . A he~nt~Yog8G¥Us99/09795
reconbi nant oel ~, stably transfeeZed with the I 7NA construct of ol aim4,

t ~~ DNA construct having undergone homal ogou.s ~BGonbinat3.ori with genomc
DNA upstream of tike ATG initiation. Codvn ofi an endogenous F5~ codi x~g
s~qtzerice . 19. A nethod of a? ter3ng’%-3<pz-ess:vzi of as endQenaus Fs~f~

geue ire a mammalian cgli, the method conprieircg ~, ntxoduczng the DNA
construct ofSides hayer ﬁ?’@rtaﬁéeEéFF}C_F‘?{l%S(W‘é? nt HESHE CHRT]ARNE cvndi
t~. on9 that qeerdai 8/ HNGEURAGUU. (GheeeORDiERSLON & COEHE) beliwenHeh

coz~struot d a.ge~n. zc _taxret,site.ho ..0gous to the targetixig
sequence, tg-’tl‘grldﬂ&glg go%% r,apldoéégéijp?%%%h%m%a% I'é%lﬁe;q‘éﬁ‘%/\a{‘%ct"ai W ng
t he honol ogdissiny, Necdelic. Azidst ReseRrehzHBr3 @05 U128 ons®3hat fRirecri t
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the presence of one or more intervening nucleotides is
not required.for the exogenous exon to be in-frame with
the second exon of the targeted gene. When the exogenous
15 exon encodes one or more amimo acids in-frame with the
coding sequence of the targeted gene, the splice-donor
site may preferably be placed immediately adjacent to the
exogenous coding sequence on its 3’ side.
The splice-donor site flanking the exogenous exon
20 is unpaired in the construct, i.e., in the construct
itself there is no accompanying splice-acceptor site
downstream of the splice-donor site to which the latter
can be spliced. Following homologous recombination into
the target site upstream of the FSHE coding sequence,
25 what was the construct’s unpaired splice-donor site is
functionally paired with an endogenous splice-acceptor
site of an endogenous exon of FSHBE. Processing of the
transcript produced from the homologously recombined FSHf
gene results in splicing of the exogenous exon to the
30 splice-acceptor site of an endogenocus exon.
The construct of the invention can also include a
splice-acceptor site. This site, in conjunction with a
splice-donor site, directs the splicing of one exon to
another exon. Splice-acceptor sites have a characteris-
35 tic sequence represented as (Y),,NYAG (SEQ ID NO:7), where
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molecule in the formation of a mature mRNA molecule.
The CAP Site

10 The DNA construct can optionally contain a CAP
site. A CAP site is a specific transcription start site
which is associated with and utilized by the regulatory
region. This CAP site is located at a position relative
to the regulatory sequence in the construct such that

15 following homologous recombination, the regulatory se-
quence directs synthesis of a transcript that begins at
the CAP site. Alternatively, no CAP site is included in
the construct, and the transcriptional apparatus will
locate by default an appropriate site in the targeted

20 gene to be utilized as a CAP site.

Additional DNA elements

The construct may additionally contain sequences
which affect the structure or stability of the RNA or
protein produced by homologous recombination. Optional-

25 ly, the DNA construct can include a bacterial origin of
replication and bacterial antibiotic resistance markers
or other selectable markers, which allow for large-scale
plasmid propagation in bacteria or any other suitable
cloning/host system.

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

35 uction of a primary RNA transcript which initiates at a
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35 of the elements can also be: a first targeting sequence,
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109&' () - transfected or infected with the flrst t not second,
selectable marker. Such cells can be selected for by

20 growth in a medium containing an agent which selects for
expression of the first marker and another agent which
selects against the second marker. Transfected or in-
fected cells that have improperly integrated the tar-
geting construct by a mechanism other than homologous

25 recombination would be expected to express the second
marker gene and will thereby be killed in the medium.

A positively selectable marker is sometimes inclu-
ded in the construct to allow for the selection of cells
containing amplified copies of that marker. 1In this em-

30 bodiment, the order of construct components can be, for
example: a first targeting sequence, an amplifiable
positively selectable marker, a second selectable marker
(optional), a regulatory sequence, an exon, a splice-
donor site, and a second targeting DNA sequence.
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tor site of the construct can be isolated as a complete
unit from, e.g., the human elongation factor-la (Genbank
sequence HUMEF1A) gene or the cytomegalovirus (Genbank
sequence HEHCMVP1l) immediate early region. These com-
10 ponents can also be isolated from separate genes.

Transfection or Infection and Eomologous Recombination

The DNA construct of the invention can be intro-
duced into the cell, such as a primary, secondary, or
immortalized cell, as a single DNA construct, or as sepa-

15 rate DNA sequences which become incorporated into the
chromosomal or nuclear DNA of a transfected or infected
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.

20 The DNA construct or its RNA equivalent can also be intr-
oduced as a viral nucleic acid.

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

) 25 fragment and the 5' end of the other, while one carries a
first targeting sequence and the other carries a second
targeting sequence. Upon introduction into a cell, the
two fragments can undergo homologous recombination to
form a single molecule with the first and second tar-

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

35 undergo homologous recombination with each other to ul-
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&10% & () - 10desired homologous recombination event. In addition, the
free DNA ends may be treated with an exonuclease to crea-
te overhanging 5’ or 3’ single-stranded DNA ends (e.g.,
at least 30 nucleotides in length, and preferably 100-

15 1000 nucleotides in length) to increase the frequency of
the desired homologous recombination event. In this
embodiment, homologous recombination between the tar-
geting sequence and the genomic target will result in two
copies of the targeting sequences, flanking the elements

20 contained within the introduced plasmid.

The DNA constructs may be transfected into cells
(preferably in vitro) by a variety of physical or chemi-
cal methods, including electroporation, microinjection,
microprojectile bombardment, calcium phosphate precipita-

) 25 tion, liposome delivery, or polybrene- or DEAE dextran-
mediated transfection.

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

30 24:1288-1292, 1989). By "transfected cell" is meant a
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 molecu-

35 le has been introduced using a viral vector. Viruses
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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

5 recombinant cell is maintained under conditions suf-
ficient to permit transcription of the DNA, the regulato-
ry region introduced by the DNA construct will alter
transcription of the FSHS gene.

Homologously recombinant cells (i.e., cells that

10 have undergone the desired homologous recombination) can
be identified by phenotypic screening or by analyzing the
culture supernatant in enzyme-linked immunosorbent assays
(ELISA) for FSHB. Commercial ELISA kits for detecting
FSHB are available from Accurate Chemical and Scientific

15 (Westbury, NY). Homologouslf recombinant cells can also
be identified by Southern and Northern analyses or by
polymerase chain reaction (PCR) screening.

As used herein, the term "primary cells" includes
(1) cells present in a suspension of cells isolated from

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

25 Primary cells can also be cells as they naturally occur
within a human or an animal.

Secondary cells are cells at all subsequent steps
in culturing. That is, the first time that plated prim-
ary cells are removed from the culture substrate and

30 replated (passaged), they are referred to herein as seco-
ndary cells, as are all cells in subsequent passages.
Secondary cell strains consist of secondary cells which
have been passaged one or more times. Secondary cells
typically exhibit a finite number of mean population

35 doublings in culture and the property of con-
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tact-inhibited, anchorage-dependent growth (anchorage-de-
pendence does not apply to cells that are propagated in

suspension culture). Primary and secondary cells are not
immortalized.
5 Immortalized cells are cell lines (as opposed to

cell strains, with the designation "strain" reserved for
primary and secondary cells) that exhibit an apparently
unlimited lifespan in culture.

Cells selected for transfection or infection can

10 fall into four types or categories: (i) cells which do
not, as obtained, make or contain more than trace amounts
of the FSHB protein, (ii) cells which make or contain the
protein but in quantities other than those desired (such
as, in quantities less than the level which is physioclog-

15 ically normal for the type of cells as obtained), (iii)
cells which make the protein at a level which is physio-
logically normal for the type of cells as obtained, but
are to be augmented or enhanced in their content or prod-
uction, and (iv) cells in which it is desirable to change

20 the pattern of regulation or induction of a gene encoding
the protein.

Primary, secondary and immortalized cells to be
transfected or infected by the present method can be ob-
tained from a variety of tissues and include all ap-

25 propriate cell types which can be maintained in culture.
For example, suitable primary and secondary cells include
fibroblasts, keratinocytes, epithelial cells (e.g., mam-
mary epithelial cells, intestinal epithelial cells),
endothelial cells, glial cells, neural cells, formed

30 elemeﬁts of the blood (e.g., lymphocytes, 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

35 infected primary or secondary cells are to be adminis-
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the same species.
Examples of immortalized human cell lines useful
5 for protein production or gene therapy include, but are
not limited to, 2780AD ovarian carcinoma cells (Van der
Blick et al., Cancer Res., 48:5927-5932, 1988), A549
(American Type Culture Collection ("ATCC") CCL 185), BeWo
(ATCC CCL 98), Bowes Melanoma cells (ATCC CRL %607),
10 CCRF-CEM (ATCC CCL 119), CCRF-HSB-2 (ATCC CCL 120.1),
COLO201 (ATCC CCL 224), COLO205 (ATCC CCL 222), COLO
320DM (ATCC CCL 220), COLO 320HSR (ATCC CCL 220.1), Daudi
cells (ATCC CCL 213), Detroit 562 (ATCC CCL 138), Hela
cells and derivatives of Hela cells (ATCC CCL 2, 2.1 and
15 2.2), HCT1lé (ATCC CCL 247),-HL-60 cells (ATCC CCL 240),
HT1080 cells (ATCC CCL 121), IMR-32 (ATCC CCL 127), Jurk-
at 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), LS17-
20 4T (ATCC CCL CL-188), LS180 (ATCC CCL CL-187), MCF-7
breast cancer cells (ATCC BTH 22), MOLT-4 cells (ATCC CRL
1582), Namalwa cells (ATCC CRL 1432), NCI-H498 (ATCC CCL
254), NCI-H508 (ATCC CCL 253), NCI-H548 (ATCC CCL 249),
- NCI-H716 (ATCC CCL 251), NCI-H747 (ATCC CCL 252), NCI-H1l-
25 688 (ATCC CCL 257), NCI-H2126 (ATCC CCL 256), Raji cells
(ATCC CCL 86), RD (ATCC CCL 136), RPMI 2650 (ATCC CCL
30), RPMI 8226 cells (ATCC CCL 155), SNU-C2A (ATCC CCL
250.1), SNU-C2B (ATCC CCL 250), SW-13 (ATCC CCL 105),
SW48 (ATCC CCL 231), SW403 (ATCC CCL 230), SW480 (ATCC
30 CCL 227), SW620 (ATCC CCL 227), SW837 (ATCC CCL 235),
SW948 (ATCC CCL 237), SW1lllé (ATCC CCL 233), SW1l41l7 (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
35 heterohybridoma cells produced by fusion of human cells
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strains, such as WI-38 (ATCC CCL 75) and MRC-5 (ATCC CCL
171), may be used. 1In addition, primary, secondary, or
immortalized human cells, as well as primary, secondary,
5 or immortalized cells from other species, can be used for
in vitro protein production or gene therapy.
FSHGB-expressing Cells
Homologously recombinant cells of the invention
express FSHB at desired levels and are useful for in
10 vitro production of FSHS and gene therapy.
Protein Production
Homologously recombinant cells according to this
invention can be used for in vitro production of FSHR.
The cells are maintained under conditions, as described
15 in the art, which result in ekpression of proteins. The
FSH2 protein may be purified from cell lysates or cell
supernatants. A pharmaceutical composition containing
the FSHf protein can be delivered to a human or an animal
by conventional pharmaceutical routes known in the art
20 (e.g., oral, intravenous, intramuscular, intranasal,
pulmonary, transmucosal, intradermal, transdermal, rec-
tal, intrathecal, subcutaneous, intraperitoneal, or intr-
alesional). Oral administration may require use of a
strategy for protecting the protein from degradation in
25 the gastrointestinal tract: e.g., by encapsulation in
polymeric microcapsules.
Gene Therapy
Homologously recombinant cells of the present
invention are useful as populations of homologously reco-
30 mbinant cell lines, as populations of homologously recom-
binant primary or secondary cells, as homologously recom-
binant clonal cell strains or lines, as homologously
recombinant heterogenous cell strains or lines, and as
cell mixtures in which at least one representative cell
35 of one of the four preceding categories of homologously
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conditions treatable with FSHR.

5 Homologously recombinant primary cells, clonal
cell strains or heterogenous cell strains are ad-
ministered to an individual in whom the abnormal or un-
desirable condition is to be treated or prevented, in
sufficient quantity and by an appropriate route, to ex-

10 press or make available the protein or exogenous DNA at
physiologically relevant levels. A physiologically rele-
vant level 1s 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

15 condition. If the cells arefsyngeneic with respect to a
immunocompetent recipient, the cells can be administered
or implanted intravenously, intraarterially, sub-
cutaneously, intraperitoneally, intraomentally, subrenal
capsularly, intrathecally, intracranially, or intramus-

20 cularly.

If the cells are not syngeneic and the recipient
is immunocompetent, the homologously recombinant cells to
be administered can be enclosed in one or more semiper-
meable barrier devices. The permeability properties of

25 the device are such that the cells are prevented from
leaving the device upon implantation into 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,

30 e.g., U.S. Patent Nos. 5,641,670, 5,470,731, 5,620,883,
5,487,737, and co-owned U.S. Patent 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

35 be implanted at any appropriate site: e.g., intraperito-
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neally, intrathecally, subcutaneously, intramuscularly,
within the kidney capsule, or within the omentum.

Barrier devices are particularly useful and allow
homologously recombinant immortalized cells, homologously
recombinant cells from another species (homologously
recombinant xenogeneic cells), or cells from a nonhisto-
compatibility-matched donor (homologously recombinant
allogeneic cells) to be implanted for treatment of a
subject. The devices retain cells in a fixed position in
vivo, while protecting the cells from the host’s immune
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 al-
logeneic cells may also be used in the absence of barrier
devices for short-term gene therapy. In that case, the
FSHff produced by the cells will be delivered in vivo
until the cells are rejected by the host’s immune system.

A number of synthetic, semisynthetic, or natural
filtration membranes can be used for this purpose, incl-
uding, but not limited to, cellulose, cellulose acetate,
nitrocellulose, polysulfone, polyvinylidene difluoride,
polyvinyl chloride polymers and polymers of 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
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
implantation depends on several factors, including the
expression level of the protein, the size and condition
of the host animal, and the limitations associated with
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the implantation procedure. Usually the number of cells
implanted in an adult human or other similarly-sized
animal is in the range of 1 X 10* to 5 X 10*°, and prefer-
ably 1 X 10% to 1 X 10°. If desired, they may be implant-

5 ed 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.

Other Embodiments
It is to be understood that while the invention
10 has been described in conjunction with the detailed desc-
ription thereof, the foregoing description is intended to
illustrate and not to limit the scope of the invention,
which is defined by the scope of the appended claims.
Other aspects, advantéges, and modifications are
15 within the scope of the following claims.

What is claimed is:
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O% 2> &c@stnttﬂ%@a;p&‘:&(@mg a2 targeting segquence containing at least
50 contiguocug nucleotides from SEQ ID NO:5 and a

transcripcional regulacory seguenca.

2. Tha DNA construet of claim 1, wherein the coostzuct

further comprises an exon and a splice-donor site.

2. The DNA cenatruct of claim 2, wherein the construct
further comprises, downstream from the splice-donor site, an

intron, and a splice-acceptor site.

4. The DNA construct of claim 1, wherein the construct
further comprises & selectable marker gene.

5. An isolated nucleic acid wmolecule comprising at least
50 coxtiguocus nuclectides of SEQ ID NO:5 orxr its cowmplement.

&. The isclated pucleic acid melecuwle of claim S,
wherein the isolated nucleic acid molecule cowprises at least

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

7. The isclated nucleic acid molecule of claim 5,

wherein the isolated nucleic acid molecule comprilses at least

200 contigucus nucleotides of SEQ ID NO:5 ox its complement.
8. The isolated nucleic acid molecule of claiw 5,

wherein the isoclated nucleic acid molecule comprises SEQ ID

NC:8 or ites complement.

AMENDED SHEET
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10. The isolated DNA molecule ¢f claim 9. wherein the

nuclecotide sequence is at least 1,000 nucleotides in length.

11. An isoclated DNA molecule comprising z strand that
comprisés a nucleotide scguence that (J.) is at least
100 nucleotides in length, and (ii) shares at least 80%
segquence ldentity with a fragment of SBEQ YD NO:5 having khe
same length as the nucleotide pequence.

12. The isclated DNA molecule of claim 11, wherein the

nucleoctide sequence iz at least 200 nucleotides in length.

13. The isclated DNA molecule of claim 11, wherein the

nucleotide gedquence is at least 400 nuclectides in length.

l4. The isvlated DNA molecule of claim 11, wherein the

nuclecotide ssquence is at lesast 1,000 nucleotides in length,

1%, A homologously recombinant zell stably transfected
with the DNA construct of claim 1, the DNA construct having
undergone homologous recombination with genomic DNA UpsStream
of the ATG initiation codon of an endogenocus FSHS coding

Seguence.
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16. A homologously recombinant cell stably transfected
with the DNA construct of claim 2, the DNA construct having
undergone homologous recombination with genomic DNA upstyeam
of the ATG imnitiation codon of an emxiogenous FSHB coding

sequence.

17. A homologously recombinant cell stably transfected
with the DNA construct of claim 3, the DNA construct having
undergona hemeleogous recombination With genomic DNA upstream
of the ATG initiation codon of an enxlogenous FSHRE coding

sequence.

18. A homclogously recombinant c¢ell etably transfected
with the DNA construct of claim 4, the DNA construct having
undergone homologous recowbination with genomic DNA upstream
of the ATG initiation codon of an endegenocus FSHR coding

equence.

19. A method of altering expression of an endogenous
FSAR gene in 2 mammalian cell, the method comprising

introducing the DNA construct of claim 1 into the cell;

maintaining the cell under conditions that permit
homologous recombination to occur between the comstruct and a
genomic taxget site homologous to the targeting ssquence, to
produce a homologously recombinant cell; and

maintaining the homologously recombinant cell unde:r
conditions that perwit eXpression of the PSHE coding seguence

under the control of the transcriptiomal regulatory seguence.

AMENDED SHEET
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21. A method of delivexing FSHR to an animal, comprising
providing the cell of claim 16, and
implanting the cell in the animal, wherein the cell

secretes FSHB.

22. A method of delivering FSH$ to an animzl, comprising
providing the cell of ¢laim 17, aad
implanting the cell in the animal, wherein the cell

sacrates FSES.

23. A method of delivering FSHil to an animsal, comprising

providing the cell of claiw 18, and

implanting the cell in the animal, wherein the cell
secxetes FSHE.

24. A method of producing FSHE, comprieing
providirng the cell of ¢laim 15, and
culturing the cell iz vitro under conditioms that pexmit

the ¢egll to express and sccrete FPIHB.

25. A method of producing FSHE, comprising
rroviding the cell of ¢laim 16, and
cultuxing the cell in vitro under conditioms that permit

the cell to express and secrete FSHB.

AMENDED SHEET



28 0CT 2002

-39_
26. A method of producing FSHE, comprising
providing the cell of claim 17, and

culturing the cell in vitro under conditions that permit
the cell to express and secrete FSHER.

27. A method of producing FEHE, comprising

providing the cell of claim 18, and

culturing the cell iz virro under conditions that permitc
the cell to awpress and cecrete FPSHSG.
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