DNA construct “for_effecting honol ogous reconbl nation and uses §

kv opy

Background of BMET nvent i onveRi EFLLECTIAL FROTERX ORANZABEN i ng di s€

I L L S

t her

i ntra
gene

\SaYiotemptiona) Boert Slasiertion or i ntra fruscuimnmmmumnoandmﬁor e I aVeN95/31560
t he¢ 2RIV 15/6%, A600,'65/85, 18655060 Ut | @1i nt erest are general |y pro- duced by

i Nt r QdUCCORK 47505 14/6E, ABIK 48@00di Ng { he [f#%Intarnptiopnl Rublicatiop Baterj c23iNqvembes 195 12?\%1&9

appr ¢priate cell.s. For exanple, exogenoug, DNA encoding a desired

t her ff&Jnternatjonad ApsilicatipnsNynyhery: oducE‘éF’WSﬁi/ lI(’ilb fﬁ ‘%‘{gg %gg P »scjgvﬁg
a vethal asmd tthe e 3 ’
Furt 1%2% m“ﬁasﬁigng?la%uggest e%ﬁp{? ndoc e- NQWW, MX, lPL,g’e.rl&:sRB, rstb, $H glys[i

expr ¢ssi on rray be nodi fied by gene targefi Bé@lﬂ'arme

sy b i
" No., 5@9Fyio / GR IE, IT, LU, MC, NL,
g?esgnt ly- gg"g ?;?DI o S’?"Sg%ﬁg\gs?%{ Ogggzjtgrlg?apmh%gﬁs aten ) M R N, o,

vect ors, such as retrowral vectors whi ¢h |n(s|zuma.the genetlc material to

be e ﬁi)eﬂwnl@eht‘g%le%da é’@hesxcm é’ I ﬁg"‘“é! ations, such as the potential of 5
gener ati ngﬁﬁ Ublidthed €Ct Or producti on;
recofbi nat on %"e en the erapeut e VI rlij’lé aIVWhth irehaRPRA Sdieh Fefbky QV I al

genofrg® nvetrgnabd al | y gener at

i
(75) Inventors/Applicants (for US only): mgco Douglas, A. \)(
[US/US); 87 Brantwood Road, Arlington, MA 02174 (US).
HEARTLEIN, Michsel, W, [US/US); 167 Reed Farm %
Road, Boxborough, MA 01719 (US). SELDEN, Richard, \
F. [US/US); 106 Bristol Road, Wellesley, MA 02181 (US).

(74) Agents: GRANAHAN, Patricia et al.; Hamilton, Brook, Smith ﬁb
& Reynolds, Two Militia Drive, Lexington, MA 02173 | -

(Us). é ﬁd\
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(57) Abstract

The invention relates to constructs comprising: a) a targeting sequence; b) a regulatory sequence; c) an exon; and d) an unpaired
splice-donor site. The invention further relates to a method of producing protein in vitro or in vivo comprising the homologous recombination
of a construct as described above within a cell. The homologously recombinant cell is then maintained under conditions which will permit
transcription and translation, resulting in protein expression. The present invention further relates to hemologously recomibinant cells,
including primary, secondary, or immortalized vertebrate cells, methods of making the cells, methods of homologous recombination to
produce fusion genes, methods of altering gene expression int the cells, and methods of fiskiit a protein in a cell employing the constructs
of the invention.
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Summary of the lLnvention The present

invention relates to inproved, nethods for 20 both the in vitro production

of therapeutic proteins and for the production and delivery of therapeutic
protei ns by gene therapy.
targeted gene in a cel
altered by the introduction,
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in effect,
~which the regul atory sequence,

this,

(i.e.,

In the present nethod,
a desired endoge-
by 25 honol ogous reconbination into the
of DNA whi ch includes at

expression of a desired
nous cel lular gene) is
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an exon and a splice donor site. These conponents

(genomic) DNA in such a manner that
results in 30 production of a new transcription unit (in
the exon and the splice donor site present

in the DNA construct are operatively linked to the endogenous gene). As a
result of introduction of these
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-3- conpoWensBIseht o t he chrompsomal DNA, the expression oPCTHEEH: ed
endogenous gene is altered. Altered gene expression, as used herein,
enconpasses activating (or causing to be expressed) a gene which is 5
normal Iy silent (unexpressed) in the cell as obtained, increasing
expression of a gene which is not expressed at physiologically significant
|l evels in the cell as obtained, changing the pattern of regul ation or

i nduction such that it is different than occurs in the cell as 10 obtai ned,
and reducing (including elimnating) expression of a gene which is
expressed in the cell as obtained. The present invention further relates to
DNA con- structs useful in the nethod of altering expression of a target

Jonui atBR, s ERAC O B FeckORR HY Hoaistoghdd r@c&:ﬁﬁﬂﬁibﬁ'@an&f’uﬁ%%ﬂ%ﬁ@f (b) a

[&ices xon,; (d) an unpaired splice-donor site.
The targeting sequence in the DNA construct directs the integration of
el[enents (a) - (d) into a target gene in a cell such that the el enents (b)
- (d) are operatively linked to sequences of 20 the endogenous target gene.
I n anot her enbodi nent, the DNA constructs conprise: (a) a targeting

sequence,p{ ) I QLY 1RE H , (c) an exon, (d) a splice-donor site,
(e) an i eptor site, mhereln the targeting

sequence di recﬁ‘-é’fqeﬁ’é'- ﬁ@Pé’QFEPPSnt@ft@Wﬁ dissage,py. admindgERTrhat t he
el enent s g (Wherapeukiar propeifs inyPhde | ity privduetdegebgus gene. The

targe“n%herapeutic proteins for conventional pharmaceutical
delivery (e.g. intravenous, subcutaneous, or intramuscular
injection) and, more recently, gene therapy.

Proteins of therapeutic interest are generally pro-
duced by introducing exogenous DNA encoding the protein of
therapeutic interest into appropriate cells. For example,
exogenous DNA encoding a desired therapeutic protein is
introduced into cells, such as immortalized cells in a
vector, such as a plasmid, from which the encoded protein
is expressed. Further, it has been suggested that endoge-
nous cellular genes and their expression may be modified
by gene targeting. See for example, U.S. Patent No.
5,272,071, WO 91/06666, WO 91/06667 and WO 90/11354.



sequenceywoshedgs! 0gous to the presel ected site in the Cebbiir8ésifsbisonosonal
DNA wi t h whi ch honol ogous. reconbina- tion is to occur. In the construct,

the exon is generally 30 3' of the regulatory sequence and the splice-donor
site is 3 of the exon. The following serves to illustrate two enbodi nents
of the present invention, in which tkhe-sequences upstream of the human
erythropoietin _h(EPO _gene are altered to allow 35 expression of hEPO in
primary, secondHSPeNGLYrawaiiable aapproaches: & genhi thevapynowakspress EPO
I n det ect ajdee ofudmifiectésubnvebedts UNiucH W Hetdotidh® vecebisy ned. In -
enbodi ment, 1., rsgeting uct, cant.ains,twy_targeting sequences. e
IRk ittt n s g
targeting e _ _ e : (
region.s Ttyeﬂe&_ragahgn9e§mmcaﬁ1wcéo®é&ﬁ§i¥uﬁz dﬁﬁiﬁ %@%t?]ﬁ'lf eg 'ngnag the
inpai rod_ SBEEHETESR, FEPPRbTATE e Htweesy RBnEhbBBRESLE BuRib: nat on wi t h
t hi s t ar g@ndhgndogenpust retrovineil igeridimgs, c pbtehhiaklydyenetatiing he
targeting ig@Ferkivhs abéﬁﬁs ORtth a:id\aatlt ‘@éltlarsﬁﬁhiﬁg_c?ﬁﬂrs:@{‘ﬁgésetnggge‘; BL :.t s
targeting_se- _quence,i s_hono qgfu 0 sequeices w the
hEPO  equFREGES 1 88 SRCTSRES L SLIERRe. ARC, SVEREOXIGHENy dndepent
10 dent integration into large numbers of cells, increasing '
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the risk of a tumorigenic insertional event; limited

cloning capacity in the retrovirus (which restricts thera-

peutic applicability) and short-lived jin vivo expression

of the product of interest. A better approach to provid-

15 ing gene products, particularly one which avoids the
limitations and risks associated with presently available

methods, would be valuable.

Summary of the Inventijon
The present invention relates to improved methods for

20 both'the_in_xi;;g production of therapeutic proteins and
for thé'production and delivery of therapeutic proteins by
gene therapy. In the present method, expression of a
desired targeted gene in a cell (i.e., a desired endoge-
nous cellular gene) is altered by the introduction, by

25 homologous recombination into the cellular genome at a
preselected site, of DNA which includes at least a regula-
tory sequence, an exon and a splice donor site. These
components are introduced into the chromosomal (genomic)
DNA in such a manner that this, in effect, results in

30 production of a new transcription unit (in which the
regulatory sequence, the exon and the splice donor site
preéent in the DNA construct are operatively linked to the
endogenous gene). As a result of introduction of these



i s honol ogoues/assohEPO i ntron 1. The targeting construct alRI/UsIHPEths a
regul atory region (the mMr-1 pronotor), an exon (‘hGH exon 1) and an

unpai red splice-donor site. The product of honol ogous reconbination with
this targeting 20 construct is shown in Figure 2. In these two enbodi nents,
the products of the target- ing event s Hre chineric transcription units

whi ch gener r i ' X St h eis

posi ti oned g%@?é%éﬁﬁ%*fﬁﬁgigﬁgk%ﬁggbggékgﬁé&mébdﬁ%%Q%F&%fggggnggr?ggion,
splicing, o#eFiredhSndegnnqus gepeotsi ALERTOMI ch anmino acids 1-4 of the hEPO
SL%”S! peptide arrepl aperk kaheaﬁié.ﬁﬁhaﬁéduéﬁiﬂbm nl- &pebmb&b?ihﬁ t wo
enbodi nent s < Wt t tiv siti.ons. t he

regul atory %%%%Jé%:lerg.o@{ %%%? g‘%lae? Pngg?ﬁ&g%ﬁés?r ct? %?glt% g’%égﬁnégrted and
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s descr| AP AARASHARA 170 5t SpLFECeF fpterm 1t THE Cedldh, b ool ogous
r econbi nat i @ptaingst,odhangingotbeopatteyn ref ordgulatiopebr. ifduchboml ogousl y
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tran- segl Rl Olndd Al ed0cing TEScrially diinatlle) "eRpedssion
of a gene which is expressed in the cell as obtained.
The present invention further relates to DNA con-
structs useful in the method of altering expression of a
target gene. The DNA constructs comprise: (a) a targeting
15 sequence; {b) a regulatory sequence; (c) an exon; and (d)
an unpaired splice-donor site. The targeting sequence in
the DNA construct directs the integration of elements
(a) - (d) into a target gene in a cell such that the
elements (b) - (d) are operatively linked to sequences of
20 the endogenous target gene. In another embodiment, the
DNA constructs comprise: {(a) a targeting sequence, (b) a
regulatory sequence, (c) an exon, (d) a splice-donor site,
{e) an intron, and (f) a splice-acceptor site, wherein the
targeting sequence directs the integration of elements
25 (a) - (f) such that the elements of (b) - (f£f) are opera-
tively linked to the endogenous gene. The targeting
sequence is homologous to the preselected site in the
cellular chromosomal DNA with which homologous recombina-
tion is to occur. In the construct, the exon is generally
30 3’ of the regulatory sequence and the splice-donor site is
3’ of the exon.
The following serves to illustrate two embodiments of
the present invention, in which the sequences upstream.of
the human erythropoietin h(EPO) gene are altered to allow
35 expression of hEPO in primary, secondary, or immortalized



5 tion q@ 3 oteln of i'nterest. The present'inventiogr
transfec ce , such as transfected primary or secondary ce

non- innDrtallzed cells) and transfected i mortalized cells, useful for
produci ng proteins, particularly therapeutic 10 proteins, nethods of naking
such cells, nmethods of using the cell&-for in vitro protein production, and
nmet hods of ene therapy. Cells of the present invention are of vertebrate
origin, ASuMRLFh €P RernerprsrmBRY in detiecvablenyuantitiiesuliar | y of

human ori g;lhea.rOahi:Sansﬂddﬁédi svatl ddebrained. of 1h enfidnRRie nvent } on
contain t|c product, DNA which is i'tself a
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|nductsonthahelEedbﬁéetaréétfﬁﬁ déawénﬁﬁcuﬁﬁd'ﬂbiﬁ”%é§g§#§§@ﬁe?Lgds by whi ch

nontransf ﬁ%gg gﬁl Thegngient Inventi on also rel

cells, suChe55eRM of the $8319, T8930y ¢ TIPS ARFIRRING ©9Ne transf ect ed
to i ncl udstzucecadee centains raamguﬂ.aabrynregmts O hep moriaj @g-ocl onal cell
strains omoBe¥fr8H-exdn € £ Yrlowth' ﬁbgﬁon%nfihéﬂ)h Ofl&g ing

“animals or producin antl odies in Imunized ani nal s, USi .r ansf ect ed
aRafes, SO HCe

primary, ¥ §ired cEhespraguct ok QLQE@ﬁﬁlon rel ates

parti aql arbgomb:.aatmmmh.tﬁ tdeime thrggeing Jeonisthndt d@0 WhowCeRbI nation in
30 eukarypiifreey! s, such as cells of fungal, plant or ani- mal, e.g.,
vertebrate, "particul arly manmal iran, and even nore particularly, human
origin. That i &n embodinant. 2,, the targeting construct also con-

tains two targeting sequences. The first targeting se-
quence is homologous to sequences within the endogenous

15 hEPO regulatory region, and the second targetlng sequence
is homologous to hEPO intron 1. The targetzng construct
also contains a regulatory region (the mMT-1 promotor), an
exon (hGH exon 1) and an unpaired splice-donor site. The
product of homologous recombination with this targeting

20 construct is shown in Figure 2.

In these two embodiments, the products of the target-

ing events are chimeric transcription units which generate
a mature mRNA in which the first exon of the hGH-gene'is
positioned upstream of hEPO exons 2-5. The produdt of

25 transcription, splicing, and translation is a protein in
which amino acids 1-4 of the hEPO signal peptide are
replaced with amino acid residues 1-3 of hGH. The two
embodiments differ with respect to both the relative
positions of the regulatory sequences of the targeting

30 construct that are inserted and the specific pattern of
splicing that needs to occur to produce the final, pro-
cessed transcript.

The invention further relates to a method of pro-
ducing protein in wvitro or in vivo through introduction of
35 a construct as described above into host cell chromosomal



met hod ofwiosssisgeici ng DNA | nto primary, secondary, or i nmBETESISE#HSce| | s of
vertebrate origin through honol ogous 35 reconbi nation, such that the DNA is
i ntroduced into genom -6- ic DNA of the primary, secondary, or
immortalized cells at a preselected site. The targeting sequences used are
selected with reference to the site info which the DNA in the targeting DNA
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the present .invent expressi on 0 gne rs e gene is
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the cells for jn vitro protein production, and methods of .
gene therapy. Cells of the present invention are of
vertebrate origin, particularly of mammalian origin, and
even more particularly of human origin. Cells produced by

15 the method of the present invention contain DNA which
encodes a therapeutic product, DNA which is itself a
therapeutic product and/or DNA which causes the
transfected cells to express a gene at a higher level or
with a pattern of regulation or induction that is differ-

20 ent than occurs in the corresponding nontransfected cell.

The present invention also relates to methods by

which cells, such as primary, secondary, and immortalized
cells, are transfected to include exogenous genetic mate-
rial, methods of producing clonal cell strains or heterog-

25 enous cell strains, and methods of immunizing animals or
producing antibodies in immunized animals, using the
transfected primary, secondary, or immortalized cells.

The present'invention relates particularly to a

method of gene targeting or homologous recombination in

30 eukaryotic cells, such as cells of fungal, ﬁlant or ani-
mal, e.g., vertebrate, particularly mammalian, and even
more particularly, human origin. That is, it relates to a
method of introducing DNA into primary, secondary, or
immortalized cells of vertebrate origin through homologous

35 recombination, such that the DNA is introduced into genom-



In one e t he act’ivated gene can be further anpl
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that cells containing 25 anplified copies of the sel ectabl e nmarker gene
can be selected for by culturing the cells in the presence of the
appropriate sel ectable agent. The actgvated endogenous gene is anplified
in tandemw th the anplifiable select- able marker gene. Cells containing
many copi eécoPNA hef Itheygiimaryd erdoydavys genionmortalsefed ckdlsiatvitro

protein prodysékerediuh gt th%apxar&Eﬁéaée@Léxf&sa%fe@ﬁﬁakef'Cation as
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unavai l abl e pr has not begen cl on di-nmen expressi on of

a gene whi RRABATY, S8GANdaTy Rra"E‘@PFtéilma‘FﬂelcFil FefexzRdeBooR8 caused to
di spl ay a pomdbsgowsly eu;doabnnanar (Hnmpﬂmwhaeeddhdiw‘ ekelinmbhan evi dent

o Gare SREERSR AT RRRARS. 8 Lt e L g 0 527
| essened ot ?nlﬂht%}“arl?hesﬁﬁﬁgéﬂt'y, m:énxmmls@e@ecells- -
10 In one embodiment of the present 1nvent10n in which
expression of a gene is altered, the gene is activated.
That is, a gene present in primary, secendary. or immor-
talized cells of vertebrate origin, which is normally not
expressed in the cells as obtained, is actlvated and as a
15 result, the encoded protein is expressed In this embodi-
~ment, homologous recomb;natlon is used to.replace, dis-
able, or disrupt the regulatory region hd:ﬁally_associated _
with the gene in cells as obtained through the insertion
of a regulatory sequence which causes the gene to be
20 expressed at levels higher than evident in the correspond-
ing nontransfected cell.

- In one embodiment; the activated gene can be further
amplified by the inclusion of an amplifzable selectable
marker gene which has the property that cells contalnzng

25 amplified copies of the selectable marker gene can be
selected for by cultﬁring the cells in the presence_of the
appropriate selectable agent. The activated endogenous
gene is amplified in tandem with the amplifiable select-
able marker gene. Cells containing many copies of the

30 activated endogenous gene are useful for ;g _i;:g protein
production and gene therapy

Gene targeting and amplification as dlsclosed in the
present invention are particularly useful for actmvatlng
the expression of genes which form transcriptlon units

35 which are suff1c1ently large that they are difficult to
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gene into a cDNA copy, devoid of introns, for transfer into yeast or
bacteria for in vitro protein production. 15 Transfected cells of the
present invention are useful in a nun@gr of applications in humans and
animals. In one enbodi nent, the cells ‘can be inplanted into a human or an
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human i nsul | notropi n, of her tel ns can systemically
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non- hunarbee |slqnedtiuci ng growt h hornone, eryt hrop0| etin, insulinotropin

and ot her protejns, @uﬂ%ﬂ“%ﬁ%d@@éﬂe“ é’&‘shl degd e?xé which Barrier

devi ces, which contain tran cte express a therapeutic
pr oduct® ankf tSFRRRAPSMh lEhatﬁ@lihé?aﬁ%ﬁ?+¥?1w%ﬁhﬁﬂhﬁﬁ§eﬁrQél9aﬂé?ﬁeable can
be used t kg alidEplayeld patteanf cfeﬂemsatiom o ividuetdbnt ehatoiect and
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particul ar y usé?u{t 5 Qﬁﬁagﬁ rans cte&axﬁ#%md' ExE?‘Erggsgg#%nsfected

xenogenei €&idl | s Inpanothest esbedinentgemnresadons ofoahgenapVhied f or

treat nent i Hprissed ARl EﬁbeEDnéstda}QlEEn%d fiy regiicedl yaral, uses (e.g.,

comvortEril b B e g AR L) P S Lm0 48, geylogs.also allow
scribes a method by which homologous recombination is used

to convert a gene into a cDNA copy, devoid of introns, for

transfer into yeast or bacteria for in wvitro protein
production.
15 Transfected cells of the present invention are useful

in a number of applications in humans and animals. In one
embodiment, the cells can be implanted into a human or an
animal for protein delivery in the human or animal. For
example, hGH, hEPO, human insulinotropin, and other pro-

20 teins can be delivered systemically or locally in humans
for therapeutic benefits. In addition, transfected non-
human cells producing growth hormone, erythropoietin,
insulinotropin and other proteins of non-human origin may
be produced.

25 Barrier devices, which contain transfected cells
which express a therapeutic product and through which the
therapeutic product is freely permeable, can be used to
retain cells in a fixed position jn vivo or to protect and
isolate the cells from the host’s immune system. Barrier

30 devices are particularly useful and allow transfected

~ immortalized cellé; transfected xenogeneic cells, or
transfected allogeneic cells to be implanted for treatment
of human or animal conditions or for agricultural uses
(e.g., bovine growth hormone for dairy production).
35 Barrier devices alsoc allow convenient short-term (i.e.,
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produce aftiPUteBP*APPEERRY LR eLig Y P&eﬁebi‘éﬁ%&@, RS AR /0 by the
transf ect aatdd| khet hallsaareecrejedtdd foy thechaptusi tmmunelisygstead.i ¢ 20
purposes. RendyeRhgrRafblCle Y SETHL s@hegi{ﬂ?&?gﬂﬁ %}f@’h% used to
all ow a sinple n%ans g, termnati ng expgo- sure to e antligen. :
Al 't er nat i FERFUL: T gd161t1Rg | AntiRAdYyBTCdyFtinat oF yEok Imuniziag
( xenogénehumansabkhdgantinals ragsinst qrhttRigen)ccageRts LS elinglarided t exposur e
to the 25 s [ Nl i [ : . when the cells have
22 £33his3ERted! 8 - . -
oo of aSEaeERRreg BEETLALON, AU S Oy AL SRASE Y o 0
gens that result in stimulation of the host’s cellular and
humoral immune responses. These immune responses can be
designed for protection of the host from future infectious
15 agents (i.e., for vaccination), to stimulatg and augment
the disease-fighting capabilities directed against an
ongoing infection, or to produce antibodiés'di:ected
against the antigen produced in vivo by_the transfécted
cells that can be useful for therapeutic or diagnostic
20 purposes. Removable barrier devices containing the cells
can be used to allow a simple means of terminating expo-
sure to the antigen. Alternatively, the use of cells that
will ultimately be rejected (xenogeneic or allogeneic
transfected cells) can be used to limit exposure to the
25 antigen, since antigen production will cease when_the
cells have been rejected. ' -
The methods of the present invention cah_be used to
produce primary, secondary, or immortalized cells produc-
ing a wide variety of therapeutically useful products,
30 including (but not limited to): hormones, cytokines,
antigens, antibodies, enzymes, clotting'factbrs,_transport
proteins, receptors, regulatory proteins, structural

proteins, transcription factors, ribozymes or anti-sense
RNA. Additionally, the methods of the present invention
35 can be used to produce cells which produce non-naturally



produce pmaessiseosecondary, or imortalized cells produc- RGTPSESHEdR
variety of therapeutically useful products, 30 including (but not limted
to): hornones, cytokines, antigens, antibodies, enzynes, clotting factors,
transport proteins, receptors, reguIaLgLy proteins, structural proteins,
transcription factors, ribozynmes or anti-sense RNA. Additionally, the
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D ds “whi criskted da iy gl BroRHeR i o 1 P ap ok AR sOREe pbauct or
for gene thmmgeneBtihefrapyscri ption of the Drawi ngs 5 Figure 1 is a
schematic diagramof a strategy for transcriptionally activating the hEPO
gene; thick I|nest nouse netallothloneln | pronoter; stippled box, 5 un-

transl at ed &= 3on 1; striped box, 10 bp
spl i ce-donor semiglume ﬂ.r chm hEEéhemat:tm da,ag’lﬁm:rdfsa- h;atrahegybﬁar 5'

unt ransl at EP quences;

di agonal | y%g—ta;I ppe%thnQEEgPﬁggf@a% atﬁ?begeu%r‘ucgggegl ?néis—ﬁ ndl | |
site. Figumouse gegaldpthienein E@W?ﬁe% it pex.t PandRTi pti onal | y
activati ng tras1GR@dgeagichhbekhdl Nesol kb bok)s G ekbhol hi seiped pronoter;

stippled bag, 50Uy EpRRL2ESSE S lele Fidn 32P0T 180 en " €x0n 1 open
10 cross-hatched box, 5’ untranslated region of hEPO; open
numbered boxes, hEPO coding sequences; diagonally-stripped
box, hEPO 3’ untranslated sequences; HIII, HindIII site.
' Figure 2 is a schematic diagram of a strategy for
transcriptionally activating the hEPO gene; thick lines,
15 mouse metallothionein I promoter; stippled box, 5’ un-
translated region of hGH; solid box, hGH exon 1l; open
numbered boxes, hEPO coding sequences; diagonally-stripped
box, hEPO 3’ untranslated sequences; HIII, HindIII site.
Figure 3 is a schematic representation of plasmid
20 pXGHS, which includes the hGH gene under the control of
the mouse metallothionein promoter.
Figure 4 is a schematic representation of plasmid
PE3necEPO. The pbsitions of the human erythropoietin gene
and the neomycin phosphotranferase gene (neo} and

25 ampicillin (amp) resistance genes are indicated. Arrows
indicate the directions of transcription of the various
genes. pmMT1l denotes the mouse metallothionein promoter
(driving hEPO expression) and pTK denotes the Herpes
Simplex Virus thymidine kinase promoter {(driving neo

30 expression). The dotted regions of the map mark the
positions of sequences derived from the human hypoxan-
thine~guanine phosphoribosyl transferase (HPRT) locus.
The relative positions of restriction endonuclease recog-
nition sites are indicated.



nunber ed_boxes, hEPO codi hg sequences; diagonally-stripped box, hEPO 3'
untranslgﬁﬁwpgﬁﬁuences; H1l, Hndlll site. Figure 3 is & Pc
representation of plasmd 20 pXG#, which includes the hGH gene under the
control of the nouse netallothionein pronmoter. Figure 4 is a schematic
representation of plasm d pE3neoEPO-10he posi-tions of the human
erythropoi etin_gene and the neonycin phosphotranferase gene (neo) and 25
anpi ci | Iin (anPyIRERiStidhce sgheadtiFrerepuesentation cfwplasudidat e t he

di recti onpcDRE®) awtsidh Riricludels the #abi 868ikeNayidN \Bimfie0gyesrt he mouse

‘et al | ot hj ' ofmot er_.(dri.vi n EPO expressjaon) and pIK denotes the

Her pes Si %%?@(% us Q%frﬁ(a(ﬁmﬁg nggggopﬁ)%%’fre‘?d (’ditic\/itgf& ﬁéﬂﬁgo expressi on) .
The dot t e8ifePbrizlagmich@ckap ther AmphR andipBRAR2MQ sequences derived from
~ the hugansRypoyERB24 hidi GHaNpBeyRNOSEEELDOSY ljudashe 888 &4FRY) | ocus.

The rel ative positions of restrjiction endonucl éase recog- nitiron sites are
indicatedpr°mgkﬁfd%¥§f§§bfr°m sbSB' o D

PCT/ US95/ 0604Ficgwre 6 i@ @ Bchematichrepresentatiencofaplasmbd pl asmi d

pc DNEO, ' 4 ncl udes the neo coding region (BanH -Bglll fragnent) from

pl asm d pSV2neg, i nserted into the BanH site of plasmd pcD, the Amp-R and
pBR3220r i seqté‘rﬂf’&e 5 Sofh PERBDC ZPRFEIRNLANIPR ofceTYBRFeROiemct i ons and

ear|l yl0 tin expression in a targeted human cell line subjected to
' stepwise selection in 0.02, 0.05, 0.1, 0.2 and 0.4 uM
methotrexate.
. Figure 8 is a schematic representation of'plasmid
PREPO15.. Fragments derived from genomic hEPO sequénces
15 are indicated by filled boxes. The regiqh between BamHI
(3537) and BgIII’/HindIII’ corresponds to seduences_at
positions 1-4008 in Genbark entry HUMERPALU. The region
between BgIII’/HindIII’ (11463) corresponds to DNA se-.
quences at positions 4009-5169 in Genbéhk'enfry HUMERPALU.
20 The region between HindIII (11463) and XhoI (624) .contains
sequence corresponding to positions 7-624 of Genbank entry
HUMERPA. CMV promoter sequences are shown as an open box
and contains sequence from nucleotides 546-2105 of.Genbank
sequence HSSMIEP. The neo gené is shown as an open'box
25 with an arrow. The thymidine kinase (tki'promotér driving
the neo gene is shown as a hatched box. pBSIISK+"seQuenc-
es including the amp gene are indicated by a thin line.
Figure 9A presents restriction enzyme maps and sche-
matic representations of the products observed upon -
30 digestion of the endogenous hEPO gene_(top) and the acti-
vated hEPO gene after homologous recombination with the
targeting fragment from pREPO15 (bottom).
Figure 9B presents the results of restriction enzyme
digestion and Southern hybridization analysis of untreated



pronot er WefsBESsof r om SV40. Figure 6 is a schematic repre®ERUSINUSf
plasmd pREPO4. Figure 7 is a graphic representation of erythropoie- 10 tin
expression in a targeted hunan cell |ine subjected to stepw se selection in
0.02, 0.05, 0.1, 0.2 and 0.4 AM net hayrexate. Figure 8 is a schematic
representation of plasm d pREPOL5. Fragnents derived from genom ¢ hEPO
sequences 1HFar andntargéneed byTi) IHuGanb ®iesoblhgt r ebome HEi4mas BanH (3537)

and Bglll' d rqeesponds to sequences at positions 1-4008 i n Genbank
entry HUNE&E%EL#*#ﬁ%EQ ?fon between Bgll1'/H ndll1' (11463) corresponds to

DNA se- quencesFagup®si?ibhs AURMRtds reprefApaRRtEeR r9f MIVEREA . U. 20 The
regi on bet prREpoi® ndlMaéraélzﬂéé%)dmelre&ﬁtilroﬁﬁaéhoﬁﬂetmm Saflates

cor respandupg {0apogild By itk Yo, anbank.eLLyo SUNEEEA, Gl oot er

sequencés areé s open s seguence Tt ommucl eot i des
546- 2105 o1(3§;éﬂbamds%k&ienbﬁmsmoswespnedae§°gmmc%®mmlan open box

25 with antashew -Jo@s tiry Getivamkientse HUMERPADUD! erhdlrdagitsh t he neo gene

i cat ed ByEuSEn; B¢ @@Sé‘z@%@&&&ﬂiyié&$$%%‘é’e‘a%&%5ﬁe8§”2n3re
sche- mati seqe@neeean anosmr!sxmfs 4009p50€68cin Gesbankdentpgn 30 digestion of
the endgoengugr féaﬁ)mﬁ%@%snaﬁ&ha Y2 e O RN Gnairt er

honol ogous ,reco |nat|on W e targetin ment fronngEPCHS (bottom .
Fi gure 9B pFedbrfantaing sqqguencs: SPETEFPeR iR ypRsition
of Genbank entry HUMERPA. CMV promoter sequences are

shown as an open box and contains sequence from nucleo-
tides 546-2015 of Genbank sequence HSSMIEP. The

15 dihydrofolate reductase (dhfr) transcription unit is shown
as a stippled box with an arrow. The neo gene is shown as
an open box with an arrow. The tk promoter driving the
neo gene is shown as a hatched box. pBSIISK+ sequences
including the amp gene are indicated by a thin line.

20 Figure 11 is a schematic illustration of a construct
of the invention for activating and amplifying an
intronless gene, the a-interferon gene, where the con-
struct comprises a first targeting sequence (1), an ampli-
fiable marker gene (AM), a selectable marker gene (SM), a

25 regulatory sequence, a CAP site, a splice-donor site (SD),
an intron (thin lines), a splice-acceptor site (SA) and a
second targeting sequence (2). The black box represents
coding DNA and the stippled boxes represent untranslated
sequences. .

30 Figure 12 is a schematic illustration of a construct
of the invention for activating and amplifying an endoge-
nous gene wherein the first exon contributes to the signal
peptide, the human GM-CSF gene, where the construct com-
prises a first targeting sequence (1), an amplifiable

35 marker gene (AM), a selectable marker gene (SM), a regula-



dlgestlon and Sout hern hybridi zati on anal ysis of untreat 95/ 31560
-11- (HI’—‘Y aﬁalsf‘hrget ed (T1) human fi brobl ast clone HF34ﬁ§?g¥§4%arrpl e
7). Figure 10 is a schematic representation of plasnm d pREPOL8. Fragnents
derived from genom ¢ hEPO sequences 5 are indicated by filled boxes. The
regi on between BanmH (3537) and d al i]554) corresponds to sequences at.
posi- tions 1-4008 in Genbank entry HUNERPALU The regi on between ATG

(12246) apsiry setiuende] 342CRPCaLtes PRNSISL ice lddhoregieBCESBS , PaSd ta ons
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Genbank eqzﬂdl,nm@b@Rmd the pedrpled %@mmeaﬁetsﬁéﬁﬁaaslaﬁﬁ@)pen box and
cont ai ns ggguaﬂugg'fron1nucleo- tides 546 2015 of Genbank sequence HSSM EP.

The 15 di hyd uct hf r).transcri.pti. ni.t own as a
sti ppl d box dﬁ¥ﬁ1 qﬁrﬁ% 8 %ﬁeﬁ% %ﬁ&qs %ﬁ% ] §§ gncgﬁ% r%ék with an
arrow. Thef ttheprigywmentsiony iﬁorngcm'eatms gk ampldfiyingasn aendegered box.

PBS | SK* SR QS wiiREedd] BRe! berdiTesteoHte bilesat 80t hY Siddun | ne. 20

Fi 11 I f f th f
ctivat RESHR nBa‘?{éfa Aana - CHE 9. sl LBl GoRer Pyct fehT o on gene,”

where t hepxises a first target;ng sequence (1), an amplifiable.

10 marker gene (AM), a selectable marker gene (SM), a regula-

tory sequence, a CAP site, a splice-donor site (SD), and a

 second targeting sequence (2). The black boxes represent
coding DNA and the stippled boxes represent untranslated
sequences. -

15 Figure 14 is a schematlc illustration of a construct
of the invention for activating and amplifying an endoge-
nous gene wherein the first exon is non-coding, the human
FSHfB gene, where the construct comprises a first targeting
sequence (1), an amplifiable marker'gene (AM), a selecta-

20 ble marker gene (SM), a regulétory sequence, a CAP site, a
splice-donor site (SD), and a second targeting sequence
(2). The black boxes represent coding DNA and the
stippled boxes represent untranslated sequences.

etaj D iptic v

25 The invention is based upon the discovery that the
regulation or activity of endogenous gehes.of interest in
a cell can be altered by inserting into the cell genome,
at a preselected site, through homologous recombination,
DNA constructs comprising: (a) a targeting sequence; (b) a

30 regulatory sequence; (c) an exon and (d) an unpaired
splice-donor site, wherein the targeting sequence directs
the integration of elements (a) - (d) such that the ele-
ments (b) - (d) are operatively linked to the endogenous
gene. In another embodiment, the DNA constructs comprise:



struct coff@PHHS60;3 first targeting sequence (1), an anpli-quqﬁgpgﬁﬁﬁrker
gene (AM, a selectable marker gene (SM, a 25 reqgul atory sequence, a CAP
site, a splice-donor site (SD), an intron (thin lines), a splice-acceptor
site (SA) and a second targeting sequepge (2). The black box represents
codi ng DNA and the stippled boxes repréSent untransl ated sequences. 30

Figure 12 Iﬁaﬁiéﬂﬂgﬁggﬂﬂhg gbﬁgghgglombpf arégﬁggg 018} selqukheel Nyention for
activating and a { i ng 3 gg H%h4 erein the flrzg exon
contri but es®® ot ‘% & sBepfra nf’ﬁesﬁﬁ?mn FSENTERR, RRS:

construct cepRiqe-ssmeptoli sitet awherehy Sheusngeting Saquanpélflable 35
marker geneg{AMus &neeligtle Elgﬁr Efrsgfrg@xztﬁsgwa a r(%guhﬂch t:hal:l2 tory

CAP sit d t
Suences ( BEe Ahenre: Bobl T onFLstRt CRAFHAISM AB*EHocs: FBpLed boxes
repr esent Lfmrsnndxmme@fsehaeandsgeﬁous gend- ke targetingchequéne
|1 Tustrati gl Dhugbed W3l 5UGhcBbal DEch WERLIGHE Po Akl KatENERAQd aMp! [ fying

an endoge- nous gene erein I'Tst exon contributes to e signal
pepti de, tH@uﬁﬁhgﬁaGngéFlgeﬁé,bﬁhé?%e¥ﬁ%dcoﬁ§%Fﬁ@@-GHPP bWF%E% Bheirst
targeting spgetdng Bvengnismbedi el erddxe namew tganectiption sel ectable
(”gger a%&”%rﬁ%'v’ whidch®9l' & £hi¥n SERUSISE of Sddueticht 1Ar2BELEE dgpor Site
the targeting DNA constructs and the endogenous cellular
gene. As discussed herein, for example, the formation of
the new transcription unit allows transcriptionally silent
genés (genes not expressed in a cell prior to transfec-

15 tion) to be activated in host cells by introducing into
the host cell’s genome DNA constructs of the present
invention. Aas also discussed herein, the expression of an
endogenous gene which is expressed in a cell as obtained
can be altered in that it is increased, reduced, including

20 eliminated, or the péttern of regulation or induction may
be changed through use of the method and DNA constructs of
the present invention.

The present invention as set forth above, relates to
a method of gene or DNA targeting in cells of eukaryotic

25 origin, such as of fungal, plant or animal, such as,
vertebrate, particularly mammalian, and even more particu-
larly human origin. That is, it relates to a method of
intreducing DNA into a cell, such as primary, secondary,
or immortalized cells of vertebrate origin, through homol-

30 ogous recombination or targeting of the DNA, which is
introduced into genomic DNA of the cells at a preselected
site. It is particularly related to homologous recombina-
tion in which the transcription and/or translation prod-
ucts of endogenous genes are modified through the use of

35 DNA constructs comprising a targeting sequence, a regula-



second sequence (2). The bl ack boxes repr esentpcqftodigsokdNA and the
stipplehﬁéggégagepresent untransl at ed sequences. 15 Figure 14 is a
schematic illustration of a construct of the invention for activating and
anplifying an endoge- nous gene wherein the first exon is non-coding, the
human FSH err] gene, where the const¥ct conprises a first targeting
sequence (1), an anplifiable narker gene (AV, a selecta- 20 ble marker
gene (SMEOZY PEGHERES yaR cRKRM@Nd e?@ﬂh&et'ém‘arsﬁﬁée dFroPrEse (SD), and
a second dmr detviengienqfenciver aaelﬁa lﬂoaucubm»geugrprmﬁbnmﬁmg DNA and

the stip b r ggﬁg Nges Descri ption
of the I%%gqs §§8§EESB 65%@% Inventi on 1's gggdgﬁp%sg§ I scovery that
the regul@ModRIGHSAY FeFeRbNani wkRydfous genes of interest in a cell can be
al tered by inggaet ppgsént Oidventidnl 0 Felatesatpr&smetiidd®dsite, through

honol ogous LS ti anstructs conpr targeting
sequenceac(tﬂ‘) Sgngg g %ﬁﬁ%t% e’tﬁ:@ﬁ@ge c)m Rri%%y é}%i](é‘ an unpaired
spl i ce- d@esondary, cahbs con immoxntaljaedrgeddqueficeertelmate tanri-i ntegrati on

of el emerfin,( Bht- 1édﬁoﬁusiw hﬁst %z@s@edﬁ&ﬂt s.hébé:ené d) mm&er atively
linked tg the endo en ene. égnother dj DNA, constructs

conpri seS°Uus rgse Iéf? r‘ﬁ%trﬁfgq é‘d\?eﬂ‘@eusfg) {:3 1’%‘&1‘[ Q’”(ﬁ' e quence, (c)
10

the cell’s genome sequences whlch causes the gene to be
expressed in the recipient cell. 1In a further embodlment,
expression of a gene in a cell is enhanced or the pattern
of regulation or induction of a gene is altered, through
introduction of the DNA construct. As a result, the

15 encoded product is expressed at levels higher than evident .
in the corresponding nontransfected cell. The present
method and DNA constructs are also useful to produce cells
in which expression of a desired produet'is 1es§ in the
transfected cell than in the corresponding nontransfected

20 cell. That is, in the transfected cell, less protein
(including no protein) is produced thén in the cells as

obtained. , _
In another embodiment, a normally silent gene encod-
ing a desired product is activated in a transfected,

25 primary, secondary, or immortalized cell and amplified.
This embodiment is a method of introducing, by homologous
recomb;nat;on with genomic DNA, DNA sequences which are
not normally functionally linked to the endogenous gene
and (1) which, when inserted into the 'host genome at or

30 near the endogenous gene, serve to alter (e.g., activate)
the expression of the endogenous gene, and further (2)
allow for selection of cells in which the activated endog-
enous gene is amplified. Alternatively;'expression of a
gene normally expressed in the cell as obtained is en-

35 hanced and the gene is amplified.



an exon, (W9sB31s@ i ce-donor site, (e) an intron, and (f) FPEHYIERELR cept or
site, wherein the targeting sequence directs the integration of elenents

(a) - (f) such that 5 the elenents of (b) - (f) are operatively linked to
the first exon of the endogenous gene._ The targeting sequen- ces used are

selected with reference to the site iT %fvwnch the DNA is to be inserted.

I'n both enbodi W&*&Tes,fbﬁﬁokiﬁﬁeiéng ?‘y&?iﬂéidhs%‘% Eﬁfecbﬁﬂt EcfistRYbts
whi, c u

transcriptio 0 unit, IS, a sequences | ntroduced by

) si Qn praoduct .0
the target iy p&’&ﬁ?f’Fu&Pge’éW’Ehé“eeﬁ&%eﬁﬁ’u§h&€PI they EPc19¢E di scussed
herei n, fortcepaoduece thansbected crells t hramsfectadscelpsi and unsds al | ows
transcripti Si genes (genes not expressed in a cell prior to
transfec- fgn?%%%f Fgggé'activated in host cells by introducing into the
host cell's genonme DNA constructs of the present invention. As also
di scussed MkecDRA Chasexpeessi on of an endogenous gene which is expressed

in a cell as obain ca e N Wt LS. Lpcreas educed,

i ncluding 20 el ?‘%Eng %d?ggggftgéeé péfs: ehfen ptg% %Fegsuf"gtéfeéﬁféﬁ *lﬁgyu%‘ﬁson may be
changed t hBSugdBagsethe fobloming FAMRPIBRAScoNdt Earget big t srqysnasNt
invention. aTheglla66ty s8yE&MdON A5 @n hAl! BnakAYeiré® spBcd0 a nethod of
gene or targethng in cells of eukaryotic 25 orl%p, fu%ﬂeas of fungal,
pl ant or afPREF, S&G8h af® VAT (MR atrc 73R $8 it i and even nore

parti cd0 | zeoylhtouy sequence Frat tihe unpadekdt eplicesdomphaitef dsnt r oduci ng
DNA into azeebl, tRECOxES. PI 1461 tSONYRkYe Chn! BUUMG AL igR £&idsS Of

te ori,gin, through honp|l -
vertebra and/gr intronsgbrecéging {5’ to) the exon flanked by the

unpaired splice-donor site. As described herein, there

frequently are additional construct components, such as a
15 selectable markers or amplifiable markers.

The DNA in the construct may be referred to as exoge-
nous. The term "exogenous" is defined herein as DNA which
is introduced into a cell by the method of the present
invention, such as with the DNA constructs defined herein.

20 Exogenous DNA can possess sequences identical to or dif-
ferent from the endogenous DNA present in the cell prior
to transfection.

Ihe Targeting Seguence or Seguences
The targeting seguence or segquences are DNA sequences
25 which permit legitimate homologous recombination into the
genome of the selected cell containing the gene of inter-
est. Targeting sequences are, generally, DNA sequences
which are homologous to (i.e., identical or sufficiently
similar to cellular DNA such that the targeting segquence
30 and cellular DNA can undergoc homologous recombination) DNA
sequences normally present in the genome of the cells as
obtained (e.g., coding or npncoding DNA, lying upstream of
the transcriptional start site, within, or downstream of



30 ogous reconbination or targeting of the DNA which i ed into
genoni cWBREBEFO the cells at a preselected site. It is @F#ﬁcu@%ggy rel at ed
t o honol ogous reconbina- tion in which the transcription and/or translation
prod- ucts of endogenous genes are nodified through the use of 35 DNA
constructs conprising a targeting seguence, a regula-  -14- tory
sequence, an exon and a splice-donor site. The pres- ent invention further
rel at es tihe hkoanscysdptionakcstdp neitte ofl las gpnedof einterddts, mresent net hod

and to eﬁEeEh rQQEHéoﬂﬁuéﬁa'ééﬂaﬁgmt%QBhgﬁeélﬁre#&ous mo-q?i -present

I nvention als gﬁ to et hod of actlvatlng ene I's present in
pri mary S@&HPE, sec 8aF?r%%'H%9 dreURnGS: SFi 2EPUCRFSE AH%brate ori -
gi n, butsellecuednwith nefesemests:ecthm stilte a.atbswhtmmhe DNaudnr econbi nati on

or ta g@hleNPNRS cHAEHrho: | réglégée Fcb@ . the cell's genone sequences which
causes the gene to be exgresse n t-he recipient cell In a further

enbodi nent, EREr BEsTBRE oFaXIY ARG ﬁ?%‘e(PGFF F§nehﬂa?ﬁ¥)c93(ﬁdth@°|§'attern of
r egul at leeuampn.el nduciroma)i- plammiidl icr oiNbe fedgméht apedEdrdblyduct i on of . the

D" Sy, albudplEsthicel iy bLGASRICO B SRlGl: yiresann oL L eue
nmet hod 2N& Bm%snﬁtpmfgr%bhr zﬁ@i%ﬁyp targebing sequencesh which
expressiThe ehrgetehg’ Sequensh Gr isequentesNchif independently, be '
within the gene of interest (such as, the seQuendes of an
exon and/or intron), immediately adjacent to the_gene of
interest (i.e., with no additional nucledtides between the
~ targeting sequence and the coding region df the gehe of
15 interest), upstream gene of interest (such as the sequénc4
es of the upstream non-coding region or endogenous promot-
er sequences), or upstream of and at a distance_from the
gené (such as, sequences upstream of the endogenéus pro-
moter). The targeting sequence or sequences can include
20 those regions of the targeted gene presently known or
sequenced and/or regions further upstream which are struc-
turally uncharacterized but can be mapped usihg restric-
tion enzymes and determined by one skilled in the art. '
As taught herein, gene targeting can be used to
25 insert a regulatory sequence isolated from a different
gene, assembled from components isolated from difference
cellular and/or viral sources, or synthesized as a novel
regulatory sequence by genetic englneerlng methods within,
immediately adjacent to, upstream, or at a substant1a1
30 distance from an endogenous cellular gene. Alternatlvely
or additionally, sequences'which affect the structure or
stability of the RNA or protein produced can be replaced,
removed, added, or otherwise modified by targeting. For
example,'RNA stability elements, splice'sites, and/or
35 leader seguences of RNA molecules can be modified to



transf ect WO SH$60t han i n t he correspondi ng nont ransf ect ed PEBUSEYY MSThat | s,
in the transfected cell, less protein (including no protein) is produced
than in the cells as obtained. In another enbodinent, a normally silent
gene encod- ing a desired product is gtlvated in a transfected 25
primary, secondary, or immortalized ¢ and anplified. ThIS enbodlnent IS

a nmet hod of,pR {erHfi&!B:ePytHlﬁo@an%%i r%‘&??‘i’if)@%koé};to " en ¢ -DNA, - DNA

sequences Lch are not normal I'y functi ona %Fnous gene
and (1) whPehlitKerf i3 A qlayiene ﬁagf-egenﬁwwceeﬁ TRy adé
endogenou5ageeeedseswehtaseﬂﬂgnal(seguenaebLvprepeﬁﬁmﬁe»ququembee of the

endogenous s8effe S0ed Uddibjox! Drabitiliat ObeREbaELd Fhi0 leridcilNohi o ¢ he

activated endog- enous’ ernatively, expression of a
gene noPrafPgL Xb?%s%%ﬁFSHP%que59§Fpt&9n@b9§|ﬁ%@°¢%94§$ R!?H%iﬁéé& and the

gene is anpfiiiptotein WO o3 Bing t%tﬁbeméehé@wmrﬁ@tdbﬁcbfpt i on of

o producerhs -ardetens AP a®eile, RECEhS S FRARE afl Y, Sl 21 o5
The DNA @mxwzm@mm pﬁca genehen@fe:sef:he isthryetuaali ncl udes
properties of a protein or RNA.

10 The Regulatory Sequence
The regulatory sequence of the DNA construct can be

comprised of one or more promoters (such as a constitutive
or inducible promoter), enhancers, scaffold-attachment
regions or matrix attachment sites, negative regulatory

15 elements, transcription factor binding sites, or combina-
tions of said sequences.

The regulatory sequence can contain an inducible
promoter, with the result that cells as produced or as
introduced into an individual do not express the product

20 but can be induced to do so (i.e., expression is induced
after the transfected cells are produced but before im-
plantation or after implantation). DNA encoding the
desired product can, of course, be introduced into cells
in such a manner that it is expressed upon introduction

25 (e.g., under a constitutive promoter). The regulatory
sequence can be isolated from cellular or viral genomes,
(such regulatory sequences include those that regulate the
expression of SV40 early or late genes, adenovirus major
late genes, the mouse metallothionein-I gene, the elonga-

30 tion factor-la gene, cytomegalovirus genes, collagen
genes, actin genes, immunoglobulin genes or the HMG-CoA
reductase gene). The regulatory sequence preferably con-
tains transcription factor binding sites, such as a TATA
Box, CCAAT Box, APl, Spl or NF-«xB binding sites.



at Ieast€h§§M%§%Lomdng conponents: a targeting sequence ﬂﬁ#

sequence; and an unpaired splice- donor site. construct t he
exon is 3 of the 10 regul atory sequence and the unpalred splice-donor site
is 3 of the exon. In addition, there can be nultiple exons and/or introns
preceding (5 to) the exon flanked byighke unpaired splice-donor site. As
descri bed hereln there frequently are addi tional construct conponents,
such as a 2594§ : pientsabl e markers. The DNA in the

const ruct ray b?héebﬁﬁ\r,ﬁéini&& egua Tbs GINGOXRARIOS” (S
efined here ich i uced into.a ce e nethod of the
present invantron, %IA%’FP%S“?M %ﬁﬁe&Bng?rﬁc?ng%?q%éﬁené’PéF 20
Exogenous wcenneéossmmmaes preéesntciah & omaturk fmRNAC mede-f romthe
endogengus cGNé PLRE C8kond ddif, & d;dﬁra'ﬂir t 8cht {15 o 'vﬁﬁchTQﬁcéakget' ng

Sequence or guences The targefin uence ﬁL} dﬁyences are DNA sequences
25 whi.ch p&Pfi I@@??l?ﬂ&%?tﬁéi# Zo ePBRbH Gode5 BRcaPéRBme of t he
sel ect ed cekidcéntei nione tdie tyendasesi ofca- cedon) Tarlgaiem@tsleempnces are,
general |y, cBVe26HUSHEEM MDA A NOUBERARNSRAD {4 £ 5¢ ARNLEERhgO

sufficiently simlar to cell DNA su t the targeting sequgnce 30
and cel | ul ZPIERR: c HNeFRIdHf SRATSROYSU SXPR COFIRFRAS GNCOFRACRERENCeES

nor mal 1Y pmesenamio t i dre iy cf at beretbhSofisaw intintedclid, gthecodi ng or
noncodi Ng B chifbBR.PY WD Rhe§ubhARREE | RLASIArabldipRlbg W LhiN, or

downst ream o
and splicing, the reading ‘frame is in-frame with the

second exon or coding region of the targeted gene. As
used herein, in-frame means that the eneOding-sequences:of
15 a first exon and e'second exon, when fused, -jein tegether
nucleotides in a manner that does not change the appropri-
ate reading frame of the port;on of the mRNA derived from
the second exon. '
Where the first exon of the targeted gene contains
20 the sequence ATG to initiate translation, the exogenous
exon of the construct preferably contains an_AIG and, if
required, one or more nucleotides such that the resulﬁing
coding region of the mRNA including the'second and subse-
quent exons of the targeted gene is in-frame. Examples of
25 such targeted genes in which the first exon centalns an
~ ATG include the genes encoding hEPO, hGH, human colony
stimulating factor-granulocyte/macrophage (hGM-CSF), and
human colony stlmulatzng.factor-granulocyte (hG-CSF) .
A splice-donor site is a sequence which directs the
30 splicing of one exon to another exon. Typically, the
first exon lies 5’ of the second exon, and the eplice?'
donor site overlapping and flanking the first exon on its
3’ side recognizes a splice-acceptor site flanking the .
second exon on the 5' side of the second exon. Splice-
35 donor sites have a characteristic consensus sequence



WO 95/ 3159® 9586866t he transcriptional stop site of a gene BETURI6.St or
sequences present in the genone through a previous nodifi- cation). The
targeting sequence or sequences used are selected with reference to the
site into which the DNA in 5 the DNA cqnstruct is to be inserted. One or
nore targeting sequences can be enpl oyéd. For exanple, a circular plasmd

or DNA fra%@saheéar aBLym}'@imSGmmgdvﬁze&@r ﬂeabﬂgté§0&e§l&%.nep‘ l'i near
pl asm d or fra %e erq&% qﬂﬁgy gg targgttn’&I uences. 10 The
targeting SEGIEREESS ég etRe J%EW' nf ¢ WE gene of

i nt er est (mngagequhee'iemoﬁ-ah exucledd/ émdﬂtReﬂgarcrhnimii ately

adj acent tQ@-hBe3968€ (9691 )f r 8ffle (Fire thirel BQséde*f'ﬂE@sp!l‘i(‘deﬁOt i des

bet ween th targetln sequence and the _coding regjon o gene of 15

i nt erest), B?Fr ESR? ﬁ‘éso?"'??ltae"?ees‘:b" J3sk Eg‘rfﬁei’gﬁﬁ%e?% %b%e&‘fo Tt he
upstrean1nSplcodrdgnoegsrteswanauﬁuyaﬂmmnaﬂdgndefzaedSEQuﬂnuas) or upstream
of and at gpdh$tgnes éfé’ é*&e@‘gﬂﬁ < 13c@S reaE0H6R CREL HRS WiIRATRRA L he

endogenous Ero ot er e tar Sequence or sequences can I nclude 20
t hose regi SRLIGRAEHRA %Yﬁ%ted gene presently known or sequenced and/ or
regi ons furtheranpahapeiredisplicy-@otoru@iteulisl d¢fined Heandiar iaged but can

be mﬂp%d B ngﬁrﬁéﬁéi- gifd f‘éi?& Sar%'&@ngeiﬁrg" P%Pgé%’ir@‘%o%‘ﬂ Il'ed in the
ene argeting can
struct and is not accompanied in the construct by a
splice-acceptor site positioned 3¢ to the unpaired splice-
donor site. The unpaired splice-donor site results in
splicing to an endogenous splice-acceptor site.
is A splice-acceptor site in a sequence which, like a
splice-donor site, directs the splicing of one exon to
° another exon. Acting in conjunction with a splice-donor
site, the splicing apparatus uses a splice-acceptor site
_ to effect the removal of an intron. Splice-acceptor sites
20 have a characteristic seguence represented as: YYYYYYYYYY-
NYAG, where Y denotes any pyrimidine and N denotes any
nucleotide (Jackson, I.J., Nucleic Acids Research 19:3715-
3798 (1991)).
An intron is defined as a sequence of one or more
25 nucleotides lying between two exons and which is removed,
by splicing, from a precursor RNA molecule in the forma-
tion of an mRNA molecule.
The regulatory sequence is, for example, operatively
linked to an ATG start codon, which initiates translation.
30 Optionally, a CAP site (a specific mRNA initiation site
which is associated with and utilized by the regulatory
region) is operatively linked to the regulatory sequence
and the ATG start codon. Alternatively, the CAP site
associated with and utilized by the regulatory sequence is
35 not included in the targeting construct, and the trans-



25 inse ul atory stquence isolated froma differ ssenbl ed
~from corr%@ﬁg'ﬁ{sggi solated fromdifference cellular and/ o‘relw\./rl ra Iacsogﬁrces, or
synt hesi zed as a novel regul atory sequence by genetic engi neering methods
within, imrediately adjacent to, upstream or at a substantial 30 distance
from an endogenous cel lul ar gene. Aldernatively or additionally, sequences
whi ch affect the structure or stability of the RNA or protein produced can
be repl acirtiondlcapragatus wilbidrfinesa mewi CARdsbyet arBex imest For
o e e B T A e e
o] nmol . ecyl es ,ca led to . -17-. inprove or alter

t he functqt&ﬁ%ésséabf’?i P%‘?ﬁgﬁ#o}?mﬁ artdt &7 5B P%?‘S?eﬁf' ah Hfsscul e.
Prot ei n sapeansdsemiy placedecimmediantlys adjagenti gnatheedl@ncisy propepti de
Sequent eexaiiplley © whek8Sth@ Pt dberidd W Wndl o2CABLECASC]OEL £OANG Ng O 5

nodi fying transpqrt, secretion, or functional properiies of,a protein.
Accor di n3‘°tto rFﬁQ‘&rﬁg't %86, Theyt PRRARIAUS SFP™ ke g%o. RAeERMONE tRsul ts in the
al t er at i arheofsecoadnekon| of xpiie ssaxgeted genti. esPréfergsly, DONK or t he

Str UCt Ur QlndUsREY bhESof! ndrd! Shald idBNar bBre1Bfs Rop ' Gdnaequence The
regul atory sequénce of tﬂe construct ca ge_conprlsed of _one or nore
pronot er 8638, dR-§¥apecYhkR| the jGRAing sequence of the targeted :

.10 gene, is placed immediately adjacent to the ATG on its 3‘
side.  In such an embodiment, the splice-donor site is
placed immediately adjacent to the encoding DNA on its 3'
side. ' '

Operatively linked or functionally placedris defined

15 as a configuration in which the exbgenous regulatory
sequence, exon, splice-donor site and, optionally, a se-
quence and spliée-acceptor site are appropriately targeted
at a position relative to an endogeﬁoﬁs gene such that the
regulatory element directs the production of a primary RNA

20 transcript which initiates at a CAP site (optiohally
included in the targeting construct) and includes séquené
ces corresponding to the exon and Splice-donor site of the
targeting construct, DNA lying upstream of the endogenous
gene’s regulatory region (if present), the endogencué

25 gene’s regulatory region (if present), the endogenous
genes 5' nontranscribed region (if present), and exons and
introns (if present) of the endogenous gene. In an bpera-
tively linked configuration the splice-donor site of the
targeting construct directs a splicing event to a splice-

30 acceptor site flanking one of the exons of the endogenous
gene, such that a desired protein can be produced-from the
fully spliced mature transcript. 1In one embodiment, the

splice-acceptor site is endogenous, such that the splicing
event is directed to an endogenous exon, for example, of
- 35 the endogenous gene. In another embodiment where the



: : . PCT/US95/06045
or induci lﬁ%”ﬁ?%‘r?oter) enhancers, scaffold-attachnment regions or matrix

attachnent sites, negative regulatory 15 elenents, transcription factor

bi nding sites, or conbina- tions of said sequences. The regul atory sequence
can contain an inducible pronoter, wt2lthe result that cells as produced
or as introduced into an individual do not express the product 20 but can
be i nduced SR} IFE-8GEPLOT, Sdkpr &8sippinded judhe SREEPLLAG E€PANSS ect ed

cells are r:runi;m.ed thiet sbefieifgi event apémivel) the dhtebni iRt aodatedn). DNA
encodi ng t ir%ﬁg@%%ﬂéchﬁQQr%Q course, be introduced into cells in
up

such a mann xpresse on introduction 25 (e.g., under a
constitutive prG#Gt@PF°d1¥EeDN€g&¢aSOryUSéﬁﬁﬁhéeCéaﬁhset?§5$%&%m from
cel lulars orcdﬂstaucgeneﬂipsoyéaueanrsgw@tﬂm sagsdecefne 8¢l mélfe t hose t hat

regul ate t ion VAO ear ate enes enayvi [us najor | at e
Gones. ¢ he SaRE aETREY 'SR/ Sh R I ATIE. OF i BRORGACT0: PRH 1S oy - [ or 1]
gene, cyto#&@aﬁgmﬁra§ gbase, ototh@ggndqgnnnus ®oterigencthei emeProgl obul i n

genes or t k@A ngVENROSehAdHELASRD h&ﬁ:{ Qﬁ&h‘ aEBEYe:%EHﬂf@CGccE’ffé-erab' y
A Box, CCAAT

con- tains tra g | factor g qg§3| ch
Box, AP1, §§f PE Bsﬁlﬁﬁ?%g° i gene’ °f81nﬁﬂﬁ??FonéThT»M\Cbnstruct
El émentld ThQCBNAngonﬁhruan alreimat oelly ieseodenener onomere amino
acids or a portion of an amino acid different from the
first exon of the protein of interest. Such an embodiment
is of particular interest where the amino acids of the
first exon of the protein of interest are not critical to
15 the activity or activities of the protein. For example,
when fusions to the endogenous hEPO gene are constructed,
sequences encoding the first exon of hGH can be employed.
In this example, fusion of hGH exon 1 to hEPO exon 2
results in the formation of a hybrid signal peptide which
20 is functional. 1In related comstructs, any exon of human
or non-human origin in which the encoded amino acids do
not prevent the function of the hybrid signal peptide can
be used. In a related embodiment, this technique can also
be employed to correct a mutation found in a target gene.
25 Where the desired product is a fusion protein of the
endogenous protein and encoding sequences in the targeting
construct, the exogenous encoding DNA incorporated into
the cells by the present method includes DNA which encodes
one or more exons or a sequence of cDNA corresponding to a
30 translation or transcription product which is to be fused
to the product of the endogenous targeted gene. 'In this
embodiment, targeting is used to prepare chimeric or
multifunctional proteins which combine structural, enzy-
matic, or ligand or receptor binding properties from two
35 or more proteins into one polypeptide. For example, the



exons. An exon is defined herein as a DNA sequence which %d I nt o RNA
and is MQH‘“I n a mture NRNA nole- 5 cule. The exons 55’% 58“3{)‘1 onal |y,
contai n DNA whi ch encodes one or nore am no acids and/or partially encodes
an amino acid (i.e., one or two bases of a codon). Alternatively, the exon
contai ns DNA whi ch corresponds to aJ3. non-coding region. \Were the
exogenous exon or exons encode one or 10 nore am no acids and/or a portion

of an amexogevous DHE cE}NAexmmierla:t ér&hd&stgneﬂesﬁsdbia{ﬁ £di0 ¥ he

transcri Qtag_, Braldoshi & d rame with the second
exon or rdi g rgpl on %‘?%e ta ge E’Q%é:fr]igg ro‘(ﬁl%e?cel 5i APEEYPr ame neans
t hat thecé BdR*hg®e deY SeguEsCesy oPNAYIRELS asi®n®on, when

fused, j d:ranlamgnbimxe rtlmiaaﬁi Iﬁ@dﬁ%,acﬁaﬁa%oi'hﬁindjﬁﬁ Ml&i&a@&e t he

appropri z q;gg { he rtion of the .nR erlvedfromthe
secon e%%égvﬁere #%’J]; l%xon 0 2 efa?ée?’é%ltﬁ’éﬁz § 20 the.
sequencePRFAPPFMRILY jagqratiashs buti whichheoukdgee ofnsaskdo @f the const r uct

pref er abbigﬁ@mﬁd’dﬂ‘ﬁeﬁﬂ A prard del fseegauheﬁdm@md&raday-%é&%%&t' des such
t hat theaiggéﬂtl cod.| -reqi on o he -nRNA | cI ud| the second and

subse- qtie B g§te§8 gERTY| gr?the &5 of 25 such
t ar get eddgéﬁe%n¢rtmmet ydrioxyllaeeen cont'ai ns an ATG I ncl ude the genes

hEP t h
(eﬂ%(\)/;dgg%% S e rm*%%é‘usg't Fﬁéaiég%éé&gramﬁg%g pBRCR R0
splice-d ﬂo? té?’?‘em‘i}ng & e‘ Qi 8K %ct"sh? Het 2R the one exon

t o anot hEelliolke- éfylmt.dath.ylg hibemone beta (FSHB) gene, an exoge-
nous.ATG is not required and, preferably, is omitted.
The DNA of the construct can be obtained from sources
15 in which it occurs in nature or can be produced, using
genetic engineering techniques or synthetic processes.

The Tar Gene
The DNA construct, when transfected into cells, such
as primary, secondary or immortalized cells, can control
20 the expression of a desired product for example, the
active or, functional portion of the protein or RNA. The
product can be, for example, a hormone, a cytokine, an
antigen, an antibody, an enzyme, a clotting factor, a
transport protein, a receptor, a regulatory protein, a
25 structural protein, a transcription factor, an anti-sense
RNA, or a ribozyme. ‘Additionally, the product can be a
protein or a nucleic acid which does not occur in nature
(i.e., a fusion protein or nucleic acid).
The method as described herein can produce one or
30 more therapeutic products, such as erythropoietin,.calci-
tonin, growth hormone, insulin, insulinotropin, insulin-
like growth factors, parathyroid hormone, interferon 8, .
and interferon B, nerve growth factors, FSHS, TGF-B, tumor
necrosis factor, glucagon, bone growth factor-2, bone



first exoNOPPS6% of the second exon, and the splice- doREFPEIYE™S

overl apping and flanking the first exon on its 3' side recognizes a
splice-acceptor site flanking the second exon on the 5 side of the second
exon. Splice- 35 donor sites have a g?g[acteristic consensus sequence

-19- represented as: (A C)AG GURAGU (where R denotes a purine nucl eotide)
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by a spl|cgl&squngﬂn:adnavpmsrtluneuzﬂasep aﬁmauhqnmhmadIiﬁblBEAsdonor site.
The unpa'neq% éé&%fﬁﬁ%g %&ESsEﬁé“%?@rbi&fﬁQé(ﬂﬁl%dapcﬁBtﬁEﬂgge”OUS

splice-acce site e-acceptqr, site_in a séquence which,
like a spl %‘é‘%d@ Hloed &FLPEEP§9t facker i B hg BIeash&38k864180 anot her exon.
Acting in faufanctiIn} Wlbbdacipttingdfactosile, Hluwdsellocthggapparatus uses
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apolipoprotein A-I, globins, low density lipoprotein
receptor, IL-2 receptor, IL-2 antagonists, alpha-1 anti-
trypsin, immune response modifiers, and soluble CD4.

Selecta M and Am,

15 The identification of the targeting event can be
facilitated by the use of one or more selectable marker
genes. These markers can be included in the targting
construct or be present on different constructs. Select-
able markers can be divided into two categories: posi-

20 tively selectable and negatively selectable (in other
woxrds, markers for either positive selection or negative
selection). 1In positive selection, cells expressing the
positively selectable marker are capable of surviving
treatment with a selective agent (such as neo, xanthine-

25 guanine phosphoribosyl transferase (gpt), dhfr, adenosine
deaminase (ada), puromycin (pac)}, hygromycin (hyg), CAD
which encodes -carbamyl phosphate synthase, aspartate
transcarbamylase, and dihydro-orotase glutamine synthetase
(GS), multidrug resistance 1 (mdrl) and histidine D

30 (hisD), allowing for the selection of cells in which the
targeting construct integrated into the host cell genome.
In negative selection, cells expressing the negatively -
selectable marker are destroyed in the presence of the
selective agent. The identification of the targeting



20 have,&,cggr Eteristic sequence represented as: YYYYY%%;%E e Wwhere Y
denot es Hﬂ V? m di ne and N denotes any nucl eotide (Jackson, 1.J., Nucleic
Aci ds Research 19:3715- 3798 (1991)). An intron is defined as a sequence of
one or nore 25 nucleotides |ying between two exons and which is renoved, by
splicing, froma precursor RNA noleczde in the forma- tion of an nRNA

nol ecul e. The reqgul atory sequence is, for exanple, operatively |linked to an
ATG st artevantorcanyiiec facilitated by athe atseorf 8heCpri vone InarkerCAP site (a

specific g"é%l\é% Akl ag Eh&epfbpe& so@m@tab@dsuéétm Widy zed by the

regulator gﬁpn) I S 0& iatlv g'?kfked 0 _the é g# atory sequence and the
ATG start RROAEF V&Y VERYSCE 8% 155 L6PFEE O W% and utili zed

by the r ezpxdgeroras Diduchue cenBSg\medrsm:th(tMtr thehsegarfedling construct,

and the daNRtable adykel Eihﬁﬂ le nd bkqlle bé‘e ndud\P site. For
.nost gene%éa CAP site [ s usual oun pr.oxi mat el 55 nucl e- otides 3
of the TAFRY%HE COFFeGhe hORBLATARSE TS lé%‘ﬁl@é‘ eHSHBr R 8835 placed

i mredi at ejueradisadentheohbbe 4813 derone dowsphnet rmbeuletthe thesence of one

or nmore NUGHAY '191%%5&-3%:@8% SEhS ez?'ecé £ rwée*i?v QEE P1%4:0 be | n-1rame

wi th the second exo e tar e era encodlng one or
nore ani n@1ARSAYE 0F - for £RoBS ﬁ%ﬁuren :348-352 (19 Mark-

10 ers useful for this purpose include the Herpes Simplex
Virus thymidine kinase (TK) gene or the bacter1a1 gpt
gene. |

A variety of selectable markers can be 1ncorporated
into primary, secondary or immortalized cells. For exam-

15 ple, a selectable marker which confers a selectable pheno-
type such as drug resistance, nutrit;onal auxotrophy,
resistance to a_cytotcxzc agent or expression of a surface
protein, can be used. Selectable marker genee which can
be used include neo, gpt, dhfr, ada, pac, hyg, CAD, GS,

20 mdrl and hisD. The selectable phenot?pe conferred makes
it possible to identify and isolate recipient cells.

Amplifiable genes encoding selectable markers (e.g., -
ada, GS, dhfr and the multifunctional CAD gene) have the
added characteristic that they enable the selection of

25 cells containing ampllfled copies of the selectable marker
inserted into the genome. This feature provides a mecha-
nism for significantly increasing the copy number of an
adjacent or linked gene for which amplification is desir-
able. Mutated versions of these sequences showing im-.

30 proved selection properties and other amplifiable sequenc-
es can also be used. - | _

The order of components in the DNA construct can
vary. Where the construct is a circular plasmid,.the
order of elements in the resulting structure can be:

35 targeting sequence - plasmid DNA (comprised of sequences
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enbodi nment e-acceptor_site is en enous,. such at .the splicing
event is dFF@BteHﬁ?o e S DAy b, tFSPg%Qaﬂb?% an, [eXeNYGIEa8TJogenous
gene. | n ahot heearebprotruding ‘e drh@’ overhanging single-stranded

DNA ends to increase the frequency of the desired homolo-

gous recombination event. In this embodiment, homologous
15 recombination between the targeting sequence and the

cellular target will result in two copies of the targeting

sequences, flanking the elements contained within the

introduced plasmid.

- Where the construct is linear, the order can be, for

20 example:'a first targeting seguence - selectable marker -

regulatory sequence - an exon - a splice-donor site - a

second targeting sequence or, in the alternative, a first
targeting sequence - regulatory sequence - an exon - a
splice-donor site - DNA encoding a selectable marker - a

25 second targeting sequence. Cells that stably integrate
the construct will survive treatment with the selective
agent; a subset of the stably transfected cells will be
homologously recombinant cells. The homologously recombi-
nant cells can be identified by a variety of technigues,

30 including PCR, Southern hybridization and phenotypic
screening.

In another embodiment, the order of the construct can
be: a first targeting sequence - selectable marker -
regulatory sequence - an exon - a splice-donor site - an

35 intron - a splice-acceptor site - a second targeting sequence.



-21- spld.g6s eptor site is included in the targeting GeRyssékdssd . t he
splicing event renoves the intron introduced by the targeting construct.
The encoding DNA (e.g., in exon 1 of the targeting 5 construct) enpl oyed
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DNA sequence enpl oyed herein can, for exanple, corre- spond to the first
exon of the g@dEeghativelEst thearerder afc sempgnenkscim e dN%ati vel y encode

]g_ne or rmfdhsxwmf ' 2ahdbepr fcfﬁr pexarpie :OfaSEﬁ.ﬁ%Ei targ %ﬁ‘zgﬁéécﬁé@iﬁef fromt hle

| rst exon o { rotel |_nt {. uc 0| o_lrrent S O pal‘tICU ar
I nt er est \Aﬁérleect EERSm;“ﬁ‘o’ﬂ%%i st oféﬁeatﬁr?stse§§8§c%f tHE ?fcﬁ i it of interest
are not @pliicezdongrigitae- art$ecand dargetingt sequence e seleasi-n. For

exanpl=®, aMienmhke®ns,t 8r) hel easaaenras,, NEPOigep ecargetniitptgeict ed,
sequences enc%dl_n%et h? Ll rst_exon of h can. be englzg%/ed_. c,Inrt hi s exanpl e,
fusi on of &G %exoA*T B AEEFTXEHT re s £E°Pn"t AR cl"ﬁatq(ﬂ? of ‘a hybrid
si gnal pe&itiede weleptable smaxkexr ibmala secondl hardetingtsegquenceamy exon of

human or gaakRchurae ﬁlﬁi-ﬂéf i.”_ W Ghhild enPoagniedt 28e IeciIts ﬁi‘i'k‘é?l prevent
can_be ysed. | n a . rel ated

thefgncti%n oﬁtheﬂ_brld si gnal_peptide c b (
enbodi nerk J1ERA8YEeE %laﬂ@%’é D PagrtI¥s 86LECEPRor BT 481ut ati on found
i n a XGar ¢gdie gene. p2bduct of Welertahl edamirkett Proamcbe iseledtiesd on protein of
the against by growth in an appropriate media formulation

containing an agent (typically a drug or metabolite'ana-

log) which kills cells expressing éelectable marker 2,

Recombination between the targeting sequences flanking

15 selectable marker 1 with homologous seQuehces in the host
cell genome results in the targeted integration of select-

able marker 1, while selectable marker 2 is not integrat-

‘ed. Such recombination events generate cells which are
stably transfected with selectable marker i_but not stably

20 transfected with selectable marker 2, and such cells can
be selected for by growth in the media containing the
selective agent which selects for selectable marker 1 and
the selective agent which selects against selectable
marker 2. o |

25 The DNA construct also can include a positively
selectable marker that allows for the seléction of cells
containing amplified copies of that marker. The amplifi-
cation of such a marker results in the co-amplificaﬁion of
flanking DNA sequences. In this embodiment, the order of

30 construct components is,.fbr example: a first targeting
sequence - an amplifiable positively selectable marker - a
second selectable marker (optional) - regulatory
sequence - an exon - a splice-donor site - a second tar-
geting DNA sequence.



endogenoEOBFUSM n and encodi ng sequences in the targeti Mg Lonertuet, the
exogenous encodi ng DNA incorporated into the cells by the present nethod

i ncl udes DNA whi ch encodes one or nobre exons or a sequence of CcDNA
corresponding to a 30 translation or-gyvanscription product which is to be
fused to the product of the endogenous targeted gene. In this enbodi nent,
targeting i s usEd thispempetiémentnethe activated gests caal ber Huxtmsr whi ch
conbi ne stamsTifiddd HNZhe HRELGsi6h &f ANse McdRAPMRKKRENGERY Properties
fromtw 35 or gﬁ§§ roteins_jnto _one gﬁtgpe tide.. For eﬁagfl$, t he -22-
exogenous %ﬁ&f%: e TESdBTRREERENBRAE o° WoPMPhet 48T get ed protein
or a signatonias iafe the pedectiebbe napkew e ladmbeseeiletted, forader
SequUencss, pENAERIriRg’ Ee0BS1 15! AISTRDTY ALY chEOLBBRoprtadact O

bi ndi ng regi.ons or. 5 other tunctiopal regions. Exanp d? prot ei ns whi ch
are not ndiTISRrRIScAGERE: LERSWRFEHVRRA Eaiegerors g8n8 ¥ibhdte protein to
provi de seondtiified dal tdadenpaitiecetidampli fieed selapsabletnariedr regul atory
pr ot ei ns, ] - gahact Qsi: YL QS y X Wher e
the first éee?{)e% on'%tI%% ?2?‘8%?‘3%3 gﬁ%’%o‘?ﬁ’s&&grﬁsq@% ékggﬁ?%%%i ng region (for
exanpl e, (§REAGENOUS: geRE oMY HRTPIRTE cYaxs thigh devadshefnbre dtta (FSHerr])

gene, X0 eiget proteiAl&ndsabetusefill st o vikief prebein prfodigited. "The
DNA of thnggpighyggngaghggagpyained from sources
In any embodiment, the selectable and amplifiable
marker genes do not have to lie immediately adjacent to
eachr other.

15 Optionally, 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. A DNA construct which

20 includes DNA encoding a selectable marker, along with
additional sequences, such as a promoter, and splice
junctions, can be used to confer a selectable phenotype
upon transfected cells (e.g., plasmid pcDNEO, schematical-
ly represented in Figure 4). Such a DNA construct can be

25 co-transfected into primary or secondary cells, along with
a targeting DNA sequence, using methods described herein.

7 Fecti 1 g ] : bi R
According to the present method, the construct is
introduced into the cell, such as a primary, secondary, or
30 immortalized cell, as a single DNA construct, or as sepa-
rate DNA sequences which become incorporated into the
chromosomal or nuclear DNA of a transfected cell.
The targeting DNA construct, including the targeting
sequences, regulatory segquence, an exon, a splice-donor
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engi neer ni qgues or synthetic processes. The Taraeted Gene and
Resul ti ng Product The DNA construct, when transfected into cells, such as
primary, secondary or inmmortalized cells, can control 20 the expression of
a desired product for exanple, the é%ﬁive or, functional portion of the
protein or, t can, be for a.%ytoklne an

anti gen, %ﬁF?ﬂﬁnQJ%?ﬂ%cg gﬁz?ﬁ% %ﬁ?ﬁ& %$§CP8rln $$ ﬁ?% rotein, a
recept or , celkeqn & @rlylgéeoDBAncorastzazcyx rqn:mr aeppratei eonstaychsscri ption

factor, afh@rﬁdt-aieﬂ.%ﬁgBNAofoéhél ENKJQidi{B%ruﬁ‘édw&lQn%er aé&@:ﬂr@'UCt can be
a protelrg a nucl.eic acid whic not .occur in nat ur e %éP a fusion
0 :H?odu

protein rﬁﬂﬁ SURDEE §F  CORRORER I8 FEFUABFETH X ce one or
30 nor® t&nnxuﬁggnemcpsodauoss.sszieqnah&mymhmtpwlgena, and cdthewnin, growth

hor mone,  disidde, 'f%%ulekaﬂbiép'ihd'ﬁ}ﬁ“ﬂéi‘; t'h' ke @agulh FREiafS e at hyroid
hor none, |nterfer0ﬁ hg ho d interferon t ﬁ% nerve growt h factors,

FSH err] ,€ tioViht FeReTALLY: BS At LBRaEAPOROROYr owt h fact or - 2
bone -1l eptridels .f aFuoth€r, TShé [DNA Jcan hbeihEnbducéd astEm-eukin 2,

CarCr Cukddk 3 adutfiBLbRubhfied (h{ViP C&fwt@;o& sifihge %ﬁgge

.CSF gran ocyt e, macr o gr.anul ocyte
Id"fﬁﬁ“ﬂﬁks ata PRy PFC %Wl%‘!ﬁﬁ s Siggdesprranded, or

circular.

Any of the construct types of the disclosed invention
is then introduced into the cell to obtain a tranéfected
cell. The transfected cell is maintained under conditions

15 which permit homologous recombination, as is known in the
art (Capecchi, M.R., Science 244:1288-1292 (1989)). When
the homologously recombinant cell is-maintained under
conditions sufficient for transcription of the DNA, the
regulatory region introduced by the targeting'qonstruct,

20 as in the case of a promoter, will activate transcription

The DNA constructs may be introduced into cells by a
variety of physical or chemical methods, 1nc1ud1ng elec-
troporation, microinjection, microprojectile bombardment,
calcium phosphate precipitation, and liposome-, poly-

25 brene-, or DEAE dextran-mediated transfection. Alter-
natively, infectious vectors, such as retroviral, herpes,
adenovirus, adenovirus-associated,'mumps and poliovirus
vectors, can be used to introduce the DNA.

Optionally, the targeting DNA can be introduced into

30 a cell in two or more separate DNA fragments. 1In the
event two fragments are us#d, the two fragments share DNA
sequence homology (overlap) at the 3‘' end of one fragment
and the 5’ end of the other, while one carries a first
targeting sequence and the other carries a second target-

35 ing sequence. Upon introduction into a cell, the two
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pr esents orfctinf fsmembl@oﬁstrr Hemslogoheciecand imardohevitRadhee di vided into
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ot her wor Ve selectron or negaflve selection).

I n positl\}'-l?eé% | S@signedceprl BRa e%%emgnclﬂe ursergey Bppolegeus abl e mar ker
ar et ﬁapabI&da:fmbiwwmnnmtheaaangnétwf hect 1faeh<aﬁte19 aeeﬁta(pmd@s neo,
xant hi ne- i-ne Li bos ransf.erase (g adenosi ne
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car barf swsgwwaﬁeqyynpnases éspex; @ abhavescar banyl ase, and '
dlhydro orotase gl utam ne synthetase (GS), multidrug resistance 1 (ndrl)
and histidine_D 30 fof the selection of cells in which

t he tar getitre ; v Lm-imoien #¥e host cell genone. In negative
sel ection, cel rrheexprgetsmg emmelﬁsum vin the insertion of the

regulatory sequence of the targeting construct, placing
the endogenous gene under their control (for example, by
15 insertion of either a promoter or an enhancer, or both,

upstream of the endogenous gene or regulatory region).
Optionally, the targeting event can simulﬁaneously result
in the deletion of the endogenous regulatory element, such
as the deletion of a tissue-specific negative regulatory

20 element. The targeting event can replace an existing
element; for example, a tissue- specific enhancer can be
replaced by an enhancer that has broader or different
cell-type specificity than the naturally-occurring ele-
ments, or displays a pattern of regulation or induction

25 that is different from the corresponding nontransfected
cell. 1In this embodiment the naturally occurring sequenc-
es are deleted and new sequences are added. Alternative-
ly, the endogenous regulatory elements are not removed or
replaced but are disrupted of disabled by the targeting

30 event, such as by targeting the exogenous éequences within
the endogenous regulatory elements.

After the DNA is introduced into the cell, the cell

is maintained under conditions appropriate for homologous
recombination to occur between the genomic DNA and a



sel ect ablygo ja4kgy are destroyed in the presence of the s st Qllgd\ﬁ“-- ent. The
I dentification of the targeting -24- event can be facﬁﬁlta?e %5 t he use

of one or nore marker genes exhibiting the property of negative selection,
such that the negatively selectable nmarker is linked to the exogenous DNA
but configured such that the negativel 5 selectable narker flanks the

targeting cec hat rrect, honol ogous, r econbi nati on event
with se- (fuenc?g1 ?’r’? teﬁg %_gg?oé‘é??d m?sdd'egs?‘HBf'mr 2B FRe ¥ % he stable
i nt egrat i offapecchid n¥gBe i vBcienee e244iH288v4208r (LHBADUr, S.L. et al .,
fatur e 336: 346:852105888) recibinadfon Aistiss! the! gindills MY Az, | Nl ude
e rpe | salhym dine ki nas eng or - acterial gp
gene. A V_Z:rhlgellelltg?d}s{é&éic’tﬂg Ize'e.%ﬁfer’sn @aﬁ"%@&ﬁ&i?&ﬂrﬁ? HaB%ri nary,
secondat y @1 li.meFhapBzadfurgak. plantexamanibapl eand patteidulE@ yyar ker
whi ch confrafimatryscbeebadhfy PrOR Otmrigta 13l AimehU8r ' SSiad Hifaina UL T LT 0N
auxotroph;i,iar e%i‘%i_anceg%?? a c%c}‘get-oxi Céﬁ% ent gr expression of, a surface
protein, can be-used™ R Tk gggné tGhi Ehe cerpaRssian) 9fnc| ude
neo, gpt, adhendogenoupagend\are @aradSvely ddnkedntio hars ndbyensisect abl e

phenot ype geprf 8hESE: ARKE Spidalass iﬂg&‘@&‘l&’gﬁﬁ“h&&ké&% ’i@ﬁto% reci pi ent

cell s. i, fiabl enes ‘encodi n el ect e markers (e
1dmn%n1t w?tﬁ gxpressign ané%or coding potential that is

different from that of the endogenous gene. Particularly,
the invention includes a homologously recombinant cell
comgrising regulatory séquences and an exon, flanked by a
splice-donor site, which are introducé§_at'a predetermined
15 site by a targeting DNA construct, and are operatively
linked to the second exon of an endogenous gene. Option-
ally, there may be multiple ékdgenous'exdns (coding or.
non-coding) and introns operatively linked to any exon of
the endogenocus gene. The resulting homologously recombi-
20 nant cells are cultured under conditions which select for
amplification, if appropriate, of the DNA.eﬁcoding the
amplifiable marker and the novel transcriptional unit.
With or without amplification, cells produced by this
method can be cultured under conditions, as are known in
25 the art, suitable for the expression oﬁlthe protein,
thereby producing the protein in vitro, or the cells can
be used for jin vivo delivery of a therapeutic protein
(i.e., gene therapy). ' .
As used herein, the term primary cell includes cells
30 present in a suspension of cells isolated'from_a verte-
brate tissue source (prior to their being plated, i.e.,
attached to a tissue culture substrate such as a dish or
flask), cells present in an explant derived frqm tissue,
- both of the previous types of cells plated for the first
35 time, and cell suspensions derived from these plated
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anplified copies of the selectable marker inserted into the genonme. This
feature provides a necha- nismfor sidgsificantly increasing the copy nunber
of an adjacent or |inked gene for which anplification is desir- able.
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sequence sgrdségbgefiosscOidary arediliss vwhdchl bavedbesn (passagsd ianel o enzyne

[ mear o e o L e e e et cel |, such

that the FRBE O BAYS Pomt cassaded FreqBEnE9we!t IR 6 cb) - 10
ogous 1oecanifiinité onumhventofi snedes popoddtionctdoubl ingaidin dultmret;he free DNA
ends may 9? E&ﬁ@ﬂfg Mﬂérbfﬂbé?ﬁ%@%?E&aégntact—inhibited, anchorage

dependent growth {(anchorage-dependence does not apply to

cells that are propagated in suspension culture); and 4)

are not immortalized.

15 Immortalized cells are cell lines (as opposed to cell
strains with the designation "strain" reserved for primary
and secondary cells), a critical feature of which is that
they exhibit an apparently unlimited lifespan in culture.

Cells selected for the subject method can fall into

20 four types or categories: 1) cells which do not, as ob-
tained, make or contain the protein or product (such as a
protein that is not normally expressed by the cell or a
fusion protein not normally found in nature), 2) cells
which make or contain the protein or product but in quan-

25 tities other than that desired (such as, in guantities
less than the physiologically normal lower level for the
cell as it is obtained), 3) cells which make the protein
or product at physiologically normal levels for the cell
as it is obtained, but are to be augmented or enhanced in

30 their content or production, and 4) cells in which it is
desirable to change the pattern of regulation or induction
of a gene encoding a protein.

Primary, secondary and immortalized cells to be _
transfected by the present method can be obtained from a
35 variety of tissues and include all cell types which can be
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bly obtained from the individual to whom the transfected

primary or secondary cells are administered. However,
primary cells can be obtained from a donor (other than the
recipient) of the same species.
Homologously recombinant_immortalized'cells can also
15 be produced by the present method and used for either
protein production or gene therépy. Exémples'of immortal -
ized human cell lines useful for protein production or
gene therapy by the present method include,_but_are not
limited to, HT1080 cells (ATCC CCL 121), Hela cells and
20 derivatives of Hela cells (ATCC CCL 2, 2.1 and 2.2), MCF-7
breast cancer cells (ATCC BTH 22), K-562 leukemia cells
(ATCC CCL 243), KB carcinoma cells (ATCC CCL 17), 2780AD
ovarian carcinoma cells (Van der Blick, A.M. et al..
Cancer Res, 48:5927-5932 (1988), Raji cells (ATCC CCL 86),
25 Jurkat cells (ATCC TIB 152), Namalwa cells (AECC CRL
1432), HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL,_
213), RPMI 8226 cells (ATCC CCL 155), U-937 é,_ells (ATCC
CRL 1593), Bowes Melanoma cells (ATCC CRL 9607), WI-38VA13
subline 2R4 cells (ATCC CLL 75.1), and MOLT-4 cells (ATCC
30 CRL 1582), as well as heterohybridoma cells produced by
fusion of human cells and cells of another species.
Secondary human fibroblast strains, such as WI-38 (ATCC
CCL 75) and MRC-5 (ATCC CCL 171) may be used. In addi-
tion, primary, secondary, or immortalized human cells, as
35 well as pfimary, secondary, or immortalized cells from
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The DNBoCORAELUE mnl LA dd1d| G 3pPOSLELVELY: PR Hlcelprker 1 hat
al | ows Por the selection of cgl S c%ﬁt g aﬁﬁfl copr es of that
mar ker . ThRT@ARFF1PR- cakf dtheoCD¥ACAsatAubectransfinnned to microbial
co-anplifieali®n ©ho DNA constructs containing targeting sequences
are ‘introduced by homologous recombination, one construct
upstream of and one construct downstream of a human gene
15 encoding a therapeutic protein. For example, the sequenc-
es introduced upstream include DNA sequences homologous to
genomic DNA sequences at or upstream of the DNA encoding
the first amino acid of a mature, processed therapeutic
protein; a retroviral long term repeat (LTR); sequences
20 encoding a marker for selection in microbial cells; a
regulatory element that functions in microbial cells; and
DNA encoding a leader peptide that promotes secretion from
microbial cells with a splice-donor site. The sequences
introduced upstream are introduced near to and upstream of
25 genomic DNA encoding the first amino acid of a mature,
processed therapeutic protein. The sequences introduced
downstream include DNA sequences homologous to genomic DNA
sequences at or downstream of the DNA encoding the last
amino acid of a mature, processed protein; a microbial
30 transcriptional termination sequence; sequences capable of
directing DNA replication in microbial cells; and a retro-
viral LTR. The sequences introduced downstream are intro-
duced adjacent to and downstream of the DNA enceding the
stop codon of the mature, processed therapeutic protein.



fIankingYEmw\sequences I'n this embodi nent, the order of~fRissspisdds’ UCt
conponeMYQ9YUS60 o exanple: a first targeting sequence - an anplifiable
positively sel ectable marker - a second sel ectabl e narker (optional) -
regul atory sequence - an exon - a splice-donor site - a second tar- geting
DNA sequence. -27- In this enbodizgent, the activated gene can be further
anplified by the inclusion of a selectable mar ker gene whi ch has the
property zfitar thel swooDNAi consLxugiis fared ipoppdeced into seldstabl e marker

gene can b sebatted f9é115s byréthkahtﬂtla&aehhﬁnaeirléoﬁdhsi&spra@mace of t he
appropriate selecta ﬂ ent The Qtlzated endo eg&} @3‘ne W

anpl i fi e®5HAEaRAE IS FARFT SEPRELYE d’é’r‘i‘é“’eéa I s

cont ai ni myarangd gepomscomNAhe;Mxehwmdsndogeh@mlWlmwwuce very
nigh I evelinatt Lagde %g:rfbﬁm P @ 8:2Be R 8¢ vl Wl Qori-n i 10 prote n

produc- tion an ene t

a an sel ect,ahl e and
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origin OfguoRll CahlOR B0febAfdR ddly 2l Beoaafiea S Geligker s or other
sel ect abl®& mar Kers, P 13 sca asm d propagation in
bacter|aa@megnyngtpgrboth of the DNA constructs h ve been intro-

10 duced into the cells. Alternatively, the sequences encod-
ing the marker for selection in microbial cells and the
seduences capable of directing DNA replication in microbi-
al cells can both be present in either the upstream or the
downstream targeting COnstruct, or the marker for selec-

15 tion in microbial cells can be present in the downstream
targeting construct and the sequences capable of directing
DNA repllcatzon in microbial cells can be present in the
upstream targetlng construct. The homologously recombi -
nant cells are then cultured under conditions appropriate

20 for LTR directed transcription, processing and reverse
transcription'of the RNA prcduct of the gene encoding the
therapeutic protein. The product of reverse transcription
is a DNA construct comprising an intronless DNA copy
encoding the therapeutic protein, operatively linked to

25 DNA sequences comprising the two exogenous DNA constructs
described'above The intronless DNA construct prcduced by
the present method is then lntroduced into a microbial
cell. The microbial cell is then cultured under condi-
tions appropriate for expression and secretion of the

30 therapeutic protein.

In Vivo Protein Production

Homologously recombinant cells of the present inven-
tion are useful, as populatlcns.of homologously recombi-
nant cell lines, as populations of homologously recombi-
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about 200 relative to the individual‘s physiologic needs, defective
or inefficiently or inappropriately utilized in the indi-
vidual; a protein with novel functions, such as enzymatic
or transport functions) or 2) a therapeutic nucleic acid
15 (e.g., RNA which inhibits gene expression or has intrinsic
enzymatic activity). In the method of the present inven-
tion of providing a therapeutic protein or nucleic acid,
homologously recombinant primary cells, clonal cell
strains or heterogenous cell strains are administered to
20 an individual in whom the abnormal or undesirable condi-
tion is to be treated or prevented, in sufficient quantity
and by an appropriate route, to express or make available
the protein or exogenous DNA at physiologically relevant
levels. A physiologically relevant level is one which
25 either approximates the level at which the product is
normally produced in the body or results in improvement of
the abnormal or undesirable condition. According to an
embodiment of the invention described herein, the homo-
logously recombinant immortalized cell lines to be admin-
30 istered can be enclosed in one or more semipermeable
barrier devices. The permeability properties of the
device are such that the cells are prevented from leaving
the device upon implantation into an animal, but the
therapeutic product is freely permeable and can leave the
35 barrier device and enter the local space surrounding the
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cel |, thand\@dairy production). Barrier devices also allow conve-

nient short-term (i.e., transient) therapy by providing

ready access to the cells for removal when the treatment

15 regimen is to be halted for any reason. B

A number of synthetic, semisynthetic, or natural
filtration membranes can be used for this purpose, includ-
ing, but not limited to, cellulose; cellulose acetate,
nitrocellulose, polysulfone, polyvinylidene difiuoride,

20 polyvinyl chloride polymers and polymers of péiyvinyl
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.

In Vitro in Productio

25 Homologously recombinant cells from humah or non-
human species according to this invention can also be used
for in vitro protein producticn. The cells are maintained
under conditions, as are known in the art, which result in
expression of the protein. Proteins expressed using the

30 methods described may be purified from cell lysates or
cell supernatants in qrder'to purify the desired protein.
Proteins made according to this method include therapeutic
proteins which can be delivered to a human or non-human
animal by conventional pharmaceutical routes as is known
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from pigs for the production of porcine insulin, and the

use of bovine cells for the production of bovine growth

hormone.
vanta
15 Ihe methodologies, DNA constructs, cells, and resul-

ting proteins of the invention herein possess versatility
and many other advantages over processes currently em-
ployed within the art in gene targeting. The ability to
activate an endogenous gene by positioning an exogenous

20 regulatory sequence at various positions ranging from
immediately adjacent to the gene of interest (directly
fused to the normal gene’s transcribed region} to 30
kilobase pairs or further upstream of the transcribed
region of an endogenous gene, or within an intron of an

25 endogenous gene, is advantageous for gene expression in
cells. For example, it can be employed to position the
regulatory element upstream or downstream of regions that
normally silence or negatively regulate a gene. The
positioning of a regulatory element upstream or downstream

30 of such a region can override such dominant negative
effects that normally inhibit transcription. In addition,
regions of DNA that normally inhibit transcription or have
an otherwise detrimental effect on the expression of a
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leader sequence preceding the correct ATG start codon,
since the frequent occurrence of ATG codons in such a

leader sequence will prevent translation of the correct

gene product and render the message useless. Thus, the
15 'incorporation of an exogenous exon, a splice-donor site,
and, optionally, an intron and a spliceeacceptor'site into
targeting constructs comprising a regulatory region'allows
gene expression to be optimized by identifying the optimai
- site for regulatory region function, without the limita-
20 tion imposed by needing to avoid inapprqpriate ATG start
codons in the mRNA produced. This'provides significantly
increased flexibility in the placement of the construct
and makes it possible to activate a wider range of genes.
The DNA constructs of the present'invention_aré also
25 useful, for example, in processes for making fusion pro-
‘teins encoded by recombinant, or exogenous, sequences and
endogenous sequences. ,
Gene targeting and amplification'as'disclosed above -
are particularly useful for altering on the expression of
30 genes which form transéription'units which are'sufficient-
ly large that they are difficult to isolate and express,
or for turning on genes for whichlthe-entire_protein
coding region is unavailable or has not been cloned.
Thus, the DNA constructs described above are useful for
35 operatively linking exogenous regulatory elements to
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brate tissBEUEHTrtREGYREtor to their being plated, i.e., attached to a
tissue culture substrate such as a dish or flask), cells present in an

expl ant degd L0 td the previous types of cells plated for
the first d cel ons derived fromthese glated WO

95/ 31560 -31- ch§ |describede heredsondBPyicants ave demonssratediers to cell s
at all subskgtiepNA d@8PDd inttbliucetdintdaéells, tdith as primary, '

10 secondary or immortalized vertebrate cells and integrated
into the genome of the transfected cells by homologous
recombination. They have further demonstrated that the

- exogenous DNA has the desired function in the homologously
recombinant (HR) cells and that correctly targeted cells

15 can be identified on the basis of a detectable phenotype
conferred by the properly targeted DNA.

Applicants describe construction of a plasmid useful
for targeting to a particular locus (the HPRT locus) in
the human genome and selection based upon a drug resistant

20 phenotype (Example la). This plasmid is designated pE3Neo
and its integration into the cellular genome at the HPRT
locus produces cells which have an hprt~, 6-TG resistant
phenotype and are also G418 resistant. As described, they
have shown that pE3Neo functions properly in gene target-

25 ing in an established human fibroblast cell line (Example
1b), by demonstrating localization of the DNA introduced
into established cells within exon 3 of the HPRT gene.

In addition, Applicants demonstrate gene targeting in
primary and secondary human skin fibroblasts using pE3Neo

30 (Example 1c). The subject application further demon-
strates that modification of DNA termini enhances target-
ing of DNA into genomic DNA (Examples lc and le).
Applicants also describe methods by which a gene can be
inserted at a preselected site in the genome of a cell,
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Applicants also describe DNA constructs and methods
15 for amplifying an endogenous cellular ‘gene that has been
activated by gene targeting (Examples 3, 6, 8 and 9).
Examples 1f-1h, 2, 4 and 6 illustrate_embodiments_in
which the normal regulatory sequences upstreamjof_the

human EPO gene are altered to allow expression of hEPO in
20 primary or secondary fibroblast strains'which do not
express EPO in detectable quantities in their untrans-
fected state. In one. embodiment the product of targeting
leaves the normal EPO protein intact, but under the con-
trol of the mouse metallothionein promoter.' Examples 1i
25 and 1j demonstrate the use of similar targeting constructs
to activate the endogenous growth hormone gene in primary
or secondary human fibroblasts. 1In other embodiments
described for activating EPO expression in human fibro-
blasts, the products of targeting events are chimeric
30 transcription units, in which the £irst exon of the human
growth hormone gene is positioned upstream of EPO exons 2-
5. The product of transcription (controlled by the mouse
metallothionein'promoter), splicing, and transiation is a
protein in which amino acids 1-4 of the hEPO signal pep-
35 tide are replaced with amino acid residues 1-3 of hGH.
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121), FbLa e f?} the human EPO (hEPO) locus in HT1080 cells (an
immortallzed human cell line) after activation of the
endogenous hEPO gene by homologous recombination. As
described, stepwise selection in methotrexate-containing

15 media resulted in a 70-fold increase in hEPO production in
cells resistant to 0.4 uM methotrexate.

Examples 7 and 8 describe methods for inserting a
regulatory sequence upstream of the normal EPO promoter
and methods for EPO production using such a construct. In

20 addition, Example 8 describes the amplification of a
targeted EPO gene produced by the method of Example 7.
Example 9 describes methods for targeting the human a-
interferon, GM-CSF, G-CSF, and FSHB genes to create cells
useful for in protein production.

25 The Examples provide methods for activating or for
activating and amplifying endogenous genes by gene target-
ing which do not require manipulation or other uses of the
target genes’ protein coding regiomns. Using the methods
and DNA constructs or plasmids taught herein or modifica-

30 tions thereof which are apparent to one of ordinary skill
in the art, gene expression can be altered in cells that
have properties desirable for in vitro protein production
(e.g., pharmaceutics) or jin vivo protein delivery methods
(e.g. gene therapy). Figures 5 and 6 illustrate two

35 strategies for transcriptionally activating the hEPO gene.
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mammal i an cell for in vitro or in vivo protein production. If the cDNA is
to be transferred to mcrobial cells, two DNA constructs containing
targeting sequences are introduced by_gwnol ogous reconbi nati on, one
construct upstream of and one construct downstream of a human gene 15
encodi ng a therapeutic proteln F%nExamanmse t he sequenc- es |ntroduced
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" One approach to selecting the targeted events is by
genetic selection for the loss of a gene function due to

15 the integration of transfecting DNA. The human HPRT locus
encodes the enzyme hypoxanthine-phosphoribosyl transfer-
ase. hprt~ cells can be selected for by growth in medium
containing the nucleoside analog 6-thicguanine (6-TG):
cells with the wild-type (HPRT+) allele are killed by

20 6-TG, while cells with mutant (hprt~) alleles can survive.
Cells harboring targeted events which disrupt HPRT gene
function are therefore selectable in 6-TG medium.

To construct a plasmid for targeting to the HPRT
locus, the 6.9 kb HindIII fragment extending from posi-

25 tions 11,960-18,863 in the HPRT sequence (Genebank name
HUMHPRTB; Edwards, A. et al., Genomics 6:593-608 (1990))
and including exons 2 and 3 of the HPRT gene, is subcloned
into the HindIII site of pUCl12. The resulting clone is
cleaved at the unique XhoI site in exon 3 of the HPRT gene

30 fragment and the 1.1 kb SalI-XhoI fragment containing the
neo gene from pMClNeo (Stratagene) is inserted, disrupting
the coding sequence of exon 3. One orientation, with the
direction of neo transcription opposite that of HPRT
transcription was chosen and designated pE3Neo. The
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to 2§ D¥ﬁ sequences ‘conprising the two exogenous DNA constructs described
e

above intronl ess. DNA constr.uct duc
HT1080 cells were malntalgeg n ENnyhypoxanthlne/

aminopterin/xanthine) supplemented DMEM with 15% calf
‘serum (Hyclone) prior to electroporation. Two days before
electroporation, the cells are switched to the same medium

15 without aminopterin. Exponentially growing cells were
trypsinized and diluted in DMEM/15% calf serum, centri-
fuged, and resuspended in PBS (phosphate buffered saline)
at a final cell volume of 13.3 million cells per ml.
pE3Neo is digested with HindIII, separating the 8 kb

20 HPRT-neo fragment from the pUC12 backbone, purified by
phenol extraction and ethanol p:ecipitatibn, and resus-
pended at a concentration of 600 pg/ml. 50 ul (30 ug) was
added to the electroporation cuvette (0.4 cm electrode
gap; Bio-Rad Laboratories), along with 750 pl of the cell

25 suspension (10 million cells). Electroporation was at 450
volts, 250 pFarads (Bio-Rad Gene Pulser; Bio-Rad Laborato-
ries). The contents of the cuvette were immediately added
to DMEM with 15% calf serum to yield a cell suspension of
1 million cells per 25 ml media. 25 ml of the treated

30 cell suspension was plated onto 150 mm diameter tissue
culture dishes and incubated at 37°C, 5% CO,. 24 hrs
later, a G418 solution was added directly to the plates to
yield a final concentration of 800 ug/ml G418. Five days
later the media was replaced with DMEM/15% calf serum/




the preseMO¥MBIJ i s then introduced into a microbial ce@CTR¥R X obi al
cell is then cultured undei condi- tions appropriate for expression and
secretion of the 30 therapeutic protein. In Vivo Protein Production

Honol ogously reconbi nant cells of thegpgresent inven- tion are useful, as
popul ati ons of honol ogously reconbi- nant cell |ines, as popul ations of
honol ogousBPOr Bgémbi G418 . - Ibine) AayspEifrery edectreperrtiomelthe  honol ogously

r econbi nankegh @nhs CELP1 SERIWVILIODMEM)ES S BATE! SdPMS/ 800 )i BRAE ¢ 1 east
a eas

het er ogenous ,cell stral.ns or_l. nes, d as cell. nmxtures whi ¢h
one represgﬁgéi vﬁﬁcé?ﬁh%ﬁgQﬁﬁ§Qﬁ“ tﬁ%aeanﬁuFef&%ﬁiRﬁrﬁf 898F$ES of
honol ogousEyTEewendi picked aidind slondpgneylSnders cl4 slqraayisc afced i n a
deliveryg sygpbeguiorsdi&tidy vy indiciiagegl W th an abnornal or undesirable
condi ti on whi chgrles onds tofdgiiyvep/ of a theraé)euti c product, which is
either: 1) a t hERGpERRYEES BF iYEorFRPFESEALaCiFe RAnTPaimE FPETinsent
under pr odumedtseinat H-TX08® ddid s mdievishowh' snphaklelbgi ¢ needs, defective or
inefficiently or inappropriately utilized in the indi- vidual; a protein
wi th novel functions, such as enzymatic or transport functions) or 2) a

therapeutic nucleic acid 15 (e.qg. , 538%hich inhibits gene expression or
has intrinsic enzymatic activityNumbertb€ net hod of Numbear e€egtiBhven-

Transfection Treated Cells 6-TG" Clones
1 1 x 10 32
2 1 x10 28
3 1 x 107 24
4 1 x 10 32
5 1x 107 - 66

For transfection 5, control plates designed to deter-
mine the overall yield of G418* colonies indicated that
33,700 G418* colonies could be generated from the initial
1l x 10? treated cells. Thus, the ratio of targeted to

5 non-targeted events is 66/33,700, or 1 to 510. 1In the
five experiments combined, targeted events arise at a
frequency of 3.6 x 10°% or 0.00036% of treated cells.

Restriction enzyme and Southern hybridization experi-
ments using probes derived from the neo and HPRT genes

10 localized the neo gene to the HPRT locus at the predicted
site within HPRT exon 3.



tion of a; Q% ﬂ#ﬁg a théraﬁeutic protein or nucleic acid,_hQ B%&F5|y
r econbi Nt é ry cells, clonal cell strains or heteroﬁ strains

are adm nistered to 20 an individual in whomthe abnormal or undesirable
condi- tion is to be treated or prevented, in sufficient quantity and by an
appropriate route, to express or nmek&6-avail able the protein or exogenous
DNA at physiol oaically rel evant |levels. A phyS|oIog|caIIy rel evant |evel is
one whi ch®25 % L ct is

normal |y produﬂEnLgmgsng body or results in | nprovenent of the abnornal or

undesirable c 0 i nent. _of .the_inv

descrlbed her2?%ﬁ€° &s éﬁ gggéggﬁ% :%ggﬁg?ngﬁPaF P?af? éﬁ lines to-
be adni n-HERF-nes Féﬂ“‘é&ﬁ 5§°‘En’élll%§&fﬂ+21 Wbonemoaedspm-‘p%x&éabye barri er
devi c&s. pHenglerxtabickiby aﬁﬂpeﬂﬁazﬁﬂ Cﬁré&l%l‘éﬁfh.éﬁ argngUWeds t hat the cells

are prev I ggavin nplantation .into an aninmal, but
t he ther?%ﬁ%ﬂe&!gggdugtb ﬂ ree %%?%&ﬁ%l&éognﬁesgﬁ PERVIMAR 35 barri er
devi ce arfPrafkdn tfﬁbrpbéasts %um @uvdlupet b 0.5-185- werml ant or enter
the syst eiliectticperadeton: £96 %ﬁmlaﬁxd lygd. prE-’Qd Otropl n,

e I e e AT 3 e S fé’%%qqse?ehgiféié’
are égrtm@gpappyfgg@egL fod altetal of 9 million treated cells.
Cells are processed and selected for G418 resistance.
500,000 cells per 150 mm culture dish were plated for G418
selection. After 10 days under selection, the culture
medium is replaced with human fibroblast nutrient medium

15 containing 400 ug/ml G418 and 10 uM 6-TG. Selection with
the two drug combination is continued for 10 additional
days. Plates are scanned microscopically to localize
human fibroblast colonies resistant to both drugs. The
fraction of G418 t-TG" colonies is 4 per 9 million treat-

20 ed cells. These colonies constitute 0.0001% (or 1 in a
million) of all cells capable of forming colonies. Con-
trol plates designed to determine the overall Yield of
G418" colonies indicated that 2,850 G418° colonies could
be generated from the 1nit1al 9 x 10° treated cells.

25 Thus, the ratio of targeted to non-targeted events is |
4/2,850, or 1 to 712. Restriction enzyme and Southern
hybridization experiments using probes derived from the
neo and HPRT genes were used to localize the neo gehe to
the HPRT locus at the predicted site within HPRT exon 3

30 and demonstrate that targeting had occurred in these four
clonal cell strains. Colonies resistant to both drugs
have also been isolated by transfecting primary cells
(1/3.0 x 107). ' _

The results of several pE3Neo targeting experiments

35 are summarized in Table 2. HindIII digested pE3Neo was




honol ogou?l%?s’r’éségnbi nant imortalized cells, honol ogousl y%@cmgnt cells
from anot her speci es (honol ogously reconbi nant xenogeneic cells), or cells
froma nonhisto- conpatibility-matched donor (honol ogously reconbi nant 10
al l ogeneic cells) to be inplanted for4¥reatnment of human or ani nal

conditions or. for_agricultural uses (i.e., neat and dairy production).
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treat ment dp, oM IBbd e aaghtees!cf Or Sy ész%%%%gién@ugﬁgh of synthetic,
filt s can

sem synthetjc,. or natura tration penbran e _use or this
pur pose, | FEIUEL-FHENARG *RILOPENFERYIRG, XM |15 de 938 PAPEsPaAEE! at e,
ni trocal | Wmskngul wetlel aestedo! yUsiyyi pEIted idilgestiedewi2 BOhRYIDYI
chl ori de rs, Anfd Balyn : | Vg i Al i yes. Barrier
devi ces CE{‘%i e futsll'l i zeg;,g‘g'}cé)rrgﬁ%\%é%??n%ér!%lg,ﬁ/is%scc:_omr?%;er %fﬁe%?&?yn%%[ %‘gl i zed cells
f rom anot FASEHQGIC epzymeu3ed Fenthere hurigdigationuanAsysia #Ftro
Protei n Pripfikiglg QN tdvgeted ihiBapto6RUSE tHe G igenat atethe fipRM human or
non- hunaqes em%g a%cagrglfn%tg thléeélnv I’ltIOI’VII cran.%l zo bg used for in
vitro prot br Gy F& RN eCREPPREL TR M5 e d =R BEPL ondi ti ons, as
are kA6wn Targetsng waswmaxhmablyl stimuisged sepproximahelpr b0 efaldPr ot ei ns
expr essed dsinif] athenIOwhBhNeverLesss | HEA 78 b Geld’ UBEY VieM ££84 | ysates
or cell supernata ts,lnogréiﬂ t,oi)urlf [Lhe eflred rotein. Proteins nmade
accor di ng 498 hFeIART PR FHTRIAVISS FECEFEGELER pF RERFRE ST AT &FF e
del i ver ed dimgndsiiien for nangtuimg at HPRT (a total of 9 targeted

clones were isolated). Thus, using the conditions and

15 recombinant DNA constructs described here, targeting is

readily observed in normal human fibroblasts and the

overall targeting freguency (the number of targeted clones

divided by the total number of clones stably transfected

to G418-resistance) can be stimulated by transfection with

20 targeting constructs containing single-stranded overhang-

ing tails, by the method as described in Example 1le.

TABLE 2
IARGETING TO THE HPRT LOCUS IN HUMAN FIBROBLASTS
pE3neo Number of Number Targeted Total Number of
Ireatment ___Experiments Per G418 Colony Targeted Clope
HindIII digest 6 1/799 24
175 bp overhang 1 1/80 9
350 bp overhang 3 1/117 20
930 bp overhang 1 1/144 1



ani mal by conventi onal pHarnaceutlcaI routes as is kno s N the art

(e.g., B‘%h?smﬁ‘h ravenous, intranuscular, intra- nasal W?CE’HB s%'[z?aneous) '
Such proteins include hGH hEPO, and human insulinotropin, hGw CSF, hG CSF,
FSH err] or [err]- interferon. These cells can be immortalized, primry, or
5 secondary cells. The use of cell s4Brom ot her species may be de5|rable I n

cases where the non hunan ceIIs ar e advan- tageous for proteln productlon
pur posesdwher GENERAT P 16 TRUCH LARGH

useful, for exsuml®r o ' quhEQ@rIM%ﬂﬂ " the 10
productlon of I [ CI T of cells derive rompigs for the
producti on oféggrﬂﬂgé? YSt '%kﬁhﬁ ‘Egiﬁge of bovine cells for the
producti on of AbearisntyrafvdE3decnoie. whdchna agesse € therap@ubiget hodol ogi es,
DINA @“SEﬁl:'Eirést Cfé ';?n d %ﬁ‘éhi ttgﬂ ﬁﬁﬁi‘%&’ﬁr@ reliohNveqjaon herein

possess versati | many ot her vant a er processes currently em

pl oyed WFERFNEP I‘Fér d’ﬁaﬁ ﬁbgfeﬁéq grger i A0 5% §:alr§e§cf‘| geRe an
endogenoos gh@taﬁguqxnﬂﬂnu!nesg ao axageobﬂScZﬁbsinjdnaunr; seqgipnce at

(a roct1 S5t AT Wbk My TRET) Ry Eiind s %ﬁ*’d‘gf%@*@?ogi Eill obase
pai rs or PE3Neqcsan fe rqgﬂﬁﬁﬁuQFﬁé fPEnSRFISRIng t ene to :
10 the HPRT locus '
PXGHS (schematlcally presented in Figure 3) is di-
gested with EcoRI and the 4.1 kb fragment containing the
hGH gehe and linked mouse metallothionein (mMT) promoter
is isolated. The EcoRI overhangs are filled in. with the
15 Klenow fragment from E. goli DNA polymerase. Separately,
pE3Neo is digested with XhoI, which cuts at the junction
of the neo fragment and HPRT exon 3 (the 3’ junction of
the insertion into exon 3). The Xhol overhanging ends of
. the linearized plasmid are filled in with the Klenow
20 fragment from E. coli DNA polymerase, and the resulting
fragment is ligated to the 4.1 kb blunt-ended hGH-mMT
fragment. Bacterial colonies derived from the ligation

mixture are screened by restriction enzyme_anaiysis for a
single copy insertion of the hGH-mMT fragment and one

25 orientation, the hGH gene transcribed in the same direc-
tion as the neo gene, is chosen and designated pE3Neo/hGH.
PE3Neo/hGH is digested with HindIII, releasing the 12.1 kb
fragment containing HPRT, neo and mMT-hGH segquences.
Digested DNA is treated and transfected into primary or

30 secondary human fibroblasts as described in Example lc.
G418% TG* colonies are selected and anelyzed for targeted
insertion of the mMT-hGH and neo sequences into the HPRT
gene as described in Example lc. Individual colonies are
assayed for hGH expression using a commercially available

35 immunoassay (Nichols Institute).



regi on of %ﬂ’ﬂﬂ&@genous gen¢e, or within an intron of an ZSPWSQF%&S gene,

I s advant ageous for gene expression in cells. For exanple, it can be
enpl oyed to position the regulatory el ement upstream or downstream of
regions that normally silence or negatds+ely regul ate a gene. The
positioning of a regulatory-elenent upstream or déwnstream 30 of such a
regi on can over FPEENIREY; yomam Fibnakjastee werectransfiected it y i nhi bit
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ol noe, - ATGEPRFFES8 sfiothe U GHRE LnkqoR e, SR ERONAHARS 27°0Ra
(apprOX|naﬁéﬂyebsbtostxﬂxnﬂuﬁ;qhiv'¢SPtasee§asngyifi¢ant gantitiies cannot
sinply ini blfahénatwffw &P Hvdriiyel RXpreesi sl Phvél gsafezz’mﬂ ég @ece a
transcri pt cgg zlnln a Iogﬁékggggé siquenc Brece ng th corregt ATG
start codofi®+sfht Ire Bl¥mcBLBPMAT PRI/ FdGUFea | eader
sequent® wkl, | mpyebemsed danstaxiget EPOt he therbutam PR Aeemst. and render
the message usetgsSusd ¥ nddflogous recombination to target a gene
of therapeutic interest to a specific position in a cell’s
genomic DNA can be expanded upon and made more useful for
producing products for therapeutic purposes (e.g., pharma-
15 ceutics, gene therapy) by the insertion of a gene through
which cells containing amplified copies of the gene can be
selected for by exposure of the cells to an appropriate
drug selection regimen. For example, pE3neo/hGH (Example
1d) can be modified by inserting the dhfr, ada, or CAD
20 gene at a position immediately adjacent to the hGH or neo
genes in pE3neo/hGH. Primary, secondary, or immortalized
cells are transfected with such a plasmid and correctly
targeted events are identified. These cells are further
treated with increasing concentrations of drugs appropri-
25 ate for the selection of cells containing amplified genes
(for dhfr, the selective agent is methotrexate, for CAD
the selective agent is N- (phosphonacetyl)-L-aspartate
{PALA), and for ada the selective agent is an adenine
nucleoside (e.g., alanosine). In this manner the integra-
30 tion of the gene of therapeutic interest will be coampli-
fied along with the gene for which amplified copies are
selected. Thus, the genetic engineering of cells to
produce genes for therapeutic uses can be readily con-
trolled by preselecting the site at which the targeting




15 incorporation of an exogenous exon, a splice-donor Slt
opt i onalWQ 953864 nt ron and a splice-acceptor site into tar gpﬁﬂgmﬁonstructs
conprising a regulatory region all ows gene expression to be optim zed by
identifying the optinmal site for regulatory region function, wthout the
limta- 20 tion inposed by needi ng-$®- avoi d i nappropriate ATG start codons
in the nRNA produced. This provides significantly increased flexibility in
t he pl acepBPErYRt tintegnatesuandaat the sowdiifiedt goptesvate a w der
range of rgei@s. 1&7&n§]&&pyaagbaueé§1gf the present .invention are also 25
useful, for exanple, in processes for making fusion pro- teins encoded by
reconblnant or exogenous sequences and endogenous sequences Gene
targeti ng. and4& j AR NG ar |y useful for

altering on té@:&w Q.Sﬁﬂe%”oﬁf e39dsﬁéess ecét f:%m bfaa-sefwﬁgﬂég uni ts which

are suffictent- to,.1,S0 ate and express, or
for rn‘l"‘?fés e‘%@’?a"'f‘%(ra WA Eﬁrfﬁﬁnzl?ﬁ'?cf %ﬂ”&t §| FORBEPAGIPRgi on i s
unavallamathwaysuni Bt coddn bachexdiophags, iSiecRXavishaeramds descri bed
above argepsiiid!1de/is3> 2RCkBhOYES Y1ddvid %&E@Qenauie&eﬂ& iy el enents

to -39- endqQgenous S i_n %%g t hat seI deflggs t he
transcript IO ing %Pg§|8£ss?Y bily %#J f& PBLEe| posi tioni ng of
exogeneohsng&hnﬂnﬂerwpneleeeombxnadmenuktnh similarly treated '
10 molecules much more rapldly after m1croxn3ect10n than
molecules with very short overhangs (4 bp) generated by
restriction enzyme digestion. 1In yeast, the generatlon of

3’-overhanging ends several hundred base pairs in length
appears to be a rate limiting step in meiotic recombinati-

15 on. No evidence for an involvement of 3'-overhanging ends
in recombination in human cells has been reported,'and in
no case have modified DNA sﬁbstratea of any sort been
shown to promote targeting (one form of homologous recom-

 bination) in any species. The experiment described in the

20 following example and Example lc suggests that 5’-over-
hanging ends are effective for stimulating targeting in
primary, secondary and immortalized human fibroblasts.

There have been no reports on the enhancement of
targeting by modifying the ends of the transfecting DNA

25 molecules. This example se#ves to illustrate that modifi-
cation of the ends of 1ineaf DNA molecules, by conversion
of the molecules’ termini from a double-stranded form to a
single-stfanded form, can stimulate targeting into the
genome of primary and secondary human fibroblasts.

30 1100 pg of plasmid pEéNeo (Example la) is digested
with HindIII. This DNA can be used directly after phenol
extraction and ethanol precipitation, or the 8 kb HindIII
fragment containing only HPRT and the neo gene can be
separated away from the pUCl2 vector sequences by gel
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and regul ati ng expression of genes of thera- peutic interest. Explanation
of the Exanpl es As described herein, Applicants have denonstrated that DNA
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phenot ype and resi s escrl ve shown t hat

PE3Neo funﬁ?}"ﬁﬁ% p‘?‘btpé‘f‘if”‘l'q?'”@eﬁe F&PgéPPP:ZSerlﬁg"‘??P%”é’%aEPPQHéd human
fibrobl asttitehs, |fore fimempife slobpechy1dminpst ratmitg |20 ek, zatson of t he DNA
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addi tion, ﬁg icants denonstrate gene etling |n primar an§ sEcondary

human ski nt f&%%ﬁ"ﬁlﬁ@%&l@ﬁg ense WAte RN epc FéBPect

appl i cati opofnt f heontdeirtimg 3t pat of Ehannneh-éam iDNA,Ofi sDbipehldl Ni

enhances té&éﬁ“ﬁung bean nuclease (Promega), under conditions recom-
mended by the supplier, and the samples fractionated by

15 gel electrophoresis. The difference in size between
non-treated, HindIII digested pE3Neo and the same mole-
cules treated with ExoIIl and mung bean nuclease is mea-
sured. This size difference divided by two gives the
average length of the 5’-overhang at each end of the

20 molecule. Using the time points described above and
digestion at 30°, the 5’-overhangs produced should range
from 100 to 1,000 bases.

60 ug of ExoIII treated DNA (total HindIII digest of
PE3Neo) from each time point is purified and electropor-

25 ated into primary, secondary, or immortalized human fibro-
blasts under the conditions described in Example 1c. The
degree to which targeting is enhanced by each ExoIIIl
treated preparation is quantified by counting the number
of G418 6-TG" colonies and comparing these numbers to

30 targeting with HindIII digested pE3Neo that was not treat-
ed with ExoIII.

The effect of 3’'-overhanging ends can also be quanti-
fied using an analogous system. In this case HindIII
digested pE3Neo is treated with bacteriophage T7 gene 6

35 exonuclease (United States Biochemicals) for varying time
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i |1 ust rattéieemmbemnstﬁhBWﬂ-&'ﬁ’tmqmﬁﬂalanﬂegemaml}gs%ces upst r eam of

the humanJaPergcee ééﬁ eti8g afli mﬂm:eamgeaéearpﬁnéaﬁ%@atnwaa prinary
or secondary fibro Ias ahgalns not express EPO in detectable

gene exonucleas e.

quantiti &5 FreaLeR WRER

10 Other methods for generating 5’ and 3’ overhanging

ends are possible, for example, denaturétion'and

annealing

of two linear molecules that partially overlap with each

other will generate a mixture of molecules, each
having 3’-overhangs at both ends or 5’'-overhangs

molecule
at both

15 ends, as well as reannealed fragments indistinguishable
from the starting linear molecules. The length of the
overhangs is determined by the length of DNA that is not

in common between the two DNA fragments.

20

The following serves to illustrate one embodiment of
the present invention, in which the normal positive and
25 negative regulatory sequenées upstream of the human eryth-
'ropoietin (hEPO) gene are altered to allow expression of
human erythropoietin in primary, secondary or immortalized '
human fibroblasts, which do not express hEPO in signifi-

cant quantities as obtained.

30 A region lying exclusively upstream of the human EPO
coding region can be amplified by PCR. Three sets of
primers useful for this purpose were designed after analy-

sis of the published human EPO sequence [Genbank

designa-



fected stWPAS3¥56P one enbodi ment the product of targeting PEHYESOEHE nor nal
EPO protein intact, but under the con- trol of the nouse netall othionein
pronoter. Exanples 1li 25 and 1j denonstrate the use of simlar targeting
constructs to activate the endogenous3growth hornone gene in primary or
secondary human fibroblasts. In other enbodi ments described for activating
EPO expr e$3PBnHVMERRAG LN brRrK bl 25t &1 -t hExpcadiat. dcady §aii.ng events are

chineric $8a ggamsemmwn(mst)s, |&h@@bcbrlﬁ§rfpéﬁs@€2ﬂa@%l&|i? hunan
growt h ho gﬁ JEDE fs oned gg@o&eam of EPO exons 2 he product
of transcrl ption % ontr 3by°trh P& netal | ot hi onein pronoter),
splicing, and translatlon |s a protein in which amno acids 1-4 of the hEPO
signal pep- 35 tide are replaced yisfE avino acid residues 1-3 of hGH

-41- The chineric portion of this proteirn, the signal peptide, is renoved
prior to secretion fromcells. Exanple 5 describes targeting constructs and

met hods for prodUC|HHMER£A:s which will convert a gene (with introns) into
an 5 expPEiBED| e COIPinate of Sequengene (without i ntFregwensngizgke recovery

of such exnwncclblg cDNA mleciles in mcro- bial (p g _—_yeast or
bacterial) cells. Exanple 6 de- scribes construction of a targeting vector,
desi gnat ed PREPOA or%ﬂﬁﬂ sel ggt i | f cells in which 10
the dhfr gene is ainp'Ti | ed. P%gg%a D as °ﬁ used

R2 610 » 595 5’ GGGGTCCCTCAGCGAC 609 bp

(SEQ ID NO 2)

F2 8 » 24 5’ TGGGCTTCCAGACCCAG
(SEQ ID NO 3)
R2 610 -» 595 5’ GGGGTCCCTCAGCGAC 603 bp

F3 21 » 40 5’ CCAGCTACTTTGCGGAACTC
. (SEQ ID NO 4)

R2 610 » 595 S’ GGGGTCCCTCAGCGAC 590 bp

The three fragments overlap substantially and are
interchangeable for the present purposes. - The 609 bp
fragment, extending from -623 to -14 relative to the
translation start site (HUMERPA nucleotide positions 2 to

5 610), is ligated at both ends with Clal linkers. The
resulting ClaI-linked fragment is digested with Clal and
inserted into the Clal site of pBluescriptIISK/+ (Strata-
gene), with the orientation such that HUMERPA nucleotide
position 610 is adjacent to the Sall site in the plasmid

10 polylinker). This plasmid, p5’'EPO, can be cleaved, sepa-
rately, at the unique Fspl or Sfil sites in the human EPO
upstream fragment (HUMERPA nucleotide positions 150 and



to anplif%,t ﬁ human EPO (hEPC» | ocus in HT1080 cells (an_ imortalized
human cel YO%PAE0after activation of the endogenous hEPO BeHESBPSHBnol ogous
reconbi nati on. As described, stepw se selection in nmethotrexate-containing
15 nedia resulted in a 70-fold i ncrease in hEPO production in cells
resistant to 0.4 AM net hotrexate. Exapples 7 and 8 descri be nethods for
‘inserting a regul atory sequence upstream of the nornmal EPO pronoter and

met hods f of OEPG¢FRRAKMEdY)ughdgligahed torshe mousel me2@llethionon, Exanple

8 describegifh f‘;er@mﬂé:f | catilealhya Eﬁégftgeq‘@%(&g&nggg&gdﬁggﬂ PYe t he net hod

of Exanple escri bes nethods_ for targeting man a-
i nterferon, %fo qﬁ§g31§ﬁ89F§?[@¥T]ciﬂﬂﬂﬁ;ﬁﬁﬂ“@Pé&Fe HaPex, yseful for in

protein pr@dﬁuctanﬁn Wadg ing M. ,Tﬂhmwm_da @eBheds {pgszcjivating or

for acts vaghiy | icki Bds8NHR0E A8 h8aFzoh NO W Ch do
not reqU|re nanl u atlo r ot her _uses o targ enes. protein coding
regi ons. ﬁﬂﬂ?ﬁﬁa Eséﬂﬁ EE&ER?%HQ%?*SPeEI §ﬁPd§n%%REﬁﬂ her ei n

or nodifi c@f- nw' steq:m:cebeavanahlehfmw GEnbank;t it e. pnuswTy) di nary skill
s 1 ot o NUSI CHRISHATERN) 028 el BRIRT dret®hl S hah MéMTadL OPer |1 °5

desirable fo V|tro roteln uctlon I maceut or in vivo

protein dear’?‘{/érl;g h(§ 41 hﬁl%ﬂf?ﬂer madgubdynt- em@e@ i9% ustrate
two 330st respidigebaedt panEBOLprh@rmHéhﬁHﬂoh%t bEgrese1 PERY ddifes '

are analyzed and those in which the former mMT BglII site
is proximal to the Sall site in the piésmid polylinker are
used for targeting primary and secondary human fibro-
blasts. This orientation directs mMT tranééription to-

15 wards HUMERPA nucleotide position 610 in the final con-
struct. The resulting plasmids are designated pS’'EPO-mMTF
and pS’'EPO-mMTS for the mMT insertions in the FspI and
SfiI sites, respectively.

Additional upstream sequences are useful in cases

20 where it is desirable to modify, delete and/or replace
negative regulatory elements or enhancers that lie up-
stream of the initial target sequence. In the case of
EPO, a negative regulatory element that iﬂhibits EPO
expression in extrahepatic and extrarenal tissues [Semen-

25 za, G.L. et al., Mol. Cell. Biol. 10:930-938 (1990)] can
be deleted. A series of deletions within the 6 kb frag-
ment are prepared. The deleted regions can be replaced
with an enhancer with broad host-cell activity [e.g. an
enhancer from the Cytomegalovirus (CMV)].

30 The orientation of the 609 bp 5'EPO fragment in the

' PBluescriptIISK/+ vector was chosen since the:HUMERPA
sequences are preceded on their 5’ end by a BamHI (distal)
and HindIII site (proximal). Thus, a 6 kb BamHI-HindIII
fragment normally lying upstream of the 609 bp fragment

35 [Semenza, G. L. et al., Mol. Cell. Biol, 10:930-938



-42- Usi NP 99560t hods and DNA constructs or plasmids talffiCHEPE™ or
nmodi fi cations thereof which are apparent to one of ordinary skill in the
art, exogenous DNA whi ch encodes a therapeutic product (e.g., protein,

ri bozyme, 5 anti-sense RNA) can be-8hserted at preselected sites in the
genone of vertebrate (e.g., manmmalian, both human and nonhuman) prinmary or
secondar y(¥249)d. cpie ber dserptedyvErepogenpric BB hy krowst matkadsy t he

f 2|3| O\I/Evi NOF&X aREmsLe ,V\/Iailmceéeiepfxaget edftgsr@ﬁlid,g éﬂ&e Igd_';!ﬁitt b&ﬁ%i@cial ggy (;Evﬁlé
TARGET NCEHOA Y, dibkary SETd B8 Stradied ek o oo ey PER, rt egr at e
into or RFRLiHied ?féﬁm efranpsobel [Ne sepiawdeslioneowghla honol ogous
reconigi nafvee e kb/\BiamBISHEAALYE Nt PaidhtOGHIA iits Aeneevyseanfbany given
transfe_c-ccé’\#)ln ex c;ri réelrl]lt &hey. [e USéJaJ I%masked l% aavastue_xc_ess of
events i RGeS B CHPBRELRR{ S57 FERC TP HSThERD 570T0% ;BRREEHY
i|legitirtdtan magc@xiokndt tbe. human EFNENE O¢teErmAn€dNBY RKBWRISEFUL FOR
SELECTI Opendda\E MRCERLMGEMENTS AN HIMANCEL LS sEREcBRBE ORsH &9 Sel ecting
the tar gettheed h%\{nearr];[ Sgelnsomgyupstream of the EPO gene using the 609 bp

10 fragment as a probe can identify enzymes which generate a
fragment originating between HUMERPA coordinates 2 and 609
and extending past the upstream BamHI site; this fragment
can be isolated by gel electrophoresis from the appropri-
ate digest of human genomic DNA and ligated intc a bacte-

15 rial or yeast cloning vector. The correct clone will
hybridize to the 609 bp 5'EPO probe and contain a 6 kb
BamHI-HindIII fragment. The isolated 6 kb fragment is
inserted in the proper orientation into pS’EPO, pS5‘EPO-
mMTF, or p5’'EPO-mMTS (such that the HindIII site is adja-

20 cent to HUMERPA nucleotide position 2). Additional up-
stream sequences can be isolated by known methods, using
chromosome walking techniques or by isolation of yeast
artificial chromosomes hybridizing to the 609 bp 5’EPO
probe.

25 The cloning strategies described above allow sequenc-
es upstream of EPO to be modified in vitro for subsequent
targeted transfection of primary, secondary or immortal-
ized human fibroblasts. The strategies describe simple
insertions of the mMT promoter, as well as deletion of the

30 negative regulatory region, and deletion of the negative
regulatory region and replacement with an enhancer with
broad host-cell activity.
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|getsBGthisi soastrphtnbe the regulatory region of the
human EPO gene. This DNA or the 2.4 kb targeting fragment
alone is purified by phenol extraction and ethanol precip-
itation and transfected into primary or secondary human
fibroblasts under the conditibns described in Example 1lc.
Transfected cells are plated onto 150 mm dishes in human
fibroblast nutrient medium. 48 hours later the cells are
plated into 24 well dishes at a demsity of 10,000
cells/cm? [approximately 20,000 cells pér well; if target-
ing occurs at a rate of 1 event per 10° clonable cells
(Example 1c, then about 50 wells would need to be assayed
to isolate a single expressing colony]. Cells in which the
transfecting DNA has targeted to the homologous region
upstream of the human EPO gene will express hEPO under the
control of the mMT promoter. After 10 days, whole well
supernatants are assayed for EPO expreséion using a com-
mercially available immunoassay kit (Amgen). Clones from

wells displaying hEPO synthesis a:é isolated using known

30

'35

methods, typically by assaying fractions of the heteroge-
nous populations of cells separated into individual wells
or plates, assaying fractions of these positive wells, and
repeating as needed, ultimately isolating the targetéd.
colony by screening 96-well microtiter plates seeded at
one cell per well. DNA from entire plate lysates can also
be analyzed by PCR for amplification of a fragment using a
mMT specific primer in conjunction with a primer lying



type. SucwoosBissowi || al so be G418 resistant. b.  CGENE TRREEFINE4N AN

ESTABLI SHED HUMAN FI BROBLAST 5 CELL LINE As a denonstration of
targeting in imortalized cell lines, and to establish that pE3Neo
functions properly in gene targeting.g4he human fibrosarcoma cell |ine

HT1080 (ATCC CCL 121) was transfect ed wi th pE3Neo by el ectropora- 10 tion.
HT1080 celbpstram refi HUMERPA hucHédt{dy peo@itdivnmea/. aThiisppeimner xant hi ne)

suppl enmen ,pl\ﬁ,{\q al f r ) ropor ati on.
Two days bféjlore e egt %6“%%;-%? 2 Dﬁﬁ Pp& rgé?@r%as\%ﬁtzg %gf%%ﬁ% sanme nmedi um
15 Wi t houRr ek brisgd °Exbbﬁeﬂ¥$a$¢ﬁyd§?% nFosditiyenpiates y3%e ni zed and
diluted i r‘tﬂﬁ\ﬂnh&%d aaaf r&pwﬂedcaﬂtéuccésa%lyaudwéesasp@ﬁmJ n PBS

(phosp at e ffer S el ] vol une f 13, on cells
per I% @%&f h|E£‘!s‘?3g&|1\g &f gg}ﬁné%ﬁgl-%rﬁ%a%# e[?ar gteP F ﬁeaﬁ S HPRT- neo
fragrrent fﬁ%mﬁi@tﬁuﬁézgﬁﬁedbmblspurlfled by phenol extraction and et hanol
preci pitation, Mtﬁ%%ﬁﬁm@%&'&&n@é Rereiif Wdcatibed ehnbQPsbae ]/ M. 50

[err] (30 [ery] the el ectraopor.ation_cuvett 0.4 cm el ectrode
gap; Bio- { oF&?&?’F‘gg h&gl TRFEIICY 5 | t&?’ ?ﬁé g‘é B 25 suspension
(10 nmilli crelds |(Epr Eksmplepcﬁ'am&m callat (MRC CCKt 321 P50HekA r | Far ads

( Bi o- lgad G.PéIQ.?lAh%eBer?th% L@P%@ﬂé) célless)(ATEEecéﬂﬁt eptf pgthe cuvette

Werelrmedlate o cal serumts)yleldacell

suspensi orf ‘ot 1 I‘I7 gﬁ EéFI%a’b"e?rﬁ]ﬁi n%cg HBY 2¢) ofKt¥R2 treated 30 cell
suspensi oneakenilaatcellsn{ATEE0CCIN 2B HNERE careinema cells (ATCC

CCL 17), 2780AD ovarian carcinoma cells {(Van der Blick,
A.M. et al., Cancer Res, 48:5927-5932 (1988), Raji cells

15 (ATCC CCL 86), Jurkat cells (ATCC TIB 152), Namalwa cells
{(ATCC CRL 1432), HL-60 cells (ATCC CCL 240), Daudi cells
(ATCC CCL 213), RPMI 8226 cells (ATCC CCL. 155), U-937
cells (ATCC CRL 1593), Bowes Melanoma cells (ATCC CRL
9607), WI-38VA1l3 éubline 2R4 cells (ATCC CLL 75.1), MOLT-4

20 cells (ATCC CRL 1582), and varous heterohybridoma cells)
for the purposes of producing hGH for conventional pharma-
ceutic delivery.

25

The strategy for constructing pS5’EPO-mMTIF, p5’EPO-
mMTS, and derivatives of such with the additional upstream
6 kb BamHI-HindIII fragment can be followed with the addi-
30 tional step of inserting the neo gene adjacent to the mMT
promoter. In addition, a negative selection marker, for
example, gpt [from pMSG (Pharmacia) or another suitable .
source}, can be inserted adjacent to the HUMERPA sequences
in the pBluescriptIISK/+ polylinker. 1In the former case,



culture dishes and incubated at 37[err], 5% [err]. 24 ﬁginJ ‘3 a 418
sol uti orwees318éded directly to the plates to yield a final concentration. of
800 [err]g/mM (418. Five 'days later the nedia was replaced with DVEM 15%
cal f serunt WO 95/ 31560 -45- 800 [err]g/mM (418. Nine days after

el ectroporation, the nedia was repkaged with DVEM 15% cal f serunf 800
[err]g/mM (A18 and 10 [err] M 6-thi oguani ne. - Col onies resistant to 418 and
6- TG wer 84pBt sl andiesgarkohénlated | antbsrreened bByyBCRfamplEEigdar dual

sel ecti oR;¥ASoE nféé@éf‘%’:i&fl%nrz%e' hﬁd%oﬁtﬂ% flﬁfb%i@&tzai:ﬁ.bﬁ targeting
experi- nments in cells are_shown in 1. _Nugher .

Nunber oﬁnéi.[%f%r‘l?-%r%m@ﬁe%n%rom pools ﬂfecé}%@&‘;&gl qu iaghes 6-Tq err]
Cl ones 1fy targeted colonies.l XIn[ the]latter case, G418" gglgnies

%4x4[§r rhre placed in mediun’@oRtaining G-thioxanthin?%é)éo[ géléct
s

\ ) 1 X [err : S
1 x [errpgainst the J.nt.:egrate.@n,:&%f thengPe 990 Besm3xE oF - p8&t es desi gned
to det er alui ol hecedier Bilolvi 9l:d185-&4 B[ €19§7)dol oFneaddatiiont ed t hat
33, 700 CEREI 5Lk bl Sl By $10€H°BA! BAE iR Bilddl baknd X [err]
treated cells. us, the ratio of targeted to'5 :-nq ;tangekeg events i s
66/33,70gpsggt1a§0gggilalhqwqggeselectlon or neo and agains oth

10 gpt and TK by growing cells in human fib:bblast nutrient
medium containing 400 ug/ml G4i8, 100 uM 6-thioxanthine,
and 25 ug/ml gancyclovir. The double negative selection
should provide a nearly absolute selection forlt;ue tar-
geted events and Southern blot analysié p:ovides an ulti-

15 mate confirmation. o

The targeting schemes herein described_can also be
used to activate hEPO expression in immortalized human
cells (for example, HT1080 cells (ATCC CCL 121), Hela
cells and derivatives of Hela cells (ATCC CCL2, 2.1 and

20 2.2), MCF-7 breast cancer cells (ATCC HBT 22), K-562
leukemia cells (ATCC CCL 232), KB carcinoma cells (ATCC
CCL 17), 2780AD ovarian carcinoma cells (Van der Blick,
A.M. et al., Cancer Res, 48:5927-5932 (1988), Raji cells
(ATCC CCL 86), Jurkat cells (ATCC TIB 152), Namalwa cells

25 (ATCC CRL 1432), HL-60 cells (ATCC CCL 240), Daudi cells
(ATCC CCL 213), RPMI 8226 cells (ATCC CCL 155), U-937
cells (ATCC CRL 1593), Bowes Melanoma cells (ATCC CRL
9607), WI-38VA1l3 subline 2R4 cells (ATCC CLL 75.1), MOLT-4
cells (ATCC CRL 1582), and various héterohybridoma cells)

30 for the purposes of producing hEPO for conventional phar-
maceutic delivery. -



five expeMO§R1S66conbi ned, ‘targeted events arise at a fredf@REYPBMB 6 x
[err], or 0.00036% of treated cells. Restriction enzyne and Sout hern

hybri di zati on experi- nents using probes derived fromthe neo and HPRT
genes 10 localized the neo gene to theg§lPRT locus at the predicted site

wi t hin HPRT exon 3. WO 95/ 31560 -46- c. GENE TARGETING I N PRI MARY AND

SECONDARY  HUMA| ST, ' S ';_MI
separating the %ﬁ% N ot he HUCI2 ha nd purified
by 5 phenol ex I {;;F ' TOTT: S%ﬁﬁ&;ﬁaéal—g@spended at
2 mg/ M. Three AMYNaioMEJALSQIHLQONDIN AuCELTAR , BPaKLin a

vol une of 0. 5 norvemvsoRTAS lri:Q“Sn ; g S and 960 [err]Farads W th

100 [err] g of Hipdll ( e transfections 10
wer e persf or ned, % é&ﬁ&?’ér‘g x@“‘ F

of t'tsr eaﬁé‘r} &?I Ee(ﬁ’?s €%t e processed
and sel ect dwpdiments of tbei prasent HYVeOR.elins whdchl Sbermermal ure di sh

wer e pl at eded a%&% %%h%hb@& u éﬂa&%fﬂ% lrmﬁh g@bﬁﬁhlﬁamaﬁ@_ cul ture
medi umis repl aced air last nutri er‘l’t Hufnﬁ@um 15 . contai ni ng 400
d)

[err]g/m atE fé FEFH w ‘Eﬂ’%ﬁﬂq%ﬂ? FEB¥EHR ug conbi nati on
i s conti nudmbrmonel Anagdimaepal seeysda®y adre simmoertaddrrddhuman ofilrecal |y to

local i 38 piasts.
Targeting molecules similar to those described in
Example 1f for targeting to the EPO gene regulatory region
are generated using cloned DNA fragments derived from the
5’ end of the human growth hormone N gene. An approxi-

15 mately 1.8 kb fragment spanning HUMGHCSA (Genbank Entry)
nucleotide positions 3787-5432 (the positions of two EcoNI
sites which generate a convenient sized fragment for
cloning or for diagnostic digestion of subclones involving
this fragment) is amplified by PCR primers designed by

20 analysis of the HUMGHCSA sequence in this region. This
region extends from the middle of hGH gene N intron 1 to
an upstream position approximately 1.4 kb 5’ to the trans-
lational start site. pUCl2 is digested with EcoRI and
BamHI, treated with Klenow to generate blunt ends, and

25 recircularized under dilute conditions, resulting in
plasmids which have lost the EcoRI and BamHI sites. This
plasmid is designated pUC12XEB. HindIII linkers are
ligated onto the amplified hGH fragment and the resulting
fragment is digested with HindIII and ligated to HindIII

30 digested pUC12XEB. The resulting plasmid, pUCl12XEB-5'hGH,
is digested with EcoRI and BamHI, to remove a 0.5 kb
fragment lying immediately upstream of the hGH transcrip-
tional initiation site. The digested DNA is ligated to
the 1.8 kb EcoRI-BglII from the mMT-I gene {containing no

35 mWMT coding sequences; Hamer, D.H. and Walling, M., J. Mol.



human fi brobl ast col onies resistant to both drugs. The %é@ﬁ%§
G418[ er WO S31¥Perr] colonies is 4 per 9 mllion treat- ce Is These
col onies constitute 0.0001% (or 1 in a mllion) of-all cells capabl e of
form ng colonies. Con- trol plates designed to determ ne the overall yield
of GAl8[err] colonies indicated thaso2, 850 G418[err] colonies could be
generated fromthe initial 9 x [err] treated cells. 25 Thus, the ratio of
_tar get edApplooBen arkeR B 288 ril98id ; 4the gbragnent] qag aigo Restriction enzyne
and Sout RgsNafydr bl G hethRAE na&.s:na&sélg;amﬁssmr usesgf pom t he neo
and HPRT genes xﬁre use o localize t ﬁd%g ene to the Hflg | ocus at the
pr edi ct eBTLPEES B 8123Y30° @ GRGES ANBELERFGeti ng had
occur r edfromt Geskarlouri . .onMUSMIT|, MUSMTER. NUSMITBRM]resfbiant to both

drugsg h é £a8hsQ qtcn-%@ham@ Rue! hftPShESht Y HlaMked 6@l bothl/ 3.0 x [err])
The re ts of sever al 8‘ Neo ta etlng experinments 35 are summarized in

Tabl e 2. 51¢Fﬁd?YluQﬁEﬁ%ﬁﬂa SREY * -47- either transfected directly
or treated wi The eclonirig atrategies geasribeﬂfﬁbovg @dlews seguend- over hangs

pri or t0g e,gé%frét%<ﬁft@ﬁ@ptﬂsdtfiﬁ%q%%%fﬁw 3bslihént

si ngl e- s egi ons rangin rom ase pal In length
wer e tesFéHQet | SRARRERGEIO QEsPEAMAFY h $PTRAGATYA 05! ?F§§§'
A 180 esizgédnhuran ofilRoblastsi.deThef sefabegy described a simple

insertion of the mMT promoter. Other strategies can be
envisioned, for example, in which an enhancer with broad
host-cell specificity is inserted upstream of the inserted
mMT sequence.

15 j.

FIBROBLASTS BY SCREENING
For targeting, the plasmids are cut with rest:iction
enzymes that free the insert away from the plasmid back-
20 bone. 1In the case of pS5’hGH-mMT, HindIII digestion re-
leases a targeting fragment of 2.9 kb, comprised of the
1.8 kb mMT promoter flanked on the 5 end 3’ sides by_DNA
for targeting this construct to the regulatory region of
the hGH gene. This DNA or the 2.9 kb targeting‘fragment
25 alone is purified by phenol extraction and ethanol precip-
itation and transfected into primary or secondary human
fibroblasts under the conditions described in Example 1l.
Transfected cells are plated onto 150 mm dlshes in human
fibroblast nutrient medium. 48 hours later the cells are
30 plated into 24 well dishes at a density of 10,000
cells/cm? [approximately 20,000 cells per well; if target-
ing occurs at a rate of 1 event per 10° clonable cells
‘(Example 1c), then about 50 wells would need to be assayed
to isolate a single expressing colony]. Cells in which the

o



restrictiwposdsere and Souf hern hybridization anal ysis asPREYSTPEES: ar get ed
I nsertion of the neo gene at the HPRT | ocus (a total of 24 targeted cl ones
were isolated). 10 Targeting was maximally stinulated (approxi mately
10-fol d stinmnul ation) when overhangs afg1175 bp were used, with 1/80
A18[err] colonies displaying restriction fragnments that are diagnostic for
targeting atambficting N Hals atrgegetiedocthe csomsliogdusolragédh. Thus, using

the condi tjons, &l éénhénlgrqﬁ'arqil %%SQHA ﬁnﬁﬁa&cté‘h@% CleR§de QeFﬁ targeting

is readily observed | asts _and the overal [ targeting
frequency THhPTRIMSET of ﬁﬁ%ﬁ&éﬂ@ddEVﬁneg ﬂw i Wkt RPRexBatanke ABRber of
cl ones st abbyayedinfdetiail expréésloncasshgns egommrdially evhalagley

t r ansf t| tyar, str &S nded
over oy, Simiodhed) WO MRRRRe (HEbReE DI UL S I BREATLAGIE]
TARGETI NG 'ﬁxPQHQQP @G@S1P91H99ﬂNuF¥BmGBEHST$' tYPlcalanber of
Nunber Tarl@fitﬁb i Hhadtdonel ofr eRkNREterogdndiny lp@&tl&tli’eﬁsGAiS[ err]

175 by oveyhins, sepaipted bk’ ifaffibuar velds or, myaely ‘Hepring 5
1/ 117 fractigns od) theseyposihive wells, and reppating as need- |
-48- do CEMERANIMAYe14 SSNPARLETt HOR: dAfEEd2d18ayRbyChicEEeing '
96-well microtiter plates seeded at one cell per well.
DNA from entire plate lysates can also be analyzed by PCR
for amplification of a fragment using a mMT specific
primer in conjunction with a primer lying downstream of
15 HUMGHCSA nucleotide position 5,432. This primer pair
should amplify a DNA fragment of a size precisely predict-
ed based on the DNA sequence. Positive plates are tryp-
sinized and replated at successively lower dilutions, and
the DNA preparation and PCR steps repeated as needed to
20 isolate targeted cells.
The targeting schemes herein described can also be
used to activate hGH expression in immortalized human
cells (for example, HT1080 cells (ATCC CCL 121), Hela
cells and derivatives of HelLa cells (ATCC CCL2, 2.1 and
25 2.2), MCF-7 breast cancer cells (ATCC HBT 22), K-562
leukemia cells (ATCC CCL 232), KB carcinoma cells {(ATCC
CCL 17), 2780AD ovarian carcinoma cells (Van der Blick,
A.M. et al., Cancer Res. 48:5927-5932 (1988), Raji cells
(ATCC CCL 86), Jurkat cells (ATCC TIB 152), Namalwa cells
30 (ATCC CRL 1432), HL-60 cells (ATCC CCL 240), Daudi cells
(ATCC CCL 213), RPMI 8226 cells (ATCC CCL 155), U-937
cells (ATCC CRL 1593), Bowes Melanoma cells {(ATCC CRL
9607), WI-38VAl3 subline 2R4 cells (ATCC CLL 75.1), MOLT-4
cells (ATCC CRL 1582), and various heterohybridoma cells)




GENE OF THERAPEUTI C | NTEREST | NTO THE HUMAN GENOVE AND lT?PHS GENE
TARGETI NYO95315603nt of pE3Neo, in which a gene of therap® terest is
inserted within the HPRT coding region, adja- cent to or near the neo
gene, can be used to target a gene of therapeutic interest to a specific
position in a recip- ient primary orggecondary cell genone. Such a variant
of pE3Neo can be constructed for targeting the hGH gene to 10 the HPRT

| ocus. pXEpE thelpummasss lof predening hGHFHoureprBlentsodial phatrma-w t h EcoRl
and the 4gd, kb f ity containing the hGH gene and |inked nouse

nmet al | ot hi onein (M) pronoter is isolated. The EcoRl overhangs are filled
in wth the 15 KIenOM/fragnent fromE =coli DNA polynerase
Separatelk, pES i (RIE ANt hGERhGEN LIS cTARRCti on of the
neo fragnent 3 AnARY] A 6 On i nto exon
3). The Xhol ove € filled in wth
the Ki%now 20 EXBRQRBIE PO AN peLehe resulting
fragnent is | iNE Mt - ended hG}FnNW fragnent Bacteri al

e o .Vﬁf%f% Fégi%%*}gfﬁ*;é%ﬁ%f%@ﬁﬁ“ﬁ%%gmﬁ et O one
25 " ori enfetieyed tWi?thhegéﬁélﬁFaﬂékr?%ﬁ&i9#\¥Hﬁ94§&ﬁ8 gheeBeotion as the
Mfeo gene, gere GhibfientdodehegiMTefromatee/ @l addikien) Gl hegdlt gested with

sH:agglalr?lces f\Efeges %%A“%§k#éa%8ggg’g%kgfOntsﬁaglt[&g"o:aﬁﬁsgp gﬁ%d M e
macia) or another suitable source], can be inserted adja-
cent. to the HUMGHCSA sequences in the pUC12 poly-linker.

In the former case, G418° colonies are isolated and
screened by PCR amplification or test:ictioh enzyme and

15 Southern hybridization analysis of DNA_prépared from pools
of colonies to identify targeted colonies. 1In the latter
case, G418% colonies are placed in medium containing
thioxanthine to select against the integration of the gpt
gene (Besnard, C. et al., Mol. Cell. Biol. 7: 4139-4141

20 (1987)]. 1In addition, the,HSV-TK‘gene'cén be placed on
the opposite side of the insert as gpt, allowing selection
for neo and against both gpt and TK by growing cells in
human fibroblast nutrient medium containing 400 ug/ml
G418, 100 uM 6~-thioxanthine, and 25 pg/ml gancyclovir.

25 The double negative selection should provide a nearly
absolute selection for true targeted events. Southern
hybridization analysis is confirmatory, '

The targeting schemes herein described can also be
used to activate hGH expression in immortalized human

30 cells (for example, HT1080 cells (ATCC CCL 121), Hela
cells and derivatives of Hela cells (ATCC CCL2, 2.1 and
2.2), MCF-7 breast cancer cells (ATCC HBT 22), K-562
leukemia cells (ATCC CCL 232), KB carc1noma cells (ATCC
CCL 17), 2780AD ovarian carcinoma cells (Van der Bllck




30 secor®@P¥31sehan fibrobl asts as described in Exanpl e 1RCTESSHEMS, |

T err] colonies are selected and anal yzed for targeted insertion of the
mvT- hGH and neo sequences into the HPRT gene as described in Exanple 1c.
I ndi vi dual col onies are assayed for bkl expression using a commercially
avai l abl e 35 immunoassay (Nichols Institute). -49- Secondary human
fibrobl asta.meres tg@.nsfwzsm'ﬂmﬁn@_m)qgmagilneen_ggi st ant

col oni es | yzed t h restriction
enzynmne an\c,i\? ou‘?her n %?Ur |Jfé’%5t%| ggigﬁaﬁggépfﬁ%t%}r’t @%ﬁ‘# e?ﬁi col oni es
anal yzed, GAHFF G dfi3dd wiLe6Pdealls| éHrWtWIar?ﬂQiseDBpén gelime hGH gene
into the empg@rmg 27T Remmss28k| ce1IHt (REd@icte. ats@lyl yuesgressed

f t th | of 22.7
oLon [ eeanl s SATtAR Sl AHGH) YALR 2 WANCIAA" NG SRR BRLS! of 22T
4, may be WY t WE-A8YSL3EPGL dne haRh ueakl -HPRATIO EGS.. 75h3) usMObT-4o0nDl ogous
r econbi natééﬂé ﬂ‘l‘%fcg‘ﬁRLa 1§§§ENA£:1& hea ARG '&(fe’i’o‘ﬁ%%&dbﬂaacéi’fﬁ fic

pOSItlon | enom can Xp on. . an e nor e Usef Ul
Do o oduder fﬁ}eo SR8 of nBratieing Gorentional BESTHS: o) cs,

gene t her apytiny deldviexryerti on of a gene through whi ch cell s cont ai ni ng
anpl i figed copi e§, Pl tljéee ﬁgecgﬂgtggcéglfgc%qgegr lgyF% Eaggelf e cells
to an appropriate dru ctron regi nen neo/ h ( Exanpl e

1i, and used in Examples 1g, 1h, 1j and lk can be modified

to include an amplifiable selectable marker (e.g., ada,

dhfr, or CAD) which is useful for selecting cells in which

the activated endogenous gene, and the amplifiable select-

15 able marker, are amplified. Such cells, expressing or

capable of expressing the endogenous gene encoding a

therapeutic product can be used to produce proteins (e.g.,

hGH and hEPO} for conventional pharmaceutic delivery or

for gene therapy.

20 1. TRANSFECTION OF PRIMARY AND SECONDARY FIBROBLASTS
WITH EXOGENOUS DNA AND A SELECTABLE MARKER GENE BY
ELECTROPORATION
Exponentially growing or early stationary phase

fibroblasts are trypsinized and rinsed from the plastic

25 surface with nutrient medium. An aliquot of the cell

suspension is removed for counting, and the remaining
cells are subjected to centrifugation. The supernatant is
aspirated and the pellet is resuspended in 5 ml of elec-
troporation buffer (20 mM HEPES pH 7.3, 137 mM NaCl, 5 mM
30 KCl, 0.7 mM Na,HPO,, 6 mM dextrose). The cells are recen-
trifuged, the supernatant aspirated, and the cells resus-
pended in electroporation buffer containing 1 wmg/ml acety-
lated bovine serum albumin. The final cell suspension



1d) can _be nodified by inSerting the dhfr, ada, or
posi ti oV MMVt el y adj acent to the hGH or neo genes |§%E§ €0

Primary, secondary, or inmmortalized cells are transfected with such a
plasm d and correctly targeted events are identified. These cells are
further treated with increasing conggntrati ons of drugs appropri- 25 ate
for the selection of cells containing anplified genes (for dhfr, the

sel ect i veoagahnsi appettigiatadyt 8, xf A0° Gélldhmlsel Eiectropgreat iors

N(phospeaeaaz&tué)pérma %.tnﬁxeﬁaélté)ly eaﬂléﬁn@% engliBhl! ve agent is
an adeni ne nucle05| g al anosi ne) his mann r the 1 ntegra- 30

tion of the g H%eﬁﬁ°% id PWPEP@S? 9F¢It9n?(ﬁi%ﬁ& - CHVEHTGI ong with
the genewith ahbcd empeldetabdeogiaps (Bie-Radelt eTthe Himnl DNA genetic

engi nger ggae%tfséiéntfg LI 19°0E5 16 gb IR PP C $38SnsapgDe Teadily

con- tro presel’ect site a éfin -50-
const r ucthenfrett Seapension Rﬁﬂﬂﬂ?1FH§gaﬁﬁP¥?¥¥NF§ﬁi§iés r&sn8e in the

anplifiedemmb)51sethéﬁli&aéaNHdJHhGFcDNétEE?méﬂﬂ tHe KHEIANGhspARCETI NG
Sever al 155.8 Sa % ﬁﬁ‘Adeﬁﬁ: Foaslely ﬁg %ﬁ nPVES ha %%Flgpgg_ac%gﬁe i nvol ved

in certain 0gous reconnlna ways. of eri ophage,
cerevi si &8 Hﬁﬁf‘?@mﬁ)uﬁlqlhé\/|%ne’IPH1Réﬁo§BBa¥%!§-ﬁ s(BdecRadd - nol ecul es with

3' - oyer heaghbit &H6e #id SRIVage Aredset RESSEPIUF arid 250-300 Vv,
respectively. As voltage increases, cell survival de-

creases, but the percentage of surviving'éells that stably
incoxrporate the introduced DNA into their_genome increases
dramatically. Given'these parameters, a pulse time of

15 approximately 14-20 mSec should be observed

Electroporated cells are maintained at Yoom tempera-
ture for approximately 5 min, and the contents of the
cuvette are then gently removed with a sterile transfer
pipette. The cells are added directly to 10 mi of pre-

20 warmed nutrient media (as above with 15% calf serum) in a
10 cm dish and incubated as described above. The follow-
ing day, the media is aspirated and replaced with 10 ml of
fresh media and incubated for a further 16-24 hours.
Subculture of cells to determine cloning efficiency and to

25 select for G418-resistant colonies is performed the fol-
lowing day. Cells are trypsinized, counted and plated;
typically, fibroblasts are plated at 10° cells/10 cm dish
for the determination of cloning efficiency and at 1-2 x
10* cells/10 cm dish for G418 selection.

30 Human fibroblasts are selected for G418 resistance in
medium consisting of 300-400 ug/ml G418 (Geneticin, disul-
fate salt with a potency of approxlmately 50%; Gibco) in
fibroblasts nutrient media (with 15% calf serum). Clonlng
efficiency is determined in the absence of G418. The

35 plated cells are incubated for 12-14 days, at which time

S.



| engt h ungféﬂgﬁkafeconbinafion with sinilarly treated 10 pElie®sb63s nuch
nor e rapi ter mcroinjection than nolecules with very short overhangs

(4 bp) generated by restriction enzyne digestion. In yeast, the generation
of 3'-overhangi ng ends several hundred base pairs in |l ength appears to be a
rate limting step in neiotic reconbi4egd- 15 on. No evidence for an

i nvol venent of 3'-overhanging ends in reconbination in human cells has been
reported, arddniesoazaséinedovithlifomnltng swednedt withf caystalbrt been

shown to pramilet aaBIebiALed Olfod CEIBrﬁfnd‘@ﬁ':L‘&ggﬂéyrﬁ§9€édP'&at ion) in any
speci es. The#ﬁ erlnent de crj bed in, tp f ol Iomneg}exanple and Exanpl e

1c suggest ¥ g uging_c %Rn’d?%gcm%se @I"Fe@ﬁ?@ e’k i nul ati ng
targeting iBlegtroperyationcamthrselent iommmit alabbétd HibhaobIadtshisasts. There

e st e e st e

of the transfga b I's exanple ustrate
that modi f "2tBatPEne¥FeRtEon R the 1SedestioRAcRBARELPRS u8BA conversion of
the nol ecuRabbitefibnoblaste axko Walectiedn féedGh D8 NYéSistandy i st r anded

form can %P%bgaggtﬂgfﬁéqg% térlr genone of primary and secondary

human fi br S ) g of plasnmid pE3Neo (Exanple la) is
di gested wi th HFhBFPPlagts wemnes ated fxandfreshly eFeigediuinan

ext racio on fardsRiASN0! cRIttGtdl wdreOBeededt Be Sokbodl Fellld/dn agirent
cont ol L OBy« 6T SpFl 'S0 YRS ER2:REeS BELARE LA Lhe PUC2
flbroblasts were harvested by trypsinization and trans-
fected by electroporation. Electroporation conditions
were evaluated by transfection with the plasmid pcDNEO
15 (Figure 5). A representative electroporation experiment
using near optimal conditions (60 pg of plasmid pcDNEO at
an electroporation voltage of 250 volts and a capacitance
setting of 960 pFarads) resulted in one G418 colony per
588 treated cells (0.17% of all cells treated), or one
20 G418 colony per 71 clonable cells(1.4%).

When nine separate electroporation experiments at
near optimal conditions (60 ug of plasmid p¢DNEO at an
electroporation voltage of 300 volts and a capacitance
setting of 960 pFarads) were performed, an average of one

25 G418 colony per 1,899 treated cells (0.05%) was observed,
with a range of 1/882 to 1/7,500 treated cells. This
corresponds to an average of one G418 colony per 38 clon-
able cells (2.6%).

Low passage primary human fibroblasts were converted

30 to hGH expressing cells by co-transfection with plasmids;
PCDNEC and pXGHS. Typically, 60 ug of an equimolar mix-
ture of the two plasmids were transfected at near optimal
conditions (electroporation voltage of 300 veolts and a
capacitance setting of 960 uFarads). The results of such




-51- el gg\r;émresi s. Exolll digestion of the Hindl Il dpCErEsss@6@BA resul ts

I n extensi exonucl eol ytic digestion at each end, initiating at each free
3' end, and |eaving 5 - overhangi ng ends. The extent of exonucleolytic
action 5 and, hence, the length of the resulting 5 -overhangs, can be
controlled by varying the tine of Ef6tI1 digestion. Exolll digestion of 100
[err] of HNndlll,K digested pE3Neo is carried out accordi to the supplier's
reconnen&@dEEBﬁﬁ}@eégcﬁﬁﬁu% £P8eoF439 Eﬁ&?nYLqﬁquilggsnin, 2 mn, 2.5

10 mn, tBeated Geblsin, 4 nmn, 4.5 mn, and 5 mn. To noni- tor the

extent of di Opehi SppAkdldakal EBD EAEHe LAA® R o128t akBLAG-1 [err]g of
Exol Il treated DNA," 1 s, treated ¥1th,nung Q&ﬁ&_nucleaseu&gggnegg), under
condi ti oS RBASH: 1AMHARRL FrERELEGEHPR FORIHA TR Ae St r4E%i onat ed by
15 gl BkRow! ophibtimitely,TI98%diofl al2nG418h colonikset aeebd nom- t r eat ed,

H ndl 'l dj A S - cules treated with Exolll and
mung beagkﬁgééggsggi -nea--sh%%g.egﬁrgpégie difference divided by tw gives
t he average length of the 5' -overhang at each end of the 20 nol ecul e.

" Usi ng t hRuinbé® ®Dieiss*deieneded above and digestion at 30[err], the
5'-overhang§ grggﬁfed shoul d range frpgy 100 to 1,000 bases. 60 [err]g of
Exol Il treatad (total Hindlll digest of pE3SNeo) fromeach tinme point is
purifi edNumbles| @Et@4WHBVhGH5 ated into prinary, secondary, or immortalized
humeqp f i br expbéasisg Widiied he conditi ogs described in Exanple 1c. The

Average hGH Expression _ . - (
Level 2.3 pug hGH/10° Cells/24 hr
Maximum hGH Expression ,
Level . 23.0 pg hGH/10° Cells/24 hr
15 Stable transfectants also have been generated by

electroporation of primary or secondary human fibroblasts
with pXGH301, a DNA construct in which the neo and hGH
genes are present on the same plasmid molecule. pXGH301
was constructed by a two-step procedﬁre. The SalIIl-Clal

20 fragmeht from pBR322 (positions 23-651 in pBR322) was
isolated and inserted into SalI-Clal digested pcDNEO,
introducing a BamHI site upstream of the SV40 early pro-
‘moter region of pcDNEO. This plasmid, pBNEO was digested
with BamHi and the 2.1 kb fragment containing the neo gene

25 ﬁnder the control of the SV40 éarly promoter, was isolated
and inserted into BamHI digested pXGHS. A plasmid with a
single insertion of the 2.1 kb BamHI fragment was isolated
in which neo and hGH are transcribed in the same direction
relative to each other. This'plasmid was designated

30 pXGH301. For example, 1.5 x 10° celis were electroporated
with 60 pg pXGH301 at 300 volts and 960 uFarads. G418
resistant colonies were isolated from transfected second-
ary fibroblasts at a frequency of 652 G418 resistant



degree to which targeting i's enhanced by each Exolll trea iration is
quant i fi eWHPFR¥INt i ng t he nunber of HAl18[err] 6-THerr] é@ﬂgﬁéggﬁgﬁd

conparing these nunbers to 30 targeting with HindllIl digested pE3Neo that
was not treat- ed with Exolll. The effect of 3'-overhanging ends can al so
be quanti- fied using an anal ogous system In this case H ndlll digested
pE3Neo is treated with bacteriophage gene 6 35 exonucl ease (United

States Bi oxAnGelsSpekol,8akyiOkiddBed celld (LNpeEVELSY Uiklatdde _
supplier's r ond ti of the extent di gestion

(aver age |éﬁbﬁ%qgfngsgﬁéﬁ%ﬁéﬁéﬂgﬁ%ﬁﬁgidQ%%ggeﬁ§?°ﬁﬁase$€R§%%ﬁxﬂ i on

conditions are as described for Exolll treated DNA. The 5 degree to which

targeting E%Aggggﬂggd By 170N it TareraINe! e rggparation is
guantified by counting_}} mper of (Al8lerr] 6- (G C and
“conparing these number$ ﬁ ﬂir vqé%}%' ' ﬁ%&igﬁgéﬁgtrwu was
not tredted with T7 geHEMEN cGROWEH HORMONEOAND ERVTHROPOIETINIEE-Sf or

generating 5 and 3 Q#ﬂﬁﬁfﬁgﬂ%ﬁﬁf#ﬁéﬁﬂ?re possi bl e, for exanpl e,
denaturation and anpegling or_Two Tl near mol ecul es th@t artially overlap
with each ot her ThEI FOLLAeIng Servas e & 1dnshpprEeuFER, ‘é‘a‘@ﬁrnﬁ“bcul e havi ng
3' - over haneddmehtokshof ntlise Qiresenty dnivengdoat, bhotwhich thelmoxmmlwel | as
reanneal ed LEa90ERly 504iShddW UpHtalah of the human EPO gene are '
10 altered to allow expression of hEPO in primary or second-
ary fibroblast strains which do not express hEPO in de-
tectable quantities in their untransfected state as ob-
tained. 1In these embodiments, the products of the target-
ing events are chimeric transcription units in which the
15 first exon of the human growth hormone gene is positioned
upstream of hEPO exons 2-5. The product of transcription,
splicing and translation is a protein in which amino acids
1-4 of the hEPO signal peptide are replaced with amino
acid residues 1-3 of hGH. The two embodiments differ with
20 respect to both the relative positions of the foreign
regulatory sequences that are inserted and the specific
pattern of splicing that needs to occur to produce the
final, processed transcript.
Plasmid pXEPO-10 is designed to replace exon 1 of
25 hEPO with exon 1 of hGH by gene targeting to the endoge-
nous hEPO gene on human chromosome 7. Plasmid pXEPO-10 is
constructed as follows. First, the intermediate plasmid
pT163 is constructed by inserting the 6 kb HindIII-BamHI
fragment (see Example 1f} lying upstream of the hEPO
30 coding region into HindIII-BamHI digested pBluescriptIl
SK+ {(Stratagene, LaJolla, CA). The product of this liga-
tion is digested with Xhol and HindIII and ligated to the
1.1 kb HindIII-Xhol fragment from pMClneoPolyA [Thomas, K.
R. and Capecchi, M. R. Cell 51: 503-512 (1987) available



fromthe startlng l'i near “nol ecul es. The length of the LS

det er mi WOESBS6® he | ength of DNA that is not in common %Mﬂéﬁ% two DNA
fragments. f. CONSTRUCTI ON OF TARGETI NG PLASM DS FOR PLACI NG THE 20
HUVAN ERYTHROPO ETI N.GENE UNDER THE CONTROL OF THE MOUSE METALLOTHI ONEI N
PROMOTER | N PRI MARY. SECONDARY ANDR ddVMORTALI ZED HUVAN FI BROBLASTS The
follow ng serves to illustrate one enbodi nent of the present invention, in

whi ch t Erorostaiatpgehé| VBadolll> CAledr) icreat@0pTaéd!y msyb%nces upstream of
Lhe nuTHicatiliackoRsl 1L { NEde 42191968 3h' BEfthdiadl | GG essT On Of

human erythropoietin in secondar unan
fi brobl a’E'ﬁaé:tlmiScﬁ%SeﬁG%‘a@(p? e@?#@@ﬁﬁ“@ﬂﬁnﬁhth@htthﬁjmsﬁ es as

obt ai nednet¥ lothionéinegi qu)nq;z@ﬁrdtw veh«snueﬁéﬁ eﬁmé&uédaﬁéﬁunan EPO

codi pg redqi np |f| seful for
thlsgpurpos%gﬁ%?e ggéfﬁ % ternggfinz g%%% gﬁéﬁ' dman EPO
sequenc®liconysArogédegnis . 1 and 33 .3 @FreHUBEﬂQPm a_mphﬁsc kthe et al ., Proc.
Nat]. A roicimate Ao8£3 71&8%&‘15&4 b&.&&h]r - ThE1 Cekdnt "BI£riddmienitcan anmplify

fr agn‘en'([f Of ;&8?&5 :Lg'ur%r g‘rre e’@l'zé’ J.gonug&/EREfae ! I:I[T..;'er Céoor di nate

Sequenc
13.4 are used to amplify the approximately 0.57 kb frag-

10 ment comprised predom;nantly of hEPO intron 1 from human
genomic DNA. Finaliy, the two amplified fragments are
mixed and further amplified with oligonﬁcleotides'13.1 and (
13.4 to generate the final fusion fragment (fusion frag-
ment 3) flanked by a Sall site at the 5’ side of the mMT-I

15 moiety and an Xhol site at the 3’ side of the hEPO intron
1 sequence. Fusion fragment 3 is digested with XhoI and
Sall and ligated to Xhol digested pT163. The ligation
mixture is transformed into E. coli and a clone containing
a single insert of fusion fragment 3 in which the Xhol

20 site is regenerated at the 3’ side of hEPO intron 1 se-
quences is identified and designated pXEPO-10.

13.1 5’ TTTTGTCGAC GGTACCTTGG TTTTTAAAAC C
Sall KpnIl
(SEQ ID NO 5)

25 13.2 5’ CCTAGCGGCA ATGGCTACAG GTGAGTACTC GCGGGCTGGG CG
- (SEQ ID NO 6)

13.3 S’ CGCCCAGCCC GCGAGTACTC ACCTGTAGCC AITGCCGCTA GG.
(SEQ ID NO 7)

13.4 5’ TTTTCTCGAG CTAGAACAGA TAGCCAGGCT G
30 XhoI
(SEQ ID NO 8)

The non-boldface region of oligo 13.1 is identi-
cal to the mMT-I promoter, with the natural KpnI



F1 2 lerr] 20 5" AGCTTCTGGGECTTCCAGAC (SEQ I D hK*é#!ﬁﬁﬁﬂ?ﬂ”s6lo

[err] 595WO 981563351 COCTCAGOGAC 609 bp (SEQ ID 8
[err] 24 5" TGGGCTTCCAGACCCAG (SEQ ID NO 3) R2 610 [err] 595

5' GGGGTCCCTCAGCGAC 603 bp F3 21 [err] 40 5'
CCAGCTACTTTGCGGAACTC (SEQ ID NO 4) R2g. 610 [err] 595 5
GGGGTCCCTCAGCGAC 590 bp The three fragnents overlap substantially

and are interchdngeabl et508’ t bouid£8eNt THY RRIAEaceheyp@9 bp fragnent,
extending fromg, 0_- eLative i he tr | gt iop, rt site (HUMERPA
eHnekde; 8L Hits Eadl S TalyAE Eher ndl

nucl eotide positions 2to i [ Wwth da
linkers. The F83%Wl tPng SrAI-sitked Thaadadftface yepgéeredfwith Cal and

inserted into bh&g@bahasbtﬁnifliﬁ%luﬁﬁaﬂéﬁHGMSKEQuéggga}awﬁﬂﬁﬂe), with Lhe
orientation sugh_t nucl e e paqsition I s_adjacent to the
Sal | s?te in t%gep@}slﬁgé%gg c%of?ﬁ:ro(r%%e%t.ep lfﬁ%?npﬁagwnf) EPO, can be
cl eaved, sepa- firameFhe REPQtgenmi qtherqion-boldfaresregion rpf he human EPO
upstream fragngntgbHUYERPSs nitfd A dale tPeinel 288100 Bages of 54- 405,

respectively) ligated 1o the sg netallothion-_ein pronoter.
Typical |y, the%%gg KBEERDR - B q'ggiﬁiqpﬁereggon fnc1ides fan
Xhol site tail to convert the 3’ boundary of the
10 amplified fragment to an Xhol site.

Plasmid pXEPO-11 is designed to place, by gene tar-
geting, the mMT-I promoter and exon 1 of hGH upstream of
the hEPO structural gene and promoter region at the endog-
enous hEPO locus on human chromosome 7. Plasmid pXEPO-11

15 is constructed as follows. Oligonucleotides 13.1 and 13.5
- 13.7 are utilized in polymerase chain reactions to
generate a fusion fragment in which the mouse metallo-
thionein I (mMT-I) promoter - hGH exon 1 sequences are
additionally fused to hEPO sequences from -1 to -630

20 relative to the hEPO coding region. First, oligonucleo-
tides 13.1 and 13.6 are used to amplify the approximately
0.75 kb mMT-I promoter - hGH exon 1 fragment from pXGHS
(Figure 5). Next, oligonucleotides 13.5 and 13.7 are used
to amplify, from human genomic DNA, the approximately

25 0.65 kb fragment comprised predominantly of hEPO sequences
from -1 to -620 relative to the hEPO coding region. Both
oligos 13.5 and 13.6 contain a 10 bp linker sequence
located at the hGH intron 1 - hEPO promoter region, which
corresponds to the natural hEPO intron 1 splice-donor

30 site. Finally, the two amplified fragments are mixed and
further amplified with oligonucleotides 13.1 and 13.7 to
generate the final fusion fragment (fusion fragment 6)
flanked by a Sall site at the 5’ side of the mMT-I moiety
and an Xhol site at the 3’ side of the hEPO promoter



I gene Llca:ont ai ni ng no* MMl codi ng sequences Hamer , HI. lling M,
WPIFAIS6Q . 1: 273 288 (1982); 5 this fragnent can al so be isol ated
by knovvn met hods from nouse genomi ¢ DNA using PCR priners designed from
anal ysis of nmMI' sequences avail able from Genbank; i.e., MJSMIl, MJSMI P,
MUSMTI PRM i s made bl unt-ended by kpown nethods and ligated with Sfil
di gested (al so made bl unt-ended) or 10 Fspl digested p5 EPO The
ori ent at¥egionf rRualon dragmeneséaie digestest] with XhoJeand 8AlTh the forner

1,9, 48 B o Wagbbesiings < glapugrsany | e e
ori ent at:l'%nt%rfsefgﬂérp %a%SCF?gh?ﬁf?t% qﬁ‘w REAABYBRPA nucl eot i de
posi ti ons&igle rinsestf ofafusdon £ragment 'IB"lem e&h:ddh thepKholi diter e

desi gnat g n‘é@é?e@’a@gﬁ':aﬁngrg% %&@’"_o% i o%e&:@@ﬁ%éﬁ@é in the Fspl

and Sfil, sitées, respectiyv t1onal upstream sequences are useful in
cases 20iS ignsifieds apdsde b%at-%dri?ﬁﬁ?‘}/' el ete and/ or repl ace negative

regul atory el ements or enhancers that lie up- streamof the initial target

sequenc ﬁ?s@%cﬁe G?ali l&?uo pt that inhibits
"EPO expfjessl on in extra atlc and ex rare"ﬁlg[ |ssue§h?§rren- 25 za, G L.
et al., Ml. Cel| ARGCTH CAGRA 2RAG  (FFQDEDINPPLd. A series of

del etions within theHthtutrag ment are prepared. The del eted regi ons can
be rgplaced with an enhancer with broad host-cell activity [e.g. an

enhancer fromthe torre al ovirus (CW) 30 The orientation of the
609 bp SLIFO f Pdg GﬁeAAGCCCA GAGTAC TCACCTGTAG _ ‘
HindIII

CCATTGCCGC TAGGTGAGCT GTC (SEQ ID NO 10)

13.7 5’ TTTTCTCGAG CTCCGCGCCT GGCCGGGGTC CCTC
18 Xhol
(SEQ ID NO 11)

The boldface regions of oligos 13.5 and 13.6
denote hGH sequences. The italicized regions
correspond to the first 10 base pairs of hEPO

20 intron 1. The remainder of the oligos corre-
spond to hEPO sequences from -620 to -597 rela-
tive to the hEPO coding region. The non-bold-
face region of olige 13.7 is identical to bas-
es -1 to -24 relative to the hEPO coding region.

25 The boldface region includes an Xhol site tail
to convert the 3’ boundary of the amplified
fragment to an Xhol site.

Plasmid pXEPO-10 can be used for gene targeting by
digestion with BamHI and XhoI to release the 7.3 kb frag-
30 ment containing the mMT- I/hGH fusion flanked on both sides
by hEPO sequences. This fragment (targeting fragment 1)



pBl uescri gl + vector was chosen since the HUVERPA seq ¢
pr eceded g 9%’?1 I'T 5 end by a BanH (distal) and Hi ndl | sﬁ@%@%‘gi mal ) .
Thus, a 6 kb BanH -Hi ndl Il fragnment normally |ying upstream of the 609 bp
fragment 35 [ Serenza, G L. et al, M. Cell. Biol. 10:930-938 -55 -
(1990)] can be isolated from genom c-PNA by known nethods. For exanple, a
bact eri ophage, cosm d, or yeast artificial chronosone |library could be

screened weomtdirs 669 HEPOPCRdANg| Bégedntesgrimntings onlyr ekquenbesdesi red

clone wi| 13 psnd@ihedh KeoBREblr bpBEbkinde SO AN Lot seblcpt | Liecan be

confirmed by co ring its restr Lon ma roma resStric- _tion map around
t he hunan }Eii—’i?g‘g?pfgi% me&ngyhﬁﬁgv\hn'f@%ﬂ&d§e%eF€PﬁaFPvéF-§,e°Eonst ructing
a restri cttargemingitd thehhmmangBRONkooyss! I cRangeadt inke feRGmgatiel uss ng t he
609 bpzsl0 AR, Ned-d | 4*&@ : which rate a
fragrrer?t oﬁtr{:}l nat | nef%g?ﬁggggﬁﬁﬁg@gg%é%?es %a%,igoﬁggﬁ‘g ext endi ng
past the UpAstehHsingcopdisions sintlandin thosepdessyibeddiny gel

el ect r ophaesmsl € D t IGa18ppespstantt coTbmgies arie paekadoenesi ¢ DNA and

P o R wed Bhs ke PRl b gt A Ra 0D o5 1 o7
fragnent . epRreassiion & enk BLISAgRssRY | (R&M Suatemsi, nMinaeppobt® orientation
into po' ER@Q) pS5'dei@s AMTRhieh the EEandfeztiitiyc DNAhahtbgeatbad! I site’is
adj a- randomly into the human genome cannot préduce EPO. Cells
in which the transfecting DNA has undergone homologous
recombination with the endogenous hEPO intron 1 and hEPO
upstream sequences contain a chimeric gene in which the
15 mMT-I promoter and non-transcribed sequences and the hGH
5' untranslated sequences and hGH exon 1 replace the
normal hEPO promoter and hEPO exon 1 (see Figure 1). Non-
hEPO sequences in targeting fragment 1 are joined to hEPO
sequences down-stream of hEPO intron 1. The replacement
20 of the normal hEPO regulatory region with the mMT-I pro-
moter will activate the EPO gene in fibroblasts, which do
not normally express hEPO. The replacement of hEPO exon 1
with hGH exon 1 results in a protein in which the first 4
amino acids of the hEPO signal peptide are replaced with
25 amino acids 1-3 of hGH, creating a functional, chimeric
signal peptide which is removed by post-translation pro-
cessing from the mature protein and is secreted f£rom the
expressing cells.
Plasmid pXEPO-11 can be used for gene targeting by
30 digestion with BamHI and Xhol to release the 7.4 kb frag-
ment containing the mMT-I/hGH fusion flanked on both sides
by hEPO sequences. This fragment (targeting fragment 2)
contains no hEPO coding sequences, having only sequences
lying between -1 and approximately -6620 upstream of the
35 hEPO coding region to direct targeting to the human EPO



20 cent _to HUMERPA nucl eétide position 2). Additional é%éﬁﬁ
sequence¥O#A1B® | sol at ed by known nethods, using chro ing
techni ques or by isolation of yeast artificial chronmpbsomes hybridi zing to
t he 609 bp 5 EPO probe. 25 The cloning strategies described above

al  ow sequenc- es upstream of EPO tgzhe nodified in vitro for subsequent
targeted transfection of primary, secondary or imortal- ized human

fi brobl aibsusTheTatrget g cfrabmmeriti belslnphnsfeutﬂdlxntb @k-itmaeyMI pronot er,

as vel| B8, Hebshapy huidle Min M993CEYGEEOHL AL derd AiGRe and del et i on of

t he negative_regu region_an E acement an enhancer wth broad
host - cel Pl&&%m £9. those 5#%5‘&1 eﬁ!cwv FARPL S Y HUIFH SePESESRERAND | SOLATI ON
OF TAR- cblchiéRl MleY%hWTMYEBﬁWeERBRCBLASTS BY

SCREENI t th, enzynes

t hat '\glggé |$\égr%é€%)ar§/é¢?§?nt g%n ﬁfﬁc% orgz'&tsrﬁ EJBF %2 case o?‘/

p5' EPO- niVRED $yseems. dinnea H°1d-|5ge§£1)t i ofiel:s ek sthich &hgetraRstragnment of
2.4 kb, Eeaﬁihéeﬂl\mf1ﬁ¢&§13a&§<&ammyoﬂﬁ£6rtﬁéaiﬁm genble 5' and 3' sides

const ucEaRBoE FBEPREE Aty ISSgiah L6y “HREAHERR L D%@aff%%&éﬁrﬁ@ oA or the
2 4 kb thageundgrg¢ng“hgnologoul recomblnatzon with the endogenous

10 hEPO promoter and upstream seguences contain a chimeric
gene in which the mMT-I promoter and non-transcribed
sequences, hGH 5’ untranslated sequences and hGh exon 1, (
and a 10 base pair linker comprised of the first 10 bases
of hEPO intron 1 are inserted at the HindIII site lying at

15 position -620 relative to the hEPO coding region (see
Figure 2). The localization of the mMT-I promoter up-
stream of the normally silent hEPO promoter will direct
the synthesis, in primary or secondary skin fibroblasts,
of a message reading (5’ to 3’) non-translated metallo-

20 thionein and hGH sequences, hGH exon 1, 10 bases of DNA
identical to the first 10 base pairs of hEPO intron 1, and
the normal hEPO promoter and hEPO exon 1 (-620 to +13
relative to the hEPO coding sequence). The 10 base pair
linker sequence from hEPO intron 1 acts as a splice-donor

25 site to fuse hGH exon 1 to the next downstream splice
acceptor site, that lying immediately upstream of hEPO
exon 2. Processing of the resulting transcript will
therefore splice out the hEPO promoter, exon 1, and intron
1 sequences. The replacement of hEPO exon 1 with hGH exon

30 1 results in a protein in which the first 4 amino acids of
the hEPO signal peptide are replaced with amino acids 1-3
of hGH, creating a functional, chime:ic signal peptide
which is removed'by post-translation'procesSing from the.
mature protein and is secreted from the expressing cells.



alone is %P&%lga) by phenoli extraction and ethanol preci prfqéﬂtfa%’hﬁmnd

transfected into primary or secondary human fibrobl ast's u

conditions -described in Exanple 1c. 15 Transfected cells are plated onto
150 mm di shes in human fibroblast nutrient medium 48 hours |ater the
cells are plated into 24 well dishes af3za density of 10,000 cells/[err]

[ approxi mately 20,000 cells per well; if target- ing occurs at a rate of 1
event per [err] Pclﬁﬁ?&l?lseoéebbssgmct$ Erelqtiesi to pEPO-aboahd SHXERO4 s woul d

need t0 be BssEtLbe Qoh%@!r@é@eé Suélﬂle 1R SRitA@as0! 0RY] thgé ¢! s in which
eted to The honol ogous region stream of the

t he transfectl tar
hunan EPO geor{les gt éng‘s E?’E’%rﬁ?ﬁ tt‘fﬂ-f‘%&ft% BMTt heP ¥®%not er .
After 10 daps hﬁ?ﬁolsequenbeSB aswelhasthe posizicayat «whickPthexpressi on

usi ng ascommEy/tiehl k¥ ﬁe&.@bife' opes fromuvells
di spl ayi ng hEPO/glynt heg@! ated usl %ﬁtklgn%zi:ewgﬁﬁéreg'téﬁl cally by

is are iso
assayi ng f rECESs BFetH@rhége?%g%reﬁﬁﬁjélﬁma&t’-vﬁn§hbﬁle€b¢I%‘-’%’é‘par at ed
i nto i ndi visdwdiptienl ensfs mamlﬁamlwxgm tazgbt ORG, OFedd@SEiPOSIi ti Ve

wel | s, andnmeg E@gléﬁt g,gléi!eglﬁT sild |J§att§1 Lgt {__gg#@&éé r,gleé ed col ony by

screeni ng well mcrotit es see one DNA from
entire pla VIeyQEPE§ éﬁﬁlﬁ?@cﬁ REQRAtias b?uP@RCPEthalmiF fwidal i on of a
fragneno ugive siflarMiesybes | isudt itHit =R GGRFHAPO| AlsVbd lyehedrigrer 1 ying

-57- placed under the control of an exogenous promoter by gene
targeting to the normal hEPO locus. For example, the 6 kb
HindIII-BamHI fragment upstream of the hEPO gene (See
Example 1f) has numerous restriction enzyme recognition

15 sequences that can be utilized as sites for insertion of
the neo gene and the mMT-I promoter/hGH fusion fragment.
One such site, a BgllI site lying approximately 1.3 kb
upstream of the HindIII site, is unique in this region and
can be used for insertion of one or more selectable mark-
20 ers and a regulatory region derived from another gene that
will serve to activate hEPO expression in primary, second-
ary, or immortalized human cells.
First, the intermediate plasmid pT164 is constructed
by inserting the 6 kb HindIII-BamHI fragment (Example 1f)
25 lying upstream of the hEPO coding region into HindIII-
BamHI digested pBluescriptII SK+ (Stratagene, LaJolla,
CA}). Plasmid pMClneoPolyA [Thomas, K.R. and Capecchi,
M.R. Cell 51:503-512 (1987); available from Stratagene,
Ladolla, CA]) is digested with BamHI and XhoI, made blunt-
30 ended by treatment with the Klenow fragment of E. coli DNA
polymerase, and the resulting 1.1 kb fragment is purified.
PT164 is digested with BglII and made blunt-ended by
treatment with the Klenow fragment of E. coli DNA polymer-
ase. The two preceding blunt-ended fragments are ligated
35 together and transformed into competent E. coli. Clones.



upstrea RPA nucl edtide position 1. This primer pgj Ld anplify
a DNA frgﬁﬁﬁﬁﬁmgf a size precisely predicted based on thgbékﬂgggggence.
Positive plates are trypsinized and replated at successively | ower
dilutions, 5 and the DNA preparati on and PCR steps repeated as needed to
isolate targeted cells. The targetismschenes herein described can al so be
used to activate hGH expression in imortalized human cells (for exanple,
HT1080 cetith (AEGDITEL inBé¥t ¢ELthd (L.l dH neanfrdgmenttaxvesiad- HelLa cel |l s

(ATCC CCLlQate7d Brl8nd1Zkeq febifﬁﬂl&?%‘i&mﬁehhilfr $IPLABT 22), K 562
| eukem a ¢ %E?a |nona ceIIs

AT e oflcet 17) 2780AD
ovari an FFS‘?Vﬁ LIysytecregreated Ry the
48: 5927- EBMdrﬂ@ES):heth.uncethI 14nd (BY1QT @lte86is Jockhizerd! | o (ATCC TIB

é2|2|)5 (ATCC ? @%P%%L‘io ’Hj!ﬂdﬁl:"%%c %(E:IESESﬁi U—%?r ce ISD?X'CI"ICC CRL

1593), Bk msgfnonﬁheemummm 7PT16P. 36 1RC€ BR i ne 2R4 cel | s
(ATCC ClLlcl#aved, akDtReduiique BGEIY AiGE ERankiAg) thars! veide of

het er ohy dQym, poses of "produci ng hGH for conventiona
phar ma- ?eﬂl?t ic d%‘?kh@:rii?{ﬁléﬁﬁﬁ VATI NG THE HUVAN EPO GENE AND | SCLATI ON

OF TAR- GETEinmsmmlemm‘( S\and MIERTAEe ZebiHiRed I poly-

Fl BROBLAIEY 8¢ &hadh! féh/&{&;é\ O diirdzaceOsl FragmeAEGAT | WH dbEIUHETI ON SYSTEM

The stra f%f&%?ﬂﬁ&ﬁ#S g? P5H§$F%HWEEme§eEPC’n&&ﬁé«n?ﬁﬁ derivatives of

such with ona
sequences are addltlonally fused to a 10 base pair frag-

ment. comprising a splice-donor site. The splice-donor
site chosen corresponds to the natural hEPO intron 1

15 splice-donor site, although a larger number of splice-
donor sites or consensus splice-donor sites can be used.
The oligonucleotides (13.8 and 13.9) are used to amplify
the approximately 0.73 kb mMT-I promoter - hGH exon 1
fragment from pXGHS (Figure 5). The amplified fragment

20 (fragment 7) is digested with BgllI and ligated to BglIlI
digested pT165. The ligation mixture is transformed into
E. coli and a clone, containing a single insert of frag-
ment 7 in which the Kpnl site in the-mMT-I.promoter is
adjacent to the 5’ end of the neo gene and the mMT-I

25 promoter is oriented such that transcription is directed

towards the unique HindIII site, is identified and desig-
nated pXEPO-12.

13.8 5 AAAAAGATCT GGTACCTTGG TTTTTAAAAC CAGCCTGGAG
, BglII Kpnl
30 (SEQ ID NO 12)

The non-boldface regioh of oligo 13.8 is identi-
cal to the mMT-I promoter, with the natural KpnI
site as its 5’ boundary. The boldface type

{



6 kb Ba fragment can be followed with the addi p al step
i RgeBhe, ¢ hikind

I nsert neo gene adjacent to the nMI pronoter. In Iti1on,
negatlve sel ection marker, for exanple, gpt [from pMSG (Pharmaci a) or
anot her suitable source], can be inserted adjacent to the HUVERPA sequences
in the pBluescriptllSK/ + polylinker. ln_the former case, -58- Al 8[err]
colonies are isolated and screened by PCR anplifica- tion.or restriction

enzyme and Sout B@ﬁBtBybélﬁélzﬁ 'éirté‘&@ﬂs't% ebniPe pEgpaged from pool s of
colonies to |deg %Ytarﬁit%ﬂﬂﬁg ines In the latter case, (A18[err]
colonies 5 are 8?33% dt éﬁtginlng 6-t hi oxant hine to sel ect
agai nst the integration of the gpt gene [Besnard, C. et al., MIl. Cel

Biol. 7:4139.4141 4987 HdrarTcah TEPNGdé S ORfecaaRs Pl aced on
t he opposite side of the |n%§& as gpt, allow ng seiection for neo and

agai nst both 10 gpt and HE growing cells in human fibroblast nutrient
medi um&ont ai ni ng 4SEQ XD Nay/u8) (418, 100 [err] M 6-thi oxant hi ne, and 25
[err]g/mM gancyclovir. The double negative selection should provide a
nearly absolute selection for true tar- geted events and Sout hern bl ot
anal ysi s provi dede Jppidface pegipn @ CSFIF-SPﬁaHo?l dempte {Gkt i ng schenes
herei n descri besegaencds o Theudtdlieiaedi vedgtoh ¥ Megoeis @b i n

mor tal i zed hugRD £R1LS f Yast BURLE: o HEES Slddn ATOMECL 121). Hela
underlined BglII site is added for plasmid con-
10 struction purposes.

Plasmid pXEPO-12 can be used for gene targeting by
digestion with BamHI and HindIII to release the 7.9 kb
fragment containing the neo gene and the mMT-I/hGH fusion
flanked on both sided by hEPO sequences. This fragment

15 (targeting fragment 3) contains no hEPO coding sequences,
having only sequences lying between approximately -620 and
approximately -6620 upstream of the hEPO coding region to
direct targeting upstream of the human EPO locus. Target-
ing fragment 3 is transfected into primary, secondary, or

20 immortalized human skin fibroblasts using conditions
similar to those described in Examples 1b and lc. G418-
resistant colonies are picked into individual wells of 96-
well plates and screened for EPO expression by an ELISA
assay (R&D Systems, Minneapolis MN). Cells in which the

25 transfecting DNA integrates randomly into the human genome
cannot produce hEPO. Cells in which the transfecting DNA
has undergone homologous recombination with the endogenous
hEPO promoter and upstream sequences contain a chimeric
gene in which the mMT-I promoter and non-transcribed

30 sequences, hGH 5’ untranslated sequences, and hGH exon 1,
and a 10 base pair linker comprised of the first 10 bases
of hEPO intron 1 are inserted at the BglII site lying at



cells and derivatives of HeLa cells (ATCC CCL2, 2.1 and (é%é§5§

breast M¥M8¥HS§| | s (ATCC HBT 22), K-562 | eukeni a cel | s"ﬁ‘?’ 232) KB
carcinoma cells (ATCC CCL 17), 2780AD ovarian carcinoma cells (Van der
Blick, AM et al., Cancer Res. 48:5927-5932 (1988), Raji cells (ATCC CCL
86), Jurkat cells (ATCC TIB 152), Nzgalwa cells 25 (ATCC CRL 1432), HL-60
cells (ATCC CCL 240), Daudi cells (ATCC CCL 213), RPM 8226 cells (ATCC CCL
155), U ¢®sitébhsappieXimatiells3)920Bredatifee atwnehe BEO (0&BIGgCRL 9607) ,

VW - 33VAL S ebhi Nerdh Seld AT oLk ndSuabh. 1 Nodhidk & hlrek AGC CRL 1582).
and vario et er oh cel for t ur poses roduci ng hEPO
for conv@%t Fgﬁa}mﬁ'ﬂ%f r%ﬂ?jgﬁﬁtl 5‘%’?(9 Pramgter "’1]5'8 éfr ‘FI)'RUCTI O\IgG:
TARGET| NEYRLASHELES FORDFAMGHAG sBidEndaiiiN GRAANTMOHERNMIAEE GranUNDER THE

2 A ' ReRREVTOR 2 %&’&M%R\éea]ﬁ'i NDARY OR

|NNCRTAL|ZED HUNBN F BROBLAST ow n exanp érves to
i |l ustratl8 oh® &M PREFARRLAEd H@tﬂiégﬁh%°$ﬂ:%rﬂfﬁ) GH Begyess-t he nor nal

regu: iat oes,anueezeﬁ Jf,l,psm eBed ofhBNAUfaengical ft&cuha)riamneoar e altered
ot o SRR BRRGR"oF LR UBARR PRI e BRCRERY, O,
descri beBEPQ exon 1 (from approximately -1920 to +13 relative to
10 the EPO coding sequence) The 10 base pair linker se-
quence from hEPO intron 1 acts as a splice-donor site to
fuse hGH exon 1 to a downstream splice acceptor site, that ‘

lying immediately upstream of hEPO exon 2. Processing of
the resulting transcript will therefore splice out the
15 hEPO upstream'sequences, promoter region, exon 1, and
intron 1 sequences. When using pXEPO-10, -11 and -12,
post-transcriptional processing of the message can be
improved by using ip vitro mutagenesis to eliminate splice
acceptor sites lying in hEPO upstream sequences between
20 the mMT-I promoter and hEPO exon 1, which reduce level of
productive splicing evehts needed create the desired
message. The replacement of hEPO exon 1 with hGH exon 1
results in a protein in which the first 4 amino acids of
_ the hEPO signal peptide are replaced with amino acids 1-3
25 of hGH, creatlng a functional, chimeric sxgnal peptide
which is removed by post-translation processing from the
mature protein and is secreted from the expressing cells.

30 Human cells in which the hEPo'gene has been activated
by the methods previqusly described can be induced to
amplify the neo/mMT-1/EPO transcription unit-if the tar-.
geting plasmid contains a marker gene that can confer
resistance to a high level of a cytotoxic agent by the



Exanple 1 rgeting to the EPO gene regul atory regio at ed
dgﬂ@a BcHifRoditesy

usi ng cl one fragments derived fromthe 5 end of the hunman grow h
hormone N gene. An approxi- 15 mately 1.8 kb fragnent spanni ng HUMGHCSA
(CGenbank Entry) nucl eotide positions 3787-5432 (the positions of two EcoN
sites which generate a conveni ent sized-fragnent for cloning or for

di agnostic digestion of subclones involving this fragnent) is anplified by
PCR pri ner phédaomgned &f génerrmipisificeitiohe HEMEHOSbke marker igeneli S

regi on. Thsﬁcneggoalﬁyaﬁé@&ﬁw@édﬁ%t@s@d'(aa% NE S8R A0l g 10 an

upstream position rOXI t el 0 _the rans start
site. pucl®e }:éo‘fﬁa’é Tla "Eé&ﬁf%‘?&lg | CAR rgene jlefRaadimgenow t o
gener at e bbanbamnﬂsphesphéﬁhlaynuhasbaraspdruadertrﬁﬁsﬁarhamydhbbons,

resul tifg LAqgPEERPELS- a Lh Ltes. This
plasmd is demfnated jﬁc‘% Es\é%h%?f ??Eﬁers are g thg “onto the

anpl i fied REF P@@ﬁﬂvlﬁbuF?@@ﬁﬁnﬂYRQPQ£§$§§t§G ®Fch Hindl I |
and |i gat etlive &J_wm& lis HethiicgdtecgulbphdRittne (MNBX)r e sud haﬁnabaﬁm d

UC12XEB- 54, d t
1? ragment | Q%k?érr%eedg%l %%l\gls?{trqggfn g#"?ﬂgs h%dreaéllglé ?1%\“% °§%§F§f nitiation
site. The %ﬁj%sl?w qﬂ?qqe@at among ehbex gem.Ecta?lheBgm:ﬂiﬁlahiehe mvrr |

gene [1mont i nimbrtalizedVhutad Be13CU¥RE6 CMrigHE J.R.Hecagd  Val 1ing, M,
J. M. 580 Natl. Acad. Sci. USA 87:1791-1795 (1990); Cockett,

M.I. et al. Bio/Technology 8:662-667 (1990))}. In these

studies, gene amplification has been documented to occur

in a number of immortalized human cell lines. HT1080,

15 HeLa, MCF-7 breast cancer cells, K-562 leukemia cells, KB
carcinoma cells, or 2780AD ovarian carcinoma cells, among
other cells, display amplification under appropriate
selection conditions.

Plasmids pXEPO-10 and pXEPO-11 can be modified by the

20 insertion of a normal or mutant dhfr gene into the unique
HindIII sites of these plasmids. After transfection of
HT1080 cells with the éppropriate DNA, selection for G418-
resistance (conferred by the neo gene), and identification
of cells in which the hEPO gene has been activated by gene

25 targeting of the neo, dhfr, and mMT-1 sequences to the
correct position upstream of the hEPO gene, these cells
can be exposed to stepwise selection in methotrexate (MTX)
in order to select for amplification of dhfr and co-ampli-
fication of the linked neo, wMT-1, and hEPO sequences

30 (Kaufman, R.J. Technigue 2:221-236 (19%0)}. A stepwise
selection scheme in which cells are first exposed to low
levels of MTX (0.01 to 0.08 uM), followed by successive
exposure to incremental increases in MTX concentrations up
to 250 gM MTX or higher is employed. Linear incremental

35 steps of 0.04 to 0.08 uM MTX and successive 2-fold in-



Appl. Gen. 1:273-288 (198?) the fragnent can also be i Llode¥s known

net hods ‘V?B'l"f?‘ﬁﬁhse genoni ¢ DNA using PCR priners desi gneg ?rsgm anal ysi s of
mMI' sequences avail abl e from Genbank; i.e., MJSMIl, MJSMII P, MJSMII PRM .
This 5 plasm d p5 hGH+nMI has the mMI pronoter flanked on both sides by
upstream hGH sequences. The cloning_ggrategi es descri bed above al | ow
sequenc- es upstreamof hGH to be nodified in vitro for subsequent targeted
transf ect ipgadés N MK coneenrstat yon! willne alffeb@iviezéd sebert i brobl asts.
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kb mMr pronnter fl anked on geting this
const r uct £19R (% #%gﬁﬂ%ﬁﬁﬁr}YFsglSHmee?ﬁﬁfrégﬁifaé gw?ﬁls or the 2.9 kb
targetlﬂgcédi@gﬁ!ﬁgiﬁh alone is purified by phenol extraction and et hanol

preciqy itati &%n ﬁ%&g&l tBtQhBéér@éé’cﬁfbe'iieqmdﬁb!ebuﬂﬁﬂ fibrobl asts
under” the con |ons escrl nP %uﬁ} Transf.ect ed ﬁells are plated
onto 150 ﬁh1d4%h to activa e expression in

cells can also be further modified to include the dhfr ‘

gene for the purpose of obtaining cells that overexpress
the hGH gene by gene targeting to non-coding sequences and
15 subsequent amplification. ' '

‘The targeting construct pXEPO -13 was made to test the
hypothesis that the endogenous hEPO gene could be activat-
20 ed in a human fibroblast cell. First, plasmid pT22.1 was
constructed, containing 63 bp of genomic hEPO sequence
upstream of the first cedon of the hEPO gene fused to the
mouse metallothionein-1 promoter (mMT-I). Oligonucleo-
. tides 22.1 to 22.4 were used in PCR to fuse mMT-I and hEPO

25 sequences. The properties of these primers are as fol-
lows: 22.1 is a 21 base oligonucleotide homologous to a
segment of the mMT-I promoter beginning 28 bp upstream of
the mMT-I KpnI site; 22.2 and 22.3 are 58 nucleotide
complementary primers which define the fusion of hEPO and

30 mMT-I segquences such that the fusion contains 28 bp of
hEPO sequence beginning 35 bases upstream of the first
codon of the hEPO gene, and mMT-I sequences beginning at
base 29 of oligonucleotide 22.2, comprising the natural
BglIIl site of mMT-I and extending 30 bases into mMT-I



fibroblagt g%%léent medi um 48 hours later the cells are R9uddkaédds i nto 24
vel | di shed a density of 10,000 cell[err] [approximately 20,000 cells
per well; if target- ing occurs at a rate of 1 event per 106 clonable cells
(Exanmpl e 1c), then about 50 wells would need to be assayed to isolate a
singl e expressing colony]. Cells in-which the -61- transfecting DNA has
targeted to the honol ogous region upstreamof hGHd will express hGH under
the contr8eqesnesie VR doRat ancleptides Oinalengtihaing Wl homapernatants are
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6.4 Xb fragment. The 6.4 kb fragment was purified and
ligated to the 1.4 kb KpnI PCR fusion fragment. The
resulting construct was called pT22.1. A second interme-
diate, pT22.2, was constructed by ligating the approxi-

15 mately 6 kb HindIII-BamHI fragment lying upstream of the
hEPO structural gene (see Example 1f) to BamHI and HindIII
digested pBSIISK+ (Stratagene, Ladolla, CA). A third
intermediate, pT22.3, was constructed by first excising a
1.1 kb XhoI/BamHI fragment from pMCINEOpolyA {(Stratagene,,

20 LaJdolla, CA) containing the neomycin phosphotransferase
gene. The fragment was then made blunt-ended with the
Klenow fragment of DNA polymerase I (New England Biolabs).
This fragment was then ligated to the HincII site of
PBSIISK+ (similarly made blunt with DNA polymerase I} to

25 produce pT22.3. A fourth intermediate, pT22.4, was made
by purifying a 1.1 kb XhoI/HindIII fragment comprising the
neo gene from pT22.3 and ligating this fragment to Xhol
and HindIII digested pT22.2. pT22.4 thus contains the neo
gene adjacent to the HindlIII side of the BamHI-HindIII

30 upstream hEPO fragment. Finally, pXEPO-13 was generated
by first excising a 2.0 kb EcoRI/Accl fragment from pT22.-
1. The EcoRI site of this fragment defines the 5’ bound-
ary of the mMT-I promoter, while the Accl site of this
fragment lies within hEPO exon 5. Thus, the AccI/EcoRI

35 fragment contains a nearly complete hEPO expression unit,




t he DNA 5] gq%ﬁr%i on and PCR steps repeated as needed to pErussaibiase
targeted OpPL e targeting schemes herein described can also be used to

activate hGH expression in immortalized human cells (for exanple, HT1080
cells (ATCC CCL 121), HelLa cells and derivatives of HeLa cells (ATCC CCL2,
2.1 and 25 2.2), MCF-7 breast canceBOeells (ATCC HBT 22), K-562 |eukem a
cells (ATCC CCL 232%, KB carcinoma cells (ATCC CCL 17), _.2780AD_ ovari an

car ci nomaMEEPRBI( 9BAY RPN Af exon Scangd| the mpkwralrpolyadenyda- 5932
(1988), Rajioncslite. ( ATKIs CCI0 &b EcoRIKatcleftragrietCwal PutiziedNanal wa

[ 1's 30 T. L - 1 &4 (AT, ' L cells (ATCC
oL 213) , mﬁé%l %%%ﬁ?@’%%%%&%ﬁﬁgf?ﬁ&%ﬁg)ﬁfﬁ%q&ﬁg 1533§ ,
Bowes Mel BNBnRot¥resagsarbcand ldgsrpd tp- Bhohidigeafiqdhe bimatcel |s (ATCC CLL
75. 1) ,5 MOehdédcepts2 (ATCC CRL 1582), and various heterohybridoma cells)

delivery. k. HIERBE GRS i rket Rl BN AR B et
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- construct  BnPRen R "Ml GUh® of 91 5OUE el hedd"of Wi i8St P of
10 vector sequences and an approximately 9 kb fragment con-
' taining hEPO, neo and mMT-I sequences. This approximately
9 kb BamHI/Pvul fragment contained the following sequences
in order from the BamHI site: an approximately 5.2 kb of
upsﬁream hEPO genomic séquence, the 1.1 kb neo transcrip-
15 tion unit, the 0.7 kb mMT-I promoter and the 2.0 kb frag-
ment containing hEPO coding sequence truncated within exon
5. 45ug of PEXPO-13 digested in this way was used in an
electroporation of 12 million cells (electroporation
conditions were described in Example 1b). This electro-
20 poration was repeated a total of eight times, resulting in
electroporation of a total of 96 million cells. Cells
were mixed with media to provide a cell density of 1
million cells per ml and 1 ml aliquots were dispensed into
a total of 96, 150mm tissue culture plates (Falcon) each
25 containing a minimum of 35 ml of DMEM/15% calf serum. The
following day, the media was aspirated and replaced with
fresh medium containing 0.8 mg/ml G418 (Gibco). After 10
days of incubation, the media of each plate was sampled
for hEPO by ELISA analysis (R & D Systems). Six of the 96
30 plates contained at least 10 mU/ml hEPO. One of these
plates, number 18, was selected for purification of hEPO
expressing colonies. Each of the 96, 150 mm plates con-
tained approximately 600 G418 resistant colonies (an
estimated total of 57,600 G418 reéistant colonies on all
35 96 plates). The approximately 600 colonies on plate



gene adj ac he mMI pronpbter. In addition, a nega- 1Q ection
mar ker , ﬁnﬁ%éﬁ% e, gpt [from pMSG (Phar - nBC|a) or another SUItaHﬁ

source] can be inserted adja- cent to the HUMGHCSA sequences in the pUCl2
-pon-Iinker. In the former case, (418[err] colonies are isolated and
screened by PCR anplification or resteggtion enzyme and 15 Sout hern
hybri di zati on anal ysis of DNA prepared from pools of colonies to identify
targeted corondess 18 wegiee tirypséniged candidiated awl 60i eeldsémpl aced in

medi um contﬂi&rﬁé WeQ&a@tthas Rgtéﬂiafﬁ) ag%’tﬁr to'i’x% wabﬁgggt iR Df the gpt
gene (Besn Cel 0] © 4139-4141 In

addi ti on, fhﬁ;¥$§l'ﬁ%ﬁggﬁeceéﬁnbﬁstQE%dV%ﬁFQ%ﬁaQ§p§§?FP§1§FH§18f ?he |nsert
as gpt, al | cyliongese [pegt largbowehboofincha g nuellopiages doHed& by growi ng
cells 18 Niymitdd wz%blceagr@aag'set | GRANY WiR4iA08aEE" 6L 0ERL 18,
100 [err]NI - t_hi oxant and 2 gancycIOV| he doubl e
negative s&"eéﬁr&? Ysddp prBﬂF]ae" )F%Hfseé‘leét €05 chERP; 8¥P¥®P -t r ue

targeted eweidrs atSthtisetimbybr Two zof i te am&gee wells eon{:aiﬂadqngdza' he

LarOeLLn SIS ARLBE 4 RE/AL Maor Nt Mesiietatontil BB UCY | o
CCL 121), angadad 1§ §ﬁél°§e¢$vé%$fo@sb%ﬁe neerthe (lATeeattmellzﬂ and
2.2), WOF- friy eanitentBCOE &2thSof AdidsdiBmald) weKi.ﬁGi}ei'QUkﬁﬁ:@l&ﬁé@ (ATCC
f\%nzga %qﬁ%&%h%%”%rgﬁ' £8 {6 ey wel1800P 2VaE' i fafifom cells
follow1ng 7 days of incubation the media from each of
these wells was sampled for hEPO ELISA analysis. Only a
single well, well number 10, contained hEPO. This cell
15 strain was designated HT165-18A2-10 and was expanded in
culture for quantitative hEPO analysis, RNA isolation and
DNA isolation. Quantitative measurement of hEPO produc-
tion resulted in a value of 2,500 milliunits/million
cells/24 hours.
20 A 0.2 kb DNA probe extending from the AccI site in
hEPO exon 5 to the BglII site in the 3’ untranslated
region was used to probe RNA isolated from HT165-18A2-10
cells. The targeting construct, pXEPO-13, truncated at
the AccI site in exon 5 does not contain these AccI/BglII
25 sequences and, therefore, is diagnostic for targeting at
the hEPO locus. Only cell strains that have recombined in
a2 homologous manner with natural hEPO sequences would
produce an hEPO mRNA containing sequence homologous to the
AccI/Bglll sequences. HT165-18A2-10 was found to express
30 an mRNA of the predicted size hybridizing with the 32-P
labeled AccI/BglII hEPO probe on Northern blots. Restric-
tion enzyme and Southern blot analysig confirmed that the
neo gene and mMT-I promoter were targeted to one of the.
two hEPO alleles in HT165-18A2-10 cells.



WO 95/31560 -63- A M et ‘al., Cancer Res. 48:5927-5932 GlQ83)nepy | Cells
(ATCC CHOR¥3560;,r kat cells (ATCC TIB 152), Namalwa cel I's (ATCC CRL 1432),
HL-60 cells (ATCC CCL 240), Daudi cells (ATCC CCL 213), RPM 8226 cells
(ATCC CCL 155), U937 5 cells (ATCC CRL 1593), Bowes Mel anonma cells (ATCC
CRL 9607), W-38VA13 subline 2R4 celds2+ ATCC CLL 75.1), MOLT-4 cells (ATCC
CRL 1582), and various heterohybri doma ceIIs for the purposes of producing
hGH for convenﬂﬁ@ﬁ&lrﬁﬁulha demenstraks jthaty | omglogous rerombinget i ng

const r uct % i¢gs anbed uaeExeapisﬁgéd aﬁ%glﬂlatagz ﬂ&@i’oﬂ ndo@gdmes 19, 1h, 1]
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actlvatedt@#dég@ﬁésgngéneCtthF¥¢naQﬁnﬂhﬁn gsne.select- 15 able marker, are
anplified. Such cells, expressing or capable of expressing the endogenous
gene encodi ng a therapeutic product can be used to produce proteins (e.qg.,
hGH and hEPO) for conventional pharmaceutic delivery or for gene therapy.

20 1.5 TPRANSFECTCESCTRARAT \GHTCTTICTSEGONDSEY HD BRDRASTS W TH EXOGENQUS
DNA AND A SELECTABLE MARKER GENE BY ELECTROPORATI ON Exponential |y grow ng

or early stationar hase fibroblasts are tr nized and rinsed fromthe
pl astic 282 §urﬁacéG&FFﬁGﬁ%Tr@%ﬁﬁaqﬁﬁﬂqJﬁFGG ﬁggﬁgqﬁEETQﬁ Ak cel |

GCTGGAGCTA CGGAGTAA (SEQ ID NO 15)

22.3 5’ TTACTCCGTA GCTCCAGCTT CACCAGATCT AGGGCCCCCG ‘
GTGTGGTCAC CCGGCGCG (SEQ ID NO 16)

10 22.4 5’ GTCTCACCGT GATATTCTCG G (SEQ ID NO 17)

EXAMPLE S. PRODUCTION OF INTRONLESS GENES

Gene targeting can also be used to produce a pro-
cessed gene, devoid of introns, for transfer into yeast or
bacteria for gene expression and ipn vitro protein produc-

15 tion. For example, hGH can by produced. in yeast by the
approach described below.

Two separate targeting constructs are generated.
Targeting construct 1 (TCl) includes a retroviral LTR
sequence, for example the LTR from the Moloney Murine

20 Leukemia Virus (MoMLV), a marker for selection in human

 cells (e.g., the neo gene from TnS), a marker for selec-

tion in yeast (e.g., the yeast URA3 gene), a regulatory
region capable of directing gene expression in yeast
(e.g., the GAL4 promoter), and optionally, a sequence

25 that, when fused to the hGH gene, will allow secretion of
hGH from yeast cells (leader sequence). The vector can
also include a DNA sequence that permits retroviral pack-
aging in human cells. The construct is organized such
that the above sequences are flanked, on both sides, by



to centri 1%6%h. The supernatant is aspirated and the p

resuspended in 5 m of elec- troporation buffer (20 mM HEPES pH 7.3, 137 nM
NaCl, 5 mM30 KO, 0.7 nmM[err], 6 mMdextrose). The cells are recen-
trifuged, the supernatant aspirated, gqd the cells resus- pended in

el ectroporation buffer containing 1 ng/m acety- |ated bovine serum
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tion in yeast (e.g., 2-micron circle or ARS sequences), a
yeast transcriptional termination sequence, a viral LTR,
and ‘a marker gene for selection in human cells (e.g., the
bacterial gpt gene). The construct is organized such that

15 the above sequences are flanked on both sides by hGH
genomic sequences which, upon homologous recombination
with genomic hGH gene N sequences, will integrate the
exogenous sequences in TC2 immediately downstream of the
hGH gene N stop codon. The order of DNA seguences upon

20 integration is: hGH exon 5 sequences, yeast transcription
termination sequences, yeast plasmid repiication seguenc-
es, LTR, gpt gene, hGH 3‘ non-translated sequences.

Linear fragments derived from TCl and TC2 are sequen-

tially targeted to their respective positions flanking the

25 hGH gene. After superinfection of these cells with helper
retrovirus, LTR directed tramnscription through this region
will result in an RNA with LTR sequences on both ends.
Splicing of this RNA will generate a molecule in which the
normal hGH introns are removed. Reverse transcription of

30 the processed transcript will result in the accumulation
of double-stranded DNA copies of the processed hGH fusion
gene. DNA is isolated from the doubly-targeted, retro-
virally-infected cells, and digested with an enzyme that
cleaves the transcription unit once within the LTR. The

35 digested material is ligated under conditions that promote

suspensi on i.s_repoved for counting, and the renmining cel j ected
Yagse T ios e



ture for approximately 5 rfin, and the contents of the cuvette are then
gently rWOPs@60i th a sterile transfer pipette. The cel | RCHPISAME
directly to 10 m of pre- 20 warmed nutrient nmedia (as above with 15% cal f
serun) in a 10 cmdish and incubated as descri bed above. The follow ing

- ‘day, the nedia is aspirated and replaged with 10 m of fresh nedia and
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Expression in bacterial cells is accompl:.lhed by
simply replacing, in TCl1 and TC2, the ampicillin-resis-
tance gene from pBR322 for the yeast URA3 gene, the tac (
promoter (deBoer et gl., Proc. Natl. Acad. Sci. 80:21-25
15 (1983)) for the yeast GAL4 promoter, a bacterial leader
sequence for the yeast leader sequence, the pBR322 origin
of replication for the 2-micron circle or ARS sequence,
and a bacterial transcriptional termination (e.g., trpA
transcription terminator; Chr:Lstie, G.E. et al., Proc.
20 Natl. Acad. Sci., 78: 4180-4184 (1981)) sequence for the
yeast transcriptional termination sequence. - Similarly,
hEPO can be expreséd in yeast and bacteria by simply
replacing the hGH targeting sequences with hEPO targeting
sequences, such that the yeast or bacterial leader se-
25 quence is positioned immediately upstream of hEPO codon 1
~ {corresponding to amino acid position 1 - in the mature '
processed protein).

EXAMPLE 6. ACTIVATION AND AMPLIFICATION OF THE EPO GENE
30 Incorporation of a dhfr expression unit into the
unique HindIII site of PXEPO-13 (see Example 4) results in
a new targeting vector capable of dual selection and
selection of é'ells in which the dhfr gene is amplified.
The single HindIII site in pXEPO-13 defines the junction



with the ayeefsisen of the selection conditions used. Rabbipcfidyseblagsts are
sel ected for (418 resistance in nediumcontaining 1 gmm G418. Fibrobl asts
were isolated fromfreshly excised hunan 10 foreskins. Cultures were
seeded at 50,000 cells/cmin DVEM + 10%calf serum When cul tures becane
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thymidine kinase (TK) gene and the mouse metallothionein-I
gene. It was produced as follows: HindIII-digested
- 15 pXEPO-13 was purified and made blunt with the Klenow
fragment of DNA polymerase I. To obtain a dhfr expression
unit, the plasmid construct pF8CISS080 (Eaton et al.,
Biochemigtry 25:8343-8347 (1986)) was digested with EcoRI
and Sall. A 2 Kb fragment containing the dhfr expression
20 unit was purified from this digest and made blunt with
Klenow fragment of DNA polymerase I. This dhfr-containing
fragment was then ligated to the blunted HindIII site of
PXEPO-13. An aliquot of this ligation was transformed
into E. goli and plated on ampicillin selection plates.
25 Following an overnight incubation at 37°C, individual
bacterial colonies were observed, picked and grown.
Miniplasmid preparations were made from these cultures and
the resulting DNA was then subjected to restriction enzyme
digestion with the enzymes BglI+HindIII, and S£fil in order
30 to determine the orientation of the inserted dhfr frag-
ments. Plasmid DNA from one of these preparations was
found to contain such a 2 Kb insertion of the dhfr frag-
ment. The transcription orientation of the dhfr expres-
sion unit in this plasmid was found to be opposite that of
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2.3 [err| pREPP#ferr] Cells/24 hr Maxi mum hGH Expression Leve

23.0 [err]g hGpllasmid grdpcy #ashuséd to ampifAPlthd hEpdf 26kaBt gnal S0 have

W th pXCHEBLES SYRGEEia R Ao avanteR pher FrdtpeRais, BREC §FR° oreoent on
t he sde byabonelogdus HesombiGasdonvwasCenasacticaticny withwehdsep procedure.
ool at ed S e e e e g n Bant
Site Upst PR I Sis e S8, MFAOCHEERRS | DG o YBLERESY" Thi S pl aem d,
pBNEO wasincressedl DHFR expression would occur by an increase in
copy number through DNA amplification. The net result
10 would be co-amplification of the activated hEPO gene along
with dhfr sequences. Co-amplification of the activated
EPO locus should result in increased EPO expression.
~ Targeting experiments were performed in HT1080 cells (
with pREPO4. hEPO expressing line HTREPO-52 was isolated.
15 This line was analyzed quantitatively for. EPO production
and by Southern and Northern blot. This strain was found
to be targeted with a single copy of dhfr/nec/mMT-1 se-
quénces. Expression levels\obtained under 0.8 mg/ml G418
selection were approximately 1300 mU/million cells/day.
20 Because the targeted EPO locus contained a dhfr expression
unit, it was possible to select for increased expression
of DHFR with the antifolate drug, MTX. This strain was
therefore subjected to stepwise selection in 0.02, 0.05,
0.1, 0.2 and 0.4 uM MIX. Results of initial selection of
25 this strain are shown in Table 4 and Figure 7.




W th BamH e 2.1 kb fragnent cont ai ni ng the neo geng, the
control %ﬁg’@m early pronoter, was isol ated and |nsert&e' |yﬁ‘?;q anH
digested pXGHh. A plasnmd with a single insertion of the 2.1 kb BanHI
fragment was isolated in which neo and hGH are transcribed in the sane
direction relative to each other. ThB%-plasni d was designated 30 pXGH301.
For example, 1.5 x [err] cells were electroporated with 60 [err]g pXGH301
at 300 volts and 960 [err] Farads. (418 resistant col onies were isol ated
fromtransfect.ed second- ary fibrols#asues 4at a frequency of 652 (418

resi st ant -67- colonies per 1.5 x 10 treated cells (1 per 2299 treated
cells). Approximtely 59% of these col oni es express h{zy, EXAMPLE 2.
CONSTRUCTI ON OF TARGETI NG PLASM DS WHI CH RE- SULﬁﬂﬂﬂlgH(&ggig TRANSCRI PTI ON
UNI TS I N VitdIH Ihine MTRUMN GROMH HORMONE ANQggRYTHRCPCIETIN SE-
OQUENCES ARE FUSED The followi ng serves to illustrate two further em

bodi nent s 52C2h<5r esent inventiOn, in which the nornmaB6Begul atory
sequences stream of the human EPO gene are 10 altered to all ow
EXpFESSICN§£# H2Pe09In prinary of-%%cond- ary fibrobl ad¥44trai ns which do

not expres de- tectabl antities in their ansfected state as
ob- tai nedéz‘%bfppgne’rsb@ enbodi rrent§ 8%Jhe products of thé&!?é get- ing events

are chlnergébédggugnasptlon unltg h£ which the 24449
52-3-5-0.10 0.1 37019
52-3-2-0.20 0.2 67867
52-3-2-0.4B 0.4 99918

Selection with elevated levels of MTX was successful in
increasing hEPO expression in line HTREPO-52, with a 70-
fold increase in EPO production seen in the cell line
resistant to 0.4-yM MTX. Confirmation of amplification of

5 the hEPO locus was accomplished by Southern blot analysis
in MTX-resistant cell lines, which revealed an approxi-
mately 10-fold increase in the copy number of the activat-
ed hEPO locus relative to the parental (untargeted) hEPO
allele.

10 EXAMPLE 7: EBQEHEIIQE_QE_AE_hE2Q_EHEIQH_QBEE_EX_IEEEEIIQE
NOMIC hEPO CODING REGION
nst cio £ i mj
PREPO15 was constructed by first fusing the CMV

15 promoter to hGH exon 1 by PCR amplification. A 1.6 kb -
fragment was amplified from hGH expression construct



15 firs f the humdn growth hornone gene is p05|t r eam of
hEPO exohgfgﬁggﬁ The product of transcription, splicing andﬁﬁran§Fation IS

a protein in which amno acids 1-4 of the hEPO signal peptide are repl aced
with amino acid residues 1-3 of hGH The two enbodiments differ with 20

respect to both the relative positioc®s8-of the foreign regul atory sequences
that are inserted and the specific pattern of splicing that needs to occur

t o produc®XCHa0B) n¥hich ke hel QML Promoger Pegsol doggdEmdnt0ats desi gned to
repl ace exugeléoeidesse bRk ddimX et hueleBEEBEY2 00 O ff Ted®any t0 the

endoge- chr 7. Plasm.d XEPOhlo S

constr uct SATERFS) HERETER, AR € VHIDHOIT abeneh P Hedi s de

const ruct aychgorider$225 anﬁaquaagmamdnuplsah$ﬂef?%&ﬁngﬁ Qepbenkxanpl e if)
lyi ng sipseeqa ahaé GHEEX) Isi Qilﬂ.@ohﬁ&léati&éé) 2h raﬂd lasBanHl di gest ed

Po 3?322&@3‘ i3t S a%?cﬁrﬁ% B ghVertdfadd o Epaol 1 1| S0l "
f ragnent promppm nemg//xqramm;s toKthR capdsi]amebh‘hﬁexﬂanﬁ Cell 51:
503- 512 ( k@8hendd AEEANPR1) , B8 fnrc%hﬁhrité esiéé‘lﬂ I3 %s §Al to create
pT163. A |g§ ﬁilEOtlde? %Eh 4 are uak |Qﬁ£o nﬁgase chain
reacti ons gefttSR 33 t4% ﬁEQgﬁPnNol n ?ﬂel t MVot hi onei n
1 (Vb | ) ppomobérrat +956 arch thesaxijacents hGH exon 1, and included
the first 10 base pairs of hEPO intron 1(containing a
portion of the splice-donor site) and a HindIII site at
its 5' end. The resulting PCR fragment was digested with {
HindIII and Sall and gel-purified. Plasmid pT163 (Example
15 2) was digested with Xhol and HindIIl and the approxi-
mately 1.1 kb fragment containing the neo expression unit
was gel-purified. The 1.6 kb CMV promoter/hGH exon
1/splice-donor site fragment and the 1,2_kb rneo fragment
were ligated together and inserted into the HindIIlI site
20 of pPBSIISK+ (Stratagene, Inc.). The resulting intermedi-
ate plasmid'(designated pBNCHS) contained a neo expression
unit in a transcriptional orientatioh opposite to that of
the CMV promoter/hGH exon 1/splice-donor site fragment).
A second ihtefmediate, pREPOSAHindIII;_was-constructed_by-
25 first digesting pREPOS with HindIII. This released two
fragments of 1.9 kb and 8.7 kb, and the 8.7 Kb fragment
containing EPO targeﬁing sequences was gei purified and
circularized by sélf-ligation.'The resulting plasmid,
PREPO5AHindIII, contained only non-coding genomic DNA
30 sequences normally residing upstream of the hEPO gene.
This included sequence from -5786 to -1 relative to EPO .
exon 1. The 2.8 kb fragment containing neo, the CMV
promoter, hGH exon 1, and the splice-donor szte was ex-.
cised from pBNCHS with HindIII and gel-purifzed. This
35 fragment was made blunt with the Klenow fragment of DNA




5 are addit] ly fused to hEPO intron 1 sequences. Fir

ol i gonucl &4%’%@013 1 and 13.3 are used to anplify the ap %&ﬂsfqra’?mfy 0.73
kb mMI-1 pronoter - hGH exon 1 fragnent from pXGH (Figure 5). Next,

ol i gonucl eotides 13.2 and 13.4 are used to anplify the approximately 0.57
kb frag- 10 nent conprised predoninagply of hEPO intron 1 from human
genom c DNA. Finally, the two anplified fragnents:are mxed and further
anpl i fi ed mblymerageriliciNew England. Biqhabs3. Ine o0 gawbldigatedetbi nal fusion

fragrrent (églﬁpru{g@g.—emﬁa %huahaeh&édbyn@p@iﬁnmﬁ ata g15cuekde of the

T - |et t he of t PO intron 1
sequence m ?@%9 E%PBEEFEE“‘W?HP%P% &PI and ligated to
Xhol di gespwmdrme | That result kngreonstrucins PREPOLS (FPdgirecol i and a
clone eont g Ni dhtth SidH D0 n@e&&eafn &aﬁa&%éé AP sy den eahilgh7phe Xhol 20

dent| 11 oqP ST A T5h s BERRPEPA4nS 1RSTION & HHT PRSI CABTEBTABETTCG
TTTTTAAAAOnﬁ.tSaIﬂhe Clwhpr@ﬁs@etD hEH5ex@h 1,13 Bplite- GGMECSGETA, ATGGCTACAG
?&%&Q% TGRS 1O RG ) e weRs=ea G ER, BRRY O
TAGCCAGGCTC®Siing region, with th%hﬁ?’%‘?&ﬁ} eiements) apgembd 8y ofiBf Bhe regl on
of ol 190 Idrder Ligted,i 5 to 3’ relative to nucleotide sequence of

the hEPO upstream region. For transfection of human

cells, pREPOl15 was digested with Not I and Pvul to liber-

ate an 8.6 kb targeting fragment. The targeting fragment

contained first and second targeting sequences of 4.0 kb

15 and 1.8 kb, respectively, with homology to DNA upstream of
the hEPO gene.

expressing targeted clones:
All cells were maintained at 37°C, 5% CO, and 98%

20 humidity in DMEM containing 10% calf serum (DMEM/10,
HyClone Laboratories). Transfection of secondary human
foreskin fibroblasts was performed by electroporating 12 x
10° cells in PBS (GIBCO) with 100 ug of DNA at 250 volts
and 960 uF. The treated cells were seeded at 1 x 10°

25 cells per 150 mm plate. The following day, the media was
changed to DMEM/10 containing 0.8 mg/ml G418 (GIBCO).
Selection proceeded for 14 days, at which time the media
was sampled for EPO production. All colonies on plates
exhibiting significant hEPO levels (> 5 mU/ml) as deter-

30 wmined by an EPO ELISA (Genzyme Inc.) were isolated with
sterile glass cloning cylinders (Bellco) and transferred
to individual wells of a 96 well plate. Following incuba-
tion for 1-2 days, these wells were sampled for hEPO pro-
duction by ELISA. Resulting hEPO-producing cell strains



cal to tyeekdfksd Promoter, with the natural Kpnl - 69-pcEinisDsO6at t S 5
boundary. The bol df ace type denotes a Sall site tail to convert the 5

boun- dary to a Sall site. The bol dface region of oligos 13.2 and 13.3
denote hGH sequences, while 5 t he non-bol df ace regions are intron 1
“sequences fromthe hEPO gene. The no®@tbol df ace regi on of oligo 13.4 is

identical to the Iat 25 bai s of hEPtO i ntron 1’ bol d age egi on
i ncl udes YEFsfPaRded 4 FULEUEG ERF ¢ Y?‘F@’S”g'bﬁﬁﬁ GEG BFLEHESALR- :
anpl.i fi eccIomgrend quanzifibetiontef EPQ pwalfluycXEBE.11 is desi gned to pl ace,

by gene tar- GeldMiGectionME- hri?wémééﬁé‘“&'ﬁ@&ci‘a 951 \Grhipst ream of - the
hEPO Stru% ene andﬁ’grom)tgb {jﬁf%ﬁ’ nous . hEPO | ocus on
hunan chr bYpEIearing xE (1 f§ Fsiﬁo?%?r a¥ifth #6us.

ai goﬁucl;fg)toﬂjmmatusndvﬂts and 250 gtk uiGrowthdand pdépteficsse- chain

react | F’”Sﬁfc?xn%?‘gl%‘és oEHﬁkPQﬂ‘éﬁgf@E‘tsé&n‘H&%?;hhﬂﬁn”PHﬁ EgiE) 2l | 0-

t hi onein es are ad tironally fused
to hEPO deRrabiaste: §escribed. aboveo :ﬁfsé?]éttl% P8 bﬁBohEF@‘é%mmg r egi on.

First, olelgmaulCloedl lifes ddcdrped By. ﬁnﬁmngsadlhaieﬁpl i This heas
(Eroure Seraabet ol sikR) pECRN ofoniBs, BidUebebl BaGY wid O PXC
10 initial selectn.on plates in pools of 10-15 colonies per
well of a 24 well plate. hEPO producing pools were then -
plated at cell densities resulting :Ln < 1 colony per well
of a 96 well plate. Individual clones were expanded for
further analysis as described for human foreskin fibro-
15 Dblasts above.

PREPO15 is devoid of any hEPO coding sequence. Upon
targeting of the neo/CMV'prombter/hGH_exon 1/splice-donor
fragment upstream of hEPO exon 1, hEPO'expression occurs

20 by transcriptional initiation from the CMV promoter,
producing a primary transcript that includes CMV sequenc-
es, hGH exon 1 and the splice-donor site, 1.8 kb of up-
stream hEPO sequences, and the normal hEPO exons, introns,
and 3’ untranslated sequences. Spllcing of this tran-

25 script would occur from the spllce-donor site adjacent to
hGH exon 1 to the next downstream splice-acceptor site,
which is located adjacent to hEPO exon 2. Effectively,
this resﬁits in a new intron consisting of genomic se-
quence upstream of the hEPO gene, the normal hEPO promot-

30 er, hEPO exon 1, and hEPO intron 1. In the mature tran-

| script, hGH exon 1 would replace hEPO exon 1. hEPO exon 1
encodes only the first four and one-third amino acids of
the 26 amino acid signal peptide, which is cleaved off of
the precursor protein prior to secretion from the cell.



to amplif from human genomic DNA, the approximately 25 ragnent
conprisedxﬂPﬂﬁﬁﬂ?nantly of hEPO sequences from-1 to -620P$g§§Phg%Lto t he

hEPO codi ng region. Both oligos 13.5 and 13.6 contain a 10 bp |i nker
sequence |l ocated at the hGHdintron 1 - hEPO pronoter region, which
corresponds to the natural hEPO intrepid splice-donor 30 site. Finally,
the two anplified fragnments are m xed and further anplified with

ol i gonucl ehEH deseonl 3. Ermedies3 thet figshetbree tdmd faneaithiiordi amificagnent

(fusion fragf@nted)eHd %@hﬁ@lﬁﬁaﬁlﬁ bﬁl&étewﬁﬁcﬁjgiéé 1§'@§e9§e&h8fﬁww |

noi ety and Xhol site at t ronot er - region.
Fusi on fra%‘?re'fﬁe @#?%S&&Pé’&tﬁﬂ?hp%‘a’r %?loe%?;ﬁqt’ﬁ’l’d fregaths ?Blkhol

di gest ed plifslatiiom lofgahieomessager iniwhichantGhexed dnrepkacesl i and a
clone gontidsd Nkch g %Iu‘id' e&e&&fséefa ygi?% f{ £@ihNiwhigllclh he Xhol

site 5 is regenerated a

' npt ef sequences is
i denti fi edFRfhPIEES P&P&&dsxgpcﬁ‘l&m'l%r% of hG *&E@w ETUEREECAA
TCEIHﬁ(JKIRéﬁEViENEECthAGQIEﬁszbéﬁﬂﬁa§7§¥KEEKH@hm@SEﬁbbEFﬁfhﬂéléﬁndl|| 10

13.6 5' T, T. AGH TTGCCGC
13 6 el T S AGRORRREAA. ST AN TN e b o8
whose primary sequence is indistinguishable from the

10 normal product.

Transfection of pREPO15 into human fibroblasts re-
sulted in EPO expression by these cells. Table 5 shows
the results of targeting experiments with pREPO15 in human
fibroblasts and HT1080 cells. The targeting frequency in

15 normal human fibroblasts was found to be '1/264 G418~
colonies, and the targeting frequency with HT1080 cells
was found to be 1/450 G418° colonies. hEPO production
levels from each of these cell strains was quantified. An
hEPO producer obtained from transfection of human fibro-

20 Dblasts was found to be secreting 7,679 mU/ 10° cells/ day
(Table 5). An activated hEPO cell line from HT1080 cells
was producing 12,582 mU/10° cells/ day (Table 5). These
results indicated that activation of the hEPO locus was
efficient and caused hEPO to be produced constituitively

25 at relatively high levels. Restriction enzyme and South-
ern hybridization analysis was used to confirm that tar-
geting events had occurred at the EPO locus.

Southern blot analysis of the human fibroblast and
HT1080 clones that were targeted with pREPOl1l5 was per-

30 formed. Figure 9A shows the restriction map of the
parental and targeted hEPO locus, and Figure 9B shows the
results of restriction enzyme and Southern hybridization
analysis of a targeted human fibroblast clone.
BglII/EcoRI and BamHI digests revealed 5.9 and 6.6 kb

35 fragments, respectively, as a result of a targeting event



13.7 5, T%;%CGAG CTCCBCECCT GECCEEEGTC CCTC 15 CT/US95/06645  XNOI
(SEQ I D WB he bol df ace regions of oligos 13.5 and 13.6 denote hCH
sequences. The italicized regions correspond to the first 10 base pairs of
hEPO 20 intron 1. The remai nder of the oligos corre- spond to hEPO
sequences from-620 to -597 rela- tisas@4 0 the hEPO coding region. The
non- bol d- face region of oligo 13.7 is identical to bas- es -1 to -24

rel ative tar tthe MEPO doghag(lane®sT1)25 Both ofhthpse dfragment on i ncl udes

an éﬂo: S!:{eébt}lg::éd tfegﬁxog(ugr m%éu@cfé% twrzcigr ?&_bOBft bmtawﬁéétirﬁdz rag_rrentt_to
an 0 S| .,e. asm n e use Qr gen LLargetd n |ges | ONn
o Bant S8, e YEng Bogr QY prefbtst, WeRfiendes? (E1040 Sy s © 95D
M- | / hGH dfudihsn toahERQ ablebes wenkLaygetBRO Sraguents offtd.S Kbagnent

(targeg ng(Edi ] Nigy n [ ' havi ng
S styeens) or, 18l orlslin ootiRcofl exh pigan, 101110,

only sequ es .lyin apprgxi mat el

hEPé cogi ?Fit‘]"kcpl'oed'loy sgﬂﬁ.rﬁE?fﬂ‘n’c‘? drheps égeésaf‘g rREen hg to the
human EPO (lanes HFargeThegefreauits cornfirm thatnafbemelbgous primary or
secondary JudGhitidkdohi Bvone Na® ISoditired aenthe! Afo Sidddd rddiltlose

described 1n ] L .
ing in the production of a novel transcription unit which

10 directed the production of human erythropoietin.

Oligonuclieotide Seguence
20 5/ TTTTCTCGAG TCGACGACAT TGATTATTGA CTAGT
(SEQ ID NO: 18)
35 5'TTTTAAGCTT GAGTACTCAC CTGTAGCCAT GGTGGATCCC GT

15 (SEQ ID NO: 19)



Exanpl e 9 -resistant col onies are picked into indi pcgrabsygakd s of
96-wel | plates and screened for EPO expression by an ELI SA assay (R&D
Systens, Mnneapolis 10 MN). Cells in which the transfecti ng DNA

i ntegrates randomy into the hunman genome cannot produce EPO Cells in

whi ch the transfecti ng DNA has undetrS§ene honol ogous reconbination with the
endogenous hEPO intron_1 and hEPO _upstream sequences contain a chineric
gene i n TRkl&hSt heTISnsT:MIt%&%@%ﬁiaﬁénaﬁhﬁéﬂ?’b&ﬁ dFRPnces and the
hGH 5' untrans| at EPERTRER AMGSeeREn 1 replace the nornmal hEPO

hEPO

. Non- es in targeting

seguenc

fragmenf’ BERO! O1 NFWEPO NCI Qn 1. The
repl acef |y i1 pro-
not er mal |y
express {EEeRQ __ThES3 80| o cnpnt Ol DDl o Petoi i bbbl gl Lo 4l ts in a
protei nyl de are
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si gnal essinglfromthe
mat ur e o, PesRr €SS | PXEPO 11
can be di gestion _and Xijol to

rel ease KD Trag- | contalning the m\ ] anked on

e /(.4 D
both sides by hEPO sequences. This fragment (targeting fragnment 2) contains
no hEPC estimgtedgb¥nceentinyignianiles ongdepiatesyiakerrging:fhel and
appr oxi n¥esMtscend extrapaiabing e the total number of plates

P medium from plates with G418% colonies was sampled for EPO
ELISA analysis and those exhibiting hEPO levels greater than
5 mU/ml were counted as EPO activation events

¢ quantitative hEPO production was determined from human
fibroblast strain, HF342-15 or HT1080 cell line,
HTREPO15-1~6-6

EXAMPLE 8: PRODUCTION AND AMPLIFICATION OF AN hEPO FUSION
GENE BY INSERTION OF THE CMV PROMOTER 1.8 KB
UPSTREAM OF THE GENOMIC hEPO CODING REGION

5 PREPO18 (Figure 10) was constructed by insertion of a
dhfr expression unit at the Clal site located at the 5’
end of the neo gene of pREPO1S. To obtain a dhfr ex-
pression unit, the plasmid construct pF8CISS080 [Eaton et
al., Biochemistrv 25: 8343-8347 (1986)] was digested with

10 EcoRI and Sall. A 2 kb fragment containing the dhfr
expression unit was purified from this digest and made
blunt by treatment with the Klenow fragment of DNA poly-
merase I. A Clal linker {New England Biolabs) was then .
ligated to the blunted dhfr fragment. The products of



35 hEqug”gg#&goregi on to direct targeting to the human g¥sesnostds 95/ 31560
-72- locus.”"Targeting fragnent 2 is transfected into primary or secondary
human skin fibroblasts using conditions simlar to those described in
Exanpl e 1g. (418-resistant colonies are picked into individual wells of
96-well 5 plates and screened for EP®-expression by an- ELI SA assay (R&D

Systenms, Mnneapolis, MN). Cells jn which the trans-, fectin I nt egrates
random y ithds LhgahieRWeEs Jhen diaestroWdtR F ldgated ﬁ%\mﬁ t he
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| ocal i zat *8f®5 egh -#)rm%%’er qﬁ% bg'grs{gg%‘g#é h%ﬁ;]zgr %'{ ?y sil ent hEPO

pronot er WirRksdriptional exientaiion opppsikarfhat ek dhwisiep sgepe

Lhi onei n Sa e o Lo T0 B ce el A hdentical Lo the
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first 10 i esﬁQPrEgﬁs?@%’i‘?ﬂ%r?rg',engﬁ‘glf’ﬁesﬁo?@% I%r:élélj-’{a%pF']'lgr?oter and hEPO
exon 10( - G2fet was18esignated pREPO18 (+) '

All cells were maintained at 37°C, 5% CO,, and 98%
humidity in DMEM containing 10% calf serum (DMEM/10,

15 HyClone Laboratories). Transfection of HT1080 cells
(ATCC, CCL 121) occurred by treating 12x 10° cells in PBS
(GIBCO) with 45 ug of DNA at 450 volts and 250 uF. The
treated cells were seeded at 1 x 10° cells per 150 mm
plate. The following day, the media~was-changed to

20 DMEM/10 containing 0.8 mg/ml G418 (GIBCO). Selection
proceeded for 14 days, at which time the media was sampled
for hEPO production. Plates exhibiting significant hEPO
production levels (> 5 mU/ml) as determined by an hEPO
ELISA (Genzyme Inc.) were trypsinized ahd_the cells were

25 re-plated for clone isolation. Isolation of hEPO produc-
ing'clonal cell lines occurred by limiting dilution, by
first plating clones in pools of 10-1S colonies_per well
of a 24 well plate, and next plating cells from hEPO pro-
duding pools at cell densities resulting in less than 1

30 colony pef well of a 96 well plate. Individual clones
were expanded in culture for freezing, nucleic acid isola-
tion and quantification of hEPO production.



relative JEPO codi ng sequence). The 10 base pair | plsBSospERIsENCE
from hEP |ntron 1 acts as a splice-donor 25 site to fuse hGH exon 1 to
t he next downstream splice acceptor site, that |ying inmediately upstream
of hEPO exon 2. Processing of the resulting transcript will therefore
splice out the hEPO pronoter, exon k%%nd intron 1 sequences. The
repl acenent of hEPO exon 1 vmth hGH exon 30 1 results |n a proteinin
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i's secreted fromthe expressing A“Seri s o structs
rel ated tGrﬁ)%Eﬁ@E@Oanﬂl%b(mPQ@P #erepplasedt %ﬁcvwo%lwlknom met hods.

In these genstitiiekSfot h@eI@&ﬁdﬂ/QrDQﬁlthbeﬂéxﬁéetm\ﬂT lagprerpt er and hGH

sequences sition sequences are
I nserted | %?ﬁeﬁﬁwﬁ%g% € °wém9q|f§n ggfiogr 3Lv§??ew 4‘:9’%—{ 2l ternative
chimeric tien. tbeypwexrm assayed ifer hEED| pradection and ra-pdgtedesult in
nore effi atefhresiseselPidsiities Usl anht aefceéﬁ&tﬁd&y%fomr

desirabl e pra uc, constructs Wi | ve sigi,Jar results, such
that an hé&- %%f%@f%ﬁe P48 §° Bﬁﬁﬁ%’?ﬁi Ront r’g%lsmp TRT€ERogenous
pronol@r basgrapeabedaintii ttmet IdemedahEBEPﬁrdamsmerrev@lamplse the 6 kb

reached. At each step of MTX-resistance, DNA and RNA was

isolated for respective southern and northern blot analy-

sis..

15 PREPO18, with two different orientations of dhfr, was
transfected into HT1080 cells. Prior to transfection,
PREPO18 (+) and pREPO18(-) were digested with Xbal, releas-
ing a 7.9 kb targeting fragment containing, in the follow-
ing order, a 2.1 kb region of genomic DNA upstream of hEPO

20 exon 1 (from -3891 to -1779 relative to the hEPO ATG start
codon), a 2 kb region containing the dhfr gene, a 1.1 kb
region containing the neo gene, a 1.5 kb region contain-
ing the CMV promoter fused to hGH exon 1, 10 bp of hEPO
intron 1 (containing a splice-donor site), followed by a

25 1.1 kb region of genomic DNA upstream of hEPO exon 1 (from
-1778 to -678 relative to the EPO ATG start codon).
Transfection and targeting frequencies from two experi-
ments are shown in Table 6. Five primary G418* clones
were isolated from these experiments. These were expanded

30 in culture for quantitative analysis of hEPO expression
{Table 7). As pREPO18 contained the dhfr gene, it is
possible to select for cells containing amplified copies
of the targeting construct using MIX as described in
Example 6. G418F clones confirmed to be targeted to the
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Table 7. hEPO production in HT1080 Cell lines targeted with
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a-intexrferon

The human a-interferon gene (Genbank sequence
HUMIFNAA) encodes a 188 amino acid precursor protein
15 containing a 23 amino acid signal peptide. The gene
contains no introns. Figure 11 schematically illustrates
one strategy for activating the a-interferon gene. The
targeting construct is designed to include a first target-
ing sequence homologous to sequences upstream of the gene,
20 an amplifiable marker gene, a selectable marker gene, a
regulatory region, a CAP site, a splice-donor site, an ’
intron, a splice acceptor site, and a second targeting
sequence corresponding to sequences downstream of the
first targeting sequence. The second targeting sequence
25 should not extend further upstream than to position -107
relative to the normal start codon in order to avoid
undesired ATG start codons.
In this strategy the first and second targeting
sequences are immediately adjacent to each other in the
30 normal target gene, but this is not required (see below).
Amplifiable marker genes and selectable marker genes
suitable for selection are described herein. The amplifi-
able marker gene and selectable marker gene may be the
same gene, their positions may be reversed, and one or
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The regulatory region, CAP site, splice-donor site,
intron, and splice acceptor site can be isolated as a

10 complete unit from the human elongation factor-la (EF-la;
Genbahk sequence HUMEF1lA) gene or the cytomegalovirus
(CMV; Genbank sequence HEHCMVP1) immediate early region,
or the components can be assembled from appropriate compo-
nents 1solated from different genes.

15 Genomic DNA corresponding to the upstream region of
the a-interferon gene for use as targeting sequences and
assembly of the targeting construct can be performed using

' recombinant DNA methods known by those skilled in the art.
As described herein, a number of selectable and amplifi-

20 able markers can be used in the targeting'constructs, and
the activation and amplification can be effected in a
large number of cell-types. Transfection of primary,
secondary, or immortalized human cells and isolation of
homologously recombinant cells expressing a-interferon can

25 be accomplished using the methods described in Example 4,
-using an ELISA assay for human a-interferon (Biosource
International, Camarillo, CA). Alternatively, homo-
logously recombinant cells may be identified by PCR
screening as described in Example 1g and 1j. The isola-

30 tion of cells containing amplified copies of the amplifi-
able marker gene and the activated a-interferon locus is
performed as described in Example 6. _

In the homologously recombinant cells, an mRNA pre-
cursor is produced which includes the exogenous exon,

35 splice-donor site,-intron, splice-acceptor site, second
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hGH exon i e atc
10 does not need to lie lmmedzate y ad;acent to or near the

first targeting sequence in the normal gene, such that
portions of the gene’s normal upstream region are deleted
upon homologous recombination.

GM-CSF

is ‘The human GM-CSF gene (Genbank sequence HUMGMCSFG)
encodes a 144 amino acid precursor protein containing a 17
amino acid signal peptide. The gene contains four exons
and three introns, and the N-terminal 50 amino acids of
the precursor are encoded in the first exon. Figure 12

20 schematically illustrates a strategy for activating the
GM-CSF gene. 1In this strategy the targeting construct is
designed to include a first targeting aequehce homologous
to sequences upstream of the gene, an amplifiable marker
gene, a selectable marker gene, a regulatory region, a CAP

25 site, an exon which encodes an amino acid segquence which
is identical or functionally equivalent to that of the
first 50 amino acids of GM-CSF, a splice-donor site, and a
second targeting sequence corresponding to seguences
downstream of the first targeting sequence. By this

30 strategy, homologously recombinant cells produce an mRNA
precursor which corresponds to the exogenous exon and
splice-donor site, the second targeting sequence, any
sequences between the second targeting sequence and the
start codon of the GM-CSF gene, and the exons, introns,
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such 65.% di Qé{ﬁlé 05:9& aée%.ec%%ﬁgaﬁgrﬁgpféené e&a@?tﬂ ‘Eh@gsgﬁe §ene or
their positions can be reversed. A selectable marker gene
is optional and the ampllflable marker gene is only re- ‘
quired when amplification is desired. The selectable
marker and/or amplifiable marker can be positioned between

15 the splice-donor site and the second targeting sequence in
the targeting construct. The incorporation of a specific
CAP site is optional. The regulatory region; CAP site,
and splice-donor site can be isolated as a complete unit
from the human elongation factor-ia (EF-la; Genbank se-

20 quence HUMEF1lA) gene or the cytomegalovirus (CMV; Genbank
sequence HEHCMVP1l) immediate early région. or the compo-
nents can be assembléd from an appropriate component
isolated from different genes (such as the mMT-I promoter
and CAP site, and exon 1 and a splice donor site from the

25 hGH or hEPO genes. '

Other approaches can be employed, for example, the
first and second targeting Sequences can correspond to
sequences in the first intron of the GM-CSF gene. Alter-
natively, a targeting construct similar to that described

30 for the a-interferon can be used, in_which the targeting
construct is designed to include a first targeting se-
quence homologous to sequences upstream of the GM-CSF
gene, an amplifiable marker gene, a selectable marker
gene, a regulatory region, a CAP site, a splice-donor

35 site, an intron, a splice acceptor site, and a second
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skilled in the art. As described herein, a number of
selectable and amplifiable markers can be used in the

15 targeting constructs, and the activation can be effected
in a large number of cell-types. Transfection of primary,
secondary, or immortalized human cells and isolation of
homologously recombinant cells expressing GM-CSF can be
accomplished using the methods described in Example 4,

20 using an ELISA assay for human GM-CSF (R&D Systems, Minne-
apolis, MN). Alternatively, homologously recombinant
cells may be identified by PCR screening as described
above. The isolation of cells containing amplified copies
of the amplifiable marker gene and the activated GM-CSF

25 locus is performed as described above.

(e ggE

The human G-CSF gene (Genbank sequence HUMGCSFG)
encodes 204-207 amino acid precursor protein containing a
30 amino acid signal peptide. The gene contains five

30 exons and four introns. The first exon encodes 13 amino

acids of the signal peptide. Figure 13 schematically
illustrates a strategy for activating the G-CSF gene. The
targeting construct is designed to include a first target-
ing sequence homologous to sequences upstream of the gene,
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10 the second targeting sequence, any sequences between the
second targeting sequence and the start codon:of the G-CSF
gene, and the exons, introns, and 3"untransiated region
of the G-CSF gene (Figure 13). Splicing of this message
results in the fusion of':he exogenous exon to exon 2 of

15 the endogenous G-CSF gene which, when translated, will |
produce G-CSF. The“ability to functionally substitute the
first 13 amino acids of the normal G-CSF 81gnal peptlde
with those present in the exogenous exon allows one to
make modifications in the_signal peptide, and hence the

20 secretory prbperties of the protein produced.

In this strategy the first and second targeting
sequences are immediately adjacent in the normal target
gene, but this is not required. The second targeting
'sequence does not need to lie 1mmed1ately adjacent to or

25 near the first targeting sequence in the normal gene, such
that portions of the gene’s normal upstream region are

- deleted upon homologous recombination. The amplifiable
marker gene and selectable marker gene can be the same
~ gene or their positions can be reversed. A selectable

30 marker gene is optional and the ampllflable marker gene is
only required when amplzflcatlon is desired. The select-
able marker and/or amplifiable marker can be positioned
between the splice-donor site and the second targeting
sequeﬁce in the targeting construct. The incorporation of

35 a specific CAP site is optidnél. The regulatory region,
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. Other approaches may be employed, for example, the
first and second targeting sequences can correspond to
15 sequences in the first intron of the G-CSF gene. Alterna-
tively, a targeting construct similar to that described
for the a-interferon can be used, in which the targeting
construct is designed to include a first targeting se-
quence homologous to sequences upstream of the G-CSF gene,
20 an amplifiable marker gene, a selectable marker gene, a
regulatory region, a CAP site, a splice-donor site, an
intron, a splice acceptor site, and a second targeting
sequence corresponding to sequences downstream of the

first targeting sequence.

25 Genomic DNA corresponding to the upstream or intron
regions of the human G-CSF gene for use as targeting
sequences and assembly of the targeting comnstruct can be

. performed using recombinant DNA methods known by those
skilled in the art. As described herein, a number of

30 selectable and amplifiable markers can be used in the
targeting constructs, and the activation can be effected
in a large number of cell-types. Transfection of primary,
secondary, or immortalized human cells and isolation of
homologously recombinant cells expressing G-CSF can be

35 accomplished using the methods described in Example 4,
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and two 1ntrons, with the first exon being a non-coding
exon. The activation of FSHS can be accomplished by a ‘
number of strategies. One strategy is shown in Figure 14.
In this strategy, a targeting construct is designed to
15 include a first targeting sequence homologous to séquences
upstream of the gene, an amplifiable marker gene, a selec-
table marker gene, a regulatory region, a CAP site, an
exon, a gplice-donor site, and a second targeting sequence
corresponding to sequences downstream of the first target-
20 ing sequénce. By this strategy, hémologouSIy recombinant
cells produce an mRNA precursor which corresponds to the
exogenous exon and -splice-donor site, the second targeting
sequence, any sequences between the second targeﬁing
sequence and the start codon of the FSHS gene, and the
25 exons, introns, and 3’ untranslated regidhs of the FSHS
gene (Figure 14). Splicing of this message results in the
fusion of the exogenous exon to exon 2 of the endogenous
FSHBE gene which, when translated, can produce FSHS. In
this strategy the first and second targeting seqﬁences are
30 immediately adjacent in the normal target gene, but this
is not required (see below). o
Other approaches can be employed, for example, the .
first and second targeting sequences can correspond to
sequences in the first intron of the FSHB gene. Alterna-



-80- m sSiWe ois¥e & Part of exon 5 and the natural polyadeﬂ%bggmkapg site.
nded by

This 2.0 kb EcoRI/Accl fragnent was purified, nmade bl unt- reat ment
with the Kl enow fragnent of DNA polynerase |, and ligated to Xhol digested,
blunt- 5 ended, pT22.4. HT1080 cells were transfected with Pvul - BanHl

di gest- ed pXEPO 13. pXEPO 13 digestemosf this way generates three
fragments; a 1_kb vector fragnent including a por- tion of the anp gene, a
1.7 kb fra§d¥RiYof ar EAEIRE HRg IoPnstancsr sieddencts that atesmpibed nately 9 kb

fragment cger tRenkhgnbE&FerdieCabeMEel. SCIHCPRES stPifefAPP R Mately 9

kb BanHI/P¥gI Léa nent_cont- |ned¢%%ﬁ follomnngﬁfg%genc s 1N order fromthe

BanH site“&R ﬁg?o(i?%‘f%‘f 35 q8519ned, 50 AR IERG i Fax&fkence, the

1.1 kb neoingaasguépce Iomalagoumito, sequefcdskipstifieam prdrdiee FSEA] the 2.0

kb frags ngihe,coaﬁaamﬂef@ig aRARe %HH?”&es{:iié@EéBfé’ @1 €xon 5. 45
p

[err] of PO 13 di ted in this way was used Iin an electroporation of 12
mllion cePPBS(ePcte oY FfI2Rdi & GRE fifer R IPIIR&’rdoNEanpl e 1b).
Thi s el ect sbte20an pintatomn avaplieecatedptotosite ofamed ghiseicomds, resul ting

[ | ect ' | lak ) | ILxed with
o & Lo pracdgshs Reducleeddrepboiting 0o eqlenddy \dpuliEiein 2 M 1
wer e di spef§eti® nt+rst ttRAxgetdngo FeqRsBAf t | The Seqad t@rgesdiny (Fal con)

each 23 csedaence sifoulidinttmextedd FhroheDMipdthdant alHans eouposilhe

fol I ow ng gfé’n Lﬂf" f@lcgﬁéﬁa%oaﬁﬂier ﬁ&f‘ﬂafnpséﬁ Fﬂ::‘ag:rxesq:rvi'iptt:r.]t.cmatl start
site in order to avoid undesired ATG start codons. 1In the
homologously recombinant cells, an mRNA precursor is
produced which includes the exogenous exon, splice-donor

15 site, intron, splice-acceptor site, second targeting
sequence, and human FSHE coding exons, intron and 3’ un-
translated sequences. Splicing of this message will
generate a functional mRNA which can be translated to
produce human FSHE. The size of the intron and thus the

20 position of the regulatory region relative to the coding
region of the gene can be varied to optimize the function
of the regulatory region.

In any activation strategy, the second targeting
sequence does not need to lie immediately adjacent to or

25 near the first targeting sequence in the normal gene, such
that portions of the gene’s normal upstream region are
deleted upon homologous recombination. Furthermore, one
targeting sequence can be upstream of the gene and one mayl
be within an exon or intron of the FSHS gene.

30 The amplifiable marker gene and selectable marker
gene can be the same gene, their positions can be
reversed, and one or both can be situated in the intron of
the targeting construct. Aamplifiable marker genes and .
selectable marker genes suitable for selection are de-

35 scribed herein. A selectable marker gene is optional and



fresh rre tai ning O. '8 ng/mM (418 (G bco). After 5570804

I ncubat i on, ﬂ%ﬁ%%nedla of each plate was sanpled for hEPC?gs ELISAsanaIysis
(R&D Systens) Six of the 96 30 plates contained at |east 10 nmJ m
hEPO. One of these plates, nunber 18, was selected for purification of
hEPO expressi ng col oni es. Each of thgeg6, 150 nm pl ates con- tained
approxi mately 600 (418 resistant colonies (an estimted total of 57,600
(418 resi shenampli fisbde markel §§ne963pdml3esﬁequim whenoampBiEiy 600

col oni es fol o PhRLE 4 g.Hd nugher 4 Pfafaéﬁ\%(‘p%}@'ggg’eéa l[;:eekgt ed at 50

cells/m 1nto 364\M§ﬁ at es SterM one-wee I ncu- bation,
singl e cofbif ks \/Ri?té-%aé-l bl @&ﬂ”&ﬁﬂ#ﬁmm’éliﬁwmﬁi"@@ ﬁEPthﬁ’Fge wel | of
the 364 wgbhe ptari g (ineduded pl atesthe esphigs- xkprbrl §iggnkhdwst I s within

each of the e | AR Salrble1RAC elELACY B Yol Uik ngBBR- x0T o o1 01

at this trne. s contal ne | east 20 mJ/ mi
hEPO Vel $tFipier The mﬂé&ﬁﬁt BegioR ai FAR Bit® 0 ®*OR di st ri but ed anong t he

16 small gplice-ddhorTi#dtegninbienpf andcépicd iseptorl bivel tanvbee

%LYFE@“L;%@%% Y SRiess Bt ném"#*fé Wil Tonbpiigtc o 2o
sanpl ed fiﬂctﬂﬁﬁldEUEﬁﬁlanaﬁysbsnkcnﬂquepQ#rﬁﬂﬂﬁﬁmﬂﬂ gepe| prntheer 10,
cont aignedeEdifdgaiitivi el |(chy; 8bhBaAK 'Béqulitdd HafHRMVIET] 6omh8ALade and vas

expanded 'g&ly region, or the components can be assembled from

appropriate components isolated from different genes. 1In ‘
any case, the exogenous exon can be the same or different
from the first exon of the normal FSHS gene, and multiple

15 exons can be present in the targeting construct.

Genomic DNA corresponding to the upstream region of
the FSHE gene for use as targeting sequences and assembly
of the targeting construct can be performed using recombi-
nant DNA methods known by those skilled in the art. As

20 described herein, a number of selectable and amplifiable
markers can be used in the targeting constructs, and the
activation can be effected in a large number of
cell-types. If desirable, the product of the activated
FSHB gene can be produced in a cell type that'expresses

25 the human glycoprotein a-subunit, the product of which
.forms a heterodimer with the product of the FSHS gene.
This may be a naturally occurring cell strain or line.
Alternatively, the human glycoprotein a-subunit gene
(Genbank sequence HUMGLYCAl) can be co-expressed with the

30 product of the FSHB gene, with such co-expression accom-
plished 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 a-subunit gene .
through the methods described herein. Transfection of

35 primary, secondary, or immortalized human cells and isola-




cul ture faogoQysiakdtative hEPO anal ysi's, RNA isolation and f)ubsskési on.
Quantitative neasurenent of hEPO produc- tion resulted in a value of 2,500

milliunits/mllion cells/24 hours. 20 A 0.2 kb DNA probe extending
fromthe Accl site in hEPO exon 5 to the Bglll site in the 3 untransl ated
region was used to probe RNA isol at ed-Fom HT165-18A2-10 cells. The
targeting construct, pXEPO 13, truncated at the Accl site in exon 5 does
not cont ai ntiorset Axmolegiouslysresenbinant ceths dxpressing FEHAI eamostic.
fOL talr get i bg aécéxﬁxﬂi_@%%@t lu;aqagl- kel h(i)eéﬁbés Séé@éﬂ%e}d&%bo%vﬁsiﬁ§oﬁé'la ge?rR:\IZ
a honvol ogo ner Wi nat ura equences_woul d _produce, an

cont ai ni ng%’éﬁ%&ﬁﬁf%or%rog‘b‘ﬁ'gnt gggﬁe (iﬁg‘l‘?ﬁﬁ Iqheé'&ﬁ?énégg. gFFf%B- 18A2- 10
was found twoidiqr disstIUuryanNFRNA altermapiveelyt dobmsilogonghyi deeomyg with the
32-P | algel egifioe I d3alle na§PBLPLABA: PRLORTENHGK UckelniRESRE G- 10N enzyme
and Sout hern b]. ot an%%y5|s ontlrfed,that Qggpeocﬁ$ne and mMI-|] pronoter
vere tar get¥FIRED APAYE -t hdhe: HBOLAEER £F AL FOREREBLIRG PR Tel | 5.

-82- These fiﬁdﬂdﬁpﬂkﬂﬂnﬁsthatemphéfi#h&nﬂmgxkgr|gemenhhdath§iauctﬁn be used
to targel Adamlaloilrrasbn1boud P8Medfiindd MOMIRL PSS! 8bvd 1 human

fibroblasts, resulting int uncti o activation o at gene. 5 22.1
5' CACCTAAAAT GATCTCTCTG G (SEQ I D NO 14)

Eguivalents

10 Those sgkilled in the art will recognize, or be able
to ascertain using not more than routine experimentation,
many equivalents to the specific embodiments of the inven-
tion described herein. Such equivalents are intended to
be encompassed by the following claims.



22.2 S'qﬁggég%}XH'GACCACACCG GGGGECCCTAG ATCTGGTGAA GCT cbagCAGTAA
2

(SEQ I D

GTGITGGTCAC CCGGCGECG (SEQ:ID°NO 16) 10 22.4 5

2.3 5 TTACTCCGTA GCTCCAGCTT CACCAGATCT

GICTCACCGT GATATTCTCG G

( SEQ IDHﬁE}i73—1§nANHLt b /PRODUCTI ON OF | NTRONLESS GENES Gene targeting
can al so e a pro-_{gassed aama—~Mﬂ_=—m-n-——h.rons for
transfer ﬁ’“ﬂ a“ﬂu ter| a for gene xtlFH&SIHEETr BHAS BEBNV)Itro protein
pr oduc- exanple hGhagas byl pr od REPUACEDyeast by t he
approach descrlbed bel ow. Two separate targetrng constructs. are gener at ed.

Targeting construct 1 (TCl) includes a retroviral LTR sequence,
the LTR 1r om2 HNAsansbruetr cApable of AkiAzing the epprespion ®&ir ker for

sel ection in Augrgdtdd gen® Ghent Dfs@fbedeitftd ilifohdBbnad DNAkef
tion in yeast (qigi, t he ¥Fast URA3 gene), a regul.atory regi on capable of

di recting gen?

opti dnally,

secretion of NG f4 GagiAAtbryebeguéhsader sequence). The vector
i nclude a DNA sequence that permts retroviral pack- aging in human cells.

The construct (?)s simeFitiaraclsl

bot h si des,
2.
10
3.
4.
15
5.
6.
20
7.
25 8.

The DNA construct of Claim 1 wherein the exon com-
prises a CAP site. '

for exanple

for selec-

yeast (e.g., the GAL4 pronoter), and
a(abquenuum&&:msasequﬂaqefused to the hGH gene, will

al | ow
can al so

h that the above sequences are flanked, on
byd) arBlanpaired splice-donor site.

The DNA'constfuct of Claim 2 wherein the exon further

comprises the nucleotide éequence ATG.

The DNA construct of Claim 3 wherein the exon further
comprises encoding DNA which is in-framg with the
targeted gene.

The DNA construct of Claim 4 wherein the encoding DNA
of the exon is the same as the encoding DNA of the
first exon of the targeted gene. .
The DNA construct of Claim 4 wherein the encoding DNA
of the exon is different from the encoding DNA of the
first exon of the targeted gene.

The DNA construct of Claim 4 wherein the targeting
sequence is homologous to a sequence within the
targeted gene.

The DNA construct of Claim 4 wherein the targeting:
sequence is homologous to a sequence upstream of the

coding region of the targeted gene.
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hGH genom oRRiggces whi ch, upon honol ogous reconbi nati on Wﬁhgﬁﬁ@n c h&H
gene N sequences;—w:l1 int egrateﬂshe exogenous sequences in TCl I medi ately
upstream of hGH gene N codon_1 (correspondi ng tip

the mature, proc w j ﬂm he order of D
integration is: reguLapery se-

URA3 gene, GAL4 prom)ter yeast | eader sequence, hGH sequences tncl udi ng
and downstr @am ofhanDRa acnsiAuct dﬂﬁ&:hﬁmumewpb.ﬁéennthé'&ragfgetﬁgzg@nstruct 2

10 (TC2) includ n %?‘kgf r d N yeast
(e.g., 2-mcron %??ﬁ?gegrfi . nceR:)c’f(21 sgéaé{ﬂzg scrl ptloncqi‘

term nati on sequBREEISBOVS rEEIY- °§¥u§%¥“ﬁ§FEePfg tpoat@e @9 in human
cells (e.qg., the bacterial gpt gene). The construct is organlzed such t hat
15 the abo‘iﬁ HE "GRR t%x?sn% sk (Ela[tiﬁ.tﬁ %Qféiﬁy %9 ce S€quUences
whi ch, upon~honol'0ogous recondi nati on W genom ¢ gene sequences,

will int®grate tfareheycsenerinas h@esond tezgﬁﬁﬁ%ﬂl%EQQ%PQRNMQNQ¥93n1of t he
hGH gene N stop §8@8Nto TdesdniticdiwiHins eHecBaLGetd® gette, | Ntegration is:
hGH exon 5 sequences, yeast transcription term nation sequences, yeast
plasmd replication sequenc- es, LTR gpt gene, hGH 3' non-transl ated
sequences. &lneaThérB@hmmmIth/mf laimT €] whete it the eampret tially
targeted {0 thel £ufCROPCLdnter ARY ld BaBohlbABLEGECIRS Simdidd §RARLC-AT or

superinfection of t celTs wth hel per retrOV|ru TR dlrect%d
transcription t hFORGHER Hf SEBRTRGE HESCTeaw PE F’Hea?f’ HEHBTR s equences
on bot ltends. SptheitaragtdadiigeneNA will generate a nolecule in which the

12. The DNA construct of Claim 4 wherein the construct
further comprises a second targeting sequence homolo-
gous to a sequence upstream of the endogenous regula-
tory sequence of the targeted gene.

15 13. The DNA construct of Claim 4 wherein the targeted
gene encodes a therapeutic protein.

14. The DNA construct of Claim 4 wherein the targeted
gene encodes a hormone, a cytokine, an antigen, an
antibody, an enzyme, a clotting factor, a transport

20 protein, a receptor, a regulatory protein, a struc-
tural protein or a transcription factor.

15. The DNA construct of Claim 4 wherein the targeted
gene encodes a protein selected from the group con-
sisting of erythropoietin, calcitonin, growth hor-

25 mone, insulin, insulinotropin, insulin-like .growth
factors, parathyroid hormone, g-interferon, vy-inter-
feron, nerve growth factors, FSHf, TGF-#, tumor
necrosis factor, glucagon, bone growth factor-2, bone
growth factor-7, TSH-B, interleukin 1, interleukin 2,

This Sheet Has Been Re

U



normal R introns are renoved. Reverse transcription of ﬁ_&; ggﬁ processed
transcri ﬁﬁLLesuLL—+n—Lhe_agcunulatlon of doubl e- st ® copi es of

the processed hGH fusion gene. DNA i s isol ated om-trEe—dqubl y- t ar get ed,
W L ETARAR ell t hat cl eaves the

retro- virall. meuHMjlmmlllﬂmtand di ge B ! :
transcription I\ qul_y;géﬁtterl al is

| i gat ed under condi‘ti 6ns"t hat pronDte cEcear 1 zat i on, introduced
into yeast celimcerletikife 3¢elihtenlupimhSe

UYL kRS €8, tgn%?égﬁthon fOL
the URA3 gene. | ve 1 akel 3 g I nked to the
sequences mtrogié ed % ?&?mg%amf@ﬂc}é‘fﬁ #U@acgpggeggedgﬁ%_l gene) can
grow. These diﬂﬂQPlQSWF&/nmacppahagﬁ.vimmnnqsﬂdbuéxpseseatahytﬂﬂﬂ protein

o T hat toed sbediea) Eggtéfﬁreﬁ?%@e? SRR BB OREE, oy oo
0 used yeas der. i de s
secre? ion to 5 prRFeE dﬂrg'f‘ﬁﬁﬁ sehtt JR?'“"E‘&PE?”&FF%%“%% nol ecul e.

Expression in ltzaﬂtielalsgl. eatﬁ.thrembmolfm,l ﬁMebyasgxmhgwsmm,ng i BRXgl
d TC2, th t ast
an e aiBiddihll B é amaéémcg&&dgecu&ggp'%?ﬁg@ ok 0F [Bfogfast LRAS.

gene, the tac ronqt er eBoer

(1983)) for t EOB Bt drlodd Aatting fpetarr VEE uence for the
yeast | eader mmcépttmngpfﬁae&mx,glbldﬁd edpktingi facter xhe 2-mcron

circhg or ARShﬁEﬂH?EﬁStt;ng factor XIII, apolipoprotein E or
apolipoprotein A-I, globins, low density lipoprotein

receptor, IL-2 receptor, IL-2 antagonists, alpha-1 ‘
- antitrypsin, immune response modifiers, and soluble
CDh4. '

15 16. The DNA construct of Claim 15 wherein the targeted
gene encodes growth hormone, FSHB, G-CSF or GM-CSF.

17. The DNA construct of Claim 15 wherein the targeted
gene encodes erythropoietin.

18. The DNA construct of Claim 17 wherein the encoding
20 DNA of the exon is the same as the encoding DNA of
the first exon of erythropoietin.

15. The DNA construct of Claim 17 wherein the encoding
DNA of the exon is different from the encoding DNA of
the first exon of erythropoietin.

25 20. The DNA construct of Claim 19 wherein the encoding
DNA of the exon is the same as the encoding DNA of
the first exon of human growth hormone.
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and a bac&sgsﬁﬁdranscrl ptional termnation (e.g
termnator; Christie,”  GE et al. Proc. 20 8

(1981)) sequ : transcrlptlonal
Simlarly, . amgm tﬂﬂﬁﬂgiﬁ%ed in yeast and b
the hGH targett ng seque t h hERQitar geti ng sequences such that the
yeast or bacterial |eader se- 25 quence is positioned i medi ately upstream
of hEPO coén ITHe dNesomstirugtt of afilatmaliwhesin ithe regulaberymt ure
processed pr ot eieduedeb \NRLE magzayATamrﬁmaﬂyPuaFlsGa&@aOF THE EPO GENE
I N AN | NI\/[RIALIEIZ%EE%CHUNAN CEL %r ttl on . of _.a dhfr
expressi on unit SR ﬁﬁ?ﬁﬁg ?fnﬁl?¥a§§f¥93ﬁlﬁé; BEEPE PIBGIRE anpl e 4)
results in a nediteargeting vector capabl e of dual selection and sel ection
of cells in which the dhfr gene is anplified. The single Hindlll site in
pXEPO- 13 unction -85- of the . neo and genom c sequence
nat uraI}’I ydﬁe %%’&FPE&HFBPH‘H@ Fadh Epyhpded: ﬁSSCEﬁ%%aB?’qé dbfr gene
at this site pmmqutnsealeoaspranbtmrth t he neo and dhfr genes surrounded by
DNA sequence derived fromthe natural 5 hEPO |ocus. Like pXEPO 13,
derivatives with the dhfr gene inserted are useful to target to the hEPO

| ocus by Hohol FhegdiR FeBshErRARt PHICLTR 22 f08ither EPMRESFHRMIA™ pREPOY,

additional regulatory sequence.

24. The DNA construct of Claim 22 wherein the construct
10 - further comprises an enhancer.

25. The DNA construct of Claim 24 further comprising one
or more selectable markers. '

26. The DNA construct of Claim 25 further comprising an
amplifiable marker gene.

15 27. The DNA construct of Claim 21 wherein the regulatory
sequence is a regulatory sequence of the mouse
metallothionein-I gene, a regulatory sequence of an
SV-40 gene, a regulatory sequence of a cytomegalo-
virus gene, a regulatory sequence of a collagen gene,

20 a regulatory sequence of an actin gene, a regulatory
sequence of an immunoglocbulin gene, a regulatory
sequence of the HMG-CoA reductase gene or a regulato-
ry sequence of the EF-la gene.

28. A method of making a homologously recombinant cell
25 wherein the expression of a targeted gene is altered,
comprising the steps of:
(a) transfecting a cell with a DNA construct, the
DNA construct comprising:
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is represented in Figure 6. The plasnid includes exons 1- g&ﬁpggrt of
exon 5 oA EPO gene. as well as the 10 Hindl |- gﬁﬁﬂ ment

Iylng upstream of the hEPO cadlng region. pSve, pTK and pmMT-1 correspond

tnym ai ne. < WREINGEH) SRLRna e ﬁg;g% ot al | U vas
e

produced as fol tows: "H ridl FI - di gest 5 pXEPO
blunt with the Klenqyfragngatyg r.as T a dhfr
) MEQEGEH 1 AV teQ%EégE

expression unit, the glasn1d construc 59080 (Eaton et al,
Bi ochemi stry 25 : 83%3) 8338 7r¢dWkANITK\BERMLHES ed Wit h ECORI and Sall. A 2
Kb fragnment contai ni{iigil hen déskdsn £xgrdssi on 20 unit was purified fromthis

di gest and rmade bl u t y . This
dhfr-contai ni ng fragtr"rem an/aském w‘%d gt e%g 82?%?%%’% %Se%ﬂ Il site of
PXEPO-23. An aliquot of tRFAYcing rmfﬁsaﬁéfw%d anfio E. coli and

pl ag ?F On] anpi g_bl)! 11 malsﬁtemmg\ matmn_szécEeal eaugumedzo\w:m'iggt i gcubat i on
at err], individyal _ha . GO e serve p| ked and grown.
M ni plasm d prepar agfﬂﬁg %&é&%’&_éf %&ﬁ ?‘ﬁ’é@ﬁ%ﬂ& é’nr esul ting
DNA was then subjected to restriction enzyne dlgestlon mnth the enzynes

Bgl | +Hi ndi2gl,, and @bthodNofrciiims Whegtifi’ thacekde cUnp¥ilsdld @an of the
i nserted dhfr f gééﬁents. Plasm d .DNA from one of these preparations was

found to contai ©a 2 Kb insertion of the dhfr frag- ment. The
transcription orientation of the dhfr expres- sion unit in this plasmd was

foundipo ke .opRRa hMethb@loffclaim 29 wherein the exon comprises the (
" nucleotide sequence ATG. N

(Tt SBERT HA

31. The method of Claim 30 wherein the exon further
comprises encoding DNA in-frame with the targeted
gene.

15 32. The method of Claim 31 wherein the encoding DNA of
the exon is the same as the encoding DNA of the first
exon of erythropoietin.

33. The method of Claim 31 whé:ein the encoding DNA of
the exon is different from the encoding DNA of the
20 first exon of erythropoietin.

34. The method of Claim 31 wherein the targeting sequence
is homologous to a sequence within the targeted gene.

35. The method of Claim 31 wherein the targeting sequence
is homologous to a sequence upstream of the coding
25 region of the targeted gene.
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-86- the @g) neo genej This is the construct de5| ONplcgrispRicnss! -
Plasm d pRH —used-to~anplify the hEPO | QLS L0 S subsequent to

activation of the endo enous hEPO gene 5 by h iti on. Cene
activation \/\U m mmt al'l ovvs sel ect | IFR
expressi on by} drug nethestexat : wpi-cal.ly il i ncreased
DHFR expr essi on wou d "oclur byi an i ncrease in copy nunber through DNA

anplificati3én. The metheodsqftCldim \&iulwhereinothaptatgeting nafuddte

activated hEPQ ggngomb9d t fdeqifiidRn ) Lidi ) of the
activated EPO | ocusoshou dm? eés}fjlc% Efen | ncreg§§5rg9magf) td e

EPO expr essi on. Targetl ng
experiments wer 8°BEr o AT PPN Ofs tﬁaﬁﬁ?ﬁ IO expressi ng
| i ne HTREPO-52 was isolated. 15 This line was anal yzed quantitatively for

EPO pr oduckhon ther Sl & found to
be targete l7vv| t%ﬂg @?‘t% ‘?:% ﬂé?g(ﬁ?% fqrﬂ\/h‘ﬁ% %%;% quent{:?s"& %%‘r essi on
| evel s ®bt ai nedcﬁﬁﬁﬁ?*sﬁssar@%nds@fﬁ'%&lé& PEAUGRFR BRiRloge &0 21300

mJ mllion cell sédagncelvitbeinutde targetedeyede EPO | ocus contained a dhfr
expression unit, it was possible to select for increased expressi on of DHFR

with the antifol ate drug, MIX. This strain was therefore subjected to
stepwi se s@Pect The watipdof Clgem 311 whereinnthe. eopairyql MEXthREsUlts of

initial selecti gpmptigds d Nidcdiid datgetenghseguericd Hdublbgdne ktogere 7.
sequence upstream of the coding region of the target-
10 ed gene.

39. The method of Claim 31 wherein the construct further
comprises a second targeting sequence homologous to a
sequence upstream of the endogenous regulatory se-
quence of the targeted gene.

15 40. The method of Claim 31 wherein the cell is a human
cell.

41. The method of Claim 28 wherein the targeted gene
encodes erythropoietin.

42. The method of Claim 31 wherein the encoding DNA is
20 . the same as the encoding DNA of the first exon of
erythropoietin.

43. The method of Claim 31 wherein the encoding DNA is
different from the encoding DNA of the first exon of
erythropoietin.

25 44. The method of Claim 31 wherein the encoding DNA of
the exon is the same as the encoding DNA of the first
exon of human growth hormone.
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67867 52-3-2-0. 4B - 99919 Selection with

el evat ed I4€%el SThe mufhodasfsatamszmlfurthmrmrﬂg;h&%h@xaqsm on in line
HTREPO- 52, wi t fb@- 70- fold increase in EPO production seen in the cell line

resistant to 0.4 [err] MIX. Confirmation of anplification of 5 the hEPO
| ocus was acconffl)i sMédnEaininghar homplagonaly, Fesomhingnt reelkifnam cel |
lines, which reveal etepn (Bppunder corditicHys appbttopRtat@Stor prdle Copy

nurrber s0f the actlv h | ative to the parental (untargeted)
hEPO aI | el e. EX%EEQI} E-E%:ﬁﬁ?ﬂﬁ?az AN hEPO FUSI ON GENE BY | NSERTI ON
OF THE W PRCNDTER 1.8 KB UPSTREAM OF THE GE- NOM C hEPO CODI NG REG ON
Const ruct ige\ ofTHeamgehblgof pth&ith da P REPWHich the gene whose ex-

pression is altered is the erythropoietin gene.

47. Erythropoietin produced by the method of Claim 45.

48. A fusion protein containing amino acids encoded by
10 . exons from the DNA construct and amino acids encoded
by an endogenous gene produced by the method of Claim
45. | |

49. A fusion protein of Claim 48 wherein the endogenous
gene is erythropoietin. '

15 50. A fusion protein of Claim 49 comprising amino acids
1-3 of human growth hormone and amino acids 6-165 of
human erythropoietin. |

51. A homologously recombinant cell produced by the
method of Claim 28.

20 52. A homologously recombinant cell produced by the
method of Claim 29.

53. A homologously recombinant cell produced by the
method of Claim 30.

54. A homologously recombinant cell produced by the
25 method of Claim 31.
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pREPOL5 was constructed by “first fusi ng the CwW 15 prormter to% exon 1
by PCR anP9%B2%Pion. A 1.6 kb fragnent was anplified fré r essi on
construct - 88- pXGH308 ‘whi.ch has the CW piran "'““sﬂ-u--a- nni ng at

nucl eoti de nucl eoti de 2105 of “ﬁﬁﬁﬁET'u» ;
fused to thiﬂﬂmmum Hn”megl nni ng @&te _nucl .i L ¥

nucl eoti de 7322%0f* Gehbank *5 sequencé HUMGHCSA, using ol rgondcreot i des 20
and 35. 0s5§0 20 KawlousiQ recbibindht SyDI i ghad@ibdd HyheneW pronoter at

-614 relative t [ n Genbank sequence HEHCWP1l), and i ncl uded
a Sall site at ‘??ésﬁbgi %?;&aaégll 33 35 (42 bp, SEQID NGO 19), annealed to the

CW 10 pronoter at +966 and the adj acent hGH exon 1, and included the
first 10 bsse pRiHSnAlJHEERy ReESALIASRP T g&&a&&i YN t@k the

splice-donor sit d i_ndl site at its end; Thé resulting PCR
fragnent was d| E%T?;qﬁat# é{’r and Sall and gel-purified. Plasmd pT163
(Exanmple 15 2) was digested with Xhol and Hndl Il and the approxi- mately

1.1 kbsfrasmntp_qmm Ql&hfeaéﬁb%ﬁ@sééﬂn prducRs byeknauri fied. The
1.6 kb W prormt on 1/ p | ce-donor site fragnent and the 1.2 kb

neo fragnent wé'f’eé" Fbﬂef and inserted into the Hindlll site 20
of pBSI | SK+ (Stratagene, Inc.). The resulting internmedi- ate plasmd

(desi gnat egh pBYCHIN10868E1§IrécHRB:1 £ e 0broduced by the
method of Claim 41.

59. - A homologously recombinant cell produced by the
10 method of Claim 42.

60. A homologously recombinant cell produced by the
method of Claim 44.

61. A homologously recombinant cell comprising an exoge-
nous regulatory sequence, an exogenous exon and a
15 splice-donor site, operatively linked to the second
exon of an endogenous gene. '

62. The homologously recombinant cell of Claim 61 wherein
the exogenous exon comprises a CAP site.

63. The homologously recombinant cell of Claim 62 wherein
20 the exogenous exon further comprises the nucleotide
sequence ATG.

64. The homologously recombinant cell of Claim 63 wherein

the exogenous exon further comprises encoding DNA in-
frame with the targeted endogenous gene.
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unit in a transcriptional ‘orientation opposite to that of the CW
promot er VOPEESs 1/ splice-donorsite fragnent). A secontCHRPEPHYE at e,

pREPO5[ err]Hi ndl 1, was constructed by 25 first digesiipeeRFPO5 Wth
HindlIl. Thi s ll E“E !I Im ﬂl rrents of .TgHggHggﬁH&sméN and the 8.7 Kb
fragnent cont ai efencks Waspgmlaqep i fied and

circul arized by self-Iigation. The resuItLL;_"_"“u-- —perop| er r] H ndl |

contalned65n|yThenh@mﬁhdgbﬂbﬂ@oEb@oﬁﬂ&gagt é&HUQﬂFQﬁaBQf%&'b%e&@ihg'ngl t
upstream of th | uded sequence fr rel ative
to EPO exon 1. %EE%&%{}E% D}aa cgﬁ?‘ﬁl AP n ?’l&f‘cﬁ%@@ pf’grmter hGH
exon 1, and thEh%p¥4¥§$(ﬁ#Rﬂ'Q§ ﬁ@ewﬁgrsﬁteélgﬁnﬁfr(nn PBNCHS wi t h Hi ndl |

and gel-purified. This 35 fragnent was made blunt with the Klenow

B d
|l gated 159 B% e it catiiny Hetniointel Gy SRmiR AQI FPSTRIRI | cuts a
a position - WWMT’L%E&@EQR@I& 1from pikeP@nlcedihgi DNAI | . The

resul ting Conséf Ugile FIREROLRChFOEUERe Stafdet &P Yetig1ed EPO upstream
sequences from-5786 to -1779 relative to the KEPO coding region, the neo

expression unit, the CW promoter, hGH exon 1, a splice-donor site, and
sequencesGTrcnﬁhGJHGMQMngusﬂg mpcbmbﬁnanﬂ ¢eid lifPQladdi 69 wWhgrein Wi th the

various el emorie SRR refullifol) sdfiificd, Wbbendus' Gxdn 4gh311 Ve 1O

nucl eoti de sequen
ckeilce donor site are upstream of the coding region

10 of the targeted gene. ‘

68. The homologously recombinant cell of Claim 67 wherein
the exogenous regulatory sequence, exogenous exon and
splice-donor site are upstream of the endogenous
regulatory sequence of the targeted gene.

15 69. The homologously recombinant cell of Claim 61 wherein
the endogenous regulatory sequence is deleted.

70. The homologously recombinant cell of Claim 69 wherein
the first endogenous exon is deleted.

71. The homologously recombinant cell of Claim 64 wherein
20 the targeted gene encodes a hormone, a cytokine, an
antigen, an antibody, an enzyme, a clotting factor, a
transport protein, a receptor, a regulatory pfotein,
a structural protein or a transcription factor.

25 72. The homologously recombinant cell of Claim 64 wherein
the targeted gene encodes a protein selected from the
. group consisting of erythropoietin, calcitonin,
growth hormone, insulin, insulinotropin, insulin-
like growth factors, parathyroid hormone, fS-inter-
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t he hEPC)§ﬁ¢ region. For transfection of human cells, Pd¥ﬂ§5§gagyas
di gest ed | iber- ate an SrL_KQ‘targetlng ragnent .

The targeting fragnment contained-first and secoffo e ~~.¢- uences of
4.0 kb 15 am{il“’ll“umumﬂrﬁm velly, wth honol g MO I of the
hEPO gene. ectlanlxnuj I de LAl Er %xpre55|ng
targeted cl ones: “cell & wére maintained at 37[err], DBWwTE id 98% 20

hum dity in Dl\/El\#mlal‘)mlnqem@i(roal.f nsevangt@kﬂh/lﬂahtddgﬂ msaﬂ,amsmt ories).
Transfection of geqapdr heltrdRi sf eheskin %@%&,@stﬁ, z%% ormed by

el ectroporating 2 r] cel P th 10 rr g of DNA at
250 vol ts and 96% té%%i ?F@HFBd?’EE?('PE herthdbddd J-[“eﬁ‘-r] 25
cells per 150 margieatleukifhe,f dhkewnilagkiay3, timterddiukinms changed to

DVEM 10 scont ai ni figt i1@uilln™ 134 18: 68 By £F) Redp QfaiiiGRGAR] BRE-14 days,

at which tine the nedia was sa cél oni es on

ucti on
pl ates exhi bi ti MRTPRABEe afEF ﬁ PLQ%YEQ :J%FPHB Hage as deter- 30 nined
by an EPO ELI SA itemoglebiddnk, wearalgoiat &t ibddiest, epu:-beeghakinabem ng

CO1 | poere (B oHtUBERAdeL, pISLI L il ol P TaplE! | DS,
duction by ELISRL aﬁ@@ﬁpsﬁﬁgaﬁEPEﬂ€9§du%¥¢E}Q§§§-:ﬂﬂﬁéth§° ing®II,
10 DNAse, a~galactosidase, tyrosine hydroxylase, blood
clotting faector V, blood clotting factor VII, blood
clotting factor VIII, blood clotting factor IX, blood
clotting factor X, blood clotting factor XIII, apoli-
poprotein E or apolipoprotein A-I, globins, low
15 density lipoprotein receptor, IL-2 receptor, IL-2
antagonists, alpha-l1 antitrypsin, immune response
modifiers, and soluble CD4.

73. The homologously recombinant cell of Claim 61 wherein
the cell is a eukaryote.

20 74. The homologously recombinant cell of Claim 73 wherein
the cell is of fungal, plant or animal origin.

75. The homologously recombinant cell of Claim 74 wherein
the cell is of vertebrate origin.

76. The homologously recombinant cell of Claim 75 wherein
25 the cell is a primary or secondary mammalian cell.

77. The homologously recombinant cell of Claim 75 wherein
the cell is a primary or secondary human cell.

78. The homologously recombinant cell of Claim 75 wherein
the cell is an immortalized mammalian cell.

———
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were ex culture for freezing, nucleic acid isolgs
quanti flp‘gﬁggg‘ﬁ‘ of EPO production. Transfection of I—r|'108 :
121) was performed by treating 12x [err] - “BGO with 45 5

T e

ol-asEs=Hescri bed
above. Isolatlbn‘bfLhEPC)brdHUC|ng cl onal Tnes occurred by limting

di | ution. 7[§ hi srwan@:mfogwal dybyetombin@titddld &F fmlaeﬁ harmfﬁhf][om t he
10 initial s t] ates, 5 honi es per we of a 24
wel | plate. héllf%c|o‘!re§g'u§'|snta&?1 5 89%#%%1&‘8% ate% at cell densities
resulting in < 1 -colony per mell of a 96 well plate. Individual clones were

gﬁpande’dbwr fThd hsmcldabusly aacdﬁlgsﬁé:he(hélqr dw'mlialﬁlovssgﬂxéroél%:b_rO-d15 -
asts above. ernl z I S devol
of any hEPO cog{] C%glé‘ d&n %hgﬁﬁgé F’érge gélscful’gl‘fénﬁég}?ﬁ/% ormter/hGH
exon ® splice- Iﬂﬂrﬂﬂo h&d—@,ﬁenﬁebpsccbhmaﬂd R vatdves, of EReLaxpr essi on

occurs 20 by ééﬁrbscucﬁtwoaeéabeléaaéé:prhélrm txdl@sﬁweakeﬁpéer producing a
primary transcr exon, 1 and the

|:@P i ncl,udes CI\¢/
spli ce-donor sf%811. EBrSFnﬁ'ﬁa 34 Je%’m s&(ﬁgﬁéﬁsca‘ﬁﬁb"?‘% nor mal hEPO
exons, i ntronsseldred Rajunce&hstaﬂw:aie(pﬂﬂdcsas Napalliwai aglbé, tHL<6Q r an- 25

script would qeoe fHaRgiNEe SRk CRpipeI2 ¢ de 13l 9095Y Larid exon 1 to the
next domstreaqﬂ;illceﬁ acceptor_site "gcat ed adj acent to hEPO

exon¥® Effecth RROmRLCRLLE! | Wi é%q ﬁf‘ﬁb&ﬁ ngoARESE of genonic se-

-and MOLT-4 cells. ‘

81. The homologously recombinant cell of Claim 80 wherein
the targeted gene encodes erythropoietin.

82. The homologously recombinant cell of Claim 81 capable
5 of expressing erythropoietin.

83. The homologously recombinant cell of Claim 82 wherein
the encoding DNA is the same as the encoding DNA of
the first exon of erythropoietin.

84. The homologously recombinant cell of Claim 81 wherein
20 the encoding DNA is different from the encoding DNA
of the first exon of erythropoietin.

85. The homologously recombinant cell of Claim 84 whérein
the encoding DNA is the same as the encoding DNA of
the first exon of human growth hormone.

25 86. The homologously recombinant cell of Claim 61 capable
of expressing a fusion protein comprising amino acids
encoded by the exogenous exon and amino acids encoded
by the endogenous gene.

/
heet Has Been Reilaced

T



guence u of the hEPO gene, the normal hEPO pronot - ~REPO exon
1, and h%&éggﬁ{yf%n 1. In the mature tran- script, hGH ex%ﬁp'gs’%;“ repl ace

hEPO exon 1. hEPO exon 1 encodes only the first=fout-and one-third anino
aci ds of the nal peptide, whig -
precur sor proﬁ“lﬂmnmm mlgmret ion_{{em the
encodes the firstcthree and one-third am no aci 05— oF=tRa it
pepti de, wsizch Al Sosisn ghrsteeich afff OJ.fa:.thSpWBStléﬁQrt}iH (Hrﬁ.dg :
secretion from cg g of the nmessage in which hGH exon 1
replaces 5 hEPO‘gng%n é1 \Aﬂat{%ere ore result in a protein in which the
signal peptide is a chinera of hGH and hEPO sequence. Renoval of the signal
peptide bysshe mow@iorpwo&eﬁam:lfacm&anab ebmfgﬂlgemtnd/\ﬁalclmar oduce a

mat ur e hEPO nol ecul SInI;StI le_fromthe
10 nor mal produ%téj %%‘g’? & m ’iﬁSgn‘%t%m’n GSH‘% sPE re-

sulted $n EPO e&w@rmmmpmmenea |s. Table 5 shovxs the results of
targeting experinments with pREPOLS in hurran fibroblasts and HT1080 cell s.

The targetjpg f ency. in 1 norrra st.s s found to be

1/ 264 G418%§e]rr]'£ ILib c\é‘s"gc’é’ﬁ % Fﬁ?cf’ g"?irﬁq‘?ﬁr%?’\m g% £588%cel I s was
found to be 1/ 458 FeER{latdryc seguence ﬁﬁmmﬁ.oraﬂ enbapnceronaeach of
these cell straidpr i -Htddldhne8d- réfion or a transcription factor '

binding site.

=

10 90. The homologously recombinant cell of Claim 89 wherein
the exogenous regulatory sequence is a promoter.

91. The homologously recombinant cell of Claim 89 wherein

the exogenous regulatory sequence is a regulatory
sequence of the mouse metallothionein-I gene, a

15 regglatory sequence of an SV-40 gene, a regulatory
sequence of a cytomegalovirus gene, a regulatory
sequence of a collagen gene, a regulatory sequence of
an actin gene, a regulatory sequence of an immuno-
globulin gene, a regulatory sequence of the HMG-CoA

20 reductase gene or a regulatory seguence of the EF-1la
gene.

82. A method of altering the expression of a gene in a
cell, comprising the steps of:
(a) transfecting a cell with a DNA construct, the
25 DNA construct comprising:
(i) a targeting sequence;
(ii) a regulatory sequence;
(iii) an exon; and
- (iv) an unpaired splice-donor site, thereby
30 producing a transfected cell;

i fl



hEPO producer obtained frbmtransfection of human fi bro- %pm '
found t oMIS8&Pet ing 7,679 mi [err] cells/ day (Tabl e B N ac |vat ed
hEPO cel | line from HT1080 cells was produ = S2=orrerry cells/ day
(Table 5). The m t'ed that a O | ocus was
- efficient and cﬁmﬂﬁmﬂ mﬂlﬂﬂ prodjéf , relatively
“high levels. Restritti'on®enZynt and Sout h- Fzation anal ysi s was

used to confirnp) haﬁaiﬁfanﬂﬁ{g fﬂheE\thah%fQééeECééEI athddr (demaglPO | ocus.
Sout hern bl ot anal gts of the human f.i br St and HTlogo cl gnes that were

targeted with pREPOISCHRSLHRAEPLIG or“'ﬁﬁd BPORF IR A B@%d%Pestricti on
map of the parental thauebnrmmwa hngéogatmﬂ-Y:llngmb@Baghows t he
results of restrictigmengade and Sout hern hybridi zation anal ysis of a :
target ed human f i br ob] st. cl on | I LEcoRI . and: BanHl di ges revealed 5.9
and 6.8 kb 35 FhonBRIAA I Hhe, Hopo1695ue} € ciprotinanied £8ad o' event

-92- at the hEPO I oumée::lmmd;t‘ﬁ;b)ns Bppln'opfiahesﬁot reagmamoneeﬁl ted from
the insertion of 2. Jpkh-©fe DNA containing the neo gene and CW pronoter
sequences. Since only one of the two hEPO al | el es ‘were targeted, fragnents
of 4.3 kb 5 (Bglll/EcoRl) or 10.6 kb (BanH') reflecting the unal t ered hEPO

| ocus wer @3seeThenmetissd of rCliaisa andwharpanenhalem c(dugmi.seHF):heThese

resul ts confi rghgijg&tfdgw ATG.

10 94. The method of' Claim 92 wherein the exon further ‘
. comprises a CAP site. S

95. The method of Claim 94 wherein the exon further
comprises encoding DNA which is 1n-frame with the
targeted gene. '

15 96. The method of Claim 95 wherein the e’néoding DNA is
the same as the encodz.ng DNA of the f:.rst exon of the
targeted gene.

97. The method of Claim 96 wherein the targeted gene is
the erythropoietin gene.

20 98. The method of Claim 96 wherein the encoding DNA is
- different from the encoding DNA of the first exon of
the targeted gene.

99. The method of Claim 98 wherein the targeted gene is
the erythropoietin gene.

25 100. The method of Claim 98 wherein the targeting sequence
 is homologous to a sequence within the targeted gene.

_
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r econbi naw &é G%nt had occurred at the hEPO | ocus resul t éhﬂ%
producti on -«tpanscxlptlon unit which directe productlon
of human ery A i gonucl eot i de EQUET 5" TTTTCTCGAG

TCGACGACAT ; !SEQ ID NO 18) 3 GAGTACTCAC
CTGTAGCCAT v -121- D) -93-
Table 5. Transfection of QEPO S and Activation of NEP® Y Ljon i n Human

Cel | s hEPO 101. Tﬂﬁ%ﬂﬁﬂgﬂg of CE%pmeQQowbeEQ;nfﬁha(ﬁangathnﬁypequence [err]
Plates Expressofs K&fowg%tsr to"t beglibhed r@ﬁ'ﬁ&aﬂ%f‘ the cbBipgies with

EPO per (418[rtt] . ed cells/24 cted Treat ed Expressors
Col ony 2dg ﬁ%ﬁﬁg‘ﬁ ERpPEted gemey  1o[err] 264 1 1/ 264
1/3.3 x 10[err] 7679 blasts HT1080 3.1 x 10[err] 2700 1/ 450

1/5.2 x 10[ 3] Tife wd4ncdl B% E:Q&Hn A H@%@fh b&he? Eﬁngoké?ﬁhﬁ% 9” 2

pl ates, averaging the results and extra

at|
pl at es Ferr]nedﬁ&h@FWEﬂFﬁPHPe§°mPtﬂe@ﬁi %f?qsé%ﬁaﬁhpgs &ﬁse§§ﬂ%?ed for EPO
ELI SA anal ysi s amhig regalatbirpi sequehtForvdies tairgeted géna.

103. The method of Claim 98 wherein the construct further
comprises a second targeting sequence homologous to a
sequence within the targeted gene.

10 104: The method of Claim 98 wherein the construct further
comprises a second targeting sequence homologous to a
seguence upstream of the coding region of the target-
ed gene.

105. The method of Claim 98 wherein the construct further
15 comprises a second targeting sequence homologous to a
sequence upstream of the endogenous regulatory se-
quence for the targeted gene.

106. The method of Claim 92 further comprising the step

of:
20 {c) mwaintaining a homologously recombinant cell
under conditions appropriate for production of a
protein.

107. The method of Claim 106 in which the gene whose ex-
pression is altered is the erythropoietin gene.

25 108. Erythropoietin produced by the method of Claim 107.

109. A fusion protein produced by the method of Claim 106.
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: EPO
or HT1080

5 nmMJmnm I nted as EPO activation events [err]quanty |
pr oduct iagﬁigaﬂzaé%éet erm ned from human fibrobl ast st r&;*%
cell line, HTREPOL5-1-6-6 EXAMPLE 8: P it BN

AT

RS
hEPO FUSI ON IMIWI OF THE CW § HAGEKB UPS
GENOM C hEP I nstruckhgod O geti-ag—y; pREPOL8: 5
pREPOL8 (Figute 10 wis &onstructed by insertion: of a dhfr expression unit

at the CmlosiX Eusiocat peoteinhef SClaim 109 wWhereen ghecesdofiiR@L5. To

obtain a dhfr. e REESS | e plasm d construct pF8CI S9080 [ Eaton et
al., Bi ochemg?tﬁrey 25%%&?’%%% t{@'986)] was digested with 10 EcoR and

Sall. A 2 kb fragnent containing the dhfr expression unit was purified
from t hi stidi.g@stfusidnnpdetéinrdf byl dine aluve dompci Bihd cadd b Qe ifidsagment  of

DNA poly- mergs I "aﬁr Enal.a ol abs) W hen. |igated
to the blunt eg ghhf r%ﬁe%# | el'lé)ér}lgb Ec{&gldogﬂigo-@%}é% h%/vglsq%t &g]l on were
then 8i gest edPHM@R er¥threpeielino O al di gested pREPO15. An aliquot of
this ligation was trans- forned into E. coli and plated on anmpicillin

sel ectio | ates. terial, colonies were,analyzed by restriction 5 enzyme
di gest i onrhtad %‘e 8F%8§e8% i N P R h?h\‘{ﬁﬁ’e’ﬁ SPUIRPTEEIgent . One
plasmid with gaPn P a gene in a cell, comprising the steps of:
(a) transfecting a cell with a DNA construct, the
DNA construct comprising: '

10 _ (i) a targeting sequence;
(ii) a regulatory sequence; ‘
(iii) an exon; and
(iv) an unpéired splice-donor site, thereby
producing a transfected cell;
15 (b) maintaining the transfected cell under condi-
: tions appropriate for homologous recombination,
~ thereby producing a_homologously%recombinant

cell; and .
(c) maintaining the homologously recombinant cell
20 under conditions appropriate for production of

the protein.

113. The method of Claim 112 wherein the exon comprises a
CAP site.

114. The method of Claim 113 wherein the exon comprises
25 the nucleotide sequence ATG. '

115. The method of Claim 114 wherein the exon further
comprises encoding DNA which is in-frame with the
targeted endogenous gene.
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transcri ptyg g&ugglentatlon opp05|te that of the neo gene

PREPOLS( - ).

-second—plasm-d—wt-h dhfr |n t hep=s

a1
ane transcr

*g@mgﬁﬁvggated

orientation as that of the neo 0 gene de ¥ pREPOE8E:) Cel
ificati on of ‘ VALY f’\ﬁ@EEBJr et ed
d at JAHzerr] =58 hum dity in

cl ones:

cul ture, transf
ceI 04
DNENIcontalnlng 10 a serunt (DMVEM 10, 15 HyCIone Labora O

es) .
Transf ect i ot ®f ?ﬂq@&)‘-h@d lof.-CAI0E, 1TE| whidg imathe reao@inr BRAI g 12X

10[err] cells inHBSdre BEOLndi ERcABihg BEY O
[err]F. The treqﬁfd gggis were seeded at 1 x 10[err

plate. The follo 9%Pffe medi a was changed to 20 DNENth contalnlng

0.8 mg/m
nedi a was

f]fi s‘£5§x268' bg gad 250

(418 (A BCO). Selection proceeded for 14 days, at which tinme the

AP athel HethBHOOP! O4uEh ' 2l rﬂ\%ﬁ%‘ THY Roboidng S%ﬁ%f | gant hEPO

nzyne Inc.)

pr oduct i_on Ievell§% %

were tr pS|n|ze GTeRE EEP tg%r%?%ﬁﬁ*%ﬁ;ﬂ&ﬁeﬂf'ﬁéﬁ Eisat exon2fon.

of hER@eptadgetedngenméonal cell |ines occurred by Iimting

by first plating clones in pools of 10-15 col onies per well of a
ate, and next plat| g cells from hEPO pro- ducing pools at cel

| sol ati on
di |l ution,

24 wel | pI
densities
| ndi vi dual

10

15

20

25

g ThggmeRhedsett

im Ly cexeinpshensprgeting ogevel | pl ate.

cl ongueneeeisxhoncbsydus A8 iR cuehckl REEhDE, tHe! Gt fidetasi d
i sola- tion andegugghéflcatlon of hEPO producti on.

119.. The method of Claim 117 wherein the targeting se-

quence is homologous to a sequence upstream of the

coding region of the targeted gene.

120. The method of Claim 117 wherein the targeting se-

quence is homologous to a sequence upstream of the

endogenous regulatory sequence for the targeted gene.

121. The method of Claim 117 wherein the construct further
comprises a second targeting sequence homologous to a

sequence within the targeted gene.

122. The method of Claim 117 wherein the construct further
comprises a second targeting sequence homologous to a
sequence upstream of the coding region of the target-

ed gene.

123. The method of Claim 117 wherein the construct further
comprises a second targeting sequence homologous to a

sequence upstream of the endogenous regulatory se-

quence for the targeted gene.

124. An erythropoietin produced by the method of Claim 112.
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sel ect | YRIHPeted—c418[err] cel | 1ine
transfection t h pREPOL8 were pl ated lensities for
selection in \f& #m mm) As new cl omePLAGEDged f gl 1 owi ng sel ection
at one MIX co ey waraa -assayed—tt PO producti on and
re-plated at varlous c& | *defisities in a hi gher .concentration of MIX
(usualIyla%ubTbﬁt¢ﬁ¥ﬁhﬂ9nqm§§l§oﬁ§eﬁlﬁtm|lﬁﬂ whehrieinptbeesellOis was repeat ed
until the desdf athdEP@ %%ﬁxnlon | evel was reached. At each step of
MI'X-r esi stance, DNA and was isolated for respective southern and
northern blot analy- sis . Characterization of EPO expressing clones: 15
PREPOLS, 12% t h twetdiifrf grroducedi byt bhe omsthefd diff Cladms1iRansfected into
HT1080 cells. Prior to transfection, pREP018(+) and pREPOL8(-) were

di gested Xbal elea 9 kb .ta etln fra nent containing, in
the fol I:b%& h’F?ge n, 0% Eiﬁg“‘r%%? o’fP’cﬁhdé% FSE®L8—m of hEPO 20
exon 1 (from-3891 to -1779 relative to the hEPO ATG start codon), a 2 kb

201 &N Cozd Al Pid\EdshOn BrbedACor cladn 27 4led@1608hE! BhaGgd e neo gene, a
fused to hGH exon 1, 10 bp of

1.5 kb region contain- ,in Cmg; onDter
hEPO i ntron P‘i‘%ﬁ)rﬁe&ﬁenllﬁg QesﬁFY -ghgg)ne foll owed by a 25 1.1 kb

regi on of genom c DNA upstream of hEPO exon 1 (from-1778 to -678 relative
to the ET§QAJE&§Hﬁﬁﬁn%9QQBLe1n of clalm 128 comprising amino
acids 1-3 of human growth hormone and amino acids 6-
- 165 of human erythropoietin. ‘

- 95- Isolatlon of cells c¢ontaining anpllfled dhfr sequences b&-ngthotrexate

10 130. The DNA plasmid pREPO18.

131. A DNA construct capable of altering the expression of

a targeted gene when inserted into the chromosomal
DNA of a cell, comprising:
(a) a targeting sequence;

15 ~ (b) a regulatory sequence;
(c) an exon;
(d) a splice-donor site;
(e) an intron; and
(f) a splice-acceptor site.

20 132. The DNA construct of Claim 131 wherein the targeting
sequence is homologous to a sequence within the
targeted gene.

133. The DNA construct of Claim 131 wherein the targeting
sequence is homologous to a sequence upstream of the
25 coding region of the targeted gene.
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Tr ansfectwsgmotargetl ng frequencies fromtwo experi- np&msgg,(ﬁoghom I n
Tabl e 6 ive primery G418r clones-were isolated from these exper| ment s.

These were expan re for quanti tratyecanalyai-go s EPO
expressi on (Tabl MIM%!@%I ont ai ned t hé pbossible to
select for cells |ea2§op|es fr theREatgesmng Co struct
using MIxX as deifrlbed I n Exa |l e 6. Gﬂlé{err CHOeS—C O et be
targeted tHP4hdre DN§6°°HEF€P cof tlRrimskd ﬁlénfyﬁet%ﬁ%eﬁkﬁﬁhern
hybri di za- ti omsesjuzngei $swhomolobpest ool 4 segjumncies apsereani of) tie MIX as
descri bed. Tabl e pll,?l_:g%gi 1 P ates
Expressors- Pr |eﬁlad%?eél Ng EEB&?{:O r%a% F-E Q@@t hghé%i‘)ég/ %f%’[ err]

Cl ones Construct Digest Treated Col onies Expressors Col ony Anal yzed 36

x10[err] 1B% 98ﬂhe DR constructl/d85Claim 130 piek@ifl: th&bednstBbetx 10[ er]
19, 2905 41 e47 %B&glieﬂgbé&gnd t&';P gg&ﬁgdﬂgéﬁgﬂcé %W&POBO Cel |

| i nes targeted vm t hEPO
mJ 10[ err] Cel I9PR§ ﬁP agpequence within theyf@pgegedgene. 24759
18B3- 181 pREPO18 (+) 20831

136. The DNA construct of Claim 131 wherein the construct
further comprises a second targeting sequence homolo-~
gous to a sequence upstream of the coding region of

10 the targeted gene.

137. The DNA construct of Claim 131 wherein the construct
further comprises a second targeting sequence homolo-
gous to a sequence upstream of the endogenous regula-
tory sequence of the targeted gene.

15 138. A homologously recombinant cell comprising a regula-
tory sequence, an exon, a splice-donor site, an
intron and a splice-acceptor site introduced by
homologous recombination upstream of the coding
region of a targeted gene.

20 139. The homologously recombinant cell of Claim 138 where-
in the targeted gene is the a-interferon gene.

140. The homologously recombinant cell of Claim 138 where-
in the targeted gene is the erythropoietin gene.

141. A homologously recombinant cell comprising the dhfr
25 gene, the neo gene, the CMV promoter, hGH exon 1 and
an unpaired splice-donor site targeted to a position
upstream of the endogenous erythropoietin regulatory
region.
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18B3- 145 PREPOL8 ( +) 17586 1BB3- 168 pREP018
(+) WO9SBIOL3 18A3- 119 PREPQOLS( - ) PCT/USgaIg04s
EXAMPLE 9: ACTI VATI ON AND AMPLI FI GATI ON OF NO “’""——i NTERFERC]\I

BER 1T I

-vuwggnanpll I ed using the
met hods and DNA cdn- st%uéts of *the inv = g describes a

general sigat ahe homomogoualyr;pewmbfnaﬁu'hp&ﬂQofhEl#ﬂﬁﬁﬂEi(pﬂd-—|nterferon

(1 eukocyte i ntRILLE" B ) t:
factor-granul g@y%gl C}:()%Yiﬁ??gﬁ% (fzo n§r§§ bﬂ?p rruq ating-

factor-granul ocyte) and FSH err] (follicle stimu- |ating hornone beta
subuni t) genes meehbll- of Nhak iy e Hdwd Yogdualyetetonbisdriteragligene ( Genbank
sequence HUM W&ﬁ”ﬁﬁg ééé a%'a%%é&“é R PGSl dbeld

containing a am no aC| gna ne contains nd introns.

Fi gur& 11 scheRrmpPréging Fh@LE#¢Eﬂ€chme strategy for activating the
[err]-interfer@n gepensferimg dfiddld GAtH GUDNAI ofiesheited dre | ncl ude a
first target- ing se yence honDIo Qus. to sequences upstrean1of the ‘gene, 20
an anplifiable mar K8 55“ gt éﬁﬁQﬂUIe mar ker gene, a regulatory region,
a CAP site, a splléb)donoa @axgstxns sequence;

) (ii) a regulatory sequence;
10 ' (iii) an exon;

(iv) a splice-donor site;
(v) an intron; and ‘

(vi) a splice-acceptor site;
wherein the targeting sequence directs the inte-
15 gration of elements (b)-(f) upstream such that
they are opefativer linked to the first exon of
a targeted gene; and
(b) maintaining the transfected cell under condi-
tions appropriate for homologous recombination.

20 144. A homologously recombinant cell produced by the
method of Claim 143. :

145. A method of altering the expression of a gene in a
cell, comprising the steps of:
(a) transfecting a cell with a DNA construct, the

25 construct comprising:
(i) a targeting sequence;
(ii) a regulatory sequence;

(iii) an exon;
(iv) a splice-donor site;
30 (v) an intron; and
(vi) a splice-acceptor site;
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i ntron, agﬁ o 2cceptor site, and a second targeting S e BEPRSE5/06045
correspon Oo—segquences _downstream of the fFrsttg oetlng sequence. The

second targetl ng s ﬁuence 25 shoul d not ext e

Cndest 7o ATG St ai flﬁﬂﬂﬂlllﬂﬂllfﬂ ME st ooy

sequences are i me |atel allj &cenfit to each other in the getmal  t ar get
gene, but this is runhanﬂym tde FgﬁgebengwseqUEQde1ﬁmmaa£snahkemngeﬂes and

sel ectabl e marker gefes i b&bbieﬁeﬁt§ekﬁﬁltf¥1&ﬁé%fﬂiﬁp%hgﬁdtﬂﬁfe'” The
anplifi- able marker_,gene _and_sel ect gﬁ n%k 5& I% ga% be the sgne gene,
their positions may BEY &F&r SBEF25AUC LY L Hhke tg%? S &thSha§*BR [ tuated in
the intron of the ta getrigegedogenstruct. A sel ectable narker gene is
optiong and th@o>am{aﬁ+taah§nga&hertg§ﬂ£fé 'aelrle%a@d gp-anplifica-

tion is desired. The |ncorg§rat| Psite 'S optional.
Optional |y, exon seddERE FORFARBE nEPT %93?“EbrFEEWHH%ﬂtBPnto t he
splice-acceptor sitandnd 5° to the second targeting sequence in the

targeting constydct ma?.%a&ﬁ%{;a{ﬂéyh& ﬁb\}sgf){: ﬁcbﬁbléghtcéeﬁf”m site,

I ntron, and splice acceptor as a conplete unit
fromthe human el onyRdegncPREiBions %mr%@aqe faxnB¥RKeSeicR Rl HUVEF1A)

gene apo the cytonegahevigetie.

146. A method of making a protein by altering the expres-
- sion of a gene in a cell, comprising the steps of:
(a) transfecting a cell with a DNA construct, the
construct comprising:

15 (i) a targeting sequence;

(ii) a regulatory sequence;
(iii) an exon;

(iwv) a splice-donor site;
{(v) an intron; and

20 (vi) a splice-acceptor site;
wherein the targeting sequence directs the inte-
gration of elements (b)-(f) upstream such that
they are operatively linked to the first exon of
a targeted gene;

25 (b) maintaining the transfected cell under condi-
tions appropriate for homologous recombination;
and

(c) maintaining the homologously recombinant cell
under conditions appropriate for expression of

30 the protein.

147. The method of Claim 146 wherein the targeted gene is
the a-interferon gene or the erythropoietin gene.
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(CW,; Cenbank sequence HEHCWP1) i mmedi ate early region, nponent s
can be a iﬂ?fffﬁﬁﬁﬂﬂmpepLLaLe_conpo- nents isol at ed ?&@%ﬁ%ﬁ@qh rent

genes. c DNA correspondi ng upstreal gi on of the
[err]-lnterferonJ E gw ,' ar geti ng|[sg
targeting constr ﬂﬂ'}m 51 ng My

$ pEtERedbl y of the
reco
those skilled in the art 55 descrlbe “her |

piageNA ngt hods known by
attrber—gf=—seal ect abl e and

arrPl I flt - 208 atwe c{ésci%caeegssét?ébx{x henduar cseudﬂebeeest aa&tfs and the

activation an i cation can_be ec a o]

cel | -types. qﬁﬁQE%&ﬂ?ﬁﬂ? S0P, %FﬁﬁWy, EE%H'013§¥(5h% ﬁ%BFgﬁPPQeﬁ human cel | s

and i sol ati on win igend.ogousl y reconbi nant cells expressing a-interferon can

25 be acconplished usi ng the nmethods described in Exanple 4, using an

ELISA assay.fo rr -int rfero (Bi ogource Jnternational Camarill o,
At ol & SR 8 asBeEipS! Shs \eryamentaEean g90Be SRt | 11 od by

PCR S& eeni ng mﬁmmk&xanlmaillnoﬁpampiag1gr§nsfent1n§hehescb&l d8dthtion of

cell's contai nj%éﬂeﬂf&ateeoﬁl Rig8sngfa tﬁ%%@%ir efrice ﬁ%e; assrtseae and the

activated [err|-interferon cus |s descri b d Example 6. In
t he honol ogous¥SAUSRGSIHPRETLamePEsth nsm‘iﬁé* TG Gfs Ghe; §1}5FBH‘E|ced whi ch
I ncl udes the epmiganimigemeqn, 35 splice-donor site, intron, splice-acceptor
site, second - 99- ~
150. The method of Claim 149 wherein the construct com-
10 prising a DNA sequence homologous to a sequence ‘
- located between about 5 kilobases and 30 kilobases
upstream of the sequence ATG of the erythropoietin

gene.

" 151. The method of Claim 150 wherein the mammalian cell is
is a human cell.

152. A method for targeting the erythropoietin gene in a
‘mammalian cell comprising transfecting the cell with
a construct comprising a DNA sequence homologous to a
sequence within the erythropoietin gene.

20 1532. The method of Claim 152 wherein the mammalian cell is
a human cell.
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targeti ng WQO%IS and human a-interferon codi ng regi on aneCIRUSIS/O6v4S
untransl ated sequences (Figure 11). Splicing of this nessage will
generate a functional nmMRNA which can be translated to produce hunman
a-interferon. 5 The size of the intron and thus the position of the
regul atory region relative to the codinwig egi on of the gene may be varied
to optimze the function of the regula- tory region. Miltiple exons nay be
present in the target- ing construct. In addition, the second targeting
sequence 10 does not need to lie imed ately adj Ny (0 or near the first
targeting sequence in the normal gene, such that ppN\§ons of the gene's
normal upstream region are del eted upon honol ogous| N onbi nati on. Gw CSF 15
The human GW CSF gene (Genbank sequence HUMGMCSFG) | @8 odes a 144 amino acid
precursor protein containing-a 17 am no acid signal Nptide. The gene
contains four exons and three inggons, and the N P nal 50 am no acids of
the precursor are encoded in the$§ rst exon. Fi e 1? 20 schematically
illustrates a strategy for activRYng the GWCSF gephe| In this strategy the
targeting construct is designed N include a firs geting sequence

honol ogous to sequences upstrea t he gene, fiabl e marker gene, a
sel ectabl e marker gene, a regul y region, a P 25] site, an exon which
encodes an am no acid sequence h is-identicyl or junctionally

equi valent to that of the first am no aci ds GVt CSF, a splice-donor
site, and a second targeting sequehce correspondi ngC®&p sequences

[5l

1]__hEPO intron | |2|
hEPO S UTS
and hEPO Exon|

of
E% . é' —
ag gg é §§ b
: ] g it o
3 gg '
3 g 2 g
5 = @2 &
E g
= ! g
ig o
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g
6§ §
| 1
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downst r eanmaios3ssof i r st targeting sequence. By this 30 st pbakREYs06:45

honol ogously reconbi nant cells produce an nRNA precursor which corresponds
to the exogenous exon and splice-donor site, the second targeting sequence,
any sequences between the second targetjng sequence and the start codon of
the GM CSF gene, and the exons, intror’d5 -100- and 3' untransl ated
region of the G CSF gene (Figure 11). Splicing of this nessage results in
the fusion of the exogenous exon to exon 2 of the endogenous GwW CSF gene
whi ch, when translated, will produce GwW CSF. 5 In this strategy the
first and second targeting sequences are i mMmedi ately adjacent in the nornal
target gene, but this is not required (see below). Anplifiable marker genes
and sel ectabl e marker genes suitable for selection are described herein.
The anplifiable marker 10. gene and sel ectabl e marker pgggne can be the sane
gene or their positions can be revgrsed. A selectapl e i§@8rker gene is
optional and the anplifiable marligg8 gene is only reg- ed when

anplification is desired. The sel@t abl e marker anfl/ o nplifiable marker
can be positioned between 15 thd@&plice-donor sitp arft he second
targeting sequence in the targetﬁ;ﬂ construct. The|indgyporation of a
specific CAP site is optional. TI#&8reqgulatory r on, P site, and
splice-donor site can be isol atels a conpl ete t E

[

[l

/

1| hEPOIntron) m

o of o

o3 g% o b
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fromthe hiW@gs/aséngati on factor-1[err] (EF-1a; Genbank se-pcifusegingase
HUMEF1A) gene or the cytonegal ovirus (CW, Genbank sequence HEHCWP1)

i mredi ate early region, or the conpo- nents can be assenbled from an
appropriate conponent isolated from dSngent genes (such as the mMr-|
pronoter and CAP site, and exon 1 and™a Splice donor site fromthe 25 hGCH
or hEPO genes. O her approaches can be enpl oyed, for exanple, the first and
second targeting sequences can correspond to sequences in the first intron
of the GWCSF gene. Alter- natively, a targeting construct simlar to that
described 30 for the [err]-interferon can be used, in which the targeting
construct is designed to include a first targeting se- quence honol ogous to
sequences upstream of the Gt CSF gene, an anplifiable marker gene, a

sel ect abl e marker gene, a regulatory region, a CAP sjte, a splice-donor 35
site, an intron, a splice acceptor site, and a second -101- targeting
sequence correspondi ng to sequences downstream of the first targeting
sequence. In any case the second tgqg il ng sequence does Eﬁgﬂeed tolie

i edi at el y adj 0_0r_nea st 5 targeting se e in the
nor mal gene, &R‘ﬁ”haﬁ BEQAMEN 6f t he agr mal S@edt r eam region are
del et ed upon honol ogous rgﬁq;,nlbi Ny g

ltiple

EcoRl
Sacl
BamH1
Xbai
Sall

Hind3 EcoR1
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non- codi ngWR95%180ng exons can be present in the targetingPCwUshs06Ss
Genomi ¢ DNA corresponding to the upstreamor 10 intron regions of the
human GW CSF gene for use as target- ing sequences and assenbly of the
targetiing construct can be perfornmed using reconbi nant DNA net hods known by
those skilled in the art. As descrhpﬁ hereln a nunber of sel ectable and
anplifiable markers can be used in targeting constructs, and the
activation can be effected in a | arge nunber of cell-types. Transfection of
primary, secondary, or imortalized human cells and isol ation of

honol ogousl y reconbi nant cells expressing G\ CSF can be acconplished using
t he net hods described in Exanple 4, 20 wusing an ELI SA assay for hunan

GWt CSF (R&D Systens, M nne- apolis, MN). Alternatively, honol ogously
reconmbi nant cells nmay be identified by PCR screeni ng as descri bed above.
The isolation of cells containing anplified copies of the anplifiable

mar ker gene and the activated GWCSF 25 |locus is perfornmed as described
above. G CSF The human G CSF gene (CGenbank sequence HUMGCSFG encodes

204- 207 am no acid precursor protein containing a 30 am no acid signal
peptide. The gene contains five 30 exons and four introns. The first exon
encodes 13 am no acids of the S|gnal eptide. Figure 13 schematically
illustrates a strategy for acti t-he > CSF gene. The targeting
construct is designed to inclugde a target- ing sequence honol ogous to
sequences upstream of the gene,

Sal

FIGURE 4
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-102- an aMesaisdel e nar ker gene, a sel ectabl e marker genepcanusegesdsad ory
region, a CAP site, an exon which encodes an am no acid sequence which is
identical or functionally equivalent to that of the first 13 am no acids of
the 5 G CSF signal peptide, a spllce gnor site, and a second targeting
sequence correspondi ng to sequences danstrean1of the first targeting
sequence. By this strategy, hono- | ogously reconbinant cells produce an
MRNA precursor which corresponds to the exogenous exon and splice-donor
site, 10 the second targeting sequence, any sequences between the second
targeting sequence and the start codon of the G CSF gene, and the exons,
introns, and 3' untranslated region of the G CSF gene (Figure 13). Splicing
of this nessage results in the fusion of the exogenous exon to exon 2 of 15
t he endogenous G CSF gene whi ch, whenHinans| ated, wi]l produce G CSF. The
ability to functionally SUbStItUER”ﬁh‘ first 13 amno acids of the normal

G CSF signal peptide with those presep thgve4gg§ﬁous exon allows one to
make nodifications in the sj Pe 20 secretory
properties of the pro ' & he flrst and second
targeting sequencAMRIe £BodEt gene, but

thtrs is not required. - does not need to lie
i mredi at el y adj acent sto/or 25 near the flrst’tar'-f;ng sequence in the
normal gene, such I6S splice

junction

pBR322
ori
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that porti orf¥08%3186f gene's normal upstreamregion are del etﬁe‘dr,?@gﬁ‘ 45
honol ogous reconbi nati on. The anplifiabl e nmarker gene and sel ecta & ‘rar ker
gene can be the sanme gene or their positions can be reversed. A selectable
30 marker gene is optional and the anplifiable marker gene is only

requi red when anplification is desired. The select- able marker and/or
anplifiable marker can be positioned b%bween the splice-donor site and the
second targeting sequence in the targetlﬁ construct. The incorporation of
35 a specific CAP site is optional. The regulatory region, -103- CAP
site, and splice-donor site can be isolated as a conplete unit fromthe
human el ongation factor-la (EF-1[err]; Genbank sequence HUMEF1A) gene or

t he cytonegal ovirus (CW,; Genbank- sequence HEHCWP1) i mmedi ate early
region, 5 or the conponents can be assenbl ed from an, appropri ate conponent
isolated fromdifferent genes (such as the nMI-I pronoter and CAP site, and
exon 1 and a splice donor site fromthe hGH or EPO genes. Miltiple
exogenous exons, coding or non-coding, can be used in the targeting con- 10
struct so long as an ATG start codon which, upon splicing, will be in-frame
with the mature protein, is includednm@ogne of the exons. . Cther
approaches may be enpl oyed, for exanpje, the first and second targeting

sequences can corgg&gmﬂ&o

EcoRI (11070)

EPO upstream sequence

BamHI (5163)

FIGURE 6
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15 sequemaessassot he first ‘intron of the G CSF gene. Al t @OTASS/06648 Yy, a
targeting construct simlar to that described for the [err]-interferon can
be used, in which the targeting construct is designed to include a first
targeting se- quence honol ogous to sequences upstream of the G CSF gene, 20
an anplifiable marker gene, a selectable marker gene, a regulatory region,
a CAP site, a splice-donor site, an intron, a splice acceptor site, and a
second targeting sequence corresporfdil®y to sequences downstream of the
first targeting sequence. 25 Genomi ¢ DNA corresponding to the
upstreamor intron regions of the human G CSF gene for use as targeting
sequences and assenbly of the targeting construct can be perfornmed using
reconbi nant DNA net hods known by those skilled in the art. As described
herein, a nunber of 30 selectable and anplifiable parkers can be used in
the targeting constructs, and the activation can be effected in a |arge
nunber of cell-types. Transfection of primary, secondary, or imortalized
human cells and isol ati on of honol ogously reconbi nant cells expressing

G CSF can be 35 acconplished using the nethods described in Exanple 4,
-104- using an ELI SA assay for human G CSF (R&D Systens, M nne- apolis,

. Alternatively, ho reconbl nant cel e identified by PCR
M) A ternatively,  NOnRRSCBR L th kg fd HTTbeD y
Cell Line 52 Under MTX Selection

100000

40000

hEPO (mU/million cells/day)

20000

10000

0 0.01 0.02 0.05 01 02 04
Methotrexate (M)

Figure 7
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above. Thewp9sBmeo on of cells containing anplified copies pcr/otosiobsas
anplifiable marker gene and the activated [err]-interferon locus is
performed as described above. FSH err] The human FSH err] gene (Genbank
sequence HUMFSHL1) en- codes a 129 amino acid precursor protein containing a
16 10 anino acid signal peptide. Thé&/dne contains three exons and two
introns, with the first exon being a non-coding exon. The activation of

FSH err] can be acconplished by a nunber of strategies. One strategy is
shown in Figure 14. In this strategy, a targeting construct is designed to
15 include a first targeting sequence honol ogous to sequences upstream of
the gene, an anplifiable marker gene, a selec- table nmarker-gene, a

regul atory region, a CAP site, an exon, a splice-donor site, and a second
targeti ng sequence correspondi ng to sequences downstream of the first
target- 20 1ing sequence. By this strategy, honol ogously reconbinant cells
produce an nmRNA precursor which corresponds to the exogenous exon and
splice-donor site, the second tarHjedilitj48kquence, any sequences between the
second targeting sgchg poalers P tsggggi;pn xbiesae FSH err] gene, and the
25 exons, introns nd‘ :

(Fi-gure 14) Spl |mmgzni
exogenous exong iy R
transl at ed, can pro uce
targeting sequences are @
but this is not requirg

in the fusion of the

H[ erigig (126he whi ch, when

y the first and second

\N the normal target gene,

S |nned|ately adj acent

ﬁEﬁfﬁQ&nl
CMV promoter

pREPO15
11.5Kb

TATA box

EcoRI(8528)

BamHI (3537)

FIGURE 8
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Ot her appra@deséecan be enpl oyed, for exanple, the first apes :
targeting sequences can correspond to sequences in the first intron of the
FSH err] gene. Alterna- -105- tively, a targeting construct simlar to
that described for the a-interféron can be used. In this strategy, the
targeting construct is designed to i flidde a first target- ing sequence
honol ogous to sequences upstream of the FSH err] 5 gene, an anplifiable

mar ker gene, a sel ectable nmarker gene, a regulatory region, a CAP site, a
splice-donor site, an intron, a splice acceptor site, and a second
targeti ng sequence correspondi ng to sequences downstream of the first
targeting sequence. The second targeting 10 sequence should not extend
further upstreamthan to posi- tion -40 relative to the normal FSH err]
transcriptional start site in order to av®id undesired ATG start codons. In
t he honol ogously reconbi nant cells, an nf8lA precursor is produced which

i ncl udes the exogenous €xon, splice-donorgl site, intron, spl i ce-acceptor

site, second targeting sequence, and humeh FSH err] codifng exons, intron
and 3' un- translated sequences. Splicing of this nessade will generate a
functional nMRNAgwhich can be translated to produce hun@r FSH err]. The size
of the intron a@thhus the 20 position of §he regul atgrly region relative
to the codi ng rggijon of thejgene can be véﬁied to optimjze the function
a . = - &
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of the regiyqaizpdgy r€gion. n any activation strategy, thepcpusysbhéssr geting
sequence does not need to lie imedi ately adjacent to or 25 near the first
targeting sequence in the normal gene, such that portions of the gene's
normal upstream regi on are del eted upon honol ogous reconbi nati on.
Furthernore, one targeting sequence can be upstream of the gene and one may
be within an exon or intron of the FSH err] gene. 30 The anplifiable
mar ker gene and sel ectabl e marker gene can be the sanme gene, their
positions can be reversed, and q@gfpr both can be situated in the intron of
the targeting construct. Anplifia 1e mar ker genes and sel ect abl e mar ker
genes suitable for selection are de- 35 scribed herein. A selectable

mar ker gene is optional and -106- the anplifiable marker gene is only
required when anplifi- cation is desired. The incorporation of a specific
CAP site is optional. Optionally, exon sequences from anot her gene can be

I ncluded 3" to the splice-acceptor site and 5° 5 to the second targeting
sequence in the targeting con- struct. The regulatory region, CAP site,
exon, splice-donor site, intron, and splice acceptor site can be isolated
as a conplete Lglgeqoase human el ongation factor-la (EF-1a; Genbank
sequence HUVEF1%A) e the 10 cytonegal ovirus (CW,; Genbank sequence
HEHCWP1) i nmedi at e

BamHI Belll/EcoRI
T1 HF T1 HF Kb
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early regi ¥Q931560he conponents can be assenbl ed from appr eRRbS 0645
conponents isolated fromdifferent genes. 1n any case, the exogenous exon
can be the sanme or different fromthe first exon of the normal FSH err]
gene, and nultiple 15 exons can be prﬁient in the targeting construct.
Genom ¢ DNA corresponding to the upst 4 region of the FSH err] gene for
use as targeting sequences and assenbly of the targeting construct can be
performed using reconbi - nant DNA net hods known by those skilled in the
art. As 20 described herein, a nunber of selectable and anplifiable markers
can be used in the targeting constructs, and the activation can be effected
in a large nunber of cell-types. If desirable, the product of the activated
FSH err] gene can be produced in a cell type that expresses 25 the human
gl ycoprotein a-subunit, the product of which forns a heterodiner with the
product of the FSH err] gene. This n#pdIB&I3428hat ural |y occurring cell strain
or line. Alternatively, the hu ﬂk%‘? Pr Qe tshs)as it gene (Genbank
seqguence HUNELYCAl)Agﬁn he co-express-g 'thttﬁexgé%ﬁﬁroduct of the

FSH err] gene, with 5 RO- expressi on \akcco 0 |shgd.p¥?§fpression of the

human gl ycopr ot e| n.a- sUbuni\, genceeuEtiis of a suitable
pronoter, or bygﬁﬂ?ﬁggﬂ A5 ferr] -subunit gene
t hrough t he nmet hods descri p€d} n. 35 primary,

) cells and isol a-

hGHexonl

CMYV promoter

pREPO18
134 Kb
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-107- ti onVWR93AM ogousl y reconbi nant cells expressi ng FSHcavusps/assss be
acconpl i shed using the nethods descri bed above using an ELI SA assay for
human FSH err] (Accurate Chemi cal and Scien- tific, Westbury, NY).

Al ternatively, honol ogously recom 5 binant cells nay be identified by PCR
screening as de- scribed above. The t36}%tion of cells containing anpli-
fied copies of the anplifiable marker gene and the acti- vated a-interferon
| ocus is perfornmed as descri bed above. Equivalents 10 Those skilled
in the art will .recognize, or be able to ascertain using not nore than
routi ne experinentation, many equivalents to the specific enbodi nents of
the inven- ti scri bed hereip. Such equivalents are intended to be
enconpassed By /t he, fol | owi ng cl pi ns. -108- CLAIMS 1. A construct
which alters ressi on of targeted DNA sequence in afcell when said
DNA construct | ogously rgeconbined with a target site wthin the

chr onosomal cell, sajd DNA construct conpri sing:
targeting s eg h genomic DNA within or u

DNA sequenca, ) an a regul atory sequence;
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(e) an i woesgi1send (f) a splice-acceptor site. 2. The HovAUsosos4s uct of
claim1 wherein the targeting sequence is honol ogous to a sequence within
the targeted DNA sequence. 3. The DNA construct of claim1 wherein the
targeting sequence is honologous to a s?quence upstream of the coding
region of the targeted DNA sequence. The DNA construct of claim1l
wherein the targeting sequepce is honDIogous to a sequence upstream of the
endogenous regul atory sequepce of the targeted DNA sequencej 5. The DNA
construct of claim1 mheregg;the construct further conprlss'qa econd
targeting sequence honol ogt% to a sequence within the t ar 8% ed DNA
sequence. 6. The DNA cons®Ruct of claiml wherein the con&g=au further
conprises a second targetinj sequence honol ogous to a sequepce stream of .
the coding region of the tafgeted DNA sequence. 7. The PNA coNstruct of
i i i sequence
quence of
onprising a

trgam of the endogenous regul atpry
the targeted DNA sequence. g8 ZA honol ogousl y reconbi nant :
regul atory sequence, an ex&H & splice-donor site, an intr&®a
splice-acceptor site introduced by honol ogous reconbi nati on| upst

cell of -claim8 wherein thejtargeted DNA sequence encdﬁes [
10. The honoljogously reconfaant cell of claim38 wherg Ny

sequence erc@d]s eryt hropoggkin. N g
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11. A met hewb s¥i31880ki ng a honol ogousl y reconbi nant cell whemperusbdiseoas
expression of a targeted DNA sequence is altered, conprising the steps of:
(a) transfecting a cell with a DNA construct, the construct conpri sing:

(1) a targeting sequence honol ogous with genomic DNA within or upstream
of the DNA sequence; (ii) a regulatbf{13equence; (iii) an exon; (iv) a
splice-donor site; (v) an intron; and (vi) a splice-acceptor site; to
generate a transfected cell, wherein the targeting sequence directs the
integration of elenents (ii)-(vi) such that they are operatively linked to
the targeted DNA sequence; and -110- (b) mai nt ai ni ng the transfected
cell under conditions apprqpriate for honol ogoug reconbi nati on thereby

produci ng a honol ogous recdnbi nant cell. 12. A honol ogously reconbi nant
cel | produced by the nmethoggof Claim11. 13. A ggthod, of altering the
expression of a targeted O sequence in a cel | i sing the steps of:
(a) transfecting the cel Ig@&ith a DNA constructjss onstruct conpri sing:
(i) a targeting sequences ] within or upstream
of the DNA sequence; (ii) [ i) an exon;
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(iv) a splwoessissmr site; (V) an intron; and (vi) a splpEBudss6RE Or
site; to produce a transfected cell, wherein the targeting sequence directs
the integration of elenments (ii) - (vi) such that they are operatively
linked to the targeted DNA sequence; (b) mai ntai ning the transfected cel
under conditions appropriate for honol ogous reconbi nati on thereby producing
a honol ogously reconbi nant cell; and %415 maintaini ng the honol ogously
reconbi nant cell under conditions appropriate for expression of the
target ed DNA sequence. 14. A nethod of making a protein by altering the
expressi on of a DNA sequence that encodes the protein in a Eell, conprising
the steps of: 111 (a) transfecting the cell with a DNA gonstruct, the
construct conprising: (i) a ftargeting sequence honol ogous{w th genom c
DNA wi thin or upstream of theg@NA sequence; (ii) a.regul gaory gequence,
(iti) an exon; (iv) a splic-gy1nor site; (v) an intron; ji#hd (Yyi) a
splice-acceptor site; to prodg#e a transfected cell, wherei@thejtargeting
sequence directs the integratigg of elements (ii) - (vi) sSgh that they are
operatively linked to the tar§  ed DNA sequence; . -

5
-
a s -
1 _ I I
o8 . Né
e = £z ==
<
uQ%‘s
%35 —
=]
~ N =
—
5 & £
- S ]
e o
L ‘—‘g
-
28
z
|| a
2
™ L o
& 3 .
“ (-4
§ 8% §
2 §§ T |
5 £3 5
- S 8§ <

SUBSTITUTE SHEET (RULE 26)



\

(bf mhi nt ai ni t he transfected cell under conditions appropriate for
honol ogously r Muw t her eby produci ng a honol poeesty—recormH-1F
|'mlr}”/ honol ogousl y reconbi namMERLACENENd eFrAEET

cell; and (c) ¢ ssi on the protein.}{15. T i agof
e 15 B

conditions appropriaté for
Claim 14 wherein the targeted gene is a- i nter f er onl| Gatees..oe .. & 200

eryt hropoigj | ne. 16. The honol ogously reconbi nant )
wherein thgi'%-i nterferon is human a-interferon. 17. The honol ogously

reconbi nang cejl il ichaRES] ,Etﬁ.eﬁ { LaLd FyN
eryt hropo?fe’ti nl.k 1)1ng % DNAt(]‘}nggt r ucl? t%% af(%ﬁeérﬁrsgt g&%(;igli@g?%%ﬂgglmaaw CSF
(col ony stdemiyRéd £9d DICA Gonstrdt 4 REMbRIZORAY F0EHISThed Wi d Arger Gt lwinhign said
DNA construct is -112- honol ogously reconbined wth a target site within
t he chr onohe ohionidyémal DNZeof thelcell seid DNA 8bfistitict comrising:ng: (a) a

targeti ng sequence honol ogous with genomic DNA within or upstream of the
GVt CSF DNA sed@aknces tageting sequeace hamologowewitle gemymic ONA withis oo mpsteeach ( d)

a splice-donor site. 19. The DNA construct of claim 18, wherein, upon

i nt egrati on ofoftthe DNbhsequgaee;i nt o chronosomal DNA, the regul atory sequence
of (b), the exon of (c) and the splice- donor site of (d) are integrated
upst ream of exBh 1 #¥eXoBe GMW CSF gene, and upon transcription and splicing,

the splice- don((():)r Siz{reeggfatog'g)se(ilu%ngg iced to the splice-acceptor

(d)  asplice-donor site;
(e} an intron; and

® a splice-acceptor site.

2. The DNA construct of claim 1 wherein the targeting sequence is homologous to

a sequence within the targeted DNA sequence.

3. The DNA construct of claim 1 wherein the targeting sequence is homologous to

a sequence upstream of the coding region of the targeted DNA sequence.

4. The DNA construct of claim 1 wherein the targeting sequence is homologous to
a sequence upstream of the endogenous regulatory sequence of the targeted DNA

sequence.

5. The DNA construct of claim 1 wherein the construct further comprises a second
targeting sequence homologous to a sequence within the targeted DNA

sequence.

6. The DNA construct of claim 1 wherein the construct further comprises a second
targeting sequence homologous to a sequence upstream of the coding region of the

targeted DNA sequence.



sife of'the sec exon of the GwW CSF gene. 20. The DNA construct of claim
18 wherein the regul at ory Sequenee-conprises a pronoter. 21. The DNA

construct of cl ai Lo conpri sing a DNA sequ ncodi g a

sel ectabl e mar ke”"[ﬂ”"[ﬂ&@ﬁw nstrugdg of claim2 %%Piﬁégmgé’ ESTng an
anplifiable markef géene: s DNA construct of clipim 189vhessN ndgghe [jexon
conprises a CAP site. 24. The DNA construct of clai ,_ngi/xn'e'r'ei"n"t'hemex:n
further conprises the nucl eotide sequence ATG -113- 25. The DNA

construct of chii DNAcHREGS of i £Xerdin! iHe@nstui iR TotptREN 4Secdaguence
which is in-frame wwth the G CSF gene. 26. The DNA construct of claim 25

wher ei n t hargeting sgqueacykomnelopsust foea Seyiencesupsitean @fithe eﬁdiigemeregfxlatdﬂﬁ first
exon of the GW CSF gene. 27. The DNA construct of claim?25 wherein the

codi ng segequenee of thei thfgetedIDNAr sequdnige. codi ng sequence of the first exon of
the GV CSF gene. 28. The DNA construct of claim25 wherein the targeting
sequence i s honol ogous to a sequence within the GW CSF gene. 29. The DNA
construct of claim25 wherein the targeting sequence is honol ogous to a
sequence st rddemelogonsly deeamhinant gelb comprising agoedaiory; Spquencsp anfxen A
construct of, cl aim25 wherein the targeting sequence is nol ogous to a
sequence (APSCFHIORODFAIEHAN ERTORYER asspﬂ'gaﬁpa%wsg%%%@eg?bw@%@mesr: gene.

31. The DNA t t of claim 29.wherei h t furth '
second t angErTGEalRRsReat ol i8] ot elbrota BrelDNA eanbticka "t or got ea DNA”

sequence.

9. The homologously recombinant cell of claim 8 wherein the targeted DNA

sequence encodes a-interferon.

10. The homologously recombinant cell of claim 8 wherein the targeted DNA

sequence encodes erythropoietin.

11. A method of making a homologously recombinant cell wherein the expression of
a targeted DNA sequence is altered, comprising the steps of:
(@) transfecting a cell with a DNA construct, the construct comprising:
) a targeting sequence homologous with genomic DNA within or
upstream of the DNA sequence;
(i) a regulatory sequence;
(iii) anexon;
(iv)  a splice-donor site;
) an intron; and
(vi)  a splice-acceptor site;
to generate a transfected cell, wherein the targeting sequence directs
the integration of elements (ii)-(vi) such that they are operatively linked

to the targeted DNA sequence; and



32." The 'DNA Tonstruet—of _claim 25 wherein the construct further conprises a

second target sequence honol ogous to a sequence Upsk [T e —ctodyng
regi on of the“ Lﬂ'ﬂ] The DNA construct of L?cﬁgf,ﬁg%%ﬁttséﬁﬁ—rt e
construct fur < Mﬁmsecond targeting sequenﬁgtehb UANJO8g t o
sequence upstream of tHe &nddbgenous re yhat ory sequgnce oF THe "G CSF gene.
-114- 34. The DNA construct of claim25 wherein the G CSF gene encodes a

t herapeutic protein. 35. The DNA construct of claim 18 further conprising a
second targeting sequence. 36. The DNA construct of claim 18 wherein the
exon encodes t{p fimaintdifindthd@amtdcitsl il vnder &viditiins RppfopriaR fopr otei n. 37.
The DNA construct of claim 18 wherein the exon encodes a sequence that is
functional |y equi valkemoélogoustieeomhbinadiorbherby peoducinga kdmoibgousiveédmbipsigcur sor
protein. 38. A nethod of producing a honol ogously reconbi nant cell wherein
the expression of aceli CSF gene is altered, conprising the steps of: (a)
transfecting a cell containing a GW CSF gene with the DNA construct of any
one of clainms 18-37 thereby producing a transfected cell; and (b)

mai ntai ni ng. the transfected cell under conditions appropriate for

honol ogousli4-ecthsmelegaysly rﬁm@WtWBMWQdBYMP%Q@)G Grimetbnbi nant

cell. 39. The honol ogously reconbi nant cell of claim 38 wherein the cell is
a eukaryotic cell. 40. The honol ogously reconbi nant cell of claim 39

wherein t hﬁ.ceAlmétﬁogfoffalf{égﬁllg’ th%le%?)%‘éss%n ) zllccra%'lge%rdl BNA sequence in a cell,

comprising the steps of:

(@  transfecting the cell with a DNA construct, the construct comprising:

O a targeting sequence homologous with genomic DNA within or
upstream of the DNA sequence;

(i)  aregulatory sequence;

(iii) an exon;

(iv)  a splice-donor site;

(v)  an intron; and

(vi)  a splice-acceptor site;

to produce a transfected cell, wherein the targeting sequence directs the

integration of elements (ii) - (vi) such that they are operatively linked to

the targeted DNA sequence;

(b)  maintaining the transfected cell under conditions appropriate for
homologous recombination thereby producing a homologously
recombinant cell; and

(¢)  maintaining the homologously recombinant cell under conditions

appropriate for expression of the targeted DNA sequence.

14. A method of making a protein by altering the expression of a DNA sequence

that encodes the protein in a cell, comprising the steps of:



41 The homol ogously reconbinant cell of clai m40 Viheeeigoedheys SLE=+ )| of
vertebrate ori—q’rﬂ.——'—REPI:ACENEr\ﬂ' SHEET 42. The hopol ogously rec nﬁ

cell of claim4 S Dl (i e | is a primary or M@Qﬁ@.wm cell.
43. The honol og ! “I b I Icell‘_rﬁlg claim 41 T S e a

primary or seco sl . “honol ogousl y reconbi nant cell of
claim4l wherein the cell is an imortalized nammalian cell. 45. The

honol ogousl y r, Omﬂlaﬂﬂﬁ%’ | °$‘F"‘%‘ ' l ool .
imortalized tg man ce m%{h%fgg‘ﬁgﬁib ogously ?é(@%én%?ﬁgﬁ‘%t cggfpﬁrﬁglg'cl aim41
wherein the cell ipsel ariafibribg aucie: BRIBLGRNAHP kO DNATHIHR o el | <,
HeLa cells and derivatives of La cells, -7 breast cancer cells, K-562
| eukem a cells, KB carci]mﬁ&m@fﬂ@,bﬂﬁ%q&mu rian carcinoma cells, Raji
cells, Jurkat cells, Namalwa cells, HL-60 cel?s, Daudi cells, RPM 8226
cells, U937 cell s, (iipowesreitlatrpsequentd; s, W - 38VAL3 subline 2R4 cells, and
MOLT-4 cells. 47. A honol ogously reconbi nant cell produced by the nethod of
cl ai m 38. 48. A hortiilogamsixgny econbi nant cel |l which expresses a Gw CSF,
said cell having incorporated therein a new transcription unit, wherein the
new transcription Mt domBbice-deBordittexogenous regul atory region, an
exogenous exon, and an exaogenous splice-donor site operatively linked to a
splice-acceptor si t®) of 2’fil14'&151;74’@'5311"‘19ene present in the cell as obtained.

(vi)  a splice-acceptor site;

to produce a transfected cell, wherein the targeting sequence directs
the integration of elements (ii) - (vi) such that they are operatively
linked to the targeted DNA sequence;

(b)  maintaining the transfected cell under conditions appropriate for
homologously recombination, thereby producing a homologously
recombinant cell; and

© maintaining the homologously recombinant cell under conditions

appropriate for expression of the protein.

15. The method of Claim 14 wherein the targeted gene is an o-interferon gene or an

erythropoietin gene.

16. The homologously recombinant cell of Claim 9, wherein the a-interferon is

human o-interferon.

17. The homologously recombinant cell of Claim 10, wherein the erythropoietin is a

human erythropoietin.

18. A DNA construct which alters the expression of a GM-CSF (colony stimulating

factor-granulocyte/macrophage) gene in a cell when said DNA construct is



-116- 49. The_homnl ogously reconbi nant cell of claim48 wherein the
exogenous regul atory regi on, the exogenous exon, and the exogenous
splice-donor si [ y linked to the endogensetts—spli

site of the seiﬂlﬂﬂﬂﬂﬁmﬂﬂﬂm CSF gene. 50. A neth@EALacEMEMUSIST
GM CSF conpri si rfg frai At af nifg *t he homgj pgously reconbf nant f | of&ai
or claim49 under conditions appropriate for the pro J@Iatean..gf J% .
A nmet hod for produci ng Gw CSF, conprising the steps =t
cell containing a GWCSF gene with the DNA construct of any one of clains
18- 37, t heticavlogousutogbined withsd acget dit€ @lithin the)chronidyoniaRDNA Of tHeecell,
transfected cell under conditions appropriate for honol ogous reconbi nation
t o occur, saideconstrugirootpeising: a honol ogously reconbi nant cell; and (c)

mai nt ai ni ng the honol ogously reconbi nant cell produced in step (b) under
condi ti ons app@bpr i atacgetiog sequenpe homologoss with ghnadsE DISA. withifDidA upstrestr uct
which alters the expression of a G CSF gene in a cell when said DNA
construct is honol o¥fdhe GMHASTOPNAsafugneeh a target site within the

chr onosonal DI\@ of the cell, said construct conprising: (a) a targeting
sequence honol 8Yous TEHRIFE FBAHCACEHINA wi t hi n or upstream of the G CSF gene;
(b) a regul atory sequence: (c) an exon; and (d) an unpaired

spl i ce-donor Z(tﬁe an exon; and

(d) a splice-donor site.

-------------------

19. The DNA construct of claim 18, wherein, upon integration of the construct into
chromosomal DNA, the regulatory sequence of (b), the exon of (¢} and the splice-
donor site of (d) are integrated upstream of exon 1 of the GM-CSF gene, and upon
transcription and splicing, the splice-donor site of (d) is spliced to the splice-acceptor

site of the second exon of the GM-CSF gene.

20. The DNA construct of claim 18 wherein the regulatory sequence comprises a

promoter.

21. The DNA construct of claim 20 further comprising a DNA sequence encoding a

selectable marker.

22. 'The DNA construct of claim 20 further comprising an amplifiable marker gene.

23. The DNA construct of claim 18 wherein the exon comprises a CAP site.

24. The DNA construct of claim 23 wherein the exon further comprises the

nucleotide sequence ATG.



53. The' DNA consi—ﬁuet——ef_ciaim 52 wherein, upon inteqrarian of fhe -
construct into chromosonal DNA, the regul atory sequ (5)‘” Thee

(eyy and nne s A R ) 20 50, el Sohc =

g
52 wherein the regul at ory deqdente con'grfses a pronoter. 55. The DNA
construct of claim54 further conprising a selectable marker gene. 56. The
DNA const rqct r r .gene
57, The: DN conis PAVA Ebntrciof SEimCATRAL RN fhe ol Rt BBl 4 fouilE'S
58. The exon further conprises the
nucl eot i de equeﬁ‘{:ﬂg&{,&‘ls'%ﬁ f{?n% @ﬁgzﬁﬁﬁ:gﬁg“téﬁh& of claim58 wherein the exon
further conprises a coding sequence which is in-frame with the G CSF gene.
60. The DNA construct of claimb59 wherein the coding sequence is the sane
as the codi6)g FieoDNC comtrutief dlain 25 whetein the dudifg eftergerie thebshmeldsethONA
construct of claimb59 wherein the coding sequence is different fromthe
codi ng secmodingsseqierichef the fitst esomnofathe GM-(SIOg&megene. 62. The DNA construct
of claimb59 wherein the targeting sequence is honol ogous to a sequence
within the G CSF gene. 63. The DNA construct of claimb59 wherein the
targeting sequence is honol ogous to a sequence upstream of the coding

regi on of ke '@@Nl‘géﬂ’éﬁﬁ%ﬂ(’f dlaim BRavheseis: the cpdipg sequenge sodiffesensifrom he
targeting nce i s ho ous to upstream of the endogenous
regul at or}ﬁggﬂ‘ﬁgﬁéﬁq"ﬁ"? ’(‘ﬁlﬂﬁ%ﬁgtheégl‘f&ﬁg%ﬁﬁ construct of claim63
wherein the construct further conprises a second targeting sequence

honol ogous to a sequence within the G CSF gene.

28. The DNA construct of claim 25 wherein the targeting sequence is homologous

.....

to a sequence within the GM-CSF gene.

29. The DNA construct of claim 25 wherein the targeting sequence is homologous

to a sequence upstream of the coding region of the GM-CSF gene.

30. The DNA construct of claim 25 wherein the targeting sequence is homologous

to a sequence upstream of the endogenous regulatory sequence of the GM-CSF gene.

31. The DNA construct of claim 29 wherein the construct further comprises a
second targeting sequence homologous to a sequence within the targeted DNA

sequence.

32. The DNA construct of claim 25 wherein the construct further comprises a
second targeting sequence homologous to a sequence upstream of the coding region of

the GM-CSF gene.

33. The DNA construct of claim 25 wherein the construct further comprises a
second targeting sequence homologous to a sequence upstream of the endogenous

regulatory sequence of the GM-CSF gene.



66. The' DNA constr uc uct of claimb59 wherein the construct further cormrn ses a
second targeting sequence honol-ogous to a sequence up§ WC\% 0
region of the G DNA construct of clgi er el n t
construct furthe Eﬂgﬂﬂé nd tgygeting sequen:eDQ%Jm BgdﬁHMa
sequence upstream*of ct us regul atory sequenge o
68. The DNA construct of claim52 wherein the G CSF gene encodes a
therapeutizy, prpﬁ@qjNAGe%nsThfct%Fa%Sﬁs Yehergin %@'GW lgl,e EQER 4SI Ng a
second targeting sequence. The DNA construct of c wﬁer el n the
exon encootﬁ&a?éuti@ Proimci d sequence which is identical to the first 13
amno acids of the G CSF signal peptide. 71. The DNA construct of claim52
wherein the exon encodes an am no acid sequence which is functionally
equivalent to the first 13 am no acids of the G CSF signal peptide. 72.
A net hod d¥5. priwudNAgcensirectfaipims] 8/ furthepodmprasing & sédondhargeting selqeence.
expression of a GCSF gene is altered, conprising the steps of: (a)
transfecting a cell containing the G CSF gene with the DNA construct of one
of clainms 52-71, thereby producing a transfected cell; and (b)

mRi nt ai ni AP- t hEhe DA cansteuet of claimpkfewhersinithe exen ensedesoiiefizst 6 amino

honol ogous rec t her eb roduci ng a honol ogously reconbi nant

cell. 73. @F@#%&%‘%W‘Eé@ PlYht cell of the method of claim 72
wherein the cell is a eukaryotic cell. 74. The honol ogously reconbi nant

cell of claim73 wherein the cell is of fungal, plant or animal origin.

37. The DNA construct of claim 18 wherein the exon encodes a sequence that is

functionally equivalent to the first 50 amino acids of the GM-CSF precursor protein.

38. A method of producing a homologously recombinant cell wherein the expression
of a GM-CSF gene is altered, comprising the steps of:
(@) transfecting a cell containing a GM-CSF gene with the DNA construct of
any one of claims 18-37 thereby producing a transfected cell; and
(b)  maintaining the transfected cell under conditions appropriate for
homologous recombination, thereby producing a homologously

recombinant cell.

39. The homologously recombinant cell of claim 38 wherein the cell is a eukaryotic

cell.

40. The homologously recombinant cell of claim 39 wherein the cell is of fungal,

plant, or animal origin.

41. The homologously recombinant cell of claim 40 wherein the cell is of vertebrate

origin.



75. Thé honol ogously reconbi nant cell of claim 74 wherein the cell is of
vertebrate ori-gi-n.--76._The_honol ogously reconbi nant ceft—ot—ctaFrwrro
wherein the cell is a primary or secondary mammal i an cie|REPLACEMENT SHEET

honol ogously re ’m" cl ai puZ5 wherein the el l it aipN 1888y
secondary hurranf ’mﬁpﬂmmmﬁrml oggggl y reconbi nant jj dité Jﬁ--«%ﬁi-m#&-
wherein the cell *is®ant i Mokt aki zed mammal i an cel|l. 79%==H ’
reconbi nant cell of claim75 wherein the cell is an imortalized hunman
cell. 59. The hbERgaaERY séconibis@pbiinantlabelll wierdih ahetelbisWhsrigany drhe cel |
I's selected fromthe group consisting of: HT1080 cells, HelLa cells and

deri vati vegondar mdidnscellMCF- 7 breast cancer cells, K-562 | eukenm a cell s,
KB carcinoma cells, 2780AD ovarian carcinoma cells, Raji cells, Jurkat
cells, Namalwa cells, HL-60 cells, Daudi cells, RPM 8226 cells, U 937
cells, Bowes Melanonma cells, W-38VAL3 subline 2R4 cells, and MOLT-4 cells.
81. A hon#3.0g®he hgmolagously mecombiusnt cglt oficlaia 4bywherein the epdlis ¢f prémanyrer72. 82.
A honol ogously reconbi nant cell which expresses G CSF, said cell having

I ncor por aseegn mgmangehew transcription unit, wherein the new
transcription unit conprises an exogenous regulatory region, an exogenous
exon, and an exogenous splice-donor site operatively linked to a

The :ﬁﬁ&if%@ﬁb%%ﬁsﬁ%@g& Fécomb Bng ol oot herflr afSgdlafat™ **

i 2 , d h [ i - d [
;?3“OS%?;{*P%%R%M%A%E@%?%%%@EZﬂouinspf 'ce acceptor oite of the second
exon of the

=

45. The homologously recombinant cell of claim 41 wherein the cell is an

immortalized human cell.

46. The homologously recombinant cell of claim 41 wherein the cell is selected
from the group consisting of: HT1080 cells, HeLa cells and derivatives of HeLa cells,
MCF-7 breast cancer cells, K-562 leukemia cells, KB carcinoma cells, 2780AD
ovarian carcinoma cells, Raji cells, Jurkat cells, Namalwa cells, HL-60 cells, Daudi
cells, RPMI 8226 cells, U-937 cells, Bowes Melanoma cells, WI-38VA13 subline
2R4 cells, and MOLT-4 cells.

47. A homologously recombinant cell produced by the method of claim 38.

48. A homologously recombinant cell which expresses a GM-CSF, said cell having
incorporated therein a new transcription unit, wherein the new transcription unit
comprises an exogenous regulatory region, an exogenous exon, and an exogenous
splice-donor site operatively linked to a splice-acceptor site of a GM-CSF gene

present in the cell as obtained.



G 'CSF gene. 84—A nethod for producing G CSF conprising naintaining the
honol ogousl y reconbi nant CTell of.claim82 or claim83 under,canditions
appropriateform Y¥eya ion of G CSF. 85. A neth

conprising the mmﬁ -Hﬂiansfeﬁgkpg acell c
with the DNA condtraucte Oly o cl ai 52-71, ther
transfected cel |; 121 (b) mai ntai ning the tran
conditions appropriate for honol ogous reconbi nation thereby producing a

honol ogousdy ThE QoM GI@RbUSK! tecobBindfd cell GRICM iRt ABNGhdra%n FRERKS y

reconbi nant cell produced in step (b) under conditions appropriate tor the

product i oregmﬂatﬁr)CSEgioﬁ,GtheTm(thkSuQQX@ﬁ,rMﬁi thehdxdizefbliesplidel@osorNifRSHeon of a
FSHB gene in a cell when said DNA construct is honol ogously reconbined with

a target eperativélyHinked e tidhemdogsnowms splivé-aoteptdresitecdf thesecshd exat o6fitHe
conprising: (a)a targeting sequence honol ogous with genomic DNA within or
upstream ganest intron of an FSH err] gene; (b) a regul atory
sequence; (c) an exon; and (d) an unpaired splice-donor site. 87. The
DNA construct of claim 86 wherein, upon integration of the construct into

chronoso DNA, th eqgul atory nce of (b), .the exon of (¢) and the
splice- %orA@P@OEf%{ g)’o g ﬁiﬁ%@ ERMBIIAE Anajptaiag ﬂaeahw@plqgﬁmlan 1 of
e ot Checkndii S0 of BfiL 48 TR e 48! c3Ralefdiippropriake for the """

production of GM-CSF,

51. A method for producing GM-CSF, comprising the steps of:

(@  transfecting a cell containing a GM-CSF gene with the DNA construct
of any one of claims 18-37, thereby producing a transfected cell;

(b)  maintaining the transfected cell under conditions appropriate for
homologous recombination to occur, thereby producing a
homologously recombinant cell; and

(¢)  maintaining the homologously recombinant cell produced in step

(b) under conditions appropriate for the production of GM-CSE

52. A DNA construct which alters the expression of a G-CSF gene in a cell when
said DNA construct is homologously recombined with a target site within the
chromosomal DNA of the cell, said construct comprising:
@ a targeting sequence homologous with genomic DNA within or upstream
of the G-CSF gene;
(b)  aregulatory sequence;
(c) an exon; and

(d)  an unpaired splice-donor site.



construct of cla 86 V\/nerel n the regul atory seguence=ee " prom)ter.

89. The DNA cons further conprif sH{avgr &=t mar ker
gene. 90. The | ai m §§4f urt her
mar ker gene. * 122 91 TI'1 onstruct of cl .:l

fiable
conprises a CAP site. 92. The DNA construct of S Wher ei n t he exon
further conprises the nucleotide sequence ATG 93. The DNA construct of

claim92 gher ghp DNA cdNftFuck of clagh T20wWhéreRe apon Gagration 66 decohsittiétGito S
in-frame with the FSH err] gene. 94. The construct of claim91 wherein

t he exon thronftBomall®NA, thearepulatiry sequencé of iis), fid-xon éf @ nand Bie.splibe- DNA
construct of claim94 wherein the exon is different fromthe first exon of
t he FSH[ edojorgiteef (@ois spheeddblahe splerancaptarfsitelofithe $etondhexan of thhdG-Cadkget i ng
sequence i s honol ogous to a sequence within the FSH err] gene. 97. The DNA
construct gefe.cl aim 91 wherein the targeting sequence i s honol ogous to a
sequence upstream of the coding region of the FSH err] gene. 98. The DNA
construct of claim91 wherein the targeting sequence i s honol ogous to a

Gonc. 56 e TRRDARIREE: QfCIEPAS AR ARE o T RS CORRPARd,

conpri ses a seigond targeti ng sequence honol ogous to a sequence within the
FSHB geneP*

55. The DNA construct of claim 54 further comprising a selectable marker gene.
56. The DNA construct of claim 54 further comprising an amplifiable marker gene.
57. The DNA construct of claim 52 wherein the exon comprises a CAP site.

58. The DNA construct of claim 57 wherein the exon further comprises the

nucleotide sequence ATG.

59. The DNA construct of claim 58 wherein the exon further comprises a coding

sequence which is in-frame with the G-CSF gene.

60. The DNA construct of claim 59 wherein the coding sequence is the same as the

coding sequence of the first exon of the G-CSF gene.

61. The DNA construct of claim 59 wherein the coding sequence is different from

the coding sequence of the first exon of the G-CSF gene.

62. The DNA construct of claim 59 wherein the targeting sequence is homologous

to a sequence within the G-CSF gene.



123 100. The _DNA construct of claim91 wherein

conpri ses a secon ce honol ogoj %W@mwt r eam of
the coding re t he FSH[err] gene. 101. e DNA construct off claim91
wherein the cgJﬂﬂ]%g orrprl S§§ga Secof nancpeguernce

honol ogous to & Se am of the endoge SN e Stgey-—sdiquence of

the FSH err] gene. 102. The DNA construct of claim?91l V\/nerel n the FSH err]
gene encoggs Thé MNARYubtrdct RF A/MS9 Whdrein’ iR m‘éugg @é%feﬁ&é isChorhbiBE&s86

further conprising a second targeting seguence met hod of produci ng
a honol OQMEQQuéﬁQQIﬁQtrBaﬂbfﬁfééodﬁfgeiegidﬁ dffike GXQSEgeh@n of an FSHB gene is
altered, conprising the steps of: (a) transfecting a cell containing an
FSH[err] gene with the DNA construct of one of clains 86-103, thereby
producing a transfected cell; and (b) mai ntai ni ng the transfected cell
under con@4t i The DNAreopstruct ©f fotaimh¥thwhergin ther targetibg sequeoes ist hamelogous
produci ng a honol ogously reconbi nant cell. 105. The honol ogously

r econbi nalfta sesuEncefupsiredmof the eudegenons regulatety) sequenge eﬁm@r@gﬁftg@m | . 1086.

The honol ogously reconbi nant cell of claim 105 wherein the cell is of
fungal , pl ant or animal origin. 124- 107. The honol ogously reconbi nant
cel | of cI 0 erein the.c f vertebrate orjgin. )

111 t?)Iyl\/n A construct of cFalm éf %erem the construct tlugther comprises a

second targeting sequence homologous to a sequence within the G-CSF gene.

66. The DNA construct of claim 59 wherein the construct further comprises a
second targeting sequence homologous to a sequence upstream of the coding region of

the G-CSF gene.

67. The DNA construct of claim 52 wherein the construct further comprises a
second targeting sequence homologous to a sequence upstream of the endogenous

regulatory sequence of the G-CSF gene.

68. The DNA construct of claim 52 wherein the G-CSF gene encodes a therapeutic

protein.

69. The DNA construct of claim 52 further comprising a second targeting sequence.

70. The DNA construct of claim 52 wherein the exon encodes an amino acid

sequence which is identical to the first 13 amino acids of the G-CSF signal peptide.

71. The DNA construct of claim 52 wherein the exon encodes an amino acid
sequence which is functionally equivalent to the first 13 amino acids of the G-CSF

signal peptide.



108. The honol ogousty—+reconbi nant cell of claim 10Z wherein the ¢ s a
primary or secondary manmmalian cell. 109. The ho RRBONEE ¥R R ngnt cell
of claim 107 V\herﬁummm ' primary or se ndaryu' % . #1110.
The honol ogously _ mﬂ mﬂgmlof CJ’] | m 107 beien. the ‘Cel ™'s an

i mortalized manmmal i ah del M. £11+" The~ @r’ml ogous i raantgall of

claim 107 wherein the cell is an imortalized human cell. 112. The

honol ogou r M@@pﬁ oﬁﬁ'x%i g@l%i Whek of | ed
fromthe g%up£c0n3| st 1'g 0 hg%?ﬁ%@ ce ?éeb ‘fgd“?é’%lrg’hgﬁfl%%r%?‘@ge%lﬁ?/%s of
HeLa cel | s5f NGICSF BeRAS alterRBCEsmpriinS thetepd o eukem a cell's, KB carci noma
cells, 2780AD ovarian carcinoma cells, Raji cells, Jurkat cells, Namalwa

cell's, HL-60 qg}!| s.trddgfediing & cki$ contidingBhe 6-CSFgene WildHe DNA SonstQIOESS
Mel anoma cel |'s, W-38VA13 subline 2R4 cells, and MOLT-4 cells. 113. A

honol ogousl y r econtuneasficlaimk 52410 theeetsy frpdiding awdahsfected cell;anth 104. 114. A
honol ogously reconbi nant cell which express an FSH err], said cell having

i ncor por at ed t(hkr eimaiataining thearansfectedicell undért conditions appropriate éov
transcription unit 125 conpri ses_an exogenous regul atory region, an
exogenous exon, andwodplegayyerembingiione thegrbyrodycing apemalogously | i nked to a
splice-acceptor site of, an FSHB gene present in the cell as obtained. 115.
The honol ogousl y r SEeAMPiAEHCeel | of claim 114 wherein the exogenous

regul atory region, the exogenous exon, and the exogenous splice-donor site
are operatively linked to the endogenous splice-acceptor site of the second

exon of tha FHleSdrolhbhsiPbdSibfiant cell of the method of claim 72 wherein the cell

is a eukaryotic cell.

—
-

74. The homologously recombinant cell of claim 73 wherein the cell is of fungal,

plant or animal origin.

75. The homologously recombinant cell of claim 74 wherein the cell is of vertebrate

origin.

76. The homologously recombinant cell of claim 75 wherein the cell is a primary or

secondary mammalian cell.

77. The homologously recombinant cell of claim 75 wherein the cell is a primary or

secondary human cell.

78. The homologously recombinant cell of claim 75 wherein the cell is an

immortalized mammalian cell.

79. The homologously recombinant cell of claim 75 wherein the cell is an

immortalized human cell.



116. A nethod for. r oduei-ng. FSHB corrprl si ng nei ntaining the honol ogously
reconbi nant cel |l of claim-ti4-or—claim 115 under conditi W ate for

t he roductlon oT FSHerri—3%++~—A nethod for pr

t he gt eps of: ; fect| n a cel ljpgont ai ni ng BAP E?“‘Egﬁé”?%g?h t he DNA
construct of one m‘&m _ , thereby pr odu ng a émw gel | ;
(b) mai nt ai ni n ceI | under condj PR greiif or
honol ogous reconbi nat i on thereby produci ng a honofogously reconbi nant cel | ;
and (c) 86mi Theihomudogduslyhrevohmbieins lcwll refasdathi 78R Whez€in! therceHuis &dlectedst ep
(b) under conditions appropriate for the production of FSHB. 118. The cell
of cl ai m frog thi grasipncansisting bf: HF1086t cells,cHelex polls and sletivarives of Hedbarcellgi n
a-subunit, 119. The method of claim 104, wherein the cell expresses an
human gl yMERRot keieastcancen oelils, K362 lenkiemia eadlss deB catcindmaceHx04EBMAB

ronoter. 126 142. The honpl ogously reconbi nant cell of C aim 141 pro-
8uced by ?Y?é‘aprﬁaé‘@m&{‘? Gﬁﬁ%fwlg Sinkptreatisn Samalpea calls;diln68 csllsnBrudig a

honol ogous| C t he expression of a targeted gene is
alter eg 1?/ ngghgg ‘lﬁreb %ec”gp oxtes Mﬁﬁmm?éﬁgfe}ﬁ r3§gVAalg3c gyblingi th a

DNA const corrpri sing: (i) a targeting sequence; (ii)
a regul atﬁ]?f%%lgq&gﬁg\ga 4 cels

81. A homologously recombinant cell produced by the method of claim 72.

82. A homologously recombinant cell which expresses G-CSF, said cell having
incorporated therein a new transcription unit, wherein the new transcription unit
comprises an exogenous regulatbry region, an exogenous exon, and an exogenous
splice-donor site operatively linked to a splice-acceptor site of the G-CSF gene present
in the cell as obtained.

83. The homologously recombinant cell of claim 82 wherein the exogenous
regulatory region, the exogenous exon, and the exogenous splice-donor site are
operatively linked to the endogenous splice-acceptor site of the second exon of the

G-CSF gene.

84. A method for producing G-CSF comprising maintaining the homologously
recombinant cell of claim 82 or claim 83 under conditions appropriate for the

production of G-CSF.

85. A method for producing G-CSF comprising the steps of:
(@) transfecting a cell containing a G-CSF gene with the DNA construct of
one of claims 52-71, thereby producing a transfected cell;



10 ' (iii) an exon; (iv) a splice-donor site; (v) an

intron; and (vi)  a splice-acceptor site; wherei he eeence
directs the inte- 15 —~———_ gration of el enentgggbhéé&iﬁﬂpma such
that they are ' | i nked to the first exon o a‘;bax ted geng; and
(b) maintai nlﬁm"m{mﬁ w’ﬁd cel | der condi - bh@naﬂgﬁ ...aL.efor
honol ogous r ecohbimalil OY. 44, A Rohol ogousl y (keeenbi-nant—cett—p* oduced
by the nmethod of O aim 143. 145. A nethod of altering the expression of a
gene in a cell, conprising the steps of: (a) transfecting a cell with a
DNA construct, i he xﬁgintalinin%the transfé@c%ﬁ%ﬂ?ﬁd&%ﬂitﬁ;h@%%pr%ﬁa fo? targeting
sequence; (i) a regulatdry sequence; (111) an exorm, |J§ a
splice-donor site; mfhologous recombifation theréby priducing aelﬁﬂnﬁéfog&usly a _
splice-acceptor site; wherein the targeting sequence direCts the inte-

gration of el enent seédmbibint celsaecam such that they are operatively Iinked
to the first exon of
© maintaining the homologously recombinant cell produced in step (b)

under conditions appropriate for the production of G-CSFE.

86. The DNA construct which alters the expression of a FSHB gene in a cell when
said DNA construct is homologously recombined with a target site within the
chromosomal DNA of the cell, said construct comprising:
(a)a targeting sequence homologous with genomic DNA within or upstream
of the first intron of an FSHB gene;
(b)  aregulatory sequence;
©) an exon; and

(d)  an unpaired splice-donor site.

87. The DNA construct of claim 86 wherein, upon integration of the construct into
chromosomal DNA, the regulatory sequence of (b), the exon of (c) and the splice-
donor site of (d) are integrated within or upstream of intron 1 of the FSHB gene, and
upon transcription and splicing, the splice-donor site of (d) is spliced to the splice-

acceptor site of the second exon of the FSHB gene.

88. The DNA construct of claim 86 wherein the regulatory sequence comprises a

promoter.

89. The DNA construct of claim 88 further comprising a selectable marker gene.

90. The DNA construct of claim 88 further comprising an amplifiable marker gene.



a'targéted gene; 5 (h) maintaining the transfected cell under

condi - ﬂmp%ﬂ*homl ogous reconbi nat : w taj ni ng
t he horrpl"oi’iisl y reconbi —cel | under conditi onsi| AFFLOFEMENT SHEET

expr essi on t he gene. .146. A nethogl of p I taéin by
alteringlt . Imﬂll MHHMf ~a gene i'ﬁi% cel |, conprie& @%h&@ﬂm f: (a)

transfecting a* cel | » DNA construct, the construct conprising. 15

(1) a targeting sequence; (ii) a regul atory sequence; (iii) an exon;
(1v) 2 op!ioRs SROOComes of cdim 8@ Whbil BiRiexdfiortPrises a CAP site. (V1) @
splice-acceptor site; wherein the targeting sequencte directs the inte-
gration of elenents (b)-(f) upstream such that they are operatively |inked
to the first exon of a targeted gene; 25 (b) maintaining the
transfectey] cEhé DNASorseN® of ld19iMs 9APPhORIn ALE ckOh fapHel @B&ifTises the
reconbi nati on; and (c) maintaining the honol ogously reconbi nant cell under
condi t i onsuciqgppide pequehee ADG. expr essi on of 30 the protein. 147.
The nethod of Cl aim 146 wherein the targeted gene is

93. The DNA construct of claim 92 wherein the exom further comprises a coding

sequence which is in-frame with the FSHB gene.

94. The DNA construct of claim 91 wherein the exon is the same as the first exon

of the FSHB gene.

95. The DNA construct of claim 94 wherein the exon is different from the first exon
of the FSHS gene.

96. The DNA construct of claim 91 wherein the targeting sequence is homologous

to a sequence within the FSHB gene.

97. The DNA construct of claim 91 wherein the targeting sequence is homologous

to a sequence upstream of the coding region of the FSHB gene.

98. The DNA construct of claim 91 wherein the targeting sequence is homologous

to a sequence upstream of the endogenous regulatory sequence of the FSHB gene.

99. The DNA construct of claim 97 wherein the construct further comprises a

second targeting sequence homologous to a sequence within the FSHB gene.



the a-interferon gene or the erythropoietin gene. -128- 148. DNA
sequences +ocated between about 5 kil obases and 30 kil obases upstream of
the ATG of the erythropoie- tin gene. 149. A nethod J

eryt hr opoi etlmuﬂmﬂﬁ"mﬂn rramml ian cell co l' '

cell with a lrm"Ll ng a DNAgequence hon

upst ream of t"he © sefuehce® ATG of the erythro- poi et i:
of Claim 149 wherein the construct com 10 pri MNA—S-eee

honol ogous to a sequence | ocated between about 5 kllobases and 30 ki | obases
upstream aio! MEheSBHLE 86RstAUCE oFf claihe 92 Whéredp tHecédd tithien furtAérlcompasd¥es hod of
Cl ai m 150 wherein the mammalian cell is 15 a human cell. 152. A

met hod f orse¢ondgatgetingg sdymenteyioniclogousto A sgquence Gpsireamnofethe aodiag régiowoPri si ng
transfecting the cell with a construct conprising a DNA sequence honol ogous
to a sequdehcESHBtgener t he eryt hropoietin gene. 20 153. The nethod of Claim
152 wherein the manmalian cell is a human cell. This Sheet Has Been | aced

101. The DNA construct of claim 91 wherein the construct further comprises a
second targeting sequence homologous to a sequence upstream of the endogenous

regulatory sequence of the FSHB gene.

102. The DNA construct of claim 91 wherein the FSHB gene encodes a therapeutic

protein.
103. The DNA construct of claim 86 further comprising a second targeting sequence.

104. A method of producing a homologously recombinant cell wherein the expression
of an FSHB gené is altered, comprising the steps of:
(@  transfecting a cell containing an FSHB gene with the DNA construct of
one of claims 86-103, thereby producing a transfected cell; and
(b)  maintaining the transfected cell under conditions appropriate for
homologous recombination, thereby producing a homologously

recombinant cell.

105. The homologously recombinant cell of claim 104 wherein the cell is a

eukaryotic cell.

106. The homologously recombinant cell of claim 105 wherein the cell is of fungal,

plant or animal origin.
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107. The homologously recombinant cell of claim 106 wherein the cell is of

n i e 1ﬁJAN1gga """

vertebrate origin.

108. The homologously recombinant cell of claim 107 wherein the cell is a primary

or secondary mammalian cell.

109. The homologously recombinant cell of claim 107 wherein the cell is a primary

or secondary human cell.

110. The homologously recombinant cell of claim 107 wherein the cell is an

immortalized mammalian cell.

111. The homologously recombinant cell of claim 107 wherein the cell is an

immortalized human cell.

112. The homologously recombinant cell of claim 107 wherein the cell is selected
from the group consisting of: HT1080 cells, HeLa cells and derivatives of HeLa cells,
MCE-7 breast cancer cells, K-562 leukemia cells, KB carcinoma cells, 2780AD
ovarian carcinoma cells, Raji cells, Jurkat cells, Namalwa cells, HL-60 cells, Daudi
cells, RPMI 8226 cells, U-937 cells, Bowes Melanoma cells, WI-38VA13 subline
2R4 cells, and MOLT-4 cells.

113. A homologously recombinant cell produced by the method of claim 104.

114. A homologously recombinant cell which express an FSHB, said cell having

incorporated therein a new transcription unit, wherein the new transcription unit
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comprises an exogenous regulatory region, an exogenous exon, and an exogenous
splice-donor site operatively linked to a splice-acceptor site of an FSHB gene present

in the cell as obtained.

115. The homologously recombinant cell of claim 114 wherein the exogenous
regulatory region, the exogenous exon, and the exogenous splice-donor site are
operatively linked to the endogenous splice-acceptor site of the second exon of the

FSHB DNA sequence.

116. A method for producing FSHB comprising maintaining the homologously
recombinant cell of claim 114 or claim 115 under conditions appropriate for the

production of FSHS.

117. A method for producing FSHB, comprising the steps of:

(a) transfecting a cell containing an FSHB gene with the DNA construct of
one of claims 86-103, thereby producing a transfected celi;

(b)  maintaining the transfected cell under conditions appropriate for
homologous recombination thereby producing a homologously
recombinant cell; and

(c)  maintaining the homologously recombinant cell produced in step (b)

under conditions appropriate for the production of FSHBS.

118. The cell of claim 113 wherein the cell as obtained expresses human glycoprotein

o-subunit.

119. The method of claim 104, wherein the cell expresses an human glycoprotein o-

subunit gene under the control of an exogenous promoter.




