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Backdground of the Invention
Current approaches to treating disease by administer-

ing therapeutic proteins include in vitro production of

5 therapeutic proteins for conventional pharmaceutical
delivery (e.g. intravenous, subcutaneous, or intramuscular
injection) ang, more recently, gene therapy.

Proteins of therapeutic interest are generally pro-

duced by introducing exogenous DNA encoding the protein of

10 therapeutic interest into appropriate cells. Presently-
available approaches to gene therapy make use of infec-
tious vectors, such as retroviral vectors, which include
the genetic material to be expressed. Such approaches
have limitations, such as the potential of generating

15 replication-competent virus during vector production;
recombination between the therapeutic virus and endogenous
retroviral genomes, potentially generating infectious
agents with novel cell specificities, host ranges, or
increased virulence and cytotoxicity; independent integra-

20 tion into large numbers of cells, increasing the risk of a
tumorigenic insertional event; limited cloning capacity in
the retrovirus (whlch restricts ‘therapeutic applicability)
and short-llved in v1vo expression of the product of
interest. A better approach to providing gene products,

25 particularly one which avoids the risks associated with
presently available methods and provides long-term treat-
ment, would be valuable.

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

30 both the in vitro production of therapeutic proteins and
for the production and delivery of therapeutic proteins by

This Sheet Has Been Replaced




duc'éd by introduci ng exogenous DNA encoding the protein of 10 therapeutic
I nterest into appropriate cells. Presently- aya-t-abte—apor fas to
gene t herapy make use of infec- ti ous vectors, §H§h5ﬂ5ﬁkgg§§$¥ﬁe
vectors, which include the genetic material to}be exjiiftdBEHH. Sudh
appr oaches have limtations, such as the potenttal—of generating 15
repl i éation-conpetent virus during vectof~production; reconbi nation

bet ween the thergpeutic virys and endogenous retroviral genones,
potential |'y $EMerNqRaPY nf G0 SFESent JeHAE8 deeRTibes SBePPEEPRERS | ci ti es,
host ranges,whiich actineartess ekpriaadienc © fartidogiedbasi cellynlandgprasdent

integra- 20 _.1j§ LAt Q. |ar r.s..of .cel |l s.. increasing,. the risk of a
tunori genic ?ééxw %éké% %;ﬁgﬁéugﬂﬁ%ﬁ%§ qﬁiﬁ% RE Eaﬁaéft&?gﬁeg ené%ge _
retrovirus (Whisieeldstlar genesor apeighi dogsphiotakrehtiyy in vabroshort-|ived

in vivo exprssigi i dh ey dusisrdfction bH @x8gknofisPBithebndpRiRGcCh to
provi di ng gene products, 25 particylarly one which avoids the risks
associ at ed \/Wf‘ﬁ"pelns e fbamapenidia dpterestnods and provides |ong-term

treat- ment , Theulphdeentalint@in®ion relates to transfected cells,
both transfected primary or secondary cells (i.e., non-

immortalized cells) and transfected immortalized cells,
10 useful for producing proteins, particularly therapeutic

proteins, methods of making such cells, methods of using

the cells for in vitro protein production and methods of

gene therapy. Cells of the present invention are of
vertebrate origin, particulafly of mammalian origin and

15 even more particularly of human origin. Cells produced by
the method of the present invention contain exogenous DNA
which encodes a therapeutic product, exogenous DNA which
is itself a therapeutic product and/or exogenous DNA which
causes the transfected cells to express a gene at a higher

20 level or with a pattern of regulation or induction that is
different than occurs in the corresponding nontransfected
cell.

The present invention also relates to methods by
which primary, secondary, and immortalized.cells:are

25 transfected to include exogenous genetic material, methods
of producing clonal cell strains or heterogenous cell
strains, and methods of immunizing animals, or producing
antibodies in immunized animals, using the transfected
primary, secondary, or immortalized cells.

30 The present invention relates particularly to a
method of gene targeting or homologous recombination in
cells of vertebrate, particularly mammalian, origin. That
is, it relates to a method of introducing DNA into prima-

ry, secondary, or immortalized cells of vertebrate origin
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Su&nary of the Invention The present invention relates to inproved
met hods for 30 both the in vitro production of therapeutic proteins and

for the production and delivery .of therapeutic protelmab¥ et 1as BEEN
-2- vygene therapy. The present nethod descri bes iﬁ*ﬁ%ﬁﬁf'réi whi ch
activates expression of endogenous cellul ar genes, a er | ows

anpliFication of the activated endoge--3- nous cel l ul ar genes, which does

not require in vitro 5 manipulation and transfection of exogenous DNA
encodi ng through homologous recombination, such that the DNA. is

introduced into genomic DNA of the primary, secondary, or
immortalized cells at a preselected site. The targeting
sequences used are determined by (selected with reference
5 to) the site into which the exogenous DNA is to be insert-
ed. The present invéntion further relates to homologously
recombinant primary, secondary, or immortalized cells,
referred to as homologously recombinant (HR) primary,
secondary or immortalized cells, produced by the present

10 method and to uses of the HR primary, secondary, or immor-
talized cells.

The present invention also relates to a method of
activating (i.e., turning on) a gene present in primary,
secondary, or immortalized cells of vertebrate origin,

15 which is normally not expressed in the cells or is not
expressed at physiologically significant levels in the
cells as obtained. According to the present method,
homologous recombination is used to replace or disable the
regulatory region normally associated with the gene in

20 cells as obtained with a requlatory sequence which causes
the gene to be expressed at levels higher than evident in
the corresponding nontransfected cell, or to display a
pattern of regulation or induction that is different than
evident in the corresponding nontransfected cell. The

25 present invenﬁion, therefore, relates to a method of
making proteins by turning on or activating an endogenous
gene which encodes the desired product in transfected
primary, secondary, or immortalized cells.

In one embodiment, the activated gene can be further

30 amplified by the inclusion of a selectable marker gene
which has the property that cells containing amplified
copies of the selectable marker gene can be selected for
by culturing the cells in the presence of the appropriate
selectable agent. The activated endogenous gene which is
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profeins of therapeutic interest. The present invention relates

to transfected cells, both transfected prinmary orf a8§ W BfﬁN
(i.e., non- imMmortalized cells) and transfected innDrt% F c s} 10
useful fot producing proteins, particularly therapeutilc 5 ns.

met hods of maki ng such cells, nethods of using the cells for in vitro
prot eFn producti on and net hods of g¥me therapy. Cells of the present

i nvention are of vertebrate origin, particularly of manmalian origin

and 15 everSAF LHAUER &0 Fh8f aRBMdA1BH §Rhect ?s‘“ﬁ%_&%‘%y t he
met hod of theijr eslesd benwapllii®ieaonhatal xogentasn DMA the arzluipmﬁu:odes a
t herapeutic duc exqQgenous DNA whi IS.ltself a therapeutic
produtt and/ S R HHARR Barkn "0etls sentdipiRf Anfl TEITRINL o
express a getee @ctd vatgideen@dogehous| geneward aseful efor ain regutat i on or
| nduct | 08 { l@odein proiudkbaNankNgingCeEEaby, the corresponding
nont r ansf ect'ed &el T ) e present’ invention also relates to
met hods by wifiese r‘}lairl‘iﬁt}fl%éé@néﬁpg}faﬁﬂtlwfﬁ adloekrsed | die 25
transfected preddil Udremtadpnave pePLLEG]ARIPrhdérulBid®durningfoPr oduci ng
clonal cell gtrains or .heterogenous cel] e .
the expression of genes which form transcription units
which are sufficiently large that they are difficult to
10 isolate and express, or for turning on genes for which the
entire protein coding region is unavailable or has not
been cloned. The present invention also describes a
method by which homologous recombination is used to con-

vert a gene into a cDNA copy, devoid of introns, for

15 transfer into yeast or bacteria for in vitro protein
production.

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

20 animal for protein delivery in the human or animal. For
example, human growth hormone (hGH), human EPO (hEPO),
human insulinotropin and other proteins can be delivered
systemically or locally in humans for therapeutic bene-
fits. Barrier devices, which contain transfected cells

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

30 immortalized cells, transfected cells from another species
(transfected xenogeneic cells), or cells from a nonhisto-
compatibility-matched donor (transfected allogeneic cells)
to be implanted for treatment of human or animal condi-
tions or for agricultural uses (e.g., meat and dairy
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strains, and methods of inmunizing animals, or producing antibodies in
I mmuni zed animals, using the transfected primry, e&gg S BEEN
imortalized cells. 30 The present invention rela %Eﬁiéﬁk arly to
a nmet hod of gene targeting or honol ogous reconbi natji on | ell
vertebrate, particularly manmali'an, origin. That Is, it relates to a

met hod of i ntroducing DNA into prima- —-5- ry, secondary, or imortalized

%ELLZCEREKﬁéte e e 05'9 Barrier devices also allow coqgenlent §ﬁp5§gh

honol ogous termnbinat | otirassidént hathétwpy by providing ready access
to the cells for removal when the treatment regimen is to

—

be halted for any reason. Transfected xenogeneic and

5 allogeneic cells may be used for short-term gene therapy,
such that the gene product produced by the cells will be
delivered in vivo until the cells are rejected by the

host's immune system.
Transfected cells of the present invention are also

10 useful for eliciting antibody productioh or for immunizing
humans and animals against pathogenic agents. Implanted
transfected cells can be used to deliver immunizing anti-
gens that result in stimulation of the host's cellular and
humoral immune responses. These immune responses can be

15 designed for pretection of the host from future infectious
agents (i.e., for vaccination), to stimulate and augment
the disease-fighting capabilities directed against an
ongoing infection, or to produce antibodies directed
against the antigen produced in vivo by the transfected

20 cells that can be useful for therapeutic or diagnostic
purposes. Removable barrier devices can be used to allow
a simple means of terminating exposure to the antigen.
Alternatively, the use of cells that will ultimately be
rejected (xenogeneic or allogeneic transfected cells) can

25 be used to limit exposure to the antigen, since antigen
production will cease when the cells have been rejected.

The methods of the present invention can 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 factors, transport
proteins, receptors, regulatory proteins, structural
proteins, transcription factors, or anti-sense RNA.
Additionally, the methods of the present invention can be
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I ntroduced into genomi c DNA of the primary, secondary, or I mortalized
cells at a preselected site. The targeting sequences used.-ar-e

determ ned by (selected with reference 5 to) the si eHﬁmSH{WWM&&iﬂEQ
exogenous: DNA is to be insert- ed. The present ihventigup ACED her

rel ates to honol ogously reconbi nant primary, secordary—or—TTmortalized
cell s referred to as honvol ogously ~Peconbi nant (HR) primry,

Secondary, gl Bbbafds Ll e AEPIGRRGA o ARG, dERkd and to

uses of the ry Sécon
The present nimge AibeAYALS0 PEP‘E?PIESI oola rrmlrfw: gfcids whdighyafieng (i. e.

turning on) gaene fB'i:eiﬁn{utPopﬁhS@l!id/tlon ofef AFapedid PRIGRI Zﬁd cells
of vertebrate origin, I5 "which is normally not expressed in the cells or

i's not 0% 889&d Q?rBB¥5|olog|cally significant levels in the cells
as obtained. According to the present nethod, honol ogous reconbi nati on

I s used go %eggﬁfg or, diiable %h& Dx reﬁulatory region normal |y associ at ed
with the“ge a regul atory sequence which
causes t he g@igure Beiexpreshewhatic|xemtesdenigision nfh pdhAsIE®] in
the correspQ@iag RANChaRRESaHES €RL! nuRdn (PSSP i fbne (hGH) gene
under the control of the mouse metallothionein promoter.
Figure 2 is a schematic representation of plasmid

10 pcDNEO, which includes the neo coding region (BamHI-BglII
fragment) from plasmid pSV2neo inserted into the BamHI
site of plasmid pcD; the Amp-R and pBR3220ri sequences
from pBR322; and the polyA, 16S splice junctions and early
promoter regions from SV40.

15 Figure 3 is a schematic representation of plasmid
PXEPOl. The solid black arc represents the pUCl2 backbone
and the arrow denotes the direction of transcription of
the ampicillin resistance gene. The stippled arc repre-
sents the mouse metallothionein promoter (pmMT1l). The

20 unfilled arc interrupted by black boxes represents the
human erythropoietin EPO gene (the black boxes denote
exons and the arrow indicates the direction hEPO tran-
scription). The relative positions of restriction endonu-

clease recognition sites are indicated.

25 Figure 4 is a schematic representation of plasmid
PE3neocEPO. The positions of the human erythropoietin gene
and the neo and amp resistance genes are indicated.

Arrows indicate the directions of transcription of the
various genes. pmMT1 denotes the mouse metallothionein

30 promoter (driving hEPO expression) and pTK denotes the
Herpes Simplex Virus thymidine kinase promoter (driving
nec expression). The dotted regiehs of the map mark the
positions of human HPRT sequences. The relative positions
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pattern of regulation or induction that is different than evident in
the correspondi ng nontransfected cell. The 25 present invention,

therefore, relates to a nethod of maki ng pr ot ei ns_.by.t. e
activating an endogenous gene whi ch encodes the dﬂﬁ$ﬂ§§E€E§§;g£L
transfected primary, secondary, or i rtallzed cel | s REPLAGED | h one
enmbodi ment, the activated gene can be further 30 an¥+r+red’uy The

i ncl usi on of ofd -3 g LaPefdyiddat cells
containing a :E§§€%¥éﬂio c§%?§§58? Qﬁe g%fggég%}e nafﬂgi gene céh be

sel ected fore by culturing the cells in the presence of the appropriate

sel ect abl e agent Fibeeast ijkahed BBAREER0ASagEAR $hi£hstifategy for

REPLACEMENT  SHEET
transcriptionally activating the hEPO gene; the thin lines

5 represent hEPO sequences; thick lines, mouse metallo-
thionein I promoter; stippled box, 5' untranslated region
of hGH; solid box, hGH exon 1l; open boxes, hEPO coding se-
quences; HIII, HindIII site.

Figure 6 is a schematic diagram of a strategy for

10 transcriptionally activating the hEPO gene; the thin lines
represent hEPO sequences; thick lines, mouse metallothio-
nein I promoter; stippled box, 5' untranslated region of
hGH; so0lid box, hGH exon 1; striped box, 10 bp linker from
hEPO intron 1; cross-hatched box, 5' untranslated region

15 of hEPO; and open boxes, hEPO coding sequences; HIII,
HindIII site.

Figure 7 is a graphic representation of erythropoie-
tin expression in a targeted human cell line subjected to
stepwise selection in 0.02, 0.05, 0.1, 0.2 and 0.4 pM

20 methotrexate.

Figure 8 is a schematic representation of plasmid
PREPO4,

Detailed Description of the Invention

Overview.of the Invention o
25 The present invention and the methods described in

the applications incorporated herein by reference relate
to transfected primary, secondary, and immortalized cells
of vertebrate origin, particularly mammalian origin,
transfected with exogenous genetic material (DNA or RNA)

30 which encodes a clinically useful product, methods by
which primary, secondary, and immortalized cells are
transfected to include exogenous genetic material, methods
of producing clonal cell strains or heterogenous cell
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-4- " near or linked to the anplified sel ectable marker gene

al so be anplified in cells containing the anplified T b ephEdriker
gene. Celdds containing nmany copi es of t he acti vat are
useful far in vitro 5 protein production and gene t erapyRE ne

el

targeting and anplification as dlscloseg in the ent invention are
partlcularly useful for turnlng on he expression of genes which form

transcripti %@_fg%l sof‘a? eé"‘ e&”“éﬂ&l{ﬁ' eél%r G tblah t hey 8tfiod. .\

difficult t EXP reee? i Ng on gehes
entire prot @ufnpa:ouuldgngegl@mq:sllmamfta)blrerqﬁuqt@s moPhYSlOEae@hcéileed The

present i nveaelean ghaftdescsi 5% inaivRddiod dy nwaucfahaegelfoaayéugh

reconbination i s used to con- vert cﬂgene Into a cDNA gg devoi d of
i ntrons, fofbesuser efistEprnshestsd2elhs Padths Present ﬁnVFPF Brotein

producti®n. methods ofTvassinsteflycahimaxd fidre p&roe:%@monnugaﬁnaﬂ are usef ul
ina nunberpg%hggghkga%kgggeénogn%?g¥bgggi én@s expre%glng epitopes
antigenically related to products expressed by the trans-
fected cells and methods of producing antibodies directed
against a product made by the transfected primary, second-

10 ary, or immortalized cells. Clinically useful products
can be produced in vitro, by purification from the trans-

fected cells,'or produced in vivo, by implantation into a

non-human animal or human (i.e., gene therapy). Whether

produced in vitro or in vivo, the clinically useful prod-

15 ucts can include hormones, cytokines, antigens, antibod-
ies, enzymes, clotting factors, transport proteins, recep-
tors, regulatory proteins, structural proteins, tran-
scription factors, anti-sense RNA. Additionally, the
methods of the present invention can be used to produce

20 cells which produce non-naturally occurring ribozymes,
proteins, or nucleic acids.

In one embodiment, the present invention relates to a
method of gene or DNA targeting in cells of vertebrate,
particularly mammalian, origin. That is, it relates to a

25 method of introducing DNA into primary, secondary, or
immortalized cells of vertebrate origin through homologous
recombination or targeting of the DNA, which is introduced
into genomic DNA of the primary, secondary, or immortal-
ized cells at a preselected site. The targeting sequences

30 wused are determined by (selected with reference to) the
site into which the exogenous DNA is to be inserted. The
present invention further relates to homologously recombi-
nant primary,_secondary or immortalized cells, referred to
as homologously recombinant (HR) primary, secondary or
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enbodi ment, the cells can be inplanted into a human or an 20 aninmal for
protein delivery in the human or animal. For exanpl e, human growh
hor mone (-hGH), human EPO ( hEPO), human i nsul i notr ¢pmi
prot ei ns:can be delivered system cally or locallyfin
t her apeuti c bene- fits. Barrier devigces, which co

cells 25 which express a therapeutic pf%duct and t hrough whic

therapeuti ¢ facl: | Sed 1881 PRLIRARLE. pGAPh RS HSEE dhethod S Negel IS i

a fixed positron 1nVvivo or rote e cell's fromthe
host' s i mursey selerkhadi méfrlmary déﬁpéé§a§Ye oar ineertalized el land al | ow

transfected 30 iTR@rdAldafd 1Qﬁ|e|n%10§1r ansbegtedeeglLs 4 rcrpe@tder species
(transfected xenogenelc cells) froma nonhi st o-

ells
conpatlblllt%F d%ﬁﬁ?”iﬁ@&ﬁ?féétBHeEFPngﬂe?El?%FY§§ells'to be
i npl ant ed fcgedcrxam:merdequs mﬁr&m&tammaa ceébls -of vettetsats éoi-

agricul tural use%l&e & norma ?{n(rjm aex}_éressed in the cells or is not

expressed at significant levels in the cells. Homologous

recombination or targeting is used to replace or disable
the regulatory region normally associated with the gene

10 with a regulatory sequence which causes the gene to be
expressed at levels higher than evident in the correspond-
ing nontransfected cell, or causes the gene to display a
pattern of regulation or induction that is different than
evident in the corresponding nontransfected cell. The

15 present inventioh, therefore, relates to a method of
making proteins by activating an endogenous gené which
encodes the desired product in transfected primary, sec-
ondary or immortalized cells.

Several embodiments in which exogenous DNA undergoes

20 homologous recombination with genomic DNA of transfected
(recipient) cells can be practiced according to the pres-
ent invention. In one embodiment, introduction of the
exogenous DNA results in the activation of a gene that is
normally not expressed or expressed in levels too low to

25 Dbe useful for in vitro protein production or gene therapy.

In a second embodiment, sequences encoding a product of
therapeutic utility are directed to integrate into the
recipient cell genome via homologous recombination at a
preselected site in the recipient cell's genome, such that
30 the site of integration is precisely known and the site
can be chosen for its favorable properties (e.g., the site
allows for high levels of expression of exogenous DNA).
In a third embodiment, the present invention de-
scribes a method of activating (i.e turning on) and ampli-
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Barrier dev
t herapy by
treatmentsr
xenogenei ¢
such that t
vivo until
Tr ansf ect ed

i ces al so all ow convei ent short- ter m{i—e . transient
provi di ng ready access to the cells fiofHIBeSHEEAI HAShBEEN

egimen is to be halted for any reason Trangp@qggd

ne

and 5 allogeneic cells may be used for short=—termgere—th

crapy,

he gene product pr oduced by‘@ﬁé cells wll be delivered in
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result St m
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10

15

20

25

30

are not normally functionally linked to the endogenous
gene and (1) which, when inserted into the host genome at
or near the endogenous gene, serve to alter (e.g., acti-
vate) the expression of the endogenous gene, and further
(2) allow for selection of cells in which the activated
endogenous gene is amplified. Amplifiable DNA sequences
useful in the present invention include, but are not
limited to, sequences which encode the selectable markers
dihydrofolate reductase, adenosine deaminase, and the CAD
gene (encoding the trifunctional protein carbamyl phos-
phate synthase, aspartate transcarbamylase, and dihydro-
orotase). Improved versions of these sequences and other
amplifiable sequences can also be used. According to the
present method, the amplifiable DNA sequences encoding a
selectable marker and the DNA sequences which alter the
regulation of expression of the endogenous gene are intro-
duced into the primary, secondary, or immortalized cell in
association with DNA sequences homologous to genomic DNA
sequences at a preselected site in the cell's genome.

This site will generally be within or upstream of a gene
encoding a therapeutic product or at a site that affects
the desired gene's function. The DNA ééqdences which
alter the expression of the endogenous gene, the amplifi-
able sequences which encode a selectable marker, and the
sequences which are homologous to a preselected site in
genomic DNA can be introduced into the primary, secondary,
or immortalized cell as a single DNA construct, or as
separate DNA sequences which become physically linked in
the genome of a transfected cell. Further, the DNA can be
introduced as linear, double stranded DNA, with or without

This Sheet Has Been Replace

[T




15" designed for protection of the host fromfuture ijRj §?§E agent s
48 BEERN

(i.e., for vaccination), to stinulate and augnment ting
capabi liti es directed agai nst an ongoi ng infecti oApEDduce

anti bodi as directed agai nst* the antigen produced in VIVO by the
transfected 20 cells that can be useful for therapeutic or diagnostic
purposes. Renovabl e barrier devices can be used to allow a sinple neans

Of (e M nal Lig sXPaRigabl LBgiak! BeMone or Al WHas/eby: chhense of ool ls

that will u (xenogenel ¢ or aIIogenelc transfected
cel I s) can g8npbe G@éﬁOﬂECBﬁnﬁﬁ ekposlae BNA L hfhem §&e eXPAGBOHAL i gen

production WNh'1%e§§%rﬁﬁﬁeeﬁh§nﬁé|EﬁehéeﬁleﬁﬁaQﬂﬂﬁch%ﬂmalntalned The
nmet hods of the resent. i.nvention can be used t produce prlnar%

secondary, YPOpFmGPPALtienscaPPEoproate-for h?Wﬂ}QQ?MSdgeFQPPéPﬁt&P
t her apeusi clbl )bcl:l:&Q‘f vetpeeduehe, gdflomiachNali axgl (bwortdion iofi tae t0):

ransport - ineSeliBeq onpgl BBERTooBRE, PECUR AR Beeel £a0 O
proteins, tg&nsmchNanahelcthes-;lnbroénced SR ecqRiAts in Addiomodeal |y, the
met hods of HReRLEIeRbmbINERL BRifdPyPesecondary, or immortalized
cell in which sequences which alter the expression of an
10 endogenous gene, and the amplifiable sequences encoding a
selectable marker, are operatively linked to an endogenous
gene encoding a therapeutic product. Culturing the re-
sulting homologously recombinant cell under conditions
which select for amplification of the amplifiable DNA
15 encoding a selectable marker results in a cell containing
an amplified selectable marker and a coamplified endoge-
nous gene whose expression has been altered. Cells pro-
duced by this method can be cultured under conditions
suitable for the expression of the therapeutic protein,

20 thereby producing the therapeutic protein in vitro, or the

cells can be used for in vivo delivery of a therapeutic
protein (i.e., gene therapy).
Additional embodiments are possible. The targeting
event can be a simple insertion of a regulatory sequence,
25 placing the endogenous gene under the control of the new
regulatory sequenCe (for example, by insertion of either a
promoter or an enhancer, or both, upstream of an endoge-
nous gene). The targeting event can be a simple deletion
of a regulatory element, such as the deletion of a tissue-
30 specific negative redulatory 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 natur-
ally-occurring elements, or displays a pattern of regula-
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REPLACEMENT SHEET - 6- used to

produce cells which produce non-naturally occur- ring ribozynes,
proteins,- or nucleic acids which are usef ul { TRIS Spept! | ?@F Jucti on of
a therapeutic product or f.or gene therapy. 5 EA § tion of

t he Draw ngs Figure 1 is a schematic r GEn of bl asnid
pXGH5; whi ch includes the human growth hornone (hGH) gene under the

control of tRe,AoYse; ARIA 1M HiHaReiik BiPFRLRht from the corresponding

nontransfected cell. In this embodiment the naturally
occurring sequences are deleted and new sequences are
added. 1In all cases, the identification of the targeting

5 event can be facilitated by the use of one or more select-
able marker genes that are physically associated with the
targeting DNA, allowing for the selection of cells in
which the exogenous DNA has integrated into the host cell
genome. The identification of the targeting event can

10 also be facilitated by the use of one or more marker genes
exhibiting the property of negative selection, such that
the negatively selectable marker is linked to the exoge-
nous DNA, but configured such that the negatively select-
able marker flanks the targeting sequence, and such that a

15 correct homologous recombination event with sequences in
the host cell genome does not result in the stable inte-
gration of the negatively selectable marker. Markers
useful for this purpose include the Herpes Simplex Virus
thymidine kinase (TK) gene or the bacterial xanthine-

20 guanine phosphoribosyl-transferase (gpt) gene.

The present invention also relates to a method by
which homologous recombination is used to convert a gene
into a cDNA copy (a gene copy devoid of introns). The
CDNA copy can be transferred into yeast or bacteria for in

25 vitro protein production, or the cDNA copy can be inserted
into a 'mammalian cell for protein production.. If the cDNA
is to be transferred to microbial cells, two DNA con-
structs containing targeting sequences are introduced by
homologous recombination, one construct upstream of and

30 one construct downstream of a human gene encoding a thera-
peutic protein. The sequences 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 LTR;
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Figure 2 is a schematic representation of plasmd 10 pcDNEQO, which incl udes

the neo coding region (BanH -Bgl | fragnment) fromplasm d pSV2neo
inserted i nto the BanHl site of plasnid pcD; the Pr®-JRrand; 2B ri
sequences from pBR322; and the pol yA, 16S splic junchkﬂga Bn [y
pronoter regions from SV40. 15 Figyre 3 is a scheratd E esentjation
of plasmd pXEPO1. The solid black arc represents the pUCl2 backbone
and the arraqy, %B%QSeEBSa?héeﬁthQPkQIr FEANSEIARI O Of micrdda@npicillin
resi stance gene. Th ed arc repre- sents the nouse

e stipp { . } .
net al | ot hi oﬁ@ﬂﬁsﬁrénﬁﬁgﬁgeﬁﬁml plemppt obhanfRn¢eirns cli MIGTUPEEI by bl ack

boxes repregents;t Baq DNAhéHBBthgFQFP@Qaéiiﬁ?ﬁfﬁhéﬁﬁﬁhﬁtﬂkbﬂﬂﬁuﬁlbOXGS
denpte_ exons, and _he arrow ndicatfi the i rection hEPCH;r%¥-
scription) . SPRESFELH €8mp8§FFth§ of ST &8¢t ri CRT oPeRISTRE 1ntroquced

recogni t$ onupstesaar arendntabddc@8 near té&i gnd eugstsean seheymionic

represent at iga Qf BLIRY glﬁg F%gﬁngﬁgﬁg %%%8 8PSy Lh Qg ©f

erythropoi etin gene [ ne resi stance gbﬁ%s are 1 ndi cat ed.
Arrows i ndi &hexapeutder protean. of Theageduepeednintredizced domnsiiraARenes.

pnMI'l denot g ch B@eDiAC sBBhahbeENh8R818gous to genomic DNA sequences

at or downstream of the DNA encoding the last amino acid

10 of a mature, processed protein; a microbial transcrip-
tional termination sequence; sequences capable of direct-
ing DNA replication in microbial cells; and a retroviral
LTR. The sequences introduced downstream are introduced
adjacent to and downstream of the DNA encoding the stop

15 codon of the mature, processed therapeutic protein. After
introducing into the cells each of the two DNA ¢onstructs,
the cells are maintained under conditions appropriate for
homologous recombination between the introduced DNA and
genomic DNA, thereby producing homologously recombinant

20 cells. Optionally, one or both of the DNA constructs can
encode one or more markers for either positive or negative
selection of cells containing the DNA construct, and a
selection step can be added to the method after one or
both of the DNA constructs have been introduced into the

25 cells. Alternatively, the sequences encoding the marker
for selection in microbial cells and the'sequences capable
of directing DNA replication in microbial cells can both
be present in either the upstream or the downstream tar-
geting construct, or the marker for selection in microbial

30 cells can be present in the downstream targeting construct
and the sequences capable of directing DNA replication in
microbial cells can be present in the upstream targeting
construct. The homologously recombinant cells are then
cultured under conditions appropriate for LTR directed
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30 pronmoter (driving hEPO expression) and pTK denotes the Her pes

Si npl ex Virus thym di ne ki nase pronoter (driving neo expression). The
dotted regions of the map mark the positions of IqﬁR ces.
The rel at:i ve positions hHEP%?P iA§%ﬁ%
REPLACEMENT SHEET - 7-REPLACED ¢
restriction endonucl ease recognltlon S|%es are indicat- ed.

Figure 5 iscaanehefpthondi ad HRBE Ok ranschiipRIBhi BE eRal |y
activating thg hEP%P en% ?ﬁéé@% ‘flnes fﬁbré?ght hEPO sequences;

t hi ck IlnesRNﬁDB§€dH€Fanothe ge@?n%ﬂﬁﬂ ng|ﬁnﬁnﬂﬂ%rap§PFﬁﬁlEHOES%n 5'
untransl at egheegir8luct of reverse transcription is a DNA construct

comprising an intronless DNA copy encoding the therapeutic
5 protein, operatively linked to DNA sequences comprising

the two exogenous DNA constructs described above. The

intronless DNA construct produced by the present method is

then introduced into a microbial cell. The microbial cell

is then cultured under conditions appropriate for expres-
10 sion and secretion of the therapeutic protein.

Transfected Cells
As used herein, the term primary cell includes cells

present in a suspension of cells isolated from a verte-
brate tissue source (prior to their being plated, i.e.,
15 attached to a tissue culture substrate such as a dish or
flask), cells present in an explant derived from tissue,
both of the previous types of cells plated for the first
time, and cell suspensions derived from these plated
cells. The term secondary cell or cell strain refers to
20 cells at all subsequent steps in culturing. That is, the
first time a plated primary cell is removed from the
culture substrate and replated (passaged), it is referred
to herein as a secondary cell, as are all cells in subse-
quent passages. Secondary cells are cell strains which
25 consist of secondary cells which have been passaged one or
more times. A cell strain consists of secondary cells
that: 1) have been passaged one or more times; 2) exhibit
a finite number of mean population doublings in culture;
3) exhibit the properties of contact-inhibited, anchorage
30 dependent growth (anchorage-dependence does not apply to
cells that are propagated in suspension culture); and 4)
are not immortalized.
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of hGH solid box, hGH exon 1; open boxes, hEPO codi ng
H1l, Hndlll site. Figure 6 is a schematic d
for 10 transcriptionally activating the hEPO gene; the
repr esent *hEPO sequences; thick |lines, nouse netall othi
pronoter; stippled box, 5 untranslat efi.jregl on of hGH, sol i

exon 1; striped box, 10 bp linker from hEPO i ntron 1; cross- hatched

box, 5 untranslaiad (24olbeal phERL Alh et ralEPQraadi ng

sequences; Hill

e 7 is.a grap
r epr esent atiBH JiIYRas, (i 6p5pEories:¢1h %@(H%é’ér}gicﬁ? |dr? é‘qtar%éit g’ hunan cel |
line subj eat:fithdd®d makeSlePWoneassl enélmerapéhm: grdimct). B) Gedland 0.4 pM

20 h f pl d
DREPOS. | VHIGHL e, RTDGEBERRD: bCoE ERAST VR et Bt auhug T D) oo

nventti on Overvi ew of
the | nventismall®r quantliitdepr ébent normeht (n quantifeieretlfiss W&dtribed in

the physioclogically normal lower level) or in defective
form, 3) cells which make the therapeutic product at
physiologically normal levels, but are to be augnented or

enhanced in their content or production, and 4) cells in

10 which it is desirable to change the pattern of regulation

or induction of a gene encoding a therapeutic product.

Primary and secondary cells to be transfected by the
present method can be obtained from a variety of tissues
and include all cell types which can be maintained in

15 culture. For example, primary and secondary cells which
can be transfected by the present method include fibro-
blasts, keratinocytes, epithelial cells (e.g., mammary
epithelial cells, intestinal epithelial cells), endotheli-
al cells, glial cells, neural cells, formed elements of

20 the blood (e.g., lymphocytes, bone marrow cells), muscle
cells and precursors of these somatic cell types. Primary
cells are preferably obtained from the individual to whom
the transfected primary or secondary cells are adminis-
tered. However, primary cells can be obtained from a

25 donor (other than the recipient) of the same species or
another species (e.g., mouse, rat, rabbit, cat, dog, rig,
cow, bird, sheep, goat; horse) .

Transfected primary and secondary cells have been
produced, with or without phenotypic selection,fas de-

30 scribed in the copending U.S. Patent Applicatioﬁs Serial
Nos. 07/787,840 and 07/911,533;and shown to express exoge-—
nous DNA encoding a therapeutic product including, for
example, hGH, EPO and insulinotropin.
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t he applications incorporated herein by reference rel ate to transfected

primary, secondary, and inmmortalized cells of vertebrate origin,
particularly mammal i an origin, transfected with e dbﬁ&qugggqﬂﬁﬁkga

mat erial :(DNA or RNA) 30 which encodes a clinically ugeful REﬂ%E" , nﬁ{hods
by « which primary, secondary, and imortalized cel |'s—a+e ansfelct ed
to iriclude exogenous genetic nmaterial, -ogthods of producing clonal cel
strains or heterogenous cell - 8-

strai ns whi ch expmessteddgedogeldenetnc aigbebeakransfiethed by tl¢ provi ding
clinically ysefddnPrR4HsS and RRYE ¢he9k¢ehbY protein production or
gene therapy. Examples of immortalized human cell lines
useful for protein production or gene therapy by the
5 present method include, but are not limited to, HT1080,
HeLa, MCF-7 breast cancer cells, K-562 leukemia cells, KB
carcinoma cells, 2780AD ovarian carcinoma cells, Raji
(ATCC CCL 86) cells, Jurkat (ATCC TIB 152) cells, Namalwa
(ATCC CRL 1432) cells, HL-60 (ATCC CCL 240) cells, Daudi
10 (ATCC CCL 213) cells, RPMI 8226 (ATCC CCL 155) cells and
MOLT-4 (ATCC CRL 1582) cells. Immortalized cells from
other species (e.g., chinese hamster ovary (CHO) cells or
mouse L cells) can be used for in vitro protein production

or gene therapy. In addition, primary or secondary human

15 cells, as well as primary or secondary cells from other
species which display the properties of gene amplification
in vitro can be used for in vitro protein production or
gene therapy.

Exogenous DNA

20 Exogenous DNA incorporated into primary, secondary or
immortalized cells by the present method is: 1) DNA which
encodes a translation or transcription product whose
expression in cells is desired, or a portion of a transla-
tion or transcription product, such as a protein product

25 or RNA product useful to treat an existing condition or
prevent it from occurring (eg., hGH, EPO or insulinotro-
pin); or 2) DNA which does not encode a gene product but
is itself useful, such as a transcriptional regulatory
sequence or DNA useful to treat an existing condition or

30 prevent it from occurring.

DNA transfected into primary, secondary or immortal-

ized cells can encode an entire desired product, or can
encode, for example, the active or functional portion(s)
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useful quantities to an individual in need thereof through t he use of
transfected cells of the present invention, 5 nethods of vaccinating

ani mal s for protection agai nst pathogenlc Vi ruse ents
expressi ng epitopes antigenically related to prodUdbis SERET 6aseBEERY t he
trans-< fected cells and nethods of producing antlbodlamﬁmAQ@pted

agai nst a product nmade by the transfect primary, second=—t0—afy—o+
imortalized cells. Cinically useful oduct s can be produced in

vitro, by pHFa%i? 31[54:8@?& Om'hk‘& ﬁr ct can fk?ecnaexﬂa aﬁur%% R gdyeed in

vivo, by inp hungn ani e., gene
t herapy). \Vhenfera Cytpkbﬂ@cednlﬂnWiQ¢m»cﬁnlaﬂhmhRﬁYJtﬂ?(ﬁﬂ&ﬂmﬁalKy usef ul

prod- 15 UCE§0€€ﬂn?n§éH€§rh0£n@f@ﬁs 6%E&nf“3'ﬁkﬁgbtd¥“|4"¥3 u- ies,
enzynes, clotting factors, transpor pro eins, rece tars, regulatory

proteins, stRLRFVirBFObeiRei AsSt¥YGHIral PERteii oh CASSTLP AN - sense RNA
Addi tiorml | Yactbe, an artbedeneé rWm, pds:esaerntmdm& | aadiatidmallsgd to

produce 20 IIs i oduce_non-nat ur Qogurs { Qgﬁy
pr ot ei ns, ?ﬁ uBFéfQ‘éggcJ? e a prOteJrI?l areayel?‘}bc é Q’t% 4 Jrﬂgs%!e"nts
i nventi on raphtescun an nattmee hod. ©f , gereovel mwttea:rrge:m rxgmed éuldle—of

vertebrate, jo acid). The DNA can be obtained from a source in which
it occurs in nature or can be produced, using genetic

10 engineering techniques or synthetic processes. The DNA
can encode one or more therapeutic products. After trans-
fection, the exogenous DNA is stably incorporated into the
recipient cell's genome (along with any additional se-
guences present in the DNA construct used), from which it

15 is expressed or otherwise functions. Alternatively, the
exogenous DNA can be used to target to DNA that exists
episomally within cells.

DNA encoding the desired product can be introduced
into cells under the control of an inducible promoter,

20 with the result that cells as produced or as introduced
into an individual do not express the product but can be
induced to do so (i.e., production is induced after the
transfected cells are produced but before implantation or
after implantation). DNA encoding the desired product

25 can, of course, be introduced into cells in such a manner
that it is expressed upon introduction (i.e., without
induction).

As taught herein, gene targeting can be used to
replace a gene's existing regulatory region with a regula-

30 tory sequence isolated from a different gene or a novel
regulatory sequence synthesized by genetic engineering
methods. Such regulatory sequences can be comprised of
promoters, enhancers, scaffold-attachment regions, nega-
tive regulatory elements, transcriptional initiation
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particularly mammalian, origin. That is, it relates to a 25 nethod of

I ntroducing DNA into prinmary, secondary, or i mortalized cells of
vertebrate origin through honol ogous reconbi nati on JorH($ FHEEF ‘pe
DNA, which is introduced into genom c DNA of the p |narynaigé@§ %ﬂr

I rmort al - I zed cells at a preselected site. The targetig nces |30
used:are determined by (selected with rggerence to) the site into i ch
t he exogenous DNA is to be inserted. The present invention further

relates to fﬁﬁé@,g%&jdﬂdt%&?”@rotein BanlipGl BRt¥s 6€CEeBHBINa®ions of
| mrortal i zec, S8 | S pllced 2 (W ternalivalTS' 2AUBNYLLCERTBL "SPELER)
primary, sect riﬁ ( _ r Y. q
the structure or stability of the RNA or protein produced
can be replaced, removed, added, or otherwise modified by
5 targeting, these sequences including polyadenylation
signals, mRNA stability elements, splice sites, leader
sequences for enhancing or modifying transport or secre-
tion properties of the protein, or other sequences which
alter or improve the function or stability of protein or
10 RNA molecules). According to this method, introduction of
the exogenous DNA results in disablement of the endogenous
sequences which control expression of the endogenous gene,
either by replacing all or a portion of the endogenous
(genomic) sequence or otherwise disrupting the function of
15 the endogenous sequence. In the situation where targeting
is used to replace a protein coding domain, chimeric,
multifunctional proteins can be produced which combine
structural, enzymatic, or ligand or receptor binding
properties from two or more proteins into one polypeptide.

20 Selectable Markers
A variety of selectable markers can be incorporated
into primary, secondary or immortalized cells. For exam-
ple, a selectable marker which confers a selectable pheno-
type such as drug resistance, nutritional auxotrophy,

25 resistance to a cytotoxic agent or expression of a surface
protein, can be used. Selectable marker genes which can
be used include neo, gpt, dhfr, ada, pac, hyg, CAD, and
hisD. The selectable phenotype conferred makes it possi-
ble to identify and isolate recipient cells. amplifiable

30 genes encoding selectable markers (e.g., ada, dhfr and the
multifunctional CAD gene which encodes carbamyl phosphate
synthase, aspartate transcarbamylase, and dihydro-orotase)
have the added characteristic that they enable the selec-
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-9- i mortalized cells, produced by the present nethod and to
uses of the HR primary, secondary, or immortalized ceI The
present i-nvention also relates to a nethod of ac [
is present in primary cells, 5 secondary cells or
vertebrate ori- gin, but is normally not express
not expressed at significant Ievel§ in the cells. Honol ogous

reconbi nation or targeting is used tor pl ace or disable t he

regul atory h08¢N I it h t gul atory
sequence mh%g cgﬁsgéf?% ébﬁ§§§ﬁﬂﬁ§f§hﬁTléléa %O%a%% £%I§@%I%e%e§%er t han
evident in ?héec8¢F§§§oh@58rted|¥ﬁF9uﬁhQ%ﬂﬁW%%ﬁedT@éﬁlfe@ﬁ“@ﬁu§€§‘the gene
to display @ides aaﬁéeﬁ@npémrwlﬁqxﬁrtﬁaﬂﬂq;qu&eatsh@ *t?tedlcEW ent than
evident in the corrgsgond qg nont r ansf cted ceII. Th P%P sent

i nvention, PHBPEFoPE, apefdidcenty or bt

activatisg stoandisgaesisalgbae whi ch encodes the deS|red product I n

transfected pri @%Xecégﬂ e r]?eglgé‘ré/a ﬁ%ﬁﬁ{]gﬂd 288 L J® catego-

Several enbodi nents I'n exog enous oes
ries: p051t1ve1y selectable and negatlvely selectable (in

other words, markers for either positive selection or
negative selection). 1In positive selection, cells ex-

10 pressing the positively selectable marker are capable of
surviving treatment with a selective agent (such as neo,
gpt, dhfr, ada, pac, hyg, mdrl and hisD). In negative
selection, cells expressing the negatively selectable
marker are destroyed in the presence of the selective

15 agent (e.g., tk, gpt).

DNA Constructs
DNA constructs, which include exogenous DNA and,

optionally, DNA encoding a selectable marker, along with
additional sequences necessary for expression of the

20 exogenous DNA in recipient cells, are used to transfect
primary, secondary or immortalized cells in which the
encoded product is to be produced. The DNA construct can
also include targeting sequences for homologous recombina-
tion with host cell DNA. DNA constructs which include

25 exogenous DNA sequences which do not encode a gene product
(and are the therapeutic product) and, optionally, include
DNA encoding a selectable marker, can be used to transfect
primary, secondary or immortalized cells. The DNA con-
structs may be introduced into cells by a variety of

30 methods, including electroporation, microinjection, calci-
um phosphate precipitation, and liposome- polybrene- or
DEAE dextran-mediated transfection. Alternatively, infec-
tious vectors, such as retroviral, herpes, adeno-virus,
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20 . honol ogous reconbi nation wth genom c DNA of transfected

(recipient) cells can be practiced according to the pres- ent

i nvention. I n one enbodi ment, introduction of the BHO BEOT S ANBEmes Ul ts
in the activation of a gene that is normal |y not expreﬁ 9\?5 expressed
in levels too low to 25 be useful for In vitro protéa prcu 8n--gL.gene
t her apy. In a second enbodi nent, %uences encodi ng a product of
therapeutic utility are directed to i nt rate into the reci pi ent cel
genone vi a r | i o e in e

reci pi ent cbﬁ OQ&%%%@%%gggﬁggéatRgﬁgst%%ds?‘?ielo‘?i %egr (%lgsh |sél€re0| sely
known and tih?:HSﬁﬂ to im&moducehtbenDRBr its favorable properties (e.g.

the site al | qup @ icBRile¥e! StRE BRI ESSLLALOE SAOARIY )D%Aa
In a third embodiment, the present invention de- scribes a hod of

act fvating (129 TP GRF SRARGRE| Fargeting Sequences, generally

5 located at both ends of the exogenous

DNA sequence. Targeting sequences are DNA sequences
normally present in the genome of the cells as obtained
(e.g., an essential gene, a nonessential gene or noncoding
DNA, or sequences present in the genome through a previous

10 modification). Such a construct is useful to integrate
exogenous DNA (at a preselected site in a recipient cell
is genome) encoding a therapeutic product, such as a
hormone, a cytokine, an antigen, an antibody, an enzyme, a
clotting factor, a transport protein, a receptor, a regu-

15 latory protein, a structural protein, an anti-sense RNA, a
ribozyme or a protein or a nucleic acid which does not
occur in nature. In particular, exogenous DNA can encode
one of the following: Factor VIII, Factor IX, erythro-
poietin, alpha-1 antitrypsin, calcitonin, glucocerebrosi-

20 dase, growth hormone, low density lipoprotein (LDL) recep-
tor, apolipoproteins (e.g. apolipoprotein E or apolipo-
protein A-I), IL-2 receptor and its antagonists, insulin,
globin, immunoglobulins, catalytic antibodies, the inter-
leukins, insulin-like growth factors, superoxide dismu-

25 tase, immune responder modifiers, parathyroid hormone,
interferons, nerve growth factors, tissue plasminogen
activators, and colony stimulating factors, and variants
of these proteins which have improved or novel biological
properties or more desirable half-life or turnover times

30 in vivo. Such a construct is also useful to integrate
exogenous DNA (at a preselected site in a recipient cell's
genome) which is a therapeutic product, such as DNA se-
guences sufficient for sequestration of a protein or
nucleic acid in the transfected primary or secondary cell,
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fying an endogenous gene encoding a desired product in a

transfected, primary, secondary, or imortalized cel T ——7Fhat_ |t
relates to a nmethod of introducing, by honol o- Bl VEEOANGEEPN Wit h
genom ¢ BNA, DNA sequences which 5 are not normallly fun&tPigwwghly |ihked
to the endogenous gene and (1) which, when inserted o the—hos
genone at or near the endogenous gepgf, serve to alter (e.g., acti-
vate) the expression of the endogenous gene, and further (2) allow for

sel ection obngeldegruencelsi Ghithepanti ¥at £okd uiedaeRpNEE BN ®ricteadm! i fi ed.

Anplifiable
are not

. I h 1_on incl ude,
PRl 5o o0 MR EROBL i BRe (TRl Bel SEARR (AT <

di hydr of ol armescaddc sdsuctatenesinbNy esedueess ad dhher@ARranscydne

(encodi ng t kg dfaihf Yagh

aspartatg transcar banyl ase,

10

15

20

25

30

secondary cells.

The exogenous DNA, targeting sequences and selectable
marker can be introduced into cells on a single DNA con-
struct or on separate constructs. The total length of the
DNA construct will vary according to the number of compo-
nents (exogenous DNA, targeting sequences, selectable
marker gene) and the length of each. The entire construct
length will generally be at least 20 nucleotides. 1In a
construct in which the exogenous DNA has sufficient homol-
ogy with genomic DNA to undergo homologous recombination,
the construct will include a single component, the exoge-
nous DNA. In this embodiment, the exogenous DNA, because
of its homology, serves also to target integration into
genomic DNA and additional targeting sequences are unnec-
essary. Such a construct is useful to knock out, replace
or repair a resident DNA sequence, such as an entire gene,
a gene portion, a regulatory element or portion thereof or
regions of DNA which, when removed, place regulatory and
structural sequences in functional proximity. It is also
useful when the exogenous DNA contains a marker useful for
selection or amplification of linked sequences.

In a second embodiment, the DNA construct includes
exogenous DNA, targeting DNA sequences and DNA encoding at
least one selectable marker. In this second embodiment,
the order of construct components can be: targeting se-
quences-exogenous DNA-DNA encoding a selectable mar-
ker(s)~targeting sequences. 1In this embodiment, one or
more selectable markers are included in the construct,
which makes selection based on a selectable phenotype
possible. Cells that stably integrate the construct will
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or ot ase).

| mproved versions of these sequences and ot her anplifiable
sequences can al so be used. According to the pres -net hod, the

anplifiabl e DNA sequences encodi ng a
sequences which alter the 20
gene are intro-

in -~

associ ation with DNA sequences hggnlogous to genom c DNA
sequences at a preselected site in the cel

sel ectabl e
regul ati on of expressio
duced into the primary, secondary,
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Rt CRldtaly n3@ikert he DNA

randed DNA, W|th or v:\Lnthout

IoNAk @brist ruct g %%nO'EBrgEtﬁntréa
able marker 2. th

i ntroduced ,as |inear, dou
1 ~ targeting sequence - selec

embodiment selectable marker 2 displays the property of
negative selection. That is, the gene product of select-
able marker 2 can be selected against by growth in an
appropriate media formulation containing an agent (typi-
cally a drug or metabolite analog) which kills cells
expressing selectable marker 2. Recombination between the
targeting sequences flanking selectable marker 1 with
homologous sequences in the host cell genome results in
the targeted integration of selectable marker 1, while
selectable marker 2 is not integrated. Such recombination
events generate cells which are stably transfected with
selectable marker 1 but not stably transfected with se-
lectable 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.

In a fourth embodiment, the DNA construct includes a
positively selectable marker that allows for the selection
of cells containing amplified copies of that marker. The
amplification of such a marker results in the co-amplifi-
cation of flanking DNA sequences. In this embodiment, the
order of construct components is, for example: targeting
sequences - DNA encoding an amplifiable positively selec-
table marker - DNA encoding a second selectable marker
(optional) - DNA sequences corresponding to either an
exogenous gene to be expressed under the control of a
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REPLACEMENT SHEET
0 2 MAY 1997 single stranded regions at one or both ends, or the
DNA ean be introduced as circular DNA. After the e ogRe [
i ntroduced into the cell, the cell is maintained urjder ~ ¢t éTﬁ#BnggW
appropriate for honol ogous reconbination 5 to occur b enﬁﬂﬂdcgynom
DNA and a portion of the i-nt r oduced DNA. Honbl ogous reconbi '

bet ween t he genom ¢ DNA and the i itfoduced DNA results in a honol o-

I nbi. i mary, secondar ri rtalized .cell in which
dequences WG L ProRE CatnPeed BROBPERR G00EHbsah o BSE1oBRE « he
anplifiabIetsequ&dwe$eeamo@hﬂgganous gghec%abéfgenﬂﬂgyDNAam@qm@mc@shveIy.
linked to an endageRaULonst 48R GACOALTGAE ARSIARRIIG Hirdiittler Cul turing

the re-

which controls expression of the exogenous DNA, making

5 inducible expression possible. Optionally, the DNA con-
struct can include a bacterial origin of replication and
bacterial antibiotic resistance markers, which allow for
large-scale plasmid propagation in bacteria. A DNA con-
struct which includes DNA encoding a selectable marker,

10 along with additional sequences, such as a promoter, poly-
adenylation site and splice junctions, can be used to
confer a selectable phenotype upon transfected primary or
secondary cells (e.g., plasmid pcDNEO, schematically
represented.in Figure 2). Such a DNA construct can be

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

In all embodiments of the DNA construct, exogenous
DNA can encode one or more products, can be one or more
therapeutic products or one or more of each, thus making

20 it possible to deliver multiple products.

Uses of Transfected Cells
Cells produced using the methods and DNA constructs

described herein can be used for a wide variety of purpos-
es. Primary, secondary, or immortalized cells of verte-
25 brate origin can be produced in which 1) DNA already
present in a recipient cell is repaired, altered, deleted,
or replaced; 2) a genhe or DNA sequence which encodes a
therapeutic product (or other desired product) or is
itself a therapeutic product is introduced into the genome
30 of a recipient cell at a preselected site (i.e gene tar-
geting); 3) regulatory sequences present in the primary,
secondary or immortalized cell recipients have been re-
paired, altered, deleted or replaced:; or 4) an entire gene
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sul ti ng honol ogously reconbi nant cell under conditions whi ch sel ect for
anplification of the anplifiable DNA 15 encodi ng a sel ect abl e marker

results in a cell containing an anplified selecta ﬁﬂgﬁ’ —and a
coanplified endoge- nous gene whose expression hag be fféﬁ%ngﬁ% S
pro- - duced by this nethod can be cultured under c | iaﬁﬁACED suitpbl e
for the expression of the therapeutic pﬁglein, 20 thereby pro

t herapeutic protein in vitro, or the cells can be used for in vivo
del i very of a A p i L i fea, 98 r

Addi ti onal g%b%%?%eﬁggE%§8 %ggs%g%g.P %lfg?betlndgggaEggggﬁsdéaﬁrbe a

si npl e i nsekePdacef-a Hepolaoens segoehiratden FakinFe he &F¢6gd&fous géné

under the c?&b_aqbeotm&b@raaw donotegdl B Pr ¥n sgien ceel(ff Guresdep| e, by
I nsertion o t

either .a ronoier,or_an hapcer,. or hoth stream of an
endoge- | RSHETEABYOLYRE Rhr BoFFRGOBNRRE LI b ave BRP ATeEan | of
a regul a or jedeérdnbr saphaaed} herdéhevhibohotha exmaresi@0 afpecichi ¢
negative r cqubLOLY 18! 8FEBLoq TNEnbRE PEL] NGr C¥EBhinatedaN I epl ace an
exi sting el enent; for exanple, a trssue- | specific enhancer can be
repl aced by an eRhgneellshaf khe Presenbaieyenvien farg apefdd| [foxryaa

specificityylikas pRealdatibn of therapeutic products which can be
purified and delivered by conventional pharmaceutic
10 routes. For example, primary, secondary, or immortalized
human cells can be transfected with exogenous DNA contain-
ing a regulatory region which, upon homoclogous recombina-
tion with genomic DNA sequences, results in the replace-
ment of an endogenocus target gene's regulatbry region with
15 a regulatory region that allows novel expression and/or
regulation of the target gene and, ultimately, production
of a therapeutically useful product by the transfected
cell. The activated endogenous target gene can further be
amplified if an appropriate selectable marker gene is
20 included in the targeting DNA. With or without amplifica-
tion, these cells can be subject to large-scale cultiva-
tion for harvest of intracellular or extracellular protein
products.
Transfected cells of the present invention are use-
25 ful, as populations of transfected primary cells,-trans-
fected clonal cell strains, transfected heterogenous cell
strains, and as cell mixtures in which at least one repre-
sentative cell of one of the three preceding categories of
transfected cells is present, as a delivery svstem for
30 treating an individual with an abnormal or undesirable
condition which responds to delivery of a therapeutic
product, which is either: 1) a therapeutic protein (e.g.,
a protein which is absent, underproduced relative to the
individual's physiologic needs, defective or inefficiently
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al l.y-occurring elenments, or displays a pattern of regul a-
-12- tion or induction that is different fromthe correspondlng
nontransfected cell. In this enbodi nent the natural

sequencess are del eted and new sequences are addeg. FEN e
identification of the targeting 5 event can be faC|I|tateﬂHhxcgye us- of
one of nore sel ect- abl e marker ger that are physicalTy = atied
with the targeting DNA, allow ng for the selection of cells in

whi ch the 659999?@ A has y el Bl &el 0 tqhd NG dIR8lauesly! a prot@ieme. The
identification o e targetlng'event can
with novel functlons, such as enzymatic or transport

functions) or 2) a therapeutic nucleic acid (e.g., DNA
which binds to or sequesters a regulatory protein, RNA

5 which inhibits gene expression or has intrinsic enzymatic
activity). 1In the method of the present invention of
providing a therapeutic protein or nucleic acid, trans-
fected primary cells, clonal cell strains or heterogenous
cell strains are administered to an individual in whom the

10 abnormal or undesirable condition is to be treated or
prevented, in sufficient quantity and by an appropriate
route, to express or make available the exogenous DNA at
physiologically relevant levels. A physiologically rele-
vant level is one which either approximates the level at

15 which the product is produced in the body or results in
improvement of the abnormal or undesirable condition.
Cells administered in the present method are cells trans-
fected with exogenous DNA which encodes a therapeutic
product, exogenous DNA which is itself a therapeutic

20 product or exogenous DNA, such as a regulatory sequence,
which is introduced into a preselected site in genomic DNA
through homologous recombination and functions to cause
recipient cells to produce a product which is normally not
expressed in the cells or to produce the product of a

25 higher level than occurs in the corresponding nontrans-
fected cell. In the embodiment in which a regulatory
sequence (e.g., a promoter) is introduced, it replaces or
disables a regulatory sequence normally associated with a
gene, and results in expression of the gene at a higher

30 1level than occurs in the corresponding nontransfected cell
or allows a pattern of regulation or induction that is
different from the corresponding nontransfected cell.

Immortalized cells which produce a therapeutic pro-

tein produced by the methods described herein and in the
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10 also be facilitated by the use of one or nore marker genes

exhi biting the property of negative sel ection, such that the negatively
sel ectable marker is linked to the exoge- nous DNA, [Ty ired such
that the negatively select- abl e marker flanks the ftdft'g A BENE

and such that a 15 correct honol ogous reconbi nati on event wﬁﬁﬂﬂ@gguence.
in * the host cell genone does not resglt in the stable nte- atfl on
of the negatively sel ectable nmarker. Markers useful for this purpose

i ncl ude therbesapes §1§plﬁa<té4inf Lbsppncatﬁwﬁsdlmﬁgma%@ (oK), 9gar)sser t he
bacteri al xanthipe-

ni ne 0S |bosyl-tran erase ene.
The present 2P v8?nt7%71 %ﬁ‘@o Jrlécf%lfé%rattgecg Rﬁﬁﬁeﬁ %ﬁ%‘l% ous
reconblnatlused51nsgdneothmwapytwhathﬁuamade|hu(Eaihaunx0@m@¢d(awgene copy

o o O o 285k [ficeqraCit SORALADDLIIANY PRGN 9)yo20t OF

bacteria fo ro-protern pro copy can be
insertecd homalegausnreeenbinakion fie targed he ddee@pstiq profeisapna

is to be trapgberr di 0s Ngy&hohe 213 HdrfoldysudNeddiibination Rect s
cont ai ni ng targetln sequences are introduced by ., .hagnol ogous
t %ﬁ%%f?ﬁ%b

r ecombi nat i 8! BﬂEecBﬁsF?’a%P%ﬁtQ%nﬁn%? HrraRsutoite SFotdst r eam
of a human gene ampdifigatidheim-conjunction with one of the three

preceding methods. According to the invention described

10 herein, the immortalized cells are enclosed in one of a
number of 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

15 and can leave the barrier device and enter the local space
surrounding the implant or enter the systemic circulation.
A number of filtration membranes can be used for this
purpose, including, but not limited to, cellulose, cellu-
lose acetate, nitrocellulose, polysulfone, polyvinylidene

20 difluoride, polyvinyl chloride polymers and polymers of
polyvinyl chloride derivatives. Alternatively, barrier
devices can be utilized to allow primary, secondary, or
immortalized cells from another species to be used for
gene therapy in humans. The use of cells from other

25 species can be desirable in cases where the non-human
cells are advantageous for protein production purposes or
in cases where the non-human protein is therapeutically
useful, for example, the use of cells derived from salmon
for the production of salmon calcitonin and the use of

30 cells derived from pigs for the production of porcine
insulin.

Cells from non-human species can also be used for in

vitro protein production. These cells can be immortal-~
ized, primary, or secondary cells which produce a thera-
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peutic protein. The sequences introduced upstream i ncl ude DNA sequences

honol ogous to genonm ¢ DNA sequences at or upstream o encodi ng
the first-amno acid of a mat ure, processed therapeyt Y
retroviral LTR

REPLACEMENT SHEET - 13-

encodi ng a marker for selection in mcrgehial cells; a regulatory

el enent that functions in mcrobial cells; and DNA encodi ng a | eader

peptide thap REQBDLLStein pPE&E&d By ftrRIMthLAkI akseelibea hBeesaauences
ntroduced D e o A et e et e 2ot norabl’ RaTLSn B0 ©
reference, whether made by cells produced by: 1) raq@om
integration of the therapeutic protein, 2) homologous
5 recombination to target the therapeutic protein into a
cell's genome, 3) homologous recombination to activate or
turn on a gene of therapeutic interest, or 4) gene ampli-
fication in conjunction with one of the three preceding
methods. The use of cells from other species may be
10 desirable in cases where the non-human cells are advanta-
geous for protein production purposes (for example CHO
cells) or in cases where the non-human protein is thera-
peutically or commercially useful, for example, the use of
cells derived from salmon for the production of salmon
15 calcitonin, the use of cells derived from pigs for the
production of porcine insulin, and the use of bovine cells
for the production of bovine growth hormone.
Transfected cells of the present invention are useful
in a number of applications in humans and animals. 1In one
20 embodiment, the cells can be implanted into a human or an
animal for protein delivery in the human or animal. For
example, human growth hormone (hGH), human EPO (hEPO), or
human insulinotropin can be delivered systemically in
humans for therapeutic benefits. Barrier devices, through
25 which the therapeutic product is freely permeable, can be
used to retain cells in a fixed position in vivo or to

protect and isolate the cells from the host's immune
system. Barrier devices are particularly useful and allow
transfected immortalized cells, transfected cells from

30 another species (transfected xenogeneic cells), or cells
from a nonhistocompatibility-matched donor (transfected
allogeneic cells) to be implanted for treatment of human
or animal conditions or for agricultural uses (i.e., meat

and dairy production). Barrier devices also allow conve-
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DNA encoding the first amno acid of a mature, processed t herapeutic

protein. The sequences introduced downstream I ncl uf

honol ogous to genom ¢ DNA sequences at or downstr

encoding the last amno acid 10 of a mature, processed a
transcrip- tional term nation sequence; sequences capa

ing DNA replication in mcrobial cells_,and a retroviral LTR. The
sequences i ntroduced downstream'are introduced adj acent to and

downst r eam ofj dnfte shptereedi . £he &1 9Rs don €Lt py h&‘y B Ridy ocessed

t her apeutic roteln After i n{roducin nt o the cel:l s each of the two
DNA const r u&e@dy accegg E@IFgeaF%I%ﬁlﬁ?ﬁlg%%Oﬂ%HéW henyddia ?ﬁﬁ??ﬁﬁﬁﬁbprlate
for honuie@gm ieceobbaahadbefiefveeany heeasdri o0duced DNA and genom‘ c

DNA, ther eby pr D%%%h@?e pugl agpys| Xfrﬁ%’g' 080 G on %{( y, one

or both of the cons ructs can € one or nore narkers or ei t her
posi tivedor usefali for elicdatévygi anthody| produet kdmiony fdre iDMATEEING uct ,

and a S $luifalnsORAnat salﬁamsbs added LorhbsenBt hagkaid er ﬁ&ﬁaﬁ{ted bot h

of the DNA constructs have een I ntroduced Tnto, the 25 cel
Al ternat i vel5Fanstecteduerds QﬂEoH?nbs?%etﬂa?%%%Ver lWWH"%ﬁﬂQ&n%Qﬁ+u n
m crobi al cejdns ahdtt kesagguencesinapabién of the host's cellular and

humoral immune responses. These immune responses can be
10 designed for protection of the host from future infectious
agents (i.e., for vaccination), to stimulate and augment
the disease-fighting capabilities directed against an
ongoing infection, or to produce antibodies directed
against the antigen produced in vivo by the transfected
15 cells that can be useful for therapeutic or diagnostic
purposes. Removable barrier devices can be used to allow
a simple means of terminating exposure to the antigen.
Alternatively, the use of cells that will ultimately be
rejected (xenogeneic or allogeneic transfected cells) can
20 be used to limit exposure to the antigen since antigen
production will cease when the cells have been rejected.

Explanation of the Examples
As described herein, Applicants have demonstrated

that DNA can be introduced into primary, secondary or

25 immortalized vertebrate cells and integrated into the
genome of the transfected primary or secondary cells by
homologous recombination. That is, they have demonstrated
gene targeting in primary, secondary and immortalized
mammalian cells. They have further demonstrated that the

30 exogenous DNA has the desired function in the homologously
recombinant (HR) cells and that correctly targeted cells
can be identified on the basis of a detectable phenotype
conferred by the properly targeted DNA.
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of directing DNA replication in mcrobial cells can both be present in
either the upstreamor the downstreamtar- geti

mar ker for selection in mcrobial 30 cells can be p g- Hfﬁfﬁhe[gg
targeting construct and the sequences capable o dlrdﬂﬂ{ng[gIWA
replication in m crobial cells can be present in the T geting
construct. The honol ogously reconbi nanf,gells are then cultured under
conditions appropriate for LTR dlrected

REPLACEMENT SHEEEn addition, the present invention relaﬁ&% to a
transcription, proceSSInq grgreverse transcription of the RNA pr oduct

of the gene 5Qgppglﬁpog%&qg ransfected primary,
secondary or immortalized cells. The method involves

transfecting primary cells, secondary cells or immortal-

5 1ized cells with exogenous DNA which encodes a therapeutic
product or with DNA which is sufficient to target to and
activate an endogenous gene which encodes a therapeutic
product. For example, Examples 1g, 1j, 2, 3 and 4 de-
scribe protein production by targeting and activation of a

10 selected endogenous gene.

The applicants also describe DNA constructs and
methods for amplifying an endogenous cellular gene that
has been activated by gene targeting (Examples 1f-1k and
Example 3) and further describe methods by which a gene

15 can be inserted at a preselected site in the genome of a
primary, secondary, or immortalizéd cell by gene targeting
(Example 1d).

Applicants describe construction of a plasmid useful

for targeting to a particular locus (the HPRT locus) in

20 the human genome and selection based upon a drug resistant
phenotype (Example la). This plasmid is designated pE3Neo
and its integration into the cellular genomes at the HPRT
locus produces cells which have an hprt’, 6-TG resistant
phenotype and are also G418 resistant. As described, they

25 have shown that pE3Neo functions properly in gene target-
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

30 primary and secondary human skin fibroblasts using pE3Neo
(Example 1lc). The subject application further demon-
strates that modification of DNA termini enhances target-
ing of DNA into genomic DNA (Examples 1lc and le).
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The product of reverse transcription is a DNA construct conprising an
i ntronl ess DNA copy encodi ng the therapeutic 5 protein, operatively Iinked

to DNA sequences conprising the two exogenous DNA-constructs descri bed
above. The i ntronl ess DNA construct produced by THI® SHEEE NS pERMND i 'S
then introduced into a mcrobial cell. The mcrobigl cel REpLagEDS thep

cul tured under conditions appropriate for expres- 19—sromantgd—seetet on of
t he therapeutic protein. Transfeeimd Cell s As used herein
the termprimary cell includes cells present in a suspension of cells

i solated from a Ezamples 1fbihtandiZsilE wsthrate Epbodimeotshéinr whéichg
plated, i.e 1 C t rat u I sh or
flask), ceIFgepgggg%? ?§83%858r§ é&%%rlj%gﬁ%$§%? B§ %hg ﬁﬂm%ﬁ ﬁpgf t he
previ ous tygeseohrecplseppdt ta ab%owrﬁxnnesﬁlon °ftPE€° &ﬁdpéémﬁryu§5en3|ons
derived frogetbaggrp! Q&E%blasﬁeétﬁalﬁélaﬂmw&ﬁ&%dé&pr@glsl EGD Ga@ll strain

rrot tidre Sefpstabip: Ahart LELFT T8 vinth o adtenged stats. ' In °

one embodiment the product of targeting leaves the normal
EPO protein intact, but under the control of the mouse
metallothionein promoter. Examples 1i and 1j demonstrate
the use of similar targeting constructs to activate the

10 endogenous growth hormone gene in primary or secondary
human fibroblasts. In other embodiments described for
activating EPO expression in human fibroblasts, the prod-
ucts of targeting events are chimeric transcription units,
in which the first exon of the human growth hormone gene

15 is positioned upstream of EPO exons 2-5. The product of
transcription (controlled by the mouse metallothionein
promoter), 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 chimeric portion

20 of this protein, the signal peptide, is removed prior to
secretion from cells. Example 5 describes targeting
constructs and methods for producing cells which will
convert a gene (with introns) into an expressible cDNA
copy of that gene (without introns) and the recovery of

25 such expressible cDNA molecules in microbial (e.g., yeast
or bacterial) cells. Example 6 describes construction of
a targeting vector for dual selection and selection of
cells in which the ghfr gene is designated pREPO4, to
amplify the human EPO (hEPO) locus in HT1080 cells (an

30 immortalized human cell line) after activation of the

endogenous hEPO gene by homologous recombination. As
described, stepwise selection in methotrexate~containing
media resulted in a 70-fold increase in hEPO production in
cells resistant to 0.4 uM methotrexate.
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culture substrate and replated (passaged), it is referred to herein as

a secondary cell, as are all cells in subse- quent passages. Secondary
cell's are-cell strains which 25 consist of secondar been
passaged one or nore tines. A cell strain consi § Eéﬁ&aﬁ&m& I'ls

that: 1) have been passaged one or nore tines; 2) e
nunber of mean popul ati on doublings in culture;

3) exh|

properties of contact-inhibited, anchorgage 30 dependent growt h

(anchor age- dependence does not apply to

suspensi on cul t urgy; Ex8fpdes pro@lifeNféthsd®rtsyt izdtivating or for
REPLACEMENT _ SHEET

10

15

20

25

activating and amplifying endogenous genes by gene target—
ing which do not require manlpulatlon or other uses cof the
target genes' protein coding regions. By these methods,
normally inactive genes can be activated in cells that
have properties desirable for in vitro protein production
(e.g., pharmaceutics) or in vivo protein delivery methods

(e.g. gene therapy). Figures 5 and 6 illustrate two
strategies for transcriptionally activating the hEPO gene.
Using the methods and DNA constructs or plasmids
taught herein or modifications thereof which are apparent
to one of ordinary skill in the art, exogenous DNA which

encodes a therapeutic product (e.g., protein, ribozyme,
nucleic acid) can be inserted at preselected sites in the
genome of vertebrate (e.g., mammalian, both human and
nonhuman) primary or secondary cells.

The present invention will now be illustrated by the
following examples, which are not intended to be limiting
in any way.

EXAMPLES
EXAMPLE 1. PRODUCTION OF TRANSFECTED CELL STRAINS BY GENE
TARGETING | |
Gene targeting occurs when transfecting DNA either
integrates into or partially replaces chromosomal DNA
sequences through a homologous recombinant event. While
such events can occur in the course of any given transfec-
tion experiment, they are usually masked by a vast excess
of events in which plasmid DNA integrates by nonhomologo-
us, or illegitimate, recombination.
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- 15- Cells transfected by the subject nmethod fall into f our

types or categories: 1) cells which do not, as ob- talned make or
contain the therapeutic product, 2) cells whi dt , ontai n the

t herapeutic product but in 5 smaller quantities 5 | BEpUiant i ti es
| ess than the physiologically normal |ower |eyel) oﬁﬂuncgyfectlve
form:3) cells which make the therapeutic product at ologiical |y
normal levels, but are to be augnented-oe- enhanced in the|r content or

producti on, and 4) ceIIs in 10 mhlch |t S deS|rabIe to change the pattern
of regul ati @n A : HSHE ] >

Primary and secoQQQ@ngghgglh% @th@gngﬁegbﬁng&Eiﬂg > present met hod can

be obtained froma varrety of trssues . and include all cell, types which
can be mai nt ai ne@Men BPPToRGH o Selpstingdatpretaprehat ye vt S et ittry cel | s
whi ch Cyjere il dedfettieth Fort imepueeenbfrret geflei peheEiEoh i di®-to

cel 1.1 Rt oot EaREAtdra P T SEROF FeardBenENR: | The Junan EBRE Forf o |
neur al Cell$mChdmme¢h@ emzyine tfypoxanthine-phosphoribosyl transfer-
ase. hprt  cells can be selected for by growth in medium
containing the nucleoside analog 6-thioguanine (6-TG):
cells with the wild-type (HPRT+) allele are killed by

10 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-

15 +tions 11,960-18,869 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 pUCl1l2. The resulting clone is
cleaved at the unique Xhol site in exon 3 of the HPRT gene

20 fragment and the 1.1 kb SalI-Xhol 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

25 replacement of the normal HPRT exon 3 with the neo-disrup-
ted version will result in an hprt’, 6-TG resistant pheno-
type. Such cells will also be G418 resistant.

b. GENE TARGETING IN AN ESTABLISHED HUMAN FIBROBLAST
CELI, LINE
30 As a demonstration of targeting in immortalized cell
lines, and to establish that pE3Neo functions properly in
gene targeting, the human fibrosarcoma cell line HT1080
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20 the blood (e.g., |ynphocytes, bone marrow cells), nuscle cells and
precursors of these somatic cell types. Primary cells are preferably
obt ai ned from the individual to whom t he transf '

secondaryscells are adm ni s- tered. However, pri ’
obtained froma 25 donor (other than the recipient 5@ I es or
anot her species (e.g.., nouse, rat, rabbit, cat, do ird,
sheep, goat, horse). Transf ect28-pri mary and secondary cells have
been produced, with or wthout phenotypic selection, as de- 30 scribed
in the coper@@e§ OCT. 1R3d)emasAppbhhedecbed Bekh apE3Neo w5 eF2ERB20- and
07/ 911, 533 gngpshown to express exoge- nous DNA encoding a therapeutic
product includin for exanpl e, hGH ,EPO and insuli notropin

REPLACEMENT SHEETT1080 cells were maintained in HAT (hypoxanthime/
aninopterin/xanthine) supplemented DMEM with 15% calf
5 serum (Hyclone) prior to electroporation. Two days before
electroporation, the cells are switched to the same medium
without aminopterin. Exponentially growing cells were
trypsinized and diluted in DMEM/15% calf serum, centri-
fuged, and resuspended in PBS (phosphate buffered saline)
10 at a final cell volume of 13.3 million cells per ml.
pE3Neo is digested with HindIII, separating the 8 kb
HPRT-neo fragment from the pUCl2 backbone, purified by
phenol extraction and ethanol precipitation, and resus-
pended at a concentration of 600 pg/nml. 50 pl (30 pg) was
15 added to the electroporation cuvette (0.4 cm electrode
gap; Bio-Rad Laboratories), along with 750 gl of the cell
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
20 to DMEM with 15% calf serum to yield a cell suspension of
1 million cells per 25 ml media. 25 ml of the treated
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
25 yield a final concentration of 800 pg/ml G418. Five days
'~ later the media was replaced with DMEM/15% calf serum/800
Kg/ml G418. Nine days after electroporation, the media
was replaced with DMEM/15% calf serum/800 pg/ml G418 and
10 pM 6-thioguanine. Colonies resistant to G418 and 6-TG
30 were picked using cloning cylinders 14-16 days after the
dual selection was initiated.
The results of five representative targeting experi-
ments in HT1080 cells are shown in Table 1.
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-16- Imortalized cells can al so be transfected by the

present nethod and used for either protein production or gene t her apy.
Exanpl es of inmortalized human cell 1ines usef ul C producti on
or gene therapy by the 5 present nethod include, b ﬁaf}MBn@&mﬂ to,
HT1080, HeLa, MCF-7 breast cancer cells, K-562 ke

carcinoma cells, 2780AD ovarian carcinoma cells, Raji 36)
cells, Jurkat (ATCC TIB 152) cells, Nampiwa (ATCC CRL 1432) ceIIs
HL-60 (ATCC CCL 240) cells, Daudi 10 (ATCC CCL 213) cells, RPM 8226 (ATCC
CCL 155) cells and MOLT-4 (ATCC @EBLESSZ) cells. InnDrtaIized cells
from ot her speC|es (e.qg. chln L er ovary ( SEldS Ofq1ar
mouse L celh§% 3a.0¢ used for in yf £€b&" %ﬁiglprodu A CIOnQE gene
therapy. In-a tlon primary or secondary uman 15 cells, as well as
primary or secondary cetts—fromotter Species which dispray the
properties of gene anplification

1 1 x 107 32

2 1 x 107 28

3 1 x 107 24

4 1 x 107 32

5 1 x 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
1 x 107 treated cells. Thus, the ratio of targeted to

5 non-targeted events is 66/33,700, or 1 to 510. In 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.

c. GENE TARGETING IN PRIMARY AND SECONDARY HUMAN SKIN
FIBROBLASTS

pPE3Neo is digested with HindIII, separating the 8 kb
15 HPRT-neo fragment from the pUCl2 backbone, and purified by
phenol extraction and ethanol precipitation. DNA was
resuspended at 2 mg/ml. Three million secondary human
foreskin fibroblasts cells in a volume of 0.5 ml were
electroporated at 250 volts and 960 pFarads, with 100 pg
20 of HindIII pE3Neo (50 pl). Three separate transfections
were performed, for a total of 9 million treated cells.
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in vitro can be used for in vitro protein production or gene therapy.

Exogenous DNA 20 Exogenous DNA i ncorporated into primary, secondary
or imortalized cells by the present nmethod is: 1) DNA which

encodes a translation or transcription product who g ssion in
cells-is desired, or a portion of a transla- t H“%ﬁHEEbﬁgqqk@ ijon
product, such as a protein product 25 or RNA prodlct u§EPgM; treat an
exi sting condition or prevent it f+®%roccurring (eg. " r

i nsul i notro- pin); or 2) DNA which does not encode a gene product but

is itself ugkfllls ageclprasessedansdrspieched fegtsaltdriesistangpience or DNA
useful to tropf @ Sk Bgrcaaal fninoeuﬁfué& &):[&Y%ré tpf 4R %&Hr@m

DNA transfected into prinmary, Secondary_or inmnort i zed cells can

encode an eqlRetd@d-r e@f5eEddlt dape %ﬁﬁer se%ﬁﬁﬁkﬁﬁ fidre SEHIEe the
active or fupgdienals peplia@e@SKith human fibroblast nutrient medium

5 containing 400 pg/ml G418 and 10 pM 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-

10 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 initial 9 x 10° treated cells.

15 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 gene to
the HPRT locus at the predicted site within HPRT exon 3

20 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

25 are summarized in Table 2. HindIII digested pE3Neo was
either transfected directly or treated with exonuclease
IIT to generate 5' single-stranded overhangs prior to
transfection (see Example 1lc). DNA preparations with
single-stranded regions ranging from 175 to 930 base pairs

30 in length were tested. Using pE3neo digested with HindIII
alone, 1/799 G4l8-resistant colonies were identified by
restriction enzyme and Southern hybridization analysis as
having a targeted insertion of the neo gene at the HPRT
locus (a total of 24 targeted clones were isolated).
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of the product. The product can be, for exanple, a hor-

none, a cytokine, an antigen, .an anti body, an enzyne, a clotting
factor, a transport protein, a receptor, a regu- IaﬂﬂSysgy
structural protein, a transcription 5 factor, an antif- | -
ri bozyme. Additionally, t he product can be a protet - I d
whi ch does not occur in nature (i.e., a novel protein or novel TucHe-
ic acid). The DNA can be obtained from3&-source in which it occurs in
nature or can be produced, using genetic 10 englneerlng t echni ues or

e

synthetic pFat@etény wanmenapiwally stimulated (approxima

10

ly 10-fold
stimulation) when overhangs of 175 bp were used, with 1/80
G418" colonies displaying restriction fragments that are
diagnostic for targeting at HPRT (a total of 9 targeted
clones were isolated). Thus, using the conditions and
recombinant DNA constructs described here, targeting is
readily observed in normal human fibroblasts and the
overall targeting frequency (the number of targeted clones
divided by the total number of clones stably transfected
to G4l18-resistance) can be stimulated by transfection with
targeting constructs containing single-stranded overhang-
ing tails, by the method as described in Example le.

TABLE 2
TARGETING TO THE HPRT LOCUS IN HUMAN FIBROBLASTS

PE3neo Number of Number Targeted Total Number of
Treatment Experiments Per G418" Colony Targeted Clone

HindIII digest 6 17799 24
175 bp overhang 1 1/80 9
350 bp overhang 3 1/117 20
930 bp overhang 1 1/144 1

d. GENERATION OF A CONSTRUCT FOR TARGETED INSERTION OF A
GENE OF THERAPEUTIC INTEREST INTO THE HUMAN GENOME
AND ITS USE IN GENE TARGETING
A variant of pE3Neo, in which a gene of therapeutic
interest 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 or secondary cell genome. Such a variant of
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can encode one or nore therapeutic products. After trans- fection, the

exogenous DNA is stably incorporated into the rechLenLﬁgeLL—s}?=none
(al ong with any additional~se- quences present [i THIS IEHEBNAASOBEN Lict
used), fromwhich it 15 is expressed or otherw se functﬁgmngD

Al ternatively, the exogenous DNA can be used t o—target—toDNATTTat
exi sts epi somal Iy within cells. DNA encodi ng the desired
product can be introduced into ce#%s under the control of an inducible
pronoter, 20 with the result that ceffs as produced or as introduced

I nt 0 an [ %u%a ?{ §§39t Pgrt%ggél&“ﬁjanﬁaglﬁfg(? ene |tQ>duced to do

so (i.e pro duction |s ter I's are
produceq Bie timequqﬂ-ant ation or after inplantation). DNA encodi ng
the desired pr%&% %%ch%atleélw%ﬁsseﬁ@ea i Cﬂ%ﬂf& it qsc@ﬂ-s in such a
manner that_ it, I.s_expressed upon introduction (1.e.,, wthout

i nduct i on)gested with EcoRy and Kbeetnl Kerbramendt iGaptedmipy dd&d to
repl ace argnn@emeaxairﬁi ilﬁngeGgubﬁkérMet&fmélthWﬂdirﬁ (megy| droddterory

sequence isol.at ;ﬁ, ne or an . T Latory sequence
synt hesi zé‘(f l}y gl vgrehangs are Ofllelled in %vq."f: t?xey
Klenow fragment from E. coll DNA polymerase. Separately,

pPE3Neo is digested with XholI, which cuts at the junction
of the neo fragment and HPRT exon 3 (the 3' junction of
10 the insertion into exon 3). The Xhol overhanging ends of
the linearized plasmid are filled in with the Klenow
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
15 mixture are screened b& restriction enzyme analysis for a
single copy insertion of the hGH-mMT fragment and one
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
20 fragment containing HPRT, neo and mMT-hGH sequences.
Digested DNA is treated and transfected into primary or
secondary human fibroblasts as described in Example 1lc.
G418" TG" colonies are selected and analyzed for targeted
insertion of the mMT-hGH and neo sequences into the HPRT
25 gene as described in Example 1c. Individual colonies are
assayed for hGH expression using a commercially available
immunoassay (Nichols Institute).
Secondary human fibroblasts were transfected with
PE3Neo/hGH and thioguanine-resistant colonies were ana-
30 1lyzed for stable hGH expression and by restriction enzyme
and Southern hybridization analysis. Of thirteen TG
colonies analyzed, eight colonies were identified with an
insertion of the hGH gene into the endogenous HPRT locus.
All eight strains stably expressed significant quantities
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met hods. Such regul atory sequences can be conprised of pronoters,
enhancers, scaffol d-attachnent regions, nega- tive regulatory el enents,
transcrlptlonal initiation- - 18-
sites, regulatory protein binding sites or conbi na . '
SHERE HAS g

sequences. (Alternatively, sequences which affect ERpuf e or
stabi'lity of the RNA or protein produced can lbe r eBER¢edp renoyed,
added, or otherwi se nodified by 5 t%rgetlng, t hese sequences udlng

pol yadenyl ati on
of hGH, with an average expression level of 22.7 ug/lo6
cells/24 hours. Alternatively, plasmid pE3neoEPO, Figure
4, may be used to target EPO to the human HPRT locus.
The use of homologous recombination to target a gene
5 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-
ceutics, gene therapy) by the insertion of a gene through
which cells containing amplified copies of the gene can be
10 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
gene at a position immediately adjacent to the hGH or neo
genes in pE3neo/hGH. Primary, secondary, or immortalized
15 cells are transfected with such a plasmid and correctly
targeted events are identified. These cells are further
treated with increasing concentrations of drugs appropri-
ate for the selection of cells containing amplified genes
(for dhfr, the selective agent is methotrexate, for CAD
20 the selective agent is N-(phosphonacetyl)-L-aspartate
(PALZ), and for ada the selective agent is an adenine
nucleoside (e.g., alanosine). In this manner the integra-
tion of the gene of therapeutic interest will be coampli-
fied along with the gene for which amplified copies are
25 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
construct integrates and at which the amplified copies
reside in the amplified cells.

30 e. MODIFICATION OF DNA TERMINI TO ENHANCE TARGETING
Several lines of evidence suggest that 3'-overhanging

ends are involved in certain homologous recombination
pathwvays of E. coli, bacteriophage, 5. cerevisiae and
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signals, nRNA stability elenents, splice sites, |eader sequences for
enhanci ng or nodifying transport or secre- tion _properti of the
protein, or other sequences which alter of 1 (RS 1RET &S BEEMGt i on or
stability of protein or 10 RNA nol ecul es). A"lordl & hi s t hod,

I ntroduction of t he exogenous DNA resul tsl |
endogenous sequences which control expression of the endogenous gene,
either by replacing all or a portion _of the endogenous (genoni ¢)
sequence or ot herw se disrupting thée Finction of 15 the endogenous
sequence. . _ln the.situati er raet . I S, U to.rep a
protein cggpﬁauﬁoﬁa?%;sbh?ﬁ%rgéféﬁééi#%ﬁ%ﬁ lﬂ%ﬁ%ﬁ%%é|%%ﬁgfgﬁﬁ% @gﬁﬁbe
produced dhiroherbabghrg endstoficianertal dwndned daser Paiigsndhor receptor

bi ndi ng 1erh1/g§:§pﬁﬁaéf§ex§£ ORL LR, Ha iy fvﬁ; &l l}:aritl% ReaR@aypept i de. 20

Sel ect abl e ers A variety o el ect abl e markers can be
i ncor por aledecules ymach poxe \rapidoh fteromicrdmigation &ePs. For exam

ple, 85Sehe@baﬁlés”ﬁikﬁfrvé\f‘*Céh&ﬂilfcﬁféid&r@@ qat dP)e geieirerted byt ype such as
n

drug “es'%%2@%?&t98£ré£é§hg'df%@%%ié%ﬁ““xn yeast, the generation of

3'-overhanging ends several hundred base pairs in length
appears to be a rate limiting step in meiotic recombinati-
on. No evidence for an involvement of 3'Foverhanging ends

10 in recombination in human cells has been reported, and in
no case have modified DNA substrates of any sort been
shown to promote targeting (one form of homologous recom-
bination) in any species. In human cells, the effect of
3'-overhanging ends on targeting is untested. The experi-

15 ment described in the following example and Example lc
suggests that 5'-overhanging ends are effective for stimu-
lating targeting in primary, secondary and immortalized
human fibroblasts.

There have been no reports on the enhancement of

20 targeting by modifying the ends of the transfecting DNA
molecules. This example serves to illustrate that modifi-
cation of the ends of linear DNA molecules, by conversion
of the molecules' termini from a double-stranded form to a
single-stranded form, can stimulate targeting into the

25 genome of primary and secondary human fibroblasts.

1100 pg of plasmid pE3Neo (Example la) is digested
with HindITII. 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

30 separated away from the pUCl2 vector sequences by gel
electrophoresis. ExoIII digestion of the HindIII digested
DNA results in extensive exonucleolytic digestion at each
end, initiating at each free 3' end, and leaving 5'-
overhanging erids. The extent of exonucleolytic action
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25 resistance to a cytotoxic agent or expression of a surface
can be used. Sel ectable marker genes which can be used include

gpt, dhfr; ada, pac, hyg, -€CAD, and hi sD. Th ' a [y
conferred nakes it possi- ble to identify and FB’#@CBE%bnt
Armpl i fiable 30 genes encoding sel ectabl e nmarkers_ (e. BEPLA&BR, dhfy

mul tiTunctional CAD gene whi ch encodes carbanyl phosphai® synt h
aspartate transcarbanyl ase, and dihygmf;orotase) have the added

characteristic that they enable the se

-19-

10

15

20

25

30

C-
and, hence, the length of the resulting 5'-overhangs, can
be controlled by varying the time of ExoIII digestion.
ExoIITI digestion of 100 pg of HindIII digested pE3Neo is
carried out according to the supplier's recommended condi-
tions, for times of 30 sec, 1 min, 1.5 min, 2 min, 2.5
min, 3 min, 3.5 min, 4 min, 4.5 min, and 5 min. To moni-
tor the extent of digestion an aliquot from each time
point, containing 1 pg of ExoIII treated DNA, is treated
with mung bean nuclease (Promega), under conditions recom-
mended by the supplier, and the samples fractionated by
gel electrophoresis. The difference in size between
non-treated, HindIII digested pE3Neo and the same mole-
cules treated with ExoIII 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
molecule. Using the time points described above and
digestion at 30°, the 5'-overhangs produced should range
from 100 to 1,000 bases.

60 pg of ExoIII treated DNA (total HindIII digest of
PE3Neo) from each time point is purified and electropor-
ated into primary, secondary, or immortalized human fibro-
blasts under the conditions described in Example 1lc. . The
degree to which targeting is enhanced by each ExoIII
treated preparation is quantified by counting the number
of G418" 6-TG" colonies and comparing these numbers to
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
exonuclease (United States Biochemicals) for varying time
intervals under the supplier's recommended conditions.
Determination of the extent of digestion (average length
of 3'-overhang produced per end) and electroporation
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tion of cells containing anplified copies of the select- . abl e marker

inserted into the genone. This feature pro- vi des a nechani sm f or
significantly increasing the copy nunber of an adjacent or |inked gene
for which amplifica- 5 tion is desirable. Sel ect abl e markers can

be divided into two catego- ries: positivehﬁ~se+ee%abLe—andwnegativeIy
sel ectable (in ot her words, markers for eif S Pt HAG BEBN ¢cti on or

negative selection). In positive selggtion, cel]s ex-REPDACHBr essi pg the

positively sel ectabl e marker are capabl e of SurvirvrmgTtreattrent with a
53'ECt'Vecéﬁ@ﬂﬁlsﬁﬂCQrésage@escrlbe@pfor(ﬁﬁdllfﬂ¥%ed¥@a phind. meel and
hisD). In _negative sel ection, cells expressing the_ne atlvely

sel ect abl §e9fee FﬁrWEFCBrEaH%§F%B?eHF|?Pﬁ4ﬁp%ﬁé§@ﬁ%§ﬂbﬂ?t Nelbective 15
agent (e.exontkle@pt) treated ﬂ@p&@@ﬁicﬁmd§ quantified BYAcoumttihgcts, which

;rg‘;[(gfe SKRICRNBR P be 2Bt or 6P L3NShIYe BN SHGOLLAG Aunglectabl e
numbers to targeting with HindIII digested pE3Neo that was
not treated with T7 gene 6 exonuclease.

Other methods for generating 5' and 3! overhanging
ends are possible, for example, denaturation and annealing
of two linear molecules that partially overlap with each

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

15 in common between the two DNA fragments.

£, CONSTRUCTION OF TARGETING PIASMIDS FOR PLACING THE
HUMAN ERYTHROPOIETIN GENE UNDER THE CONTRQI. OF THE
MOUSE METALIOTHIONEIN PROMOTER IN PRIMARY, SECONDARY
AND TMMORTALIZED HUMAN FIBROBIASTS
20 The following serves to illustrate one embodiment of

the present invention, in which the normal positive and
negative regulatory sequences upstream of the human eryth-
ropoietin (EPO) gene are altered to allow expression of
human erythropoietin in primary, secondary or immortalized

25 human fibroblasts, which do not express EPO in significant
quantities as obtained.

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-

30 sis of the published human EPO [Genbank designation
HUMERPA; Lin, F-K., et al., Proc. Natl. Acad. Sci., USA
82:7580~7584 (1985)]. These primer pairs can amplify

- fragments of 609, 603, or 590 bp.
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addi ti onal sequences necessary for expression of the 20 exogenous DNA in
.recipient cells, are used to transfect primary, secondary or
"immortalized cells in whieh the encoded product is to be produced. The
DNA construct can al so include targeting seqyences-for _homnl ogous

r econbi na- tion with host cell DNA DNA consfTHS: SHEE HASiBEENUde 25 )
exogenous DNA sequences which do not encode a gefpe prqﬂymhca) (and are the
therapeutic product) and, optionally.s4dnclude DiA—encoti-rg—a—del ect abl e
mar ker, can be used to transfect primary, secondary or imortalized
cells. The DNA con- structs mayaBegi gtroduced into cells by a variety

of 30 nethods, including electroporation, mcroinjection, calci- um
phosphat e precipitation, and |iposomne- polybrene- or DEAE

dextran-nedi ated trrumsirRedion. Alternatively, infec- tious vectors,

such as rettﬂarraJcoﬁmmxmsteadenaamnkus Fragment Size
REPLACENMENT _SHEET

Fl 2 - 20 5' AGCTTCTGGGCTTCCAGAC
(SEQ ID NO 1)

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 5! 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 ClalI linkers. The
resulting ClaI-linked fragment is digested with ClaIl 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 FspI or Sfil sites in the EPO up-
stream fragment (HUMERPA nucleotide positions 150 and 405,
respectively) and ligated to the mouse metallothionein
promoter. Typically, the 1.8 kb EcoRI-BglII from the
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-adenovi rus-associ ated, nunps and poliovirus vect

0 2 MAY 1997 - 20-

s..can be used to

i ntroduce the DNA, -~ I'n one enbodi nent, t éi'HINSMEE’TlfFFAPSug%EINl cl udes
exoge- * nous DNA ‘and one or nore targeting se uencegep 48PS’ a 5

| ocated at both ends of the exogenous DNA se sequences
are DNA sequences normally present in the genone of the cells as

obt ai ned (e.g., an essential gengs.a nonessential gene or noncoding
DNA, or sequences present in the genone through a previous 10

Emdl fi catm)x géldéh[@oﬁﬂélﬁﬁir&l@tnd Snmse:fo:almtgo&-.eqh@gea&e Hameg)X0genous DNA
at a pre ecte reci nt ce no ng a
therapeut pr%ﬁgcﬁaiﬁ ég'a;—ﬁiiﬁe#ﬁﬁﬂe——§—eyioggﬁeggg ?gﬁggb
ant i body, thnseﬁzggmena can aisntbeu}dbmahmd by knawspuoethpdst €romp a
receptor, I r tosd p Al r 018 NandivagLi - sense
RNA, a mé‘ué%gg?/%%é%? ]gﬁ%r&/ostiéﬁg &i %‘égé?hegm?% d%gs K t
5 of mMT sequences avallable from Genbank, i.e., MUSMTI,
MUSMTIP, MUSMTIPRM] is made blunt- ended by known methods

and ligated with SfiI digested (also made blunt-ended) or

FspI digested p5'EPO. The orientations of resulting clones
are analyzed and those in which the former mMT BglII site

10 is proximal to the Sall site in the plasmid polylinker are

-~ used for targeting primary and secondary human fibro- '
blasts. This orientation directs mMT transcription to-
wards HUMERPA nucleotide position 610 in the final con-
struct. The resulting plasmids are designated p5'EPO-mMTF

15 and p5'EPO-mMTS for the mMT insertions in the FspI and
SfiI sites, respectively.

Additional upstream sequences are useful in cases
where it is desirable to modify, delete and/or replace
negative regulatory elements or enhancers that lie up-

20 stream of the initial target sequence. In the case of
EPO, a negative regulatory element that inhibits EPO
expression in extrahepatic and extrarenal tissues [Semen-
za, G.L. et al., Mol. Cell. Biol. 10:930-938 (1990)] can
be deleted. A series of deletions within the 6 kb frag-

25 ment are prepared. The deleted regions can be replaced
with an enhancer with broad host-cell activity [e.g. an
enhancer from the thomeqaloVirus (CMV) ].

The orientation of the 609 bp 5'EPO fragment in the
pBluescriptIISK/+ vector was chosen since the HUMERPA

30 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
[Semenza, G. L. et al., Mol. Cell. Biol. 10:930~938
(1990) ] can be isolated from genomic DNA by known methods.
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occur in nature. In particular, exogenous DNA can encode one of the
followi ng: Factor VIII, Factor |IX, erythro- poi etin, alpha-1
antitrypsin, calcitonin, gl ucocerebrosi- 20 dase, growth hornone, |ow

density I poprotein (LDL) recep- tor, apoli popr ptrgjsn

apol i poprotein E or apolipo- protein A1), I1L-2 rgcseéHEéﬁ ‘%%I BE[EQ

ant agoni sts, insulin, gl obi n, i mmunogl obul i ns, I bodil es,
the inter- - leukins, insulin-Iikesguowh factors, superOX|de di snu- 25

tase, imune responder nodifiers, parathyroid hornone, i nterferons,
nerve grofwh éxamples, 4 ilssuteepapirgemgensnid, aoriyeastsaramﬂicbhbny

Sti mul at | g g&@ 1ANLAPANE be sledNBGROLERNBOUNLENpERVE | P Oved

novel I ca es or nore desirabl e or turnover
t| mes 30 ammlx/ ird flsm\ferat caﬁm mraby.s heodgsatgl £donpatwhtht e

€X0genOoUShHAMNA 4 a¢ 1&; m&&ﬁﬁ@irﬂtﬁr tfﬁ:dg&e%tr aaaplleat ig8htigy cangp8ONE)
which s a.%gfr%Q oduct such as es sufficient for
sequest r at? ‘i 9F§ﬁng i ﬁnﬁﬂ%§§595598 Pﬁptﬁg°Fr3n§?§gFéﬁ primary

or secondalqncmdﬂ,around the human EPO gene determined by known
methods. Alternatively, constructing a restriction map of
the human genome upstream of the EPO gene using the 609 bp
fragment as a probe can identify enzymes which generate a
10 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 into a bacte-
rial or yeast cloning vector. The correct clone will
15 hybridize to the 609 bp 5'EPO probe and contain a 6 kb
BamHI-HindIXII fragment. The isolated 6 kb fragment is
inserted in the proper orientation into p5'EPO, pS5!'EPO-mM-
TF, or pS'EPO-mMTS (such that the HindIII site is adjacent
to HUMERPA nucleotide position 2). Additional upstream
20 sequences can be isclated by known methods, using chromo-
some walking techniques or by isolation of yeast artifi-
cial chromosomes hybridizing to the 609 bp 5'EPO probe.
The cloning strategies described above allow sequenc-
es upstream of EPO to be modified in vitro for subsequent
25 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
negative regulatory region, and deletion of the negative
regulatory region and replacement with an enhancer with

30 Dbroad host-cell activity.
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REPLACEMENT SHEET -21- DNA
sequences which bind to a cellular regulatory protein, DNA sequences
whi ch alter the secondary-or tertiary chro- no, d DNA -
sequences which are transcrip- tional regulat Benonic
DNA of primary or 5 secondary cells. The exo@GEPIACENDNA,
targeting sequences and sel ectabl e mar ker can ' +=At0 cell s
on a single DNA con- struct or._gg-separate constructs. The total

| engt h of the DNA construct will vary according to the nunber of
conpo- 10y. nermtARGREXONGE MU $ HONANCEST GEANRIUNS CUHENHEMANSEPOCEREE mar ker

gene) and” the ]G0l 0l 83F Ty TARCERED" BrSANRY! USkconpary anp

IMMORTALIZED HUMAN FIBROBLASTS BY SCREENING )
For targeting, the plasmids are cut with restriction

5 enzynmes that free the insert away from the plasmid back-
bone. In the case of p5'EPO-mMTS, HindIII and SaII diges-
tion releases a targeting fragment of 2.4 kb, comprised of
the 1.8 kb mMT promoter flanked on the 5' and 3' sides by
405 bp and 204 base pairs, respectively, of DNA for tar-

10 geting this construct to the regulatory region of the EPO

) gene. This DNA orx the 2.4 kb targeting fragment alone is
purified by phenol extraction and ethanol precipitation
and transfected into primary or secondary human fibro-
blasts under the conditions described in Example 1lc.

15 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 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

20 (Example 1lc, 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 EPO will express EPO under the control of the
mMT promoter. After 10 days, whole well supernatants are

25 assayed for EPO expression using a commercially available
immunoassay kit (Amgen). Clones from wells displaying EPO
synthesis are isolated using known methods, typically by
assaying fractions of the heterogenous populations of
cells separated into individual wells or plates, assaying

30 fractions of these positive wells, and repeating as need-
ed, ultimately isolating the targeted 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
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|l ength will generally be at |east 20 nhucleotides. In a construct in
whi ch the exogenous DNA has sufficient honol - ogy with genomic DNA to
under go henol ogous reconbination, 15 the construct i nclude a single

conponent, the exoge- nous DNA.  In this enbodi meTH}S gpgﬂeﬁ DINA,
because of its honol ogy, serves also to target i1tegr%&#ag
genom-c DNA and additional targeting sequences are uRres : @g%ary Such

a construct is useful to knock out, replace 20 or repair a resident DNA
sequence, such as an entire gene, -4@-gene portion, a regulatory el ement
or portion thereof or regi ons of DNA which, when renoved, place

regul at or prdmer in spngjohatabnsejtieng egsrimer unciicongstpesm wfty. It is al so

usef ul e e ng a I el ection or
anpllflcatlonag F Egg%segNén%ggggﬁ . fﬁ§§§fa sec d12$€%§ﬁ$2nt t he DNA

const ruct ampdifyed DNA SxaguaphsODNA Size mqwqémpg@&déﬁ@é‘s.

encodi ng a&h the bRASkegdensel eCi:»aQieuH@rﬂfﬁted rhﬂéﬂlt&y@%qm&e@m@m ment ,
t he orger of c%& tr t co onen

eting se-
quences- e¥583A ﬁ&ﬁﬂiﬁngW%El%&ﬁéﬁﬁg? %‘ thekngS) targeting
sequencesprbparhtsoanbndlBentsteps pepeatediase realdeck dlol dsmdeiter s are

I ncluded 0, Lhe GoRagUCt.
The targeting schemes herein described can also be
used to activate hGH expression in immortalized human
10 cells (for example, HT1080 (ATCC €CL 121) fibroblasts,
HeLa (ATCC CCL 2) cells, MCF-7 (ATCC HTB 22) breast cancer
cells, K-562 (ATCC CCL 243) leukemia cells, KB (ATCC CCL
17) carcinoma cells or 2780AD (Van der Bliek, A.M. et al.,
Cancer Res. 48:5927-5932 (1988)) ovarian carcinoma cells)
15 for the purposes of producing hGH for conventional pharma-
ceutic delivery.

h. TARGETING TO SEQUENCES FIANKING THE HUMAN EPO GENE
AND ISOTLATION OF TARGETED PRIMARY, SECONDARY AND

IMMORTALIZED HUMAN FIBROBIASTS BY A POSITIVE OR A
20 COMBINED POSITIVE/NEGATIVE SELECTION SYSTEM
The strategy for constructing p5'EPO-mMTF, pS5'EPO~mM-
TS, and derivatives of such with the additional upstream 6
kb BamHI-HindIII fragment can be followed with the addi-
tional step of inserting the neo gene adjacent to the mMT

25 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. In the former case,
G418" colonies are isolated and screened by PCR amplifica-

30 tion or restriction enzyme and Southern hybridization
analysis of DNA prepared from pools of colonies to identi-
fy targeted colonies. In the latter case, G418" colonies
are placed in medium containing 6-thioxanthine to select
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whi ch rmakes sel ection based on a sel ectabl e phenot ype possi ble. Cells
that stably integrate the construct wll

-22- . survive treatnment with the selective agent; a subset of t he
stably transfected cells will be HR cells, which c _be identified by a
vari ety of techniques, including PCR Sout hern HWE;BQ' I

phenotypi c screening. 5 In a third enbodi nept, t Eégﬁ 85 BEEN
conponents in the DNA construct can be: target ] sel egt abl e

mar ker -47-

against the integration of the gpt gene [Besnard, C. et
al., Mol. Cell. Biol. 7:4139-4141 (1987)]. In addition,
the HSV~TK gene can be placed on the opposite side of the
insert as gpt, allowing selection for neo and against both
5 gpt and TK by growing cells in human fibroblast nutrient
medium containing 400 pg/ml G418, 100 puM 6-thioxanthine,
and 25 pg/ml gancyclovir. The double negative selection
should provide a nearly absolute selection for true tar-
geted events and Southern blot analysis provides an ulti-

10" mate confirmation.

The targeting schemes herein described can also be
used to activate hEPO expression in immortalized human
cells (for example, HT1080 fibroblasts, Hela cells, MCF-7
breast cancer cells, K-562 leukemia cells, KB carcinoma

15 cells or 2780AD ovarian carcinoma cells) for the purposes
of producing hEPO for conventional pharmaceutic delivery.

i. CONSTRUCTION OF TARGETING PLASMIDS FOR_PLACING THE
HUMAN GROWTH HORMONE GENE UNDER THE CONTROL OF THE

MOUSE METAILILOTHIONEIN PROMOTER IN PRIMARY, SECONDARY
20 OR TMMORTATIZED HUMAN FIBROBLASTS
The following example serves to illustrate one em-
bodiment of the present invention, in which the normal
regulatory sequences upstream of the human growth hormone
gene are altered to allow expression of human growth
25 hormone in primary, secondary or immortalized human fibro-
blasts.
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
30 5' end of the human growth hormone N gene. An approxi-
mately 1.8 kb fragment spanning HUMGHESA (Genbank Entry)
nucleotide posifions 3787-5432 (the positions of two EcoNI
sites which generate a convenient sized fragment for
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1 - targeting sequence - selectable marker 2. In this enbodi ment

sel ectabl e marker 2 displays the property of negative sel ection. That
is, the gene product of select- 10 able marker 2 can be sel ected agai nst by

growh in an appropriate nedia fornul ati on contai

cally a drug or netabolite analog) which kills cells
sel ect abl e marker 2. Reconbi nati on between the t
flanki ng sel ectable marker 1 with 15 honol ogous sequences

genone results in the targeted i ntddgrati on of sel ectable marker 1,
2 is not inteqgrated. Such reconbination

whi | b K
ent é%ﬁf’t"@e‘%’? s%iﬁﬁﬁ?%g%%%ﬂiﬁmf et edbwilohes invelechgbl e

events generate
marker 1 bHepimofragmdnty) tisnafmcifadamsih peg- %thggtaggg pREkgr, 2, and such
in the ned a con?alninﬁ t he

gg: Lit ic\allg ?Eae?\fé%chlt%ﬁ o se Géiﬁség;s%\r&'tu?@fc@cti&bFBiﬁaFﬁﬁiOIl- an@hibe sel ective
agent I SHtands a‘g%qmgh&seﬂiddﬂebbf nenkgéne. N int]lc'ont 1|b od | OE” h
T bt i e B R
Lhot oar paratifing ahtpiSitiecat PHR18f isudhgested keith eBEbRE amgt he
co-anpl i fiBamHI, treated with Klenow to generate. blunt ends, and
recircularized under dilute conditions, resulting in
plasmids which have lost the EcoRI and BamHI sites. This
10 plasmid is designated PUC12XEB. HindIII linkers are
ligated onto the amplified hGH frégment aﬁd the resulting
fragment is digested with HindIII and ligated to HindIII
?igested PUC12XEB. The resulting plasmid, PUC12XEB~-5 'hGH
1s digested with EcoRI and BamHI, to remove a 0.5 kb ’
is f?agment lying immediately upstream of the hGH transcrip-
tional initiation site.. The digested DNA is ligated to
the 1.8 kb ECOoRI-BglII from the mMT-I gene [containing no
nMT coding sequences; Hamer, D.H. and Walling, M., J. Mol.
éppl. Gen. 1:273-288 (1982) ; the fragment can also be
20 1s?lated by known methods from mouse genomic DNA using PCR
primers designed from analysis of mMT sequences available
from Genbank; i.e., MUSMTI, MUSMTIP, MUSMTIPRM]. This
p%asmid P5'hGH-mMT has the mMT promoter flanked on both
sides by upstream hGH sequences.
25 The cloning strategies described above allow sequenc-~
€s upstream of hGH to be modified in vitro for subsequent
Fargeted transfection of primary, secondary or immortal-
%zed human fibroblasts. The strategy described a simple
1ns?r?ion of the mMT promoter. Other strategies can be
30 envisioned, for example, in which an enhancer with broad
host-cell specificity is inserted upstream of the inserted
mMT sequence.
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cation of flanking DNA sequences. In this enbodinent, the order of
construct conponents is, for exanple: targeting 30 sequences - DNA

encodi'ng an anplifiable positively sel ec- tabl e mark DNA encodi ng a
second sel ect abl e mar ker (optional) - DNA sequences to

ei t her an exogenous gene to be expressed under the

REPLACEMENT SHEET REPLAC | PQ@(
pronmoter or a promoter only which is positioned to actlva manmm\ !

endogenous gene - targeting DNA sequéh@es.
j. TARGETING TO SEQUENCES FIANKING THE HUMAN hGH GENE
AND TISOIATION OF TARGETED PRIMARY, SECONDARY AND
IMMORTALIZED HUMAN FIBROBILASTS BY SCREENING .
For targeting, the plasmids are cut with restriction

5 enzymes that free the insert away from the plasmid back-
bone. In the case of p5'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

10 the hGH gene.. This DNA or the 2.9 kb targeting fragment
alone is purified by phenol extraction and ethanol precip-
itation and transfected into primary or secondary human
fibroblasts under the conditions described in Example 11.
Transfected cells are plated onto 150 mm dishes in human

15 fibroblast nutrient medium. 48 hours later the cells are
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

20 to isolate a single expressing colony]. Cells in which the
transfecting DNA has targeted to the homologous region
upstream of hGH will express. hGH under the control of the
mMT promoter. After 10 days, whole well supernatants are
assayed for hGH expression using a commercially available

25 immunoassay kit (Nichols). Clones from wells displaying
hGH synthesis are isolated using known methods, typically
by assaying fractions of the heterogenous populations of
cells separated into individual wells or plates, assaying
fractions of these positive wells, and repeating as need-

30 ed, ultimately isolated the targeted 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 downstream of
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A DNA construct can include an inducible pronoter whi ch controls
expression of the exogenous DNA, meking 5 inducible expression possible.

Optienal I'y, the DNA con- - ~ struct can include a: Ege i n of
replication and bacterial antibiotic resistange ﬁﬂéEﬁ}mth | | ow
for - | ar ge-scal e plasmd propagation in bacterila. A BEAAgHH-

struct which includes DNA encoding a sel ectabl e marker, th
addi ti onal sequences, such as a pronoter, poly- adenylation site and
splice junctions, can be used to -sgeonfer a sel ectabl e phenotype upon
transfected primry or secondary cells (e.g., plasm d pcDNEQG

schenat i CRUMOHCSA niEPESSRE qsbslrtllargusr a32),. Sudk priMArceaskruct can be 15

o et SEASE TN PRy TR PRGOS BLAMMAY hoppps gl & 0L 10
of the DNBdcComséd ut tmacmﬁkmnequencd}#\Rnﬂlﬁmweo@éamns arenbmepproducts,
can be ong; R{zé@ré‘n%l éf@%&?% 's“u Q/tesiazo'i %‘i» Qi1 %n%ée‘éﬂﬁh thus

maki ng 20 possi Iver |p ucts.
Transﬁbctﬁue(QNAspreparatlon and PCR steps repeated as needed to

isolate targeted cells.

The targeting schemes herein described can also be
used to activate hGH expression in immortalized human
cells (for example, HT1080 fibroblasts, Hela cells, MCF-7

10 breast cancer cells, K-562 leukemia cells, KB carcinoma
cells or 2780AD ovarian carcinoma cells) for the purposes
of producing hGH for conventional pharmaceutic delivery.

k. TARGETING TO SEQUENCES FLANKING THE HUMAN hGH GENE
AND TSOIATION OF TARGETED PRIMARY, SECONDARY AND

15 IMMORTALIZED HUMAN FIBROBLASTS BY A POSITIVE OR A

COMBINED POSITIVE/NEGATIVE SELECTION SYSTEM
The strategy for constructing p5'hGH-mMT can be

followed with the additional step of inserting the neo
gene adjacent to the mMT promoter. In addition, a nega-

20 tive selection marker, for example, gpt [from pMSG (Phar-
macia) or another suitable sburce], can be inserted adja-
cent to the HUMGHCSA sequences in the pUCl2 poly-linker.
In the former case, G418 colonies are isolated and
screened by PCR amplification or restriction enzyme and

25 Southern hybridization analysis of DNA prepared from pools
of colonies to identify targeted colonies. In 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

30 (1987)]. In addition, the HSV-TK gene can 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 pg/ml
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Cell s produced using the nethods and DNA constructs descri bed herein
can be used for a wide variety of purpos- es. Primary, secondary, or

i mortali-zed cells of verte- 25 brate origin can be produced in which 1)
DNA al r eady present in a recipient cell is repaired, altered, deleted,
or replaced; 2) a gene or DNA sequence which encofi@HISaSHEET HhgrazRRUti C
product (or other desired product) or is itself at AP pti ¢ groduct
is introduced into the genone 30 of a recipient ecet—at—ad-pleseledted site
(i.e gene tar- geting); 3) regul-BIfy sequences present in the prinmary,
secondary or immortalized cell recipients have been re- pai red,

al tered, G&L8tetlODr M eptizbakanithide amrehtdd qigy@de gancyclovir.

The double negative selection should provide a nearly

absolute selection for true targeted events. Southern

hybridization analysis is confirmatory.

5 The targeting schemes herein described can also be
used to activate hGH expression in immortalized human
cells (for example, HT1080 fibroblasts, HeLa cells, MCF-7
breast cancer cells, K-562 leukemia cells, KB carcinoma
cells or 2780AD ovarian carcinoma cells) for the purposes

10 of producing hGH for conventional pharmaceutic delivery.
The targeting constructs described in Examples 1f and
1i, and used in Examples 1g, 1h, 1j and 1k can be modified
to include an amplifiable selectable marker (e.g., ada,
dhfr, or CAD) which is useful for selecting cells in which
15 the activated endogenous gene, and the amplifiable select-
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.q.,

hGH and hEPO) for conventional pharmaceutic delivery or

20 for gene therapy. _ )

1. TRANSFECTION OF PRIMARY AND SECONDARY FIBROBIASTS
WITH EXOGENOUS DNA AND A SELECTABLE MARKER GENE BY
ELECTROPORATION '

Exponentially growing or early stationary phase
25 fibroblasts are trypsinized and rinsed from the plastic
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-
30 troporation buffer (20 mM HEPES pH 7.3, 137 mM NacCl, 5 mM

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 mg/ml acety-
lated bovine serum albumin. The final cell suspension
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- 24- or gene portion has been repaired, altered, deleted, or

repl aced. Honol ogous reconbi nati on can al so be used ¢ - produce N

uni ver sal- donor cells, in-which cell surface mar qyﬁ inl

hi stoconpati bility have been altered, 5 deleted or {epla ].UASHEE i ch

t he expression of such markers is altered, inpai &EPEAEEB nat eq.

The cells of the present invention are useful for in vitr "i on
of therapeutic products which can be purified and delivered by
conventional pharmaceutic 10 routes.-820t exanple, primary, secondary, or

i mortalized human cells can be transfected wth exogenous DNA contai n-

ing a regubntaiys rapgpoeximtaly uponh Hnordalsl r edblestrePOratiqmn with

genon ¢ DR SEAUSECESy £ & Andl { Shdli 118 1P AQRWing rBBAkpeAsdBnendogenous
target gene's regulatory._r glon,mnth 15 a re ulatorgtégﬂggn thatFalloms

e
novel expressidPeFePbied plagpid Mo £8r ge afidvehFei mat el v,
producti ofith a0f.@a dhesboetitddaldap uFsifdHrad.9ducthebyihhe DRANST ect ed

5 concentration is generally at least 120 pg/ml. 0.5 ml of
the cell suspension (containing approximately 1.5 x 10°
cells) is then added to the cuvette, and the cell suspen-
sion and DNA solutions are gently mixed. Electroporation
is performed with a Gene-Pulser apparatus (Bio-Rad).

10 Capacitance and voltage are set at 960 pF and 250-300 V,
respectively. As voltage increases, cell survival de-
creases, but the percentage of surviving cells that stably
incorporate 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 room 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 ml 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 pg/ml G418 (Geneticin, disul-
fate salt with a potency of approximately 50%:; Gibco) in
fibroblasts nutrient media (with 15% calf serum). Cloning
efficiency is determined in the absence of G418. The
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cell. The activated endogenous target gene can further be anplified if
an appropriate sel ectable marker gene is 20 included in the targeting DNA

Wth or without anplifica-~ tion, these cell e _subject to

| ar ge-scal e cul tiva- tion for harvest of infTHiSeShErTafA@T Eﬁ racel l ul ar -
protetn product s. Transfected cell p of @@g _ séﬁ' ifnvention
are use- 25 ful, as popul ations of transfected™pr++rar l.s. _tyans-

fected clonal cell strains, transfected heterogenous cell strains, and
as cell mxtures in which at | east one_repre- - sentative cell of one of
the three precedi ng categories of ~53Tansfected cells is present, as a

indest r abPaated G8AAE ke TholiPRe B cl FePh v PP ilBout i o

product, welchies ereh€ixed)wathhtoapeline graieid Witly.grystala protein

LCh ! SoPSERL, aHEOSLRPONC ot eLbhty et oncy | $Wheddfud: = phvsiolooie
isolated using cloning cylinders (for G418 plates).

5 Electroporation and selection of rabbit fibroblasts is
performed essentially as described for human fibroblasts,
with the exception of the selection conditions used.
Rabbit fibroblasts are selected for G418 resistance in
medium containing 1 gm/ml G418.

10 Fibroblasts were isolated from freshly excised human
foreskins. Cultures were seeded at 50,000 cells/cm in
DMEM + 10% calf serum. When cultures became confluent,
fibroblasts were harvested by trypsinization and trans-
fected by electroporation. Electroporation conditions

15 were evaluated by transfection with the plasmid pcDNEO. A
representative electroporation experiment using near
optimal conditions (60 pg of plasmid pcDNEO at an electro-
poration voltage of 250 volts and a capacitance setting of
960 pFarads) resulted in one G418 colony per 588 treated

20 cells (0.17% of all cells treated), or one G418 colony per
71 clonable cells(1.4%).

When nine separate electroporation experiments at
near optimal conditions (60 pg of plasmid pcDNEO at an
electroporation voltage of 300 volts and a capacitance

25 setting of 960 pFarads) were performed, an average of one
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%).

30 Low passage primary human fibroblasts were converted
to hGH expressing cells by co-transfection with plasmids:;
PCDNEO and pXGH5. Typically, 60 pg of an equimolar mix-
ture of the two plasmids were transfected at near optimal
conditions (electroporation voltage of 300 volts and a
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- 25- or inappropriately utilized in the individual; a protein W th

novel functions, such as enzymatic or transport functions) or 2) a
t herapeutic nucleic acid-(e.g., DNA whi ch binds to or sequesters a
regul atory protein, RNA 5 which inhibits gene expr¢sst has intrinsic

enzymatic activity). In the nethod of the prese

provi'ding a therapeutic protein or nucleic acid, trg éE% I mary

cells, clonal cell strains or heterogenous cel | at

adm nistered to an individual in whomthe 10 abnormal or e

condition is to be treated or préfented, in sufficient quantity and by

an appropriate, route, . to express or nmake avgilable Ehe gxggepous DNA at
capacitance setting of 960 yFarads). The results of suc

an experiment resulted .in one G418 colony per 14,705
treated cells. '
hGH expression data for these and other cells isolat-
5 ed under identical transfection conditions are summarized
below. Ultimately, 98% of all G418" colonies could be
expanded to generate mass cultures.

Number of G418" Clones

Analyzed _ : 154
10 Number of G4187/hGH
Expressing Clones 65
Average hGH Expression
Level 2.3 pg hGH/10° Cells/24 hr
Maximum hGH Expression
15 Level 23.0 pg hGH/10% Cells/24 hr

Stable transfectants also have been generated by
electroporation of primary or secondary human fibroblasts
with pXGH30l1, a DNA construct in which the neo and hGH
genes are present on the same plasmid molecule. pXGH301

20 was constructed by a two-step procedure. The SaII-Clal
fragment from pBR322 (positions 23-651 in pBR322) was
isolated and inserted into SalII-Clal digested pcDNEO,
introducing a BamHI site upstream of the SV40 early pro-
moter region of pcDNEO. This plasmid, pBNEO was digested

25 with BamHi and the 2.1 kb fragment containing the neo gene
under the control of the SV40 early promoter, was isolated
and inserted into BamHI digested pXGH5. 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

30 relative to each other. This plasmid was designated
pXGH301. For example, 1.5 x 10° cells were electroporated
with 60 pg pXGH301 at 300 volts and 960 pFarads. G418
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physi ol ogically relevant |evels. A physiologically rele- vant level is
one which either approximates the |evel at 15 which the product is
produced’in the body or results in i nprovenent of the abnormal or
‘'undesi rabl e condi ti on. Cells adm ni stered in the—ptesent nethod are
cell s trans- fected wth exogenous DNA which e cBﬂSss}ﬁEy i c
product, exogenous DNA which is itself a therapeutijc 20 RBAQY BEEN
exogenous DNA, such as a regul atory sequence, roh—-8 9 HER oduceld i nto
a preselected site in genomc DNA __through honol ogous reconbinatton and
functions to cause reci pient cellS to produce a product which is

normal 1y Bgk;oran€XBEESRE | Petloi SOld el eldh RuQdUGE DG BepOHEL of a 25
hi gher | eve Phah oceurs in the correspondi'ng nontrans- ected cell. In
t he enbodaWEnfibrohhaehs aat egufredisncy ofs&frefdd 8 #egistanpronoter) is

i ntroducedo1bhib8Ppeses. H'x 10 EhSAUETA ILUl e ¥2860ueBEReAOr MAI |y
associated with results in expression of the gene at a

a gene, and r e
hi gher 30Ceféfer tABRTEELRRESIR $9e an?@%ﬁﬁnﬁﬂ%ﬂ?1ﬁ§n?3&ﬁ§?§cggﬁ‘ceII

or allows a pattern of regulation or induction that is  different from
Lhe 4 " cRReRgt A0, NONELROMEERESh G ' rarcrTinG prABMRDEAUEEH KEL!S Wi cf
SULT IN CHIMERIC TRANSCRIPTION UNITS IN WHICH
HUMAN GROWTH HORMONE AND ERYTHROPOIETIN SE-

QUENCES ARE FUSED
The following serves to illustrate two further em-

10 bodiments of the present invention, in which the normal
regulatory sequences upstream of the human EPO gene are
altered to allow expression of hEPO in primary or second-
ary fibroblast strains which do not express EPO in detect-
able quantities in their untransfected state as obtained.

15 In these embodiments, the products of the targeting events
are chimeric transcription units in which the first exon
of the human growth hormone gene is positioned upstream of
EPO exons 2-5. The product of transcription, splicing and
translation is a protein in which amino acids 1-4 of the

20 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 foreign regulatory
sequences that are inserted and the specific pattern of
splicing that needs to occur to produce the final, pro-

25 cessed transcript.

Plasmid pXEPO-10 is designed to replace exon 1 of
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

30 pTi63 is constructed by inserting the 6 kb HindIII-BamHI
fragment (see Example 1f) lying upstream of the hEPO
coding region into HindIII-BamHI digested pBluescriptII
SK+ (Stratagene, LaJolla, CA). The product of this liga-
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tein produced by the nethods described herein and in the

REPLACEVENT SHEET , - 26- related U. S
pat ent applications 07/789 188, 07,911, 533 and 07,787,840 (incorporated
‘herein by reference), can be used i n gene therapy mhether made by cells

produced by: 1) randomintegration of the thera
honol-ogous reconbi nation to target the therapeutic SHEETHAS
cell's genone, 3) honol ogous reconbination to 3 tlvavgpeﬂz,u Bd a
gene of therapeutic interest, or 4) gene anplificatto Qnj ungtion
with one of the three =56~

tion is digested with XhoI 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
from Strategene, LaJolla, CA] to create pT163. Oligo-

5 nucleotides 13.1 - 13.4 are utilized in polymerase chain
reactions to generate a fusion fragment in which the mouse
metallothionein 1 (mMT-I) promoter - hGH exon 1 sequences
are additionally fused to hEPO intron 1 sequences. First,
oligonucleotides 13.1 and 13.2 are used to amplify the

10 approximately 0.73 kb mMT-I promoter - hGH exon 1 fragment
from pXGH5 (Fiéure 1). Next, oligonucleotides 13.3 and
13.4 are used to amplify the approximately 0.57 kb frag-
ment comprised predominantly of hEPO intron 1 from human
genomic DNA. Finally, the two amplified fragments are

15 mixed and further amplified with oligonucleotides 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
moiety and an XhoIl site at the 3! side of the hEPO intron
1l sequence. Fusion fragment 3 is digested with XhoI and

20 SalI and ligated to XhoI digested pT163. The ligation
mixture is transformed into E. coli and a clone containing

ot ei n 5

a single insert of fusion fragment 3 in which the XhoI
site is regenerated at the 3' side of hEPO intron 1 se-
quences is identified and designated pXEPO-10.

25 13.1 5' AAAAGTCGAC GGTACCTTGG TTTTTAAAAC CAGCCTGGAG
Sall KpnI
(SEQ ID NO 5)

13.2 5' CCTAGCGGCA ATGGCTACAG GTGAGTACTC GCGGGCTGGG CG
(SEQ ID NO 6)

30 13.3 5! CGCCCAGCCC GCGAGTACTC ACCTGTAGCC ATTGCCGCTA GG
(SEQ ID NO 7)

13.4 5Y TTTTCTCGAG CTAGAACAGA TAGCCAGGCT GAGAG
XhoIl
(SEQ ID NO 8)
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precedi ng nmet hods. According to the invention described 10 herein, the

i mmortalized cells are enclosed in one of a nunber of sem perneabl e
barri er devices. The perneability properties of the device are such
that ‘the.cells are prevented from |l eaving the deV|ce upon i nplantation
into an animal, but the therapeutic product is per neabl e 15 and
can leave the barrier device and enter the | ocal spacé g the
i npl ant or enter the system c circulation. A nunber gfpf, ] '
menbranes can be used for this pur pose, including, | imtjed to,
cel l ul ose, cellu- | ose acetate, Wﬁtrocellulose pol ysul f one,
pol yvi nyl i dene 20 difluoride, polyvinyl chloride polynmers and pol yners of
pol yvi nyl chloride derivatives. Alternatively, barrier devi ces can be
utilized to allow primry, secondary, or imortalized cells from

anot her speci eSheonbe-lockdif fer reglqyemé'mﬂegap93lﬁ AgnmadentIne use of cells
from other 25 éBf%S%ﬁ?%ﬂPﬁ—P SR | 1435 e VRgEErhiexpas- human

cells are advantageous. rotein production_pur poses or in cases
wher e the non- fik&napr ki H |%°‘%Wearra’peutTh@aIbI%}dfaceu§¥Pﬁl for exanple, the

use of cells daeh¥edsfsosasnl st tailf Ao damvierediekl en pbusal mon
cal ci tgni n and .t he Lse, o
dary to

all site. The boldface region of
oligos 13.2 and 13.3 denote hGH sequences, while
the non-boldface regions are intron 1 sedquences
from the hEPO gene. The non-boldface region of
oligo 13.4 is identical to the last 25 bases of

10 hEPO intron 1. The boldface region includes an
XhoI site tail to convert the 3' boundary of the
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

15 the hEPO structural gene and promoter region at the endog-
enous hEPO locus on human chromosome 7. Plasmid pXEPO-11
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-

20 thionein I (mMT-I) promoter - hGH exon 1 sequences are
additionally fused to hEPO sequences from -1 to -630
relative to the hEPO coding region. First, oligonucleo-
tides 13.1 and 13.5 are used to amplify the approximately
0.73 kb mMT-I promoter - hGH exon 1 fragment from pXGHS5

25 (Figure 1). Next, oligonucleotides 13.6 and 13.7 are used
to amplify, from human genomic DNA, the approximately 0.62
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

30 located at the hGH intron 1 - hEPO promoter region, which
corresponds to the natural hEPO intron 1 splice donor
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30 cells derived frompigs for the production of porcine I nsulin.

Cells from non- human species can al so be used for in vitro protein
production. These cells can be immortal - i zed, primary, or secondary
cell s which produce a thera- : .

REPLACEMENT SHEET

produced by the nethods descri bed here and i njthe

applications incorporated herein by r ef er ence,

produced by: 1) random I ntegration of the therapeutlc '
honmol ogous 5 reconbination to targé8-the therapeutic proteln I n

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

5 and an XhoI site at the 3' side of the hEPO promoter
region. Fusion fragment 6 is digested with XhoI and Sall
and ligated to XhoI digested pT163. The ligation mixture
is transformed into E. coli and a clone containing a
single insert of fusion fragment 6 in which the XhoI site

10 is regenerated at the 3' side of hEPO promoter sequences
is identified and designated pXEPO-11.

13.5 5' CCTAGCGGCA ATGGCTACAG GTGAGTACTC AAGCTTCTGG
HindIIX

GCTTCCAGAC CCAG (SEQ ID NO 9)

15 13.6 5' CTGGGTCTGG AAGCCCAGAA GCTTGAGTAC TCACCTGTAG
HindIII
CCATTGCCGC TAGG (SEQ ID NO 10)

13.7 5' TTTTCTCGAG CTCCGCGCCT GGCCGGGGTC CCTC
XhoI
20 (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
intron 1. The remainder of the oligos corre-
25 spond to hEPO sequences from -620 to =597 rela-
tive to the hEPO coding region. The non-bold-
face region of oligo 13.7 is identical to bases
-1 to -24 relative to the hEPO coding region.
The boldface region includes an XhoI site tail
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cell's genonme, 3) honol ogous reconbination to activate or turn on a

gene of therapeutic interest, or 4) gene anpli - fication in conjunction
with one-of the three preceding nmet hods. The use of cells from ot her
‘'speci es may be 10 desirable in cases where the non-} n cells are advant a-
geous for protein production purposes (for exanple Ci I n
cases where the non-human protein is thera- peyti cal rerci al |y

useful, for exanple, the use of cells derived f
production of salnmon 15 calcitonin, the use of cells derivet om pifgs for
the production of porcine i nsul TR°~and the use of bovine cells for

t he production_of haqvine growh. hornone. tansfected cells of the
pr esent inven'?ii-'%ncoé}vee set%ﬁ \@t, bopﬁgngu%thSf aﬁBgF?é%{li ons in humans and
ani mal s. | n onEr&mentbddi menttholfheitell s can be inplanted into a human or
an animal for protein delivery in the human or aninmal. For exanpl e,
human growt h hornone (hGH), human EPO (hEPO), or human i nsul i notropin
can be del i verReRrsguist dREFRA-1P ican be HEREnSorogenfekapeatirIbRYiefits.

Barrier deigéeSsion WitdiBazmrwanahxhBe tbevapedtbCthReodugtxhsriagel y
permeahl 6o f@ b ortaining the' MfrToh8n® fusion e Fanks§IoR%B6A 01485V VO O
by hEPO sequences. This fragment (targeting fragment 1)
contains no hEPO coding sequences, having only sequences

lying between -620 and approximately -6620 upstream of the
hEPO coding region and hEPO intron 1 sequences to direct
10 targeting to the human EPO locus. Targeting fragment 1 is
transfected into primary or secondary human skin fibro-
blasts using conditions similar to those described in
Example lc. G41l8-resistant colonies are picked into
individual wells of 96-well plates and screened for EPO
15 expression by an ELISA assay (R&D Systems, Minneapolis
MN). Cells in which the transfecting DNA integrates
randomly into the human genome cannot produce EPO. Cells
in which the transfecting DNA has undergone homologous
recombination with the endogenous hEPO intron 1 and hEPO
20 upstream sequences contain a chimeric gene in which the
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 S5). Non- -~
hEPO sequences in targeting fragment 1 are joined to hEPO
25 sequences down-stream of hEPO intron 1. The replacement
of the normal hEPO regulatory region with the mMT-I pro-
moter will activate the EPO gene in fibroblasts, which do
not normally express EPO. The replacement of hEPO exon 1
with hGH exon 1 results in a protein in which the first 4
30 amino acids of the hEPO signal peptide are replaced with
amino acids 1-3 of hGH, creating a functional, chimeric
signal peptide which is removed by post-translation pro-
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protect and isolate the cells fromthe host's inmune system Barrier
devices are particularly useful and all ow transfected imortalized
cells, transfected cells from 30 anot her species (transfected xenogeneic
cells), or cells from a nonhi stoconpati bility-nmgtched donor
(transfected al I ogeneic cells) to be inplanted fpgctreatoent of human
or animal conditions or for agricultural uses (i.e. { F~dairy
production). Barrier devices also allow conve-
REPLACEMENT SHEET

-60-

cessing from the mature protein and is secreted from the
expressing cells.
Plasmid pXEPO-11 can be used for gene targeting by
digestion with BamHI and XhoI to release the 7.4 kb frag-
5 ment containing the mMT-I/hGH fusion flanked on both sides
by hEPO sequences. This fragment (targéting fragment 2)
contains no hEPO coding sequences, having only sequences
lying between -1 and approximately -6620 upstream of the
hEPO coding region to direct targeting to the human EPO
10 locus. Targeting fragment 2 is transfected into primary
or secondary human skin fibroblasts using conditions
similar to those described in Example 1g. G41l8-resistant
colonies are picked into individual wells of 96-well
plates and screened for EPO expression by an ELISA assay
15 (R&D Systems, Minneapolis, MN). Cells in which the trans-
fecting DNA integrates randomly into the human qenome
cannot produce EPO. Cells in which the transfecting DNA
has undergone homologous recombination with the endogenous
hEPO promoter and upstream sequences contain a chimeric
20 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
position -620 relative to the hEPO coding region (see
25 Figure 6). 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-
thionein and hGH sequences, hGH exon 1, 10 bases of DNA
30 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 EPO coding sequence). The 10 base pair
linker sequence from hEPO intron 1 acts as a splice donor
site to fuse hGH exon 1 to the next downstream splice
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nient short-term(i.e., transient) therapy by providing ready access to
the cells for renoval when the treatnent regimen is to be halted for
any reason. . Transfected cells of the present invention are also 5
useful for eliciting antibody production or for imunizing humans and
ani mal s agai nst pat hogeni c agents. |nplanted ' ssfected cells can be

used to deliver immunizing anti- gens t hat ation of the
host's cel lul ar and hunoral i mmune responses 3ponses
can be 10 designed for protection of the host from ous
agents (i.e., for vaccination), to seirul ate and augnent _
‘di sease-fighting capabilities directed agai nst an ongoi ng i nfection, or

to producecentidwdiids,dithett dging iagednstelpeupstigan of dkR®d in vivo by
the transfeqf ed 1§>ro%%|s|s§n hate ¢aB QESH?LEE.H!J £9£n§@?f€@e‘ﬁif or diagnostic

pur poses. Reanab barrier devices can be Osed a sinple neans
of termi 8 qﬁf@ﬁﬁnﬁg}%get@uﬁh§h§nPE§@nPr0m0tﬂFte?ﬁ%ﬁl%el@ndt¥ﬂﬁﬁﬁgb of cells

that wll1 Wdduarcrlsy) behe reiﬁ]a@%in@ﬂt( &Qnﬁgﬁbeéﬁoﬁrlabiﬂgm Cestdransf ect ed
cells gﬂ 20 1R9 used to m t exggl £ % g E é en glgg¥aéugégen
produ@t i on MY "% é@bawﬁgﬁtﬁﬁg ¢B F81if VE BebA*TEj &R

the hEPO signal peptide are replaced with amino acids 1-3

of hGH, creating a functional, chimeric signal peptide

which is removed by post-translation processing from the

mature protein and is secreted from the expressing cells.

10 A series of constructs related to pXEPO-10 and pXEPO-
11 can be constructed, using known methods. 1In these
constructs, the relative positions of the mMT-I promoter
and hGH sequences, as well as the position at which the
mMT-I/hGH sequences are inserted into hEPO upstream se-

15 gquences, are varied to create alternative chimeric tran-
scription units that facilitate gene targeting, result in
more efficient expression of the fusion transcripts, or
have other desirable properties. Such constructs will
give similar results, such that an hGH-hEPO fusion gene is

20 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
sequences that can be utilized as sites for insertion of -

25 the neo gene and the mMT-I promoter/hGH fusion fragment.
One such site, a BglII 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-
ers and a regulatory region derived from another gene that

30 will serve to activate EPO 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)
lying upstream of the hEPO coding region into HindIII-
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Expl anati on of the Exanpl es As described herein, Applicants have

denonstr at ed that DNA can be introduced into prinmary, secondary or 25
imortalized vertebrate cetls and integrated into the genonme of the
transfect-ed primary or secondary cells by hono [0k .reconbi nati on.
That i's, they have denonstrated gene targeting | JAFRTY~~._Secondary

and Pnnnrtalized manmmal i an cells. They have fu
the 30 exogenous DNA has the desired function in the™h
reconbi nant (HR) cells and that correctly targeted cells ¢
identified on the basis of a detectalfl2e phenotype conferred by the

properly targeted
REPLACENEﬁqmnggxgested pBluescrlptII SK+ (Stratagene, Ladolla,

CA). Plasmid pMClneoPolyA [Thomas, K.R. and Capecchi,
M.R. Cell 51:503-512 (1987); available from Stratagene,
LaJolla, CA] is digested with BamHI and XhoI, made blunt-
5 ended by treatment with the Klenow fragment of E. coli DNA
polymerase, and the resulting 1.1 kb fragment is purified.
pTl64 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
10 together and transformed into competent E. coli. Clones
with a single insert of the 1.1 kb neo fragment are iso-
lated and analyzed by restriction enzyme analysis to
identify those in which the BglII site recreated by the
fusion of the blunt XhoIl and BglIIl sites is localized
15 1.3 kb away from the unique HindIII site present in plas-
mid pT164. The resulting plasmid, pT165, can now be
cleaved at the unique BglII site flanking the 5' side of
the neo transcription unit.
Oligonucleotides 13.8 and 13.9 are utilized in poly-
20 merase chain reactions to generate a fragment in which the
nouse metallothionein I (mMT-I) promoter - hGH exon 1
sequences are additionally 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
25 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 pXGH5 (Figure 1). The amplified fragment
30 (fragment 7) is digested with BglII and ligated to BglII
digested pT165. The ligation mixture is transformed into
E. coli and a clone, containing a single insert of frag-
ment 7 in which the KpnI site in the mMT-I promoter is
adjacent to the 5' end of the neo gene and the mMT-I
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- 29- In addition, the present invention relates to a met hod
of protein production using transfected primary, secondary or

i mortalized cells. The nethod invol ves transfecting primary cells,
secondary cells or imortal- 5 ized cells with exofjefQus—BNA-uhich
encodes a therapeutic product or with DNA whichf i seHkETchAS BeEp
target to and activate an endogenous gene whic encodﬁﬁhﬂmgherap utic
product. For exanple, Exanples 1lg, 1j, 2, 3 and 4 de- e—pLof ei n
production by targeting and activation of a 10 selected endogenous gene.
The applicants al so describe DNA com&t3ructs and met hods for anplifying
an endogenous cel |l ul ar gene f hat has been  activated_b ene targeting
(Exanpl 6sPFPIAReE e o Tenbed stich that transeaiPaion 1BeAREEREEE by whi ch a
gene 15 tawabésitiserieihnyd mimpiEskleiddend i tidenniflieagananeesiga

primry, ﬁggggdgﬁﬂ?ongjnnDrtaIized cell by gene targeting

13.8 5' AAAAAGATCT GGTACCTTGG TTTTTAAAAC CAGCCTGGAG
5 BglII KpnI
(SEQ ID NO 12)

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

10 denotes a BglII site tail to convert the 5!
boundary to a BglII site.

13.9 5' TTTTAGATCT GAGTACTCAC CTGTAGCCAT TGCCGCTAGG

BglIT
(SEQ ID NO 13)

15 The boldface region of oligos 13.9 denote hGH
sequences. The italicized region corresponds to
the first 10 base pairs of hEPO intron 1. The
underlined BglII site is added for plasmid con-
struction purposes.

20 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
(targeting fragment 3) contains no hEPO coding sequences,

25 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
immortalized human skin fibroblasts using conditions

30 similar to those described in Examples 1b and lc. G418-
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(Exanpl e 1d). Appl i cants descri be construction of a pl asm d usefu
for targeting to a particular locus (the HPRT I ocus) in 20 the human

genone and sel ection based-upon a drug resi stant phanot ype (Exanple
la). This.plasmd is designated pE3Neo and its iny - ) Q.1 he

cel lular genones at the HPRT | ocus produces cell g [ ¢ﬂ8amﬂmp't

6- TG resi st ant phenotype and are al so (418 resi star .
they 25 have shown that pE3Neo functions properly in gene targe i ng
in an established human fibroblast cell |ine (Exanple | b), by
denonstrating | ocalization of the E»F@?ntroduced Into established cells

demonst r b€ JEREnEargLoRIE FEaCPLBFe ey T s Il s RE
flbroblaswelmspmgtpEB&bd screéie@npde HRQ . eiﬂuesﬂﬂqnahy'appmnasaion further
Idﬁgogf DNis ?at(ﬁgﬁgﬁ?ét%' f%ﬁﬁﬁé?@%ﬁl %@ r%Blris aHRGeh kISt -
transfectlng DNA 1ntegrates randomly into the human genome
5 cannot produce EPO. 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
sequences, hGH 5' untranslated sequences, and hGH exon 1,
10 and a 10 base pair linker comprised of the first 10 bases
of hEPO intron 1 are inserted at the BglII site lying at
position approximately -1920 relative to the hEPO coding
region. The localization of the mMT-I.promoter upstreanm
of the normally silent hEPO promoter will direct the
15 synthesis, in primary, secondary, or immortalized human
fibroblasts (or other human cells), of a message reading:
(5' to 3') nontranslated metallothionein and hGH sequenc-
es, hGH exon 1, 10 bases of DNA identical to the first 10
base pairs of hEPO intron 1, and hEPO upstream region and
20 hEPO exon 1 (from approximately -1920 to +13 relative to
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 spiice acceptor site, that
lying immediately upstream of hEPO exon 2. Processing of -
25 the resulting transcript will therefore splice out the
hEPO upstream sequences, promoter reéion, exon 1, and
intron 1 sequences. When using pXEPO-10, -11 and -12,
post-transcriptional processing of the message can be
improved by using in vitro mutagenesis to eliminaté splice

30 acceptor sites lying in hEPO upstream sequences between
the mMT-I promoter and hEPO exon 1, which reduce level of
productive splicing events 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
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- 30-

Exanpl es 1f-1h and 2 illustrate enbodinents in which
the normal regul atory sequences upstream of the human EPO.._.gene are

strains which do not express EPOin 5 detectable quantities

altered to allow expression of hEPOin primary or sec ﬁﬂ&r%~tﬁbp@bhﬁ§ml

untransfected state. In one enbodi nent the product of Lal"“+'nﬁb{Laves

t he neornmal EPO protein intact, but under the control of the nouse

nmet al | ot hi onei n pronoter.

Exanples 1li and |j denonstrate t he use of
simlar targeting constructs to activate the 10 endogenous grow h hornone
gene in primary or secondary hurg$-f i brobl asts. I n other enbodi nents

descri bed for activating EPO expression in _human flbroblasts3 t he prod-

10

15

20

25

30

the hEPO signal peptide are replaced with amino acids 1-
of hGH, creating a functional, chimeric signal peptide

which is removed by post-translation processing from the
mature protein and is secreted from the expressing cells.

EXAMPIE 3. TARGETED MODIFICATION OF SEQUENCES UPSTREAM
AND AMPLIFICATION OF THE TARGETED GENE

Human cells in which the EPO gene has been actlvated
by the methods previously described (1n copending U. S.,
Patent Applications Serial Nos. 07/787 840 and 07/911, 533)
can be induced to amplify the neo/mMT-1/EPO transcription
unit if the targeting plasmid contains a marker gene that
can confer resistance to a high level of a cytotoxic agent
by the phenomenon of gene amplification. Selectable
marker genes such as dihydrofolate reductase (dhfr, selec-
tive agent is methotrexate), the multifunctional CAD gene
[encoding carbamyl phosphate synthase, aspartate trans-
carbamylase, and dihydro-orotase; selective agent is N-
{(phosphonoacetyl) -L~aspartate (PALA)], and adenosine
deaminase (ada; selective agent is an adenine nucleoside),
have been documented, among other genes, to be amplifiable
in immortalized human cell lines (Wright, J.A. et al.
Proc. Natl. Acad. Sci. USA 87:1791-1795 (1990)). In these
studies, gene amplification has been documented to occur
in a number of immortalized human cell lines. HT1080,
Hel.a, MCF-7 breast cancer cells, K~562 leukemia cells, KB
carcinoma cells, or 2780AD ovarian carcinoma cells all
display amplification under appropriate selection condi-
tions.

Plasmids pXEPO-10 and pXEPO-11 can be modified by the
insertion of a normal or mutant dhfr gene into the unique
HindIII sites of these plasmids. After transfection of
HT1080 cells with the appropriate DNA, selection for G418-
resistance (conferred by the neo gene), and identification
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ucts of targeting events are chineric transcription units, I n which the
first exon of the human growth hornone gene 15 is positioned upstream of

EPO exons+-2-5. The product- of _ transcription (controlled by the nouse
nmet al | ot hi onei n pronmoter), splicing, and translatiop~ls_a_protein in
whi ch - amino acids 1-4 of the hEPO signal peptide ar ¢ THEISHERM HA 8 h
am noacid residues 1-3 of hGH The chineric portion 20]of trﬂﬁ?LRé el

t he signal peptide, is renmoved prior to secretion frem-eell anplg 5
descri bes targeting constructs and nmethods for producing cells which
will convert a gene (with introns$éinto an expressible cDNA copy of

that gene (w thout .intrqns) and the recovery of 25 such _expressi bl e cDNA
mol ecul es %t SRldSoaWhEEhy they BERP gene jhag hael} jaguivadisds PYEISRS e 6
descri bes taeweitimet iodn the neo,adhfrgeadh@guvEel Gedurmakisaltosehect i on and
ool 1 1yt TR PO RErL o ERe0R PR L OBER i S BelTR e
human cel lcani be) exbosedato siepuhsef sehection g apdiaisexabe J¥AX) by
honol ogous i eeaiRh R R eckS for afiBEEE]LEEi of P UG $8leeTol-amph i -
met hot r exat,.e-cqntai ni n . media resulted in a 70-fold increase in hEPO
productioﬁlFﬁtlon of the linked neo, mMT-1l, and hEPO sequences
(Kaufman, R.J. Technigue 2:221-236 (1990)). A stepwise
selection scheme in which cells are first exposed to low
levels of MTX (0.01 to 0.08 pM), followed by successive
10 exposure to incremental increases in MTX concentrations up
to 250 pM MTX or higher is employed. Linear incremental
steps of 0.04 to 0.08 yM MTX and successive 2-fold in-
creases in MTX concentration will be effective in select-
ing for amplified transfected cell lines, although a
15 variety of relatively shallow increments will also be
effective. Amplification is monitored by increases in
dhfr gene copy number and confirmed by measuring in vitro
hEPO expression. By this strategy, substantial over-
expression of hEPO can be attained by targeted modifica-
20 tion of sequences lying completely outside of the hEPO
coding region. .
Constructs similar to those described (Examples 1i
and 1k) to activate hGH expression in human cells can also
be further modified to include the dhfr gene for the -

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

EXAMPIE 4. TARGETING AND ACTIVATION OF THE HUMAN EPQ
LOCUS IN AN IMMORTALIZED HUMAN FIBROBLAST LINE
30 The targeting construct pXEPO-13 was made to test the

hypothesis that the endogenous hEPO gene could be activat-
ed in a human fibroblast cell. First, plasmid pT22.1 was
constructed, containing 63 bp of genomic hEPO sequence
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cells resistant to 0.4 [err] M net hotrexate.

- 31- The Exanpl es provide nethods for activating or for
activating and anplifying endogenous genes by gene target- i ng which do
not require mani pul ati on or other uses of the targ genes! protein
codi ng- regions. By these nmethods, 5 normally inactive d@ﬁb§H§EmHhs[mEN
activated in cells that have properties desirable for |nquﬂcﬂ)protein
producti on

upstream of the first codon 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
sequences. The properties of these primers are as fol-

5 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
mMT-I sequences such that the fusion contains 28 bp of

10 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
BglII site of mMT-I and extending 30 bases into mMT-I
sequence; 22.4 is 21 nucleotides in length and is homolo-

15 gous to hEPO sequences beginning 725 bp downstream of the
first codon of the hEPO gene. These primers were used to
amplify a 1.4 kb DNA fragment comprising a fusion of mMT-I
and hEPO sequences as described above. The resulting
fragment was digested with KpnI (the PCR fragment con-

20 tained two KpnI sites: a single natural KpnI site in the
mMT-I promoter region and a single natural KpnI site in
the hEPO sequence), and purified. The plasmid pXEPOl
(Figure 3) was also digested with KpnI, releasing a 1.4 kb
fragment and a 6.4 kb fragment. The 6.4 kb fragment was

25 purified and ligated to the 1.4 kb KpnI PCR fusion frag-
ment. The resulting construct was called pT22.1. A
second intermediate, pT22.2, was constructed by ligating
the approximately 6 kb HindIII-BamHI fragment lying up-
stream of the hEPO structural gene (see Example 1f) to

30 BamHI and HindIII digested pBSIISK+ (Stratagene, LaJolla,
CA). A third intermediate,; pT22.3, was constructed by
first excising a 1.1 kb XhoI/BamHI fragment from
PMCINEOpolyA (Stratagene,, LaJdJolla, CA) containing the
neomycin phosphotransferase gene. The fragment was then
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(e.g., pharmaceutics) or in vivo protein delivery nethods (e.g. gene
therapy). Figures 5 and 6 illustrate two strategies for
transcriptionally activati.ng the hEPO gene. 10 ___Using the nethods and
DNA constructs or plasm ds taught herein or no |mﬂ§q#mgﬁ oy whi ch
are apparent to one of ordinary skill in the arft, engﬁﬂ Qg Whi ch
encodes a therapeutic product (e.g., protein, ribo | ei ¢ Jaci d)

can be inserted at preselected sites in the 15 genonme of vertebrate (e.g.,

mammal i an, both human and nonhuman) primary or secondary cells.
The present invention will now be |Ik6§rrated by the foll ow ng
exanpl es, which are not intended to be limt

EXAMPLES

5
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25

30

madeahpnE-gndesRoidr e éiiePRﬂNSFE@rFEDtcEE L%’FF&P%’“B?‘ GENE
TARGETI NG ase T Ne@megiaw@ldlgabéqqur &h\i@emragﬁaﬁﬁewasnghm ei t her

NESENTTR N IR E T e T

blunt with DNA polymerase I) to 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 XhoI and HindIII digested
pT22.2. pT22.4 thus contains the neo gene adjacent to the
HindIII side of the BamHI-HindIII 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! boundary of the mMT-I promoter,
while the AccI site of this fragment lies within hEPO exon
5. Thus, the AccI/EcoRI fragment contains a nearly com-
plete hEPO expression unit, missing only a part of exon 5
and the natural polyadenylation site. This 2.0 kb
EcoRI/Accl fragment was purified, made blunt-ended by
treatment with the Klenow fragment of DNA polymerase I,
and ligated to Xhol digested, blunt—endéd, pT22.4.

HT1080 cells were transfected with Pvul-BamHI digest-
ed pXEPO-13. pXEPO-13 digested in this way generates
three fragments:; a 1 kb vector fragment including a por-
tion of the amp gene, a 1.7 kb fragment of remaining
vector sequences and an approximately 10 kb fragment
containing hEPO, neo and mMT-I sequences. This approxi-
mately 10 kb BamHI/Pvul fragment contained the following
sequences in order from the BamHI site: an approximately
6.0 kb of upstream hEPO genomic sequence, the 1.1 kb neo
transcription unit, the 0.7 kb mMT-I promoter and the 2.0
kb fragment 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 (electro-
poration conditions were described in Example 1b). This
electroporation was repeated a total of eight times,
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such events can occur in the course of any given transfec- tion

experinent, they are usually masked by a vast excess of events
pl asmi d DNA integrates by nonhonol ogo- us, or illegitimte,
reconbi nati on. | THISE,

GENERATI ON OF A CONSTRUCT USEFUL FOR SELECTI ON OF

EVENTS | N HUVAN CELLS One approach to sel ecti _ngﬁﬁﬂﬂﬁﬁﬂ
events is by genetic selection for the |loss of a gene function

10

15

20

25

30

—-659 =~

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 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 Sys-
tems). Six of the 96 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 contained approximately 600 G418 resistant
colonies (an estimated total of 57,600 G418 resistant
colonies on all 96 plates). The approximately 600 colo-
nies on plate number 18 were trypsinized and replated at
50 cells/ml into 364 well plates (Sterilin). After one
week of incubation, single colonies were visible at ap-
proximately 10 colonies per large well of the 364 well
plates (these plates are comprised of 16 small wells
within each of the 24 large wells). Each well was
screened for hEPO expression at this time. Two of the
large wells contained media with at least 20 mU/ml hEPO.
Well number A2 was found to contain 15 colonies distribut-
ed among the 16 small wells. The contents of each of
these small wells were trypsinized and transferred to 16
individual wells of a 96 well plate. following 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 strain was designated
HT165-18A2-10 and was expanded in culture for quantitative
hEPO analysis, RNA isolation and DNA isolation. Quantita-
tive measurement of hEPO pro%uction resulted in a value of
2,500 milliunits/million cells/24 hours.
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5 the int egr'ation of transfecting DNA. The human HPRT | ocus encodes the

enzynme hypoxant hi ne- phosphori bosyl transfer- ase. hprt cells can be
sel ected for by growh in-redi um cont ai ni ng t hey v.nnclde anal og
6-t hi oguani ne (6-TQ: cells with the wild-type &TSHEE@:I HAS BEEY ¢
killed by 10 6-TG while cells with nmutant (hprt) IIeIggEQ?ERZEL;Lfe.
Cells harboring targeted events which disrupt HPRT | are
therefore selectable in 6-TG medi um To construct a plasmd for

targeting to the HPRT |l ocus, the 6.9 kb HindlIl fragnment extending from
posi- 15 tions 11, 960-18,869 in the™MPRT sequence (Genebank name

HUVHPRTB; Edwards, A._ et al Genoni cs_ 6: 593- 608 (1990b% and i ncl udi ng
exons 2 and 3 &f OrReXhPR¥AREEPe | XigItiNshdFon thenAedh&ifend | site of

pUCl2. Th&ppesekbnng tbOﬂﬁelBglII <1 teaviad tai:e t3re um:mnxslxrt@ld S| te in exon 3
of the HPRT gene_ 20 nd e t gcont ai ni ng
t he neogggﬁeWFFoHFS%CFEEBr%EE éﬁéﬁﬁﬁé% IS ﬁ%gg??gJe di st tlng t he
codi ng seq¢ddss ofhextargeting QmmsﬁnunﬁANEXEHQﬁiﬁJutruncaﬁeﬂeéﬁion of neo
transcsi pgfh%ng%aoglﬁt% %Haax&fl sFes not '@RG PR A EHeRAT 1

desi gnat e | acenment ormal HPRT exon 3 mnth t he
neo- dlsruﬁequences and, therefore, is diagnostic for targeting at

the hEPO locus. Only cell strains that have recombined in
a homologous manner with natural hEPO sequences would
produce an hEPO mRNA containing sequence homologous to the

10 AccI/BglII sequences. HT165-18A2-10 was found to express
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 analysis confirmed that the
neo gene and mMT-I promoter were targeted to one of the

15 two hEPO alleles in HT165-18A2-10 cells.

These results demonstrate that homologous recombina-
tion can be used to target a regulatory region to a gene
that is normally silent in human fibroblasts, resulting in
the functional activation of that gene.

20 22.1 5' CACCTAAAAT GATCTCTICTG G (SEQ ID NO 14)

22.2 5' CGCGCCGGGT GACCACACCG GGGGCCCTAG ATCTGGTGAA
GCTGGAGCTA CGGAGTAA (SEQ ID NO 15) -

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

25 22.4 5' GTCTCACCGT GATATTCTCG G (SEQ ID NO 17)

EXAMPLE 5. 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 in vitro protein produc-

U
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ted version will resuit in an hprt, 6-TG resistant pheno- "type. Such

cells will also be (418 resistant. b. GENE TARCETI NG I N AN
ESTABLI SHED HUMAN FI BROBLAST CELL LI NE 30 As a dennnstration
of targeting in immortalized cell - lines, and to e h LuaL Neo
functions properly in gene targeting, the human f B?gs EEN I ne
HT1080 REPLAOEEPLACE VENT -
SHEET

_7 1-

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

5 sequence, for example the LTR from the Moloney Murine
Leukemia Virus (MoMLV), a marker for selection in human
cells (e.g., the neo gene from Tn5), a marker for selec-
tion in yeast (e.g., the yeast URA3 gene), a regulatory
region capable of directing gene expression in yeast

10 (e.g., the GAL4 promoter), and optionally, a sequence
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

15 that 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 TCl immediately upstream of hGH
gene N codon 1 (corresponding to amino acid position 1 in

20 the mature, processed protein). The order of DNA sequenc-
es upon integration is: hGH upstream and regulatory se-
quences, neo gene, LTR, URA3 gene, GAL4 promoter, yeast
leader sequence, hGH sequences including and downstream of
amino acid 1 of the mature protein. Targeting Construct 2

25 (TC2) includes sequences sufficient for plasmid replica-
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

30 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 sequences upon
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- 33- (ATCC CCL 121) was transfected with pE3Neo by el ectropora-

tion. HT1080 cells were naintai ned i n HAT (hypoxant hi ne/

am nopt eri n/ xant hi ne) suppl enented DVEM with 15% calf 5 serum (Hycl one)
prior to .electroporation. Two days before el ectroporation, the cells
are swtched to the sane nedi um wi t hout am ngpterifA-—Expenenttal |y
growi ng cells were trypsi ni zed and diluted in TBAESHEEDHASI BEEMer um
centri - fuged, and resuspended in PBS (phospkate bREALACED salijne) 10
at a final cell volune of 13.3 mllieome<ells per m= PE3NET TS
digested with Hndlll, separating the 8 kb HPRT- neo fragnment fromthe
pUC12 backbbvagrapionfisd hyH exonphemﬂmen@eSuﬂyeastuhraﬂﬁmanptlon

precipita e ggﬁﬁ i Lerr]g/m
50 [err]l{:%gﬁlng?go1r1 §%§ue %%%dgfo t he é?ectrop raf%%ﬁgghggﬁgggfo
el ectrodees, L§Rp: IBF @eerl, LkEHbrat persiranglafedvsatursGeSerr] | of the cel

suspensi on (10pthédt Ofr&@hésts &é@p&é&pﬂ@ﬁlmm 6’1'(C245Qe sequehts, 250
pFarad ser;  Bjo-Rad Lat The %Bntents of

d G P
Pho et EASIAT oLrrREtra: F ase Jrospes

hGH gene. After superinfection of these cells with helper

1ve pos1t10ns %ﬂankl

retrovirus, LTR directed transcription 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

10 normal hGH introns are removed. Reverse transcription of
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

15 cleaves the transcription unit once within the LTR. The
digested material is ligated under conditions that promote
circularization, introduced into yeast cells, and the
cells are subsequently exposed to selection for the URA3
gene. Only cells which have taken up the URA3 gene

20 (linked to the sequences introduced by TCl and TC2 and the
processed hGH gene) can grow. These cells contain a
plasmid which will express the hGH protein upon galactose
induction and secrete the hGH protein from cells by virtue
of the fused yeast leader peptide sequence which is

25 cleaved away upon secretion to produce the mature, biolog-
ically active, hGH molecule.

Expression in bacterial cells is accomplished by
simply replacing, in TCl1l and TC2, the ampicillin-resis-
tance gene from pBR322 for the yeast URA3 gene, the tac

30 promoter (deBoer et al., Proc. Natl. Acad. Sci. 80:21-25
(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., trpaA
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20 to DMEMwith 15%calf serumto yield a cell suspension of 1 mllion

cells. per 25 m nmedia. 25 m of the treated cell su ed
onto 150.nm di aneter tissue ~cul ture dishes and indupageﬁ%&Tiﬂ&{BEEN :
5% CJerr]. 24 hrs | ater, a (418 sol ution was added dir | Acefo t he
plates to 25 vyield a final concentration of 800 [err]b#nt«ggzggﬁgF' ays
| ater. the nmedia was replaced with DVEM 15% cal f serunf 800 [err] g/
(418. N ne days after electroporation, the nedia was replaced with
DVEM 15% cal f serum 800 pg/m (418 and- 10 [err] M 6-t hi oguani ne.

Col onies resistant to 418 and 6-TG 30 were picked using cloning cylinders
14-16 daysr&ds@xipﬁﬁpn tenhﬂﬂgﬁnﬂ:eChrdgtmas GnEtiaLeﬁ_-. Proc. The results
of Tive rgpleseiial i ATAR11R0-A1BY  i(1901) ) TBBLSehde HHdPBMEe! I s are

a

shown in . L.
yeast transcriptional termination sequence. Similarly,

hEPO can be expressed in yeast and bacteria by simple

5 replacing the hGH targeting sequences with hEPO targeting
sequences, such that the yeast or bacterial leader se-
quence is positioned immediately upstream of hEPO codon 1
(corresponding to amino acid position 1 in the mature

processed protein).

10 EXAMPLE 6. ACTIVATION AND AMPLIFICATION OF THE EPQ GENE
IN AN TMMORTALIZED HUMAN CELL LINE
Incorporatiod 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

15 selection of cells in which the dhfr gene is amplified.
The single HindIII site in pXEPO-13 defines the junction
of the neo gene and genomic sequence naturally residing
upstream of the human EPO gene. Placement of a dhfr gene

at this site provides a construct with the neo and dhfr

20 dgenes surrounded by DNA sequence derived from the natural
EPO locus. Like pXEPO-13, is useful to target to the EPO
locus by homologous recombination. Such a construct
designated pREPO4, is represented in Figure 8. The plas-~ -
mid includes exons 1-4 and part of exon S of the human EPO

25 gene, as well as the HindIII-BamHI fragment lying upstream
of the hEPO coding region. pSVe, pTK and pmMT-I corre-
spond to the promoters from the SV40 early region, the
Herpes Simplex Virus (HSV) thymidine kinase (TK) gene and
the mouse metallothionein-I gene. It was produced as

30 follows: HindIII-digested pXEPO-13 was purified and made
blunt with the Klenow fragment of DNA polymerase I. To
obtain a ghfr expression unit, the plasmid construct
pF8CIS9080 (Eaton et al., Biochemistry 25:8343-8347
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- 34_
Nunber of
Cells

32

1 X 104
32

transf ect

10

15

20

25

30

TABLE 1

Nunmber of (418r Transfection Treat ed
- 6-TG Cones ~ 1 THIS SHEERT HAZ BEEN
. 1 x 107 2f§EPLACl-;D 3
24 4 F—*—10t-e++
5 1 x 10[err] 66

ion 5, control plates designgg to deter-

{(1986)) was digested with EcoRI and SalI. A 2 Kb fragment
éontaining the dhfr expression unit was purified from this
digest and made blunt with Klenow fragment of DNA polymer-
ase I. This dhfr-containing fragment was then ligated to
the blunted HindIII site of pXEPO-13. An aliquot of this
ligation was transformea into E. coli and plated on ampi-
cillin selection plates. Following an overnight incuba-
tion at 37°C, individual bacterial colonies were observed,
picked and grown. Miniplasnid preparations were made from
these cultures and the resulting DNA was then subjected to
restriction enzyme digestion with the enzymes
BglI+HindIII, and Sfil in order to determine the orienta-
tion of the inserted dhfr fragments. Plasmid DNA from one
of these preparations was found to contain such a 2 Kb
insertion of the dhfr fragment. The transcription orien-
tation of the dhfr expression unit in this plasmid was

found to be opposite that of the adjacent neo gene. This
is the construct designated pREPO4.

Plasmid pREPO4 was used to amplify the hEPO locus in
cells subsequent to activation of the endogenous hEPO gene
by homologous recombination. Gene activation with this
construct allows selection for increased DHFR expression
by the use of the drug methotrexate (MTX). Typically,
increased DHFR expression would occur by an increase in
copy number through DNA amplification. The net result
would be co-amplification of the activated EPO 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.
This line was analyzed gquantitatively for EPO production
and by Southern and Northern blot. Both strains were
found to be targeted with a single copy of dhfr/neo/mMT-1
sequences. Expression levels obtained under 0.8 mg/ml
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mne the overall yield of G418[err] col onies indi caf 4% SHEET HAS FEENqo
.*G418r col onies could be generated fromthe initial 1 REPLALED r] trleat ed
cells. Thus, the ratio of- targeted to 5 non-targeted evéents 1s bob/33, 700,
or 1 to"510. In the five experinments conbined, targeted events arise at
a frequency of 3.6 x 10[err], or 0.00036% of treated cells.
Restriction enzyne and Sout hern hybridi zation experi - ment s usi ng
probes derived fromthe neo and HPRT.genes 10 | ocalized the neo gene to the
HPRT | ocus at the predicted site Within HPRT exon 3. C. GENE
TARGETI N N : 111 143l BROBLASTS

Neghl BB&M?BX_o@h Qﬁgﬁg?ppé@hlg%i&%&b\b ny %11115&

PE3Neo is digested w se aratlng t he HPRT- neo fragnent
from t he SFUEEZBYckhBRERUSERd thEr tRFEALEY EFO baekd| ca%addad ¢h and et hanol
preci pi t ghifgnexbMaswasn unitgsutpeadegostiBl1a80tsl seldvteesan |{in-on secondary

human foreskin fibraqblasts l's.| vol u 0.5, n
eIectropgfﬁ?gﬁéaFX§§6555PPs° ngﬁgéowbkgrghg,aﬁﬁ?ﬁgiiﬁﬁ[%ﬁ%q%rﬁé?kﬁ H ndl ||
pE3Ne®d (3Fbepk) stThine wepar &herefanef subjlented to stepwise selec-

tion in 0.02, 0.05, 0.1, 0.2 and 0.4 pM MTX. Results of

initial selection of mass cultures of these strains are

shown in Table 4 and Figure 7.

TABLE 4
mUu/
Million Cells/
Cell Line - MTX(uM 24h
52C20~-5-0 o 1368
52C20-5~.01 0.01 1744
52C20-5-.02 0.02 11643
52C20~-5-0.05 0.05 24449
52-3-5-0.10 0.1 37018
52-3~-2-0.20 0.2 67867
52-3-2-0.4B 0.4 99919

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

5 the EPO 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.
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were perforned, for a total of 9 mllion treated cells.

-35- /Cells are processed and selected for (418 resi stance. 500, 000
cells per 150 nm cul-ture dtsh were plated for 418 sel ection. After 10
days under selection, the culture medi umis repl acgg; o —hRtran
fibroblast nutrient nedium 5 containing 400 [err]g/ '@SAI@E&EdH»‘B)BﬁM '
6-TG * Selection with the two drug conbination is conti MEBAEOr 10
additional_____ _days.-Plates-are scanned m croscopically to Tocartze
eet Has Been Replaced
T
CLAIMS
1. A method of activating expression of and amplifying

an endogenous gene in genomic DNA of a vertebrate
cell which is not expressed in the cell as obtained
5 or is not expressed at significant levels in the cell
as obtained, comprising the steps of:
a) transfecting cells with DNA sequences compris-
ing:
1) - exogenous DNA selected from the group con-
10 sisting of:

a) DNA sequences which repair, alter, delete
or replace a sequence present in the cell:
or

b) DNA sequences which are regulatory seguenc-

15 es not normally functionally linked to the
endogenous gene in the cell as obtained;

2) DNA sequences homologous with genomic DNA
sequences at a preselected site in the
cells; and

20 3) amplifiable DNA encoding a selectable mark-
er,
thereby producing cells containing the DNA sequences;
b) maintaining the cells produced in (a) under
conditions appropriate for homologous recombina-
25 tion to occcur between DNA sequences homologous
with genomic DNA sequences and genomic DNA se-
guences,
thereby producing homologously recombinant cells of
vertebrate origin having the DNA segquences cof (a) (1),
30 (a) (2) and (a)(3) integrated into geriomic DNA and
exogenous DNA of (&) (1) functionally linked to the
endogenous gene; and

AR



humah fi+brobl ast col onies resistant to both drugs. The fraction of

Al18[err] t-TG colonies is 4 per_ 9 mllion r?at- 10 ed cells. These

col oni es constitute 0.0001% (or irhjsghestHasLee %h) of ra+—eells capable of
formi ng col oni es. Con- trol pIH JH&H to det¢ HfsnéHEETeHASEB&-NI

yi el d of (418r col oni es indica 1 418r | col om®s ~goul d

be generated fromthe initial 9 x 106 treated cells. 15 Thusthe-1-atid of
targeted to non-targeted events is 4/ 2,850, or 1 to 712. Restriction
enzynme and Sout hern hybridi zati on experinments using probes derived from
t he neo and HPRT genes were used tU7ocalize the neo gene to t he

HPRT | ocus at the predicted site within HPRT exon 3 20 and denonstrate
that targeting had octMtrweing thiedondpgouslycperambiBrrtsepralfis. Col oni es

resistant to both drugsoducediame @l)S RN dotlidliefsbynt EANSEEeEENY primary
cells (1/3.0 x 10[err]) The results of several pE3Neo

targeting experi mentst%5 4¥F¥?§ﬁﬁﬁﬁ%9%xﬂfiﬁ?eT&HP@if?abﬁPnBNﬁleBPB€§ted

pPE3Neo was ei t hering ansderdcthilid eErRerOr whie@abed thet Ampxonighease
11 to %gnerate 5" si e-stranded ov%rh ”%ﬁ prlo& to %ransfectlon (see
Exanpl e ®1c). DNA pre t§FREIY (p selectable marker and the endoge-

nous gene functionally linked to exogenous DNA

of (a) (1) are coamplified,
thereby producing homologously recombinant cells con-
taining amplified DNA encoding a selectable marker
10 and a coamplified endogenous gene functionally linked
to DNA sequences of (a)(l), in which the coamplified
gene is expressed.

2. A method of targeting DNA sequences into genomic DNA
of a cell of vertebrate origin, comprising the steps

15 of:

a) providing a DNA construct comprising:
1) exogenous DNA encoding a product to be ex-
pressed in cells of vertebrate origin;
2) DNA sequences homologous with genomic DNA

20 sequences in the cell of vertebrate origin:;

and

3) amplifiable DNA sequences encoding a marker
for which selection of amplified copies of
the marker can be performed:

25 b) introducing into cells of vertebrate origin the
DNA construct provided in (a), thereby producing
cells centaining the DNA construct provided in
(a):

c) maintaining cells produced in (b) under condi-

30 tions appropriate for homologous recombination
to occur between DNA sequences homologous with
genomic DNA sequences and genomic DNA sequences,

I



O _in length
PHISISHEF

nené

siﬁdle-étranded regions ranging from175 to 930 base pai
were tested. Using pE3neo di gestedTth?nhthhsrdenIReplaced al o

(A18-resi stant col oni es were |dent|f trlctl
Sout hern hybri di zati on anal ysis as rgete
0 a

neo gene at the HPRT | ocus (a tota rgeted cl ones were
I sol ated). - 36- Targeting
was nmaximally stinulated (approximately 10-fold stinmul ati on) when

overhangs of 175 bp were used, with 1/89

thereby producing homologously recombinant cells of

vertebrate origin having the DNA construct of (a)

integrated into genomic DNA of the cells; and

d) culturing the homologously recombinant cells

5 produced in (b) under conditions which select

for amplification of the amplifiable DNA encod-
ing a selectable marker, whereby the amplifiable
DNA encoding a selectable marker and the exoge-
nous DNA of (a)(l) are coamplified,

10 thereby producing homologously recombinant cells con-
taining amplified DNA encoding a selectable marker
and a coamplified exogenocus gene wherein the cells
are capable of expressing the coamplified exogenous
gene.

15 3. The method of Claim 1 or Claim 2 wherein the verte-
brate cell is a primary or secondary cell.

4. The method of Claim 3 wherein the primary or second-
ary cell is a mammalian cell.

5. The method of Claim 3 wherein the primary or second-
20 ary cell is a human cell.

6. The method of Claim 1 or Claim 2 wherein the verte-
brate cell is an immortalized cell.

7. The method of Claim 6 wherein the immortalized cell
is of mammalian origin.

25 8. The method of Claim 6 wherein the immortalized cell
is of human origin.

* c L M S *



&418r col oni es di splaying restriction fragnents that are di agnostic for
targeting at HPRT (a total of 9 targeted 5 clones were isolated). Thus,

usi ng the-conditions and reconbi nant DNA construct s descri bed here,
targeting is readi |y observed in normal human fi brobl askSheaiifls BREReplaced
overal-l targeting frequency (the nunber of targeted cl ones T

the total nunber of clones stably transfected 10 to G418rHﬂHMHHmm%
be stinulated by transfection with targeting constructs

si ngl e- stranded over hang- ing tails. by the nmethod as described in
Exanpl e | e. TABLE 2 TARGETI NG TO
THE HPRT L S F&@@ﬁ% Igﬁg@ﬂA e ] of Number
Tar get ed T(g)?gl aﬁlenber 0 ] reg}nﬁén‘%f cl Expe(rali rraer“hsrlgelrl}p%r Col ony

Targeted C one amplifiphle|PNAjenrreding a gselectable magker encodes py
a selectable marker selected from the group consist-

ing of: dihydrofolate reductase, adenosine deamin-
5 ase, and CAD.

10. The method of any one of Claims 1-9 in which the DNA
construct further comprises {(a) an additional posi-
tive selection marker, (k) a negative selection
marker or (c¢) an additional positive selection marker

10 and a negative selection marker.

11, The method of Claim 10 in which the additional posi-
tive selection marker is neo.

12. The method of Claim 10 in which the positive selec-
tion marker is neo and the negative selection marker
15 is gpt or the HSV-TK gene.

13. The method of any one of Claims 1-12 wherein the gene
to be expressed encodes a product selected from the
group consisting of: hormones, cytokines, antigens,
antibedies, enzymes, clotting factors, transport

20 proteins, receptors, regulatory proteins, structural
proteins, transcription factors, antisense RNA and
ribozymes, and proteins or nucleic acids which do not
occur in nature.

14. The method of any one of Claims 1~12 wherein the
25 endogenous gene encodes a therapeutic product select-
ed from the group consisting of human growth hormone,
human insulin, human insulinotropin, and human eryth-
ropeietin,

* < L M S *



175 bp 6verhang

1/ 117

d. GENERATI ON OF A CONSTRUCT HgR siAREBED

THERAPEUT} C | NTEREST | NTO THE HU
A variant of p hag
interest is inserted within the H ng region,

TARGETH NG

1 1/ 80 - 9 350 bp over hang 3
20 930 bp-evertany 1/ 144 1

near the neo gene, can be used to target a gene of therapeutic interest

to a specific positionin a reC|p-
genone. Such a variant of

15.
l6.

5
17.

10
18.
19.

15
20.

20
21.

25

80ent primary or secondary cel

Homologously recombinant cells produced by the method
of any of the preceding Claims.

The method of any one of Claims 1 to 8 wherein the
endogenous gene or the exogenous gene to be expressed
encodes a therapeutic product.

The method of Claim 16 in which the DNA construct
further comprises (a) an additional positive selec-
tion marker, (b) a negative selection marker or {c)
an additional positive selection marker and a hega-
tive selection marker.

The method of Claim 17 in which the additional posi-
tive selection marker is neo.

The method of Claim 17 in which the positive selec-
tion marker is neo and the negative selection marker
is gpt or the HSV-TK gene.

The method of any one of Claims 16-19 wherein the
gene to be expressed encodes a product selected from
the group consisting of: hormones, cytokines, anti-
gens, antibodies, enzymes, clotting factors, trans-
port proteins, receptors, regulatory proteins, struc-
tural proteins, transcription factors, antisense RNA
and ribozymes, and proteins or nucleic acids which do
not occur in nature.

The method of Claim 20 wherein the endogenous gene or
the exogenous gene encodes a therapeutic product
selected from the group consisting of human growth
hormone, human insulin, human insulinotropin, and
human erythropoietin.

A



REPLACENENT SHEET ' -37- pE3Neo can
be constructed for targeting the hGH gene to t he HPRT | ocus.
pXGH5 (schematicatty presented in Figure 1) is di- \
and the 4,1 kb fraglmnetmomﬂeak@lacﬁg the 5 hGH gene and ThiGeSHERD uISAS BEEN
met al | ot hi onei n ( Is isolated. The EcoRl ove&ERBAGED ar e
filled in V\Aththgm1 agrrent fromE. coli DNA-potymerase:

Separ at el y, |gested wi th Xhol, which cuts at the junction
of the neo fragnent and HPRT exon 3 (the 3 Junction of 10 the insertion

into exon 3). The Xhol overhanging eﬁﬁ%‘of the Iinearized plasmd are
filled in mnth the Kl enow g fromE DNAiPi nerase and the
resulting 22-f HRPpRIAIUSLY §§F@& PBaPﬁecﬁliskBrﬁﬁﬁﬁ? ¥ et

fragment. Bactergflamplemicaaiser needifromthe [igation

23. Primary cells or secondary cells produced by the
method of any one of Claims 1-5 and 9-14 and for use
5 in therapy, e.g. mammalian or human therapy.

24. Use of cells produced by the method of any one of
Claims 1-5 and 9-14 for the manufacture of a medica-
ment for use in gene therapy.

25. A barrier device adapted to be introduced into a

10 mammal and enclosing cells produced by the method of
Claim 16, wherein the barrier device is made of a
material which when the device is introduced into the
mammal permits passage of the therapeutic product
into the circulation or tissues of the mammal while

15 preventing the vertebrate cells from growing outside
of the barrier device and the rejection of the cells
by mammal's immune system.

26. A method of providing an effective amount of a thera-

peutic product to a mammal comprising introducing

20 into the mammal cells produced by the method of Claim
16, in which the cells are introduced inte the mammal
enclosed within a barrier device, wherein the barrier
device is made of a material which permits passage of
the therapeutic product inte the circulation or

25 tissues of the mammal and prevents the vertebrate
cells from growing outside of the barrier device and
prevents the rejection of the cells by the mammal's
immune system.

HIlIIII IIIIII IIIIl IIIlI ll lIIl



15> mxXxture are screened by restriction enzyne analysis for a single
copy insertion of the hGHnMI fragnent and one orientation, the hCH

gene tranSQLLbed_Ln_Ihe~sane direc- tion as the ne ge nd
deS|gnated E3Ne QPE3Neo/ hGH i s digested with Hn

the 12.1 k hec; pa ontalnlng HPRT, neo and nMT-

Di gest ed d transfected into primary or man
fi brobl asts n Exanple | c. A18r TG col onies are sel ected
and anal yzed for targeted insertion of the nmMI-hGH and neo sequences
into the HPRT 25 gene as described t®&2Exanple Ic. Individual colonies are
assayed for hGH expression using a commercially avail abl e I mmunoassay
(Ni chol s I127st | fufi@thod of provsgenadanyeﬁ%w\fe wRings taf Bertdar@inst ect ed

Wi t h PE3Ne g/ 2 l&lcqguananﬁ higl Séamr oL B MR- iamep- 30 | yzed
for stable hc+ﬁ£xpﬁés§%gﬁ and regtrlctlfﬁgenzlgﬁ nd ggg Bern

hybri di zati on afHey ihe meﬂmﬁﬁlﬁﬁééﬁ reparsed by et M oj ght
colonies were iy@ggntified with an i nsertion of the hGH gene into the
endogenous HPRT | ocus. Al'l eight strains stably expressed significant
guantities

5§ 28. A methed of providing an effective amount of a thera-
peutic product to a human comprising introducing into
the human cells produced by the method of Claim 16.

29. A method for the jin vitro production of a therapeutic
protein comprising culturing the homologously recom-
10 binant cells Claim 9 under conditions suitable for
the expression of the therapeutic protein, whereby
the therapeutic protein is expressed by the cells of
Claim 9.

30. A method for the jin vitro production of a therapeutic
15 protein using a microbial cell containing an intron-
less copy of a human gene encoding a therapeutic
protein, comprising the steps of:
a) introeducing into human cells a DNA construct
comprising:
20 1) a retroviral LTR:

2) a gene encoding a marker for selection in
microbial cells:;

3) regulatory sequences capable eof promoting
expression of the therapeutic protein in

25 microbial cells;

4) DNA encoding a leader peptide capable of
promoting secretion of the therapeutic pro-
tein from microbial cells; and

5) sequences sufficient to direct homologous

30 recombination of the DNA construct with
human genomic DNA sequences adjacent to and

\\I\\II\ \\\l\\ |||\\ \\I\I \\ \Il\ -



-88- 7 of- hGH, with an average_expression level of 22.7 [err]g/ 106

cells/ 24 hours. Alternatively, plasm d pE3neoEPQO, Fi gy A )

used to target EPO to the human HPRiis $hoes Hes Been Replaced ﬂﬁ&%&%#mgﬁ%ﬂ gous

reconbi nation to target a gene 5 l g Hﬂ i ntarest BEPLACEReci filc
erapeu

positiorf in a cell's genom ¢ nded upon and made nore
useful for produci ng products for t I'c purposes (e.g., pharma-
ceutics, gene therapy) by the insertion of a gene through

upstream of DNA encoding the first amino
acid in the therapeutic protein,
thereby producing cells containing the DNA construct;
) maintaining the cells produced in (a) under
5 conditions appropriate for homologous recombina-
tion to occur betweaen DNA sequences homologous
with genomic DNA sequences and genomic DNA se-
quences, thereby producing homologously recombi-
nant cells having the DNA construct of (a) inte-
10 grated into genomic DNA adjacent to and upstreanm
of and functionally linked to the gene enceding
the therapeutic protein;
c) introducing into the homologously recombinant
cells produced in (b) a DNA construct c¢ompris-
15 ing:

1) DNA sequences capable of directing tran~
scription termination in a microbial cell;

2) DNA sequences capable of directing DNA
replication in a microbial cell:;

20 3) a retroviral LTR;

4) sequences sufficient to direct homologous
recombination of the DNA construct with
human genomic DNA secuences downstream of
the stop codon of the therapeutic protein,

25 thereby producing homologously recombinant
cells having integrated the DNA construct
of (a) into the genomic DNA, and containing
the DNA construct of (c):

a) maintaining the cells produced in (c¢) under
30 conditions appropriate for homologous recombina-
tion to occur between DNA sequences homologous
with genomic DNA sequences and genomic DNA se-
gquences, thereby producing homologously recombi-
nant cellsg having the DNA construct of (a) inte-

C mmwmm



whi'ch cells containing anplified copies of the gene can be 10 selected for
by exposure of the cells toanappropriate drug sel ection regi nen. For
exanpl e, pE3neo/ hGH ( Exanpl etpis sheet HishBetndeplRd nodi fi ed by inserting the

dhfr, ada, or CAD gene a mredi ately _a 2 hGH
or neo ° genes in pE3neo/ hiﬁl‘n! M‘g
cells are transfected with su

(bt

econdary, [ o SeERT tBAS BB
nd correctly REPLME@eted vents

are identified. These cells are further treated w asi ng
concentrations of drugs appropri- ate for the selection of cells
containing anplified genes (for did+, the selective agent is

nmet hotrexate, for CAD 20 the selective agent is
N- (phosphonacet yl ) - graSpariate genomi®ANA upsthdaw aflardewel-ecti ve agent

[ deni d h

mtegras T tion BOPRETYCRLAERY ro AR sncsiil T B Al -

fied along with t hepgenecf prominh ang| 2alsedchawvinestier ONIS cael ect ed.

Thus, the genetic eggkgggrkgg QﬁFﬁékégeaodown S GNE ey~ therapeutic

uses can be readily C rese the site at which the
t ar get% ng constt&@paihYegnakeé hndthe %ﬁm%rﬁm¢ﬂ§anﬂﬂﬁq(&Paﬁﬂples

reside in the anpllﬁéggleebgételn’

e) culturing the cells produced in (d) under condi-
tions appropriate for retroviral LTR directed
transcription, processing and reverse transcrip-

10 tion of the RNA product of the DNA seguences be-
tween the LTRs introduced in (a) and {¢), there-
by producing a DNA seguence comprising an in-
tronleszs DNA copy of the gene encoding the ther-
apeutic protein operatively linked to the DNA

15 sequences comnprising the DNA construct described
in (a) and operatively linked to the DNA se-
quences comprising the DNA construct described
in {¢), this seguence herein referred to as the
intronless DNA sequence:;

20 f) separating the intronless DNA seguence produced
in {(e) from the cells;

g) introducing the DNA separated in (f) inte micro-
bial cells, thereby producing microbial cells
containing the DNA produced in (e);

25 h) culturing the microbial cells produced in (g) in
the presence 0f a selective agent which selects
for the selectable marker present in the DNA
construct described in (a}:

i) culturing the cells produced in (h) under condi-

30 tions appropriate for expression and secretion
of the therapeutic protein in microbial cells,
thereby producing the therapeutic protein in the
nicrobial cells and secreting the protein there-
from; and

AN

.
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30, e.. MODIFICATION OF DNA TERM NI TO ENHANCE TARGETI NG Sever a
li nes ‘of evidence suggest that 3'-overhanging ends are involved in
certai n honol.agous_recanhination pat hways of E. coli, bacteriophage,
cerevisiae and . g

REPLACENENT S eetHas BeenFeplaced lTH'S SHEET HAS BEEN 0
MAY 1997 L - 30- enopuBrhiaegihs. | n
Xenopus | aevi s ules with 3' - over hangiigends—-of-—sever al
hundr ed base palrs |n Iength underwent reconbination with simlarly

treated

31.
5 32
10
15
33.

3) separating the therapeutic protein produced in
(i) from the microbial cells,

The method of Claim 30 wherein the nicrobial cell is
Saccharomyces gerevisiae, or Escherjchia coli.

A method of turning on expression of a gene to be
expressed which is present in a cell but is not ex-
pressed in the cell as obtained or is not expressed
at significant levels in the cell as obtained, com-~
prising introducing into the cell a DNA construct
comprising a regulatory region under conditions
appropriate for homologous recombination, whereby the
regulatory region is inserted into or replaces all or
a portion of the regulatory region of the gene to be
expressed, and is functionally linked to the gene to
be expressed, thereby producing homologously recombi-
nant cells which express the gene.

The method of Claim 32 wherein the cell as obtained
is an immortalized cell.
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nol ecul es nmuch nore rapidly after mcroinjection than 5 nolecules with

very short overhangs (4 bp) generated by restriction enzyne digestion.
In yeast, -t he generation of 3' -over gnglng ends several hundred base
pairs in Length appears to be a rate’limting ste n_neiotic

reconbi nati - on. No evidence for an invol venent i nds
10 in reconbination in human cells has been reporte se
have nodi fied DNA substrates of any gpggrPeEEN sh

targeting (one form of honol ogous recom bi nation) in any specres:- In
human cells, the effect of 3' -overhanging ends on targeting is

unt est ed. The experi- 15 nent described in the foll ow ng exanple and
Exanpl e 1c suggests that 5'-overhangi ng ends are effective for stinu-
lating targeting in primary, secondary and inmmortalized human

fibrobl asts. There have been no reports on the enhancenent of 20
targeting by nodifying the ends of the transfecting DNA nol ecul es. This
exanple serves to illustrate that nodifi- cation of the ends of linear
DNA nol ecul es, by conversion of the nolecules' termni froma

doubl e-stranded formto a Si nglg ot randed form c§GRtinulate targeting
into the mMT-~1 promoter D Sael

ookt

This Sheet Has Been Replaced




25 genone of primary and secondary human fi brobl asts. 1100 [err]g

of plasmid pESNeo (Exanple la) is digested with Hnadlll. This DNA can
be used directly after phenol extraction and et hanol precipitation, or
the 8 kb KindlII f ragnment containFn&%nﬂy HPRT and the neo gene can be

30 separated away fromthe pUCL2 vector sequences by

el ectrrophoresis. Exolll digestion of the Hi ndlIl di gegtiéys Sy esults
i n extensive exonucl eolytic digestion at each end{ ini tAgfI H@SagEEﬁ h
free 3' end, and |eaving 5' - overhanging ends. The-ext ert HFFn

exonucl eol ytic action
REPLACEMVENT SHEET

HindIIlI

Amp

16S splice
junction

pcDNEO
4.4 kb

pBR322
ori
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- 40- and, hence, the length of the resulting 5 -overhangs, can be

controlled by varying the tinme of Exolll digestion. Exol Il digestion of
100 [err]g-of Hindlll digested pE3Neo is carried out according to the
supplier's recommended condi- 5 tions,8%or times pf.30 sec, 1 mn, 1.5

mn, 2«~mn, 2.5 mn, 3 mn, 3.5 mn, 4 mn, 4.5 FHS, sm&#
noni - » tor the extent of digestion an aliquot frpm eac,#P A?};’%@]B‘EE%m nt,
th

containing 1 [err]g of Exolll treated DNA, is treati d-~“_mn mung_bean
nucl ease (Promega), under conditions recom 10 mended by the supplier, and
the sanples fractionated by gel electrophoresis. The difference in size
bet ween non-treated, Hi ndlll digested pE3Neo and the sane nol e-

cules treated with Exolll and nmung b®dgupecBease is nea- sured. This
size difference divided by two gives the 15 average |length of the

5' -overhang at each end of the nmol ecul e. Using the time points

descri bed above and digestion at 30[err], the 5 -overhangs produced
shoul d range from 100 to 1,000 bases. 60 [err]g of Exoll
treated DNA (total HindlIl digest of gzgﬁ Kpnl

Sacl Byl

This Sheet Has Been R
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20 pE3Neo) fromeach time point is purified and el ectropor- ated into

primary, secondary, or immortalized human fi bro- bl asts under the
condi tions* described in Exanple 1lc. The degree to which targeting is
enhanced by each Exol |l treated prépéﬁhrion is quantified by counting

the number 25 of (A18[err] 6-TG col onies and conpari ng..ihese nunbers to

targeting with Hndlll digested pE3Neo that was not trdalH|S SHEE® Fét
Exol I'l. The effect of 3'-overhangi ng ends canéalso D t PEEN
fied using an anal ogous system In gﬁiéuﬁgsg Hndl1l 3 i E3Neo| i s

treated with bacteriophage T7 gene exonucl ease (United States

Bi ochem cal s) for varying tinme interval s under the supplier's
reconmended conditions. Det erm nati on of the extent of digestion
(average length of 3'-overhang produced per end) and el ectroporation

This Sheet Has Been Replaced




-41- conditions are as described for Exolll treated DNA. The

degree to which targeting is enhanced by each T7 gene 6 exonucl ease
treated preparation is quantified by cougging t he nunber of (418r

6- TG col enies and conparing these 5 nunbers to targ R el

di gest ed pE3Neo that was not treated with T7 gene|6 eg 5 Téﬁ@eBEHU

O her 'methods for generating 5 and 3' overhangi ng HﬂéCﬂbssible,
for exanple, denaturation and anneal i ng of two |inear nDIecu t
partially overlap with each 10 other will generate a m xture of nol ecul es,
each nol ecul e havi ng 3' -overhangs at both ends or 5'-overhangs at both
ends, as well as reanneal ed fragnents indistinguishable fromthe

starting linear nolecul es.@The | ength of the

9 2anbtg
G aanbtd

Od3 wenswdn
Od3 weassdn

§ YO H{ON PUS
S0 .S HN
20Y0AG § - LI H

§ VOl

t vox3
OdN
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overhangs is determned by the Iength of DNA that is not 15 in comon
bet ween. the two DNA fragnents. f. CONSTRUCTI ON OF TARGETI NG PLASM DS
FOR PLACI NG THE HUVAN ERYTHROPO EYI N GENE UNDER THE CONTROL OF THE
MOUSE NETALLOTHICNEIN PROMOTER I N PRI MARY, SECONDARY AND

| MVORTALI"ZED HUMAN FI BROBLASTS 20  FicuRihe fol | owi ng Sefals SHERT HAS (BEEN

one enbodlnent of the present invention, in which the{normeRERAGEDR i ve
and negative regul atory sequences upstrean1of t he hunmarp—eryth-
ropoietin (EPO gene are altered to all ow expression of human
erythropoietin in primary, secondary or imortalized 25 human fibrobl asts,
whi ch do not express EPO in significant quantities as obtained.

A region lying exclusively upstream of the hunman EPO codi ng region can
be amplified by PCR Three sets of prinmers useful for this purpose were
designed after analy- 30 sis of the published human EPO [ Genbank

desi gnation HUMERPA; Lin, F-K, et al., Proc. Natl. Acad. Sci., USA

82: 7580- 7584 (1985)]. These primer pairs can anplify

EPO Production in Targeted HT1080 Cell
Line 52 Under MTX Selection

100000

70000 -

60000

hEPO (mU/million cells/day)

30000
20000
10000
0 4 .
0 0.01 0.02 0.05 0.1 02 04
Methotrexate (uM)

Sheet Has Been Replaced

T



fragn‘ents of 609, 603, or 590 bp.
-42- TABLE 3 HUMERPA
Primer Coerdinate Sequence - 97 Fragnment Size

2

FIGURE 8

HindII! (14018)

DHFR(arg 22)

EPO upstreas sequence

BamHI (5163)

This Sheet Has Been Repl
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~r

F 2 . 20 5' AGCTTCTGGGCTTCCAGAC (SEQ I D

NO 1) . [ R 610 - 595 5 GGGGTCCCTCAGCGAC 609 bp
(SEQ I D NO'2) F2 8 - 24 5' TGGGCTTCCAGACCCAG
(SEQ 1 D_ND 3) R2 610 - 595 33 B GGGGTCCCTCAGCGAC 603 bp
Sed1 40 5' CCAGCTACTTTGCGGAACT. ( SEQ
ID NO- 4) R2 610 595  ABST CCCTCAGOEMIS SHEET BA%) BEEN
_ REPLACED
PROTEIN PRODUCTION AND PROTEIN DEETIVERY

The present invention relates to transfected primary,
secondary, and immortalized cells of vertebrate origin
5 particularly mammalian origin, transfected with exogenous
genetic material (DNA) which encodes a desired (e.g., a
therapeutic) product or is itself a desired (e.g., thera-
peutic) product, methods by which primary, secondary and
immortalized cells are transfected to include exogenous
10 genetic material, including DNA targeting by homologous
recombination, methods for the activation and amplifica-
tion of endogenous cellular genes, methods by which cells
useful for large-scale protein production can be obtained,
methods of producing clonal cell strains or heterogenous
15 cell strains, and methods of gene therapy in which trans-
fected primary, secondary or immortalized cells are used.
The present invention includes primary, secondary,
and immortalized cells, such as fibroblasts, keratino-
cytes, epithelial cells, endothelial cells, glial cells,
20 neural cells, formed elements of the blood, muscle cells,
and other cells which can be cultured.

This Sheet Has Been Replaced
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The three fragnents overlap substantially and are [ ntgr‘-cﬂangeabl e
the preesent purposes. The 609 bp . fragment, extending from-623 to
relative to the translation start!site (HUMERPA nucl eoti thé%k ST-1+ons

to 5 610),

9(\,.

-

for
-14

O

;is ligated at both.ends with dal linkers. The

@Qﬂ”ﬂ“r@ﬁEET

Clal-linked fragnent is digested with Clal and inserted §nto the

site .of pBluescriptllI SK/+ (Strata- gene), with the orie t'9'8ﬁﬂ§h|997

t hat HUMERPA nucl eot i de position 610 is adjacent to the |Sgl | site

the plasmid 10 polylinker). This plasnid, p5 EPO can be dl ,
at the uni quprES StNO:lSR&BUdTl%bi exp PROPEIEPSEUPYERY [SLTeam fr

rately,

dal

agment

(HUMERPA nucl eoti de positions 150 and 405, respectively) and TTgated 10
t he nouse netall ot hi onei n pronoter. Typically, the 1.8 kb EcoRI-Bgl I

fromthe

10

15

20

25

30

Background of the Invention

Current approaches to treating disease by administer-
ing therapeutic proteins include in vitro production of
therapeutic proteins for conventional pharmaceutical
delivery (e.g. intravehous, 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. Presently-
available approaches to gene therapy make use of infec-
tious vectors, such as retroviral vectors, which include
the genetic material to be expressed. Such approaches
have limitations, such as the potential of generating
rep;ication-competent virus during vector production;
recombination between the therapeutic virus and endogenous
retroviral génomes, potentially generating infectious
agents with novel cell specificities, host ranges, or
increased virulence and cytotoxicity; independent integra-
tion into large numbers of cells, increasing the risk of a
tumorigenic insertional event:; limited cloning capacity in
the retrovirus (which restricts therapeutic applicability)
and short-lived in vivo expression of the product of

interest. A better approach to providing gene products,
particularly one which avoids the risks associated with
presently available methods and provides long-term treat-
ment, would be valuable.

Summary of the Invention

The present invention relates to improved methods for
both the in vitro production of therapeutic pfoteins and
for the production and delivery of therapeutic proteins by
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5 manipulation and transfection of exogenous DNA encoding
proteins of therapeutic interest.

The present invention relates to transfected cells,
both transfected primary or secondary cells (i.e., non-
immortalized cells) and transfected immortalized cells,

10 useful for producing proteins, particularly therapeutic
proteins, methods of making such éells, methods of using
the cells for in vitro protein production and methods of
gene therapy. Cells of the present invention are of
vertebrate origin, particularly of mammalian origin and

15 even more particularly of human origin. Cells produced by
the method of the present invention contain exogenous DNA
which encodes a therapeutic product, exogenous DNA which
is itself a therapeutic product and/or exogenous DNA which
causes the transfected cells to express a gene at a higher

20 level or with a pattern of regulation or induction that is
different than occurs in the corresponding nontransfected
cell.

The present invention also relates to methods by
which primary; secondary, and immortalized cells are

25 transfected to include exogenous genetic material, methods
of producing clonal cell strains or heterogenous cell
strains, and methods of immunizing aniﬁals, or producing
antibodies in immunized animals, using the transfected
primary, secondary, or immortalized cells.

30 The present invention relates particularly to a
method of gene targeting or homologous recombination in
cells of vertebrate, particularly mammalian, origin. That
is, it relates to a method of introducing DNA into prima-

ry, secondary, or immortalized cells of vertebrate origin
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Mol . Cell. r%E@Ere@ot%3gsgﬁ§mologously recombinant (HR) primary,
secondary or immortalized cells, produced by the present

10 method and to uses of the HR primary, secondary, or immor-
talized cells.

The present invention also relates to a method of
activating (i.e., turning on) a gene present in primary,
secondary, or immortalized cells of vertebrate origin,

15 which is normally not expressed in the cells or is not
expressed at physiologically significant levels in the
cells as obtained. According to the present method,
homologous recombination is used to replace or disable the
regulatory region normally associated with the gene in

20 cells as obtained with a regulatory sequence which causes
the gene to be expressed at levels higher than evident in
the corresponding nontransfected ceil, or to display a
pattern of requlation or induction that is different than
evident in the corresponding nontransfected cell. The

25 present invention, therefore, relates to a method of
making proteins by turning on or activating an endogenous
gene which encodes the desired product in transfected
primary, secondary, or immortalized cells.

In one embodiment, the activated gene can be further

30 amplified by the inclusion of a selectable marker gene
which has the property that cells containing amplified
copies of the selectable marker gene can be selected for
by culturing the cells in the presence of the appropriate
selectable agent. The activated endogenous gene which is
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will also be amplified in cells containing the amplified
selectable marker gene. Cells containing many copies of

the activated endogenous gene are useful for in vitro

5 protein production and gene therapy.

Gene targeting and amplification as disclosed in the
present invention are particularly useful for turning on
the expression of genes which form transcription units
which are sufficiently large that they are difficult to

10 isolate and express, or for turning on genes for which the
entire protein coding region is unavailable or has not
been cloned. The present invention also describes a
method by which homologous recombination is used to con-
vert a gene into a cDNA copy, devoid of introns, for

15 transfer into yeast or bacteria for in vitro protein
production.

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

20 animal for protein delivery in the human or animal. For
example, human growth hormone (hGH), human EPO (hEPO),
human insulinotropin and other proteins can be delivered
systemically or locally in humans for therapeutic bene-
fits. Barrier devices, which contain transfected cells

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

30 immortalized cells, transfected cells from another species
(transfected xenogeneic cells), or cells from a nonhisto-
compatibility-matched donor (transfected allogeneic cells)
to be implanted for treatment of human or animal condi-

tions or for agricultural uses (e.g., meat and dairy
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Transfected cells of the present invention are also

10 useful for eliciting antibody production or for immunizing
humans and animals against pathogenic agents. Implanted
transfected cells can be used to deliver immunizing anti-
gens that result in stimulation of the host's cellular and
humoral immune responses. These immune responses can be

15 designed for protection of the host from future infectious
agents (i.e., for vaccination), to stimulate and augment
the disease~fighting capabilities directed against an
ongoing infection, or to produce antibodies directed
against the antigen produced in vivo by the transfected

20 cells that can be useful for therapeutic or diagnostic

purposes. Removable barrier devices can be used to allow
a simple means of terminating exposure to the antigen.
Alternatively, the use of cells that will ultimately be
rejected (xenogeneic or allogeneic transfected cells) can

25 be used to limit exposure to the antigen, since antigen
productioh will cease when the cells have been rejected.

The methods of the present invention can 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 factors, transport
proteins, receptors, regulatory proteins, structural
proteins, transcription factors, or anti-sense RNA.

Additionally, the methods of the present invention can be
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ring ribozymes, proteins, or nucleic acids which are
useful for in vitro production of a therapeutic product or

for gene therapy.

Brief Description of the Drawings

Figure 1 is a schematic representation of plasmid
PXGH5, which includes the human growth hormone (hGH) gene
under the control of the mouse metallothionein promoter.

Figure 2 is a schematic representation of plasmid
PCDNEO, which includes the neo coding region (BamHI-BglII
fragment) from plasmid pSV2neo inserted into the BamHI
site of plasmid pcD; the Amp-R and pBR3220ri sequences
from pBR322; and the polyA, 16S splice junctions and early
promoter regions from SV40.

Figure 3 is a schematic representation of plasmid
PXEPOl. The solid black arc represents the pUCl12 backbone
and the arrow denotes the direction of transcription of
the ampicillin resistance gene. The stippled arc repre-
sents the mouse metallothionein promoter (pmMT1). The
unfilled arc interrupted by black boxes represents the
human erythropoietin EPO gene (the black boxes denote
exons and the arrow indicates the direction hEPO tran-
scription). The relative positions of restriction endonu-
clease recognition sites -are indicated: -~

Figure 4 is a schematic representation of plasmid
PE3necEPO. The positions of the human erythropoietin gene
and the neo and amp resistance genes are indicated.

Arrows indicate the directions of transcription of the
various genes. pmMT1 denotes the mouse metallothionein
promoter (driving hEPO expression) and pTK denotes the
Herpes Simplex Virus thymidine kinase promoter (driving
neo expression). The dotted regidhs of the map mark the
positions of human HPRT sequences. The relative positions

i~
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t r ansf ect edof ntespriohiynoendevoricase mecagnithbew-sites Hrsstindiert-t he
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cells are pl Bigdren® ol \ghengitdise diggram geh 3 tSEGTE ey, ofr
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kit (Angen). O ppgsréromyed | scrbinsitlidy GRagERY of a strategy for

10 transcriptionally activating the hEPO gene; the thin lines

represent hEPO sequences; thick lines, mouse metallothio-
nein I promoter; stippled box, 5' untranslated region of

hGH; solid box, hGH exon 1; striped box, 10 bp linker from
hEPO intron 1; cross-hatched box, 5' untranslated region

15 of hEPO; and open boxes, hEPO coding sequences; HIII,
HindIII site.

Figure 7 is a graphic representation of erythropoie-
tin expression in a targeted human cell line subjected to
stepwise selection in 0.02, 0.05, 0.1, 0.2 and 0.4 M

20 methotrexate.
' Figure 8 is a schematic representation of plasmid
PREPO4 .

Detailed Description of the Invention
Overview of the Invention

25 The present invention and the methods described in

the applications incorporated herein by reference relate
to transfected primary, secondary, and immortalized cells
of vertebrate origin, particularly mammalian origin,
transfected with exogenous genetic material (DNA or RNA)

30 which encodes a clinically useful product, methods by
which primary, secondary, and immortalized cells are
transfected to include exogenous genetic material, methods
of producing clonal cell strains or heterogenous cell
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for

, a method

of providing clinically useful producEéGin physiologically

useful quantities to an individual in need thereof through
the use of transfected cells of the present invention,

5 methods of vaccinating animals for protection against
pathogenic'viruses or microbial agents expressing epitopes
antigenically related to products expressed by the trans-

fected cells and methods of producing antibodies

directed

against a product made by the transfected primary, second-
10 ary, or immortalized cells. <Clinically useful products

can be produced in vitro, by purification from the trans-

fected cells, or produced in vivo, by implantation into a

non-human animal or human (i.e., gene therapy).

Whether

produced in vitro or in vivo, the clinically useful prod-
- 15 ucts can include hormones, cytokines, antigens, antibod-
ies, enzymes, clotting factors, transport proteins, recep-

tors, regulatory proteins, structural proteins,

tran-

scription factors, anti-sense RNA. Additionally, the
methods of the present invention can be used to produce

20 cells which produce non-naturally occurring ribozymes,

proteins, or nucleic acids.

In one embodiment, the present invention relates to a

method of gene or DNA targeting in cells of vertebrate,

particularly mammalian, origin. That is, it relates to a

25 method of introducing DNA into primary, secondary, or

immortalized cells of vertebrate origin through homologous
recombination or targeting of the DNA, which is introduced
into genomic DNA of the primary, secondary, or immortal-

ized cells at a preselected site. The targeting sequences

30 used are determined by (selected with reference to) the

site into which the exogenous DNA is to be inserted. The

present invention further relates to homologously recombi-

nant primary, secondary or immortalized cells, referred to

as homologously recombinant (HR) primary, secondary or
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expressed at significant levels in the cells. Homologous
recombination or targeting is used to replace or disable
the regulatory region normally associated with the gene
with a regulatory sequence which causes the gene to be
expressed at levels higher than evident in the correspond-
ing nontransfected cell, or causes the gene to display a
pattern of regulation or induction that is different than
evident in the corresponding nontransfected cell. The
present invention, therefore, relates to a method of
making proteins by activating an endogenous gene which
encodes the desired product in transfected primary, sec-
ondary or immortalized cells.

Several embodiments in which exogenous DNA undergoes
homologous recombination with genomic DNA of transfected
(recipient) cells can be practiced according to the pres-
ent invention. In one embodiment, introduction of the
exogenous DNA results in the activation of a gene that is
normally not expressed or expressed in levels too low to

be useful for in vitro protein production or gene therapy. -

In a second embodiment, sequences encoding a product of
therapeutic utility are directed to integrate into the
recipient cell genome via homologous recombination at a
preselected site in the recipient cell's genome, such that
the site of integration is precisely known and the site
can be chosen for its favorable properties (e.g., the site
allows for high levels of expression of exogenous DNA).
In a third embodiment, the present invention de-

scribes a method of activating (i.e turning on) and ampli-
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gene and (1) which, when inserted into the host genome at
or near the endogenous gene, serve to alter (e.g., acti-
vate) the expression of the endogenous gene, and further
(2) allow for selection of cells in which the activated

10 endogenous gene is amplified. Amplifiable DNA sequences
useful in the present invention include, but are not
limited to, sequences which encode the selectable markers
dihydrofolate reductase, adenosine deaminase, and the CAD
gene (encoding the trifunctional protein carbamyl phos-

15 phate synthase, aspartate transcarbamylase, and dihydro-
orotase). Improved versions of these sequences and other
amplifiable sequences can also be used. According to the
present method, the amplifiable DNA sequences encoding a
selectable marker and the DNA'sequences which alter the

20 regulation of expression of the endogenous gene are intro-
duced into the primary, secondary, or immortalized cell in
association with DNA sequences homologous to genomic DNA
sequences at a preselected site in the cell's genome.

This site will generally be within or upstream of a gene

25 encoding a therapeutic product or at a site that affects
the desired gene's function. The DNA sequences which
alter the expression of the endogenous gene, the amplifi-
able sequences which encode a selectable marker, and the
sequences which are homologous to a preselected site in

30 genomic DNA can be introduced into the primary, secondary,
or immortalized cell as a single DNA construct, or as
separate DNA sequences which become physically linked in
the genome of a transfected cell. Further, the DNA can be
introduced as linear, double stranded DNA, with or without
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to occur between the genomic DNA and a portion of the
introduced DNA. Homologous recombination between the
genomic DNA and the introduced DNA results in a homolo-
gously recombinant primary, secondary, or immortalized
cell in which sequences which alter the expression of an
endogenous gene, and the amplifiable sequences encoding a
selectable marker, are operatively linked to an endogenous
gene encoding a therapeutic product. Culturing the re-
sulting homologously recombinant cell under conditions
which select for amplification of the amplifiable DNA
encoding a selectable marker results in a cell containing
an amplified selectable marker and a coamplified endoge-
nous gene whose expression has been altered. Cells pro-
duced by this method can be cultured under conditions
suitable for the expression of the therapeutic protein,
thereby producing the therapeutic protein in wvitro, or the

cells can be used for in vivo delivery of a therapeutic

protein (i.e., gene therapy).

| Additional embodiments are possible. The targeting
event can be a simple insertion of a regulatory sequence,
placing the endogenous gene under the control of the new

regulatory sequence (for ékamplé§ by insertion of either a’

promoter or an enhancer, or both, upstream of an endoge-
nous gene). The targeting event can be a simple deletion
of a regulatory element, such as the deletion of a tissue-
specific negative regulatory 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 natur-
ally-occurring elements, or displays a pattern of regula-
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east | - REPLACEMENT Snce!
breast cancer cells, K-562 | eukem a cells, KB carcinoma {5r—cetts or 2/80AD

ovarian carcinoma cells) for the purposes of producinfgth
conventional pharmaceutic delivery. i . CONSTRUCTI Cﬁ?&&ﬁg&G

PLASM DS*FOR PLACI NG THE HUVAN GROMH HORMONE GiNE
CONTROL OF THE MOUSE METALLOMHIZGNEI N PROMOTER | N PRI MARY,
SECONDARY 20 OR | MMORTALI ZED HUVAN FI BROBLASTS ~ Fre—forTow ng

exanpl e sertéent ori Lhdsctaoe Unet ehs dif fémtitefinomftheheopreseandingent i on,

in whi ch theoRRERRL fected L Rl Orynsamger&ﬁo%&m@ﬁte%meohaw@awgan growt h
hor none gene are altered to all ow expressjon of human growt

hornone in BFPREFYNISELBREAFSS ?r$rﬁﬁﬁ?%ﬁ42%HiHﬁﬁhﬁeﬂPﬁPGe arep| asts.
Targeting nabeedl. esisi 811 acads] hase Miﬂ)ﬁfhﬁmn of Exanphegétihgr

e e
gene. An applexmarker gahesytHa® &tefphgﬁunalkyxaaﬁquaHBNE¥ESh tlenbank
Entry) PUELERLLYCpRRS! 11 PBF1 R 8o Bt (ddiedOY 1220 st ¥R ECON
which the exogenous DNA has integrated into the host cell
genome. The identification of the targeting event can
10 also be facilitated by the use of one or more marker genes
exhibiting the property of negative selection, such that
the negatively selectable marker is linked to the exoge-
nous DNA, but configured such that the negatively select-
able marker flanks the targeting sequence, and such that a
15 correct homologous recombination event with sequences in
the host cell genome does not result in the stable inte-
gration of the negatively selectable marker. Markers
useful for this purpose include the Herpes Simplex Virus
thymidine kinase (TK) gene or the bacterial xanthine-
20 guanine phosphoribosyl-transferase (gpt) gene.

The present invention also relates to a method by
which homologous recombination is used to convert a gene
into a cDNA copy (a gene copy devoid of introns). The
cDNA copy can be transferred into yeast or bacteria for in

25 wvitro protein production, or the cDNA copy can be inserted
into a mammalian cell for protein production.- If the cDNA -

is to be tranéferred to microbial cells, two DNA con-
structs containing targeting sequences are introduced by
homologous recombination, one construct upstream of and

30 one construct downstream of a human gene encoding a thera-
peutic protein. The sequences 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 LTR;
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sequences 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. The sequences introduced
upstream are introduced near to and upstream of genonmic
DNA encoding the first amino acid of a mature, processed
therapeutic protein. The séquences 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 transcrip-
tional fermination sequence; sequences capable of direct-
ing DNA replication in microbial cells; and a retroviral
LTR. The sequences introduced downstream are introduced
adjacent to and downstream of the DNA encoding the stop
codon of the mature, processed therapeutic protein. After
introducing into the cells each of the two DNA constructs,
the cells are maintained under conditions appropriate for
homologous recombination between the introduced DNA and
genomic DNA, thereby producing homologously recombinant
cells. Optionally, one or both of the DNA constructs can
encode one or more markers for either positive or negative
selection of cells containing the DNA construct, and a
selection step can be added to the method after one or
both of the DNA constructs have been introduced into the
cells. Alternatively, the sequences encoding the marker
for selection in microbial cells and the sequences capable
of directing DNA replication in microbial cells can both
be present in either the upstream or the downstream tar-
geting construct, or the marker for selection in microbial
cells can be present in the downstream targeting construct
and the sequences capable of directing DNA replication in
microbial cells can be present in the upstream targeting
construct. The homologously recombinant cells are then
cultured under conditions appropriate for LTR directed
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is then cultured under conditions approprlate for expres-
10 sion and secretion of the therapeutic protein.

Transfected Cells
As used herein, the term primary cell includes cells
present in a suspension of cells isolated from a verte-
brate tissue source (prior to their being plated, i.e.,
15 attached to a tissue culture substrate such as a dish or
flask), cells present in an explant derived from tissue,
both of the previous types of cells plated for the first
time, and cell suspensions derived from these plated
cells. The term secondary cell or cell strain refers to
20 cells at all subsequent steps in culturing. That is, the
first time a plated primary cell is removed from the
culture substrate and replated (passaged), it is referred
to herein as a secondary cell, as are all cells in subse-
quent passages. Secondary cells are cell strains which
25 consist of secondary cells which have been passaged one or
more times. A cell strain consists of secondary cells
that: 1) have been passaged one or more times; 2) exhibit
a finite number of mean population doublings in culture:;
3) exhibit the properties of contact-inhibited, anchorage
30 dependent growth (anchorage-dependence does not apply to
cells that are propagated in suspension culture); and 4)

are not immortalized.
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four types or categories: 1) cells which do not, as ob-
tained, make or contain the therapeutic product, 2) cells
which make or contain the therapeutic product but in
smaller quantities than normal (in quantities less than
the physiologically normal lower level) or in defective
form, 3) cells which make the therapeutic product at
physiologically normal levels, but are to be augmented or
enhanced in 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 therapeutic product.

Primary and secondary cells to be transfected by the
present method can be obtained from a variety of tissues
and include all cell types which can be maintained in
culture. For example, primary and secondary cells which
can be transfected by the present method include fibro-
blasts, keratinocytes, epithelial cells (e.g., mammary
epithelial cells, intestinal epithelial cells), endotheli-
al cells, glial cells, neural cells, formed elements’ of
the blood (e.g., lymphocytes, bone marrow cells), muscle
cells and precursors of these somatic cell types. Primary
cells are preferably obtained from the individual to whom
the transfected primary or secondary cells are adminis-
tered. However, primary cells can be obtained from a
donor (other than the recipient) of the same species or
another species (e.g.; mouse, rat, fabbit, cat, dog, pig,
cow, bird, sheep, goat, horse).

Transfected primary and secondary cells have been
produced, with or without phenotypic selection,yas de-
scribed in the copending U.S. Patent Applications Serial
Nos. 07/787,840 and 07/911,533 and shown to express exoge-
nous DNA encoding a therapeutic product including, for

example, hGH, EPO and insulinotropin.
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(ATCC CRL 1432) cells, HL-60 (ATCC CCL 240) cells, Daudi

10 (ATCC CCL 213) cells, RPMI 8226 (ATCC CCL 155) cells and
MOLT-4 (ATCC CRIL 1582) cells. Immortalized cells from
other species (e.g., chinese hanmster ovary (CHO) cells or
mouse L cells) can be used for in vitro protein production
or gene therapy. 1In addition, primary or secondary human

15 cells, as well as primary or secondary cells from other
species which display the properties of gene amplification
in vitro can be used for in vitro protein production or
gene therapy.

Exogenous DNA

20 Exogenous DNA incorporated into primary, secondary or
immortalized cells by the present method is: 1) DNA which
encodes a translation or transcription product whose -
ekpression in cells is desired, or a portion of a transla-
tion or transcription product, such as a protein product

25 or RNA product useful to treat an existing condition or
prevent it from occurring (eg., hGH, EPO or insulinotro-
pin); or 2) DNA which does not encode a gene product but
is itself useful, such'as a transcriptional regqulatory
sequence or DNA useful to treat an existing condition or

30 prevent it from occurring.

DNA transfected into primary, secondary or immortal-
ized cells can encode an entire desired product, or can
encode, for example, the active or functional portion(s)
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clotting factor, a transport protein, a receptor, a regu-
latory protein, a 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 novel protein or novel nucle-
ic acid). The DNA can be obtained from a source in which
it occurs in nature or can be produced, using genetic
engineering techniques or synthetic processes. The DNA
can encode one or more therapeutic products. After trans-
fection, the exogenous DNA is stably incorporated into the
recipient cell's genome (along with any additional se-
quences present in the DNA construct used), from which it
is expressed or otherwise functions. Alternatively, the
exogenous DNA can be used to target to DNA that exists
episomally within cells.

DNA encoding the desired product can be introduced
into cells under the control of an inducible promoter,
with the result that cells as produced or as introduced
into an individual do not express the product but can be
induced to do so (i.e., production is induced after the
transfected cells are produced but before implantation 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 (i.e., without
induction).

As taught herein, gene targeting can be used to
replace a gene's existing regulatory region with a requla-
tory sequence isolated from a different gene or a novel
regulatory sequence synthesized by genetic engineering
methods. Such regulatory sequences can be comprised of
promoters, enhancers, scaffold-attachment regions, nega-
tive requlatory elements, transcriptional initiation

| yi ng
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SECONDARY ANEan be replaced, removed, added, or otherwise modified by
5 targeting, these sequences including polyadenylation

signals, mRNA stability elements, splice sites, leader
sequences for enhancing or modifying transport or secre-
tion properties of the protein, or other sequences which
alter or improve the function or stability of protein or
10 RNA molecules). According to this method, introduction of
the exogenous DNA results in disablement of the endogenous
sequences which control expression of the endogenous gene,
either by replacing all or a portion of the endogenous
(genomic) sequence or otherwise disrupting the function of
15 the endogenous sequence. In the situation where targeting
is used to replace a protein coding domain, chimeric,
multifunctional proteins can be produced which combine
structural, enzymatic, or ligand or receptor binding
properties from two or more proteins into one polypeptide.

20 Selectable Markers
A variety of selectable markers can be incorporated

into primary, secondary or immortalized cells. For exam-
ple, a selectable marker which confers a selectable pheno-
type such as drug resistance, nutritional auxotrophy,

25 resistance to a cytotoxic agent or expression of a surface
protein, can be used. Selectable marker genes which can
be used include neo, gpt, dhfr, ada, pac, hyg, CAD, and
hisD. The selectable phenotype conferred makes it possi-
ble to identify and isolate recipient cells. Amplifiable

30 genes encoding selectable markers (e.g., ada, dhfr and the
multifunctional CAD gene which encodes carbamyl phosphate
synthase, aspartate transcarbamylase, and dihydro-orotase)
have the added characteristic that they enable the selec-
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other words, markers for either positive selection or
negative selection). In positive selection, cells ex-

10 pressing the positively selectable marker are capable of
surviving treatment with a selective agent (such as neo,
gpt, dhfr, ada, pac, hyg, mdrl and hisD). In negative
selection, cells expressing the negatively selectable
marker are destroyed in the presence of the selective

15 agent (e.g., tk, gpt).

DNA Constructs _

DNA constructs, which include exogenous DNA and,
optionally, DNA encoding a selectable marker, along with
additional sequences necessary for expression of the

20 exogenous DNA in recipient cells, are used to transfect
primary, secondary or immortalized cells in which the
encoded product is to be produced. The DNA construct can
also include targeting sequences for homologous recombina-
tion with host cell DNA. DNA constructs which include

25 exogenous DNA sequences which do not encode a gene product
(and are the therapeutic product) and, optionally, include
DNA encoding a selectable marker, can be used to transfect
primary, secondary or immortalized cells. The DNA con-
structs may be introduced into cells by a variety of

30 methods, including electroporation, microinjection, calci-

 um phosphate precipitation, and liposome- polybrene- or
DEAE dextran-mediated transfection. Alternatively, infec-
tious vectors, such as retroviral, herpes, adeno-virus,
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In one embodiment, the DNA construct includes exoge-
nous DNA and one or more targeting sequences, generally
5 located at both ends of the exogenous

DNA sequence. Targeting sequences are DNA sequences

normally present in the genome of the cells as obtained

(e.g., an essential gene, a nonessential gene or noncoding

DNA, or sequences present in the genome through a previous

10 modification). Such a construct is useful to integrate
exogenous DNA (at a preselected site in a recipient cell
is genome) encoding a therapeutic product, such as a
hormone, a cytokine, an antigen, an antibody, an enzyme, a
clotting factor, a transpoft protein, a receptor, a regu-

15 latory protein, a structural protein, an anti-sense RNA, a
ribozyme or a protein or a nucleic acid which does not
occur in nature. In particular, exogenous DNA can encode
one of the following: Factor VIII, Factor IX, erythro-
poietin, alpha-1 antitrypsin, calcitonin, glucocerebrosi-

20 dase, growth hormone, low density lipoprotein (LDL) recep-
tor, apolipoproteins (e.g. apolipoprotein E or apolipo-
protein A-I), IL-2 receptor and its antagonists, insulin,
globin, immunoglobulins, catalytic antibodies, the inter-
leukins, insulin-like growth fachrs, superoxide dismu-

25 tase, immune responder modifiers, parathyroid hormone,
interferons, nerve growth factors, tissue plasminogen
activators, and colony stimulating factors, and variants
of these proteins which have improved or novel biological
properties or more desirable half-life or turnover times

30 in vivo. Such a construct is also useful to integrate
exogenous DNA (at a preselected site in a recipient cell's
genome) which is a therapeutic product, such as DNA se-
quences sufficient for sequestration of a protein or
nucleic acid in the transfected primary or secondary cell,
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struct or on separate constructs. The total length of the
DNA construct will vary according to the number of compo-

10 nents (exogenous DNA, targeting sequences, selectable
marker gene) and the length of each. The entire construct
length will generally be at least 20 nucleotides. 1In a
construct in which the exogenous DNA has sufficient homol-
ogy with genomic DNA to undergo homologoﬁs recombination,

15 the construct will include a single component, the exoge-
nous DNA. 1In this embodiment, the exogenous DNA, because
of its homology, serves also to target integration into
genomic DNA and additional targeting sequences are unnec-
essary. Such a construct is useful to knock out, replace

20 or repair a resident DNA sequence, such as an entire gene,
a gene portion, a regulatory element or portion thereof or
regions of DNA which, when removed, place regulatory and
structural sequences in functional proximity. It is also
useful when the exogenous DNA contains a marker useful for

25 selection or amplification of linked sequences.

In a second embodiment, the DNA construct includes
exogenous DNA, targeting DNA sequences and DNA encoding at
least one selectable marker. In this second embodiment,
the order of construct components can be: targeting se-

30 quences-exogenous DNA-~DNA encoding a selectable mar-
ker(s)-targeting sequences. In this embodiment, one or
more selectable markers are included in the construct,
which makes selection based on a selectable phenotype
possible. Cells that stably integrate the construct will
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DNA i s addesutwiwve stezatmertuwettle the selective agent; a subset of
the stably transfected cells will be HR cells, which can
be identified by a variety of techniques, including PCR,
Southern hybridization and phenotypic screening.

5 In a third embodiment, the order of components in the
DNA construct can be: targeting sequence-selectable marker
1 - targeting sequence - selectable marker 2. In this
embodiment selectable marker 2 displays the property of
negative selection. That is, the gene product of select-

10 able marker 2 can be selected against by growth in an
appropriate media formulation containing an agent (typi-
cally a drug or metabolite analog) which kills cells
expressing selectable marker 2. Recombination between the
targeting sequences flanking selectable marker 1 with

15 homologous sequences in the host cell genome results in
the targeted integration of selectable marker 1, while
selectable marker 2 is not integrated. Such recombination
events generate cells which are stably transfected with
selectable marker 1 but not stably transfected with se-

20 lectable 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.

In a fourth embodiment, the DNA construct includes a

25 positively selectable marker that allows for the selection
of cells containing amplified copies of that marker. The
amplification of such a marker results in the co-amplifi-
cation of flanking DNA sequences. In this embodiment, the
order of construct components is, for example: targeting

30 'sequences - DNA encoding an amplifiable positively selec-
table marker ~ DNA encoding a second selectable marker
(optional) - DNA sequences corresponding to either an
exogenous gene to be expressed under the control of a
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struct which includes DNA encoding a selectable marker,

10 along with additional sequences, such as a promoter, poly-
adenylation site and splice junctions, can be used to
confer a selectable phenotype upon transfected primary or
secondary cells (e.g., plasmid pcDNEO, schematically
represented in Figure 2). Sﬁch a DNA construct can be

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

In all embodiments of the DNA construct, exogenous
DNA can encode one or more products, can be one or more
therapeutic products or one or more of each, thus making

20 it possible to deliver multiple products.

Uses of Transfected Cells

Cells produced using the methods and DNA constructs
described herein can be used for a wide variety of purpos-
es. Primary, secondary, or immortalized cells of verte-

25 Dbrate origin can be produced in which 1) DNA already
present in a recipient cell is repaired, altered, deleted,
or replaced; 2) a gene or DNA sequence which encodes a
therapeutic product (or other desired product) or is
itself a therapeutic product is introduced into the genome

30 of a recipient cell at a preselected site (i.e gene tar-
geting); 3) regulatory sequences present in the primary,
secondary or immortalized cell recipients have been re-
paired, altered, deleted or replaced; or 4) an entire gene
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are plated at 10[err] cells/10 cmdish for the detefni ngt2 MAYoker! ¢ning
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Human fibroblasts are selected for (418 resistance in | St { ng
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replaced. Homologous recombination can also be used to
produce universal donor cells, in which cell surface .,
markers involved in histocompatibility have been altered,

5 deleted or replaced, or in which the expression of such
markers is altered, impaired, or eliminated.

The cells of the present invention are useful for in
vitro production of therapeutic products which can be
purified and delivered by conventional pharmaceutic

10 routes. For example, primary, secondary, or immortalized
human cells can be transfected with exogenous DNA contain-
ing a regulatory region which, upon homologous recombina-
tion with genomic DNA sequences, results in the replace-
ment of an endogenous target gene's regulatory region with

15 a regulatory region that allows novel expression and/or
regulation of the target gene and, ultimately, production
of a therapeutically useful product by the transfected
cell. The activated endogenous target gene can further be
amplified if an appropriate selectable marker gene is

20 included in the targeting DNA. With or without amplifica-
tion, these cells can be subject to large-scale cultiva-
tion for harvest of intracellular or extracellular protein
products.

Transfected cells of the present invention are use-

25 ful, as populations of transfected primary cells, trans-
fected clonal cell strains, transfected heterogenous cell
strains, and as cell mixtures in which at least one repre-
sentative cell of one of the three preceding categories of
transfected cells is present, as a delivery system for

30 treating an individual with an abnormal or undesirable
condition which responds to delivery of a therapeutic
product, which is either: 1) a therapeutic protein (e.g.,
a protein which is absent, underproduced relative to the
individual's physiologic needs, defective or inefficiently
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activity). In the method of the present invention of

providing a therapeutic protein or nucleic acid, trans-
fected primary cells, clonal cell strains or heterogenous
cell strains are administered to an individual in whom the
10 abnormal or undesirable condition is to be treated or ’
prevented, in sufficient quantity and by an appropriate
route, to express or make available the exogenous DNA at
physiologically relevant levels. A physiologically rele-
vant level is one which either approximates the level at
15 which the product is produced in the body or results in
improvement of the abnormal or undesirable condition.
Cells administered in the present method are cells trans-
fected with exogenous DNA which encodes a therapeutic
product, exogenous DNA which is itself a therapeutic
20 product or exogenous DNA, such as a regulatory sedquence,
‘which is introduced into a preselected site in genomic DNA
througﬁ homologous recombination and functions to cause
recipient cells to produce a product which is normally not
expressed in the cells or to produce the product of a
25 higher level than occurs in the corresponding nontrans-
fected cell. In the embodiment in which a requlatory
sequence {(e.g., a promoter) is introduced, it replaces or
disables a regulatory sequence normally associated with a
gene, and results in expression of the gene at a higher
30 1level than occurs in the corresponding nontransfected cell
or allows a pattern of regulation or induction that is
different from the corresponding noﬁtransfected cell.
Immortalized cells which produce a therapeutic pro-
tein produced by the methods described herein and in the
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into a cell's genome, 3) homologous recombination to

activate or turn on a gene of therapeutic interest, or 4)

gene amplification in conjunction with one of the three
preceding methods. According to the invention described

10 herein, the immortalized cells are enclosed in one of a
number of 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

15 and can leave the barrier device and enter the local space
surrounding the implant or enter the systemic circulation.
A number of filtration membranes can be used for this
purpose, including, but not limited to, cellulose, cellu-
lose acetate, nitrocellulose, polysulfone, polyvinylidene

20 difluoride, polyvinyl chloride polymers and polymers of
polyvinyl chloride derivatives. Alternatively, barrier
devices can be utilized to allow primary, secondary, or
immortalized cells from another species to be used for
gene therapy in humans. The use of cells from other

25 species can be desirable in cases where the non-human
cells are advantageous for protein production purposes or
in cases where the non-human protein is therapeutically
useful, for example, the use of cells derived from salmon
for the production of salmon calcitonin and the use of

30 cells derived from pigs for the production of porcine
insulin.

Cells from non-human species can also be used for in

vitro protein production. These cells can be immortal-
ized, primary, or secondary cells which produce a thera-
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(418r col onies could be expanded to ggndrate nass cul

in the U.S. patent applications incorporated herein by
reference, whether made by cells produced by: 1) raq@om
integration of the therapeutic protein, 2) homologous
recombination to target the therapeutic protein into a
cell's genome, 3) homologous recombination to activate or
turn on a gene of therapeutic interest, or 4) gene ampli-
fication in conjunction with one of the three preceding
methods. The use of cells from other species may be
desirable in cases where the non-human cells are advanta-
geous for protein production purposes (for example CHO
cells) or in cases where the non-human protein is thera-
peutically or commercially useful, for example, the use of
cells derived from salmon for the production of salmon
calcitonin, the use of cells derived from pigs for the
production of porcine insulin, and the use of bovine cells
for the production of bovine growth hormone.

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
exanple, human growth hormone (hGH), human EPO (hEPQ), or
human insulinotropin can be delivered systemically in
humans for therapeutic benefits. Barrier devices, through
which the therapeutic product is freely permeable, can be
used to retain cells in a fixed position in vivo or to
protect and isclate the cells from the host's immune
system. Barrier devices are particularly useful and allow
transfected immortalized cells, transfected cells from
another species (transfected xenogeneic cells), or cells
from a nonhistocompatibility-matched donor (transfected
allogeneic cells) to be implanted for treatment of human
or animal conditions or for agricultural uses (i.e., meat
and dairy production). Barrier devices also allow conve-

ur es.
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humans and animals against pathogenic agents. Implanted
transfected cells can be used to deliver immunizing anti-
gens that result in stimulation of the host's cellular and
humoral immune responses. These immune responses can be

10 designed for protection of the host from future infectious
agents (i.e., for vaccination), to stimulate and augment
the disease-fighting capabilities directed against an
ongoing infection, or to produce antibodies directed
against the antigen produced in vive by the transfected

15 cells that can be useful for therapeutic or diagnostic

purposes. Removable barrier devices can be used to allow
a simple means of terminating exposure to the antigen.
Alternatively, the use of cells that will ultimately be
rejected (xenogeneic or allogeneic transfected cells) can
20 be used to limit exposure to the antigen since antigen
production will cease when the cells have been rejected.

Explanation of the Examples

As described herein, Applicants have demonstrated

that DNA can be introduced into primary, secondary or

25 immortalized vertebrate cells and integrated into the
genome of the transfected primary or secondary cells by
homologous recombination. That is, they have demonstrated
gene targeting in primary, secondary and immortalized
mammalian cells. They have further demonstrated that the

30 exogenous DNA has the desired function in the homologously
recombinant (HR) cells and that correctly targeted cells
can be identified on the basis of a detectable phenotype
conferred by the properly targeted DNA.
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In addition, the present invention relates to a
method of protein production using transfected primary,
secondary or immortalized cells. The method involveg
transfecting primary cells, secondary cells or immortal-
ized cells with exogenous DNA which encodes a therapeutic
product or with DNA which is sufficient to target to and
activate an endogenous gene which encodes a therapeutic
product. 'For example, Examples l1lg, 1j, 2, 3 and 4 de-
scribe protein production by targeting and activation of a
selected endogenous gene.

The applicants also describe DNA constructs and
methods for amplifying an endogenous cellular gene that
has been activated by gene targeting (Examples 1f-1k and
Example 3) and further describe methods by which a gene
can be inserted at a preselected site in the genome of a
primary, secondary, or immortalized cell by gene targeting
(Example 14).

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
phenotype (Example la). This plasmid is designated pE3Neo
and its integration inte the cellular genomes 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-
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
(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).
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EPO protein intact, but under the control of the mouse

metallothionein promoter. Examples 1i and 1j demonstrate
the use of similar targeting constructs to activate the
endogenous growth hormone gene in primary or secondary
human fibroblasts. In other embodiments described for
activating EPO expression in human fibroblasts, the prod-
ucts of targeting events are chimeric transcription units,
in which the first 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 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 chimeric portion
of this protein, the signal peptide, is removed prior to
secretion from cells. Example 5 describes targeting
constructs and methods for producing cells which will
convert a gene (with introns) into an expressible cDNA
copy of that gene (without introns) and the recovery of
such expressible cDNA molecules in microbial (e.g., yeast
or bacterial) cells. Example 6 describes construction of
a targeting vector for dual selection and selection of
cells in which the dhfr gene is designated pREPO4, to
amplify the human EPO (hEPO) locus in HT1080 cells (an
immortalized human cell line) after activation of the

endogenous hEPO gene by homologous recombination. As
described, stepwise selection in methotrexate~containing
media resulted in a 70-fold increase in hEPO production in
cells resistant to 0.4 uM methotrexate.
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rel ative positions of the foreign regulatory sequengc es—t-hat—atr-e
inserted and the specific pattern of splicing that eedér%t@ ;:Zé%to
produce the final, pro- 25 cessed transcript. H a AS 10
designed to replace exon 1 of hEPO with exon 1 of h by gene targeti
to the endoge- nous hEPO gene on human chronpsome 7 Pl asm d pXEPC>10
S constructed as follows. First,-8he internediate ° —30—pF+63- |
constructed by inserting the 6 kb H ndl | | - BarrHi fragment (see Exanple
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this IIga_lng which do not regquire manipulation or other uses of the
target genes' protein coding regions. By these methods,

5 normally inactive genes can be activated in cells that
have properties desirable for in vitro protein production
(e.g., pharmaceutics) or in vivo protein delivery methods
(e.g. gene therapy). Figures 5 and 6 illustrate two
strategies for transcriptionally activating the hEPO gene.

10 Using the methods and DNA constructs or plasmids
taught herein or modifications thereof which are apparent
to one of ordinary skill in the art, exogenous DNA which
encodes a therapeutic product (e.g., protein, ribozyme,
nucleic acid) can be inserted at preselected sites in the

15 genome of vertebrate (e.g., mammalian, both human and
nonhuman) primary or secondary cells.

The present invention will now be illustrated by the
following examples, which are not intended to be limiting

in any way.

20 EXAMPLES |

EXAMPLE 1. PRODUCTION OF TRANSFECTED CELL STRAINS BY GENE
TARGETING
Gene targeting occurs when transfecting DNA either

integrates into or partially replaces chromosomal DNA

25 sequences through a homologous recombinant event. While
such events can occur in the course of any given transfec-
tion experiment, they are usually masked by a vast excess
of events in which plasmid DNA integrates by nonhomologo-
us, or illegitimate, recombination.
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1.1 kb Hindll1-Xhol fragnent from pMJ neoPol yA [ Thonas}, I%@[_E&ME‘RIE{ Etg
Capecchi, M R Cell 51: 503-512 (1987) avail abl e firom Strat egeng,
LaJolla, *CA] to create .pT163. Aigo- 5 nucleotides 1B.{1 ¢ 2lBAf 1992
utilized in polynerase chain reactions to generatg ja fusion fragm Wt
I n which the nouse netall othionein 1 (nmMI-1) pronpter——NGH exon 1
sequences are additionally fused "6 "hEPO intron 1} sequences. First
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are genetic selection for the loss of a gene function due to

5 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-thioguanine (6-TG):
cells with the wild—type (HPRT+) allele are killed by

10 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 HindIIX fragment extending from posi-

15 tions 11,960-18,869 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 puUCl2. The resulting clone is
cleaved at the unique XhoI site in exon 3 of the HPRT gehe

20 fragment and the 1.1 kb SalI-Xhol 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

25 replacement of the normal HPRT exon 3 with the neo-disrup-
ted version will result in an hprt’, 6~TG resistant pheno-
type. Such cells will also be G418 resistant.

b. GENE TARGETING IN AN ESTABLISHED HUMAN FIBROBLAST
CELL: LINE
30 As a demonstration of targeting in immortalized cell
lines, and to establish that pE3Neo functions properly in
gene targeting, the human fibrosarcoma cell line HT1080
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7) aminopterin/xanthine) supplemented DMEM with 15% calf

5 serum (Hyclone) prior to electroporation. Two days before
electroporation, the cells are switched to the same medium
without aminopterin. Exponentially growing cells were
trypsinized and diluted in DMEM/15% calf serum, centri-
fuged, and resuspended in PBS (phosphate buffered saline)

10 at a final cell volume of 13.3 million cells per ml.
PE3Neo is digested with HindIII,. separating the 8 kb
HPRT-neo fragment from the pUCl2 backbone, purified by
phenol extraction and ethanol precipitation, and resus-
pended at a concentration of 600 pg/ml. 50 pl (30 pg) was

15 added to the electroporation cuvette (0.4 cm electrode
gap; Bio-Rad Laboratories), along with 750 pl of the cell
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

20 to DMEM with 15% calf serum to yield a cell suspension of
1 million cells per 25 ml media. 25 ml of the treated
cell suspension was plated onto 150 mm diameter tissue
culture dishes and incubated at 37°C, 5% CO0,. 24 hrs
later, a G418 solution was added directly to the plates to

25 yield a final concentraéion_pf 800 pg}ml G418. Five days
later the media was replaced with DMEM/15% calf serum/800
Bg/ml G418. Nine days after electroporation, the media
was replaced with DMEM/15% calf serum/800 pug/ml G418 and
10 pM 6-thioguanine. Colonies resistant to G418 and 6-TG

30 were picked using cloning cylinders 14-16 days after the
dual selection was initiated.

The results of five representative targeting experi-
ments in HT1080 cells are shown in Table 1.
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TABLE 1
Number of Number of G418F
Transfection Treated Cells 6-TG" Clones
1 1 x 107 32
2 1 x 107 28
3 1 x 107 24
4 1 x 107 : 32
5 1 x 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
1 x 107 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 106, 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.

Cc. GENE TARGETING IN PRIMARY AND SECONDARY HUMAN SKIN
FIBROBLASTS
PE3Neo is digested with HindIII, separating the 8 kb
15 HPRT-neo fragment from the pUCl2 backbone, and purified by

phenol extraction and ethanol precipitation. DNA was
resuspended at 2 mg/ml. Three million secondary human
foreskin fibroblasts cells in a volume of 0.5 ml were
electroporated at 250 volts and 960 pFarads, with 100 ug
20 of HindIII pE3Neo (50 pl). Three separate transfections
were performed, for a total of 9 million treated cells.
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days. Plates are scanned microscopically to localize
human fibroblast coloénies resistant to both drugs. The
fraction of G418" t-TG" colonies is 4 per 9 million treat-

10 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 initial 9 x 10° treated cells.

15 = 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 gene to
the HPRT locus at the predicted site within HPRT exon 3

20 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

25 are summarized in Table 2. HindIII digested pE3Neoc was
either transfected directly or treated with exonuclease
IIT to generate 5' single-stranded overhangs prior to
transfection (see Example 1c). DNA preparations with
single-stranded regions ranging from 175 to 930 base pairs

30 in length were tested. Using pE3neo digested with HindIII
alone, 1/799 G418-resistant colonies were identified by
restriction enzyme and Southern hybridization analysis as
having a targeted insertion of the neo gene at the HPRT
locus (a total of 24 targeted clones were isolated).



additionally fused to hEPO sequences from-1 to -63@ Ep Aéﬁ“ ﬁ1mqiqo t he

hEPO codi ng region. First, oligonucleo- ti des 18. sed to
anplify the approxi mately 0.73 kb nmMI-1 pronotey ) r agnment
from pXG$ 25 (Figure.1). Next, oligonucleotides [3|60hMA3Y arle jused
to anplify, from human genom c DNA, the approxi mately}0.62 kb _fir ggnent
conpri sed predom nantly of hEPO sequences from 11T0 -620 relative to

t he hEPO codi ng region. Both ollgd§'13 5 and 13i6 contain a--10—Bp
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REPLACEMVENEtSHEERtion) when overhangs of 175 bp were used with 1/80

G418" colonies displaying restriction fragments that are
diagnostic for targeting at HPRT (a total of 9 targeted
clones were isolated). Thus, using the conditions and
recombinant DNA constructs described here, targeting is
readily observed in normal human fibroblasts and the
overall targeting frequency (the number of targeted clones
divided by the total number of clones stably transfected
to G418-resistance) can be stimulated by transfection with
targeting constructs containing single-stranded overhang-
ing taiis, by the method as described in Example le.

TABLE 2
TARGETING TO THE HPRT 1LOCUS IN HUMAN FIBROBLASTS

pE3neo Number of Number Targeted Total Number of
Treatment Experiments Per G418" Colony Targeted Clone

HindIII digest 6 1/799 24
175 bp overhang 1 1/80 9
350 bp overhang 3 1/117 20
930 bp overhang l 1/144 1l

d. GENERATION OF A CONSTRUCT FOR TARGETED INSERTION OF A
GENE OF THERAPEUTIC INTEREST INTO THE HUMAN GENOME
AND ITS USE IN GENE TARGETING
A variant of pE3Neo, in which a gene of therapeutic

interest 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 or secondary cell geneme. Such a variant of
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site. Finally, the two anplified fragnents_are m xed and

further anplified with oligonucleotides 13.1 and 13.7% ﬁE%ACEMEﬁ?W#EETe t he
final fusion fragnent (fusion fragnent 6) fl ankgd By—a—-Sat-+—s++¢ At
the 5 si'de of the nMI-1 moiety 5 and an Xhol site gt [the 3 side of fhe
hEPO pr onot er region. Fusion fragnent 6 is digegtqgd D2tMA%ABY7 ahd| Sal |
and ligated to Xhol digested pT163. The |igation m xtjurie IS
transforned into E. coli and a cl one3gentai ning a single insert

site 10 i s regendcated.at-the-3--si de

fusion fragnment 6 in which the Xhol

of hEPO ppBitercsegbencasstructed ficdethirtieeédngnthdescgnaerel HPXEPO 11.
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ST AGSRRCA, AJGCCTACAG GTGAGTACTC AAGCTTCTGG

PXGHS (schematically presented in Figure 1) is di-
gested with EcoRI and the 4.1 kb fragment containing the
hGH gene and linked mouse metallothionein (mMT) promoter
is isoclated. The EcoRI overhangs are filled in with the
Klenow fragment from E. coli DNA polymerase. Separately,
pE3Neo is digested with XhoI, which cuts at the junction
of the neoc fragment and HPRT exon 3 (the 3' junction of
the insertion into exon 3). The XhoI overhanging ends of
the linearized plasmid are filled in with the Klenow
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 analysis for a
single copy insertion of the hGH-mMT fragment and one
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 sequences.
Digested DNA is treated and transfected into primary or
secondary human fibroblasts as described in Example 1lc.
G418" TG" colonies are selected and analyzed 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
immunoassay (Nichols Institute).

Secondary human fibroblasts were transfected with
pPE3Neo/hGH and thioguanine-resistant colonies were ana-
lyzed for stable hGH expression and by restriction enzyme
and Southern hybridization analysis. Of thirteen TG'
colonies analyzed, eight colonies were identified with an
insertion of the hGH gene into the endogenous HPRT locus.
All eight strains stably expressed significant quantities



to hEPO sequences from-620 to -597 rel a-

juences.
s of

GCTTCCAGAC CCAG (SEQ I D NO 9) 15 13.6 5 CITGE

CCTTGAGTAC TCACCTGTAG H ndl |
CCATTGCCGC TAGG (SEQ I D NO 10) 13.7 5 TTTTCTICGR@ BRICEILCCT
GGCCGGGGIC CCTC Xhol 20 (SEQ I D NO 11
The bol df ace regions of oligos 13.5 and 13.6 denote NG Se(
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cells/?& £8u534 rfiégéﬁgifd%l hepegggﬁgogkggegﬁgéPnFigure
4, may be used to target EPO to the human HPRT locus.

The use of homologous 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-
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
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-
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
(PALR) , and for ada the selective agent is an adenine
nucleoside (e.g., alanosine). 1In this manner the integra-
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
construct integrates and at which the amplified copies
reside in the amplified cells.

e. MODIFICATION OF DNA TERMINT TO ENHANCE TARGETING
Several lines of evidence suggest that 3'-overhanging

ends are involved in certain homologous recombination
pathways of E. coli, bacteriophage, S. cerevisiae and
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Xenopus laevis. In Xenopus laevis oocytes, molecules with
3'-overhanging ends of several hundred base pairs in
length underwent recombination with similarly treated
molecules much more rapidly after microinjection than
molecules with very short overhangs (4 bp) generated by
restriction enzyme digestion. 1In yeast, the generation of
3f'-overhanging ends several hundred base pairs in length
appears to be a rate limiting step in meiotic recombinati-
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 substrates of any sort been
shown to promote targeting (one form of homologous recom-
bination) in any species. 1In human cells, the effect of
3'-overhanging ends on targeting is untested. The experi-
ment described in the following example and Example 1lc
suggests that 5'-overhanging ends are effective for stimu-
lating targeting in primary, secondary and immortalized
human fibroblasts.

There have been no reports on the enhancement of
targetlng by modifying the ends of the transfecting DNA
molecules. This example serves to illustrate that modifi-
cation of the ends of linear DNA molecules, by conversion
of the molecules' termini from a double-stranded form to a
single-stranded form, can stimulate targeting into the
genome of primary and secondary human fibroblasts.

1100 pg of plasmid pE3Neo (Example la) is digested
with HindIIX. 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
electrophoresis. ExoIII digestion of the HindIII digested
DNA results in extensive exonucleolytic digestion at each
end, initiating at each free 3' end, and leaving 5'-
overhanging ends. The extent of exonucleolytic action

gene



digestion with BanH and Xhol to release the 7.3 kb frag—5-rent
contai'ning the mMr-1/hGH fusion flanked on both sides ﬁEH&ﬁEMEﬁbSHHH
sequences. This fragnent (targeting fragnment 1) cgnffains no NEPU todi ng
sequenceés, having only sequences | yi ng between -620 aq-gz RF ' |y
-6620 upstream of the hEPO codi ng regi on and hEPO}i gt ron sg%?uen S to
direct 10 targeting to the human EPO | ocus. Targeting{f '
transfected into primary or secondary4@tuman skin fibr¢- bl asts usi ng

conditions simlar to those described in Exanpl e T AIB-TESTSant
col oni es @&né.pherse.i the lengthdp§i Bael retlEing Me-amanhapogy e §3and _
screened fuy c@?@rl)'il%&plfa%%@?ihg‘. fRe B A\ o5 S0 1(IR&A iZesttadm. M nneapol i s
MN). Cells in_which the fransfecting ,|£tﬁ£r tes p#ggdont into the
human gendR&IddndEestdnc8LEPEP kg ps Hind} 1987 e 78f &Cti ng DNA
has under gaire ik@meiutgadsordingetonbhaasuppl M ts theecemdogiedoeendERO i ntron
1 and HEPQ ;20 UPSY &e%%%%qg‘%”ﬁﬁssg@tf'x@iﬁ Cl R3O %ﬁgj‘n' ”z"."g' ch the

! be nd tHe ! '

M- | pronﬁter and ‘non-transciibed Segquences a ) )
unt r ans| afdd,sqiditaes -anincHendn, 14 r2phiite ante 5 mimor 79 ™BERO pr onot er

and hEPO @ the( $8RchitIUreqPhest0in an alfRIS 5 GG RTH Rilmdr geting
fragnment 1 gre joined tq hEPO .

point, containing 1 pg of ExoIII treated DNA, is treated
with mung bean nuclease (Promega), under conditions recom-

10 mended by the supplier, and the samples fractionated by
gel electrophoresis. The difference in size between
non-treated, HindIII digested pE3Neo and the same mole-
cules treated with ExoIII and mung bean nuclease is mea-
sured. This size difference divided by two gives the

15 average length of the 5'-overhang at each end of the
molecule. Using the time points described above and
digestion at 30°, the 5'-overhangs produced should range
from 100 to 1,000 bases.

60 pg of ExolII treated DNA (total HindIII digest of

20 pE3Neo) from each time point is purified and electropor-
ated into primary, secondary, or immortalized human fibro-
blasts under the conditions described in Example l1lc. The
degree to which targeting is enhanced by each ExoIII
treated preparation is quantified by counting the number

25 of G418" 6-TG" colonies and comparing these numbers to
targeting with HindIII digested pE3Neo that was not treat-
ed with ExoIII.

The effect of 3'-overhanging ends can alsoc be quanti-

fied using an analogous system. In this case HindIII

30 digested pE3Neo is treated with bacteriophage T7 gene 6
exonuclease (United States Biochemicals) for varying time
intervals under the supplier‘'s recommended conditions.
Determination of the extent of digestion (average length

of 3'-overhang produced per end) and electroporation
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t he EPO gene in fibroblasts, which do not nor ngl Iry— The
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conditions are as described for ExoIII treated DNA. The
degree to which targeting is enhanced by each T7 gene 6
exonuclease treated preparation is quantified by counting
the number of G418" 6-TG" colonies and comparing these
numbers to targeting with HindIII digested pE3Neo that was
not treated with T7 gene 6 exonuclease.

Other methods for generating 5' and 3' overhanging
ends are possible, for example, denaturation and annealing
of two linear molecules that partially overlap with each
other will generate a mixture of molecules, each molecule
having 3'-overhangs at both ends or 5'-overhangs at both
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.

f. CONSTRUCTION OF TARGETING PIASMIDS FOR PLACING THE
HUMAN ERYTHROPOTETIN GENE UNDER THE CONTROL OF THE

MOUSE METALLOTHTONEIN PROMOTER IN PRIMARY, SECONDARY
AND IMMORTALIZED HUMAN FIBROBILASTS

The following serves to illustrate one embodiment of
the present invention, in which the normal positive and

negative regulatory sequences upstream of the human eryth-
ropoietin (EPO) gene are altered to allow expression of
human grythropoietin in primary, secondary or immortalized
human fibroblasts, which do not express EPO in significant
guantities as obtained.

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 [Genbank designation
HUMERPA; Lin, F-K., et al., Proc. Natl. Acad. Sci., USA
82:7580~7584 (1985)]. These primer pairs can amplify
fragments of 609, 603, or 590 bp.




- 60- cessing fromthe mature protein and is secreted fromthe

expressing cells. Plasm d pXEPO 11 can be used for gene targeting
by di gestion with BanHi and Xhol to rel ease the fF4—tb—ftag-.5__nent
contai ning the mMT-1/hGH fusion flanked on both sideg REPLM&EMEEPCSH&ET
sequences. This fragment (targeting fragnment 2) dor cpdi ng
sequences, having only sequences | yi ng between -3 3 t pl
-6620 upstream of the hEPO codi ng~#2gi on to diredqt tg?gggéﬁégﬁﬁ h
human EPO 10 |ocus. Targeting fragment 2 is t r ansf ¢ctted—i-nto_pri y

or secondary human skin fibroblastsqggﬂﬁbgconditions sinilar to those

descri bed in Exanpl e 1g Gﬂ18 resi st ant col oni es are prrked—fte—
i ndi vi dual wells of pl ates and screened for EPO expression by
rd %Eens’

an ELI SA a%%E%F%hg Seﬁa2§830|'s M) . Celdss, dﬁgﬁ@ﬂg&& d he

trans- I'n egrates ony into the hunan genone cannot
produce EPO—CeHs—tmwhich—thetransfectiTgDNA ras—undergone

honol ogous reconbi nati on with the endogenous hEPO pronot er and upstream
sequences congjain axchingric 5! AGCTTCTGGGCTTCCAGAC

(SEQ ID NO 1)

R2 610 - 595 5' GGGGTCCCTCAGCGAC 609 bp
(SEQ ID NO 2)

.F2 8 ~ 24 . 5! TGGGCTTCCAGACCCAG
(8EQ ID NO 3)
R2 610 - 595 5! GGGGTCCCTCAGCGAC 603 bp
F3 21 ~ 40 5! CCAGCTACTTTGCGGAACTC

(SEQ ID NO 4)

R2 610 - 595 5! 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 ClaI linkers. The
resulting ClaI-linked fragment is digested with ClaI 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 EPO up-
stream fragment (HUMERPA nucleotide positions 150 and 405,
respectively) and ligated to the mouse metallothionein
promoter. Typically, the 1.8 kb EcoRI-BglII from the
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20 gene in which the mMI-1 pronoter and non-transcri bed sequences, hGH
5' untransl ated sequences and hGh exon 1, and a 1 )asﬁ% (?gvnker
conprised of the first 10 bases of hEPO intron 1 areé erte t e
Hndlll site lying at position -620 relative to tlhelhERO-cogtrg—redi on
(see 25 Figure 6). The localization of the nMI-1 pronoter up- st rleam
of the normally silent hEPO pronoter wi |l direct tre—symthesTs, 1 n

primary or secondary skin fibroblasts‘43" of a nessage reading (5 to 3')
1 hi onein uences, h exon 1, 10

-t
bases of DULST JGEht| SHEHTIE A PO FORBICURANPOCBE PG i ron 1, and
the normal MEPO prdrivdErirmndl hERD @adn Rppl620eha 312373 28$ elB83k: to the

EPO codi ngaagg#%e%ecé@ DARE YAy olateg_{ﬂgefcnéﬁﬂl‘ﬁ@ﬁﬁo&é Ofg-{f=PO i ntron

1 acts as onor Slte to fuse xon to the next downstream
splice mouse genomic DNA using PCR primers designed from analysis

5 of mMT sequences available from Genbank; i.e., MUSMTI,
MUSMTIP, MUSMTIPRM] is made blunt~- ended by known methods
and ligated with SfiI digested (also made blunt-ended) or
Fspl digested p5'EPO. The orientations of resulting clones
are analyzed and those in which the former mMT BglII site

10 is proximal to the Sall site in the plasmid polylinker are
used. for targeting primary and-secondary human fibro-
blasts. This orientation directs mMT transcription to-
wards HUMERPA nucleotide position 610 in the final con-
struct. The resulting plasmids are designated p5'EPO-mMTF

15 and pS'EPO-mMTS for the mMT insertions in the FspI and
SfiI sites, respectively.

Additional upstream sequences are useful in cases
where it is desirable to modify, delete and/or replace
negative regulatory elements or enhancers that lie up-

20 stream of the initial target sequence. In the case of
EPO, a negative regulatory element that inhibits EPO
_expression in extrahepatic and extrarenal tissues [Semen-
za, G.L. et al., Mol. Cell. Biol. 10:930-938 (1990)] can
"be deleted. A series of deletions within the 6 kb frag-

25 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)].

The orientation of the 609 bp 5'EPO fragment in the
pBluescriptIISK/+ vector was chosen since the HUMERPA

30 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
[Semenza, G. L. et al., Mol. Cell. Biol. 10:930-938
(19§0)} can be isolated from genomic DNA by known methods.




-61- acceptor site, that lying i nmediately upstr _ £)3on
2. Processing gf the resulting transcript wll th ?@@BQW §§E§|ﬁt t he
hEPO pronoter, exon 1,7 and intron 1 sequences. The feplacenent off REPO
exon 1 with hGHexon 5 1 results in a protein in whi t Re? MAYs1992 4nifno
aci ds of t he hEPO signal peptide are replaced with fam no acids 143
of hGH, creating a functional,. chinmeric signal peptid ~ which TS Ternoved
by post-translation processing fromthe na;ure p{ﬁt@ln and ;sdsscr*ted
fromthe ex S | 1 ser] constru ate o]
pXEPO- 10 angggxé %@pf& % bé&ke be’ co Eiruéﬁéég uglnﬁeﬁn mﬁrﬁé%ﬁ8ﬁ§1 I n

t hese c6h§9¥19§@1§e M@rmey a:ccbwlei g iscreesedf withk tVE- 609rbpoPER

amplified fragment as a probe. The desired clone will
have a 6 kb BamHI-HindIII fragment and its identity can be
5 confirmed by comparing its restriction map from a restric-
tion map around the human EPO gene determined by known
methods. Alternatively, constructing a restriction map of
the human genome upstream of the EPO gene using the 609 bp

W = I
=)

fragment as a probe can identify enzymes which generate a

10 fragment driginating 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 into a bacte-
rial or yeast cloning vector. The correct clone will

15  hybridize to the 609 bp 5'EPO probe and contain a 6 kb
BamHI-HindIII ffagment. The isolated 6 kb fragment is
inserted in the proper orientation into pS‘'EPO, p5 ! EPO~-mM~
TF, or p5'EPO~mMTS (such that the HindIII site is adjacent

. to HUMERPA nucleotide position 2). Additional upstream

20 sequences can be isolated by known methods, using chromo-
some walking techniques or by isolation of yeast artifi-
cial chromosomes hybridizing to the 609 bp S5'EPO probe.

The cloning strategies described above allow sequenc-

‘es upstream of EPO to be modified in vitro for subsequent

25 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
negative regulatory region, and deletion of the negative
regulatory region and replacement with an enhancer with

30 broad host~-cell activity.



and hGH sequences, as well as the position at which the mMT- 1/ hGH

sequences are inserted into hEPO upstream se- 15 quefT flo
create alternative chinmeric tran- scription units tﬁgﬂA?gﬁgyﬁﬁg dene
targeting, result in . nore efficient expression of{the fusion
transcripts, or have ot her desirable properties. $Hu¢h (cMAY 1097s twiil |
give simlar results, such that an hGH hEPO fusion gehetlis 20 placed under
the control of an exogenous pronoter by gene t ar ggt irmg—totThe nor 4l
hEPO | ocus. For exanple, the 6 kb ~4[r ndI I'l-BamHl fjagnent upstream af

t he hEPO gene (See 1UNE ] me
recogniti oh  —SEHyerte rtion of 25
t he neo gene amlp rmcnmzm?llomr@rmzmdm@hl PMMQRYframmARY ANIDne such site,

a Bglll site lyiﬁﬁbﬁ%%ffgﬁﬂmlﬁﬂ&ﬁ %I%RbgLASTSUB§t§Eﬁﬁﬁﬁ¥Néhe thdlll site,

I S unique in thrsregrom ano diT DE usea Tor ron of ‘one or nore
sel ectabl e mar KFor tawgetirgl stlreegulagmriy ALY Gﬁtd‘éﬂ‘—lveﬁe#?mﬁm her gene

that 39 Yyl Vend© ﬁréé Ve irRereX BL89S EQBm' Engrpmmd Se£e0d- ary,
or |mmrta|zed human cel he mter&re iate . plasmd pT164
Cehadicle )

i s constrRARRF InHhe r%ae?ﬁ iHg H%'@P@‘R‘HTﬁv nHFP‘FIEEn"H‘ Exanpl e

| ) tion releases a targeting fragment of 2.4 kb, comprised of
the 1.8 Xb mMT promoter flanked on the S5' and 3' sides by
405 bp and 204 base pairs, respectively, of DNA for tar-

" 10 geting .this construct to the requlatory region of the EPO
gene. This DNA or the 2.4 kb targeting fragment alone is
purified by phenol extraction and ethanol precipitation
and transfected into primary or secondary human fibro-
blasts under the conditions described in Example 1c.

15 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 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

‘20 (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 EPO will express EPO under the control of the

_ .. mMT promoter. After 10 days, whole well supernatants are

25 assayed for EPO expression using a commercially available
immundassay kit (Amgen). Clones from wells displaying EPO
synthesis are isolated using known methods, typically by
assaying fractions of the heterogenous populations of
cells separated into individual wells or plates, assaying

30 fractions of these positive wells, and repeating as need-
ed, ultimately isolating the targeted 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



| yi ng upstream of the hEPO coding region into HndlllI-

REPLACEVENT SHEET oaIng red - §5PLACEMENE SHEET

di gested pBluescriptl!l SK+ (Stratagene, LaJolla, ¢CA). Plasm d

pMCl neoPol yA [ Thomas, K. R and Capecchi, MR Celll $1:(0248129971987) ;
avai | abl e from Strat agene, LaJdolla, CA] is digest¢d{wi th BanH and
Xhol, made blunt- 5 ended by treatnent with the Klen9M/Trdgneut of—E.
DNA

10

15

20

25

30

-46—

primer in conjunction with a primer lying upstream of
HUMERPA nucleotide position 1. This primer pair should
amplify a DNA fragment of a size precisely predicted based
on the DNA sequence. Positive plates are trypsinized and
replated at successively lower dilutions, and the DNA
preparation and PCR steps repeated as needed to isolate
targeted cells.

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

-cells (for example, HT1080 (ATCC CCL 121) fibroblasts,

HeLa (ATCC CCL 2) cells, MCF-7 (ATCC HTB 22) breast cancer
cells, K-562 (ATCC CCL 243) leukemia cells, KB (ATCC CCL
17) carcinoma cells or 2780AD (Van der Bliek, A.M. et al.,
Cancer Resg. 48:5927-5932 (1988)) ovarian carcinoma cells)
for the purposes of producing hGH for conventional pharma-
ceutic delivery.

h. TARGETING TO_ SEQUENCES FIANKING THE HUMAN.EPO GENE

AND ISOILATION OF TARGETED PRIMARY, SECONDARY AND
IMMORTALIZED HUMAN FIBROBIASTS BY A POSITIVE OR A

COMBINED POSITIVE/NEGATIVE SELECTION SYSTEM

The strategy for constructing p5!'EPO-mMTF, p5'EPO-mM-
TS, and derivatives of such with the additional upstream 6
kb BamHI-HindIII fragment can be followed with the addi-
tional step of inserting the neo gene adjacent to the mMT

"promoter. 1In 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,
G418" colonies are isolated and screened by PCR amplifica-
tion or restriction enzyme and Southern hybridization
analysis of DNA prepared from pools of colonies to identi-
fy targeted colonies. 1In the latter case, G418" colonies
are placed in medium containing 6-thioxanthine to select




pol ymerase, and the resulting 1.1 kb fragnent is puip pIl64 js

digested with Bglll and made bl unt-ended by tre ﬁﬁﬁﬂCﬂMEMTGHEEK'enOW
fragnent of E. coli DNA pol yner- ase. The two pie EU|ng bturt-—ended
fragnents are ligated 10 together and transforned mo . fcoli.
Cl ones with a single insert of the 1.1 kb neo ffag n&ﬁ?%%@o-

| at ed and anal yzed by restriction enzyne analysis to ldentify tthgse in
which the Bglll site recreated by the_,,_ fusion of {the blunt Xhol ard
Bglll sites is localized 15 1.3 kb away fromt he unrgue—H-rehtt—sit-e

present in ﬁ st thénﬂ”lﬂé-@r@duo-ﬁh%fr %ﬁlél&%)ﬂgg&llélsﬂ“@éjsnﬁfS% @&n now be
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donor sites or consensus i site§ can be use
and 25 pg/ml gancyclovir. The double negative selection

should provide a nearly absolute selection for true tar-
geted events and Southern blot analysis provides an ulti-
- 10 * mate confirmation. | '

The targeting schemes herein described can also be
used to activate hEPO expression in immortalized human
cells (for example, HT1080 fibroblasts, Hela cells, MCF-7
breast cancer cells, K-562 leukemia cells, KB carcinoma

15 cells or 2780AD ovarian carcinoma cells) for the purposes
of producing hEPO for conventional pharmaceutic delivery.

i. CONSTRUCTION OF TARGETING PIASMIDS FOR PLACING THE
HUMAN GROWTH HORMONE GENE UNDER THE CONTROL OF THE
MOUSE METALIOTHIONEIN PRQMOTER IN PRIMARY, SECONDARY
20 OR IMMORTAIIZED HUMAN FIBROBLASTS
The following example serves to illustrate one em-

bodiment of the present invention, in which the normal
regulatory sequences upstream of the human growth hormone
gene are altered to allow expression of human growth
25 hormone in primary, secondary or immortalized human fibro-
blasts. "
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
30 5' end of the human growth hormone N gene. An approxi-
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

iody. éoﬁ&épeégﬁaeéla%”@ 'andIrlsadéiJJTJé’rLrtl lized i



The oligonucleotides (13.8 and 13.9) are used to anplif

promoter - hGH exon 1 fréﬁmgﬁi\%@ﬁ@

approximately 0.73 kb mMT-1
(Figure 1).

The anplified fragnent 30 (fragnent 7) is diljgested wth B

and ligated to Bglll di gested pT165. The ligation rfi ¥t une MAY 1597
transforned into E. coli and a clone, containing ajsijngle insert o

frag-

adj acent to the 5' end of the neo gene_gnd the nmMr-|

ment 7 in which the Kpnl site in the nmMI-1 prlonoter—Ts
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cloning or for diagnostic digestion of subclones involving
this fragment) is amplified by PCR primers designed by
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
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

'digested PUC12XEB. The resulting plasmid, pUC12XEB-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
mMT coding sequences; Hamer, D.H. and Walling, M., J. Mol.
Appl. Gen. ;:273-288'(1982); the fragment can also be
isolated by known methods from mouse genomic DNA using PCR
primers designed from analysis of mMT sequences available
from Genbank; i.e., MUSMTI, MUSMTIP, MUSMTIPRM]. This
plasmid p5'hGH-mMT has the mMT promoter flanked on both
sides by upstream hGH sequences.

The cloning strategies described above allow sequenc-
es upstream of hGH to be modified in vitro for subsequent
targeted transfection of primary, secondary or immortal-
ized human fibroblasts. The strategy 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.



- 63- pronoter is oriented such that transcription
"towards the unique Hndlll site, is identified and desi g

AAAAAGATCT GGTACCTTGG TTTTTAAAAC CAGCCTGGAG 5

(SEQ I D NO 12) - The non-bol df ace region of ol{gp DR BAYsIRHer
site as its

cal to the nmMI-I pronoter, with the natural Kpnl

boundary. The bol df ace type 10 denotes a Bgl |

the 5' boundary to a Bgll| site-
GAGTACTCAC CTGTAGCCAT TGCCGCTAGG

13.9
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Bgl I |
j. TARGETING TO SEQUENCES FLANKING THE HUMAN hGH GENE
AND ISQLATION OF TARGETED PRIMARY, SECONDARY AND

IMMORTALIZED HUMAN FIBROBLASTS BY SCREENING

For targeting, the plasmids are cut with restriction
enzymes that free the insert away from the plasmid back-
bone. 1In the case of p5'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
alone is purified by phenol extraction and ethanol precip-
itation and transfected into primary or secondary human
fibroblasts under the conditions described in Example 11.
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 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 sihgle expressing colony]. Cells in which the
transfecting DNA has targeted to the homologous region
upstream of hGH will express hGH under the control of the
mMT promoter. After 10 days, whole well supernatants are
assayed for hGH expression using a commercially available
immunoassay kit (Nichols). Clones from wells displaying
hGH synthesis are isolated using known methods, typically
by assaying fractions of the heterogenous populations of
cells separated into individual wells or plates, assaying
fractions of these poéitive wells, and repeating as need-
ed, ultimately isolated the targeted 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 downstream of

(SEQ



15 The bol df ace regi on of oligos 13.9 denote hGH sequences.

The italicized region corresponds to the first f
hEPO i ntron 1. The ' underlined Bglll site is 1 d}{con-
struction purposes. 20 Plasm d pXEPO 12 can b e gene
targeting by digestion with BanrH and Hindlll to te e%SEWPe@WQ Kk
fragnment containing the neo gene and the nMI-1/hGH fusi ¢n | anked on
bot h sided by hEPO sequences. This fragment (targetiing

cont ai ns no hEPO codi ng sequences, 25 ~4ravi ng only seduences Iylng bet

i mat I el 20 upstr O codi
7201 on to - HOUGRESAT M) et f GRSIYitnor Prie. Hithin EROSFOALY Tar got . |
i ng fragnmenshduild amphifecs edNA nfraguemnarnof aselzedprecicely prediattal | zed

Egma“ skin fehbggghasbéﬁgé Nk ODAIANS, 3PosT eIVt p1bR 238 desgp! bed in
anples I'b an
sinized and replated at successively lower dilutions, and
5 the DNA preparation and PCR steps repeated as needed to
isolate targeted cells.
The targeting schemes herein described can also be
used to activate hGH expression in immortalized human
cells (for example, HT1080 fibroblasts, Hela cells, MCF-7
10 Dbreast cancer cells, K-562 leukemia cells, KB carcinoma
cells or 2780AD ovarian carcinoma cells) for the purposes

of producing hGH for conventional pharmaceutic delivery.

k. JARGETING TO SEQUENCES FLANKING THE HUMAN hGH GENE

AND ISOLATION OF TARGETED PRIMARY, SECONDARY AND
15 IMMORTALIZED HUMAN FIBROBIASTS BY A POSITIVE OR A

COMBINED POSITIVE/NEGATIVE SELECTION SYSTEM
The strategy for constructing p5'hGH-mMT can be

followed with the additional step of inserting the neo
gene adjacent to the mMT promoter. In addition, a nega-

20 tive selection marker, for example, gpt [from pMSG (Phar-
macia) .or another suitable source], can be inserted adja-
cent to the HUMGHCSA sequences in the pUC12 poiy-linker.
In the former case, G418" colonies are isolated and
screened by PCR amplification or restriction enzyme and

25 Southern hybridization analysis of DNA prepared from pools
of colonies to identify targeted colonies. In 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

30 (1987)]. 1In addition, the HSV-TK gene can 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 pg/ml
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col onies are picked into individual wells of 96- VFBEPHKEN@QTéﬁﬁET
screened for EPO expression by an ELI SA assay (R&D) $ystens, M nneppplis
MN). Cells in which the transfecting DNA integratgs [rangamhy 1993 o} t he
human genonme 5 cannot produce EPO Cells in which thg tiransfecting DNA
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G418, 100 uM 6-thioxanthine, and 25 pg/ml gancyclovir.

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 expréession in immortalized human
cells (for example, HT1080 fibroblasts, Hela cells, MCF-7
breast cancer cells, K-562 leukemia cells, KB carcinoma
cells or 2780AD ovarian carcinoma cells) for the purposes
of producing hGH for conventional pharmaceutic delivery.

The targeting constructs described in Examples 1f and
1i, and used in Examples 1qg, 1h, 1j and 1k 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-
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.q.,
hGH and hEPO) for conventional pharmaceutic delivery or
for gene therapy.

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

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

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 mg/ml acety-
lated bovine serum albumin. ' The final cell suspension



sequences, hGH 5' untransl ated sequences, and hGH exon 1, 10 and a 10 base

pair l'i nker conprised of the_first 10 bases i of @ﬁ#ﬂ%@ﬁ@rﬁﬁggﬁ

inserted at the Bglll site lying at posi tion appr

relative to the hEPO codi ng region. The localizatjon of the -
pronoter upstream of the nornally silent hEPO pyofrote2 MAY 199di riedt the
15 synthesis, in primary, secondary, or inmmortalized rgbl ast s
(or other human cells), of a nessage rqaglng (%' nonttangl at ed

nmet al | ot hi onei n and hGH sequenc- hGH exon 1] 10 bases of DNA

i denti cal teohhglﬁér§%p§9x1matgfie P?'Iés9%1&@?&&'”tﬁgac%r%§89a€££ﬁ>

upst ream r egi on. and fTom appr oxi nat e to +13
rel ati ve toShoulgnhbeppeyEonned LBBERHR 10y g & SFASPERSAREr se-

quence from hEPqupéf@@ﬂe@csza@m@ ISMLIJ{.@ Ao o e sterile Eusleth_GH exon
1 to a downst plice site, g ely upstream
of hEPO exoﬁlé. r@b%ngn ?E%@éet$ﬁpr Tﬁqﬁy)tr§%§bfhnnﬁwbg t heref ore
splice cut checentraERth upstgeaarahhmeﬂce]saath@rg/mﬂgi 00, Sexmdnof, and
intron 1 seghencesy HEL80 PR C}%d( &ely 1.5 x 10
post-transcriptional rocesé?g éﬁéghég%é)e carlltgabe Y |n§roved by using
in vitro mfagthbsis QP%I?¢@ tleo sthe (uvette, and the cell suspen-

sion and DNA solutions are gently mixed. Electroporation

is performed with a Gene-Pulser apparatus (Bio-Rad).

10 Capacitance and voltage are set at 960 pF and 250-300 V,
respectively. - As voltage increases, cell survival de-
creases, but the percentage of surviving cells that stably
incorporate 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 room 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 ml of pre-

20 warmed nutrient media (as above with 15% calf éerum) 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 coloﬁies 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 pg/ml G418 (Geneticin, disul-
fate salt with a potency of approximately 50%; Gibco) in
fibroblasts nutrient media (with 15% calf serum). Cloning
efficiency is determined in the absence of G418. The
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plated cells are incubated for 12-14 days, at which time
colonies are fixed with formalin, stained with crystal
violet and counted (for cloning efficiency plated) or
isolated using cloning cylinders (for G418 plates).
Electroporation and selection of rabbit fibroblasts is
performed essentially as described for human fibroblasts,
with the exception of the selection conditions used.
Rabbit fibroblasts are selected for G418 resistance in
medium containing 1 gm/ml G418.

Fibroblasts were isolated from freshly excised human
foreskins. Cultures were seeded at 50,000 cells/cm in
DMEM + 10% calf serum. When cultures became confluent,
fibroblasts were harvested by trypsinization and trans-
fected by electroporation. Electroporation conditions
were evaluated by transfection with the plasmid pcDNEO. A
representative electroporation experiment using near
optimal conditions (60 pg of plasmid pcDNEO at an electro-
poration 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 G418 colony per
71 clonable cells(1.4%).

When nine separate electroporation experiments at
near optimal conditions (60 ug of plasmid pcDNEO at an
electroporation voltage of 300 volts and a capacitance
setting of 960 pFarads) ﬁere performed, an average of one
G418 coiony 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
to hGH expressing cells by co-transfection with plasmids;
PCDNEO and pXGH5. Typically, 60 pg of an equimolar mix-
ture of the two plasmids were transfected at near optimal
conditions (electroporation voltage of 300 volts and a



of hGH, creating a functional, chineric signal peptide | RERKACEMENT SHERDVE
by post-translation processing fromthe mature protgin and 1's SE€c ed
fromthe expressing cells. 5 EXAMPLE 3. TARGETED NCDIFICA;Q&@¥%§?7
SEQUENCES UPSTREAM AND ANMPLI FI CATI ON OF [ THE NE
Human cells in which the EPO gene has been activated by —the—+rethods
previ ously described (in copending U S. Pat ent Appl {cations Serla!, S.
07/ 787,840 and 07/911,533) 10 can be induced to anplify the neormvr=—t7EPO
transcription unit if the targetingsglasm d contains a marker gene that
can confer resistance to a high level of a cytotoxic agent by the

phenonenon chpgeﬁeaamplbétcahgoaf §ebepF£&ddS) mn@‘&@@ugeaeafsuﬁhhas

di hydrof ol at.g §g§%&ﬁggt(ghgﬁﬂtggl o one %é%ﬁ 858ﬁ§ thgh%exate), the

mul ti functi onal |ng car hase, _
aspartate ttxmsted cegdsbanyl ase, and di hydro- orot ase; selectlve agent is

N a sophosPhonaasebublebagshoahel cebPilde ) ARA0BENSS 1sgdgRll nase

(ada; selective agent enl ne nucl| eosi de ave been docunent ed,
anmong of%ereSeHEQ rtadsgtéﬁﬁilpr§5$§ectlon conditions are summarized

below. Ultimately, 98% of all G418" colonies could be
expanded to generate mass cultures.

Number of G418° Clones

Analyzed _ 154
10 Number of G418"/hGH
Expressing Clones 65
Average hGH Expression
Level 2.3 pg hGH/10® Cells/24 hr
Maximum hGH Expression
15 Level 23.0 pg hGH/10® Cells/24 hr

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

20 was constructed by a two-step procedure. The SaII-ClaIl
fragment from pBR322 (positions 23-651 in pBR322) was
isolated and inserted dinto SaII-Clal digested pcDNEO,
introducing a BamHI site upstream of the SV40 early pro-
moter region of pcDNEO. This plasmid, pBNEO was digested

25 with BamHi and the 2.1 kb fragment containing the neo gene
under the control of the SV40 early promoter, was isolated
and inserted into BamHI digested pXGH5. 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

30 relative to each other. This plasmid was designated
PXGH301l. For example, 1.5 x 10° cells were electroporated
with 60 pg pXGH301 at 300 volts and 960 pFarads. G418
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Eiﬁbroblasts at a frequency of 652 G418 resistant
colonies per 1.5 x 10 treated cells (1 per 2299 treated
cells). Approximately 59% of these colonies express hGH.

EXAMPLE 2. CONSTRUCTION OF TARGETING PLASMIDS WHICH RE-
SULT IN CHIMERIC TRANSCRIPTION UNITS IN WHICH
HUMAN GROWTH HORMONE AND ERYTHROPOTIETIN SE-
QUENCES ARE FUSED

The following serves to illustrate two further em-

bodiments of the present invention, in which the normal
regulatory sequences upstream of the human EPO gene are
altered to allow expression of hEPO in primary or second-
ary fibroblast strains which do not exbress EPO in detect-
able quantities in their untransfected state as obtained.
In these embodiments, the products of the targeting events
are chimeric transcription units in which the first exon
of the human growth hormone gene is positioned upstream of
EPO 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 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, pro-
cessed transcript. '

Plasmid pXEPO-10 is designed to replace exon 1 of
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
coding region into HindIII-BamHI digested pBluescriptII
SK+ (Stratagene, LaJolla, Ca). The product of this liga—_



- 66- of cells in which the hEPO gene has been

targeting of the neo, dhfr, and nMI-|1 sequences to sition
upstream of the hEPO gene, these cells can be éxposed to step
selection in nethotrexate (MIX) 5 in order to sel rill i on of
dhfr and co-anpli - fication of the |Iinked neo,
sequences (Kauf man, R J. Techni que 2:221-236 (19 '

| evel s jof MIX

sel ection schene in which cells are first exposed §o | ow
(0.01 to 0.08 [err]M, followed by sucemsssive 10 exposure to I ncreémnental
I ncreases in MIX concentrations up to 250 [err] M MIX or .higher is
enpl oyed. Lthenrisndigeshédlwith XMe¥psanaf HAnd4IToafd 08igeted Mdhand

successive & okg Auanpr BEFSERd S SRTRREL LRSI Hoylia gl fRt Ve 11
- R. and Capecchi, M. R. Cell 51: 503-512 (1987) available
from Strategene, LaJolla, CA] to create pT163. Oligo-

5 nucleotides 13.1 - 13.4 are utilized in polymerase chain
reactions to generate a fusion fragment in which the mouse
metallothionein 1 (mMT-I) promoter - hGH exon 1 sequences
are additionally fused to hEPO intron 1 sequences. First,
oligonucleotides 13.1 and 13.2 are used to amplify the

10 approximately 0.73 kb mMT-I promoter - hGH exon 1 fragment
from pXGH5 (Figure 1). Next, oligonucleotides 13.3 and
13.4 are used to amplify the approximately 0.57 kb frag-
ment comprised predominantly of hEPO intron 1 from human
genomic DNA. Finally, the two amplified fragments are

15 mixed and further amplified with oligonucleotides 13.1 and

13.4 to generate the final fusion fragment (fusion ffag-
ment 3) flanked by a Sall site at the 5' side of the mMT-I
moiety and an XhoI site at the 3' side of the hEPO intron
1 sequence. Fusion fragment 3 is digested with XhoI and

20 SalIl and ligated to XhoI digested pT163. The ligation
mixture is transformed into E. coli and a clone containing
a single insert of fusion fragment 3 in which the XhoI
site is regenerated at the 3' side of hEPO intron 1 se-
quences is identified and designated pXEPO-10.

25 13.1 5! AAAAGTCGAC GGTACCTTGG TTTTTAAAAC CAGCCTGGAG
Sall KpnI
(SEQ ID NO 5)

13.2 5' CCTAGCGGCA ATGGCTACAG GTGAGTACTC GCGGGCTGGG CG
(SEQ ID NO 6)

30 13.3 5' CGCCCAGCCC GCGAGTACTC ACCTGTAGCC ATTGCCGCTA GG
(SEQ ID NO 7)

13.4 5' TTTTCTCGAG CTAGAACAGA TAGCCAGGCT GAGCAG
XhoX
(SEQ ID KO 8)



15 wvariety of relatively shallow increments wll also be effective.
Amplification is nonitored by increases in dhfr gene copy nunber and

confirmed by nmeasuring in vitro hEPO expr essi on] ategyl,
substanti al over- expressi on of hEPO can be att |E§ﬂmev F@téﬁEgp

nodi fica- 20 tion of sequences |lying conpletely oufside of t he hEHO
codi ng region. Constructs simlar to those d@s&} MAY BN anplies | i
and I k) to activate hGH expression in human cells c@njal so be flurjt her
nodified to include the dhfr gene for-b6fie 25 purpoge of obtalnlng cqlls

t hat overexpress the hGH gene by gene targeting juences
and subsequent anplification. EXAMPLE 4. TARGETING AND ACTI VATI ON
- OF THE HUMAN EPO LOCUS I N AN | MVORTALI ZED HUVAN FI BROBLAST

LI'NE 30 Thitnd a{cgﬂtadmf%%S%%sbnszPQﬁ oS, fmaﬂg t@ehest the
hypot hesi s that the endogenous _h ene co tjvat- ‘ed in a

hunan fi br obl ast€&el{° qhergyT'El8§ﬁW8tﬁT22WitRa§he naEBﬁ%%rEB?%d
cont ai ni ng 63 bpside gRNGBsC SNEBOunagugnceThe boldface type

denotes a Sall site tail to convert the 5' boun-

5 dary to a Sall site. The boldface region of
oligos 13.2 and 13.3 denote hGH sequences, while
the non-boldface regions are intron 1 sequences
from the hEPO gené. The non-boldface region of
oligo 13.4 is idéntical to the last 25 bases of

10 hEPO intron 1. The boldface region includes an
XhoI site tail to convert the 3' boundary of the
amplified fragment to an XhoI site.

Plasmid pXEPO-11 is designed to place, by gene tar-
geting, the mMT-I promoter and exon 1 of hGH upstream of

15 the hEPO structural gene and promoter region at the endog-
enous hEPO locus on human chromosome 7. Plasmid pXEPO-11
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-

20 thionein I (mMT-I) promoter - hGH exon 1 sequences are
additionally fused to hEPO sequences from -1 to -630
relative to the hEPO coding region. First, oligonucleo-
tides 13.1 and 13.5 are used to amplify the approximately
0.73 kb mMT-I promoter - hGH exon 1 fragment from pXGHS

25 (Figure 1). Next, oligonucleotides 13.6 and 13.7 are used
to amplify, from human genomic DNA, the approximately 0.62
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

30 located at the hGH intron 1 - hEPO promoter region, which

corresponds to the natural hEPO intron 1 splice donor
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upstream of the first codon of the hEPO gene fused to the

4

nmouse netal |l ot hi onein-1 promater (nmMI-1). oligonucl eo- Cites—22-%
22.4 were used in PCR to fuse nmMI-1 and hEPO sequenc sREWMﬁMp%HEETes
of these priners are as fol- 5 lows: 22.1 is a 21 base _IrJgonucIeotl e
honol ogous to a segment of the nmMI-1 pronoter beginning g% Qayupssr ¢am
of

._58_
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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 XhoI site at the 3' side of the hEPO promoter
region. Fusion fragment 6 is digested with XhoI and SalIl
and ligated to XhoI digested pT163. The ligation mixture
is transformed into E. coli and a clone containing a
single insert of fusion fragment 6 in which the XhoI site
is regenerated at the 3' side of hEPO promoter sequences
is identified and designated pXEPO-11.

13.5 5! CCTAGCGGCA ATGGCTACAG GTGAGTACTC AAGCTTCTGG
HindIII

GCTTCCAGAC CCAG (SEQ ID NO 9)

13.6 5! CTGGGTCTGG AAGCCCAGAA GCTTGAGTAC TCACCTGTAG
HindIII
CCATTGCCGC TAGG (SEQ ID NO 10)

13.7 5!' TTTTCTCGAG CTCCGCGCCT GGCCGGGETC CCTC
XhoI
(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
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 oligo 13.7 is identical to bases
=1 to ~-24 relative to the hEPO coding region.
The boldface region includes an XhoI site tail



the mMl-1 Kpnl site; 22.2 and 22.3 are 58 nucl eoti de TpHenrent-ar
primers which define the fusion of hEPO and VT - | Eé 1éGHEERraI
the fusion contains 28 bp of 10 hEPO sequence begi nn n 35 basSes up3t feam
of the first codon of the hEPO gene, and mMI- | sequengq§MgﬁgP§ﬁlrg at
base 29 of oligonucleotide 22.2, conprising the naturgl e|of
nmMvl-1 and extending 30 bases into nMr-| sequence;| 22 41ts—2%
nucl eotides in length and is honolo- 15 gous to hEPQ sequences begi nning
725 bp downstream of the first codms-of the hEPO gene. TheéSE& primers
were used to anplify a 1.4 kb DNA fragnent conprising a fusion of nMI-|
and hEPO sequencEes eunvhrﬁnﬁﬂﬁyﬁ'ah@mmdafweomeshbtbmglifieﬁragnent was

digested with K ?4ﬂéﬁ%.ﬁ§ﬁ rL%HﬂEPE; n- tained two Kpnl sites: a
t

si ngl e natural sitein - pronDter region and a single
nat ural Kpnl 5|te I n t he hEPO sequence), and purified. The'plasmd
pXEPQ (Fi guseashli gk odicaes trd ueielsh £pn benéei:gﬁgéﬂgn@i By 4 kb

|1 gated to" Jn%esltwwm%%%k A oot &6, ~e195Rg £h8TEER B hqgg” o
const r ust wmsntmﬁdnnhxﬁﬂﬁg:theAmMT-Ig@@ﬂh&usnbermédnaea,opTEth,sxﬁﬁs
construct ed, Py ppdUdffbnces. This fragment (targeting fragment 1)
contains no hEPO coding sequences, having only sequences
lying between -620 and approximately -6620 upstream of the
hEPO coding region and hEPO intron 1 sequences to direct
10 targeting to the human EPO locus. Targeting fragment 1 is
transfected into primary or secondary human skin fibro-
blasts using conditions similar to those described in
Example lc. G4l8-resistant colonies are picked into
individual wells of 96-well plates and screened for EPO
15 expression by an ELISA assay (R&D Systems, Minneapolis
MN). Cells in which the transfecting DNA integrates
randomly into the human genome cannot produce EPO. Cells
in which the transfecting DNA has undergone homologous
recombination with the endogenous hEPO intron 1 and hEPO
20 upstream sequences contain a chimeric gene in which the
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 5). Non-
hEPO sequences in targeting fragment 1 are joined to hEPO
25 sequences down~-stream of hEPO intron 1. The replacement
of the normal hEPO regulatory region with the mMT-I pro-
moter will activate the EPO gene in fibroblasts, which do
not normally express EPO. The replacement of hEPO exon 1
with hGH exon 1 results in a protein in which the first 4
30 amino acids of the hEPO signal peptide are replaced with
amino acids 1-3 of hGH, creating a functional, chimeric
signal peptide.which is removed by post-translation pro-



the approximately 6 kb HindlIl-BanH fragnment |yingu stream of the
hEPO structural gene (see Exanple 1f) to 30 BanHi Hl"m)EPHﬂ@EMHNT SHBH:SBt ed

pBSI | SK+ (Stratagene, LaJolla, CA). A third interpedrare; was
constructed by first excising a 1.1 kb Xhol/BanH fﬁ%ﬂﬁﬁgH 0
pMCI NEQpol yA (Stratagene,, LaJdolla, CA) containingjthe omyci
phosphot ransferase gene. The fragnent was then _
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cessing from the mature protein and is secreted from the
expressing cells.
Plasmid pXEPO-11 can be used for gene targeting by
digestion with BamHI and XhoI to release the 7.4 kb frag-
5 ment containing the mMT-I/hGH fusion flanked on both sides
by hEPO sequences. This fragment (targéting fragment 2)
contains no hEPO coding sequences, having only sequences
lying between -1 and approximately -6620 upstream of the
hEPO coding region to direct targeting to the human EPO
10 locus. Targeting fragment 2 is transfected into primary
or secondary human skin fibroblasts using conditions
similar to those described in Example 1lg. G418-resistant
colonies are picked into individual wells of 96-well
plates and screened for EPO expression by an ELISA assay
15 (R&D Systems, Minneapolis, MN). Cells in which the trans-
| fecting DNA integrates randomly into the human Qenome
cannot produce EPO. Cells in which the transfecting DNA
has undergone homologous recombination with the endogenous
hEPO promoter and upstream sequences contain a chinmeric
20 gene in which the mMT-I promoter and non-transcribed
sequences, hGH 5! untrahSlated 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
position -620 relative to the hEPO coding region (see
25 Figure 6). 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-
thionein and hGH sequences, hGH exon 1, 10 bases of DNA
30 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 EPO coding sequence). The 10 base pair
linker sequence from hEPO intron 1 acts as a splice donor
site to fuse hGH exon 1 to the next downétream splice
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the hEPO signal peptide are replaced with amino acids 1-3
of hGH, creating a functional, chimeric signal peptide
which is removed by post-translation processing from the
mature protein and is secreted from the expressing cells.

A series of constructs related to pXEPO-10 and pXEPO-
11 can be constructed, using known methods. In these
constructs, the relative positions of the mMT-I promoter
and hGH sequences, as well as the position at which the
mMT-I/hGH sequences are inserted into hEPO upstream se-
quences, are varied to create alternative chimeric tran-
scription units that facilitate gene targeting, result in
more efficient expression of the fusion transcripts, or
have other desirable properties. Such constructs will
give similar results, such that an hGH-hEPO fusion gene is
placed under the control of an exogenous promoter by gene
targeting to the normal hEPO locus. For example, the 6 kb
HindITI-BamHI fragment upstream of the hEPO gene (See
Example 1f) has numerous restriction enzyme recognition
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 BglII 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-
ers and a regulatory region derived froh another gene that
will serve to activate EPO expressioﬁ 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)
lying upstream of the hEPO coding region into HindIII-



ed pXEPO 13. pXEPO 13 digested in this way generates
1 kb vector fragnent includi_ng a por- tion of thﬁEﬂﬁ@Eﬂ Res
fragnment of remaining- vect or sequences and an 4p
fragnent 25 containing hEPO, neo and nMI-1 sequencegs.
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M.R. Cell 51:503-512 (1987); available from Stratagene,
LaJolla, CA] is digested with BamHI and XhoI, made blunt-
ended by treatment with the Klenow fragment of E. coli DNA
polymerase, and the resulting 1.1 kb fragment is purified.
pT1l64 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
together and transformed into competent E. coli. Clones
with a single insert of the 1.1 kb neo fragment are iso-
lated and analyzed by restriction enzyme analysis to
identify those in which the BglII site recreated by the
fusion of the blunt XhoI and BglII sites is localized

1.3 kb away from the unique HindIII site present in plas-
mid pT164. The resulting plasmid, pT165, can now be
cleaved at the unique BglII site flanking the 5' side of
the neo transcription unit.

Oligonucleotides 13.8 and 13.9 are utilized in poly-
merase chain reactions to generate a fragment in which the
mouse metallothionein I (mMT-I) promoter - hGH exon 1
sequences are additionally 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

‘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 pXGH5 (Figure 1). The amplified fragment
(fragment 7) is digested with BglII and ligated to BglII
digested pT165. The ligation mixture is transformed into
E. coli and a clone, containing a single insert of frag-
ment 7 in which the KpnI site in the mMT-I promoter is

"adjacent to the 5' end of the neo gene and the mMT-I

re é:sréﬁingﬁ?pl\}{&%%go%ly% l[mmbm;r i,SK.R. g@%a&%ﬂ) on was

a
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in electroporation of a total of 96 mllion cel l .Rgﬂﬁﬁém5ﬂ¥éﬁﬁft d
.with media to provide-a cell’ density of 1 mllionp ¢ells per nd 1 m

ali quots were di spensed into a total of 96, 150 1|§b2éﬁ®mmﬁﬂr gl at es

5 (Fal con) each containing a mnimmof 35 m of DVEM 15% cal f gerjum

The foll owi ng day, the nedia was aspirated and ré¢placed wth Tresh

medi um containing 0.8 ng/m (418 (G bco). After days_of _incubatji on

t he medi a of each pl ate was sanpl egzfor hEPO by ELI SA analysis (R & D

Sys- 10 tenms). Six of the 96 plates contained at |east 10 nmJ m hEPQO.

One of theggrdhas,idWHIRNtEE, sWeB ﬁnaectﬁ@lné@flptmrpmrs fdiaidte of hEPO

expressing col onj es. each of | . at ont ai _
appr oxi mat etf?)"’ &ﬁ%&% ﬁpd%fEI s1te, lS mﬁgntl ed % &ad-'esdig

nated pXEPO-12. .
13.8 S' AAAAAGATCT GGTACCTTGG TTTTTAAAAC CAGCCTGGAG
5 BglII  KpnI
(SEQ ID NO 12)

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

10 denotes a BglII site tail to convert the S!
boundary to a BglII site.

13.9 5' TTTTAGATCT GAGTACTCAC CTGTAGCCAT TGCCGCTAGG
BglII
(SEQ ID NO 13)

15 The boldface region of oligos 13.9 denote hGH
sequences. The italicized region corresponds to
the first 10 base pairs of hEPO intron 1. The
underlined BglII site is added for plasmid con-
struction purposes.

20 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
(targeting fragment 3) contains no hEPO coding sequences,

25 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
immortalized human skin fibroblasts using conditions

30 similar to those described in Examples 1b and lc. G418-
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cells/24 hOHEPO promoter and upstream sequences contain a chimeric
gene in which the mMT-I promoter and non-transcribed
sequences, hGH 5' untranslated sequences, and hGH exon 1,

10 and a 10 base pair linker comprised of the first 10 bases
of hEPO intron 1 are inserted at the BglII site lying at
position approximately -1920 relative to the hEPO coding
region. The localization of the mMT-I promoter upstream
of the normally silent hEPO promoter will direct the

15 synthesis, in primary, secondary, or immortalized human
fibroblasts (or other human cellé), of a message reading:
(5' to 3') nontranslated metallothionein and hGH sequenc-
es, hGH exon 1, 10 bases of DNA identical to the first 10
base pairs of hEPO intron 1, and hEPO upstream region and

20 hEPO exon 1 (from approximately -1920 to +13 relative to
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

25 the resulting transcript will therefore splice out the
hEPQO upstream sequences, promoter reéion, exon 1, and
intron 1 sequences. When using pXEPO-10, -11 and -12,
post-transcriptional processing of the message can be
improved by using in vitro mutagenesis to eliminate splice

30 acceptor sites lying in hEPO upstream sequences between
the nMT-I promoter and hEPO exon 1, which reduce level of
productive splicing events 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
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kb DNA probe extending fromthe Accl site in hEPO e*UE§§:Eg“EQE“ggEfT
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site in exon 5 does not contain these Accl/Bgl
and, therefore, is diagnostic for targeting at

0 23u9re

the hEPO signal peptide are replaced with amino acids 1-3
of hGH, creating a functional, chimeric signal peptide
which is removed by post-translation processing from .the

mature protein and is secreted from the expressing cells.

EXAMPLE 3. TARGETED MODIFICATION OF SEQUENCES UPSTREAM
AND AMPLIFICATION OF THE TARGETED GENE
Human cells in which the EPO gene has been activated
by the methods previously described (in copending U.S.
Patent Applications Serial Nos. 07/787,840 and 07/911,533)
can be induced to amplify the neo/mMT-1/EPO transcription
unit if the targeting plasmid contains a marker gene that

can confer resistance to a high level of a cytotoxic agent
by the phenomenon of gene amplification.” Selectable
marker genes such as dihydrofolate reductase (dhfr, selec-
tive agent is methotrexate), the multifunctional CAD gene
[{encoding carbamyl phosphate synthase, aspartate trans-
carbamylase, and dihydro-orotase; selective agent is N-
(phosphonoacetyl)-L~aspartate (PALA)], and adenosine
deaminase {(ada; selective agent is an adenine nucleoside),
have been documented, among other genes, to be amplifiable
in immortalized human cell lines (Wright, J.A. et al.
Proc. Natl. Acad. Sci. USA 87:1791-1795 (1990)). In these
studies, gene amplification has been documented to occur

in a number of immortalized human cell lines. HT1080,
HelLa, MCF-7 breast cancer cells, K-562 leukemia cells, KB
carcinoma cells, or 2780AD ovarian carcinoma cells all
display amplification under appropriate selection condi-
tions.

Plasmids pXEPO-10 and pXEPO-11 can be modified by the
insertion of a normal or mutant dhfr gene into the unique

HindIII sites of these plasmids. After transfection of
HT1080 cells with the appropriate DNA, selection for G418-
resistance (conferred by the neo gene), and identification



the hEPO | ocus. Only cell strains that have reconbined in a_honol ogous
manner wi th natural hEPO sequences woul d produce anppRROHENA SHEET
cont ai ni ng .sequence honol ogous to the 10 Accl/Bglll geguences-
HT165- 18A2- 10 was found to express an nRNA of thejpiedicted size
hybridizing with the 32-P | abel ed Accl/Bgl 11 hEPO|pr ol@2d¢ANEH her nf .
blots. Restric- tion enzynme-and Sout hern bl ot analiysis confirned tth
t he neo gene and nMI-1 pronoter were targeted to qne of the 15 two
hEPO al l el es in HT165-18A2-10 cells. -gg- These rdsults. denmpnstratel
t hat honol ogous reconbi na- tion can be used to target a regulatory
region to aofecells ihhahith tbenBEPy generias rbdammrtiivated &yt gene

resulting i n at t.h §¥a§§§i£§§ii§3 1 5
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GGGGCCCTAG APCTectGpasition upstoemoeactire GEGHRRY SEhesp N6LLs)

can be exposed to stepwise selection in methotrexate (MTX)

5 in order to select for amplification of dhfr and co-ampli-
fication of the linked neo, mMT-1, and hEPO sequences
(Kaufman, R.J. Technique 2:221-236 (1990)). A stepwise
selection scheme in which cells are first exposed to low
levels of MTX (0.01 to 0.08 uM), followed by successive

10 exposure to incremental increases in MTX concentrations up

to 250 ygM MTX or higher is employed. Linear incremental
steps of 0.04 to 0.08 uM MTX and successive 2-fold in-
creases in MTX concentration will be effective in select-
ing for amplified transfected cell lines, although a

15 variety of relatively shallow increments will also be
effective. Amplification is monitored by increases in
dhfr gene copy number and confirmed by measuring in vitro
hEPO expression. By this strategy, substantial over-
expression of hEPO can be attained by targeted modifica-

20 tion of sequences lying completely outside of thé hEPO
coding region.

Constructs similar to those described (Examples 1i
and 1k) to activate hGH expression in human cells can also
be further modified to include the dhfr gene for the

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

EXAMPIE 4. TARGETING AND ACTIVATION OF THE HUMAN EPO
IO0CUS IN AN IMMORTALIZED HUMAN FIBROBILAST LINE
30 The targeting construct pXEPO-13 was made to test the

hypothesis that the endogenous hEPO gene could be activat-
ed in a human fibroblast cell. First, plasmid pT22.1 was
constructed, containing 63 bp of genomic hEPO sequence



22.3 5" TTACTCCGTA GCTCCAGCTT CACCAGATCT AGGGECCCCCG
CCGGECAECG (SEQ 1D NO 16) 25 22.4 5 GICTCACCGI GATA
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upstream of the first codon of the hEPO géne 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
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
mMT-I sequences such that the fusion contains 28 bp of
hEPO séquence beginning 35 bases upstream of the first
codon of the hEPO gene, and mMT-I sedquences beginning at
base 29 of oligonucleotide 22.2, comprising the natural
BgllIIl site of mMT~I and extending 30 bases into mMT-I
sequence; 22.4 is 21 nucleotides in length and is homolo-
gous to hEPO sequences beginning 725 bp downstream of the
first codon of the hEPO gene. These primers were used to
amplify a 1.4 kb DNA fragment comprising a fusion of mMT-I
and hEPO sequences as described above. The resulting
fragment was digested with KpnI (the PCR fragment con-
tained two Kpnl sites: a single natural KpnI site in the
mMT~I promoter region and a single natural KpnI site in
the hEPO sequence), and purified. The plasmid pXEPO1l
(Figure 3) was also digested with KpnI, releasing a 1.4 kb
fragment and a 6.4 kb fragment. The 6.4 kb fragment was
purified and ligated to the 1.4 kb KpnI PCR fusion frag-
ment. The resulting construct was called pT22.1. A
second intermediate, pT22.2, was constructed by ligating
the approximately 6 kb HindIII-BamHI fragment lying up-
stream of the hEPO structural gene (see Example 1f) to
BamHI and HindIII digested pBSIISK+ (Stratagene, LaJdolla,
CA). A third intermediate, pT22.3, was constructed by
first excising a 1.1 kb XhoI/BamHI fragment from
PMCINEOpolyA (Stratagene,, LaJolla, CA) containing the
neomycin phosphotransferase gene. The fragment was then
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ligated to the HincII 51te of pBSIISK+ (51m11arly nade
blunt with DNA polymerase I) to produce pT22.3. A fourth
5 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 XhoI and HindIII digested
pT22.2. pT22.4 thus contains the neo gene adjacent to the
HindIII side of the BamHI-HindIII upstream hEPO fragment.

10 Finally, pXEPO-13 was generated by first excising a 2.0 kb
EcoRI/AccI fragment from pT22.1. The EcoRI site of this
fragment defines the 5' boundary of the mMT-I promoter,
while the AccIl site of this fragment lies within hEPO exon
5. Thus, the AccI/EcoRI fragment contains a nearly com-

15 plete hEPO expression unit, missing only a part of exon 5
and the natural polyadenylation site. This 2.0 kb
EcoRI/AccI fragment was purified, made blunt-ended by
treatment with the Klenow fragment of DNA polymerase I,
and ligated to XhoI digested, blunt—endéd, pT22.4.

20 HT1080 cells were transfected with PvuI-BamHI digest-
ed pXEPO-13. pXEPO-13 digested in this way generates
three fragments; a 1 kb vector fragment including a por-
tion of the amp gene, a 1.7 kb fragment of remaining
vector sequences and an approximately 10 kb fragment

25 containing hEPO, heo and mMT-I sequences. This approxi-
mately 10 kb BamHI/Pvul fragment contained the following
sequences in order from the BamHI site: an approximately
6.0 kb of upstream hEPO genomic sequence, the 1.1 kb neo
transcription unit, the 0.7 kb mMT-I promoter and the 2.0

30 kb fragment 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 (electro-
poration conditions were described in Example 1b). This
electroporation was repeated a total of eight times,
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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 Sys-
tems). Six of the 96 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 contained approximately 600 G418 resistant
colonies (an estimated total of 57,600 G418 resistant
colonies on all 96 plates). The approximately 600 colo-
nies on plate number 18 were trypsinized and replated at
50 cells/ml into 364 well plates (Sterilin). After one
week of incubation, single colonies were visible at ap-
proximately 10 colonies per large well of the 364 well
plates (these plates are comprised of 16 small wells
within each of the 24 large wells). Each well was
screened for hEPO expression at this time. Two of the
large wells contained media with at least 20 mU/ml hEPO.
Well number A2 was found to contain 15 colonies distribut-
ed among the 16 small wells. The contents of each of
these small wells were trypsinized and transferred to 16
individual wells of a 96 well plate. following 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 strain was designated
HT165-18A2-10 and was expanded in culture for quantitative
hEPO analysis, RNA 1solat10n and DNA isolation. Quantita-
tive measurement of hEPO productlon resulted in a value of
2,500 milliunits/million cells/24 hours.
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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
sequences‘and, therefore, is diagnostic for targeting at
the hEPO locus. Only cell strains that have recombined in
a homologous manner with natural hEPO sequences would
produce an hEPO mRNA containing sequence homologous to the
AccI/BglII sequences. HT165-18A2-10 was found to express
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 analysis confirmed that the
neo gene and mMT-I promoter were targeted to one of the
two hEPO alleles in HT165-18A2-10 cells.

These results demonstrate that homologous recombina-
tion can be used to target a regulatory region to a gene
that is normally silent in human fibroblasts, resulting in
the functional activation of that gene.

22.1 5' CACCTAAAAT GATCTCTCTG G (SEQ ID NO 14)

22.2 5' CGCGCCGGGT GACCACACCG GGGGCCCTAG ATCTGGTGAA
GCTGGAGCTA CGGAGTAA (SEQ ID NO 15)

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

22.4 5' GTCTCACCGT GATATTCTCG G (SEQ ID NO 17)

EXAMPLE 5. 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 in vitro protein produc-
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cells (e.g., the neo gene from Tn5), a marker for selec-

tion in yeast (e.g., the yeast URA3 gene), a regulatory

region capable of directing gene expression in yeast

10 (e.g., the GAL4 promoter), and optionally, a sequence

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
15 that 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 TCl immediately upstream of hGH
gene N codon 1 (corresponding to amino acid position 1 in
20 the mature, processed protein). The order of DNA sequenc-
es upon integration is: hGH upstream and regulatory se-
quences, neo gene, LTR, URA3 gene, GAI4 promoter, yeast
leader sequence, hGH sequences including and downstream of
amino acid 1 of the mature protein. Targeting Construct 2
25 (TC2) includes sequences sufficient for plasmid replica-
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
30 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 sequences upon
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(1983)) for the yeast GAL4 pronoter, a bacterial |eader segL

the yeast |eader sequence, the pBR322 origin ofl mepl ACERIEND rOHERT
2-micron circle or ARS sequence, ~and a bacteri gl t+pt-t I
termnation (e.g., trpA

REPLACEMENT SHEET - 0 27MAY 1997
transcription termnator; Christie, GE et al., Prioq. Nat | adl.
78:4180-4184 (1981)) sequence for the

integration is: hGH exon 5 sequences, yeast transcription
termination sequences, yeast plasmid replication sequenc-
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
hGH gene. After superinfection of these cells with helper
retrovirus, LTR directed transcription 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
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
digested material is ligated under conditions that promote
circularization, introduced into yeast cells, and the
cells are subsequently exposed to selection for the URA3
gene. Only cells which have taken up the URA3 gene
(linked to the sequences introduced by TC1l and TC2 and the
processed hGH gene) can grow. These cells contain a
plasmid which will express the hGH protein upon galactose
induction and secrete the hGH protein from cells by virtue
of the fused yeast leader peptide sequence which is
cleaved away upon secretion to produce the mature, biolog-
ically active, hGH molecule.

Expression in bacterial cells is accomplished by
simply replacing, in TCl1l and TC2, the ampicillin-resis-
tance gene from pBR322 for the yeast URA3 gene, the tac

promoter (deBoer et al., Proc. Natl. Acad. Sci. 80:21-25
(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

fo
he

r
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yeast transcriptional termnation sequence. Sinmlarly, REREASEVENR HEET
expressed in yeast and bacteria by sinple 5 replacing tthd hGH targeti ng
sequences with hEPO target+ng sequences, such that tlhg ygasyapri997
bacterial |eader se- ~ quence is positioned i mrediatelly jupstream of hEPD
codon 1 (corresponding to amno acid position 1 in tjhe-wature
processed protein). 10 EXAMPLE 6. ACTI VATI ON AND AVHLI FI CATI ON OF THE
EPO GENE I N AN | MMORTALI ZED HUVAN CELL LTNE
| ncorporation of a dhfr expression um78-into the unique HindlIl site of
pPXEPO- 13 (see Exanple 4) results in a new targeting vector capable of
dual sel ectransarnibtivns degutimnataf; Chiristia, Wi Bh eheallnf rPrede is
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sequences, such that the yeast or bacterial leader se-

quence is positioned immediately upstream of hEPO codon 1
(corresponding to amino acid position 1 in the mature

processed protein).

10 EXAMPIE 6. ACTIVATION AND AMPI.IFICATION OF THE EPO GENE
IN AN TMMORTALTZED HUMAN CELL LINE
Incorporation of a dhfr expression unit into the

unigue HindIII site of pXEPO-13 (see Example 4) results in
a new targeting vector capable of dual selection and

15 selection of cells in which the dhfr gene is amplified.
The single HindIII site in pXEPO-13 defines the junction
of the neo gene and genomic sequence naturally residing
upstream of the human EPO gene. Placement of a dhfr gene

at this site provides a construct with the neo and dhfr

20 genes surrounded by DNA sequence derived from the natural
EPO locus. Like pXEPO-13, is useful to target to the EPO
locus by homologous recombination. Such a construct
designated pREPO4, is represented in Figure 8. The plas-
mid includes exons 1-4 and part of exon 5 of the human EPO

25 gene, as well as the HindIII-BamHI fragment lying upstream
of the hEPO coding region. pSVe, pTK and pmMT-I corre-
spond to the promoters from the SV40 early region, the
Herpes Simplex Virus (HSV) thymidine kinase (TK) gene and
‘the mouse metallothionein-I gene. It was produced as

30 follows: HindIII-digested pXEPO-13 was purified and made
blunt with the Klenow fragment of DNA polymerase I. To
obtain a dhfr expression unit, fhe plasmid construct
pPF8CIS9080 (Eaton et al., Biochemistry 25:8343-8347
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r expression unit was purified from this

containing
digest and made blunt with Klenow fragment of DNA polymer-
ase 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. coli and plated on ampi-

cillin selection plates. Following an overnight incuba-
tion 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 Sfil in order to determine the orienta-
tion of the inserted dhfr fragments. Plasmid DNA from one

of these preparations was found to contain such a 2 Kb
insertion of the dhfr fragment. The transcription orien-

tation of the dhfr expression unit in this plasmid was
found to be opposite that of the adjacent neo gene. This

is the construct designated pREPO4.

Plasmid pREPO4 was used to amplify the hEPO locus in
cells subsequent to activation of the endogenous hEPO gene
by homologous recombination. Gene activation with this
construct allows selection for increased DHFR expression
by the use of the drug methotrexate (MTX). Typically,
increased DHFR expression would occur by an increase in
copy number through DNA amplification. The net result
would be co~-amplification of the activated EPO 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.
This line was analyzed quantitatively for EPO production
and by Southern and Northern blot. Both strains were
found to be targeted with a single copy of dhfr/neo/mMT-1
sequences. Expression levels obtained under 0.8 mg/ml



-74- (1986)) was digested with EcoRl and Sal I. RE -
contajning the dhfr expression unit was purified fromjt i?gmkwﬁggﬁggé{ and
made ‘bl unt with Kl enow fragnment of DNA pol yner- s¢ |. This o
dhfr-containing fragnent was then ligated to 5 the bfuht &2 AN itle of
pXEPO- 13.- An aliquot of this i gati on was transfo into E. colfi Jand
pl ated on anpi - cillin selection plates. Follow ng an overni ght Tnguba-
tion at 37[err]C, individual bacterial colonies were bbsesved, picked
and grown. M niplasm d preparations wébPe nade from 10 these cultures and
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dhfr fragrlhe SRIETHAE 3 dF §RPeROSSIPIEER, he dhfr expression

unit in thircgdabmgprmession of DHFR with the antifolate drug, MTX.
5 These strains were therefore subjected to stepwise selec-
tion in 0.02, 0.05, 0.1, 0.2 and 0.4 pM MTX. Results of
initial selection of mass cultures of these strains are
shown in Table 4 and Figure 7.

TABLE 4
nu/
Million Cells/
Cell Line MTX (uM) 24h
52C20-5-0 0 1368
52C20-5-.01 0.01 1744
52C20~-5-.02 0.02 11643
52C20-5-0.05 0.05 24449
52-3-5-0.10 0.1 37019
52-3-2~0.20 0.2 67867
52-3-2-0.4B 0.4 99919

Selection with elevated levels of MTX was successful in
increasing EPO expression in line HTREPO-52, with a 70-
fold increase in EPO production. seen in the cell line
resistant to 0.4 pM MTX. Confirmation of amplification of
5 the EPO 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. '
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| evel s obt ai ned wnenddg8nogséngene in genomic DNA of a vertebrate
cell which is not expressed in the cell as obtained
5 or is not expressed at significant levels in the cell
as obtained, comprising the steps of:
a) transfecting cells with DNA sequences compris-
ing:
1) exogenous DNA selected from the group con-
10 , sisting of:
a) DNA sequences which repair, alter, delete
or replace a segquence present in the cell;

or
b) DNA sequences which are regulatory segquenc-
15 es not normally functionally linked to the

endogenous gene in the cell as obtained:;

2) DNA sequences homologous with genomic DNA
sequences at a preselected site in the
cells; and

20 3) amplifiable DNA encoding a selectable mark-
er,
thereby producing cells containing the DNA segquences:;
b) maintaining the cells produced in (a) under
conditions appropriate for homologous recombina-
25 tion to occur between DNA sequences homologous
with genomic DNA sequences and genomic DNA se-
quences,
thereby producing homologously recombinant cells of
vertebrate origin having the DNA sequences of (a) (1),
30 (2) (2) and (a)(3) integrated into genomic DNA and
exogenous DNA of (a) (1) functionally linked to the
endogenous gene; and
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c) culturing the homologously recombinant cells
produced in (b) under conditions which select
for amplification of the amplifiable DNA encod-
ing a selectable marker, whereby the amplifiable
DNA encoding a selectable marker and the endoge-
nous gene functionally linked to exogenous DNA
of (a)(l) are coamplified,

thereby producing homologously recombinant cells con-

taining amplified DNA encoding a selectable marker

and a coamplified endogenous gene functionally linked
to DNA sequences of (a)(l), in which the coamplified
gene is expressed}

A method of targeting DNA sequences into genomic DNA
of a cell of vertebrate origin, comprising the steps
of:

a) providing a DNA construct comprising:

1) exogenous DNA ehcoding a product to be ex-

_ pressed in cells of vertebrate origin:

2) DNA sequences homologous with genomic DNA
sequences in the cell of vertebrate origin;
and

3) amplifiable DNA sequences encoding a marker
for which selection of amplified copies of
the marker can be performed:;

b) - introducing into cells of vertebrate origin the
DNA construct provided in (a), thereby producing
cells containing the DNA construct provided in
(a):;

c) maintaining cells produced in (b) under condi-
tions appropriate for homologous recombination
to occur between DNA sequences homelogous with
genomic DNA segquences and genomic DNA sequences,
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thereby producing homologously recombinant cells of

vertebrate origin having the DNA construct of (a)

integrated into genomic DNA of the cells; and

a) culturing the homologously recombinant cells

5 produced in (b) under conditions which select

for amplification of the amplifiable DNA encod-
ing a selectable marker, whereby the amplifiable
DNA encoding a selectable marker and the exoge-
nous DNA of (a) (1) are coamplified,

10 thereby producing homologously recombinant cells con-
taining amplified DNA encoding a selectable marker
and a coamplified exogenous gene wherein the cells
are capable of expressing the coamplified exogenous
gene.

15 3. The method of Claim 1 or Claim 2 wherein the verte-
brate cell is a primary or secondary cell.

4. The method of Claim 3 wherein the primary or second-
ary cell is a mammalian cell.
5. The method of Claim 3 wherein the primary or second-

20 ary cell is a human cell.

6. The method of Claim 1 or Claim 2 wherein the verte-
brate cell is an immortalized cell.

7. The method of Claim 6 wherein the immortalized cell
is of mammalian origin.

25 8. The method of Claim 6 wherein the immortalized cell
is of human origin.
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9. The method of any one of Claims 1-8 wherein the
amplifiable DNA encoding a selectable marker encodes
a selectable marker selected from the group consist-
ing of: dihydrofolate reductase, adenosine deamin-
5 ase, and CAD.

10. The method of any one of Claims 1-9 in which the DNA
construct further comprises (a) an additional posi-~
tive selection marker, (b) a negative selection
marker or (c) an additional p051t1ve selection marker

10 and a negative selection marker.

11. The method of Claim 10 in which the additional posi-

tive selection marker is neo.

12. The method of Claim 10 in which the positive selec-
tion marker is neo and the negative selection marker
15 is gpt or the HSV-TK gene.

13. The method of any one of Claims 1-12 wherein the gene
to be expressed encodes a product selected from the
group consisting of: hormones, cytokines, antigens,
antibodies, enzymes, clotting factors, transport

20 proteins, receptors, regulatory proteins, structural
proteins, transcription factors, antisense RNA and
ribozymes, and proteins or nucleic acids which do not
occur in nature.

14. The method of any one of Claims 1-12 wherein the
25 endogenous gene encodes a therapeutic product select-
ed from the group consisting of human growth hormone,
human insulin, human insulinotropin, and human eryth-
ropoietin.
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A DNA construct which alters the expfresston ted
oGHERT: f

gene in a cell when the DNA construct is honol ogous yRﬁﬁﬁgﬁﬁﬂﬂé

target site with
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The method of any one of Claims 1 to 8 whereln the

endogenous gene or the exogenous gene to be expressed
encodes a therapeutic product.

The method of Claim 16 in which the DNA construct
further comprises (a) an additional positive selec-
tion marker, (b) a negative selection marker or (c)
an additional positive selection marker and a nega-
tive selection marker.

The method of Claim 17 in which the additional posi-
tive selection marker is neo.

The method of Claim 17 in which the positive selec-
tion marker is neo and the negative selection marker
is gpt or the HSV-TK gene. '

The method of any one of Claims 16-19 wherein the
gene to be expressed encodes a product selected from
the group consisting of: hormones, cytokines, anti-
gens, antibodies, enzymes, clotting factors, trans-

port proteins, receptors, regulatory proteins, struc-

tural proteins, transcription factors, antisense RNA
and ribozymes, and proteins or nucleic acids which do
not occur in nature.

The method of Claim 20 wherein the endogenous gene or
the exogenous gene encedes a therapeutic product
selected from the group consisting of human growth
hormone, human insulin, human insulinotropin, and
human erythropecietin.
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carbanoyl phosphate synthase-aspartate transcarbanyl aseBeRLAGEMEGT SHEER
(CAD) . 3. The DNA construct of claim1, wherein (a}, (b), (¢c);,(d),
and (e) are oriented such tha upon honologous reconﬁiha&j ﬂvg;“bze
targeting sequence with the thygiSt SHEETeAS BEENkogenoul [egul at ory “Sequdgnce
controls -expression of "the tafget egpgesgEDt 0 pr ¢duce af t Farserpt—eonpPrijsi ng
RNA cormmmmwmmug exonkare—uhpatred-sptT ce- donpr site, wherein the
RNA cor [ unpai red splice-donor site of tne tramscript _
directs 5plci‘ng"to®a "splice-acceptor site in the transcript which
corresponds to a site within the tatgleted gene. 4. The DNA construct
of claim3, wherein the splice-acceptor site of the transcript corresponds
to the sR3-ceHomedpoousiyt segpmbirante @aid SePRdyretnbyt thgstethetne. 5.

A DNA construgs @hyCoai thdimwhese2n, the construct-derived exon conprises
codi ng sequence which, upon splicing of the unpaired splice-donor site with
t he endogenous splice- acceptor site, is in-frane with codi ng sequence of
the target3ad garimary cells or secondary cells produced by the

method of any one of Claims 1-5 and 9-14 and for use
5 in therapy, e.g. mammalian or human therapy.

24. Use of cells produced by the method of any one of
Claims 1-5 and 9-14 for the manufacture of a medica-

ment for use in gene therapy.

25. A barrier device adapted to be introduced into a

10 mammal and enclosing cells produced by the method of
Claim 16, wherein the barrier device is made of a
material which when the device is introduced into the
mammal permits passage of the therapeutic product
into the circulation or tissues of the mammal while

15 preventing the vertebrate cells from growing outside
of the barrier deviée and the rejection of the cells
by mammal's immune system. '

26. A method of providing an effective amount of a thera-

peutic product to a mammal comprising introducing

20 into the mammal cells produced by the method of Claim
16, in which the cells are introduced into the mammal
enclosed within a barrier device, wherein the barrier
device is made of a material which permits passage of
the therapeutic product into the circulation or

25 tissues of the mammal and prevents the vertebrate
cells from growing outside of the barrier device and
prevents the rejection of the cells by the mammal's
immune system.
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77 6. The DNA construct of claim5, wherein th
coding sequence that is the sanme as lﬁthﬁmlsﬁmﬁn

exon conpri ses
the first exon
5, wherein the .

dlfferen
: " Wﬁf claim1, wherein the exo onprises _a_ CA
: of claim8, wherein the exgn further conpri s
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construct-deriv
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A method of providing an effective amount of a thera-

- peutic product to a mammal comprising introducing

27.
5 28.
29.
10
30.
15
20
25
30

into the mammal cells produced by the method of Claim
16.

A method of providing an effective amount of a thera-
peutic product to a human comprising introducing into
the human cells produced by the method of Claim 16.

A method for the in vitro production of a therapeutic
protein comprising culturing the homologously recom-
binant cells Claim 9 under, conditions suitable for
the expression of the therapeutic protein, whereby
the therapeutic protein is expressed by the cells of
Claim 9.

A method for the in vitro production of a therapeutic
protein using a microbial cell containing an intron-
less copy of a human gene encoding a therapeutic

protein, comprising the steps of:
a) introducing into human cells a DNA construct
comprising:

1) a retroviral LTR;

2) a gene encoding a marker for selection in
microbial cells;

3) regulatory sequences capable of promoting
expression of the therapeutic protein in
microbial cells;

4)  DNA encoding a leader peptide capable of
promoting secretion of the therapeutic pro-
tein from microbial cells; and

5) sequences sufficient to direct homologous
recombination of the DNA construct with
human genomic DNA sequences adjacent to and
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sequence ATG 10. The DNA construct of claiml, \/\herpﬁpmgwmmesﬁgﬁ'r
honol ogousl y reconbi nant cell at ed upst ream-et—an

endogenous regul atory sequenc TotS SHEET: HAGiEEN [gene. 1 Th
construct “of "¢l/ai'm 10, wherei f t he REPhACEDCt fyrther cam rlgé%M5$1§gﬁ

targeti nH m m U"ﬂzﬂﬁl gous t ream of| tlhe endogenous

regul ato he targeted gene. 12. Theg DNA construct of
claim 1, wherein thé targeted gene encodes a t her apeutli-e—protet+a- +8.
The DNA construct of claim1l, whereiLgizthe targeted gene encodes a hornone,

a cytokine, an antigen, an antibody, an enzyme, a clotting factor, a
~transport protein, a reagRitteamdofcDNAaéhtydiny @l Firatskmimbural protein,

or a transcription fathgéid in the therapeutic'protein,
thereby producing cells containing the DNA construct;
b) maintaining the cells produced in (a) under
5 conditions appropriate for homologous recombina-
tion to occur between DNA sequences homologous
with genomic DNA sequences and genomic DNA se-
quences, thereby producing homologously recombi-
nant cells having the DNA construct of (a) inte-
10 grated into genomic DNA adjacent to and upstream
of and functionall§:linked to the gene encoding
the therapeutic protein;
c) introducing into the homologously recombinant
cells produced in (b) a DNA construct compris-
15 ing:

S

1) DNA sequences capable of directing tran-
scription termination in a microbial cell;

2) DNA sequences capable of directing DNA

' replication in a microbial cell:

20 3) a retroviral LTR;

4) sequences sufficient to direct homologous
recombination of the DNA construct with
human genomic DNA sequences downstream of
the stop codon of the therapeutic protein,

25 thereby producing homologously recombinant
cells having integrated the DNA construct
of (a) into the genomic DNA, and containing
the DNA construct of (c); |

d) maintaining the cells‘produced in (c¢) under
30 conditions appropriate for homologous recombina-
tion to occur between DNA sequences homologous
with gencmic DNA sequences and genomic DNA se-
quences, thereby producing homologously recombi-
nant cells having the DNA construct of (a) inte-
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14. The DNA construct of claim 1, wherein the targeted gene encodes a

protein sel ected

i nsul i notropin,
growt h factars, -interl-eukins;
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REPLACEMENT SHEET

The DNA

and i mmune response nodifj.ers.

growt h hornone.

10

15

20

25

30

f)

g9)

h)

i)

lpha

tionally linked to the gene ‘encoding the thera-
peutic protein, and also having the DNA con-
struct (c) integrated downstream of and func-
tionally linked to the gene encoding the thera-
peutic protein;

culturing the cells produced in (d) under condi-
tions appropriate for retrov1ral LTR directed
transcription, processing and reverse transcrip-
tion of the RNA product of the DNA sequences be-
tween the LTRs introduced in (a) and (c), there-
by producing a DNA sequence comprising an in-
tronless DNA copy of7tﬁe'gene encoding the ther-
‘apeutic protein operatively linked to the DNA
sequences comprising the DNA construct described
in (a) and operatively linked to the DNA se-
guences comprising the DNA construct described
in (c), this sequence hereln referred to as the
intronless DNA sequence.

separating the intronless DNA sequence produced
in (e) from the ‘célls;

introducing the DNA separated in (f) into micro-
bial cells, thereby producing microbial cells
containing the DNA produced in (e):

culturing the microbial cells produced in (g) in
the presence of a selective agent which selects
for the selectable marker present in the DNA
construct described in (a):

culturing the cells produced in (h) under condi-
tions appropriate for expression and secretion
of the therapeutic protein in microkial cells,
thereby producing the therapeutic protein in the
microbial cells and secreting the protein there-

from; and
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16. The DNA construct of claim1, wherein the targeted gene encodes an

i nterferon.

gene encodes bl ood clotting fact A The
1, wherein The targeted-gene enouG%g

sorout ot ATIRURHIEIN I " -t ssmsryiee—ocr 1 WW FH ey

targeted gene eﬁcodesserythrop0|et|n 21. The
20, wherein the erythropoietin is human erythropoietin}

31.
5 32.
10
15

33.

17. The DNA construct of cIa|n11 whe
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j)- separating the therapeutic protein produced in
(i) from the microbial cells.

The method of Claim 30 wherein the microbial cell is
Saccharomyces cerevisiae, or Escherichia coli.

A method of turning on expression of a gene to be
expressed which is present in a cell but is not ex-
pressed in the cell as obtained or is not expressed
at significant levels in the cell as obtained, com-
prising introducing into the cell a DNA construct
comprising a regulatory region under conditions
appropriate for homologous recombination, whereby the
regulatory region is inserted into or replaces all or
a portion of the regulatory region of the gene to be
expressed, and is functionally linked to the gene to
be expressed, thereby producing homologously recombi-
nant cells which express the gene.

The method of Claim 32 wherein the cell as obtained

is an immortalized cell.
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22. The DNA construct of claim 20, wherein the construgt-derived exon
conpri ses coding sequence which is the sane as the codi gm@gqﬂﬁﬂﬁg g
first exon of erythropoietin. 23. The DNA construct] of—~el-alm 0§HE€T
wherei-n the construct-derived exon conprises coding sedqugnce which is
different fromthe coding sequence of the first exon of |erlyt B2oBAY 489%.

24. The DNA construct of claim20; whggrein the constryct-derived exon
conpri ses coding sequence which is the same as the codiijng sequencé o1 th
first exon of human growth hornone aAg$GACT 25. The DBNA-canstruct of

claim1l1, wherein the exogenous regul atory sequence is a pronoter, an
enhancer, a scaffol d-gt i ACHISHonRI Yk a¥p 3rbEBRRChERIYERY factor binding
site.

REPLACEMENT SHEET

The present invention relates to transfected primary,
secondary, and immortaiized cells of vertebrate origin
5 particularly mammalian origin, transfected with exogenous
genetic material (DNA) which encodes a desired (e.g., a
therapeutic) product or is itself a desired (e.g., thera-
peutic) product, methods by which primary, secondary and
immortalized cells are transfected to include exogenous
10 genetic material, including DNA targeting by homologous
recombination, methods for the activation and amplifica-
tion of endogenous cellular genes, methods by which cells
useful for large-scale protein production can be obtained,
methods of producing clonal cell strains or heterogenous
15 cell strains, and methods of gene therapy in which trans-
fected primary, secondary or immortalized cells are used.
The present invention includes primary, secondary,
and immortalized cells, such as fibroblasts, keratino-
cytes, epithelial cells, endothelial cells, glial cells,
20 neural cells, formed elements of the blood, muscle cells,
and other cells which can be cultured.
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79 26. The DNA construct of claim 25, further conpfi -LﬂCﬁ\ gngﬂ
regul atory sequence. 27. The DNA construct of claim erej
exogenous regulatory sequence is a regulatory sequence}of an SV-40 el a
regul atory sequence of a cytonegal ovirus gene, or a repu] alot YAYeHE nce of
a nouse netal |l ot hi onei n-1 gene. 2Bs7 A method of alfefing the .
expression of a targeted gene conprising in a cell, thef nethod conprising
the steps of: (a) providing a cell, the genoJe of whi ch

conpri ses: (1) a targeted gene having an endogenous

regul atory region; (1) a target site; (b)

provi ding a DNA construct conpri sing: (i) a targeting
sequence honol ogous to the target site; (1) an exogenous

regul atory sequence,;

EcoRI]

sacl -
BamHi
Xbal
sall

HindII
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(iii) an exon; (1v) a sequence encodin%Eﬁgg%&Ey#%hﬁg%

mar ker permtting selection of cells

mul ti pl e copies of the sequence encoding the anplifiall

mar ker ; _ (v) an unpaired splice-donor gitle ;2 MAe1BI7 end of
t he exon, (c) transfecting $he cell with the construct,

t hereby producing a transfected cell; - (d) maj nt al Nl ng_the
transfected cell under conditions appropriate for ho ogous _reconbi natfi on,
t her eby produci ng ‘a honol ogously reconbi nant cell, the genone of which

conprises the exogenous regul atory sequence, the construct-derived exon,
and the construct- derived splice-donor site, in addition to all exons of

the targeted gene; (e) culturing the honol ogously reconbi nant cel
under conditions which select for cells having nultiple copies of the
sequence encoding the anpliflable marker; and (f) mai nt ai ni ng the

honol ogously reconbi nant cell under conditions appropriate for
transcription under the control of the .expgenous regul atory sequence, to
produce a transcript of the constr ctJﬂéWﬁgkd exon, the targeted gene, and
any sequence |ying between the c {r ugt-
‘ un*“6@ to the
n

gene, wherein the RNA of the trg
construct-derived splice-dong i s<spi>

L

3 | i ce-acceptor
TR

gtoa sg
wBaImHI¢ Bl Har get ed
gene.

165 splice
junction
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REPLACEMENT SHEET - 80 29.
The .met hod of claim 28, wherein the anplifiable marker is selected fromthe
group consisting of dihydrofol ate reductase, adenosine_.deam nase, and _the

trifunctional enzyme carbanoyl phosphate synthase- aspa‘t@p%ﬁcghnﬂ[gm SF;EQET

transcar banyl ase- di hydr oor ot ase (CAD)3./7 30. The net hopg—oft—et-ad-rr-28;
wherein the cell is of human origin. 31. The net hofl pf 2%@ ég
wherein the cell is a primary or secondary cell. 32. TR hB47 of
claim 28, wherein the cell is an inmmortalized cell.

xbal
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Xbal
Hind1Il Kpnl
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human EPO gene

BglIl
Sacl 9
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33. The nethod of claim 28, wherein the cell is an imortalized human
cel | . 34. The honol ogously reconbi nant cell of claim28, wherein the
cell is selected fromthe group consisting of: HT1080, HeLa, MCF-7 breast
cancer cells, K-562 |l eukema cells, KB carcinonma cells, 2780AD ovarian

carcinoma cells, Raji cells, Jurkat | s, Namalwa cells, H
Daudi cells, RPM 8226 cells and MOLT-4 cells, chinese hangt
cells, and nouse L cells. 35. The net hod of cl ai m 28,
splice-acceptor site of the transcript corresponds to the
site of the second exon of the targeted gene. 36. The

28, wherein the construct-derived exon conprises a CAP sitsq.
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37.

The

met hod of claim 36, wherein the construct-derived exon co
nucl eoti de sequence ATG
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38. The met hod of claim 28, wherein in the honol ogously reconbi nant cell,
(b) -(ii)-(iw—are-tocated upstream of the endogenous requl atory regi on of

the targeted o
81  39. %ﬁggheet as Been Replaced; 28, wherein the DNA co sREP
conprises a secﬁmq ﬂ |j sequepge honol ogous to a b equm| of

t he endogenous I uence of the targeted gene.
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40. The nethod of claim 28, wherein the targeted gene encodes a

t herapeutic protein. - 41, The nmethod of claim 28, wherein the targeted
gene encodes a hornone, a cytokine, an antigen, an a , a
clotting factor, a transport protein, a receptor, regf ﬁgggﬂwg?ngF a
structural protein, or a transcriptigmfactor. 42. The net hod _of} ¢l ai m
28, wherein the targeted gene encodes a protein selected fgﬁrﬁA‘théquro p
consisting of calcitonin, insulin, insulinotropin, ingullin-1ike growt
factors, parathyroid hornone, nerve growh factors, i|nterteukins,

i mmunogl obul i ns, catalytic antibodi es, superoxide diqnutase, tissue —

-pl asm nogen activators, blood clotting factor VIII, apolipoprotein E,
apol i poprotein A-1, globins, |ow density |ipoprotein receptor, IL-2
receptor, IL-2 receptor antagonists, alpha-1 antitrypsin, and inmune
response nodifiers. 43. The net hod of claim 28, wherein the targeted
gene encodes growt h hornone. 44, The nmethod of claim 28, wherein the
targeted gene encodes an interferon.
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45, The met hod of claim 28, wherein the targeted gene encodes bl ood

clotiting factor | X 46. The method of claim 28, wher jab ._E\ha [¢
gene encodes gl ucocer ebrosi dase. 47. The net hod of | clLAal : i
the targeted gene encodes a colony stimulating factor. 8. The net Qo

et Or2 MAY 1997

of claim 28, wherein the targeted gefig7encodes eryt hropp
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49.  The nethod of claim48, wherein fhe construct-derived exon cdr(p@)"zg@é- 0
codi ng sequence which is the same as the coding sequence of the first eﬁ%rg)g
of erythropoietin. 50. The net hod of cl ai m 48, he ]

H +
1T T TTr—tre

construct-derived exon conprises codi ng seguence __ACEMHNTfSHBgmt from
t he codi ng sequence of the first exon of_erythropofeffim. SES The

nmet hod of claim 48, wherein the constructderived X)nglcgotrmm mg godj ng
sequence that is the same as the coding sequence pf]the fiTst€xgn |of
human growt h hor none. 52. The met hod of cl ai m 28, Wherern—th
exogenouCEARMBat ory sequence is a pronoter, an e€nhancer, a

scaf fol d-atttachnent region, or a transcription factor bindrng Stte- 53.
The net hod of claim52, wherein the DNA construct further conprises a

second regul 2 DNA 8&H3HEEGShich alters the expression of a targeted gene in a cell when the DNA

construct is homologously recombined with a target site within the chromosomal DNA of the
cell, the target site being upstream of the transcription site of the targeted gene, the DNA
construct comprising:

(@)  atargeting sequence homologous to the target site;

(b)  an exogenous regulatory sequence;

() anexomn;

(d  an amplifiable marker gene; and

(e)  an unpaired splice-donor site at the 3’ end of the exon;
wherein, following homologous recombination of the targeting sequence with the target site, the
chromosomal DNA of the cell comprises the construct-derived exon in addition to all

endogenous exons of the targeted gene.

2. The DNA construct of claim 1, wherein the amplifiable marker is selected from the group
consisting of dihydrofolate reductase, adenosine deaminase, and the trifunctional enzyme

carbamoyl phosphate synthase-aspartate transcarbamylase-dihydroorotase (CAD).

3. The DNA construct of claim 1, wherein (a), (b), (c), (d), and (e) are oriented such that,
upon homologous recombination of the targeting sequence with the target site, the exogenous
regulatory sequence controls expression of the targeted gene to produce a transcript comprising
RNA corresponding to the exon and unpaired splice-donor site, wherein the RNA corresponding
to the unpaired splice-donor site of the transcript directs splicing to a splice-acceptor site in the

transcript which corresponds to a site within the targeted gene.

4. The DNA construct of claim 3, wherein the splice-acceptor site of the transcript

corresponds to the splice-acceptor site of the second exon of the targeted gene.

5. A DNA construct of claim 3, wherein the construct-derived exon comprises coding
sequence which, upon splicing of the unpaired splice-donor site with the endogenous splice-

acceptor site, is in-frame with coding sequence of the targeted gene.

LT



54. The nethod of claim52, wherein fhe exogenous re y cis
a‘regul atory sequence of an SV-40 gene, a regulatory %@éﬂgﬁﬁ;ﬁﬁ%
cytonmegal ovi rus gene, or a nouse netallothionein-l gepe 55. THhé
met hod of claim28, further conprising the steps of: 0 5(QAUG 1938 |
mai nt ai ni ng t he honol ogously reconbinan? cel I under copdltions approprfigte
for splicing and translation of the tra Zcript; and (h) contirmng
that a translation product of the transcript was produked 56. The

met hod of claim 35 in which the targeted gene encodes erythropoietin. = 57.
A fusi on®pr ot d1% DN Feagaich pf chim s twhegein fthe consiusbdesivad cxon &Dmprlgesamgmgst
am no aci . r - V. n a a_ secon

i no ac R R e e IaRE R B ol g sl of e A b TR e e 1 1 st
am no acid sequence being different fromthe am no acid sequence encoded by

' exon of the targeted gene.
the fi rSI7. ends}gee "BRA Construet ofh cla&m g, whertglm the coding sequence of the construct-

derived exon is different from the coding sequence of the first exon of the targeted gene.

8. The DNA construct of claim 1, wherein the exon comprises a CAP site.
9. The DNA construct of claim 8, wherein the exon further comprises the nucleotide
sequence ATG.

10.  The DNA construct of claim 1, wherein in the homologously recombinant cell, (b)-(¢)

are located upstream of an endogenous regulatory sequence of the targeted gene.

11.  The DNA construct of claim 10, wherein the construct further comprises a second
targeting sequence homologous to a sequence upstream of the endogenous regulatory sequence

of the targeted gene.

12. The DNA construct of claim 1, wherein the targeted gene encodes a therapeutic

protein.

13.  The DNA construct of claim 1, wherein the targeted gene encodes a hormone, a cytokine,
an antigen, an antibody, an enzyme, a clotting factor, a transport protein, a receptor, a regulatory

protein, a structural protein, or a transcription factor.

14.  The DNA construct of claim 1, wherein the targeted gene encodes a protein selected
from the group consisting of calcitonin, insulin, insulinotropin, insulin-like growth factors,
parathyroid hormone, nerve growth factors, interleukins, immunoglobulins, catalytic antibodies,
superoxide dismutase, tissue plasminogen activators, blood clotting factor VIII, apolipoprotein E,
apolipoprotein A-I, globins, low density lipoprotein receptor, IL-2 receptor, IL-2 receptor

antagonists, alpha-1 antitrypsin, and immune response modifiers.

[T



83

58. The fusion protein ofi claifm 57, wherein tlh rgelfed
encodes an erythropoietin. 59. The fusion protein oﬁEi%:Lt%éil ?ﬁ%

sequence of which conprises am no acids 1-3 of human grgwth hor none sj ghal
pepti de. : _
I ncorporated a transcription unit, 78

al T

60. A cultured vertebrate cell into the gerofies ofifwil®h |s

15. The DNA construct of claim 1, wherein the targeted gene encodes growth

hormone.
16.  The DNA construct of claim 1, wherein the targeted gene encodes an interferon.

17. The DNA construct of claim 1, wherein the targeted gene encodes blood clotting factor
X

18 The DNA construct of claim 1, wherein the targeted gene encodes glucocerebrosidase.

15.  The DNA construct of claim 1, wherein the targeted gene encodes a colony stimulating

factor.
20.  The DNA construct of claim 1, wherein the targeted gene encodes erythropoietin.
21.  The DNA construct of claim 20, wherein the erythropoietin is human erythropoietin.

22.  The DNA construct of claim 20, wherein the construct-derived exon comprises coding

sequence which is the same as the coding sequence of the first exon of erythropoietin.

23.  The DNA construct of claim 20, wherein the construct-derived exon comprises coding

sequence which is different from the coding sequence of the first exon of erythropoietin.

24.  The DNA construct of claim 20, wherein the construct-derived exon comprises coding

sequence which is the same as the coding sequence of the first exon of human growth hormone

(hGH).

25.  The DNA construct of claim 1, wherein the exogenous regulatory sequence is a promoter,

an enhancer, a scaffold-attachment region, or a transcription factor binding site.
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wherein the transcription unit corprises an exogenous | §ERL_ACENINT SHEENde,
an exogenous exon, and a splice-donor site at the 3' endref—the-—exogernoys
gene, the splice-donor site being operatively linked t rk@ e@gﬁgus
splice-acceptor site of the second endogenous exon of fhe rf?d n dene,
and wherein the cell conprises a constrl‘}gt-deri ved anp] i Heabte—rarker-ggne.
61. The cultured vertebrate cell of cl'aim 60, whereip the endogenous gene
encodes a protein selected fromthe group consisting of—catertonim
insulin, _insuljnotropin, insulin-like growh factors, parathyroid hor none,
nerve gr ot h AaePAA consiueaf slakm RS, furthenreayrisivgaisaeond ceguiatoryi sequance.bodi es,
super oxi de di snutase, tissue plasm nogen activators, blood clotting factor
VI1I, apolipoprotein E apolipoprotein A1, globins, |ow density

l'i poprot &7.n r he@DMNA, cdnktrzctrafc ejatmr2s, | Wherdin' #eepiogendust RgEIRios Sequahethas 4
antitrypsin, and inmune resﬁotpse nmodi fi ers. 62. The cultured vertebrate
cel | of CSBHlAATEGea4mes af #n SN b aunsga feswatorequsise g4 Qrunmeslavimmaare, or a3,

The cul t ioRRorf séRiRhG & aaRbuse HetdtlofiGRelPr gifacr el n the endogenous gene

encodes an interferon.

28. A method of altering the expression of a targeted gene comprising in a cell, the method
comprising the steps of’
(a) providing a cell, the genome of which comprises:
® a targeted gene having an endogenous regulatory region;
(i)  atarget site;
(b)  providing a DNA construct comprising;

6] a targeting sequence homologous to the target site;

(i)  an exogenous regulatory sequence;

(i)  an exon;

(iv)  a sequence encoding an amplifiable marker permitting selection of cells
containing multiple copies of the sequence encoding the amplifiable
marker;

(v)  anunpaired splice—donor site at the 3’ end of the exon,

()  transfecting the cell with the DNA construct, thereby producing a transfected cell;

(d  maintaining the transfected cell under conditions appropriate for homologous
recombination, thereby producing a homologously recombinant cell, the genome of which
comprises the exogenous regulatory sequence, the construct-derived exon, and the construct-
derived splice-donor site, in addition to all exons of the targeted gene;

(¢)  culturing the homologously recombinant cell under conditions which select for
cells having multiple copies of the sequence encoding the amplifiable marker; and

® maintaining the homologously recombinant cell under conditions appropriate for
transcription under the control of the exogenous regulatory sequence, to produce a transcript of
the construct-derived exon, the targeted gene, and any sequence lying between the construct-
derived exon and the targeted gene, wherein the RNA of the transcript corresponding to the
construct-derived splice-donor site directs splicing to a splice-acceptor site in the transcript

which corresponds to a site within the targeted gene.
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The cultured vertebrate cell? of claim60, whereingthe—erdogereus
encodes bl ood clotting factor |X . REPLACEV]ENT SHEET
65. The cultured vertebrate cell of claim60, yhererar—the

endogenous gene encodes gl ucocerebrosi dase. 66. The @u% gﬂg ng
vertebrate cell of claim®60, wherein th%oendogenous gené dncodes a colo

_'Lhn gnrlnnnnr\ LG -]e

ny

29.  The method of claim 28, wherein the amplifiable marker is selected from the group
consisting of dihydrofolate reductase, adenosine deaminase, and the trifunctional enzyme

carbamoyl phosphate synthase-aspartate transcarbamylase-dihydroorotase (CAD).

30.  The method of claim 28, wherein the cell is of human origin.

31.  The method of claim 28, wherein the cell is a primary or secondary cell.

32.  The method of claim 28, wherein the cell is an immortalized cell.

33.  The method of claim 28, wherein the cell is an immortalized human cell.

34, The homologously recombinant cell of claim 28, wherein the cell is selected from the
group consisting of: HT1080, HeLa, 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 and MOLT-4 cells, chinese hamster ovary (CHO) cells, and

mouse L cells.

35. The method of claim 28, wherein the splice-acceptor site of the transcript corresponds to

the splice-acceptor site of the second exon of the targeted gene.
36.  The method of claim 28, wherein the construct-derived exon comprises a CAP site.

37.  The method of claim 36, wherein the construct-derived exon comprises the nucleotide

sequence ATG.

38.  The method of claim 28, wherein in the homologously recombinant cell, (b) (ii)-(iv) are

located upstream of the endogenous regulatory region of the targeted gene.
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stinmulating factor. 67. The cul tured vertebrate c Lm.60Q,
wherein the endogenous gene encodes erythropoietin. REBLACEMENTUGHBFEC
vertebrate cell into the genonme of which is incorporateld t -2 RS- CH-Pi--QN

a)
unit, wherein the transcription unit conprises an exogenp r I ry
sequence, an exogenous exon, and a spli cle-donor site tﬁSS&ggn_@bgf
exogenous exon, all |ocated upstream of %he endogenous t¥arser+pti-oh-
initiation of an endogenous gene, the splice-donor sitg being operativel

th

linked to the endogenous splice-acceptor site of the s
of the endogenous gene, and wherein the cell is selected fromthe group

I sti f Jl - kat . I Namal wa cel |, HL-60 cell, Daudi
col T, “RPIP: gzélg‘eép*ge“?",dc @“@Wﬁgéwﬁ?@%ﬁﬁ%@%?%m fugher compises @\3eeond [HEpting
2R4 cel | sequrdcdVbbholbgos to a sequeith upstrbh@ SFuiht Wn@6keriBhd BldumtGy G8htentd of e

one of clains 60-68 in a formsuitable for introduction
targeted gene.

40.  The method of claim 28, wherein the targéted gene encodes a therapeutic protein.

41. The method of claim 28, wherein the targeted gene encodes a hormone, a cytokine, an
antigen, an antibody, an enzyme, a clotting factor, a transport protein, a receptor, regulatory
protein, a structural protein, or a transcription factor.

42.  The method of claim 28, wherein the targeted gene encodes a protein selected from the
group consisting of calcitonin, insulin, insulinotropin, insulin-like growth factors, parathyroid
hormone, nerve growth factors, interleukins, immunoglobulins, catalytic antibodies, superoxide
dismutase, tissue plasminogen activators, blood clotting factor VIII, apolipoprotein E,
apolipoprotein A-I, globins, low density lipoprotein receptor, IL-2 receptor, IL-2 receptor
antagonists, alpha-1 antitrypsin, and immune response modifiers.

43.  The method of claim 28, wherein the targeted gene encodes growth hormone.

44.  The method of claim 28, wherein the targeted gene encodes an interferon.

45.  The method of claim 28, wherein the targeted gene encodes blood clotting factor IX.

46.  The method of claim 28, wherein the targeted gene encodes glucocerebrosidase.

47.  The method of claim 28, wherein the targeted gene encodes a colony stimulating factor.

48.  The method of claim 28, wherein the targeted gene encodes erythropoietin.
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into a mammal for providing a protein to the manmal, wherein the endogenous

gene encodes the protein.

vertebrate cell is enclosed within a barrier device whiilch

of the protein fromthe interior of the_sgarri er device {to td1§ %Begg'gg)r
the barrier device, after its introducti

70. The cultured vertebrate cell of claim 69, BEBLACEWE?\ETCBHEE!'I?Ed

ninto the ma

49.  The method of claim 48, wherein the construct-derived exon comprises coding sequence

which is the same as the coding sequence of the first exon of erythropoietin.

50.  The method of claim 48, wherein the construct-derived exon comprises coding sequence

which is different from the coding sequence of the first exon of erythropoietin.

51.  The method of claim 48, wherein the construct-derived exon comprises coding sequence

that is the same as the coding sequence of the first exon of human growth hormone.

52.  The method of claim 28, wherein the exogenous regulatory sequence is a promoter, an

enhancer, a scaffold-atttachment region, or a transcription factor binding site.

53.  The method of claim 52, wherein the DNA construct further comprises a second

regulatory sequence.

54.  The method of claim 52, wherein the exogenous regulatory sequence is a regulatory
sequence of an SV-40 gene, a regulatory sequence of a cytomegalovirus gene, or a mouse

metallothionein-I gene.

55.  The method of claim 28, further comprising the steps of

(g)  maintaining the homologously recombinant cell under conditions appropriate for
splicing and translation of the transcript; and

(h)  confirming that a translation product of the transcript was produced.

56.  The method of claim 55 in which the targeted gene encodes erythropoietin.

57. A fusion protein produced by the method of claim 55 and containing a first amino acid
sequence encoded by the construct-derived exon and a second amino acid sequence encoded by
part or all of the targeted gene, the first amino acid sequence being different from the amino acid

sequence encoded by the first endogenous exon of the targeted gene.
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The cultured vertebrate cells of e¢laim70, wherein t
prevents the cell from escaping the barrier device.
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58.  The fusion protein of claim 57, wherein the targeted gene encodes an erythropoietin.

59.  The fusion protein of claim 57, the sequence of which comprises amino acids 1-3 of

human growth hormone signal peptide.

60. A cultured vertebrate cell into the genome of which is incorpf)rated a transcription unit,
wherein the transcription unit comprises an exogenous regulatory sequence, an €xogenous exon,
and a splice-donor site at the 3’ end of the exogenous gene, the splice-donor site being
operatively linked to the endogenous splice-acceptor site of the second endogenous exon of the

endogenous gene, and wherein the cell comprises a construct-derived amplifiable marker gene.

61.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes a protein
selected from the group consisting of calcitonin, insulin, insulinotropin, insulin-like growth
factors, parathyroid hormone, nerve growth factors, interleukins, immunoglobulins, catalytic
antibodies, superoxide dismutase, tissue plasminogen activators, blood clotting factor VIII,
apolipoprotein E, apolipoprotein A-I, globins, low density lipoprotein receptor, IL-2 receptor, IL-

2 receptor antagonists, alpha-1 antitrypsin, and immune response modifiers.

62.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes growth

hormone.

63.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes an

interferon.

64.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes blood

clotting factor IX.
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65. The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes

glucocerebrosidase.

66.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes a colony

stimulating factor.

67.  The cultured vertebrate cell of claim 60, wherein the endogenous gene encodes

erythropoietin.

68. A cultured vertebrate cell into the genome of which is incorporated a transcription unit,
wherein the transcription unit comprises an exogenous regulatory sequence, an exogenous exon,
and a splice-donor site at the 3’ end of the exogenous exon, all located upstream of the
endogenous transcription initiation of an endogenous gene, the splice-donor site being
operatively linked to the endogenous splice-acceptor site of the second endogenous exon of the-
endogenous gene, and wherein the cell is selected from the group consisting of a Raji cell, Jurkat
cell, Namalwa cell, HL-60 cell, Daudi cell, RPMI 8226 cell, U-937 cell, Bowes melanoma cell,
WI-38V13 subline 2R4 cell, and MOLT-4 cell.

69.  The cultured vertebrate cell of any one of claims 60-68 in a form suitable for introduction
into 2 mammal for providing a protein to the mammal, wherein the endogenous gene encodes the

protein.
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70.  The cultured vertebrate cell of claim 69, wherein the cultured vertebrate cell is enclosed
within a barrier device which permits passage of the protein from the interior of the barrier

device to the exterior of the barrier device, after its introduction into the mammal.

71.  The cultured vertebrate cell of claim 70, wherein the barrier device prevents the cell from

escaping the barrier device.
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