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io . FIELD OF THE INVENTION _
S “This invention relates to novel retrovirus
" constructs and their use in transient production of
'-recomblnant retrovirus in mammalian cells, and. to
methods of using such constructs to transduce
15 mammalian cells with high efficiency..

ACKGRO OF I ON
~ Retrovirus vectors have become the primary
tool for gene delivery in human gene therapy .
20 applications (Miller, Nature 357:455-460 (1992)). .The
" ability of retrovirus vectors to deliver an
unrearranged, single copy gene into a broad range of
- rodent, primate and human somatic cells'in primary
’ culture makes them well suited for this purpose.
25 Identification and subsequent deletion of the
' sequences preseht within retroviral transcripts
encoding the packaging signals for avian (E) and
murine (¥) retroviruses, has enabled development of
packaging cell lines to supply in trans the proteins
30 .necessary for production of infectious virions, but
' render the packaging cell lines unable to package
their own viral genomic mRNA (Watanabe and Temin,
Molec. Cell. Biol. 3(12):2241-2249 (1983); Mamn et
'al., Cell 33:153-159 (1983) and Embretson and Temln,
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abi | i ty v od@é4agVi rus vectors to delive an Hegar r anged, S iPOIVEsIepg67gene
‘into a=broad range of rodent, prhisiPheebras somatic cells in primary
cul tof €. makes them wel I” suited f¢ . 25 ldentification and
subsequent del eti on of the seque thin retroviral transcripts
encodi ng the packaging signals for avian (E) and nurine ([err])
retroviruses, has enabl ed devel opnent- of packaging cell lines to supply in

Fender  the paleYREgie A CTTEA874 4o S 018671 P MmbrhBEL THpokrEan®l: U
- RNA (Wt anabeonsidruationpinthegonsiruction of: yekroyixel 1983); Mann
et al., Cell Ixckayik ({Wd3)hasBe&AUbSERCERENErdaGLEioASOf high
' titer vector supernatants free of recombinant
5 replication competent retrovirus, which has been shown
to produce T cell lymphomas in rodents (Cloyd et al.,
J.Exp.Med.151,542-552 (1980)) and primates (Donahue et
al., J.Exp.Med.176,1125-1135 (1992)). Although early
murine retroviral packaging lines were highly prone to
10 generation of replication competent retrovirus (kCR)
(Cone and Mulligan, Proc. Nat'l. Acad. Sci. USA
- 81:6349-6353 (1984)) or prone to co-package the y-
genome (Mann et al., supra, 1983; Buttimore and
Miller, Mol.Cell.Biol. 6(8):2895-2902(1986)), two
15 strategies have evolved for the construction of second
generation packaging lines with significantly reduced
ability for the genefation of RCR. One strategy,
embodied by PA317, uses a single genome packaging
construct from which the initiation site for second
20 strand synthesis, the 3' DTR; and the ¢ site have been
deleted (Miller and Buttimore, Molec. Cell. Bi
6(8): 2895-2902 (1986)). These modifications
eliminate as much as possible homology between the
packaging genome and the viral vector to reduce the
25 ability to form recombinants, and have resilted in
production of high titer, helper-free virus with many
vector systems (Miiler and Rosman, oTec es
1(9):980-990 (1989)). The second approach has been to
- divide the packaging functions into tWO genomes: one
30 that expresses the gag and pol gene products, and the
other that expresses the env gene product (Bosselman -
et al., Molec. Cell. Biol. 7(5):1797-1806 (1987);
Markowitz et al., J. Virol. 62(4): 1120-1124 (1988);
" Danos and Mulligan, . Nat'l. Acad. Sci. (U

35 85:6460-6464 (1988)). This approach eliminated the
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2 J Vi rowoamsg;s 2675- 2683( 1987-}1)1s3he;[ﬁgs ortant consi BETAISIYA6G6R t he

constrigction of retroviral packa been both the production of
hi'gh it er vector ‘supernatants f ant S replication conpetent
retrovirus, which has been shomn eII | ynphomas in rodents

(G oyd et aJ., J. Exp. Med. 151, 542- 552 (1980)) and prlnates (Donahue et al.
J. Exp. Med. 176, 1125- 1135 (1992)). Although-early nurine retroviral

packagi ng i ne&bi\neyhfehl éoppaakat;en §0 ange BuIkidueIt tnmhsfei-l of
_conpetent retr€H|r$sg£nom£ as weiqdaNU|Hdﬁ?%icaﬁ%iyrgkcreas SC" USA
. frequency of recombination due to the presence of _
three retroviral genomes in the packaging cell that .
5 must undergo recombination to produce RCR. In the
event recombinants arise, mutations (Danos and
Mulligan, supra) or deletions (Boselman et al., §gg;§,
and Markowitz et al., supra) within the undesired gene
products render recombinants non-functional. 1In
10 addition, deletion of the 3' LTR on both packaging
function constructs further reduces the ability to
form functional recombinants. Although early attempts
at the generation of two_éenome packaging lines
yielded low titer producer clones (Bosselman gg'g;&,
15 supra) producer lines are now available that yield
high titer producer clones (Danos and Mulligan, supra;
and Markowitz et al., supra).
' Packaging lines currently available yield
producer;clones of sufficient titer to transduce human
. | 20 cells for gene therapy applications and have led to
the initiation of human clinical trials (Miller,
supra). However, there are two areas in which these
lines are deficient. First, design of the appropriate
retroviral vectors for particular appiications -
25 requires the construction and testing of several
- vector configufations. For example, Belmont et al.,
Molec. and Cell. Biol. 8(12):5116-5125 (1988),
constructed stable producer lines from 16 retroviral
vectors in order to identify the vector capable of
30 producing both the highest titer producer and giving
optimal expression. Some of the configurations
examined included: (1) LTR driven expression vs. an
internal promoter; (2) seleqtion'of'an internal
.promoter derived from a viral or a cellular gene; and
35 (3) vwhether a selectable marker was incorporated in
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81: 6349- Uﬁ%%“@%@%4)) or prone to co- packa e the err] genonBCT/VISA#O0ES67 o . |
supr a, %1983; Buttinore and Ml ler, 8) 2895-2902(1986) ),

t wo 15«,strateg|es have evol ved for of second generati-on
packagrng lines with significantly r |f¢r t he generation of

RCR. On& strategy, embodied by PA317, uses a single genome packaging
construct ‘fromwhich the initiation site for second 20 strand synthesi s,

the 3' LTR," andthbheohsrtm]uci:.tm rackdrpiny dsf=ten mtlqudEBublFmrﬁate
g/g | anCJchoglsl posSi g’ e’ ?%gpi%%%eé?%éfﬁg ﬁ’?‘;‘%‘%{{%ﬁ?’h ng%ﬁ%‘ﬁgaéhgnﬁﬁgdl Pal
vector to redugeneratess Meraquncerri rﬂnukduhg Bighhypve resulted in
production of RuyBnitag@ous" 8P &t St \Wouia dve EiProximately two
5 months required for the identification of high titer
producer clones derived from several constructs.
_ Second, compared to NIH 373 éells, the
. infection efficiency of primary cultures of mammalian

- somatic cells with a high titer amphotrophic

10 retrovirus producer varies considerably. The’
transduction efficiehcy of mouse myoblasts (Dhawan et
al., Science g§i=1509-1512(1991) or rat capillary
endothelial cells (Yao et. al., Proc. Natl. Acad. Sc
Usa 88'8101-8105 (1991)) was'shown to be approximately

15 equal to that of NIH 3T3 cells, whereas the
transduction eff101ency of canine hepatocytes
(Armentano et. al., c. tl. Acad. Sci. U
87:6141-6145 (1990)) was only 25% of that found in NIH
373 cells. Priﬁary human tumor-infiltrating

20 lymphocytes ("TILs"), human CD4+ and CD8+ T cells
isolated from periphéral blood lymphocytes, and
primate long-term reconstituting hematopoietic stem
cells, represent an extreme example of low |
transduction efficiency compared to NIH 3T3 cells.

25 Purified human CD4+ and CD8+ T Cells have been
"reported on one occasion to be infected to levels of
6%-9% with supernatants from stable producer clones
(Morecki et al., Cancer Immunol. Immunother. 32:342~-

352 (1991)), and primate or human long-term '

30 reconstituting hematopoietic stem cells have only been
infected.to < 1% with a producer of titer of 10° per ml
on NIH 3T3 cells (van Beusecheﬁ et al., Proc.
Natl.Acad. Sci, USA 89:7640-7644 (1992); and Donahue
:g; al.,supra). If the retrovirus vector contains the f

35 neo* géne, populatidns that are highly enriched for




vect or 9yet9a/zs438M | | er and Rosman, Bi oTechni ques 7(9): 980- 9BCT/WSBNEE67 The
second.approach has been to d|V|dEm$$eﬂ cfduncti ons into two
genones: one 30 that €xpresses th ene products, and the

ot her that expresses the env gene man et al.,; Mdlec. Cell
Biol. 7¢5):1797-1806 (1987); Nhrkomn z e.-- : V'roI 62(4)y: 1120-1124
(1988); Danos and Mulligan, Proc. Nat'l. Acad Sci .- (USA) 35 85:6460-6464

(1988)). This %m%h@'é | 181 &antBe obtﬁiﬁaul b&ysfélbd%ﬁdi‘?‘cii?% 41 and

subsequent tr the [err]-genone, as well " as si |cantu¥ decreased
t he _ However, selectable marker expression ha been

to have deleterious effects on long-term gene
'express1on in vivo in hematopoietic stem cells
S (Apperly et.al._Blood 1§'310-317(1991))

An approach that yields significantly
increased transduction of mammalian cells in primary
culture would be highly advantageous, and this need is
currently unmet.

10 , .
SUMMARY OF THE INVENTION
Accordingly, the present invention provides

novel plasmid based expression vectors that direct the

synthesis of both packagable retroviral vector

15 transcripts and retroviral gene products required for
rapid production of high titer recombinant retrovirus
in human cells by transient transfection, thereby
eliminating the need to generate stable producer
lines. In addition, the invention provides a method

20 for highly efficient transduction of mammalian cells
that have previously been described as difficult to
transduce with retroviral constructs. The invention
also describes the construction of cell lines in which
the plasmid-based expression vectors of the invention

25 that-direct the synthesis of ‘retroviral gene products
required in trans for virus production have been '
stablj integrated into the genome of the producing
cells. These stably transfected lines can be used to.
generate stable cell lines'that continuously produce

30 recombinant retrovirus at high titer.

' | The retroviral constructs are packaging
plasmids consisting of at least one retroviral helper
DNA sequence derived from a replication-inCompetent
-retroviral genome encoding in trans all virion .

35 proteins required to package a replication incompetent -
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in the-~packaging cell that 5 nust qﬁ@g&gﬂhs&@é #t.ion to produce RCR
t he event reconbi nants ‘arise, nutatl NUIIlgan supra) or
I

del eti ohs (Bosel man et al., supra; an , supra) within the
undesi red gene products render reconb non functlonal. In 10
addi tion, deletion of the 3' LTR on both packaglng function constructs

furth d he f t h I
IR R T S W b%@a?xsiﬁ?m#@"‘yﬁ%ﬁ#%%% titer
producer cIoneeapibieebﬁapackagnng thes mepdicatidcdindganpatent now

avaii abl e thatr¥£f#91?&ﬂ“v&$%3£ BEOHYGH t3ltnes Wittt &k Mul 1 gan, supra;

and Markow tz
production of replicatlon-competent helper virus. The

$ retroviral DNA sequence lacks the region encoding the
native enhancer and/or promoter of. the viral 5'LTR of
the virus, and lacks both the psi:function sequence
responsible for packaging helper genome and the 3!
ﬁTR, but encodes the SV40 polyadenylation site and a

10 foreign enhancer and/or promoter which directs
_efficient transcription in a cell type where virus
production is desired. The retrovirus is a leukemia
virus such as a Moloney Murine Leukemia Virus (MMLV),
the Human Immunodeficiency Virus (HIV), or the Gibbon

1S Ape Leukemia virus (GALV). The foreign enhancer and
promoter may be the human cytomegalovirus (HCMV)
immediate early (I1E) enhancer and promofer, the
enhancer and promoter (U3_regioﬁ) of the Moloney
Murine Sarcoma Virus (MMSV), the U3 region of Rous

20 Sarcoma Virus (RSV), the U3 region of Spleen Focus
Forming Virus (SFFV), or the HCMV IE enhancer joined
to the native Moloney Murine Leukemia Virus (MMLV)
promoter. The retroviral packaging plasmid may
consist of two_retroviral'helper DNA sequences encoded

25 by plasmid based expression vectors, for example where
a first helper sequencé contains a cDNA encoding the
gag and pol proteins of ecotropic MMLV and a second
helper sequence contains a cDNA encoding the env
protein. The Env gene, which determines the host

30 range, may be derived from the genes encoding
xenotrophic, amphotrophic, ecotrophic, polytropic
(mink focus forming) or 1021 murine leukemia virus env
proteins, or the Gibbon Ape Leukemia Virus (GALV env -
protein, the Human Immunodeficiency Virus env (gpl60)

35 protein, the Vesicular Stomatitus Virus (VsSV) G
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Packagi ngrd é 4H%§upurrently ava|IEBTE—?TETH_BFBHGEEFFCIones of PETIUS4I06H6T

titer. to transduce human 20 cel | s Thi3Sh QMEBFH appllcatlons and have
led to the initiation df human clln Ifer, supra). However,
there'atle two areas in which these |ent First, design of

the apptopriate retroviral vectors ) partlcular appllcatlons 25 requires
the construction and testing of several vector configurations. For

exanpl e, -Bel nont éﬂ*@ 2 8
constructed st B5PES 5’?‘dd&(§‘e¥?*ﬁ&nesr§romilé're roi\'/%ﬁ&%‘z)clt Oéélg g%‘agr)
identify the vEd envcgens @rsiduwstey sthimexieenvelers gans: deriyed,, oducer
and gi ving opt E%hd“ Ven%fa!ﬁ'bnss%? dHe (61 HOPé | 6F BheOaEoLERBNTtidned

' nel uded: (1) env genes é?qgﬁxﬁgrft envégbpe genes encoding the
$ cytoplasmic and transmembrane of the aforementioned
env gene products and a monoclonal antibody directed
against a specific surface molecule on a desired
target cell. o ' '
Specific embodiments of the retrovifal
10 packaging.plasnids of the invention are:
pIKé 1MMSVampac, pIK6.l1MCVampac, pIK6.1gagpolATG and
pIK6.lamenvATG.
The invention includes retroviral vectors
that contain a modified 5! LER, which enables
15 efficient transcription of packagable vector
transcripts in the desired cell type. In addition, the
invention includes retroviral constructs encoding
foreign genes.

, In a method of the 1nvent10n, the packaging
20 plasmids and retroviral vectors are transiently
cotransfected into a first population of mammalian
cells that are capable of producing virus, such as
human embryonic kidney cells, for example 293 cells
(ATCC No. CRL1573, ATCC, Rockville, MD) to pfoduce
25 high titer recombinant retrovirus-containing
supernatants. In another method of the invention_this
transiently transfected first popnlation of cells is
‘then cocultivated_with mammalian tﬁrget cells, for
exémple human lymphocytes, to transduce the target
30 cells with the foreign—gene at high efficiencies. The
invention further includes target cells expressing a
foreign gene produced by the method of the invention.
_The foreign gene may be a chimeric T cell receptor
such as a CD4/zeta or single-antibpdy chain/zeta T
'35 cell receptor. ‘ '




i nt er nal
vi ral
i Rcor porated in 4 the construct..
rapid, high-titer virus production.v

Wﬁ%@?&?; (2) selection of an internag.p c‘gmnter der i peeffuSIrIB66y
a ce

ul'ar gene; and 35 (3kis ectabl e marker was
Ni st'em that woul d enabl e
d to generate stable

producef |ines would be highly advantageous inthat it would save

approxi pately two 5 nont hssﬁfﬁg.né

rftRgof high titer

producer clones derived f ared to NIH
3T3 cells,

L4

10

the infection eFigurendy ist apdingrprmatie eepresentation of
the retroviral packaging plasmids of the invention used to

produce the proteins necessary to package retroviral vector
transcript: o - I '
pIK6.1MMSVampac, pIK6. 1MCVampac, PIKS6. 1gagpo1ATG, and
PIK6.lamenvATG.

"Figures 2A, 2B, 2C and 2D show the FACS profile
of 293 cells transfected with retroviral constructs, as
described in Example I, infra.

| Figures 3A and 3B show the transduction

- efficiency determined by Southern blot analysis of infected

i5

'3T3 DNA, as described in Example I, infra.

Figure 4 is a bar graph of the data from
experiments in which CD8+ T cells were transduced by, first,
transient transfection of 293 cells with either pRTD2.2F3 or
pRTD2.2F15 and pIK6.lMCVampac, followed by cocultivation of
the 293 cells with the CD8+ T cells and analysis of
transduotion efficiency by FACS, as described in Example II,
infra. _

Figures 5A, 5B, 5C and 5D show the results of

' FACs analysis of hematopoietic stem cells transduced with the

25

30

35

KAT packaging constructs and cocultivation with 293 cells, as
described in Example III, 1nf;a.

Figure 6 examines whether the cocultivation of
CD34+ cells with KAT transfected 293 cells 1eads to high _
efficiency transduction as analyzed by Southern blotting, as
described in Example III, infra.

Flgure 7 compares the transduction eff1c1ency
of CD34+ cells transduced by the KAT system to that of
cocultivation with a stable PA317 producer by Southern
blotting, as described in Example III, infra.

Figures 8A, 8B, 8C, 8D and 8E show the results
of -FACS analysis of human CD34+ hematopoietlc progenitors
transduced

"RECTIFIED SHEET



sbnaticvg'l ot h @ high titer anphotrophic trovirus £b6eEA | €S

consi der abl’y: e transduction efﬂhsﬂeaﬂﬁsp&m g nyobl ast s awan et
ak., Science 254: 1509- 1512(1991) or endot helial cells (Yao
et. al., Proc. Natl. Acad. Sci. Mﬁ(l%l)) was shown to be -
approxi fmtely 15 equal to that of I whereas the transduction
~efficiepncy of canine hepatocytes (Arnentano et. al., Proc. Natl. Acad. Sci.
USA 87:6141- 6142 1990))  was onI 25% hat found in NIH 3T3 cells. .
Primary human Y4B thef ?rBFKﬁg §r°V Koy eansEsucts my CcD4+ and

CD8+ T cells iﬁoimaﬂnéraﬁhﬁsféahibal ofl m loelwayitds  pIKT vectors
eanpl o or' ook 8bigsbaERLAL 8 a%s%tr%%e%e'in Exae&pfesefe “LnfEh. ™
5 | ETA D 8 _ON OF THE
In order that the invention herein described
may be more fully ﬁnderstood, the following
description is set forth.
The present invention provides novel
10 optimized transient expression plasmids (designated
"RAT") for production of retroviral virions in which
high steady state levels of retroviral packaging'
functions and packagable vector transcripts are -
produced following introduction of KAT'plasﬁids into
15 mammalian cells capable of efficient transient
transfection and expression, in the absence of plasmid
repiicatidn of viral vector and packaging function
plasmids. The absence of plasmid replication enables
production of high titer virions while minimizing the
20 potential for production of replication competent
retrovirus by recombination. Use of the KAT systen '
yields 10-30 fold higher viral titers compared to
cotransfection of ﬁackaging functions and vector
plasmids into COS cells, as described by  Landau and
25 Litman, J. Virol. 66(8):5110-5113 (1992)).
Alternatively, because the KAT packaging function and
viral vector plasmids contain the SV40 origin of
replication, tﬁey can be transfected.into cell lines
that enable replication of,sV4o origin-containing
30 plasmids due to expression of the SV40 T antigen, such
as tsa201 (Heinzel et al., J. Virol. 62(10):3738-3746
(1988)). Using the KAT system, viral titers in the -
.presence of plasmid replication are 3 to 10-fold
-higher than in the absehce of replication. Whether
35 replicating or nonrepliéating plasmids are used, the
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t?ansdu i ci ency conpared~%e—ﬁrFr3T§'E€rr§1 25 Puri fpecadusyd/eess7CD4+
and CO8+ #%B have been reporﬁgsﬂﬁt@ﬁ&dhm n:-to be infected to

l evel s of 6% 9% wi'th sdpernatant ducer clones (Morecki et
\‘ﬁm 1)9 and pri-mate or human
m cel | s- have only been '

al ., Cahcer |rmmunol. | munother
‘long-tefrm 30 reconstituting hema

infected to [err] 1% w th a producer of titer of 10[err] per m" on NIH 3T3
cellI.s (van Beusechem at al

and Donahue et"A¥ S¥&hFm)P enf‘f{?h"éh?eF?BbérH§°§88Fag§§8 gt Otgﬁ%@( 1992);
neg[err] genexﬂnﬁmbiuaNMSrehmbvhrnshsghéynahantbeﬂithput the need

for generating stable producer 1ipes.

' ~ The retroviral constructs of the invention

5 also find use in the method of the invention to

transduce by cocultivatian, with high efficiency,

mammalian cells, such as primary human cells, that are

typically refractory to7transduction by conventional

means. '

10 _ The plasmids of the. invention also find use
in the construction of stable cell lines that
constitutively produce the retroviral proteins
required in trans for the production of retrovirus
particles: gag, pol and env. These stable packaging

15 constructs can be introduced into human cell lines by

~ calcium phosphate'transfection.or electroporation,
"together with a dominant selectable marker, such as
neo, DHFR*, Gln Synthetase, ADA, followed by selection
in the appropriate drug and isolation of clones. This

20 enables the production of high titer stable producer
clones following introduction of a retroviral
construct into these cells. These cell lines have all
of the same properties of the transiently transfecteg
producer cells. However, due to stable integration of

25 both packaging function and virus vector, they
continue to produce high titer retrovirus
indefinitely.

Plasmids containing the packaging functions
can be split with one encoding the gag and pol genes

30 and a second encoding the env gene product. Packaging
lines containing two viral genomes have been described
(Bosselman et al., Molec. Cell. Biol. 7(5):1797-1806
(1987) ; Markowitz et al., J. Virol. 62(4): 1120-1124
(1988) ; Danos and Mulligan, Proc. Natl. Acad. Sci.

35 (USA) 85:6460-6464 (1988)) and are desirable due to
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5"transc{g§gﬂ ol | s canJ)E—obI—ai—Hed——by"séT'ection However, -sel g6t pRbfodees Ker
expr essi “Deen shown taq thengbgﬂgﬁaous effects on | ong-term gene

expression in vivo in he cells 5 (Apperly et.al. Blood
78:310-317(1991)). An apprf “\lm st significantly increased '
transdueti on of mammal i an MY y- cul ture would be highly -

advant ageous, and this need is currently unnmet. 10 SUMVARY OF THE | NVENTI ON

Vectors thai cPRRCEISRLESFATRLY| SeghcRd PHANGE AN CHe SeRFraFLORCPE,
. replication competent retrovirus (RCR) following - .
recombination between a fetroviral vector and
packaging construct. Use of the plaSmids of the

‘5 invention results in a packaging line yielding the
high efficiency transduction of the transient system,
but with the added ease of a stable packaging system
and the safety of a two genome packaging system. The
novel plasmids of the invention enable a significant

10 advance over previously described two genome packaging
lines. The KAT plasmids encoding gagpol and env genes

_have been constructed so that only protein coding
sequence from the retroviral genome is'prgsent. Using
the retroviral veéto:s described in the invention, no

15 overlap exisﬁs between the retrovirus vector and
packaging genomes at their 3' ends. This structure in
combination with replacement of the gag start codon
(ATG) in the vector with a stop codon'absolutely
precludes the generation of replication competent’

20 retrovirus in contrast to previously described '
packaging lines where cbmplete viral genomes -
containing mutations (Danos and Mulligan, oc. Nat'
Acad. Sci. (USA) 85:6460-6464 (1988)) or deletions
(Bosselman et al., Molec. Cell. Biol. 7(5):1797-1806

25 (1987); Markowitz et al., J. Virol. 62(4): 1120-1124
(1988)). These prior known packaging lines contain

- overlap at the 3' end of the virus vector with the
packaging line and can potentially generate RCR.
Two genome packaging lines are constructed

30 by sequential introduction of the gagpol plasmid
followed by the env- containing plasmid. The env genes
are respénsible for recognition of cell surface

.receptors. Five functionally and structurally
different env genes have been identified in murine .
-35 leukemia viruses and have beeh_shown to have



15 tranqulgamagnd retroviral Hﬁ”? ﬁepﬂu' red for rapot/yssadessri on

of high titer reconbi nant retrov ?Hs by transient '
HI/ [ﬂl“ﬂ nerate stable producer
hod 20 for highly efficient"

-transfection, t hereby elininating
lines. in addltlon the invention

transduetion of ‘manmalian cells that have ‘previ ously been described as
“difficult to transduce with refroviral constructs. The |nvent|on also

e e e GHRLLARL b, Colpyp bR, U S e

retroviral geﬁﬂlnebdu66514§§ulﬁéé (399221 s ﬂ&manuhgsqnnanqsuwitmave been

stably integrahgsihgt 9 §n9ﬁ-u§f Vel o0 4 it L1 f\ﬂﬁ@ stably
transf ect ed Ilnes can E use enerate stabl € cell Ilnes at
conti nuousl y piBBteduction of the amphotropic env gene into a cell

$ line that expresses the ecotropic MLV gagpol (Danos
and Mulligan, Proc. Nat'l. Acad. Sci. USA 85:6460-6464
(1988)) . The xenotropic and 10A1 MLV viruses have
“human host range, as well as the gibbon ape leukemia '
and feline leukemia viruses. Using cDNA clones of

10 these env genes, ohe or more can be stably introduced

. into a gagpol line to create a packaging line where
the retrovirus produced following introduction of a
retroviral vector can enter the target'through

- multiple genetically distinct receptors. This leads to

15 substantial increases in apparent viral titer. The
vectors of the invention provide for the ability to
create these types of novel_packaging lines.

Most of the techniques used to construct
vectors, and transfect and infect cells, are widely

20 practiced in the art, and most practitioners are
familiar with the standard resource materials which

. describe specific conditions and procedures. However,
for convenience, the following paragraphs may serve as
a guideline.' ' :

25 CQnstructlon of the vectors of the invention
employs standard ligation and restriction techniques
which are well understood in the art (see Maniatis et
al., in Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, N.Y. (1982)). Isolated

30 plasmids, DNA sequences, or synthesized '
oligonucleotides are cleaved, tailored, and religated
in the form desired.

. Site-specific DNA cleavage is performed by
treating with the suitable restriction enzyme (or

35 enzymes) under .conditions which are generally




30 r ecoRpHIARbaakeL F OVi rus,[%t | gr. The retrovi raI CONSpéHipEou/de6sy
packag:ng plrasm ds conslstl cedne retroviral hel per DNA

sequence derived froma re ﬂl etent retroviral genone encoding
intranS all virion 35 prot td package a replication: :

I nconpet ent 6 retroviral vector, and forf producing virion proteins
capabl e, of packagi ng the replication |nconpetent retroviral vector at high

ﬁgifgblrgfhout té&ﬁé od c; kghﬁhﬁ gg%p ti_on- co (ﬂqﬁyaggﬂé¥” rus The 5
, , are specifled by the manufacturer of these _
commercially available restriction enzymes. (See,
e.g. New England Biolabs, Product Catalog.) 1In
$ general, about 1-u§ of plasmid or DNA sequences is
cleaved by one unit of ehzyﬁe in about 20 #l of buffer
solution. Typically, an excess of restriction enzyme
is used to insure complete digestion of the DNA
suhstraté. Incubation times of about one hour to two
10 hours at about 370C are wqfkable, although variations
can be tolerated. After each incubation, protein is
rémoved by extraction with phenol/chloroform, and may
be followed by ether extraction, and the nucleic acid
recovered- from aqueous fractions by precipitation with
15 ethanol. If desired, size separation of the cleaved
ffagments may be performed by polyacrylamide gel or
agarose gel electrophoresis using standard techniques.
A general description of size separations is found in
Methods of Enzvmology 65:499-560 (1980).
20 o Restriction cleaved fragments may be blunt
" ended by treating'with the large fragment of E. coli
DNA_polymerase'I (Klenow) in the presence of the four
deoxynucleotide triphosphates (dNTPs) using incubation
times of about 15 to 25 minutes at 200C in 50 mM Tris
25 (pH 7.6) S0 mM NaCl, 6 mM MgCl,, 6 mM DTT and 5-10 uM
dNTPs. The Klenow fragment fills in at 5' sticky ends
but chews back protruding 3* single strands, even
though the four ANTPs are present. If desired,
selective repair can be performed by supplying only
30 one of the dNTPs, or with selected dNTPs, within the
limitations dictated by the nature of the sticky ends.
After treatment with Klenow, the mixture is extracted
.with phenol/chloroform and ethanol précipitated.

Treatment under appropriate conditions with sl
38 | |
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the 3' LTR but encodes the SV40 poI te and-a 10 foreign
enhancef and/ or pronot er which direc} anscription in a cel
type where virus production is desired.- The'retrovirus is a | eukem a virus
such as_a Mol oney Mirine Leuken1a Virus (NWLV) t he Human | nmunodefi ci ency

Vrros 0 Sassass b hatr R reRuker, BovbytRat FAY oalhiy Crondl o
eafly (1E) enmwnymeéuutaﬁdganpwrtibn.enhancer and pronoter (U3 region) of
e ot oney Mr e Sar ol ate (E\ertiEall 5918150 P Rhese cOTE
under the following standard conditlons and |

5§ temperatures: 20 mM Tris-Cl pH 7. 5, 10 mM MgCl,, 10 mM

DTT, 33 mg/ml BSA, 10 mM-SO mM NaCI, and either 40 uM

ATP, 0.01-0.02 (Weiss) unites T4 DNA ligase at 00C

‘(for “sticky end" ligation) or 1 mM ATP, 0.3-0.6

(Weiss) unites T4 DNA ligase at 140C (for "blunt end"

10 1ligation). Intermolecular "sticky end" ligations are
.usually performed at 33-100 ug/ml total DNA .
concentrations (5-100 mM total end concentration).
Intermoleeular blunt end ligations (usually employing
a 10-30 fold molar excess'of-linkefs).are performed at

s 1 nM total ends concentration.

' The retroviral veetors and packaging
plasmids of the KAT system are prepared as follows:
Production of novel retroviral vectors and Qackeging
plasmids . ' _ '

20 The KAT constructs include DNA packaging
plasmids consisting of at least one retroviral helper
DNA sequence derived from a replication—incompetent
retfoviral genome, e.g. a leukemia virus genome, '
encodxng in trans all virion proteins required to

25 package a replication incompetent retroviral vector,
and for producing virion proteins capable of packaging

_ the replication—incompetent retroviral vector at high
titer, without the production of replication-competent
helper virus. In one embodiment the retroviral

30 packaging DNA sequence lacks the region encoding the
native enhancer and/or promoter of the viral 5'LTR of
the virus, and lacks the psi function sequence
responsible for packaging helper genome as well as the
.3' LTR, but encodes a foreign enhancer and/or promoter

35 vwhich directs efficient transcription in a cell type

native and/ or pronDter of the viral 5'l @f the vi #0666l acks
bot h thgﬂgg%ct i on sequence r esgbing Eﬁﬁﬁ v ﬁagl ng he pemsaenorge and

- 14 -
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For ni ngW’r 94f20438FFV) . or the HOW | E enhancerjoined to the p@fm,ﬁ&k-pney
Murine-.Leukem a Virus (MWLV) pr Ehﬁﬂéﬂlhiﬂ@nﬂa@$@®|ral packagi ng plasm d may

consist of two retroviral helper encoded 25 by plasm d based
expression vectors, for exanple el per sequence contains a
cDNA eneodi ng the gag and pol proteins of ecotropic MMLV and a second

hel per sequence contains a cDNA encoding the env protein. The Env gene,

xenotrophic. RFEF bhAe PRegRERIAn T8 44 rEd . Gnd R HRERErER N no) or

10A1 nurine Ieﬁken1pplyadengiatﬁnntsﬁws,_mmeiuraBSﬂxxpﬁxnnLeuken1a Vi rus

b, e\ ShA ot bl BRVERUC BGIAR) ofilinds ld kot

is oined to the leukemia virus genome at the 5° end
5 of the "R" region of the 5' LTR.
The retrovirus may be a Moloney Murine

Leukemia Virus (MMLV), the Human Immunodeficiency
Virus (HIV) or the Gibbon Ape Leukemia virus (GALV).
The foreign enhancer and promoter joined to the R

10 region of the 5' LTR may be the human cytomegalovirus
(HCMV) immediate early (IE) enhancer and promoter (the .
U3 region) of the Moloney Murine Sarcoma Virus (MMSV),
the U3 region of the Rous Sarcoma Virus (RSV), the U3
region of the Spleen Focus Forming Virus (SFFV), or

15 the HCMV IE enhancer jo;ned to the native Moloney
Murine Leukemia Virus (MMLV) promoter.

All psi (y)-packaging plasmids are

derivatives of the plasmid pIKi.l. pIKl.l1l is a
mammalian expression vector constructed by four

20 successive insertions into pMF2, which is created by
inserting the synthetic polylinker 5'-HindIII-SphI-
ECORI-AatII-BglI-XhoI-3' into KpnI and SacI sites of
PSKII (Stratagene, San Diego, CA), with loss of the
Kpn I and Sac I sites. First, a BamHI-Xbal fragmént

25 containing the SV40 T antigen polyadenylation site
(nucleotides 2770 to 2533 of SV40, Reddy et al.,
Science 200:494-502 (1978)) and an NheI-SalI fragment
containing the SV40 origin of repiicétion (nucleotides
5725 to 5578 of SV40) are inserted by three-part

30 1ligation between the BglII and XhoI sites, with the
loss of the BglII, BamHI, XbaIlI, NheI, Sall and XhoI
sites. . These BamHI-Xbal and NheI-Sall fragments are
synthesized by PCR with pSV2neo (Southern and Berg, J.
Mol. Appl. Gen. 1:327-341 (1982)) as the template .

35 using oligonucleotide primer pairs 3 and 4, and 5 and
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protei n, WiOhe4/2943%n T cell |eukem a (HTLV) type | and Il env BEHUSHESET s,
chi meriic envel ope gene derived from conbi nati ons of one or nore of the
af-orenenti oned env genes or chimeric envel ope genes encoding the 5

cytopl asmic and transmenbrane of the aforenentioned env gene products and a
nonocl ohal anti body directed against a specific surface nolecule on a
desired,target cell. Specific enbodinments of the retroviral 10 packagi ng

pl asni ds of t he, Iﬁéepébeavany, ﬂhli@hlllﬂi@&'ﬁ&f‘atéd IHanid.Vat, Nhel

pIK6 1gagpo|ATCEgngaR&KsitL%ng%vt eir respective ends. Second, an
SphI-EcoRI fragment containing the splice acceptor of
‘the human ail globin gene second exon (nucleotides +143

5 to +251) is inserted between the SphlI and EcoRI sites.

This SphI-EcoRI fragment is synthesized by PCR with
pnSVaHP (Treisman et al., Proc. Natl. Acad. Sci. USA
80:7428-7432 (1983)) as the template using
oligonucleotide primers 7 and 8, which incorporate

10 Sphl and EcoRI sites at their respective ends. Thiraq,
the synthetic polylinker S'-EcoRI-BglII-NcoI-Apal=-
RatII-3' is inserted between the.EcoRI and the AatII
sites. Fourth, a HindIII-SacI fragment containing the

| CMV IE enhancer/promoter (nucleotides -674 to =19,

15 Boshart et al., lel 41:521-530 (1985)) and a
chemically synthesized SacI-SphI fragment containing
the CMV IE first exon/splice donor (nucleotides -19 to
+170) are inserted by three-part ligation between the
HindIII and SphI sites. The HindIII-SacI fragment is

20 prepared by PCR with pCDM8 (Seed, Nature 329:840-842
(1987); Seed and Aruffo, Proc. Natl. Acad. Sci. US
84:3365-3369 (1987)) as the template using
oligonucleotide primers 9 and 10, which incorporated
HindIII and Sacl sites at their respective ends.

25 . .

'Primer 3: 5'= GGTCGACCTGGATCCGCCATACCACATTTGTAG -3

Primer 4: 5'- GCCGCGGCTCTAGAGCCAGACATGATAAGATAC -3

P;imer 5: 5'-= AAGCTTGTGCTAGCTATCCCGCCCCTAACTCCG=3'!
" Primer 6: 5'~ CGAAATCGGTCGACCGCAAAAGCCTAGGCCTCC-3'

30 Primer 7: 5'- GTCTATAGCATGCTCCCCTGCTCCGACCCG-3 "
Primer 8: 5'~ GGTACCGAATTCTCCTGCGGGGAGAAGCAG-3'

Primer 9: 5'- CGCCAAGCTTGGCCATTGCATACGGT-3'
Primer 10: 5'- GAGGTCTAGACGGTTCACTAAACGAGCTCT-3'!

35 ____;___————————“*?__
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The i nveWDi 4/29438c| udes retroviral vectors that contain a nodPETRISIBOGEET R,
which é&nables 15 efficient transcription of packagable vector transcripts
in the desired cell type. In addition, the invention includes retroviral
constructs encoding foreign genes. In a nethod of the invention, the
packagi ng 20 plasnmids and retroviral vectors are transiently cotransfected
into a first population of manmalian cells that are capable of producing

virus, such as human enbgyo |§gg§ q&! st %?ga &3 celts (ATCC
No. CRL1573, ﬁ;CC Ro kV?¥I§b£ £ uce fgﬁl h tlter r econbi nant

ro
r et ovi r us- con ra?‘i‘ﬁ‘ﬁﬁlg'ﬁbﬁPnéi‘ﬁﬁt‘@tgPE‘ af H%k% I premeteron this
transiently triamsprxiel byrpéphapemahtonrottheeidhenically synthesized

Sac I / Sph I oligonucleotide encoding -19 to +170,

§ described above, with a chemically synthesized Sac
I/Sph I oligonucleotide where an Xba I site at
nucleotides-+1 to +6 had been introduced to generate
pIK6.1. This allows insertion of any enhancer/promoter
as a ﬁind III to Xba I cassette so as to insert the

10 appropriate enhancer and promoter that will direct the
‘highest possible expression level of the desired.
sequences in the deésired cell type. In order to obtain
the highest expression levels in mouseffibroblast NIH
3T3 (ATCC CRL 1658) or M. dunni (ATCC CRL2017), the

15 'complete MMSV U3 region was synthesized by PCR using
the plasmld pPN7 (Miller et al., Mol. Cell. gig;.

5:431~437 (1985)) as a template and two primers~ one
which encoded a HindIII site and the S' 21 nucleotides
of the U3, and a second which encoded the 3' 21

20 nucleotides of the MMLV U3 region and an Xba I site.
This PCR fragment was cloned between the HindIII and
Xba I sites of pIK6.1 to generate pIK6.1MMSV. In order
to direct high level expression in human cells,
PIK6.1MCV was constructed by isolation of the Nco

25 I/Spe I fragment of the HCMV IE enhancer (Boshart et
al.; supra), addition of synthetic oligonucleotide Becl
I linkers, and insertion in the Bam HI site of the
plasmid pAHB (Dr. P. Robbins, Univereity of
Pittsburgh, Pittsburgh, PA). This plasmid was

30 designated pMCV. pAHB is a plasmid in which the ClaI

' to EcoRI fragment of pZIPneoSVX  (Cepko et.al, supra),
containing viral sequences including the 3!' LTR, has
been cloned into the Clal and Eco RI sites of pBR322
and where the Sau 3AY to Hpa II enhancer fragment of

35 MMLV U3 has been removed. Due. to the homology between
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then cocwnmmd with manmal i anI'mﬁSlG&hasCﬁ

| ynphotyt es,
eff|C|enC|es

to transduce the tar th the foreign gene at hi gh
The i nvention furth I l get cells expressing a .
f orei gn 'gene produced by the neth tion. The foreign gene may

be a chekneric T cel

\.

5 for exanpl e HEREASI4/06667

receptor such as a Crn/zeta or single-antibody

chain/zeta T 35 cell receptor. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 is a diagramghel MIMIADUSS abid itihe) MMsY U3 ) atlie \PCR pybmérs i dgsprabedds of

t he i nvention U%%Q',et %e%r 0‘{', e% tthe

vect or

10

as

35

PR 'G5V [ RoR 3L K RPfikke! " ovi ral

fragment encoding the U3 fragment of pMCV, which was
cloned into pIK6.1 to generate pIK6.1MCV. These
plasmlds, as well as pIK6.1l, were further modified by

deletion of 112 ‘nucleotides of the SV40

"polyadenylation site between the Apal site at the 3°

end of the pIK polylinker and the Hpa I site in the
SV40 polyadenylation site and replacement with an Nhe
I linker to create pIK6.1.Nhe, pIK6.1.MMSV.Nhe and -

pIK.6.1MCV.Nhe.

pIK6.1MMSVampac and pIK6. 1MCVampac were
constructed by insertion of 3813 base Sac I/Sal
fragment encoding a portion of the U3 region, the R, .
and U 5 regions; the gag gene and a pottion of the pol
gene of pMOV psi- (Mann et al., supra), and the 4140
base pair Sal 1-Nhe I fragment encoding pol/env, '
derived from pCRIPamgag-2 (Dr. O. Danos, Institute
Pasteur; Paris, France) between the Sac I and Nhe I

sites of pIK6.1MMSV.Nhe or pKI6.1MCV.Nhe,

respectively. pCRIPamgag-2 is a derivative of
pCRIPamgag where the pBR322 plasmid'backbone has been
replaced by the plasmid pUC19. The resulting plasmids
encode the gag and pol genes from ecotropic MMLV and
the envelope gene from the 4070A amphotfopic MLV
(Chattopadhyay et al., J. Virol. 39(3):777-791 (1981))

and are diagramed in Figure 1A.

- To delete untranslated sequences 3' from the
envelope gene of pIK6.1MCVampac a PCR reaction was
performed using pIK6.1MCVampac as the template with
synthetic oligonucleotides '‘5' CTGATCTTACTCTTTGGACC3'

and 5'GAATTCGCTAGCCTATGGCTCGTACTCTATAG 3°'.

The

resulting 142 basepair PCR product was cut ‘with ClaIl

~ "and NheIl. This 100 base pair fragment was excised and

used to replace the corresponding 172 base pair ClaI

- 18 =
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5 transcW94/2948%K6. 1MVSVanpac, pl K6. IMCVanpac, pl K6. 1gagpol APCT/E§94/06667

pl K6. 13venvATG - Figures2A, 2B, 2C and 2D show the FACS profile of 293
célls transfected With retroviral constructs, as 10 described in Example I,
infra. Figures 3A and 3B show the transduction efficiency determ ned by
Sout her# bl ot anal ysis of. infected 3T3 DNA, as described in Exanple I,
infra. Figure 4 is a bar graph of the data from 15 experinents in which

CD8+ T cel | s wWeioe NHean &Y. of i pBKe6 . iMevanBAE thagikecti on of 293 cells
éﬁ gi

with either pRTDZ2. ZF} 8 EiDQ and plK6.1 anpac, followed by
cocul tivation SLRGt iﬁﬂ? th the CD8+ T cells and anal ysis of
~transduction efficiency IpIKe\ amenvAECUTAbwdsi cofstrpcted by

replacing the 172 base pair Clal to Nhel fragment in
5 pIK6.lamenvATG with the 100 base pair ClaI to Nhel
fragment from pIK6.1MCVampacUTA. PIK6.1MCVamenvATGUTA
was constructed by replacing the 961 base pair Hind
III to Eco RI fragment containing the CMV promotor
and alpha ‘globin splice asceptor in pIK6.lamenvATGUTA
10 with the corresponding 896 base pair Hind III to Eco
. R1 fragment from pIK6.1MCV.

PIK6. 1MCVgagpolATG was constructed by
replaclng the 961 base pair Hind III to Eco RI
fragment containing the CMV promotor and alpha globin

15 splice acceptor in pIK6.1gagpolATG with the .
correspondlng 896 base pair Hind III to Eco Rl
_fragment from pIK6.1MCV.
| The retroviral packaglng plasmids of the
invention, designated pIK6.1MMSVampac and
20 pIK6.1MCVampac, have been deposited with the American
Type Culture Collection (ATCC), 12301 Parklawn Drive,
Rockville, Maryland, under the Budapest Treaty, and
have there been identified as follows: '

25 Plasmid ATCC Accession No. Deposit Date

PIK6.1MMSVampac 75484 June 11, 1993

pPIK6.1MCVampac ' 75483 June 11, 1993

In another emhsdiment, the packaging
30 functions may be encoded by two plasmid based
expression vectors, for example two helper seQuences,
vhere a first helper'ssquencé'contains a cDNA encoding
“the gag and pol proteins of ecotropic MMLV and a
second helper sequence contains a cDNA encoding a
35 retroviral env protein. The Env.gene, which determines
———“‘“*”'"’—'———~—-—. -19 -
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20 i nfr aWOS4aM3 5A 5B, 5C and 5D show the results of FACSPEHHPINI6E67T,¢
hemat opoi etic stem cells transduced with the KAT packaging constructs and
cdcul tivation with 293 ceIIs as described in Exanple II1l, infra. 25

Fi gure & exani nes whet her the cocul tivation of CD34+ cells with KAT
transfeeted 293 cells leads to high efficiency transduction as analyzed by
Southern blotting, as described in Exanple Ill, infra. Figure 7 conpares
the transducti ¢hechbsti tangeiOmaly G&d@erdsieds ﬂrmmaemgstancwi‘ngyst em

as doscr i bed | FhE KRbpE oIS, ARERALE HRIE] WL, BUlpeLRpRED 1| 10
results of FAC&manklfQDQSUEONMﬁmH)CD&H%Q&&NQRH&ﬂQﬂlQﬂK#@@%ﬁV BMS,
Gibbon Ape Leukemia Virus (GALV), the Human
$ Immunodeficiency Virus (gpl60) env proteins; the
Vesicular Stomatitus Virus (VSV) G protein; the Human
T cell leukemia (HTLV) type I and II env gene
products; a chimeric envelope gene derived from
combinations of one or more of the aforementioned env
10. genes; or chimeric envelope genes encoding.thé
'~ cytoplasmic and transmembrane of the aforementioned
env gene products and a monoclonal antibody directed
against a specific surface molecule on a desired
target cell. '
15 . construction of plasmids which reflect this
embodiment is ‘described as follows: pIK6.1gagpolATG,
~encoding the MMLV gag and pol‘génes, was constructed .
~ first by digestion of pMOVpsi- with Sca I, addition of
a Nhe I synthetic linker, redigestion with Afl II and
20 isolation of the 5.2 kb Afl II/Nhe I fragment
(nucleotides'644 to 5869 of MMLV). A synthetic
oligonucleotide encoding nucleotides 621 to 644 of
MMLV (ATG of the gag gene to Afl II), in which the ATG
at nucleotide 621 was conﬁerted to a Nco I site, was
25 ligated together with the Afl II/Nhe I fragment _
‘between the Nco I site polylinker and the Nhe I site
at the 5' end of the SV40 poly adenylation site of
pIK6.1Nhe.
pIK6.lamenvATG, encoding the MLV 4070A Env
30 gene, was constructed by digestion of pCRIPAMGAG-z
(Danos and Mulligan, supra) with Af1 111 and .
.redigestion with either Nhel or HinPl1 and isolation of
the .325 kb HinP 1/Af1 111 fragment . (nucleotides 37 to
' 365 of the MLV 4070A Env gene; (Ott et.al., J. Virol.
35 64(2):757-766(1990)) and the 1.7 kb Afl 111/Nhe 1
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35 transgidrsaheqss O Wi th the KAT plKT retrovirus vector constporis&0édspwi ng
transfection of 293 cells with plKT vectors and cocul tivation, as described
in Exanple 1V, infra. 5 - . DETAI LED DESCRI PTI ON OF THE | NVENTI ON I n
order that the invention herein described may be nore fully understood, the
foll owi ng description is set forth. The present invention provides novel 10
optim zed transient expression plasmds (designated "KAT") for production

of retroviral il oishi "(#P5% hucleotide 365 of the MLV 4070A Env
, . gene;(Ott et.al., supra) to the Nhe 1 site in the MMLV
' 3' LTR of PCRIPAMGAG-2 (Danos and Mulligan, supra)
- respectively. A synthetic oligpnucléqtide encoding
- 5§ nucleotides 37 to 43 of the MLV 4070A Env gene (ATG of
the env gene to HinP 1), in which the ATG at
nucleotide 37 was converted to a Nco I site, was
ligated together with the HinP 1/Af1l 111 fragment and
the Afl 111/Nhe 1 fragment between the Nco I site in .
10 <the polylinker and the Nhe I site at the 5' end of the
SV40 poly adenylation site of pIK6.1Nhe. These
plasmids are dlagramed in Figure 1A.
The two genome retrov1ra1 packaglng plasmids
_ of the inventxon, designated pIK6.lgagpolATG and
15 pIK6.lamenvATG, have been deposited with the American
Type Culture Collection (ATCC), 12301 Parklawn Drive, -
Rockville, Maryland, under the Budapest Treaty, and
have there been identified as follows:

20 Plasmid _ CC _Accession No. Deposit Date

PIK6.1gagpolATG 75486 June 11, 1993
PIK6.lamenvATG 75485 _ June 11, 1993
ovi Vectors
25 | Both single genome and two genome packaging

constructs utilize retroviral vectors that contain
modified 5' LTRs that direct efficient ‘transcription
in the cell type where retrovirus is to be produced.
The retroviral vectors of the invention are modeled

30 after pZen (Johnson et al., The EMBO Journal 8(2) 441~

| 448 (1989)), a neo- version of pZIPneoSVX (Cepko et
al., Cell 37:1053-1062(1985)), in which the gene
_product to be expressed is cloned'downstream of the

.- splice acceptor in the position normally occupied by
35 the neo éassettg (Cepko et al., supra). In addition,

-21 -
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hi gh st cW@42948 | evel s of retroviral packaging functions kB3t e

vector “transcripts are produced follow ng introduction of KAT plasmds into
15 mammual i an cel | s capabl e of efficient transient transfection and
expression, in the absence of plasnmd replication of viral vector and
packagi ng function plasmds. The absence of plasmd replication enabl es
production of high titer virions while mnimzing the 20 potential for

production of wdphilcgagoseguencesntp dio dlie NamyI retbebeHaMMBY. Use of the
S pettearny | SRRt sl 4 Sspgroneg pariptogr 1
Landau and 25 (Rrmeatane el ad SL3516430%650 ALPEY) tPP&
because the KA{hEﬁQhégtn&dfwmﬁlrﬂfﬁﬁyhent of pZIPneoSVX was deleted
5 (Cepko et al., supra). The Eco RI to Apa I polylinker
from piKI.l was inserted downstream of the splice
acceptor to enable transfer of inserts from‘pIK ‘
plasmids into retroviral constructs. The resulting
plasmid is deslgnated pRTD1.2 and contains both 5' and
10 3' MMLV LTRs. The 5' LTR U3 region of pZIPneoSVX was
replaced with the MMSV U3,-derived from the
HindIII/Sac I fragment of pIKMMSV, to generate
PRTD4.2. In pRTD2.2, the U3 region of the 5' LTR of
_ pZIPneoSVX was replaced with the Hind III/Sac I .
15 fragment from pIKi.l encoding the CMV immediate early
_enhancer/pfomotex, which was fused to the MMLV R
region by an oligonucleotide that encodes nﬁcleotides
19 (Sac I) to +1 of the HCMV promoter linked to
nucleotides +1 to +32(KpnI) of MMLV (Schinnick et al.,
.20 Nature 293:543-548 (1980)). PRTD2.2SVG was constructed
by replacement of the (750 bp) Sac I to Bst EII
fragment of pRTD2.2 with the (736 bp) Sac I to Bst EII
fragment of LXSN (Miller and Rosman, BioTechnigues
7:980-990(1989)). PRTD2.2SSA was constructed by
25 replacement of the (1441 bp) Sac I to Eco RI fragment
Oof PRTD2.2 with the (1053 bp) Sac I to Eco RI fragment
of LXSN (Miller and'Rosman, supra). pRiDZ.ZSVGE- was
constructed by synthesis of an oligonucleotide
encoding nucleotides 2878-2955 of pLXSN (GenBank
30 Accession Bank, M28248) which had been appended by
addition of an Apa I site on it's 5' end. This was
used to replace the Apa I to Nhe I fragment of _
PRTD2.2SVG, which contains the DNA sequence 3' of the
"of the polylinker and 5' of the Nhe I site in the 3'

35 LTR. These retroviral vector constructs of the
-
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viral veWQP4RM38 i ds contain the SV40 origin of replicati onPGIAESP404667he
transféeted into cell |{nes that .enable replication of SV40 .
origin-containing 30 plasm ds due to expression of the SV40 T antigen, such
as tsa201 (Heinzel et al., J. Virol. 62(10):3738-3746 (1988)). Using the
KAT syst’em viral titers in the-presence of plasmd replication are 3 to
10-fol d -hi gher than in the absence of replication. Wether 35 replicating
or nonrepl i cat iinventebon dsawe ca UpBR322 hbackbbfieKAhds inicdmdee pRID2 2 rapi d

ﬁ;g,guc“on of 'Bz@fbiié’?rpﬁfﬁé’@é{?é?tpﬁﬁbﬁ?%ﬁ&i—%ﬁ@ %W.%é’&i.ﬁom the
_ In order to permit plasmid replication in
cells which express the SV40 T antigen, the sequences
S between the 5' and 3" LTRs of pPRTD2.2 were cloned
between the SacI and Eco RI sites of pIKl.l1l, described
above, which contains the SV40 origin of replication
to form vector pIKT2.2. pIKT2.25VG was constructed by
~ insertion of the fragment defined at its 5' end by-the
10 Sac I site in the HCMV promoter of pRTD2.2SVG and
defined at its 3' end by an Eco RI site located 750 bp
downstream of the 3' LTR of PRTD2.2SVG, between the
SacI and Eco RI sites of pIKl.l. PpIKT2.2SVGE-F3 was
constructed by replacing the 182 base pair ApaI to
15 Nhel fragment of pIKT2.2SVGF3 with the 80 base pair
Apal to NhelI fragment from pRTD2.2SVGE-F3 as described
above. _
PRT43.2F3 was derived from pIKT2.ZSVGE-F3 by
replacing the Eco RI to Apal polylinker located
20 approximately 750 base pairs downstream from the 3'
LTR with a synthetic oligonucleotide containlng an
AscI recognition site. In addition, the Nde I site at -
the 3' end of the viral gag sequences -has been '
converted to an XhoI site by oligonucleotide
25 -insertion. pRT43.3PGKF3 was derived from pRT43.2F3
first by removal of the 3' LTR in pRT43.2F3 and
insertion of a 3' LTR in which the sequences from
PvulIl to Xbal were deleted (MMLV, GenBank session
#J02255 nucleotide numbers 7938-8115). In addition
30 the MMLV splice acceptor region has been replaced with
the human phosphoglycerate kinase gene promotor
(GenBank session #M11958 nucleotides 2-~516) which was
. Cloned into a polylinker with a XhoI site at its 5!

end and an Eco RI at its 3' end.
35
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for geneW&34R343%: abl e producer lines. The retroviral const r RGHUSHE
inventi.-on 5 also find use in the method of the invention to transduce by
cocul tivation,. with hlgh ef ficiency, manmalian cells, such as prinmary hunan
cells, that are typically refractory to transduction by conventi onal neans.
- 10 .t "The plasm ds of the invention also find use in the
construction of stable-cell lines that constitutively produce the
retroviral proteins requinednenembadimemt bﬁetmmommmraninﬂlr!n¢tmrsus

particles: gag,.p he S ?ﬂﬂ an be
I nt’r oduced i nt$ f ei&a g‘e’?ﬂ‘éﬁ'?ﬁéss&k %’g’l@c:au%%; 0S e{%te trans ec%%%e‘gr
eIectroporatloﬁnt90§§mne1iﬂntﬁa§995npﬁ%%5 £ eheas
- invention, for expression of chlmeric receptor
5 constructs are prepared. The constructiqn of the

chimeric receptor constructs is described below.

CD4/CD3 zeta and Anti-HIV/CD3 ze e vec
_ KAT retroviral vectors pRTD2.2F3, '

10 PpRTD2.2SVGF3, pRTD2.2SSAF3, pRTD2.2SVGF3E-,
pIKT2.2SVGF3 were constructed by Eco RI/Apa I
digestion of pIKF3 (described below), isolation of the
1.9 kb fragment, followed by ligation of this fragment
between the Eco RI and Apa I sites in the pIK

15 polylinker of the vectors pRTD2.2, pPRTD2.25VG,
PRTD2.2SSAF3, pRTD2.2SVGE-, pIKT2.2S8VG. KAT
retroviral vector pRTD2.2F15 was constructed by Eco
RI/Apa I digestion of pIKF1lSneo (described below),
isolation of the 2.2 kb fragment, followed by ligation

20 of this fragment between the Eco RI and Apa I sites in
the pIK polylinker of the vector pRTD2.2. These
vectors encode a chimeric molecule containing the
extracellular domain of human CD4 (F3 derivatives) or
a single chain antibody against gp4l of HIV (F15 )

25 derivatives), respectively, fused to the cytoplasmic
domain of the CD4 receptor (amino acids 372-395 of the
mature CD4 chain) and the transmembrane domain of the
CD3-complex associated-gene zeta ({) (amino acids 372-
395 of the mature zeta chain). Chimeric receptor -

30 cassettes encoding either the extracellular domains
‘(residues 1-371 of the mature CD4 protein) of the
human CD4 receptor (designated F3) or a single chain
antibody to HIV gp4l derived from a human antibody
' (98.6) specific for the gp4l moiety of the HIV

35 envelope protein (designated F15) were fused to the

-—~“__‘_‘__‘-_§- - 24 -
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neo, DHWY® 9428438 Synt het ase, ADA, fol l owed by selection in t RETAPIMEE647,1 e
drug and ‘isolation of clones. This 20 " enabl es the production of high titer
stfabl e producer cl'ones fol lowing introduction of a retroviral construct
into these cells. These cel'l lines have all of the same properties of the
transiently transfected producer cells. However, due.-to stable integration
of 25 both packaging function and virus vector, they continue to produce
high titer retgpwif whainedndi¢kdyed Pbatwedn thet Zcoi R tandl Rpekakyi ng

2228?1?2?1083.%8&#;'%#%%? P iRt fEeRCa §€F%ag TR L0 s RS G T
genones have antibedy, ithel viniebleaﬂom@ias o NDP&& the heayyjand
'7(5) 1797 180511ght chain genes.were'covalently linked via a peptide
5 tether, to create an antigen binding site on a single
molecule. ' . _
" A more detailed description of the
construction of the chimeric receptors follows.

10 Construction of CD4-geta Chimeras
Plasmid pGEM3zeta bears the human zeta cDNA

(Weissman et al., Proc. Natl. Acad. Sci. USA 85:9709-
9713 (1988). The plasmid pBS.L3T4 bears the human CD4
cDNA (Littman and Gettner, Nature 325:453-455 (1987)).

15 A BanHI-Apal restriction fragment (approximately 0.64
kb) encompassing the entire human zeta chain coding

- sequence from residue 7 of the extracellular (EXT)

domain, was excised from-pGEM3zeta; and subcloned into
the BamHI and Apal restriction sites of the polylinker

20 of pBluescript II SK (+) 9pSK is a phagemid based
cloning vector from Stratagene (San Diego, Ca),
generating pSK.zeta. Subsequently, a BamHI
restriction fragment encompassing the entire CD4
coding sequence (approximately 1.8 kb) was excised

25 from pBS.L3T4, and subcloned into the BamHI site of
pSK.zeta, generating pSK.CD4.zeta.

' ‘Single-stranded DNA was prepared from

PSK.CD4.zeta (stfatagene pBluescript II protocol), and

_ used as a template for oligonucleotide-mediated

30 directional mutagenesis (2011er and Smith, Nucleic

'~ Acids Res. 10:6487-6500 (1982)) in order to generate
CD4-zeta chimeras with the desired junctions described
below. CD4-zeta fusions 1, 2, and 3 were éubsequently
'sequenced.Via the Sanger dideoxynucleotide technique

35 (Sanger et al., Proc. Natl. Acad. Sci. 74:5463-5467
- - 285 -
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(1987); WOrsMBM8z et al., J. Virol. 62(4): 1120-1124 (1988);PTHHIW/GAE
Miul I'i gan, Proc. Natl. Acad. Sci. 35 (USA) 85:6460-6464 (1988)) and are
desirable due to the significantly reduced chance for the generation of.
replication conpetent retrovirus (RCR) fol |l owi ng reconbi nati on between a
retrovi fal vector and packagi ng construct. Use of the plasmds of the 5

I nvention results in a packaging line yielding the high efficiency

t ransducti on ot19h9)ouaexbdseds;ﬁigmugﬁ&&uyinrrestrimm&ﬂheﬁsagnéntsstabIe

: B?;ls(?ngldggo?ytsthggpﬁggﬁh on ena ?ﬁg@cap%l I cant Wgﬁﬁyéé%r-rhe novel

pIK.1l.1 or pIK.l.l.Neo at identical sites.
) An EcoRI-BapHI restriction fragment

§ (approximately 1.8 kb) encompassing the entire coding
region of CD4 was excised from pSK.CD4.zeta, and
subcloned between the EcoRI and BglII sites of the
pIK.1.1 or pIK.1l.1l.Neo polylinker. '

' The plasmid pUCRNeoG (Hudziak, et al., Cell

10 (1982) 31:137-146) carries the neomycin gene under the
transcriptional control of the Rous Sarcoma virus
(RSV) 3' LTR. The RSV-neo cassette was excised from
PURCNeoG as a HincII restriction fragment
(approximately 2.3 kb), and subcloned between the two

15 §_QI sites of pIK.l1l.1, generating pIK.1l.l1l.Neo. '

The CD4-zeta chimeric receptor F3 was

‘constructed from the extracellular (EC) and
cytoplasmic (CYT) domains of CD4 and zeta
respectively. The transmembrane (TM) domain of this

20 receptor was derived from CD4. F3 retains the CD4 EXT
domain comprising all four V domains (residues 1-371
of the mature CD4 protein), the TM domain of CD4
(residues 372-395. of the mature CD4 chain), and the
CYT domain of zeta (residues 31-142 of the mature zeta

25 chain). |

Preparation of 8ingle chain Antibody-zete Chimeric
Receptor

Construction of expression vector encoding the heavy -
30 chain of human monoclonal antibody (mAb) 98.6:

To direct the expression of the heavy chain
of human mAb 98.6 (S. Zolla-Pazner, Proc. Natl. Acad.
Sci. (1989) 86:1624-1628), the plasmid pIK.98.6~yFL

. was constructed. A full length IgGl heavy chain cDNA
35 Wwas generated by reverse transcription of 5 ug of
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10 advar¥¥@ 98@#M38pr evi ousl y described two genone packagi ng | i FfESUSIYRS6EIAT

pl asmds encodi ng .gagpol- and env genes have been constructed so that only
ptfotei n coding sequence fromthe retroviral genome is present. Using the
retroviral vectors described in the invention, no 15 overlap exists between
t he retriovirus vector -and packagi ng genones at their 3' ends. This
structure in conbination with replacenent of the gag start codon (ATG in
the vector w ttotaktRiACOHoR theoteldl 1ipecSP+dg9d.e (BoklmiPaznert,

backagi ng |1 nelaRAr €ng ol SHGrAT, BB EBE BiTnert, HElIGUR B 000
and Ml | igan, Using ohigénuatedtidei priwsxe 35 avsD-H4iEee 1E)Y) or
del eti ons. ( Bosfgk M Skbakco Kb! €5 BGE! 1 PrdlgmeHtd aly Yrdris
5 between the Eco RI and Bgl II sites of pIKl.1. To
" ensure that the heavy chain would be of the desired
allotypé, the Kas I-Bgl II fragment of the cDNA was
replaced with a 0.94 kb Kas I - Bgl II fragment from
pIK.Cyl. pIK.Cyl was constructed by the insertion-of
10 a cDNA coding for the constant region of IgGl heavy
chain obtained by PCR using DNA from a human spleén
cDNA library (Clontech, Inc., Palo Alto, CA) as
substrate and oligonucleotide primers 2 and 18 (see
below), between the Eco RI and Bgl II sites of pIKi.1l.
15 . -
- Construction of expression vector encoding the light
chain of human monoclonal antibedy (mAb) 98.6: |

To direct the expression of the light chain

20 of mAb 98.6, the plasmid pIK.98.6«FL was constructed.
A full length IgGl light chain cDNA was generated by
reverse transcriptioh of 5 pg of total RNA from the
cell line SP-1/98.6 using pdN, (Pharmacia/LKB) as the
primer, followed by PCR with primers 19 and 20 (see

25 below). The 0.78 fragment was then cut with Eco RI
and Bgl II and cloned between the Eco RI and Bgl II
sites of pIKl.1.

Construction of expression vector encoding SAb derived
30 from the heavy and light chains of mAb 98.6:

. a) Construction of pIK98.6-K/L/H:

: To direct the expression of a siﬁg;efchain
35 antibody (SAb) form of mAb 98.6, pIK.98.6-K/L/H was

ﬂ'_____ﬂ,,_.f*———"ﬁ.-- 27 =
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25 (198ihggmagﬁgmntz et al., J. Virol. 62(4): 1120-1124 ( 19FEAYUSIRIN6EST

prior known packagi ng ||nes contain overlap at the 3 end of the virus

vector with the packagi'ng line and can potentially generate RCR. Two gehone |,
packaglng lines are constructed 30 by sequential introduction of the gagpol
pl asm d-fol |l owed by the env- containing plasnm d. The env genes are
responsi.bl e for recognition of cell surface receptors. Five functionally

and structural Ly, &at e@ﬁeggﬂsseﬁafasﬁaanddﬁﬁﬂédafﬁtlﬁhénwlne 35
| eukemi a viruseg" and ave been shown t0 have 12
. secretion leader sequence and amino acids 1-107 of the

mature 98.6 mAb light chain variable (Vy) region fused
to a 14 amino acid linker of the sequence ,

5 GSTSGSGSSEGKG (L212, Betzyk et al., J. Biol. Chem.
(1990) 265:18615-18620), which in turn was fused to
amino acid 1 of the mature 98.6 mAb heavy chain Vy

" region. This was then fused at amino acid 113 to
amino acid 234 of the IgGl heavy chain constant

10 region, in order to delete the CH1l domain of the IgGl
‘'heavy chain constant region for improved secretion.
pIK.98.6-K/L/H was constructed in three steps.

. First, deletion mutagenesis was performed to
fuse amino acid 113 of the V, region of mAb 98.6 to

15 amino acid 234 of the IgGl heavy chain, using the

- single stranded template form of pIK.98.6-yFL as the
template and oligonucleotide 21 as primer (see below).
Correctly deleted plasmids were found using
oligcnucleofide 22 as a probe (see below). This

20 plasmid is referred to as pIK.H/Fc-int. To fusehamino

- acid 107 to the amino terminus of the linker peptide,
the V, region of the mAb 98.6 light chain was generated
by PCR using pIK.98.6-xFL as substrate and B
oligonucleotides 23 and 24 as primers (see below).

25 fThis was done to place a Sal I site at the 3' end of
the V, sequence, without altering the amino acid -
sequence of the resulting ptotein. This fragment,
together with oligonucleotides 25 and 26 (see below)
was ligated between the EcoRI and Bgl II sites_of'

30 pIK1l.1, generating the plasmid pIK.K/L-int.

In the final step, the 0.45 kb fragment of
_pIK.K/L-int_was cloned between the Eco RI and Kpn I
_sites of pIK.H/Fc-int., generating plasmid pIK.K/L/H-

int. Single-stranded DNA from this plasmid was used
3s :
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genet i caWO4R9438 nct receptors (Battini et al., J. of Virol. PEEUPIHAC667 7 5
(1992) ). Human host range Wi th nurine Ieuken1a virus vectors is possible by
the |ntroduct|on of the anphotropic env gene into a cell 5 line that
expresses the ecotropic MV gagpol (Danos and Milligan, Proc. Nat'l. Acad.
Sci. USA 85:6460-6464 (1988)). The xenotropic and 10A1 M.V viruses have
human host range, as well as the gi bbon ape | eukem a and feline | eukem a _
vi ruses. Usi ngasDI‘Hbmylmtes afd hligmmmgée@? vas usedpes Paimer st abl y

i ntroduced i nt %%gﬁ Jl Py T-IF Ho ol ct o&r %ﬁﬂh%ihhﬂeawiﬁroe ddia

retrovirus pro UCEd aretrovir vector can enter

e
the target thr efgiheylinker &a@]émjeml?cmsllﬁgt the ¥pt Begion,pf mARys to
15 substantial ggN@ ¢35 Heldt R MHEgenésisl i t @brrébely deleted

[ plasmids were found using oligonucleotide 28 as a
probe (see below). The resulting plasmid is
pPIK.98.6K/L/H.

b) Construction of pIK.CD4vy2:
10 ’ ' .
The plasmid pIK.CD4y2 was constructed to
direct the expression of a fusion protein composed of
the secretion leader and the first 180 amino acids of
the mature CD4 antigen fused to amino acid 234 of the
15 human IgG2 heavy chain qoﬁstant region and thus
containing part of the hinge and all of the CH2 and
CH3 domains. This deletes the CH1 domain of the IgG2
heavy chain for improved secretion. pIK.CD4vy2 was
constructed by éenerating a fragment containing the Fc
20 portion of the human IgG2 heavy chain by PCR using DNA
from a human spleen cDNA library (Clontech) as
substrate and oligonucleotides 3 and 4 as the primers.
" The 0.75 kb Nhe I to Bgl II fragment generated was
ligated together with the 0.6 kb Eco RI to Nhe I
25 -fragment from pSKCD4{ between the Eco RI and Bgl II
- sites of pIK1l.l.

c) Construction of pIK.F5:

30 The plasmids pIK.F7 was constructed to
direct expression'of several versions of CD4/IgG/zeta
(%) fusion_proteins'which all contain a human
membrane-bound IgG membrane hinge domain (Tyler et al.

' (1982) Proc. Natl. Acad. Sc :2008-2012). Each
35 protein to be expressed contained amino acids 1-180 of
/
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vectors‘@?’@ﬁ%ﬂpnventlon provide for the ability to create FETse types of
novel hackaging |ines. Mst of the technlques used to construct vectors,

and transfect and infect cells, are widely 20 practiced in the art, and
nmost practitioners are fan1I|ar with the standard resource naterials whi ch
descri be specific conditions and procedures. However, for conveni ence, the
fol |l ow ng parggraphs may serve_as a_guideli ne. ?ﬁ Construction
of the vector R4 ¥eeePEoEnt fohlensfoby amingars Sy 281 4o @5 FHMAR ¢ i on

}Vglghni lquesdmhl 2 Redfy| cHadf’ ebAstant kbglaht foadoved By ks ¥8., in
(1982)) 1 sol ABEpaoaEEd e BetbrARS 3 nHE, Songiin i PSR, %f‘tfﬂ atory. N
(Bensmana and Lefranc, (1990) Imm_ngggngg;g_ 32:321~
5 330), followed by a transmembrane domaiﬁ, followed by
amino acids 31-142 of the human { chain. pIK.F7
contains the transmembrane domain (amino acids 372-
395) of CD4. -

© 10 ' To construct this plasmid, the first step
was cloning the human IgG3 M1l exon (Bensmana and
Lefranc, §gg;§). This was done by generating a 0.13
kb Bam HI to Bgl II fragment containing the M1 exon by
PCR using DNA from the human cell line W138 as
15 substrate and oligonucleotides 7 and 8, and cloning it
into the Bgl II site of pIK.CD4vy2. The resulting
plasmid is referred to as pIK.CH3/Ml-int. Single
stranded DNA from this plasmid was used as'template
and oligonucleotide 9 was used as the primer to fuse
20 amino acid 445 of human IgG2 to the first amino acid
of the IgG3 membrane hinge domain by deletion
mutagenesis. The fusion is designed to generate the
-sequence found at the natural junction between CH3 and
M1 in membrane-bound IgG molecules. Correctly deleted
25 clones were found using oligonucleotide 10 as a probe.
The resulting plasmid is referred to as pIK.CD4y2/Ml. .
pPIK.CD442/M1 was cut with Bgl II and blunted
with T4 polymerase, then cut with Nhe I. The
resulting 0.83 kb fragment was ligated together with
‘30 the 1.3 kb Pvu II to Apa I fragment from pIK.F3
- between the Nhe I and Apa I sites of pIK.CD4y2 to
generate the plasmid pIK.F7-int. Single stranded DNA
~ from this plasmid was used as template and
‘oligonuclectide 15 was used as the primer to fuse the
35 last amino acid of the IgG3 M1 membrane hinge domain

- - 30 -
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ol i gonuoWO®428438 are cl eaved, tailored, and religated in t hePEHUSPHAESST .
Site-specific DNA cleavage is perforned by treating with the suitable
restriction enzyne (or 35 enzynes) under conditions which are generally

13 understood in the art, and the particulars of which are specified by the
manuf acturer of these connerciaLIy avai l abl e restriction enzynes. (See,

e.g. New Engl and Bi ol abs, Product Catalog.) In 5 general, about 1 [err]g

of plasnid or PhAamefideacd]d i3y2CloF\col mycnewaibnoﬁueaggnesus.about 20
[etr]l of bUffgorrectly deleted clones were found by using
' oligonucleotide 16 as a probe. The resulting plasmid
is pIK.F7. _ '
5 B . The oligonucleotides used as.primers and
probes as described above were as follows:
| ' ’ Oligonucleotides '
2. CGGAGATCTCGTGCGACCGCGAGAGCC
3. GGAATTCGCTAGCTTTCCAGGAGCGCAAATGTTGTGTC
10 4. CGGAGATCTC(A/G)CGCGACCCCGAGAGCC
. 7. CGGGATCCAGAGCTGCAACTGGAG
8. GAAGATCTGACCTTGAAGAAGGTGAC
9. TCTCCTéCAGTTGCAGCTCCGGAGACAGGGAGAGGC
10. TTGCAGCTCCGGAGAC
i5 15. 'CAGCACAATCAGGGCCATGTCCAGCTCCCCGTCCTG
16. AGGGCCATGTCCAGCT
17. CGGAATTCGGTACCTCCTGTGCAAGAAC
18. CGGAATTCGCCTCCACCAAGGGCCCA
19. CGGAATTCACGCGTCCCAGTCAGGACACAGC.
20 20. GAGAGAGATCTGCTAGCGGTCAGGCTGGAACTGAG
21. GCATGTGTGAGTTTTGTCTGAGGAGACGGTGACCAG
22. GTTTTGTCTGAGGAGA
23. GTGACAGTCGACCCCTTGAAGTCCACTTTGGT
24. CCACCCCTCACTCTGCTTCTC
25 25. TCGACCAGCGGCAGCGGCAAGAGCAGCGAGGGTAAGGGTACCA
" 26. GATCTGGTACCCTTACCCTCGCTGCTCTTGCCGCTGCCGCTGG
27. CTCCTGTAGTAGCACCTGACCCTTACCCTCGCTGCT
28. AGCACCTGACCCTTAC

30 .ggns;zgé;ion of pIK.FlSneo: _

To direct the expression of a fusion protein
consisting of the K/L/H SAb form of mAb 98.6 linked at
amino acid 445 of the IgGl heavy chain to the 18 amino

acid IgG3 M1 membrane hinge, which was in turn fused
35 to the CD4 transmembrane domain (amino acids 372-395)
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solutlonNOIypwcmlly, an excess of restriction enzyme is used®CTAUSINGFET
conpl et,e digestion of the DNA substrate. Incubation times of about one hour
to two 10 hours at’ about 370C are workabl e, .al though variations can be
tolerated. After each incubation, protein is renoved by extraction with
phenol / ehl orof orm and may be fol | owed by ether extraction, and the nucleic
acid recovered from aqueous fractions by precipitation wwth 15 ethanol.

I'f desired, si aads?peytbpqasmid ae:nfaieavainfﬂ@@rms :rm-yllm:) perfornmed by

PO YaET YL 2oo8E, Yhngr ARt PR h e LU b AT R 8 Witnoos

~of Enzynol ogy &5f#agmeht pfg&mx SBOGjK/ng betwesn rthe iNsicleaibes .
fragments may Be REkNE76R8°And o 'And beVde (dhrtddd%riaaEE ioAl B COl

5 was selected.

oduction Ret s ma cells
' Single or double genome KAT packaging
plasmids, for example pIK6.l1lMMSVampac,plKé6.l1lMCVampac,

10 or pIK6.lamenvATG and pIK6. 1gagpolATG (all described
above), together with KAT retroviral constructs, for
example, but not limited to pRTD2.2F3, PRTD2.2SVGF3,
pRTD2.2SSAF3, pRTD2.2SVGF3E-, pIKT2.2SVGF3, pRTD2.2F15
(as described above), prepared as described above, are

15 introduced into mammalian cells that can produce virus

' by standard means such as calcium phosphate

_ cotransfection (Wigler et al., ocC. cad. Sci.
"USA 76:1373-1377 (1979)). Mammalian cells that can
produce virus and that may be transfected by the KAT

20 constructs of the invention include, but are not -
limited to, human eﬁbryonic kidney cells such as 293
cells, tsa20l1 cells, mouse 3T3 mouse fibroblasts, M.
dunni fibroblasts, and African green monkey kidney
(COS) cells. Transfected cells are assayed for surface

25 expression of the chimeric receptor by FACS to verify
-that DNA constructs have been successfully introduced.

Viral supernatants are harvested using
standard techniques such as filtration of supernatants
48 hours post transfection. The viral titer is _

30 determined by infection of 10° NIH 3T3 cells with an
appropriate amount of viral supernatant, in the
presence of 8 ug/ml polybrene (Sigma Chemical Co., St.
Louis, MO). 48 hours later, the transduction _
‘efficiency of the 3T3 cells is assayed by both FACS

35 analysis and Southern blotting.
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DNA pol yWersa2s8d38 (Kl enow) in the presence of the four deoxyrREHEEN/RAE67

tri phosphates (dNTPs) using incubation tinmes of about 15 to 25 m nutes at
Z00C in 50 MM Tris 25 (pH 7..6) 50 MM Nall, 6 MM MgCl [err]:, 6 nM DIT and
5-10 [err] M dNTPs. The Kl enow fragnent fillsin at 5 sticky ends but chews
back pretruding 3' single strands, even though the four dNTPs are present.

| f desired, selectlve repalr can be perforned by supplylng only.30 one of

the dNTPs, or #ié , gt § of | tai-dati celldi ct at ed by t he
™

t f th o
nature of "the stic A %%bﬁ%tﬁﬁﬁbﬁ?&%eﬁﬂg reaz lrJnrs\ﬁtlﬁnder

extracted with phenol/ch 55 M
appropriate cocdnstmbs oif $lhe8&nvention are further used to

transduce mammalian target cells with a foreign gene

5 at high efficiency by cocultivation of KAT transfected
cells with the mammalian target_ceils. In a preferred
embodiment, desired virus producing cells, such as 293
cells, are transfected with the appropriate KAT
constructs, then 24 hours post transfectioﬁ, the

10 transfected 293 cells are cocultivate§ for 48 hours

~with the purified mammalian target cells, such as CD8+
T.ceils. The target cells are harvested using
standard procedures, expanded and tested for
transduction efficiency, by well-known techniques such

15 as flow cytometry or Fluorescence-activated Cell
Sorter- (FACS) analysis and Southern blot DNA analyses.
Transduction efficiency is defined as the percentage
of positive transduced cells as measured by FACS or
Southern blot ahalysis compared to controls.

20 Using the KAT constructs transfected into
human 293 cells to produce virus, a from 5 to 50-fold
increase in viral titer as determined by'supernatant
infectién of -established déll'lines, such as 3T3, is
obtained, when compared to virus produced by the

25 previously described COS transient virus'produétion

' system (Landau and Litman, supra). In addition,
primary human cells such as hematopoietic stem cells .
and human T cells, are transduced at levels 3 to 20
fold greater by cocultivation with KAT plasmid

30 transfected 293 cells, than traditional packaging
lines such as PA317 (Miller and Buttimore, supra).

" While not wishing to be bound by any
particular theory of the invention, it is believed
that the high efficiency transduction of human target

35 cells obtained using the method of the invention is

: b - 33 -
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14 nucl S8OH429438al - 31 results in hydrolysis of any singl e- stBGH{UE4/06667: i on.
Ligatians are performed in 15-50 [err]l volunmes under the follow ng
standard conditions and 5 tenperatures: 20 nM Tris-d pH 7.5, 10 nM

Myd [err], 10 MM DTT, 33 ng/m BSA, 10.nM 50 nM Nad, and egither 40 [err]M
ATP, 0.61-0.02 (Weiss) unites T4 DNA |igase at OOC (for ™sticky end"
IigatiOn).or 1 mM ATP, 0.3-0.6 (Weiss) unites T4 DNA |igase at 140C (for
"blunt end" 10melii@gedoBy- cehukekﬂn|@@HﬁactEﬁﬁ(ﬂheeinﬁrévgnalbys are

usual |y per{or pedeal 33500 56l el Usthn e CAEGAL"@bi 0 £Ra100 ™

end conc
~ component of human 293 cells which effects high

efficiency transduction of various target cells is

5 expected to be a protein or lipid synthesized by the
293 cells. To determine the active component of this
systen, the membrane proteins and lipids of 293 cells
are purified using known procedures and the ability of
various purified components is tested for its ability

10 to effect the transduction efficiency of the target
_cells. Once the active component is identified it can
be synthesized by recombinant DNA or chemical
technique. These synthesized components may be
incorporated into virus particles to enhance the

15 transduction efficiency of supernatants.

Suitable target cells are any mammalian
, cells of interest, and include, but are rnot limited to
lymphocytes, particularly cytotoxic T cells, human

_ hematopoietic stem cells, fibroblasts, epithelial

20 cells, endothelial cells, myoblasts, retinal
epithelial cells, islets of Langerhans, adrenal
medulla cells, osteoblasts, osteoclasts, neurons,
glial cells, gamglion cells, embryonic stem cells, and
hepatocytes.

25 The genes which may be introduced into the
target cells include, but are not .limited to genes
encoding chimeric receptors for signal transduction in
lymphocytes, such as those described in copending U.S.

~ patent application Serial No. 988,194, filed December
30 9, 1992, the disclosure of which is incorporated in
its entirety herein by reference; growth factors, such
as G-, M- and GM-colony stimulating factor (CSF),
epidermal growth factor, platelet derived growth
'factor, transforming growth factor (TGF) and stem cell
35 growth factor (SCF); lymphokines such as the
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| nt er nol wouP4129488 unt end |igati ons (usually enploying ‘a 10- 3@CTAISI4M06662r
excess "of linkers)_are performed at 15 1 [err]Mtotal ends concentration.
The retroviral vectors and packagi ng plasnm ds of the KAT system are :
prepared as follows: Production of novel retroviral vectors and packaai ng
‘pl asm ds 20 The KAT constructs include DNA packagi ng pl asm ds
consi sti-ng of at least one retroviral hel per DNA sequence derived froma

replication- Inq%&tﬁukiﬁr %i-ﬁbneeneﬁen &sgAchﬂ eubﬁat%m\édiu:s genorre,
encoding in trgns V|r|on rot INns require ackage a re | ication
i nconpet ent reﬂFEﬂ* f oD rSBEgpﬁﬁgépplg CEFng Bl e of
packaging thelraﬂtdzHVIIEIiunwmﬁ¢EGt IXEr ther Huledaray Rbdﬁsﬁance
Drug (MDR) gene; human adenosine deaminase (ADA);
S glucose cerebrosidase; the normal S-globin gene and
erythopoietin (EPO). | '

The following examples are presented to
illustrate the present invention and to assist one of
ordinary ekill in making and using the same. The

10 examples are not intended in any way to otherwise
1imit the scope of the disclosure or the protection
granted by Letters Patent hereon.

EXAMPLE I

15
sient oductio f High Titer Recombinan
trov
) 1 ansfection and i c [+

20 stab hed ce e

Human embryonic kidney cells, designated 293
cells (ATCC. CRL 1573, ATCC, Rockville, MD) cells were
grown in DMEM (JHR Biosciences, Lenexa, Kansas), 1 g/l

25 glucose, 10% Donor calf serum (Tissue Culture
'Biologics, Tulare, CA) and split 1:10 every 3 days.
3T3 (ATCC CRL1573) cells were grown in DMEM (JHR
Biosciences), 4.5 g/l glucose, 10% Dopof calf serun
(Tiésue Culture Biologics) and split 1:10 every 3

30 days. COS (ATCC CRL1650) cells were grown in DME/F12
(GIBCO, Grand Island, NY), 10% fetal bovine serum
(Tissue Culture Biologics, Tulare, CA) and split 1:10

~every 3 days. tsa20l cells, a derivative of 293s
which contain the temperature sensitive mutant of the

35 . SV40 T antigen co-transfected with the neomycin
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titer, wtl he production of replication:conpetent hel ' n one
enbodi,rraﬁégm“&et\r oviral - 30 packagi ng DNA sequence | acks f?g'l‘\r/%%?@ﬁtié
encodi ng the native enhancer and/or pronoter of the viral 5 LTR of the
virus, and lacks the psi function sequence responsible for packagi ng hel per
genone as .well ‘as- the 3' LTR, but encodes a foreign enhancer and/or

pronmoter 35 which directs efficient transcription in a cell type 15
where virus production is desired, and includes_an_SVv4Q pol yadenyl ati on
site. The trarkesigkansegeneafieinzel el alne ﬂé&@ﬂéﬁﬁenhancer and
pronot er 62(10):3738-3746 (1988)), were grown in DME/F12

(GIBCO), 10% fetal bovine serum (Tissue Culture
Biologics) and split 1:10_every'3 days. 293 cells and
5 tsa20l1 cells were plated 1x10° and 0.5x10° cells per 10
~ cm plate, respectively, 48 hours prior to
transfection. COS and 3T3 cells were plated at 0.5x10°
cells per io cm plate 24 hours prior to transfection.
10 ug of eaéh'plasmid, alone or in various
10 combinations, was transfected by calcium phosphate
coprecipitation (Wigler et al., supra) for all cell
' types. 24 hours following transfection, the media was
changed. 24 hours later, viral supernatants were
. harvested and filtered through a 0.45 um filter and
15 flash frozen-on dry ice. 3T3 cells were plafed at
0.5x10° cells per 10 cm plate 24 hours prior to
infection. Infections were carried out in 5 ml of
media containing viral supernatant and 8 ug/ml
polybrene (Sigma Chemical Co., St. Louis, MO). 24
20 hours following infection, the media was changed to
polybrene-free media and the cells were grown for an
additional 24 hours. '

293 cells produced high titer retrovirus following
25 transjent transfection ' L
"+ 293 cells were'assayed for their ability to
transiently produce'recombinant retrovirus upon
cotransfection with the either the KAT packaging
plasmid(s) pIK6.1MCVampac or pIKé6.lamenvATG and
30 pIK6.1gagpolATG,and the retroviral vectors pRTD2.2F3,
pRTD2 -2SVGF3, pPRTD2.2SSAF3, pRTD2. 2SVGF3E-,
PIKT2.2SVGF3, and PRTD2.2F15, encoding the F3 or F15
.chimeric receptors, by harvesting viral supernatants
48 hours post transfection, followed by infection of
35 mouse 3T3 cells, and FACs analysis 48 hours later.

.- 36 - .
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IS | 0 Neye g | eukeni a virus genone at the 5 end 5 of thecfRisdagséy Of
the 5 .L e retrovirus may be a Ml oney Mirine Leukema Virus (MLV), -~
t he Hunan Innunodef|0|ency Virus (H'V) or the G bbon Ape Leukem a virus
(GALV). The foreign enhancer and pronoter joined to the R 10 region-of the
5 LTR ray be the human cytonegal ovirus (HCW) inmmedi ate early (IE)
enhancer. and pronoter (the .U3 region) of the Ml oney Mirine Sar conma Virus

Spl een’ Focus For mong i1 OF SERGS, 38R 198 1ey: WEArHaE aitel s FH8G Lo ne
nat,i ve Mol oney émoved L £mémeni thei cultikkl dishr dmtthe abdemse of
g[e”]) paCkag'é%ﬁ?”&:‘i’é A& PEbLUBERYCTY Falts UMSIP&i L dfedr PIKL- 1 1
incubation in 40 mM Tris, pH 7.5, 150 mM NaCl, 1 mM
5 EDTA. Cells are washed 1X with phosphate buffered
saline (PBS) plus 2% (FCS) fetal calf serum (Hyclone),
followed by incubation with the appropriate FITC-
conjugated detection antibody in the presence of PBS
plus 2% FCS at a density of 1x10°/ml for 30 minutes at
10 400C. The cells are washed 3X with PBS plus 2% FCS,
and finally resuspended in 0.5 ml PBS and analyzed by
flow cytometry.
The results of FACS analysis are shown in
Figuré 2. 293 cells cotransfected pIK6.lampac and
15 DpRTD2.2F3 express high levels of F3 on their surface
(Figure 2B), compared to mock (control) transfected
cells (Figure 2A). 3T3 cells infected with viral |
supernatants harvested frdm_transfected 293 cells
revealed two well separated peaks corresponding to
20 uninfected and infected 3T3 cells (Figure 2D), which
was significantly different compared to the FACS
profile of transfected 293 cells (Figure 2B) or mock
infected 3T3 cells (Figure 2C).
Table 1 demonstrates that cotransfection of
25 "KAT packaging plasmids and KAT retroviral constructs
'"'results"in;the production of high titer viral
supernatants 48 hours following transfection, as
assayed by 3T3 infection and FACS analysis.
Cotransfection of ﬁIKs;lampac and pRTD2.2F3 yields
30 viral supernatants that transduce 50% of the 10° 3T3
cells initially present at the time of infection. In
~contrast, virus produced by transient cotransfection
. in cOS cells, as'described by Landau and Litman
. (Landau and Litman, supra) was 10-fold less than the
35 titers described.by cotransfection of KAT plasmids
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heet Has Been Replaced .

T - EE




nénnall E&@ﬁSIOﬂ vect or constructed by four 20 sucCeSS|ﬁﬁwnﬂ§gﬂkhhons
into pwég Ich is created by inserting the synthetic polyli

5'--Hi ndLII - Sphl - EcoRI-AatII-BgII-XhoI 3'. into Kpnl and Sacl sites of pSKI
(Stratagene, San Diego, CA), with |oss of the Kpn I and Sac | sites. First,
a BanHl -Xbal fragment 25 containing the Sv40 T antigen pol yadenyl ati on S|te
(nucl eotides 2770 to 2533 of Sv40, Reddy et al., Science 200:494-502

(07 o0 0 1bR8, 353, e BT A gty 0.1, P et o
betmeen the Bgreproducible dn founitdansfedtuson dxpérimehts, €hete, Xbal ,
gbﬁ{hegfggdagsdég%ic %%9§532ng§§?gﬁﬂhLern an 9{53 éﬁél iﬁagnents e
contrast, no detectable 3T3 infectf%n is observed
5 followxng transfection of the retroviral construct
PRTD2.2F3 alone, demonstrating that viral production
is dependant upon the presence of the packaging
construct and the retroviral vector. High titer virus
production is also dependant upon the presence of the
10 retroviral construct. Transfection of PIKF3 expression
vector alone, or cotransfection of pIKF3 expression
vector and PIK6. 1MMSVampac yields supernatants that
fail to transduce 3T3 cells.

15
20

Ced .
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Nol .

prlrrer palrs -an
BanHl , Xbal, Nhel
Sphl - EcoRI

gl obi n gene second exon (nucleotides +143 5 to +251)
Thi s Sphl -
with p[err]SVierr]HP (Treisman et al .,
80: 7428-7432 (1983)) as the tenpl ate usi

t he Sphl

and EcoRl

d 4, and
and Sall

sites.

which incorporate

Construct -

5 and
S|tes at their

g: 327-341 (1982)) as the tenplate 35 dﬁy
respectively, which incorporated
respective ends.
fragnent contai ni ng;t‘he splice acceptor of the human [err]1
IS inserted between
I s synt hesized by PCR
Acad. Sci . '
?EP%FI Yonucl eotide primers 7 and 8,

16 6,

EcoRl
Pr oc

Packaging
Function

fragrrent

Nat | .

Transfection _

usi ng

Second, an

USA

Transduction

pRTD2.2F3

62

0/0

pRTD2.2F3

0/0

'pRTD2.2F3

' piK6.1MCVampa

c

80

10

PRTD2.2F3

plK6.1MCVampa
c

| pRTD2.2F3-

PpIK6.1MCVampa
C

83

- pRTD2.2F3

plK6.1MCVampa
C )

-85

is5

PRTD2.2F3

piK6.1gagpolATG

plK6.1amenvATG

78

PRTD2.2F3

plK6.1gagpolATG
PIK6.TamenvAT
G

pIKF3

pIKF3

pIKF3

‘pIK6.1MCVampa

. €

" pIKF3

pIK6.1MCVampa
c .

PRTD2.2ssaF3

plK6.1MCVampa
c .

pRTD2.2sng3

plK6.1MCVampa
- c

pRTD2.2svge-
F3

- pIK6.1MCVampa

c .

PRTD2.2F15

plK6.1MCVampa

]

PRTD2.2F15

This S,

plK6.1MCVampa

o
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10 SphiwewarénsRl sites at their respective ends. Third, PEF/USIMO6ESTi c
pol yl inker 5'-EcoRI-Bglll-Ncol-Apal- Aatll-3" is inserted between the EcoR
and the_ Aatll sites. Fourth, a Hindlll-Sacl fragnent containing the CW IE
enhancer/pronoter (nucleotides -674 to -19, 15 Boshart et al., Cel
41:521-530 (1985)) and a chenically synthesized Sacl-Sphl fragnent
containikng the CW | E first exon/splice donor (nucleotides -19 to +170) are

inserted by three-part |H%§|Qﬂt§§tmstagnl-hmgbl beaeﬂ'oaﬂhiedsﬁ yes. The

H ndl Il - Sacl fragnment d S t
329: 840- 842 (1@/#%&#%%%‘3“— Fﬁ’g&#’a‘é’“’ﬁﬁ?r P% gagpe qé%% and

84: 3365- 3369 (Fi0fDR J)2P5 (Mlenm) atmunoughothgonmhsdfewdqm mers 9 and
; 10, which incofporafé ﬁ%;ﬂgfléﬁeafgtggcﬁlﬁsﬁiﬁsaﬁashgbbr@%ﬂﬁ??&ffaends
5 equal to the transfection efficiency of PIK6. 1MCVampac

and pRTD2.2F3, virus production was reduced by a
' factor of 2 to 27%. Similar results have been
described by Landau and Litman (Landau and Litman,
_ supra), where they observsd a 5-fold decrease. The
10 overall efficiency of the KAT system, using one or two
- genome packaging plasmids, is still 10 to 20-fold
greater then that described for the COS cell system.
The'high 3T3 cell transduction efficiency
observed by FACS analysis of viral supernatants |
15 produced following KAT plasmid transfection of 293 _
cells was confirmed by Southern blotting of integrated
proviral DNA from infected 3T3 cells. High
molecular weight DNA was prepared 48 hours post
infection and digestion of 10 ug of DNA with Eco RV.

- 20 The samples were electrophoresed on a 0.8% agarose
gel, transferred to Zetabind and probed with a 605 bp
fragment encoding the zeta transmembrane and
cytoplasmic domains. Eco RV digestion of the _

.~ transfected plasmid pRTD2.2F3 yielded a 4.2 kb band.
25 Eco RV digestion of pRTD1.2F3, which contains MMLV 5°'
and 3' LTRs, yielded a 3.6 kb fragment. Following

virus infection, integration and duplication of the 3
LTR, Eco RV digestion should yield a 3.6 kb fragment.
This allows determination of the presence of
30 integrated proviral DNA in the target cells. Table 2
gives the sizes of the expected bands from transfected
plasmid DNA and integrated provirus following Eco RV
digestion and hybridization to the zeta probe.
___________;;é_____f
' This Sheet Has Been R
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25 Pri GGTCGACCTGGATCOGCCATACCACATTTGTAG - 31 Pr i rreg,&ms'guo‘“.,
(IIIII£§§Q§>%§§§&¥K¥K¥JC%JAAEATAC 3" Primer 5: 5'-

AAGCTTGI GCTAGCTATCCCGCCCCTAACTCCG- 3" Prinmer 6: 5'-
CGAAATCGGTCGACCECAAAAGCCTAGECCTCC—3' 30 Priner 7: 5'-
GTCTATAGCATGCTCCCCTGCTCCGACCCG 3" Prinmer 8: 5'-
GGTACCGAATTCTCCTGCGGGGAGAAGCAG 3" Prinmer 9: 5' -
CGCCAAGCTTGGCCATTGCATACGGT- 3" Pri nmer : if-
GAGGTCTAGACGGTTCACTAAACGAGCTCT- 3" 35 Tabie)g Xba | site is introduced at
t he '

ECORV Fragment Size (1n Kb)
Hybrxdizing to ¢ Probe

_ Transfected Integrated
Retroviral Construct Plasmid ~ Provirus

PRT.D 2.2F3

10 | PRT.D 2.2SSAF3

PRT.D 2.2SVGF3

PRT.D 2.2SVGE-F3

PRT.D 2.2F15
15 -

Genomic DNA.prepared from infected 3T3s was
digested with Eco RV and 10 gg of digested DNA from
infected and control cells were electrophoresed on a
0.8% agarose gel, transferred to Zetabind and probed
with a 605 bp fragmert encoding the { transmembrane
and cytpplasmic'domains. Only the DNA derived from
3T3 cells infected with supernatants: obtained
following cotransfection of 293 cells with pRTD2.2F3
and pIKMCVampac yielded a 3.6 kb fragment (Figure 32,
lanes 4 and §5), idehticai to the fragment seen in the
Eco RV digested pRTD1.2F3 plasmid control lanes
(Figure 3A, lanes 11-14), indicative of integrated
provirus. Quantitation of southern blots by scanning
densitometry and ‘comparison to plasmid standards
representing 0.1 to 3.0 copies, in 3-fold increasing
iy increments (Figure 3A, lanes 11-14), was consistent
with a transducﬁion'efficiehcy of with a transduction
efficiency of 0.5 copies/cell/ml of' viral supernatant.
The transduction efficiency was identical to the
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t'ranscriwdm%g‘,gghtiation site of the HOW | E pronoter in pl Kfac-injsy4/o“57
repl acenent of the chemically synthesized Sac t / Sph | oligonucleotide .

epncoding -19 to +170, 5 described above, with a chenmically synthesized Sac
|/ Sph | oligonucl eotide where an Xba | site at. nucleotides +1 to +6 had
been introduced to generate plK6.1. This allows insertion of any

enhancer/ pronoter as a Hind Il to Xba | cassette so as to insert the 10

b 655! on' | cvaLLaPieReY, ShEEEYRa ny” el (o iiEn, ng BERR, 38" /¢
order to obtai mothdeltegiteat band dgv DA fxan STH celis infecbedswithH 3T3
TS e et oSG B0d egk eppmtitela So MY 1ol o1
Bi ol . (lane 1), 293 cells transfected with pRTD2.2F3 alone :
$ (Figure 3A, lanes 2 and 3), transfected with the
expression vector pIKF3 alone (Figure'sa, lanes 6 and
7) or cotransfected with pIKé6.l1lMCVampac and pIKF3
(Figure 3A, lanes 8 and 9), which is also consistent
with the FACS anal&sis. _ .
10 Three additional retroviral.constructs, two
which differed in the viral backbone, pRTD2.2SSAF3
. (Figure 3B, lane 4), pRTD2.2SVGF3 (Figure 3B, lane 5),
PRTD2.2SVGE-F3 (Figure 3B, lane 6), and one which
differed in the chimeric receptor insert, pRTD2.2F15
15 (Figure 3B, lanes 7 and 8), were cotransfected into
293 cells with PIK6.1MCVampac, the supernatant used to
infect 3T3 cells, followed by both FACS analysis
(Table 1) and southern blotting (Figure 3B). All of
the:Fﬁ-constructs showed similar titer by both FACS
20 analysis (Table 1) and hybridized to the zeta probe
with similar intensities, as expected. The F15
retrovirus had approximately 50% greater titer as
determined by FACS analysis (Table 1), as well as by
densitometric analysis of the Southern blots.
25 Retrovirus as produced in 293 with each of the
" vectors, upon inféction, yielded the correct size for
'thé'infegrated provirus. Therefore, the FACS and
Southern blotting results from 5 KAT retroviral
constructs demonstrate that high titer retrovirus can
30 be produced in 293 cells, that production was
" dependent upon cotransfection of the retroviral
construct and packaging functions, and production of
high titer retroviral supernatants in 293 cells does
. not lead to an& unusual rearrangements of the
35 retroviral constructs. '
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5:431- 43%o(s4?ddds) as a tenplate and two priners: one whi ch eRCDASY4/06667

H ndl I} site and the 5' 21 nucleotides of the U3, and a second which
“encoded .the 3' 21 20 nucl eotides of the MMV U3 region and an Xba | site.
This PCR fragment was cloned between.the Hindl Il and Xba | sites of plK6.1
to generate plK6. IMVBV. In order to direct high | evel expression in human
cells, plIK6.1IMCV was .constructed by isolation of the Nco 25 | / Spe |
fragment of tg ba S arct HoLa) . addition of
synthetic oli in the BamH site .

of 4he plasnid p[err]HBSeMen addidrianal cml/ehsmeﬁ \wrau screengs,
Pittsburgh, Pfpr Eheirphmmid: :gs}mémé@ewms sgerr] HB is a plasmd

Ao the GGt LS R0 AU Yo G £en s 28 GBS w§ virus™ ")
5 harvest and 3T3 infection ('l‘able 3).

Table 3
Packaging Retro-F3
Construct 313 inf% Constr.
Mock “0/0 Mock
10 plK6.1MCVampac 39/38 pRTD2.2-F3
pIK6.1MCVampac 41/38 | pRTD2.2-F3
Mock ( ND - ~ Mock
pIK61MCVampac | 12/14. pRTD2.2-F3 |
15 | pIK6.1MCVampac 14/16 | pRTD2.2-F3
Mock ND . Mock
pIK6.1MCVampac | 54 | =~ 11. | pRTD2.2-F3
pIK6.1MCVampac | 1. pRTD2.2-F3
20 | Mock _ ' ND | Mock .
p!K6.1MCVampac 0/0 _pRTD2.2-F3 |
plK6.1MCVampac | om | pRTD2.2-F3 |
© Mock ND | Mock
pIK6.1MCVampac | 1 0/0 pRTD2.2-F3 ||
25 piK6.1MCVampac 0/0 pRTD2.2-F3
| Mock | 0/0 Mock
plK6.1MCVampac ' 2/3. pRTD2.2-F3 |
pIK6.1MCVampac as. PRTD2.2-F3
30 pIK6. 1 MCVampac 0/0 pRTD2.2-F3
piK6.1 MCVamac
CD4 surface expression and virus production was 'absént
from 1929 and CHO D~ following cotransfection of
s |

e
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cont ai NivRE oki ~sequences including the 3' LTR has been clpi9gsdafigesrt Ne
d al an&ﬁEthEPhsijes qf pBR322 and where the Sau 3AlL to Hpa |1 gh ancer
fragment of 35 MMLV U3 has been renpved. Due to the honol ogy between 18
the MMV U3 and the MVBV U3, the PCR priners described above were used to
generate a Hind Il1/Xba | l|inker fragnment encoding the U3 fragment of pMV,
whi ch was cloned into plK6.1 to generate plK6.1MCV. These 5 plasm ds, as

B B P Lok bpbUE iR LoDt Sl bl s o5 of the
' lines were highly transfectable under conditions with
- a plasmid encoding the lac z gene was used. FACS
analysis of transfected HELA, 143B, 3T3 and COS
5 demonstrated high surface cD4 expression, with a
transfection efficiency of approximately 50% for all .
four cell types. However, virus production among these
cells was substantially different. HELA and 143B
cells produced no virus at all, whereas 3T3 cells
. 10 produced virus capable of 3% 3T3 transduction/ml of
frozen supernatant. Cotransfection of COS cells with
KAT plasmids, even in the absence of DNA replication
of the retroviral construct, produced virus with
titers of 4.5-fold greater than that produced by 3T3
15 cells. These titers, without plasmid replication of
the viral vector construct, are 200 fold greater than
those described by Landau and Litman (Landau and
Litman, §upra);_This demonstrates that the KAT
constructs are unique in their ability to produce
20 retrovirus upon transfection of a wide variety of
cells, without plasmid replication{ Given the 100 fold
increase that Landau and Litman observed with plasmid
replication of the viral vector construct,
transfection of KAT packaging function and retroviral
25 vector plasmids that support plasmid replication, into
hosts that support plasmid replication, could
. potentially further increase titer 10 to 100 fold and
further increase the utility of KAT transfected cells

to infect cell types that are currently difficult to
30 infect. :
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end of ttwogmm ylinker and the-Hpa | site in the SV40 pol yreEUs940666M
site and replacement wth an Nhe 10 | linker to create plK6. 1. Nne,

pt K6. 1. MMBV. Nhe and pl K 6. 1IMCV. Nhe. pl K6. 1IMVBVanpac and pl K6. IMCVanpac wer e
constructed by .insertion of 3813 base Sac |/Sal fragnment encoding a portion
of the &3 region, the R 15 'and U 5 regions, the gag gene and a portion of
t he pol .gene of pMOV psi- (Mann et al., supra), and the 4140 base pair Sal
1-Nhe | fragnment encodi ng pol/env, g\gﬁé pCRI Pangag-2 (Dr. O Danos,
Institute Pasteur, Paris France) bet € Sac | and Nhe | 20 sites of
pl K6. 1IMVBV. Nhe_or f BNCYy R[N 2LEB derivative

- of pCRI Pangag mhere the pBR322‘pIasn{d backbone-has been

This example demonstrates the method of the
5 . invention in which 293 cells transfected with the KAT
constructs are able to transduce primary, human target
cD8+ T cells by cocultivation with high efficiency.

Constructi o roviral vec s d_packa
10 plasmids _
KAT constructs were prepared as described
above in Example I.

_ Isolation and activation of human CD8+‘T cells from
15 peripheral ocod :

Primary human CD8+ T cells were purified
from the peripheral blood of healthy donors as
follows: Peripheral blood mononucleocytés (PBMCs)
were isolated from human blood by Ficoll-Hypaque

20 density gradient centrifugation. PBMCs were washed
three times with D-PBSE/CMF (PBS containing 1mM EDTA,
Ca and Mg free), resuspended at 5x10’ cells in 4 ml of
' D-PBSE/CMF containing 0.5% of human gamma globulins,
and incubated at room temperature for at least 15
25 mnminutes. After incubation, CD8+ T cells were purified
from the PBMC cell suspension by pos1tive panning.
Specifically, the PBMC suspension was loaded into a
pre-washed T-25 tissue culture flask coated with an
_ antibody specific for the human CD8 receptor (AIS CD8
- 30 selection flask (Applied Immune Sciences, Santa Clara,

. o CA)) at a density of 5x10’ cells per 4 ml per T-25 '

' flask. Cells were incubated for one hour at room
:ﬁemperature, and the noh-adherent_cells removed by
gentle pipetting and washing the flask three times

35 with the D-PBSE/CMF. . The CD8+ T cells were
- =-45- : |
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r epl acedvOW4RM38pl asni d pUCLY.. The resul ting pl asni ds encodd®CIAESHYHEE6Ind
pol- genes from ecotropic MMV and 25 the envel ope gene fromthe 4070A :
anphotropi ¢ M.V (Chattopadhyay et al. . Viral. 39(3):777-791 (1981)) and
are diagraned in Figure 1A To delete untranslated sequences 3' fromthe
envel ope gene of plK6. 1MCVanpac a PCR reaction was 30 performed using

pl K6. IMCVanpac as the tenplate with synthetic oligonucleotides 5

CTGATCTTACT CTd iné¥€aneoaslly Sr &1 6a s eaCEAORCEARCEIHEN AN et ivated The
esulting 12 Uogant Sl REUR, b1, Sl ol ne B IS 100
- base pair Cl atomposition) containing 10 ng/ml OKT3 (Ortho
Pharmaceuticals, Raritan, NJ) and 10% IL2 (Pharmacia).
5 Cells were incubated with this media for 48 hdurs,
harvested from the flask, and washed once with T cell
medium, and finally resuspended in fresh T cell medium
plus 10% IL2 at a density of 0.5-1.0x10°/ml in 24 well
plates. _

10 In order to remove residual cells (usually

_present at 2-3%) which cross-reacted with either the
CD4-specific antibody used for detection of F3 surface
expression, or the human Fc-specific antibody used to
detect F15 surface expression, the enriched CD8+ T

15 cell population was subjected to a further round of

' purification in which the contaminating cells were
removed by negative panning, using AIS selection
flasks described above, coated with either the anti-
CD4 or anti-human Fc antibody. Specifically, the .

20 enriched CD8+ T cell population was incubated in the
selection flask for one hour, and then non-adherent
(i.e., highly purified CD8+ T cells) were removed.
Cells were subéequently washed, and allowed to recover '
for 24 hours in the T cell medium plus 10% IL2 for 24

.25 -hours. CD8+ T cells prepared in this manner were '
greatef than 95% CD8+ and CD3+, and less than 0.5%
CD4+ or FC+, and were:subsequently employed as targets
for retroviral transduction.

30 etrovi duction of g8+ T cells
. €0 vatio upernatan fection:
293 cells were plated at 1x10° cells/6 well
. plate, and then transfected with the appropriate
construct after 48'h9uré'as described above. 24 hours
35 post trénsfection, the transfection media was removed
" = 46 =~
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19 to N nt of plK6. 1NCVanpac to give plK6. 1IMCVanpacp&is94rb6667
pl K6. laﬁgﬁé&?%ggi gonstructed by replacing the 172 base pair Cal to

Ahel fragnent in5 pIK6 lanenvATG with the 100 base pair Clal to Nhel
fragment from pl K6. IMCVanpacUT[err]. pl K6. IMCVanenvATGUT[ err] was
construeted by replacing the 961 base pair Hnd Ill to Eco R fragnent
cont ai ni.ng the CW pronotor and al pha gl obin splice acceptor in

D16, Lanen AT UL eith staa il 1 Y SAROAh W d58 PEBE BEL 11 1
~replacing thecempositdomi.r Hnd 111 to Eco R _
' _ (a) Cocultivation: 2 to 4 hours later,
0.5%x10° purified and activated human CD8+ T cells
5 p:epared'as described above (usually at day 4 or 5
- post-purification/activation) were added per well
containing the transfected 293 cells, and polybrene
added at a final concentration of 2 ué/ml. 24 hours
after plating the 293 cells for the initial

10 transfection, a second set of_293.cells were plated

~and transfected:as described above. 24 hours after
the initial cocultivation, T cells were removed from
-the first cocultivation and transferred to the second
293 transfection plate for an additional 24 hours of

15 cocultivation employed the same conditions. Similar
conditions were employed for transduction of CD8+ T
cells by cocultivation with either transiently
transfected 3T3 cells, or the stable PA317 producer
'cell line 40.39 (see below). '

20 (b) Supernatant infection: 0.5x10° purified
and activated human CD8+ T cells prepared as described
above (usuélly at day 4 or 5 post- :
pﬁrification/actiVation) were incubated with 1 ml of
fresh T cell medium (plus 10% IL2 and 2 pg/ml

25 polybrene) together with 1 ml of viral supernatant
obtained from the 293 transient transfection system
described above, or from the stable PA317 producer
cell line 40.39 (see below). After an 8 hour
incubation period, 1.5 ml of medium was removed from

30 each well, and replaced with 0.5 ml of fresh T cell
medium together with 1.0 ml of viral supernatant

. (polybrene at 2 ug/ml and IL2 at 10%). After a 12
- hour incubation period, the two step supernatant

procedure was repeated. _ |

: _ S

35 —
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f ragmenwoemedassi ng t he CW pronotor and al pha gl obin 15 spPCEAISHOSHT or i n
pl K6. Xgagpol ATG with the corresponding 896 base pair Hnd Ill to Eco Rl
fragment from pl K6. 1MCV.. The retroviral packagi ng plasm ds of the

i nvention, designated plK6.1MVBVanpac and 20 pl 6. 1MCVanpac, have been
deposited with the Arerican Type Culture Collection (ATCC), 12301 Parkl awn
Drive, Rockville, Mryland, under the Budapest Treaty, and have there been

~identified as follows: pgr p mPéaém@ivatiéI%Aceagataatuat Deposi t
Dat e pl Ke6. 1NNBVan 1993 1MCVanpac

75483 Ny ; C'lﬂjbél‘l?ﬁ%%t%’ﬁ'eeﬁ%im'ﬁ@n © FREO &Ek §*n& 30
functions rraxe&eaenmﬂe(béwma\omlmesu Pacell medium plus 10% IL2.

Cells were then analyzed by flow cytometry for surface

5 expression of either CD4 (for'the ¢D4-§ F3 receptor)
or Fc for the F15 antibody-{ receptor) in order to
determine transduction efficiencies. T cells which
were under cocultivation with transfected 293 cells
were gently removed as a suspension from the 293

10 monolayer. Both cocultivated and supernatant infected
T cells were washed 1x with phosphate buffered saline .
(PBS) plus 2% (FCS) fetal calf serum (Hyclone). T
cells were then incubated with the appropriate FITC-

. conjugated detection antibody in the presence of PBS

15 plus 2% FCS at a density of 1x10°/ml for 30 minutes at
400C, washed 3x with PBS plus 2% FCS, and finally '
resuspended in 0.5 ml PBS and analyzed by flow
cytometry. .

: The tranéduced CD8+ T cell population was

20 subsequently maintained in T cell medium (10% FCS,
Hyclone; RPMI1640, CellGro; 10mM Hepes buffer (Gibco);
1% Sodium pyruvate (Gibco); 1% non-essential amino
acids (Gibco); 2mM glutamine (Gibco); 25 uM 2-
mercaptoethanol (Sigma) and 1%

25 streptomycin/penicillin). T cells were periodically
re-stimulated every 7 to 10 days by the addition of
OKT3 at 10ng/ml or by exposing the cells to
immobilized OKT3 in a T-25 tissue culture flask at a
density of 1-2x10’ CD8+ T cells/10 ml T cell medium

30 plus 10% IL2. Cells were incubated for 48 hours,
washed 1x'with T cell medium, and :esuspendéd in fresh
medium plus 10% IL2 at 0.5-1.0x10%/ml.
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expressiwo qa9438r s, for exanple two hel per sequences, where BCY/USS40666%1 per
sequenee contains a cDNA encoding the gag and pol proteins of ecotropic
MWV and a second hel per sequence contains a cDNA encoding a 35 retroviral
env protein. The Env gene, which determ nes 20 the host range, may be
derived-fromthe genes encoding the xenotrophic, anmphotrophic, ecotrophic,
polytropic (m nk focus- forn1ng) or 10Al nurine |eukem a virus, G bbon Ape
Leukem a Vi r ug. 4 y Virus (gp160) env

pr ot ei ns; t he Vesteur T rotein; the Human
) Transductlon efficiency of primary human

CD8+ T cells by retrovirus produced transiently using
the KAT system was compared to retrovirus_produced
5 from a high-titer, stable producer clone derived from
the amphotropic packaging line PA317 (Miller and
Buttimore, supra). The stable producer clone
40.39,vhich transduces the F3 chimeric receptor was
isolated by transfection of the ecotropic packaging
10 line gpe (Markowitz et al.supra) with pRTb4,2F3,
followed by supernatent'harvest 48 hours post
transfection and infection PA317 in the presence of 8
' micrograms/ml of polybrene (Miller and Buttimore,
supra). Individual clones were obtained by limiting
15 dilution and 50 were screened for virus production by
isolation of viral mRNA from the media of clones,
followed by dot blot hybridization using a 603 bp zeta
chain probe. The clone that gave the strongest
hybridization signal, clone 40.39, was assayed'by
20 1limiting dilution infection of 10° NIH 3T3 cells
followed by flow cytometry. 50 ul of supernatant
transduced 17% cells, equivalent to 340% or an average
of 3.4 proviral copies/cell/ml. The transduction
efficiency following a 48 hour cocultivation with
2% primary human CD8+ T cells with 40.39 producer cells
was 1%-3% CD4+ (Table 4).

This result was compared.to the transduction
efficiency following the KAT transient-transfection
and cocultivation method of the invention, which was

30 used to transduce the chimeric receptor F3 and Fi5
. . into CD8+ T cells (Ficure 4) . Four experiments were
’ carr;ed out in which CD8+ T cells were cocultivated on
transfected 293 cells for 48 hours, followed by
_ harvest and growth of T cells for 14 days and analysis
35 of transduction efficiency by FACS as described'abcve.
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T cell g HTLV) type | and Il env gene products;-a chpcrnngunamyelope
- gene derlved rom conbi nati ons of one or nore of the aforenentioned env 10

genes; or chineric envelope genes encodi ng the cytoplasn c and
transnmenbrane of the aforenentioned env gene products and a nonocl onal
anti body directed against a specific surface nolecule on a desired target
cell. 15 Construction of plasmds which reflect this enbodi nent

GoncacCoffd SO Sy ORED ARGy S St Retls I R o0
of ,a Nne | syranéetFX5 I¢¢mru¢'eﬂl|§@§i¢§nb§$VﬁeAfﬁ | andnd82G @M ati on of
ggﬁt ﬁetZI lc<b Af lagddiie o FB@MER 1Y "d6hE6L ABENEEAtL] OHRURYeR, ML Y). A
average, this efficiency is 8 to 12-fold greater than
5 the transduction efficiency obtained by cocultivation
with the high-titer stable PA317 clones tested. In
addition, the high transduction efficiency is not
specific to F3 constructs because F15 constructs are
transduced at similar efficiencies (Figure 4). This
10 data demonstrates that CD8 T cells can be transduced
at efficiencies that are at least 5 fold greater than
or equal to any other published reports, .and that
generation of stable producers are not required.
Supernatants from transduced T cells, 3
15 weeks post-transduction, were tested in an extended
S+L- assay (Miller et al., Mol. Cell. Biol.. 5:431-437
(1985)) and shown to be free of replication-competent

retrovirus.
20 i efficienc transduction_'s ediated cell-cel
contact

In order to explore the mechanism of the
high efficiency CD8 T cell transduction following
transient transfection of KAT plasmids and

25  cocultivation with CD8+ T cells, the transduction
efficiency of CD8+ T cells using the_fclloWing
approaches was ccmpared:'(l)infectich with
supernatants derived from a high titer, stable PA317

_ producer line, (2)cocultivation with a high titer,

30 stable PA317 producer line(3)infection with
' supernatants derived from transient transfection of
NIH 3T3 cells with pIK6.1MMSVampac and PRTD4.2F3 (4)48
hour cocultivation with NIH 3T3 cells following
transient transfection with pIKé.1lMMSVampac and
35 DpRTD4.2F3 (5)infection with supernatants derived from

- 50 -
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ol i gonucwtpgmjhgsancodl ng nucl eotides 621 to 644 of MWLV (ATGmmswog@sg
gene tq Afl 1), in which the ATG at nucl eotide 621 was converted to a Nco .
l« site, was 25 Ilgated together withH the Afl 11/Nhe | fragment between-the
Nco | site polylinker and the Nhe | site at the 5 end of the SV40 poly
adenyl ation site of plK6.1Nhe. plK6. lanenvATG encoding the M.V 4070A Env
30 gene, was constructed by digestion of pCRI PAMGAG 2 (Danos and Mil i gan,

supra) wth Ald,dds &ie £8LE9Bn"oleh 201t R IMQlitar H NP1 and isolation
of the .325 kb‘l' I N f?ﬁﬁg ?ra mralnt nucl eoti des 37 .to 365 of the MV

4070A Env gend@IKx1MEYyampac énd\/PFS'P F3sans) (A7 4B RM00)) and the 1.7
kb Afl 111/ Nncdcultivation with 293 cells following transient

transfection ‘'with pIK6.1MCVampac and pRTD2.2F3 (Table
§ 4). For each transient transfection experiment,
duplicate plates of transfected cells were used to
harvest media for supernatant infection of 3T3 cells
arid duplicate plates were'ﬁsed'for cocultivation of
- CD8 T cells. The same apptoach was used for stable
10 producers.

Table 4

: Virus 1 Infection .
15 . Production Method Supernatant | Transduction
Method

PA317, Stable | Supernatant 70%

PA317, Stable | co-cultivation ND!

KAT, Transient | co-cultivation 26%

20 KAT, Transient | co-cultivation 14%

PA317, Stable | Supernatant 30%
PA317, Stable | co-cultivation

KAT, Transient | Supernatant

25 — KAT, Transient | co-cultivation

ND! = not determined

Supernatant infection of CD8+ T cells was 1%, whether
the virus was produced in 293 cells, 373 cells or a

30 Stable PA317 producer (Table 4, experiﬁents 1A, 2A and
2C). In contrast, cocultivation of CD8 T cells with
293 cells cotransfected with pIK6.1MCVampac and '
PRTD2.2F3, resulted in 10% to 14% CD8 T cell
transduction (Table 4, experiment 1D, 2D), 10 to 14-

ag fold greater than all supernataht infections,

- - 51 -
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21 fragrgdlegbdsgm nucl eotide 365 of the M.V 4070A Env gene; (FQT/USI4/06667,

" supra)-to the Nne 1 sit;e in the MLV 3' LTR of pCRI PAMGAG 2 (‘Danos and
Wul i gan, supra) respectively. A synthetic oligonucleotide encoding 5

nucl eotides 37 to 43 of the MV 4070A Env gene (ATG of the env gene to Hi nP

1), in which the ATG at nucl eotide 37 was converted to a Nco | site, was

| i gated-together with the HnP 1/Afl 111 fragnent and the Afl 111/Nnhe 1

eSS R it brdded by Sheratptethacifon 16 o
are dlagranedthﬂsn g@p§ [s into 293 cells..Thls demonstrates t

cell-cell contact is responsible for high efficiency

transduction of CD8+ T cells. In addition, the

5 efficiency of KAT transfection followed by

cocultivation is 1 to 3-fold greater than the

transduction efficiency of cocultivation with a stable

PA317 producer when 3T3 cells are used (compare 1B and

2B with 1C, table 4) and 5-10 fold greater when 293.

10 cells are used. This data confirms that 293 cells have
~ unique properties that support high efficiency
'transduction of mammalian cells.

While not wishing to be limited to any
particular theory of the invention, these results

15 suggesf that high titer virus production into the

culture media is not sufficient for efficient T cell

transduction and that the high efficiency transduction

observéd is mediated by cell-cell contact of 293 cells
~ and CD8+ T cells, resulting in up to ten-fold greater

20 efficiencies.
The results presented in this example

demonstrate that, in the absence of selection, 10-40%

of the CD8+ T cells were virally transduced, a

significantly greater transduction frequency cbmparéd

25 to prior results. |

EXAMPLE XTI .
ansduction m e ojietic em Cells
30 ' This example describes the use of the KAT'

constructs and method of the invention to transduce
primary human CD34+ bone marrow stem cells.

\

—
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"The two trOV|raI packagi ng plasm ds of the inventi opcTASS4086Y cd
pl K6. 1gagpo and 15 pl K6. lanenvATG have been deposited with the

Aer i can Type,CuIture Col l ection (ATCC), 12301 Parklawn Drive, Rackville,
Maryl and, ‘under the Budapest  Treaty, and have there been identified as

follows> 20 Plasm d ATCC Accession No. ~ Deposit Date
pl K6. 1gagpol ATG 75486 ~June 11, 1993 pl K6. lanenvATG
75485 e alil 3. Re !‘ tors 25 Both single

genone and two-gent 1> mue Ftrtize retroviral vectors that
confain nodified 5  TRsHuhan banecmammst obtained firom healthycel |

type where retyOiitiSers. { OTbewREOPYPRY (HARY U Antescd O s of the

i-nvention are no
mononuclear cell fraction over a Ficoll gradient

5 (Pharmacia, Piscataway, NJ). The CD34+ cells are
isolated using positive selection on a CellPro
CEPTRATE LC™ affinity column (CellPro, Bothell, WA).
Post-purification FACS analysis provided a population
of approximately 90% CD34+ cells. This population of
10 cells was then plated in 24 well plates at a density
of 5x10° cells/ml in Myeloid Long Term Culture Medium
- supplied as a complete medium from Terry Fox Labs,
(Vancouver, Canada) in the presence of 100 ng/ml human -
Stem Cell Factor (hSCF) (R&D Systems, Mlnneapolls, MN)
15 50 ng/ml hIL-3, and 10 ng/ml hIL-6 for 48 hours.

Transduction of CD34+ bone marrow stem cells
', 293 cells were transfected by first plating
at a density of 1x10° cells/6é well plate 48 hours prior
20 to transfection, followed by transfection with 10 ug
each of pRTD2.2F3 and pIK6.1MCVampac. Twenty-four
hours later, transfection media was removed, replaced
with T cell growth media, as described in Example II,
_ plus 50 ng/ml hIL-3, 100 ng/ml hSCF, and 10 ng/ml hIL-
25 6. Two to four hours later, the transfected 293 cells
. were cocultivated with 5x10° purified CD34+ cells/well
in the presence of 8 ﬂg/ml_polybrene. After 48 hours,
‘the cells were colleéted off of the 293 monolayer, and
replated in Myeloid Long Term Media with growth
30 factors as aescribed above. Cultures were replepished
. -~ with media plus growth factors daily via demi-
’ ' depopulation. Four days later, the media was _
- replenished and G~CSF was added at 2 ng/ml plus 20
ng/ml hSCF to promote differentiation into
- 35 granulocytes. Four to six days later, cells were

‘This Sheet Has Been Replaced . -
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30 aftewopdgmaggohnson et al., The EVMBO Journal 8(2):441- 44ETAULH460657 a
neo- version of pZ| PneoSVX (Cepko-et al., Cell 37:1053-1062(1985)), in
whi ch t he gene product to be expressed is cloned downstream of the splice
acceptor in the position normally occupied by 35 the neo cassette (Cepko
et al., -supra). |In addition, 22 viral gag sequences.up to the Nar | |
site of .MMV (nucl eotide 1038) were added for inproved packagi ng (Arnentano

e vt e 14 dES0abd R s o Yo Sl o e
pol ¥l i nker transduced gene and CD15, a granulocyte marker.
' addition, DNA was prepared for Southern blot analysis.
. Figure 5 shows the FACS analysis of the
5 transduced hematopoietic stem/progenitor cells after
14 days of growth and differentiation into
granulocytes. Panel A shows the forward and side
scatter gates used in the analysis of all cell
populations in the Figure. In panel B are shown the
10 untransduced cells stained with the isotype control
antibodies (FITC and PE). In panel C are shown the
- untransduced cells stained with antibodies for human
CD4 (transduced gene, y axis) and CD15 (granulocyte
differentiation merker, X axis). In panel D, KAT _
15 packaging system was used in conjunctien with 293 cell
co-cultivation to transduce the hematopoietic
stem/progehitor cells. A comparison of the top right
quadrant for panels C and D indicate that 5-6% of the
transduced cells expressed the CD4 protein. .
20
outhern blot a sis of ¢ sduction efficienc
Southern blot analysis was carried out to
determine whether the hematopoietic stem/progenitor
_ cells were infected by retrovirus produced with the
25 KAT system. Genomic DNA was prepared from
| differentiated stem cells and digested with Eco RV.
10 ug of DNA from infected (Figure 6, lane 2) and
control cells (Figure 6, lane 1), as well as Eco RV-
digested plasmid DNA equivalent to'o.lz, 0.6, 1.2 and
30 6.0 copies per diploid genome of pRTD1.2F3 (Figure 6,
lanes 4-7) and 5 copies per diploid genome of
- pPRTD2.2F3 (Figure 6, lane 8) were electrophoresed on a
0.8% agarose gel, transferred to Zetabind and probed
with a 605 bp fragment encoding the zeta transmembrane
35 and cytoplasmic domains. Eco RV digestion of the
. - 54 =
‘"‘“‘*‘*“-——~——-—e;__ .
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hJ
from pl

LTRs. The 5' LTR U3 region of pZl PneoSVX was replaced with the MVBV U3,
derived-fromthe Hndll1/Sac | fragment of plKMVBV, to generate pRTD4.2.
LTR of pZI PneoSVX was replaced with the

neifPEnt e rat B PREDRRE Thedas AL dion A Tnd - o

pRTD2. 2,- the U3 region of the 5'

Hnd 111/ Sac |

i nserted downstream of the splice acceptor tpcensP4/06667 |
transfer of  inserts framplK plasmds into retroviral constructs. The -
resulting plasmd is designated pRTDLl. 2 and contains both 5 and 10 3'

enhancer / pr onoFEANS

0|hgonUC|eotldeFitheeaponenenayLencodny ﬁigesmidn afh pRTDE . 2 Hewhibsl
pronoter |inked t

20 Nature 293:

10

s

integration and duplication of the 3' LTR, Eco RV
digestion should yield a 3.6 kb fragment. 1In infected
CD34+ cells, the probe hYbridized to the appropriate
3.6 kb band, corresponding to integrated provirus
(Figure 6, lane 7). Control cells lacked a proviral

‘band, however the probe hybridized to bands that

corresponded to the endogenous zeta gene seguences
(Figure 6, lane 8). Scanning densitometry was used to
quantitate transduction efficiency and demonstrated
that the ave:age'proviral copy numberlper cell in
infected cells was 0.5 (50% transduction). 1In
addition, densitomet:y of the endogenous bands
confirmed that equal amounts of DNA were loaded in the

'lanes corresponding to infected and uninfected celils.

In a second experiment,_the transduction
efficiency of a high titer PA317 producer clone was

‘compared to the transduction efficiency of virus

produced by the KAT system. 293 cells were transient
cotransfection with pIK6.lMCVampac and
PRTD2.2F3,isolation of CD34+ cells, cocultivation,
purification of infected cells was carried out as-
described above. Clone 40.39, described above in.
Example II, was plated at 5x105 cells/6 well plate 24
hours prior to initiation of cocultivation with CD34+
cells. Isolation of CD34+ cells, cocultivation,
purification of infected cells was carried out as
described. for 293 cells. Transduction efficiency was
analyzed by southern blotting of Eco RV digested DNA

_as described above and is shown in Figure 7. The band

_present in DNA isolated from CD34+ cells cocultivated

35

with KAT plasmids hybridized to a 3.6 kb band (Figure

-s-
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(Figure 6, lanes 4-7). Following virus infection,
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~ by repl aworsarzp438f the (750 bp) Sac | to Bst ElIl fragnent of pdIV089406667% h
~the (736 bp) Sac I|.to Bst EIl fragnment of LXSN (M Il.er and Rosman,

-Bi oTechni ques 7:980-990(1989)). pRTD2. 2SSA was constructed by 25

repl acenent of the (1441 bp) Sac | to Eco R fragment of pRTD2.2 with the
(1053 bp) Sac I' to Eco Rl fragnment of LXSN (M Il er and Rosman, supra).
pRTD2. 2SVGE- was constructed by synthesis of an ollgonucleotlde encodi ng

nucl eoti des 28783-P9pé 2f pﬁ&h&i@smBsﬂksiﬁeA%es.@oomﬁmlg 48)" whi ch
had been appended b¥ add|t|o of ap Aiﬂﬂﬁ S|te onit's 5" This was
r

used to repl adel3FRiADNA ﬂHEeI 7y 7)o R msm%%oﬁ?ﬁal ns
t he DNA sequennmtedratédtbtovirube yhrﬁd&hdhgaWidas¢ﬁhﬁéﬁaﬂﬁﬁhﬁ sitein

the 3 35 LTR ¢ JlaSnE I L8YhESA ¥B6hOEDSIIS LTS Hedtivated with -
5 either mock transfected 293 (Figure 7, lane 1) cells
or 40.39 cells (Figure 7,lane 3). -The plasmid
standards ranged from 0.3 to 10 copies of integrated
provirus per cell. Therefore, the absence of a band in
the PA317 lane suggests that KAT transduction is at
10 least 10-fold more efficient.
Although FACS anélysis of surface expression
of the transduced gene indicates only a 5-6%
efficiency of transduction, Southern hﬁalysis
indicates a much higher efficiency of transduction
‘15 ,(50-100%). It is possible that the level of expression
of the human CD4 protein is below the level of °
detection of the FACS analysis, alternatively, the
gene may be present but not efficiently expressed.
Modifications to the constructs could be made to
20 increase the level of expression. The high efficiency
of transduction of human hematopoietic stem/progenitor_
cells via the KAT packaging system in conjunction with
293 cell co-cultivation is contrasted to the
transduction efficiencies obtained using traditional
25 mouse fibroblast packaging systems such as PA317,
Figure 7. The data from the PA317 packaging line
- indicates that although high titer virus can be
generated when transducing mouse cells, the-
transduction efficiency of human bone marrow
30 stem/progenitor cells is poor.

' These results demonstrate, that, in addition.
to rapid production of high titer viral supernatants,
the KAT constructs can be used to transduce at high
1efficiencies target cells, such as. human T cells_and

cet Has Been Replaced
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-23 i nveniy@94peddg a PBR322 backbone and include pRTD2. 2, pRﬂQtﬁhxgmmamn
PRTD2. 25VG, pRTD2. 2SVCGE- and pRTD2. 2SSA. In order to pern1t pl asm d
repllcat|on in cells which express the SV40 T antigen, the sequences 5
between the 5 and 3' LTRs of pRTD2.2 were cloned between the Sacl and Eco
RI-sites of plKl.1, described above, which contains the SV40 origin of
replication to formvector plKT2. 2. pIKT2.28VG was constructed by insertion

promter of pRASEAMELALLL SetinP nRE WS b Rt TsrteeHIC'(\)/gat ed

750, bp transduction by conventional meth s.
EXAMPLE IV
5 ucti ey V s a ells
: RIKT
etroviral Vectors an enc ansductio
-of
uma + opoi

10 _
- This'example describes the use of the novel
 retroviral vectors of the invention to obtain high
titer virus in a human cell line and the use of that
virus to obtain high efficzency transduction in
1s primary human hematopoeitic stem cells.
The packaging vector pIK6.1MCVampac UTA
described above and the retroviral vector pIKT2.2SVGe-
'F3 were transiently co-transfected (as described
above) into human tsaS4 cells as described above.
20 tsa54 cells were derived from 293 cells by the
transfection of the Large §V40 T antigen (Heinzel et
al., J. of Virol. 62(10):3738-3746 (1988)).
pIKT2.25VGe-F3 differs from pRTD2.2F3 in that the
plasmid backbond contains the SV40 origin of
25 replication as described above. This results in high
copy number plasmid replication in tsa54 cells
containing the SV40 t-antigen. tsa54 cells were
transfected, viral suﬁernatants were harvesfed and
used to infect 3T3 cells as described above. 38% CD4
30 positive cells/100 pul frozen viral supernatant
equivalent to 7x10°/ml.
The pIKT vectors were used to produce
_retrovirus in tsa54 cells as described above and used
to transduce primary human CD34+ bone marrow stem
35 cells by co-cultivation. The bone marrow stem cells

- 57 =
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downst reqi sapoidse 3' LTR of pRTD2.-2SVG, between the Sacl anpcFrosedticsss t s
of pl KL 1. pl KT2, 2SVGE- F3 was constructed by replacing the 182 base pair
Apal to .15 Nhel fragnment of plKT2.2SVG-3 with the 80 base pair Apal to Nhel
fragment from pRTD2. 2SVGE- F3 as descri bed above. pRT43.2F3 was derived from
' pI KT2.2-SVGE-F3 by replacing the Eco R to Apal polylinker located 20
approxi nately 750 base pairs downstreamfromthe 3' LTRwith a synthetic

| i | i d LAl ' he Nd
S e o ek AR A S B S PR TS,
site by ol i gonasl descadbed aboever tinoExawples IXIGWththe cfolbawingm

PRT43. 2F3 firsgnhnge@T0Vekalls 02213 ek itrdtiFecte® #0% density of
5x10° cells/6 well plate. The media used to replace the
5 transfection media was IMDM + 10% FBS (fetal bovine
' serum). CD34+ cells were removed following two days
co-cultivation with virus-producing tsa54 cells and
cultured in Meloid Long Term Media with growth
 factors. Eight to ten days later G-CSF was added at 2
10 ng/mllplus 10 ng/ml hSCF to promote differentiation.
' Cells were analyzed for surface expression of human
CD4 six to eight days later.
Figure 8 shows the results of FACS analysis
of the transduced hematopoietic stem/progenitor cells
15 after 18 days of growth and differentiation into
granulocytes. Panel A shows the forward and side
scatter gates used in the analysis of all cell
populations in the Figure. 1In panel B are shown the
untransduced cells stained with the isotype control
20 antibodies (FITC and PE). In panel C are shown the
untransduced cells stained with antibodies for human
CD4 (transduced gene, y axis) and CD15 (granulocyte
differentiation marker, x axis). In panel D a PA317
clone (78.81), with a titer equivalent to 107 neor CFU
25 clones/ml on 3T3 plates, was used as a stable viral
producer in a co-cultivation with the hematopoietic
. stem cells. In panel E, KAT packaging retroviral
vectors were used in conjunction with 293 cell co-
cultivation to transduce the hematopoietic
30 stem/progenitor cells. A comparison of the top right
quadrant for panels C and D, and C and E indicates
that 1.7% of the PA317 transduced cells expressed the
CD4 protein as compared to 24% of those transduced
using the KAT constructs. : :
3s - _ ' /
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i nsert.i owod4/®4s8 LTR in which the sequences from Pvull to XBGTF/UN84/66667
del et ed. (MWLV, GenBank session #J02255 nucl eoti de nunbers 7938-8115). In
addition 30 the MWV splice acceptor region has been replaced with the
human phosphogl ycer ate ki nase gene pronotor (GenBank session #ML1958

nucl eoti-des 2-516) which:was cloned into a polylinker wwth a Xhol site at .
its 5 end and an Eco Rl at its 3" end. 35 24 I n one enbodi nent of the

retroviral vectors of the invention, B 0Py Ng genes to be transduced
. (o] ‘o a Vec or tsa
‘Packa e
_ This example describes the production and
5 use of a single vector packaging clone. Human 293 or
tsa54 cells were plated at 5x10° per 10 cm plate in
DME (JRH Biosciences, Lenexa, Kansas), 1 g/l glucose, -
10% Donor calf serum (Tissue Culture Biologics,
Tulare, CA)'48-hours prior to transfection. 10 §yg MCV
10 ampac UTA and 0.1 ug MCl neo (Thomas and Capecchi Cell
51:5034512 (1987)) were cotransfected by calcium
' phosphate'precipitation (Wigler et al. Cell 16:777
(1979)). Clones could were also generated as
efficiently by co-electroporation of the vectors
15 (Shigekawa and Dower gioteohnigges 6(8):742-751
(1988)). 18 hours post-transfection the media was
changed. 24 hrs. later the cells were split to
duplicate plates of 1:10, 1:20 and 1:50 in media plus
1 mg/ml G418'(Genetioin, GIBCO, Grand Island, NY).
20 Media was ehanged every 3 days for 14 days. Clones
were pickedlto 24 well plates and grown to confluence.
Media was collected from wells, filtered through a .45
pm f£filter and flosh frozen on dry ice. Cells were
_ resuspended in media plus 10% DMSO (Sigma Chemical
25 Co., St. Louis, MO), frozen on dry ice and stored at -
70° C . Supernatants were assayed for production of
empty v1ra1 particles using an assay for reverse
transcriptase whieh measures the incorporation of
radiolabeled thymidine into an RNA template. (Goff et
30 al. J.of Virol, 38:239-248 (1981)). '
. CIones with the strongest reverse
) transcriptase signals following autoradiography were
thawed, grown up and tested for virus product1on
following transient transfection. Transfections were
35 done as previousiy.deScribed, using 10 pug 43.3PGKF3.
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The

into rranﬂﬁ??msarget cells usmg the method of the inventi oRCTAUS94/6667
expression of chingric receptor 5 constructs are prepared. -

.construction of the chineric recept.or -constructs is described bel ow.
CD4/ CD3 zeta and Anti-H V/CD3 zeta Retrovira

vect or s-pRTD2. 2F3, 10 pRTD2. 2SVGF3, pRTD2. 2SSAF3, pRTD2. 2SVGF3E-,

pl KT2. 2SVGF3 were constructed by Eco Rl / Apa |

bel ow),

KAT retroviral

2 gwmzs
¥ Hrhpoyghs . #8548 %

e
2.

e

vectors KAT retroviral

di gesti on of pl KF3 (descrlbed

pRITD2. 2§$;-$E%
@ng, fHash fregen emgestion

i sol at iMedba was Qbﬁnquflaghpnrﬁ'paSMmﬁaﬁngﬁe¢§an{n1kftehls

fragment betweesy thdus Otie ﬂﬁaf@é
the vectors pRTD

| i nker of
KT2. 2SVG

of pl KF15neo (d&spribed beifal. supernatants were assayed on 3T3 cells

10

a5

" infection.

described above.
packaging function.

transient titer were selected for further
'characterizatlon (Table 5).

plated at 5x10° per 10 cm plate 24 hours prior to
Infections were done as described above.
Cells were then harvested, stained with bKT4A anti-CD4
monoclonal antibody (Ortho Diagnostic Systems Inc.,
Raritan, NJ),'and analyzed by flow cytometry as -
Clones displayed varying amounts of
Those clones with the highest
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Table 5
CELLS/CLONE # , Transduction
Efficiency (% CD4+ |
3T3 Cells)
tsa54 1.02
tsa54/107.14 ampac + 43.2 2.53
tsa54/107.17 ampac_+ 43.2 0.67
tsa54/107.18 ampac_+ 43.2 . 29.76
tsa54/107.22 ampac + 43.2 1.76
tsa54/107.24 ampac + 45.2 6.47
tsas54/107.25 ‘ampac_+ 43.2 0.61
tsa54/107.26 ampac + 43.2 1.70 |
tsa54/107.49 ampac + 43.2 '0.89
-tsa54/107.57 ampac + 43.2 - 1.12
tsa54/107.73 ampac + 43.2 1.33
tsa54/107.75 ampac + 43.2 13.18
tsa54/107.142 ampac + 43.2 0.98
293/90.74 ampac + 43.2 . 24.80
293/90.85- + 15.06
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| sol at iWB'sQizsvHQe 2.2 kb fragnment, followed by ligation 20 ,bgéﬁo&,agrrent
between the Eco RI,and Apa | sites in the plK polylinker of e vector

"pRTD2. 2.. These vectors encode a chineric nolecule containing the -
extracel | ular domain of -human CD4 (F3 derivatives) or a single chain

anti body agai nst gp4l of HV (F15 25 derivatives), respectively, fused to
the cytoplasm c domain of the Ch4 receptor (am no acids 372-395 of the

' I
associ af od- Sﬂﬁ'en)ze?Qd(Eﬁ% W I et oo o2t 87 - FRe“RBRLr ¢ zota

chai n). Chi mecarriedefficar eat‘,l'-emtﬂclattm eimmhl@amtterstuéyeabnaatyl ul ar’

domai ns (resigye e Eﬂg1 B é?%k Yer Of gg
" receptor (des?ung?éd é%ﬂ) S|n n antﬁ% dr tﬁg % derived
from a_.huran BEFFSB&F r absence of G418. Cells were spli t10 to

5 1:20 every 3 to 4.days. At passages 1, 6 and 12 cells
were transfected with 10 ug 43.2 as described above,
and transient viral supernatants were analyzed by
infection of 3T3 cells as described above. Of the
three clenes studied, only one (90.74) appeared to

10 have consistent titer over 12 passages (Table 6). It
also appeared that titer did not depend on continued
‘G418 selection. Clone 90.74 has a transient titer
equivalent to approxlmately 107/ml. Clone 90.74 has
been deposited with the -ATCC, 12301 Parklawn Drive,

15 Rockville, Maryland, under the Budapest Treaty, and .
has there been-idehtified as follows:

Cell Line AQCC Acceseiog No. Deposit .Date

90.74 : June 10, 1994
20 '
"Table 6
tsa AMPAC STABILITY TEST.
Transduction Efficiency
(% CD4+M§SEWCells/O 25 ml supernatant)
‘25 VECTORS _ E :
tsa none 0.10 1.20 H
tsa ___Ampac - _0.10 4.06
tsa Ampac+43.2 63.90 30.97 66.94
107.18+G418 Amgac+43.2 41.50 - 22.35 22.68
30 107.18 Ampac+43.2 - 23.50 ' 26.22
107.754G418 Ampac+43.2 15.42 12.18 4.36 H
107.75 Ampac+43.2 | - 11.17
90.74+G418 Ampac+43.2 34.83 30.79
35 . - Ampac+43 2
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(98.6) spooukoasfor the gpd4l noiety of the H'V 35 envel ope ROIVES94/06667
(desi gnated F15) were fiused to the 25 CD3 [err] chain and cl oned between
tthe Eco . Rl and Apa | sites of plK1l.1 described above. |In the single-chain
anti body, the variable domains of both the heavy and |ight chain genes. were
coval ently linked via a peptide 5 tether, to create an antigen bindi ng
site on-a single nolecule. A nore detailed description of the construction

of the chineric receptor gupeirmatantd) weBt416d | MMaPyze@4eéet 2 Chi ner as
. : production of RCR by a S+/L-assay on PG4 cells. PG4
cells are Moloney sarcoma virus-transformed cells from
cat brain (ATCC CRL2032). When infected with
5 competent murine retrovirus, PG4 cells produce
discernable foci which can be distinguished
microscopically (Haapala, et al. J. of Virol.,
51(3):827—833). PG4 cells were seeded at 5x10%°cn 10
_ cm plates 24 hours prior to infection. Infections
10 vwere done with_i ml of test supernatant and 4 mls of
media_containiﬁg 8 pg/ml polybrene. Media was changed
24 hours later, and then replaced every 2-3 days until
" foci developed on positive control plates. All clones
studied remained RCR~-free through 12 passages. o
15 Unexpectedly, these results demonstrate that
using the retroviral vectors of the invention, stably
transfected 293-derived cell lines that produce gag;
pol and env proteins were generated. The virus
production from these cell lines was equivalent to
20 that produced from transient co-transfection of
packaging and retrovirus vectors. Moreover,
surprisingly, in the absence of drﬁg selection, these
cell lines maintained production of gag, pol and env
proteins. Previous attempts to generate 293-based
25 - retroviral producers using retrovirus constructs’
described in the literature have failed (Pear et al.
Proc. Nat'l. Acad. Sci. ( §A) 90:8392-8396 (1993)).
After extended passage in culture these packaging cell
lines do not spontaneously generate replication

30 competent retrovirus. _
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PI asm d‘ﬁ@@ﬁ@?@?a bears the . human zeta cDNA (V‘él ssman et al . PCHPﬁ%"“ﬁ&’u
Acad. Sci. USA 85:9709- 9713 (1988). The plasnid pBS.1L3T4 beéars the human
"CD4 cDNA (Littman and thtner, Nat ure 325:453-455 (1987)). 15 A BanHl - Apal
restriction fragment (approximtely 0.64 kb) enconpaSsinthhefentire human
zeta chain coding sequence fromresidue 7 of the extracellular (EXT)

domai n,.-was exci sed from pGEMBzeta, and subcloned into the BanH and Apall
~restriction sites of the polylinker ZEzhugﬁELﬂH$cr|pt 1 SK (+) 9pSK is a

phagem d based C|;;,.‘ S ._9 .
pSK. zeta. Subsedt® IaL: Pa

entire CD4 codi ng sequend@%%mmhﬁtéﬁﬁcliheﬁb ﬁa§°§mi?3‘ ’ﬂ‘bm
PBS. L3T4, and gt |dinadid 'yéhdmés Bentosi b €EA54 packaging cells.

$ First a gag/pol clone was created in human tsas4
cells. Cells at 1x10° per 0.8 ml of PBS were co-
electroporated with 15 pg notI linearized gag/pol ATG
(described above) and 1 ug MCl neo. Electroporation
was done at 960 uF and 260 mV (Shigekawa and Dower,

10 (1988) supra) on a Gene Pulser (Biorad, Richmond; CA). -
Cells were immediately plated on a 10cm plate in DME,
1 g/1 glucose, 10% donor calf serum for 48 hours.
Cells were then split 1:5, 1:10; 1:20 and 1:50 in 1.0
mg/ml G418 selection. Media was changed every-3 days,

15 and after 12 days of selection in G418 clones -were
picked to 24 well plates. Once cells were confluent,
media was collected, filtered through a 0.45 pm filter
and flash frozen on dry ice. Clones were trypsinized
and frozen at -70° C. Supernatant was thawed and

20 analyzed for reverse transcriptase activity (Goff et
al., (1981) supra). Those clones dlsplaylng the
highest RT activity were grown.up and evaluated for
transient virus production by calcium phosphate
transfection of 5 ug pIK6.1MCVamenvATGUTA described

25 above and 10 ug pRT43.2F3 described above. Media was
changed after 18 hours, and after an additional 24
hours the viral_supernatants were collected, filtered
and frozen for analysis by infection of 3T3s.
Transient virus titers were comparable to the

30 transient virus titer of the single genome pack line

. ' 90.74 transfected with pRT43.2F3. and approximately

' 50% of the viral titer following co-transfection of

o R tsA54 cells with pIK6.1MCVampacUTA and pRT43 2F3

(Table 7). T
35 T o REpHECE
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pSK: zet YO G4RM3Bt i ng pSK. CD4. zeta. Singl e-stranded DNA was FCESEI4066670m
pSK. CD4. zeta (Stratagene pBluescript Il protocol), and used as a tenplate
for oligonucl eotide-medi ated 30 directional nutagenesis (Zoller and Smith,
Nucl ei ¢ Acids Res. 10:6487-6500 (1982)) in order to generate CD4-zeta
chinmeras with the desired junctions described bel ow CD4-zeta fusions 1, 2,
and 3 were subsequent|y sequenced via the Sanger di deoxynucl eotide
technique 35  (Sanger et al., Proc. NatfabXeawW. Sci. 74:5463-5467 26

(1977)), exci sed as EcoRI - Apal Eﬁ&?%ﬁﬁf&%&ﬂ%fﬁﬁ%"thT

Tranaduction

5 % _ ' . Efficiency (% CD4+ |
! ' 3T3 Cells)
0.02
| 293/90.74 | ampac  + 43.2 28.50
| tsas4/111.3 gag/pol + 43.2 11.72
10 | tsass/111.8 gag/pol + 43.2 13.30
| | tsas4/111.44 | gag/pol + 43.2 20.29
| tsas4/111.89 gag/pol + 43.2 17.93
tsa54/111.4 gag/pol + 43.2 32.95
.5 tsa54/111.47 gag/pol + 43.2 19.53
tsa54/111.25 gag/pol + 43.2 21.18
tsa54/111.45 _gag/pol + 43.2 14.22
tsa54/111.43 gag/pol + 43.2 23.75
tsa54/111.22 gag/pol + 43.2 24.27
20 | -

The four best clones were selected for long
N term stability studies with and without G418
selection. They were also assayed on PG4 cells for
. the production of RCR and are RCR negative.
25 Clone 111.4 is co-transfected with
- pIK6.1MCVamenvATGUTA and sv2his (Hartman and Mulligan,
Proc, Nat'l. Acad. Sci. (USA) 85:8047-8051 (1988)) '
selected in histinol as described. Clones are picked
and characterized for virus production by transient
transient transfection as described above. - Several
high titer clones are characterized for stability and
RCR as described.
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and clﬁnﬂg?%ﬂ%ﬂyﬂ:he pol yl i nker of expression vector plK 1.1 BF16F%MQN%7NEO
at identical sites, An EcoRl -BanH restriction fragnent 5 (approximately
1.8 kb) .enconpassing the entire coding region of CD4 was exci sed from

pSK. CD4. zeta, and subcl oned between the EcoRl and Bglll sites of the

pIK 1.1-or plK 1.1.Neo polylinker. The plasm d pUCRNeoG (Hudzi ak, et al.,
Cell 10+(1982) 31:137- 146; carri-es the neonyci'n gene under the
transcriptional control oPafkagrkdgs ldnesoman he cxeaksd by | TEPLIRENASV- neo

cagsette was exﬁhéeém hetrBpReNeae dent Hi Y1k caicvahevATEOPARRI th
(apprOX|nater kb and,subcl one betme%%>the two, 15 _Ss si;t es of

pIK 1.1, genera??hﬁr Rtyoyigal enye Srot ?ﬂﬁ*ﬁﬂ?%@féﬁ%ﬁgﬁPpF§'mas
. xenotropic, polytropic, MLV, 10A1, Gibbon ape leukemia

5 virus, feline leukemia virus C, Vesicular stomatitus’
virus (VsV) G protein, human T cell Leukemia (HTLV) I
" and II, and combinations thereof, using the methods
described above.
_ All publications and patent applications
10 cited in this specification are herein incorporated by
reference in their entirety as if each individual
_publication or patent application were specifically
and individually indicated to be 1ncorporated by
reference.
is As will be apparent to those skilled in the
‘art to which the invention pertains, the present
invention may be embodied in forms other than those
specifically disclosed above, for examplé to transfect
and transduce other mammalian cell types, without
20 departing from the spirit or essential characteristics
| of the invention. The particular embodiments of the
invention described above, are, therefore, to be
congidered as illustrative and not restrictive. The
scope of the present inveﬁtion is as set forth in the
25 appended claims rather than being limited to the
- examples contained in.the foregoing deécription.
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construcwemmm the extracellular (EC) and cytoplasmc (CY'II)C'IHUSMIQGWof
CD4 and, zeta respectively. The transnenbrane (TM) domain of this 20
receptor, was derived fromCD4. F3 retains the CD4 EXT donmin conprising all
four V domains (residues 1-371 of the NiuafoniHAgpieitiod ¥o: BET/ t he TM domai n of
CD4(regid c 72208 Nnf fhmmdnhajn\ ahdthe CYT.d f zeta
(residues 3J1-142 of the mature mdégdmmsPreparatlon of Singl¢ Chain
Ant i body-.Zgt a Chi neri ¢ Receptor Construction of expression vector eRncoding

t he heavy JOPPEavdiee '0f°"'H‘i§‘ HUPRACP BT et e f"dﬂ'd-y' iR Peiyf] P8 To di r e 't the

ﬁéﬂeszi 03 Ol Celfint b orpesdsiy-0f human mAb 98.6 (S. ZolTa-Pazner, Pjoc.
. Acad. |

Further deposits are identified on an additional sheet *

Name of depositaty institution * )
American Type Culture Collection

Address of depositary institution (including postal code and country) *

12301 Parklawn Drive
Rockville, MD 20852
us

Date of deposit® February 1, 1980 Accession Number® CRL 1573

B. ADDITIONAL INDICATIONS  Gleave blank if not applicable). This information. is continued on 8 sefarae srached sheet

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * « te tntoxion an s o3 tanguned Suus)

-D. SEPARATE FURNISHING OF INDICATIONS ® Geave blank if not applicable)

The indications listed below will be submitted to the Internstional Buresu later * (Specify the genera! nature of the indications 9.9..
“Accession Number of Deposit™)

E. &Mmmmimmmmmmmmnmmd(muwwmmmom)

2.0 2]

(Aunthorized Officer)

O The date of receipt (from the applicant) by the International Bureau *

was .
(Authorized Officer)
— Form PCT/RO/132 (anuary 1881)
- 66 - //,

Has Been Replaced

\\\\\\\\\\\\\\\\\\ I \\\\



Sci. (1¥00panRM8624-1628), the plasmid plK 98.6-[err] FL was REHUSMMEET]. A

full I'ength | gGlL heavy chain cDNA was generated by reverse transcription of
5 [err]g of 27 total RNA fromthe cell line SP-1/98.6 (Zolta-Pazner,
supra) using oligo-dT as the priner, followed by PCR using oligonucleotide
primers-17 and 2 (see below). The 1.5 kb Eco R to Bgl Il fragnent was
cloned 5 between the Eco Rl and Bgl Il sites of plKL.1. To ensure that the
heavy chai faikavdngl Apsticdtibn dohgcTelesj red al l otype, the Kas I-Bgl 11 fragnment of
the cDNA was replaced with a 0.94 kb Kas | - Bgl Il fragnment from 2
Form PCT/RO/134 (cont.) '

American Type Cuiture Collection

12301 Parklawn Drive
Rockville, MD 20852
us

Accession No. Date of Deposit
CRL 1658 S  January 1, 1983
CRL 2017 March 30, 1993
CRL 2032 May 12, 1993

75483 o June 11, 1993
75484 June 11, 1993
75485 June 11, 1993
75486 June 11, 1993

June 10, 1994
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pIK C[eﬁﬂP!ﬁWWQFK derr]l was constructed by the insertion SCTUS4/0666TA
codlng for the constant, region of |gGL heavy chain obtained by PCR using—
DNA from a human spl een cDNA library (Contech, Inc., Palo A “Hl“““
substrate and ol igonucleotide priners 2 and 18 (see bel ow), lﬁ l“a
RI and Bgl Il sites of plKLl.1l. 15 Construction of expression wectorr ™

‘encodi ng the Ilght chai n of human nonocl onal antibody (mAb) 98.6: To direct
t he expressi WHAS IS cCLATIMEDcR8tNn 20 of mAb 98.6, the plasm d pl K 98. 6xFL
-was constructed. A ful] length IgGL |Iight chain cDNA was generated by
reVerse transcription of 5 [err]g of total RNA fromthe cell line SP-1/98.6
usi ng pdN6 ( Phar neki a/ LXBge Odh opr twransdicinguewith Bdghi th priners 19

and 20 (see ' efficiency, mammalian target cells with foreign genes,
5 said method comprising:
A) transient cotransfection of a first
population of mammalian cells that can produce virus
with:

10 (i) at least one retroviral packaging
_piasmid comprising at least one retroviral helper DNA
sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion
proteins required for packaging a replication-

15 incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-
incompetent retroviral vector at high titer, without
the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region

20 encoding the native enhancer and/or promoter of the
viral 5' LTR of said virus and lacking both the psi
function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer
-and/or promoter functional in a selected mammalian

25 cell, and a SV40 polyadenylation site; and

(ii) a retroviral vector encoding a foreign
‘gene to produce replication-defective recombinant
. retroviral vectors carrying said fdreign gene in said
30 first population of mammalian cells; and

B) cocultivation of said first population of
mammalian cells producing replication-defective

recombinant retroviral vectors carrying said foreign
35 '
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25 bel W) 942988 0.78 fragment was then cut with Eco Rl and PRIVUSH/OSEET
cl oned between the, Eco R and Bgl Il sites of plKLl.1l. Construction of

éxpressi.on vector encodi ng SAb derived 30 fromthe heavy ' '
of mAb 98.6: a) Construction of plK98.6-K/.L/H To direct ﬁﬂﬂuﬁm ﬂﬂﬂ;}ﬂﬂf
.a single-chain 35 antibody (SAb) formof mAb 98.6, plK 9

constructed. The SAb expressed consists of the secretion | eader sequence

and ami no acigdhel vith ¥ ddeon@ipsubst fofbs! halhaliah" vadgetdl e (VL)

reglon fused
cells,

to transduce said second population of target cells
with said foreign gene, '

] - whereby target cells efficxently transduced with
said foreign gene are obtained. .

2. The method of Claim 1, wherein said target

cells are selected from the group consisting of

10 lymphocytes, human hematopoietic stem cells,

| fibroblasts, epithelial cells, endothelial cells,
myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,

_ osteoclasts, neurons, glial cells, ganglion cells,

15 embryonic stem cells, and hepatocytes.

'3.  The method of Claim 1, wherein said second
population of mammalian target cells are human.

20 4. The method of Claim 3 wherein said human -
target cells are lymphocytes.

5. The method of Claim 4, wherein said
lymphocytes are T cells. ' -
25 | o
' 6. The method of Claim 5, wherein ‘said T cells
. are cytotoxic T cells. |

7. The method of Claim 4 wherein said
30 lymphocytes are selected from the group consisting of
.. _ CD8 positive cytotoxic T cells, CD4 positive T cells

and tumor-infiltrating lymphocytes. -
. . : cet Has Been Replaced |
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fo a 14 W@i9ABIBi d |inker of the sequence 5 GSTSGSGSSECKG ( PSTAUSIAOE%MT) ot
al., J..Biol. Chem (1990) 265:18615-18620), which in turn was fused to
amno acid 1 of the mature 98.6 mAb heavy chain VH region. This was then
fused at amno acid 113 to amno acid 234 of the 1gGlL heavy chai n constant
10 regiron, in order to delete the CHL donmain of the 1gGlL heavy chain
constant- regi on for inproved secretion. plK 98.6-K L/H was constructed in
three steps. Fi rSts.deI'Bheomethbageufeelaima,pemerem'd said usecemd no acid

113 of the V[err g?%é f the 1gGl
heavy chai n, BgP%bgﬁgég ran% &' t1ate orn1of .98.6-[err]FL as
t he tenplate hﬂdabbpgbﬁh&CestﬁueCsllés primer (see belomo Cbrrectly
del et ed plasn1ds wer e found usi ng

5 9. The method of Claim 1, wherein said first
population of mammalian cells are human ‘embryonic
kidney cells.

10. The method of c1aim'9, wherein said human
10 embryonic kidney cells are 293 (ATCC No. CRL1573)
' cells.

- 11. Retroviral packaging plasmld )
pIK6 1MMSVampac, having. the structure shown in Flgure
18 1, ATCC No. 75484.

12. Retroviral packaging plasmid pIK6.lMCVampac,
having the structure shown in Figure 1, ATCC No.

75483.
13. Retroviral packaging plasmid
pIK6.1gagpolATG, having the structure shown in Figure
1, ATCC No. 75486.
25 14. Retroviral packaging plasmid pIK6.lamenvATG,

having the structure shown in Figure 1, ATCC No.7548S.

15. The method of Claim 1, wherein said
retroviral packaging plasmid is the retroviral
30 packaging plasmid of Claim 11, 12, 13 or 14.

16. The method of Claim 1, wherein said
retroviral genome is a leukemia viral genome selected -
from the group consisting of MMLV, HIV and GALV

35 viruses. . . . ' et - )
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ol i gonNUIY@S4RUSB 22 as a probe (see below). This 20 plasm<j3Q?Wﬁﬁ%N$@h to
-as plK HFc-int. To fuse amno acid 107 to the amno term

Tinker peptide, the VL region of the mAb 98.6 |ight chain M{Bﬁl{ﬂi H ”",
PCR using pl K 98,6-[err] FL as substrate and ol i gonucl eoti tles

primers-(see below). 25 This was done to place.a Sal | 'site at the 3

of the Verr] sequence, without altering the am no acid sequence of the

Eesul Li Ing ;Jrot ei n.17hi sSThe agethdd dfgeladm mdet,hwmieizgimcsaniﬂmsemand 26
see bel ow b, € ~E60 K1.1,
generating theeéb ‘g%d{i %%eﬁ F cﬁ@ ﬁ%un% dé%@ teﬁ'ﬁ’%; %Qk% T ragnment
of pl K K/ L-i raaisds prmﬁebeiwe‘bhet native mn@mﬁelaq tes: of

pl K. H Fc-int., generating plasnmid plK KL/ H

1 18. The method of Claim 16, wherein said foreign
. enhancer and promoter is the human CMV immediate early
enhancer and.promoter.

19. The method of Claim 16, wherein said foreign
10 enhancer and promoter is the MMSV enhancer and
promoter.

20. The method of Claim 1, whereéin said
retroviral packaging’ plasmld comprises two retroviral
1S helper DNA sequences.

'21. The method of Claim 20, wherein a first

‘helper sequence codes for ecotropic MMLV gag and pol
proteins and a second helper sequence codes for env

20 proteins selected from the group consisting of .
xenotrophic, amphotrophic, ecétrophic, polytropic,
10Aa1 mufine leukenmia virus, GALV, HIV, Vesicular
Stomatitus Virus (VSV) G protein, human T cell
leukenmia (HTLV) type I and II, env proteins and

25 combinations thereof. '

22. Mammalian target cells transduced with a
foreign gene produced by the method of Claim 1.

30 23. The target cells of Claim 22, wherein said
. ' cells are human cells.

24. The target cells of Claim 22, wherein said
cells are selected from the group consisting of
35 1lymphocytes, human hematopoietic stem cells,

o
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int. Siwpbesmsasgnded DNA fromthis plasnmid was used 35 2 PCTIUSIEI0666T ©
and ol-i gonucl eotide 27-was used as priner (see below) to fuse the

- carboxy-term nal amno acid of the linker to am no acidjl
region of mAb 98.6 by del etion nutagenesis. Correctly dele l m L‘ |II|
were found using oligonucleotide 28 as a probe (see below) .
plasn1d=|s pl K. 98. 6K/ L/ H b) Construction of plK CD4[erri]2: 10

fibroblasts, epithelial cells, endothelial cells,

., myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,
- osteoclasts, neurons, glial cells, ganglion cells,

5 embryonic stem cells, and hepatocytes.

25. The method of Claim 1,'wherein said forsién
gene is selected from the group consisting of grbwth-
factors, lymphokines, hormones and coagulation

10 factors. o

26. The method of Claim 1, wherein said foreign
gene encodes a chimeric T cell receptor.

15 27. The method'of Claim 26, wherein said
chimeric T cell receptor is a receptor encoded by a
DNA sequence comprising in reading frame:

: a sequence encoding a signal sequence;
. a sequence encoding a non-MHC restricted

20 extracellular surface membrane protein domain binding
specifically to at least one ligand; L

a sequence encoding a transmembrane domain;
and
a seqguence encoding a cytoplasmic signal-

25 transducing domain of a protein that activates an

intracellular messenger systen.

28. The method of Claim 27, wherein said
cytoplasmic domain is selecteéd from the group
30 consisting of the CD3 zeta chain, the CD3 eta chain,

the CD3 gamma chain, the CD3 delta chain and the D3
epsilon chain..

lace
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The pIaﬁMQfﬂﬂﬂ@&IM{err]Z was constructed to-direct the exprEEIﬂEﬂ“Hﬂ“é
fusion protein conposed, of ‘the secretion | eader and t-he—+f+rst—1806—amno—
acids of. the mature Ch antigen fused to am no acid 234 I

| g& heayy chai n constant regi on and thus contai ni ng pam Im mLm Ii[m“Ld
all of the CH2 and CH3 donmains. This deletes the CHL dondinof'th%t 139G}

heavy chain for inproved secretion. plK CD4[err]2 was constructed by .
generating a fragm2st. c@heningthpd of FR12Dn 20; twhereint B8iduman | g& heavy

chain by PCR E%% DNAhL LR 8EYthe fllemah) as
substrate and I?’g’onuc eotld&ﬂg d&gé t e prlarrers t& .75 kb Nhe | to

Bgl 11 fragnmeXecgPt@rat ed was Ilgated together with the 0. 6 kb Eco Rl to
Nhe | 25 fragnent from pSKCD4[ err] between the Eco RI and Bgl |
5 30. The method of Claim 29, whgrein said

extracellular domain is a CD antigen.

31. The method of Claim 30; wherein said
extracellular domain is CD4 or CD8.

10 S .
_ 32. The method of Claim 27, wherein said
 extracellular domain is a single-chain antibody, or
_portion thereof. ‘ |

is 33. The method of Claim 32, wherein said single-
chain antibody is specific for the HIV env
glycoprotein. '

. . 34. The method of Claim 27, wherein said
20 extracellular domain is a single-chain antibody
specific for the HIV env glycoprotein and said
cytoplasmic domain is zeta.

35. The method of Claim 27, wherein said
- 25 chimeric T cell feceptor is a CD4/zeta receptor.

36. A method for transducing with high .
effic1ency mammalian target cells with foreign genes,
said method comprising: '

_ 30 A) transient cotransfection of 293 cells
. with

(i) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNa
35 sequence derived from a replication-incompetent

-73- -'_____ﬁ_________;-_———
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sites oWQMA938 c) Construction of plK F5: 30 - . TRETPISALA666S
pl K. F7 was construgted to direct expression of several versions of

CD4/ 1 g@.zeta ([err]) fusion proteins which all contain a human
pertnane:bouns L6 entyane nge dormr (yier et ai. Csoa) {HHRIIRHENENOR

aci ds 1-:180 of 30 C4 receptor, followed by am no acids 234-445 of human
| g& heavy chatruxinakugenampcnncédiﬁgwkd byahheal& wirdonaci d ML nenbrane

hinge domai n Qlo Ui Jdl{direa for packaging a replication-

incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-

5 incompetent retroviral vector at high titer, without

‘ the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral
§' LTR of said virus and lacking both the psi function

10 sequence responsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and
’promoter functional in a selected mammalian cell and a
SV40 polyadenylatlon 51te, and

s - (ii) a retroviral vector encoding a foreign
. gene to produce_replication-defective recombinant
retroviral vectors carrying said foreign gene in said
293 cells; and

20 B) cocultivation of said 293 cells producing
replication-defective recombinant retroviral vectors
carrying said foreign gene with a second population of
mammalian target cells, to transduce said second
population of target cells with said foreign gene,

25 :

whereby target cells efficiently transduced with
said foreign gene are obtained.

37. The method of Claim 36, wherein said target
30 cells are human target cells.

38. The method of Claim 37, wherein said human
target cells are lymphocytes. '
A I —
35 . ’ . eet Has Been Replaced
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( BensmaWOSMBI438 r anc, (1990) | rmunogenetics 32:321- 5 330)PCEUSINSE by a
t ransnenbr ane .donai-n, f.oll owed by am no acids 31-142 of timLinumuffnrr1

chain. plK F7 contains the transnenbrane domai n (an no acid

Ch4. 10 : To construct this plasmd, the first ste

the humen 1g&3 ML exon (Bensmana and Lefranc, supra). Thi's wa one
generati-ng a 0.13 kb BamH "to Bgl Il fragnent cont ai ni ng the ML exon by

PCR using DNA fronsbhe {rhenmethiod Idmezwﬂe 3%, Mherxeinstsaid hunan

OligOHUC|eOtI€eS?ﬁ§a?g%§Ft %%_& dfeﬂ (gééﬁr%@&lél site of

pl K. CD4[err] 2 1'S re erred as pl K. CH3/ ML-int.
Single stranded DNA fromthis plasnld was used as tenplate and

ollgonucleotlde 9 Was U§?$é%ﬁdd“¥d¥'ﬁ?ﬁnédhéiﬁﬁ’with high
5 efficiency mammalian target cells with foreign genes,
‘said method comprising cocultivation of transfected
293 cells producing replication-defective recombinant
retroviral vectors carrying a selected foreign géne
with mammalian target cells, to transduce said target
10 cells with said foreign gehe, '

whereby.ta:get cells efficiently transduced with
said foreign gene are obtained. )

15 41. The method of Claim 40, wherein said 293
cells are transiently cotransfected.

42. The method of Claim 40, wherein said 293
cells are stably transfected.
20

43. The method of Claim 40, wherein said
mammalian target cells are human cells.

44. The method of Claim 43, wherein said human
25 cells are lymphocytes.

45. The method of Claim 43, wherein said human
cells are hematopoietic stem cells. -

30 .46. The method of Claim 40, wherein said 293
. cells are transiently cotransfected with:

(a) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA
35 sequence derived from a replicatlon-lncompetent

-75 - ' et
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20 am nWW% of human 1g& to the first am no acid of W“"

nenbrane hi nge domai n by del eti on nutagenesis. The fusi onds—destghed—to—
generate the sequence found at the natural junction bet V\eenm E‘mrI““ llnr“gul‘
menbr ane- bound 1gG nol ecul es. Correctly deleted 25 clones I

ol i gonucl eotide 10 as a probe. The resulting plasmd is referredtd a8 °

pl K. CD4[*err] 2/ ML. pIK CD4[err]2/ ML was cut with Bgl Il and blunted with T4
pol yner ase, t Ke¥roviral geunne engpding uinitxanssalkpvirighent was |igated

t oget her mnthpggtdyﬁg %éﬁd@géa/ dg ﬁenr ﬁ féaggsgicgﬁgghle F3 between

the Nhe | and a it eperat e the pl asm
plﬁ F7-int. %@p&iﬁ;&d ’E)I%% i HOTRraduaing VdxAeR ¢ and

oI|gonucleotlgtoﬁiﬁuxsazpubkzsdﬂupankagingOsiﬂaerébmication-

: 5 incompetent retroviral vector at high titer, wzthout
the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral
5' LTR of said virus and lacking both the psi function

10 sequence resnonsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and _
promoter functional in a selected'mammalianucells, and
a SV40 polyadenylation site; and -

18 (b) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant

retroviral vectors carrying said foreign gene in said
293 cells.

20 47. A retroviral packaging plasmid for the
production of high titers of recombinant retrovirus in
human cells comprising at.least one retroviral helper
DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion

25 proteins required for packaging a replication-
incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-
incompetent retroviral vector at high titer, without
the production of replication-competent helper virus,

- 30 said retroviral DNA sequence lacking the region
encoding the native enhancer and/or promoter of the
viral 5' LTR of said virus and lacking the both the
psi function sequenée responsible for packaging helper
genome and the 3'LTR, and encoding a foreign enhancer |

o
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35 | astWOR4RE43ci d of the | gG ML nmenbrane hinge domai.n BETAUS94(A966D

acid 372 of CM4 by.del eti on nutagenesis. Correctly del eted—ctones WET €

found by. using oli gonucl eotide 16 as a probe.. The resulti “ Elu
plK.F7. 5 - "The ol i gonucl eoti des used as prlnersnln |mn n“nluﬂ"
descri bed above were as follows: QO igonucleotides 2. et om s
CGGAGATCTCGTGCGACCGCGAGAGCC 3. GGAATTCGCTAGCTTTCCAGGAGCGCAAATGITGIGTC 10

4. CGGAGATCTCahtgpCpremoted Gunctional in a selected mammalian
., .. cell, and a SV40 polyadenylation site.

48. The retroviral packaging plasmid of Claim
5 47, wherein said retrovirus is a leukemia retrovirus.

49. The retroviral packaging plasmid of Claim
48, wherein said leukemia retrovirus is selected from
the group consisting of Moloney murine leukemia
10 viruses (MMLV), Gibbon ape leukemia viruses (GABV),.'
and HIV viruses. '

$0. The retroviral packaging plasmid of Claim
49, wherein said foreign enhancer is the human CMV '
15 immediate early enhancer and said promoter is the
native MMLV promoter.

51. The retroviral packaging plasmid of Claim
49, wherein said foreign enhancer and promoter is the
20 human CMV immediate early enhancer and promoter.

52. The retroviral packaging plasmid of Claim
49, wherein said foreign enhancer and promoter is the
MMSV enhancer and promoter.

25 _
53. ‘The retroviral packaging plasmid of Claim
49 wherein said DNA construct comprises two retroviral
helper DNA sequences.
30 - S4. The retreviral packaging plasmid of Claim
. : 53, wherein a first helper sequence codes for

ecotropic MMLV gag and pol proteins and a second
. . helper sequence codes for env proteins selected from
fhe'group consisting of xenotrophic, amphotrophic,
as ecotrophic, polytropic, 10Al1 murine leukemia virus,
: _7- __-_-_~_~—___________
eet Has Been Replaced

\\l\\l\\ L



7. COGCMQMRMIBTGCAACTGGAG 8. GAAGATCTGACCTTGAAGAAGGTGAC 9 PCT/US94/06667
TCTCCTCCAGTTGCAGCTOCGGAGACAGGGAGAGGC 10. TTGCAGCTCOGGAGAC 1515
B e s ocntamserc NN L NI
CGGAATTGACGCGTCCCAGTCAGGACACAGC 20  20. GAGAGAGATCTGCTAGCGGTCAGGCTGEAACTGAG
21. GCATGTGTGAGITTTGTCTGAGGAGACGGTGACCAG 22. GITTTGTCTGAGGAGA 23.

. GTGACAGT CGACGRAIIV GANDT COAEF 1 ¢ alar 2 §tonatdtosTVATRET GUEMITG rotasin,

TCGM3J“XxxxyﬁﬂxgﬁﬁﬁQ§53¥i§ﬁﬁgﬁiQA?ﬁEEﬁ§C@ype I and II env

10

s

30

proteins and combinations thereof.

55. Cells stabl& transfected with the retroviral
packaging plasmid of Claim 47 or S54.

56. The cells of Claim 55, comprising human
cells.

' 57. A method for efficiently and rapidly
transiently producing replication-defective

_recombinant retroviras in mammalian cells at high

titer comprising intfoducing into mammalian cells that
can produce virus at least one retroviral packaging
plasmid according to Claim 47 and a retroviral vector
encoding a foreign gene, whereby mammalian cells
containing said retroviral packaging plasmid and
retroviral vector produce high titers of retrov1rus
for infection. '

58. The method of Claim 57 wherein said
mammalian cells are human cells. '

59. The method of Claim 58, wherein said human

cells are human embryonic kidney cells.

~ 60. The method of c1a1m 59, whereln said human
embryonic kidney cells are 293 cells (ATCC No.
CRL1573).

61. Transfected cells producing replication-

' defective recombinant retroviruses at high titer

prepared by the method of Claim 57.

This Sheet Has Been Rep - - T8-
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26. GATGIGAREITTACCCTCGCTGCTCTTGCOGCTGOCGCTGG 27, PCT/US94/06667
CTCCTGTAGTAGCACCTGACCCT.TACCCTCGCTGCT 28.  AGCACCTGA

GACCCLTAC 30 Const+tet i on
of plK'El5neo: To direct the expression of -a fusion ﬂ' " Hﬂ” g of
the K/L/'H SAb formof mAb 98.6 |inked at amino acid ﬂﬂtﬂu eavy
chain to the 18 amno acid IgG ML nmenbrane hi nge, which was i"n turm fused

35 to the CD4 transnenbrane donain (am no acids 372- 395) . 32 and [err] "

cytopl asm ¢ donmi négani Theatrdasected) chﬂls R rekaims6Lonst r ucted by
|nsert|ng thecémsrkgihﬁ'hnman cells. :

'63. The transfected cells of Claim 62,
$ comprising human embryonic kidney cells.

64. The transfected cells of Claim 63,
comprising 293 cells (ATCC CRL1573).

10 65. A replication-defective retroviral vector
designated pRTD4.2 comprising in the S' to 3!
direction, a modified 5' MMLV LTR region comprising
replacement of the U3 region of the 5' LTR with the U3
region of MMSV, viral gag sequences up to the Nar I

15 site of MMLV, a retroviral splice acceptor and a 3!
MMLV LTR region.

66. A replication-defective retroviral vector
designated pRTD2.2 comprising in the 5' to 3!

20 direction, a modified 5' MMLV LTR region_comprising'
replacement of the 5' LTR with the human CMV immediate
early enhancer/promoter fused to the MMLV R region by
an oligonucleotide encoding nucleotides 19 (Sac I) to
+1 of the human CMV promoter linked to nucleotides +1

25 to +32 (KpnI) of MMLV, viral gag sequences up to the -
Nar I site of MMLV, a retroviral splice acceptor and a
MMLV 3' LTR region. .

‘67. A repllcauion-defective retroviral vector
-~ 30 de51gnated PRTD2.2SVG comprising a modification of the
. PRTD2.2 vector of Claim 66 consisting of replacement
of the sac I to Bst EII fragment'of'vector PRTD2.2
with the Sac I to Bst EII fragment of vector LXSN.

35
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I fragnwwbgm&mghK 98.6-K/L/H between the Nsi | sites of pIK!EmmmmM&ﬁﬁWa
i clone of the corregt orjentation 5 was sel ected. Produ

tn nannqllan cells Single or double genone KAT packagi ng

exanpl e pl K6. IMVBVanpac, pl K6. 1IMCvanpac, 10 or plK6. 1ammmmgm""muml
pl K6. 1gagpol ATG (al | ‘descri bed above), together with KAT fetfovirdl s
constructs, for. exanple, but not limted to pRTD2. 2F3, pRTD2. 2SVGF3,

PRTCR 2SSA7S, pRTDGg2SVEF 3ep) 1RRKTor BUebe WAl N oiiat viestst bed

above), prepared, as descri

that can proddegd gpﬁﬁgdb?I§F3n§a2éF &ﬁémégé%q%éf < ntﬁ%gaggallan cetls
cotransfectl0§1k!%qleéctbrabonﬂammianﬁﬂe stnirfinti¢Ew\76 1373 1377
(1979)). Nhnnali§gd%%§ %t&%% site and the SV40 origin of
5 replication, said modification consisting of insertion-
of the DNA sequence between the 5'LTR and 3'LTR of
vector pRTD2.2 of Claim 66 between the Sacl and Eco RI

sites of pIKl.1l

10 . 69. A replication-defective retroviral vector
' designated pIKT2.2S5VG comprising a modification of the
" pIK1.1 vector containing the SV40 T antigen
polyadenylation site anc¢ the SV40 origin of
replication, consisting of insertion of the DNA
15 defined at its 5' end by the Sac I site in the human
CMV promoter and defined at its 3' end by an Eco RI
site located approximately 750 bp downstream of the 3°
LTR of vector pRTD2.2SVG of Claim 67, between the Sacl
~ and Eco RI sites of pIKi.1.
20 . .

70. A replication-defective retroviral vector
comprising a modification of the pIKl.1l vector in
which the sequences of pIKl.l downstream of the human
CMV immediate early enhancer/promoter and upstream of

25 the SV40 origin of replication and SV40
polyadenylation site are replaced with a fragment of a
first retroviral vector consisting of the 5' R region
of the first | |

30 retroviral vector up to a restriction site downstream
| of the 3' LTR of said first retroviral vector.

' 71.. The replicétion-defective retroviral vector
. of Claim 70, wherein said first retroviral vector is a
35 MMLV vector.
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produce wiore420488d t hat may be t.r_ansfect ed by the KAT 2 anBETISHH06667 t he
~invention include, .but are not limted to, human enbryo m’ﬁq
* d

] erTs
Such as 293 cells, tsa20l cells, mouse 3T3 nouse fi brob” ﬂéﬁg@%”m -
I1s

fibroblasts, and African green nonkey kidney (COS) cells
are assayed for surface 25 expression of the chineric receptor by FACS to
verify tshat DNA constructs have been successfully introduced. Viral -

super nat ant s 2; ehha;";y,estqqgg_ USépDi SaeendeEeckiveusetyovinmel fvddtor i on of

puper et s L USen RS ALRLET e o 5 Witk i T ¢

super nat ant , ireglced askticca ctré@nseripyiohajolcpntaed EliewantCheni cal Co.,

St. Louis, MOy ¢ifdi o & vebbsr! baT8EYEH $¥om the group |

S consisting of a promoter, enhancer, enhancer/promoter -
and a dominant control region. '

73. The retroviral vector of Claim 65, 66, 67,
68, 69 or 72 further comprising DN2 encoding-a foreign
10 gene inserted downstream of said splice acceptor.

. ¢ 74. The retroviral vector of Claim 73 .'wherein
' #8aid foreign gene is a chimeric T cell receptor.

15 75. The retroviral vector of Claim 74 wherein
said receptor is a CD4/zeta or single~-chain antibody
chain/zeta T cell receptor. ' '

76. A method of using the replication-defective
20 retroviral vector of Claim 73 to express high levels
of packagable genomic retroviral transcripts in
mammalian cells éapable of producing virus by
transiently cotrénsfecting a first population of
mammalian cells with a packaging plasmid and said
25 retroviral vector. -
77. A mammalian cell producing recombinant
retrovirus produced by the method of Claim 76.
30 78. A mammalian cell according to Claim 77,
. : wherein said mammalian cell is a human cell.

_ ~79. A mammalian cell according to Claim 78,
wherein said human cell is a 293 cell.
35 '
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efficiﬁﬁyaa gt he 3T3 cells is assayed by both FACS 35 anapyrus40e667
Sout hern blotting. ., 33 H gh Efficiency Transductiqn of target cells In

the nethod of the invention the KAT constructs of the | furt her
used to transduce nmanmalian target cells with a forei r'ﬂm m% r",
efficiency by cocultivation of KAT transfected cells wi

target cells. In a preferred enbodi nent, desired virus producing cells,

such as 293 cell € hggap edt & ructs,
then 24 hours pos tran g@%%%&& Qﬁ“tiﬂlﬁ 763 Eﬁ?ﬂh °§6}£§¥%&
R cocultivating said first population of mammalian cells:

with a second population of target cells to transduce
‘said target cells with the foreign gene. .

5
81. The method of Claim 80, wherein said target
cells are lymphocytes.
82. A cell line designated 90.74 ATCC No.______.
10 '
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10 transfwotouegs®3 cells are cocultivated for 48 hours w h t RETAIRIAN6G6A
manmal T an target cells; such as CD8+ T e target cells are

tharvested using st andar d procedures, exp ﬁﬂQB&ﬁshmdﬂfor transducti on
efficiency, by well-known techni ques suc tonetry or

Fl uorescence-activated Cell Sorter (FACS) \‘& out hern bl ot '‘DNA
anal yses. Transduction efficiency is defln centage of positive

‘transduced cells as neasured by FACS or Southern bl ot analysis conpared to
controls. 20 ' Usi ng the KAT constructs transfected into human 293

cell s to produce virus, a from5 to 50-fold increase in viral titer as
determ ne ' ' ' '

i s obtained, when conpared to virus produced by the
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. 25 previ wwoloyre@scri bed COS transient virus production systenpCrases0666mnd
‘Litman; .supra). -In.addition, primary human cells such as henat opoietic stem
tells and human T cells, are transduced at levels 3 to 20 fold greater by
cocultivation with KAT plasm d 30 transfected 293 cells, than traditional
packagi mg |ines such as PA317 (MIller and Buttinore, supra). Wile not

W shing<to be bound by any particular theory of the invention, it is
bel i eved that ‘the high efficiency transduction of hunmgp target 35 cells

obt ai ned using the nethod of the invention is 34 O
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A

medi at edwiys

gcell contact of the retrovirally infected hpommwsaReesl | s

"with the target cells. -The conponent of human 293 ce{ls whi ch effects high
#fficiency transduction of various target cells is 5 expected to be a

protein or lipid synthesized by the 293 cells.

To determ ne the active

conponernt of this system the nenbrane proteins and lipids of 293 cells are
purified using known procedures and the ability of various purified

conponents is tested for

efficiency of the target cells. Once the active conp

its ability 10 to effect thesgransduction

t isidentified it

cam be synthesized by reconbi nant DNA or chemi cakrt eghnique. These

synt hesi zed conponents may be incorporated into Egru
fhe 15 transduction efficiency of supernatants.

particles to enhance
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o . : -
_Suitabl e |I's are any manmalian cells of interest, a”§¥5$ﬁ##§$ ut
are notflﬁﬁ??§%g§g_Jynphocytes, particularly cytotoxic T cells, ‘a%;)

hemat opoj etic stemcells, fibroblasts, epithelial 20 cells, endothelial
cells, myoblasts, retinal epithelial cells, islets of Langerhans, adrenal
medul | a el |l s, osteoblasts, osteoclasts, neurons, glial cells, ganglion-
cells, enbryonic stemcells, and hepatocytes. 25 The genes. which
may be introduced into the target cells include, but are not limted to
genes encodi ng chirmeric receptors for signal transduction in |ynphocytes,
such as those described in copending U S. patent application Serial No.

988,194, filed December 30 9, 1992, the disclosure of which is incorporated
in - . :

1234 5 6 7 89 1011 2131415

g SR

- FIG.3A

1234 56 7 8 9
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|ts enti rwby“m in by reference; growth factors, such as G, pMr99106667
“Gwt col ogy sti rrul ati,ng f-actor (CSF), epidermal growth factor, platelet
terived grow h factor, transforming growth factor (TGF) and stemcell 35
grow h factor (SCF); Iyrrphokl nes such as the =~ 35 interleukins; hornohes
such as ACTH, somatom din, insulin, angiotensin; and coagulation factors,:
such as factor VIII and Factor | X; the Miultidrug Resistance Drug (MDR)
gene; human adenosi ne deanmi nase (ADA); 5 glucose cerebrosidase; the nornal
[err]-globin gene and erythopoietin (EPO. :

| _ e
é 7/ | 74
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aof ordinary skill

nples are presented to illustrate the prese
I n maki ng and using the

®xanpl es, are not intended in any way to otherwise linit the scope of the

di scl osure or the protection granted by Letters Patent - her

n. 15 Transi ent

Productison of Hi
and i nfecti on of
desi gnat ed 293 ¢

g 1T ter Reconnl nant
20 establi shed cel
ells (ATCC CRL 1573,

Retrovirus CelT gr ow
I nes Human enbryoni
ATCC, Rockville, MD)

Ehe— t ransfection
E ki dney cell's,
Fcel s were grown

~in DMEM (JHR Bidsci ences, Lenexa, Kangas), 1 g/l.25 glucpse, 10% Donor
calf serum (Tisque Cul ture : i
O
. L o
. w .. : .
- & L
= . s a
o * o = D
(7] . Lo <=
— - [ o« .9 [
L ' F o O
Q. ¢ L
B + ?
: e, . . : l I
(TR
K
+ . Z
175} . X
-t ]
(=) L
E |
= u-
o.
L
Ty —  RARZLE N ety
< N N
o o o o
-« - . - - <
——— 613 -214\H-2 14
o
NeJ
° . . . ¢ O
. . S
. . . - T
. ) . Q o
. LI L4 . * e O
. L. : LS
' . — | @
¢ MY By ".. t ) [
‘ - .u :0 :.:::;::.’J...? . 3 8 <
. - L] e o .....0 ;..-' . I~
:(’;' ; L . L ] .:.' (. ..‘.. ".'... ' 3 o 4- m
° wo L] o .o % X X g
o F- .ch » .‘ .Ei [ ]
¢ D=z ® e % [ QL o
.8...—..l - =J: o : ——
., . ': —O [ i )
=LA ‘I o W :
Z. M * . ... L m
LR <¢l o.ocl'".' l‘-
- e .m " . e g -~
. 0 D, A . o ps o
. '.'-l. :.o.o :‘.J . _o '
QL ° O
- . e T s " eede o2 S e . 2 s > :‘h w
) R . o ‘ot o . * -.'- * .\o’.'.' i L
- .""c % e 4. 2 e % o, "; Q." 1 ’
O * ‘e e *. oot (4 . ! % eeea '
QO L
| g gy T T L 1 T T . T L | T T o
g 8 8 8§ § °
S ® . © < <
| S b1dH - 9SS\H-ISS | THIS SHEET HAS BERN
This Sheet Has Been Replaced 6/11 S REPLACED



P
- Bi ol ogi cswolodrygss CA) and splW‘s. 3T3 (ATCC geriiSoarsss7 -
cell's viece grown in-DVEM (JHR Bi osci enges), ghplaced/ | gl ucose, 10% Donor. cal f
Serum ( Tkssue Cul ture Biol ogi cs)Thigfaes BES every 3 30 days. COS (ATCC
CRL1650) “cel I s were grown in DVE/ \ nd Island, NY), 10%feta
bovi ne sérum (Ti ssue Culture Biol y'CA) and split 1:10 every 3

days. ts&a20l1l cells, a derivative of 293s which contain. the
sensitive mutant of the 35 SV40 T anti gen co-transfected

enperat ure
h t he neonycin

36 resi stance gehe (Hel nzel et,ql.,<g. \erol, 2
, ’ . o * o ) - -
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,--62(10) : 37%%‘ 1988)), Were grown in DVE/F12 (G BCO, 10% fl,g:g.g_l, @F“g
ce and

serum’(Ti ssue Culture Biologics) and split 1:10 every 3 days.

5 tsa20i.cells were plated 1x10[err] and 0.5x10[err] cells per 10 cmplate, .
respecti'vely, 48 hours prior to transfection. COS and 3T3 cells were plated
at 0. 5x1b[err] cells per 10 cmplate 24 hours prior to transfection. 10
[efr]g of each plasmid, alone or in various 10 conbinations, was
-transfected by cal ci um phosphate coprecipitation (Wgler et al., supra) for
all cell types. 24 hours follow ng transfection, the nedia was changed. 24
hours later, viral supernatants were harvested and filtered through a 0.45
[errfmfilter and 15 flash frozen on dry ice. 3T3 cells wer e plated at
0.5x10[err] cells per 10 cmplate 24 -hours prior to

2kb -
3.6kb

FIG.6
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yl nf ectlonwd;;imsons were carri ed out in 5 m of nedi a cont all;}bgg Qﬁl({%
.supernatant.and 8 [err]g/nl polybrene (Sigma Chem cal Y F
™4 20 hofrs foll owing infection, the nedia was changed to pol ybrene-free
medi a and the cells were grown for an additional 24 hours. 293 cells
produced high titer retrovirus followi ng 25 transient transfection 293
cells were assayed for their ability to transiently produce reconbi nant
retrovirus upon cotransfection with the either .the KAT packagi ng pl asm d(s)
pl K6. 1IMCVanpac or pl K6. lamenvATG and 30 pl K6. 1gagpol ATG, and the retroviral
vectors pRTD2. 2F3, pRTD2. 2SVGF3, pRTD2. 2SSAF3, pRTD2. 2SVG-3E-,
pl KT2. 2SVGF3, "and pRTD2. 2F15, encoding the F3 or F15

3.6kb

\
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k] . '
‘chinmeric receptors, by harvesting viral supernatants 48 hOUf%ﬁgmﬁm

* t r ansfecWOM/Z93§ I,ovved by infection of 35 nouse 3T3 cells

~anal ysi:s 48 hours | ater. .37 For FACS analysis, infected 3T3 cells are
renoved; fromthe culture d| sh in the absence of tr¢cp3| n and are processed
for FACS analysis aftg Hoatt-oF 40—rrM - 7.5, 150 M NaCl, 1 nM
"5 EDTA.<Cel |l s are wash Bd saline (PBS) plus 2%
(FCS) fetal calf serur (Hyclong), f pibation with the
appropriate FITC conjlugat ed cn\;tec Qg [/t he presence of PBS
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—

4Pl us Z_ngésdensity of 1x10[err]/m for 30 m nutes at 10pcfRIt94/0668¢
cells "aLe washed 3Xw th PBS plus 2% FCS, and finally resuspended in 0.5 n

*PBS and-anal yzed by flow cytonetry. The results of FACS analysis are shown
in Figure 2. 293 cells cotransfected plK6.lanpac and 15 pRTD2. 2F3 express
high levels of F3 on their surface (Figure 2B), conpared to nmock (control)
transfected cells (Figure 2A). 3T3 cells infected with viral supernatants
harvested from-transfected 293 cells reveal ed two Welg.separ at ed peaks
corresponding to 20 __uninfected and jnfected 3T3 cell s Figure 2D), which
wag significantly
cells (Figure 2B)
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and FACS anal ysi s.
viral supernatants that transduce 50% ofy the 10[err]

3T3 cel

present at the tine of infection. In contrast, virus ' transient

cotransf ecti on MERHID ¥F*RQBUG@§Q¥|9@dHB H| T3TER YIRUS
Lit man, supra) was HERF %%ﬂg%um%i[ggfsm'méqq

cotransfection of KAT pl asm ds

10

is

ELD OF THE I o
This invention relates to novel retrovirus
constructs and their use in transient production of
recombinant retrovirus in mammalian cells, and to
methods of using such constructs to transduce
mammalian cells with high efficiency. |

ACKGRO  THE I o
Retrovirus vectors have become the primary
tool for gene delivery in human gene therapy

applications (Miller, Nature 357:455-460 (1992)). The

ability of retrovirus vectors to deliver an
unrearranged, single copy gene into a broad range of
rodent, primate and human somatic cells in primary
culture makes them well suited for this purpose.
Identification and subsequent deletion of the
sequences present within retroviral transcripts
encoding the packaging signals for avian (E) and
murine (y) retroviruses,-has enabled development of
packaging cell lines to supply in trans the proteins
necessary for production of infectious virions, but
render the packaging cell lines unable to package
their own viral genomic mRNA (Watanabe and Temin,

Molec. Cell. Biol. 3(12):2241-2249 (1983); Mann et

al., Cell 33:153-159 (1983); and Embretson and Temin,



38 into 293 cells..Virus production is highly reproducible i
transfection experlnents where duplicate 3T3 infections werg ¢
In.contrast, no detectable 3T3 infection is observed 5 follo
transfectlon of the retroviral construct pRTD2.2F3 al one, de
that viral production is dependant upon ghe presence of the
construct and the retroviral vector. Hi gh titer virus produc{ion |s also
dependant upongt kg rienes€1q® szaﬁss-mjﬁtgml)r.al The stostc tim

i o1 K6, LMBVEBAS t°at§~io°=£35t ; SRS o Fenil oo, 00 1P e O
15 packaging lines has been both the production of high
titer vector supernatants free of recombinant
5 replication competent retrovirus, which has been shown
to produce T cell lymphomas in rodents (Cloyd et al.,
ed. ,542-552 (1980)) and primates (Donahue et
~ale, E&Ezgéug§;11§,1125-1135 (1992)). Although early
murine retroviral packaging lines were highly prone to
10 generation of replication competent retrovirus (RCR)
(Cone and Mulligan, c, Nat'l. Acad. Sci. U
- 81:6349-6353 (1984)) or prone to co-package the y-
genome (Mann et al., supra, 1983; Buttimore and
Miller, Mol.Cell.Biol. 6(8):2895-2902(1986)), two
15 strategies have evolved for the construction of second
generation packaging lines with significantly reduced
ability for the generation of RCR. One strategy,
embodied by PA317, uses a single genome packaging
construct from which the initiation site for second
20 strand synthesis, the 3' LTR, and the ¢ site have been
deleted (Miller and Buttimore, Molec. Cell. Biol.
§(8): 2895-2902 (1986)). These modifications
eliminate as much as possible homology between the
packaging genome and the viral vector to reduce the
25 ability to form recombinants, and have resulted in
production of high titer, helper-free virus with many
vector systems (Miller and Rosman, BioTechnigues
2(9) :980-990 (1989)). The second approach has been to
divide the packaging functions into two genomes: one
30 that expresses the gag and pol gene products, and the
other that expresses the env gene product (Bosselman
et al., Molec. Cell. Biol. 7(5):1797-1806 (1987);
Markowitz et al., J. Virol. 62(4): 1120-1124 (1988);
Danos and Mulligan, oc t! d. Sci. (USA
35 85:6460-6464 (1988)). This approach eliminated the
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20 25 30' 35 39 Table 1 Packaging %)3T3;égﬁ§i%ifmv

Functi.on Transfection Transduction pRTD2. 2F3 ? et s e
52 0/ 0 pRTD2. 2F3 - 55 § I op pen B
PRTDZ. 2F3  plK6.1 MVanpa 80 49/50 10] | 2pRFBE. 28

pl K6. IMCVanpa 85 50549

‘ability for co-packaging and subsequent trinsfe:
the yY=-genome, as well as significantly decreased the
frequency of recombination due to the presence of
three retroviral genomes in the packaging cell that
$ must undergo recombination to produce RCR. In the
event recombinants ariée, mutations (Danos and
Mulligan, supra) or deletions (Boselman et al., supra;
and Markowitz et al., supra) within the undesired gene
products render recombinants non-functional. In
10 addition, deletion of the 3' LTR on both packaging
function constructs further reduces the ability to
form functional recombinants. Although early attempts
at the generation of two genome packaging lines
yielded low titer producer clones (Bosselman et al.,
15 supra) producer lines are now available that yield
high titer producer clones (Danos and Mulligan, gupra;
and Markowitz et al., supra).
. Packaging lines currently available yield
producer clones of sufficient titer to transduce human
20 cells for gene therapy applications and have led to
the initiation of human clinical trials (Miller,
gupra). However, there are two areas in which these
" lines are deficient. First, design of the appropriate
retroviral vectors for particular appiications
25 requires the construction and testing of several
vector configurations. For example, Belmont et al.,
Molec. and Cell. Biol. 8(12):5116-5125 (1988),
constructed stable producer lines from 16 retroviral
vectors in order to identify the vector capable of
30 producing both the highest titer producer and giving
optimal expression. Some of the configurations
examined included: (1) LTR driven expression vs. an
internal promoter; (2) selection of an internal
.promoter derived from a viral or a cellular gene; and
35 (3) whether a selectable marker was incorporated in
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pRTD2. 2F3 pIK6.i MCVanpa 83 47/ 43 pRTD2-2R3-i

pl K6. IMCVanpa . 85 - 49/ 48 15 pRTD2. 2F3 | REPK&LL:
gagpolATG 78 27/ 77 pl K6. 1lamenvATG pRTD2. 2F3 |  pHk6.d-.
gagpol ATG 78 25/ 26 pIK6 1 amenvAT pl KF3 95 "
67 | 0/0 pl KF3 59 0F &5l
pl K6. 1MCVanpa 90 0/0 i kF3 pl K6. 1 MVdrpe

0/ 0 pRTD2. 2ssaFthe eotnStrudtl/aAppackaging8system that gould pﬁamgggsngs
pl K6. 1 chanpa rapid,8§igh-t1ter vig§%3§ré§uctioBRxQ%haﬁiggh' nee

pl K6. 1MCVanp pRTD2. 2F15
pl K6. 1 NCVanpa generate stable prodycey lines would be highly

advantageous in that it would save approximately two
5 months required for the identification of high titer
producer clones derived from several constructs.
Second, compared to NIH 3T3 cells, the
infection efficiency of primary cultures of mammalian
somatic cells with a high titer amphotrophic
10 retrovirus producet varies considerably. The
transduction efficiency of mouse myoblasts (Dhawan et
al., Science 254:1509-1512(1991) or rat capillary
endothelial cells (Yao et. al., Proc. Natl. .
USA 88:8101-8105 (1991)) was shown to be approximately
15 equal to that of NIH 3T3 cells, whereas the
transduction efficiency of canine hepatocytes
(Armentano et. al., Sci.
87:6141-6145 (1990)) was only 25% of that found in NIH
3T3 cells. Primary human tumor-infiltrating
20 lymphocytes ("TILs"), human CD4+ and CD8+ T cells
isolated from peripheral blood lymphocytes, and
- primate long-term reconstituting hematopoietic stem
cells, represent an extreme example of low
transduction efficiency compared to NIH 3T3 cells.

25 Purified human CD4+ and CD8+ T Cells have been
"reported on one occasion fo be infected to levels of
6%-9% with supernatants from stable producer clones

(Morecki et al., Cancer Immunol. Immunother. 32:342-
352 (1991)), and primate or human long-term
30 reconstituting hematopoietic étem cells have only been
infected.to < 1% with a producer of titer of 10° per ml
on NIH 373 cells (van Beusechem et al.,_Proc.
‘Natl.Acad. Sci. USA 89:7640-7644 (1992); and Donahue
et al.,supra). If the retrovirus vector contains the
35 neo® gene, populations that are highly enriched for



pRTD2 2F15 pl K6.1 MCVanpa 91 69/ 70 35 P OREY £
C 40 High titer virus can al so be produced by cotransfectldn @fﬁ_ ,
prKe, amenvATG,  pl K6. 1gagpol ATG and pRTD2. 2F3 (Table 1). AIth'udh;égerrﬂ 207 {
transfection efficiency of the later plasmds was appr oxi mat eljy |5 équaf % l
the transfection efficiency of plK6.1MY¥anpac and pRTD2. 2F3, Vi rus——
production was reduced by a factor of to 27% Simlar resul{s have been

descri bed by Leraisaacedlcelns chandeu ocbtdindd by seldctionh
observed a fﬁ”éggggteasfeczagle marker expression has been shown
to have deleterious effects on long-term gene
'expression in vivo in hematopoietic stem cells
5 (Apperly et.al._Blood 78:310-317(1991)).

An approach that yields significantly
increased transduction of mammalian cells in primary
culture would be highly advantageous, and this need is
currently unmet.

10

O (o)

Accordingly, the present invention provides
novel plasmid based expression vectors that direct the
synthesis of both packagable retroviral vector |

15 transcripts and retroviral gene products required for
rapid production of high titer recombinant retrovirus
in human cells by transient transfection, thereby
eliminating the need to generate stable producer
lines. In addition, the invention provides a method

20 for highly efficient transduction of mammalian cells
that have previously been described as difficult to
transduce with retroviral constructs. The invention
also describes the construction of cell lines in which
the plasmid-based expression vectors of the invention

25 that direct the synthesis of retroviral gene products
required in trans for ﬁirus-production have been
stably integrated into the genome of the producing
cells. These stably transfected lines can be used to

- generate stable cell lines that continuously producé

30 recombinant retrovirus at high titer.

The retrovirﬁl constructs are packaging
plasmids consisting of at least one retroviral helper
DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion

35 proteins required to package a replication incompetent



10 overall efficiency of the KAT system using one or two genone packagi ng
plasmds, is still 10 to 20-fold greater then that described for the COS
celll _system The high 3T3 cell transduction efficiency observed by FACS
anal ysis of viral supernatants 15 produced foll ow ng KAT plasmd
transfection of 293 cells was confirnmedgby Southern blotting of integrated
proviral DNA frominfected 3T3 cells. H gh nol ecul ar wei ght DNA was

prepared 48 hOUfétﬁ@Giran‘eéétéﬂ aaﬂddfaésbraaue&naovhﬂ&ﬁ prlotidiAgi th Eco
RV. 20 The sa Ies tere el gc gn Eﬁ Hic % a oseé%an¥trewwferred
to Zetabind an 3pla of (nagkaging, Fa§ ak 8@1%&
t ransnmenbr ane andtqunpthsvectdnnatnhigﬁctiﬁ&rd|gdthbnm ¢he he transfected
plasm d pRTD2. 2E3.4h&L 6 8£4répfPcRBifn-competent helper virus. The
5 retroviral DNA sequence lacks the region encoding the
native enhancer and/or promoter of the viral S'LTR of
the virus, and lacks both the psi function sequence
responsible for packaging helper genome and the 3!
LTR, but encodes the SV40 polyadenylation site and a
10 foreign enhancer and/or promoter which directs
_efficient transcription in a cell type where virus
production is desired. The retrovirus is a leukenmia
virus such as a Moloney Murine Leukemia Virus (MMLV),
the Human Immunodeficiency Virus (HIV), or the Gibbon
15 Ape Leukemia virus (GALV). The foreign enhancer and
promoter may be the human cytomegalovirus (HCMV)
immediate early (IE) enhancer and promoter, the
~enhancer and promoter (U3 region) of the Moloﬁey
_ Murine Sarcoma Virus (MMSV), the U3 region of Rous
20 Sarcoma Virus (RSV), the U3 region of Spleen Focus
Forming Virus (SFFV), or the HCMV IE enhancer joined
to the native Moloney Murine Leukemia Virus (MMLV)
promoter. The retroviral packaging plasmid may
consist of two retroviral helper DNA éequences encoded
25 by plasmid based expression vectors, for example where
- a first helper sequence contains a cDNA encoding the
gag and pol proteins of ecotropic MMLV and a second
helper sequence contains a cDNA encoding the env
protein. The Env gene, which determines the host
30 range, may be derived from the genes encoding
xenotrophic, amphotrophic, ecotrophic, polytropic
(mink focus forming) or 10Al1 murine leukemia virus env
proteins, or the Gibbon Ape Leukemia Virus (GALV env
protein, the Human Immunodeficiency Virus env (gpl60)
35 protein, the Vesicular Stomatitus Virus (VSV) G
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25 Eco RV digestion of pRTDL. 2F3, which contains MWV 5' and

yielded a 3.6 kb fragnment. Following virus infection, integrat]o %Q?T an
duplication of the 3" LTR, Eco RV digestion should yield a 3.6 kb FEB%J&_
fragment. This allows determ nation of the presence of 30 integré&ted—-

proviral DNA in the target cells. Table72 gives the sizes of {
bands fromtransfected plasm d DNA and i ntegrated provirus fokF

di gestion and ByBtedhsaiche Husthanh T 1A Nethéeni® (HTIN) Tepbe £ and
’ II env gene products, chimeric envelope gene derived
from combinations of one or more of the aforementioned
env genes or chimeric envelope genes encoding the
$ cytoplasmic and transmembrane of the aforementioned
env gene products and a monoclonal antibody directed
against a specific surface molecule on a desired
target cell.
Specific embodiments of the retroviral
10 packaging plasmids of the invention are:
PpIK6.1MMSVampac, pIK6.1MCVampac, pIK6.lgagpolATG and
pIK6.lamenvATG. . )
The invention includes retroviral vectors
that contain a modified 5' LTR, which enables
18 efficient transcription of packagable vector
transcripts in the desired cell type. In addition, the
invention includes retroviral constructs encoding
foreign genes.' '
In a method of the invention, the packaging
20 plasmids and retroviral vectors are transiently
cotransfected into a first population of mammalian
cells that are capable of producing virus, such as
human embryonic kidney cells, for example 293 cells
(ATCC No. CRL1573, ATCC, Rockville, MD) to produce
25 high titer recombinant retrovirus-containing
supernatants. In another method of the invention this
transiently transfected first population of cells is
then cocultivated with mammalian target cells, for
example human lymphocytes, to transduce the target
30 cells with the foreign gene at high efficiencies. The
invention further includes target cells expressing a
foreign gene produced by the method of the invention.
. The foreign gene may be a chimeric T cell receptor .

such as a CD4/zeta or single-antibody chain/zeta T
35 cell receptor.

je expect ed



ZcoRVEragnent Size (in Kb) 5 PEnT
Hybridi zing to [err] Probe Transfected | nt egr at ed Ret foVji’r-

Comst r uct Pl asm d Provirus pRT.D 2. 2F3 gL

3.60 10 . PRT.D 2. 2SSAF3 3.80 3.1

2. 2SVGF3 4.17 . 57 PRT. D 2. 2SVGE- R}

4.22 3.61 pRT.D 2. 2F15 4.47 lﬁ 3.87

Genomi c DNA prepared frominfected 3T3s was digested with Eco RV and 10
[err]g of digested DNA frominfected and control cells were el ectrophoresed

on a 20 0.8% agarose gel, gned with a 605 bp
fragnment encodi ng the [err’ domai ns. Only the

DNA derived from Figure 1 is a diagrammatic representation of
the retroviral packaging plasmids of the invention used to
produce the proteins necessary to package retroviral vector

§ transcript: ' '

pIK6.1MMSVampac, pIK6.l1lMCVampac, pIK6.lgagpolATG, and
pIK6.lamenvATG.
' Figures 2A, 2B, 2C and 2D show the FACS profile

of 293 cells transfected with retroviral constructs, as
10 described in Example I, infra. “

Figures 3A and 3B show the transduction
. efficiency determined by Southern blot analysis of infected
3T3 DNA, as described in Example I, infra.

Figure 4 is a bar graph of the data from

15 experiments in which CD8+ T cells were transduced by, first,

transient transfection of 293 cells with either pRTD2.2F3 or
PRTD2.2F15 and pIK6.1MCVampac, followed by cocultivation of
the 293 cells with the CD8+ T cells and analysis of

transduction efficiency by FACS, as described in Example II,
20 infra.

Figures 5A, 5B, 5C and 5D show the results of
FACs analysis of hematopoietic stem cells transduced with the
KAT packaging constructs and cocultivation with 293 cells, as
described in Example IIXI, infra.

Figure 6 examines whether the cocultivation of
CD34+ cells with KAT transfected 293 cells leads to high
efficiency transduction as analyzed by Southern blotting, as
described in Example III, infra. -

Figure 7 compares the transduction efficiency
30 of CD34+ cells transduced by the KAT system to that of
cocultivation with a stable PA317 producer by Southern
blotting, as described in Example IIXI, infra.

Figures 8A, 8B, 8C, 8D and 8E show the results

of FACs analysis of human CD34+ hemgtopoietic progenitors
35 transduced

25



3T3 ce¥ls |nfected w th supernatants obtained foll ow ng cotransfeeti+on
293 cells with pRTD2 2F3 25 and pl KMCvanpac yielded a 3.6 k% REEgHERt:
(Fisgure 3A, lanes 4 and 5), identical to the fragment seen in tihe—Eceo-
di gested pRTD1. 2F3 plasnmid control |anes (Figure 3A, |anes 11-]
i ndi cative of integrated provirus. Cpangltatlon of southern b
scannlng densitonmetry and conparlson to plasmd standards 30!

0.1 to 3.0 co c C | anes

11- 14), mas cg%gggte ?Bxﬂ? gIk?r%% Fg% %%gﬁgﬁznc \Mﬁ%%
transducti on ef¢llowinyg bIaOSSe§§éPBsP€eBﬁﬁmﬂﬂilﬁnwg%hsﬂﬁﬁ?rﬂ@%ﬁ??sThe'
transduction eiﬁdcé&éﬁitfeﬁtidﬁ“thﬁaheEeﬁﬂmédﬁin Example IV, infra.

In order that the invention herein described
may be more fully understood, the following
description is set forth.

The present invention provides novel

10 optimized transient expression plasmids (designated
"KAT") for production of retroviral virions in which
high steady state levels of retroviral packaging
functions and packagable vector transcripts are -
produced following introduction of KAT plasmids into

15 mammalian cells capable of efficient transient
transfection and expression, in the absence of plasmid
replication of viral vector and packaging function -
plasmids. The absence of plasmid replication enables
production of high titer virions while minimizing the

20 potential for production of replication competent
retrovirus by recombination. Use of the KAT system
yields 10-30 fold higher viral titers compared to
cotransfection of packaging functions and vector
plasmids into COS cells, as described by Landau and

25 Litman, J. Virol. 66(8):5110-5113 (1992)).
Alternatively, because the KAT packaging function and
viral vector plasmids contain the SV40 origin of
replication, tﬁey can be transfected into cell lines
that enable replication of SV40 origin-containing

30 plasmids due to expression of the SV40 T antigen, such

as tsa20l1 (Heinzel et al., J. Virol. 62(10):3738~3746
(1988)). Using the KAT system, viral titers in the -

.presence of plasmid replication are 3 to 10-fold
~higher than in the absence of replication. Whether
35 replicating or nonreplicating plasmids are used, the



42 effi ciency observed by FACS anal ysis. The probe did not detect a band in
DNA from 3T3 cells infected with supernatants derived from nock transfected
293 cells (lane 1), 293 cells transfected with pRTD2. 2F3 alone 5 (Figure
3A, lanes 2 and 3), transfected with the expression vector plKF3 al one
(Figure 3A, lanes 6 and 7) or cotransfegied wth pl K6. IMCVanpac and pl KF3
(Figure 3A, lanes 8 and 9), which is also consistent with the FACS

analysis. 10 gar systemTfﬁé%i%wiﬁﬂéfﬂgi@?ﬂdﬂﬁimﬂsfrlhlﬁjﬁ,tit\@rvmi ch
differed in th%égélliﬂ%%%“%ﬁ%%oéggggLé%ézg;atants without the need
for generating stable producer lines.
' The retroviral constructs of the invention
5 also find use in the method of the invention to
transduce by cocultivation, with high efficiency,
mammalian cells, such as primary human cells, that are
typically retractory to transduction by conventional
means.

0 The plasmids of the invention also find use
in the construction of stable cell lines that '
constitutively produce the retroviral proteins
required in trans for the production of retrovirus
particles: gag, pol and env. These stable packaging

15 constructs can be introduced into human cell lines by
calcium phosphate transfection or electroporation,
"together with a dominant selectable marker, such as
neo, DHFR*, Gln Synthetase, ADA, followed by selection
in the appropriate drug and isolation of clones. This

20 enables the production of high titer stable producer
clones following introduction of a retroviral
construct into these cells. These cell lines have all
of the same properties of the transiently transfected
produger cells. However, due to stable integration of

25 Dboth packaging function and virus vector, they
continue to produce high titer retrovirus
indefinitely.

Plasmids containing the packaging functions
can be split with one encoding the gag and pol genes

30 and a second encoding the env gene product. Packaging
lines containing two viral genomes have been described
(Bosselman et al., Molec. Cell. Bjol. 7(5):1797-1806
(1987) ; Markowitz et al., J. Virol. 62(4): 1120-1124
(1988) ; Danos and Mulligan, Proc. Natl. Acad. Sci.

35 (USA) 85:6460-6464 (1988)) and are desirable due to



(Figure 3B, 1 ane 4), pRTD2.2SVGF3 (Figure 3B, |ane 5), pRTD2.2SVGE-F3

(Flgure 3B, lane 6), and one which differed in the chineric O
i nsert, pRTD2.2F15 15 (Figure 3B, lanes 7 and 8), were cotra St e
293 ceIIs wi th pl K6. 1IMCVanpac, the supernpatant used to infec
fol |l owed by both FACS anal ysis (Table 1)3pnd southern blotti (
Al of the F3 constructs showed simlar titer by both FACS 20 an§1ySIs

Table 1) and r
(expect ed? The @{% 4! f‘gglﬂr:&grtgg i’%&%%f% \gé&ﬁ}m reat%r tl?gr as°
det er ni ned by §ﬁ§F9§|§°PP&§P§t1Feﬁ¥P Q%b Fi

of the Sout her febbfibinatlohebetweens aa&-dwmm I\reae@rvua each of the

vectors, upon jAfRgEiRS chhtEilt. "B the 'Fladiias of the
5 invention results in a packaging line yielding the
high efficiency transduction of the transient system,
but with the added ease of a stable packaging system
and the safety of a two genome packaging system. The
novel plasmids of the invention enable a significant
10 advance over previously described two genome packaging
lines. The KAT plasmids encoding gagpol and env genes
have been constructed so that only protein coding
sequence from the retroviral genome is present. Using
the retroviral vectors described in the invention, no
15 overlap exists between the retrovirus vector and
packaging genomes at their 3' ends. This structure in
combination with replacement of the gag start codon
(ATG) in the vector with a stop codon absolutely
precludes the generation of replication competent
20 retrovirus in contrast to previoﬁsly described.
packaging lines where complete viral genomes
" containing mutations (Danos and Mulligan, Proc. Nat'l.
Acad, Sci. (USA) 85:6460-6464 (1988)) or deletions
(Bosselman et al., Molec. Cell. Biol. 7(5):1797-1806
25 {1987) ; Markowitz et al., J. Virol. 62(4): 1120-1124
(1988)). These prior known packaging lines contain
overlap at the 3' end of the virus vector with the
packaging line and can potentially generate RCR.
Two genome packaging lines are constructed
30 by sequential introduction of the gagpol plasmid
followed by the env- containing plasmid. The env genes
are responsible for recognition of cell surface
_receptors. Five functionally and structurally _
different env genes have been identified in murine
35 leukemia viruses and have been shown to have




t he iﬁtegrabed-provirus. Therefore, the FACS and Southern blotting results

from5°KAT retroviral constructs denonstrate that high titer retrovirus can
307 be produced in 293 cells, that production was dependent R
cotransfection of the retrOV|raI construct and packagi ng fungtﬁoﬁéwua ot
production of high titer retroviral supelRatants in 293 cells jUES“ﬁ@f“+ead .

to any unusual rearrangenents of the 35 retroviral constructs. Z’§3F F bS5 5
Production in efistiicaliseldidtite reveptorsi (Boveinteet alhpsd i ‘

screened Virol. 66:1468-1475 (1992)). Human host range_with !
murine leukemia virus vectors is possible by the
introduction of the amphotropic env gene into a cell

.8 1line that expresses the ecotropic MLV gagpol (Danos
and Mulligan, Proc., Nat'l. Acad, Sci. USA 85:6460-6464
(1988)) . The xenotropic and 10Al1 MLV viruses have
human host rahge, as well as the gibbon ape leukenmia
and feline leukemia viruses. Using cDNA clones of

10 these env genes, one or more can be stably introduced

. into a gagpol line to create a packaging line where
the retrovirus produced following introduction of a
retroviral vector can enter the target'through
multiple genetically distinct receptors. This leads to

15 substantial increases in apparent viral titer. The
vectors of the invention provide for the ability to
create these types of novel packaging lines.

Most of the techniques used to construct
vectors, and transfect and infect cells, are widely

20 practiced in the art, and most practitioners are
familiar with the standard resource materials which
describe specific conditions and procedures. However,
for convenience, the following paragraphs may serve as
a guideline. '

25" Construction of the vectors of the invention
employs standard ligation and restriction techniques
which are well understood in the art (see Maniatis et
al., in Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, N.Y. (1982)). Isolated

30 plasmids, DNA sequences, or synthesized
oligonucleotides are cleaved, tailored, and religated
in the form desired.

_ Site-specific DNA cleavage is performed by

' treating with the suitable restriction enzyme (or

35 enzymes) under conditions which are generally

-



fbf their'ability to produce retrovirus by cotransfection wth KAT
plasm ds, followed by virus 5 harvest and 3T3 infection (Table 3). Table 3

Packagi ng Sur f ace Retro-F3 Cell Type Const ruct CD4%
3T3 inf% Constr. 293 Mock 1 0/0 Mock 10 293
pl K6. 1MCVanpac 88 -39/ 38 pRTD2. % F3 293 pl K6. 1MCVanpac 88

41/ 38 pRTD2. 2- F3 COS Mock ND Mock COS

pl K61MCVanpac 1 D : 1MCVanpac
Ps T 1E und%%}zoad %‘1 ﬁgg abET %nﬁvb@xkeliaartlcn@s of \VIHB&

Mock 143B specifiped bysthe manufecturex,ftheses

commercially available restriction enzymes. (See,
e.g. New England Biolabs, Product Catalog.) 1In

S general, about 1 ug of plasmid or DNA sequences is
cleaved by one unit of enzyme in about 20 ul of buffer
solution. Typically, an excess of restriction enzyme
is used to insure complete digestion of the DNA
substrate. Incubation times of about one hour to two

10 hours at about 370C are workable, although variations
can be tolerated. After each incupation, protein is
removed by extraction with phenol/chloroform, and may
be followed by ether extraction, and the nucleic acid
recovered from aqueous fractions by precipitation with

15 ethanol. If desired, size separation of the cleaved
fragments may be performed by polyacrylamide gel or
agarose gel electrophoresis using standard techniques.
A general description of size separations is found in
Methods of Enzvmology 65:499-560 (1980).

20 Restriction cleaved fragments may be blunt
ended by treating with the large fragment of E. coli
DNA polymerase I (Klenow) in the presence of the four
deoxynucleotide triphosphates (dANTPs) using incubation
times of about 15 to 25 minutes at 200C in 50 mM Tris

25 (pH 7.6) 50 mM NaCl, 6 mM MgCl,, 6 mM DTT and 5-10 uM
dANTPs. The Klenow fragment fills in at 5! siicky'ends
but chews back protruding 3' single strands, even
though the four ANTPs are present. If desireqd,
selective repair can be performed by supplying only

30 one of the dNTPs, or with selected dNTPs, within the
limitations dictated by the nature of the sticky ends.
After treatment with Klenow, the mixture is extracted
with phenol/chloroform and ethanol precipitated.

Treatment under appropriate conditions with Sl
as :



143B % pl K6. IMCVanpac 50 1/1.  pRTD2.2-F3 HELA Mbck

0 : ND Mock 20 HELA pl K6. 1MCVanpac 48 0/0
pRFD2. 2- F3 HELA pl K6. 1MCVanpac 54 0/0 pRTD2. 2- F3 L929

Mock 0 ND Mock L929. pl K6. 1MCVanpac 1 0/0
pRTD2. 2- F3 25 L929 pl K6. 1MCVanpat4 1 0/0 pRTD2. 2- F3 3T3
Mock 0 0/0 Mock 3T3 . pl K6. IMCVanpac 39 2/ 3.

PRTD2. 2- F3 3T3 nuclaid® AMBEIHBEX resflts in KydrolyspBTOE. &nf3 320 CHO
D pl K6. 1MCVanpa 0/.0 pRTD2. 2- F3 CHO D pl K6. 1MCVanpac

0]
o - 0/0 ﬁi?é%f?ﬁ?ﬁ?qgﬁpsRR?E&QPExpression and virus production was
absent from L929 and CHOIigdtiddmns\awe cperforsnedt inn15+50 pul volumes

under the following standard conditions and
5 temperatures: 20 mM Tris-Cl pH 7.5, 10 mM MgCl,, 10 mM
DTT, 33 mg/ml BSA, 10 mM-50 mM NaCl, and either 40 uM
ATP, 0.01-0.02 (Weiss) unites T4 DNA ligase at 00C
(for "sticky end" ligation) or 1 mM ATP, 0.3-0.6
(Weiss) unites T4 DNA ligase at 140C (for "blunt end"
10 ligation). Intermolecular "sticky end" ligations are
usually performed at 33-100 ug/ml total DNA '
concentrations (5-100 mM total end concentration).
Intermolecular blunt end ligations (usually employing
a 10-30 fold molar excess of linkers) are performed at
15 1 uM total ends concentration.
- The retroviral vectors and packaging
plasmids of the KAT system are prepared as follows:
tion of novel retroviral vectors and pac
plasnids
20 The KAT constructs include DNA packaging -
plasmids consisting of at least one retroviral helper
DNA sequence derived from a replication-incompetent
retroviral genome, e.g. a leukemia virus genome,
encoding in trans all virion proteins'required to
25 package a replication incompetent retroviral vector,
and for producing virion proteins capable of packaging
the replication-incompetent retroviral vector at high
titer, without the production of replication-competent
helper virus. In one embodiment the retroviral
30 packaging DNA seduence lacks the region encoding the
native enhancer and/or promoter of the viral 5'LTR of
the virus, and lacks the psi function sequence
.responsible for packaging helper genome as well as the
3' LTR, but encodes a foreign enhancer and/or promoter
35 which directs efficient transcription in a cell type



35 44 "pl K6. IMCVanpac with pRTD2. 2F3. However, these cell *lines were

hi ghly transfectabl e under conditions with a plasmd encoding the lac z
gede was used. FACS anal ysis of transfected HELA, 143B, 3T3 and COS 5 .
denonstrated high surface CD4 expression, with a transfection efficiency of

approximately 50% for all four cell typel%i_| However, virus production anong
these cells was substantially different . ”™HELA and 143B cells produced no

virus at all, witd@svihds OfkbaudfioR’ £8U4881eAY'S andP3Rcd udfes3 %3 T3
tra?sductlon/mségo polyadenylation site. The transcription
initiation site of the foreign enhancer and promoter
is joined to the leukemia virus genome at the S' end
$ of the "R" region of the 5' LTR.
The retrovirus may be a Moloney Murine
Leukemia Virus (MMLV), the Human Immunodeficiency
Virus (HIV) or the Gibbon Ape Leukemia virus (GALV).
The foreign enhancer and promoter joined to the R
10 region of the S' LTR may be the human cytomegalovirus
(HCMV) immediate early (IE) enhancer and promoter (the
U3 region) of the Moloney Murine Sarcoma Virus (MMSV),
the U3 region of the Rous Sarcoma Virus (RSV), the U3
region of the Spleen Focus Forming Virus (SFFV), or
15 the HCMV IE enhancer joined to the native Moloney
Murine Leukemia Virus (MMLV) promoter. '
All psi (¢y)-packaging plasmids are
derivatives of the plasmid pIKi.1. pIKl.1 is a
mammalian expression vector constructed by four
20 successive insertions into pMF2, which is created by
inserting the synthetic polylinker 5'-HindIII-SphI-
EcCORI-AatII-BglI-XhoI-3' into Kpnl and SacI sites of
PSKII (Stratagene, San Diego, CA), with loss of the
Kpn I and Sac I sites. First, a BamHI-Xbal fragment
25 containing the sv4o T antigen'polyadenylation site
(nucleotides 2770 to 2533 of SV40, Reddy et al.,
Science 200:494-502 (1978)) and an NheI-Sall fragment
containing the SV40 origin of replication (nucleotides
5725 to 5578 of SV40) are inserted by three-part
30 ligation between the BglII and XhoI sites, with the
loss of the BglII, BamHI, XbaI, NheI, SalIl and XhoI
sites. These BamHI-XbaI and NheI-Sall fragments are
synthesized by PCR with pSV2neo (Southern and Berg, J.

Mol. Appl. Gen. 1:327-341 (1982)) as the template
35 using oligonucleotide primer pairs 3 and 4, and 5 and

- T2
.



frozert supernatant. Cotransfection of COS cells with KAT plasm SEvEn T
- the absence of DNA replication of the retroviral construct, prddf€eairus =
wi-tth titers of 4.5-fold greater than that produced by 3T3 15 cql | E. Thgse

titers, without plasmd replication of the viral vector construyct} 2mefFZ

L

fold greater than those described by Landau and Litman (Landaujand Litnma
supra). This denonstrates that the KAT éU%strucps are unique irn therr

ability to proglucegfeseivaYy! Ush4BAN il el BAmERL ,Moien /41 of
cells, wthout a replicatiop. .G ven the 100 fold increase that Landau
and Litnan obsﬁ%e’%‘%tﬁ%?ﬁsﬁ#d%gsﬂﬁ TeEpsctdve GdR - o SeRAAGr &Bnst r uct
transfecti on oSpPFEpaREagragméntc tontainingethey ispllicth ammdptomn! Gsni ds
that support piRe W enkfiPklC§ibBin §B8h2 second exon (nucleotides +143
5 to +251) is inserted between the SphI and EcoRI sites.
This SphI-EcoRI fragment is synthesized by PCR with
pRSVaHP (Treisman et al., [e) a . _US
80:7428-7432 (1983)) as the template using
oligonucleotide primers 7 and 8, vhich incorporate
10 SphI and EcoRI sites at their respective ends. Third,
the synthetic polylinker 5'-EcoRI-BglII-NcoI-ApaI-
AatII-3' is inserted between the EcoRI and the AatII
sites. Fourth, a HindIII-SacI fragment containing the
CMV IE enhancer/promoter (nucleotides =674 to -19,
15 Boshart et al., Cell 41:521-530 (1985)) and a
chenmically synthesized SacI-SphI fragment containing
the CMV IE first exon/splice donor (nucleotides =19 to
+170) are inserted by three-part ligation between the
HindIII and SphI sites. The HindIII-SacI fragment is
20 prepared by PCR with pCDM8 (Seed, Nature 329:840-842
(1987) ; Seed and Aruffo, (o] . Ac _Sc us
84:3365-3369 (1987)) as the template using
oligonucleotide primers 9 and 10, which incorporated
HindIXI and SacI sites at their respective ends.

Le e
n

25
‘Primer 3: 5'~ GGTCGACCTGGATCCGCCATACCACATTTGTAG -3
Primer 4: 5'- GCCGCGGCTCTAGAGCCAGACATGATAAGATAC -3'
Primer 5: 5'- AAGCTTGTGCTAGCTATCCCGCCCCTAACTCCG-3'
Primer 6: 5'- CGAAATCGGTCGACCGCAAAAGCCTAGGCCTCC-3 '

30 Primer 7: 5'- GTCTATAGCATGCTCCCCTGCTCCGACCCG-3'
Primer 8: 5'- GGTACCGAATTCTCCTGCGGGGAGAAGCAG-3"
Primer 9: 5'- CGCCAAGCTTGGCCATTGCATACGGT-3'
Primer 10: 5'- GAGGTCTAGACGGTTCACTAAACGAGCTCT-3'



host szt hat support plasmd replication, could potentially-qu}her I ncrease
titer 10 to 100 fold and further increase the utility of KAT transfected
cefls to infect cell types that are currently difficult to 30 infect. 35
45 EXAMPLE |1 High Efficiency Transduction of Human T Cells This exanple
denonstrates the nethod of the 5 inventygn in which 293 cells transfected
with the KAT constructs are able to transduce primry, hunman target

An Xba I site is introduced at the

, transcription initiation site of the HCMV IE promoter
in pIK1.1 by replacement of the chemically synthesized
Sac I / Sph I oligonucleotide encoding -19 to +170,

5 described above, with a chemically synthesized Sac
I/Sph I oligonucleotide where an Xba I site at
nucleotides +1 to +6 had been introduced to generate
pIK6.1. This allows insertion of any enhancer/promoter
as a Hind III to Xba I cassette so as to insert the

10 appropriate enhancer and promoter that will direct the
highest possible expression level of the desired
sequences in the desired cell type. In order to obtain
the highest expression levels in mouse fibroblast NIH
3T3 (ATCC CRL 1658) or M. dunni (ATCC CRL2017), the

15 complete MMSV U3 region was synthesized by PCR using
the plasmid pN7 (Miller et al., Mol. Cell. Biol.
5:431-437 (1985)) as a template and two primers: one
which encoded a HindIII site and the 5' 21 nucleotides
of the U3, and a second which encoded the 3' 21

20 nucleotides of the MMLV U3 region and an Xba I site.
This PCR fragmeht was cloned between the HindIII and
Xba I sites of pIK6.1 to generate pIK6.1MMSV. In order
‘to direct high level expression in human cells,
PIK6.1MCV was constructed by isolatioh of the Nco

25 I/Spe I fragment of the HCMV IE enhancer (Boshart et
al., supra), addition of synthetic oligonucleotide Bcl
I linkers, and insertion in the Bam HI site of the
plasmid pAHB (Dr. P. Robbins, University of
Pittsburgh, Pittsburgh, PA). This plasmid was

30 designated pMCV. pAHB is a plasmid in which the Clal
to EcoRI fragment of pZIPneoSVX (Cepko et.al, gupra),
containing viral sequences including the 3' LTR, has
been cloned into the Clal and Eco RI sites of pBR322
and where the Sau 3AI to Hpa II enhancer fragment of

35 MMLV U3 has been removed. Due. to the homology between

- =



CD8+ Tscells by cocultivation with high efficiency. Construction pf e

retroviral vectors and packagi ng 10 pl asm ds KAT constructs werie prepared
as -descri bed above in Exanple |. lsolation and activation of hyman ZB8FER 1387

cells from 15 peripheral blood Primary human CD8+ T cells were ipurified

b d

fromthe peripheral blood of healthy dongs as follows: Periphgral blood
nononucl eocytes (PBMCs) were isolated from human bl ood by Fi colll-Hypague 20

density gradi ethecMMLYi UagandothePBMSY Hen e thes PSR Primens descyibed
D RS O ("o5u608, abPenialloEDiinecacnd Misd su e o
gl obul i ns, fragment encoding the U3 fragment of pMCV, which was
cloned into pIK6.1 to generate pIK6.1MCV. These
5 plasmids, as well as pIK6.1, were further modified by
deletion of 112 nucleotides of the S§V40
polyadenylation site between the Apal site at the 3'
end of the pIK polylinker and the Hpa I site in the
SV40 polyadenylation site and replacement with an Nhe
10 I linker to create pIK6.1l.Nhe, pIK6.1.MMSV.Nhe and
pIK.6.1MCV.Nhe. o
pIK6.1MMSVampac and pIK6.lMCVampac were
constructed by insertion of 3813 base Sac I/Sal
fragment encoding a portion of the U3 region, the R,
5 and U S regions,_the gag gene and a portion of the pol
gene of pMOV psi- (Mann et al., supra), and the 4140
base pair Sal 1-Nhe I fragment encoding pol/env,
derived from pCRIPamgag-2 (Dr. O. Danos, Institute
Pasteur, Paris, France) between the Sac I and Nhe I
20 sites of pIK6.1MMSV.Nhe or pKI6.lMCV.Nhe,
respectively. pCRIPamgag-2 is a derivative of
PCRIPamgag where the pBR322 plasmid backbone has been
replaced by the plasmid pUC19. The resulting plasmids
encode the gag and pol genes from ecotropic MMLV and
25 the envelope gene from the 4070A amphotropic MLV
(Chattopadhyay et al., J. Virol. 39(3):777-791 (1981))
and are diagramed in Figure 1A. '
| To delete untranslated sequences 3' from the
envelope gene of pIK6.lMCVampac a PCR reaction was
30 performed using pIK6.lMCVampac as the template with
synthetic oligonucleotides 5' CTGATCTTACTCTTTGGACC3'
and 5'GAATTCGCTAGCCTATGGCTCGTACTCTATAG 3'. The
resulting 142 basepair PCR product was cut with ClaIl
- and NheI. This 100 base pair fragment was excised and
35 used to replace the corresponding 172 base pair Clal



and i ncubated at roomtenperature for at |least 15 25 mnutes. After

I ncubatfon, CD8+ T cells were purified fromthe PBMC cell suspension by
po%itive panning. Specifically, the PBMC suspension was | oaded into a
pre-washed T-25 tissue culture flask coated with an anti body specific for
t he human CD8 receptor (AI'S CD8 30 sel eghion flask (Applied | mmne
Sciences, Santa Clara, CA)) at a density of 5x10[err] cells per 4 m per

T-25 fl ask. Cel &5 NHeT E&Qgh@mgdgkorInsiiunvaﬁﬁaéoﬂa1¢£v9erature and the
non- adherent cel & tIe pi petting and washi ng the flask t hree
times 35 with tﬁé 5M%CDB+ T cells were

pIK6.lamenvATGUTA was constructed by
replacing the 172 base pair ClaI to Nhel fragment in

5 pIK6.lamenvATG with the 100 base pair claI to Nhel
fragment from pIK6.1MCVampacUTA. PIK6.1MCVamenvATGUTA
was constructed-by replacing the 961 base pair Hind
III to Eco RI fragment containing the CMV promotor-
and alpha globin splice acceptor in pIK6.lamenvATGUTA

10 with the corresponding 896 base pair Hind III to Eco
Rl fragment from pIK6.1MCV.

PIK6. 1MCVgagpolAmG was constructed by
replacing the 961 hase pair Hind III to Eco RI
fragment containing the CMV promotor and alpha globin

1S splice acceptor in pIK6.lgagpolATG with the
corresponding 896 base pair Hind III to Eco Rl
fragment from pIK6.1MCV. _

The retroviral packaging plasmids of the
invention, designated pIKé.1MMSVampac and

20 pIK6.1MCVampac, have been deposited with the American
Type Culture Collection (ATCC), 12301 Parklawn Drive,
Rockville, Maryland, under the Budapest Treaty, and
have there been identified as follows: '

25 Plasmid ATCC Accessjon No. Deposit Date
PIK6.1MMSVampac 75484 June 11, 1993
PIK6.1MCVampac 75483 June 11, 1993

In another embodiment, the packaging
30 functions may be encoded by two plasmid based
'expression vectors, for example two helper sequences,
where a first helper sequence contains a cDNA encoding
~the gag and pol proteins of ecotropic MMLV and a
second helper sequence contains a cDNA encoding a
35 retroviral env protein. The Env gene, which determines



46 simultanégously released fromthe flask and activated by adding 16 of
T cell medium (see below for conposition) containing 10 ng/mM OKT3 (Otho
PHdrmaceuticals, Raritan, NJ) and 10% L2 (Pharmacia). 5 Cells were

i ncubated with this nmedia for 48 hours, harvestéd fromthe flask, and
washed once with T cell medium and fipglly resuspended in fresh T cel
medi um plus 10% L2 at a density of 0.5-1. x10[err]/m in 24 well plates.

10 theohdst tangem)mayr ol Mivmi Iﬁ‘dmsmsh | genes sencoding- 3%)
whi ch cross-re |f'
detection of F su%ﬁace e H%&‘ urréh(?\o pec?/ #é%tlgogly used

to detect F15 4mﬁn$c@a§aaw§9nméngntq;eiﬂA&ﬂmﬂrxnxulqukemla virus,
Gibbon Ape Leukemia Virus (GALV), the Human

5 Immunodeficiency Virus (gpl160) env proteins; the
Vesicular Stomatitus Virus (VSV) G protein; the Human
T cell leukemia (HTLV) type I and II env gene
products; a chimeric envelope gene derived from
combinations of one or more of the aforementioned env
10 genes; or chimeric envelope genes encoding the
cytoplasmic and transmembrane of the aforementioned
env gene products and a monoclonal antibody directed
against a specific surface molecule on a desired
target cell.
15 Construction of plasmids which reflect this
embodiment is described as follows: pIK6.1gagpolATG,
encoding the MMLV gag and pol genes, was constructed
first by digestion of pMOVpsi- with Sca I, addition of
a Nhe I synthetic linker, redigestion with Afl II and
20 isolation of the 5.2 kb Afl IX/Nhe I fragment
(nucleotides 644 to 5869 of MMLV). A synthetic
oligonucleotide encoding nucleotides 621 to 644 of
MMLV (ATG of the gag gene to Af1l II), in which the ATG
at nucleotide 621 was converted to a Nco I site, was
25 ligated together with the Afl II/Nhe I fragment
between the Nco I site polylinker and the Nhe I site
‘at the 5' end of the SV40 poly adenylation site of
PIK6.1Nhe.
pIK6.lamenvATG, encoding the MLV 4070A Env
30 gene, was constructed by digestion of pCRIPAMGAG-2
(Danos and Mulligan, supra) with Afl 111 and
redigestion with either Nhel or HinP1 and isolation of
the .325 kb HinP 1/Afl 111 fragment (nucleotides 37 to
365 of the MLV 4070A Env gene; (Ott et.al., J. Virol.
35 64(2):757-766(1990)) and the 1.7 kb Afl 111/Nhe 1



15 cell popul ation was subjected to a further round of purificafion i —--
which the contam nating cells were renoved by negative panni ng,-" sk : ;
seFection flasks described above, coated with either the anti-iCD& or—
anti-human Fc antibody. Specifically, the 20 enriched CD8+ T cefls FER 727
popul ati on was incubated in the selectipn flask for one hour, jand then
non-adherent (i.e., highly purified T cells) were renoved. CelTS were—

subsequently wa eitd @dcathd Redterdy ci6s Obf 26n8OMEY hG7bRSEAvCE! |
medi um plus 10%I1L2 for .24 25 _hours. CD3+ ll.s prepar I S_manmer

were greater thSfRSHkAEs LRt GDENRERY ?%ggﬁ?eh%eo?ﬁ égli’llg?igcm,mgnd
wer e subsequent I3y @MR @ PCRIPAMGHEG-2 f (Dancs rand rmhlliganguguppa) 30
Retroviral tra-n%%gé&lﬁlm sh%%lééié’ yoligonucleotide encoding
5 nucleotides 37 to 43 of the MLV 4070A Env gene (ATG of
the env gene to HinP 1), in which the ATG at
nucleotide 37 was converted to a Nco I site, was
ligated together with the HinP 1/Afl 111 fragment and
the Afl 111/Nhe 1 fragment between the Nco I site in
10 the polylinker and the Nhe I site at the 5' end of the
SV40 poly adenylation site of pIK6.1Nhe. These
~ plasmids are diagramed in Figurehla.
The two genome retroviral paékaging plasmids
. of the invention, designated pIK6.1gagpolATG and
15 pIK6.lamenvATG, have been deposited with the American
Type Culture Collection (ATCC), 12301 Parklawn Drive,
Rockville, Maryland, under the Budapest Treaty, and
have there been identified as follows:

i

20 pPlasmid ATCC Accession No. Deposit Date
PIK6.1gagpolATG 75486 June 11, 1993

PIK6.lamenvATG 75485 _ June 11, 1993

25 Both single genome and two genome packaging
constructs utilize retroviral vectors that contain
modified 5' LTRs that direct efficient transcription
in the cell type where retrovirus is to be produced.
The retroviral vectors of the invention are modeled

30 after pZen (Johnson et al., The EMBO Journal 8(2):441-
448 (1989)), a neo- version of pZIPneoSVX (Cepko et
al., Cell 37:1053-1062(1985)), in which the gene
product to be expressed is_cldned downstream of the

- splice acceptor in the position normally occupied by

35 the neo cassette (Cepko et al., supra). In addition,



cocul ti vati on of supernatant infection: 293 cells were plated jat—1x10[
cells/6 well plate, and then transfected with the approprlatefﬁgﬁgnxu e
af fer 48 hours as described above. 24 hours 35 post transfeci @Am-Lh )
transfection nedia was renoved 47 and replaced with T cellfgfo nmedida=;
(see bel ow for conposition). (a) Coculppvation: 2 to 4 hourjs | atet FE“.”ﬂ; { l
0.5x10[err] purified and activated human CD8+ T cells 5 prepdr ““~~_~m&hj

descri bed abov¥iFadugagy sequences ap Fqdthe Har (T caitencs ¥tion) were |

added per well (nucleotide 1038) were added for improved packEETﬁg-~—-_____hl

(Armentano et al., J. Virol. 61:11647-1650 (1987)) and
the Xho I to Cla I fragment of pZIPneoSVX was deleted

5 (Cepko et al., supra). The Eco RI to Apa I polylinker
from pIKl.l1l was inserted downstream of the splice
acceptor to enable transfer of inserts from pIK
plasmids into retroviral constructs. The resulting
plasmid is des;gnated PRTD1.2 and contains both 5' and

10 3' MMLV LTRs. The 5' LTR U3 region of PZIPneoSVX was
replaced with the MMSV U3, derived from the
HindIII/sac I fragment of pIKMMSV, to generate
PRTD4.2. In pPRTD2.2, the U3 region of the 5' LTR of
pZIPneoSVX was replaced with the Hind III/Sac I

15 fragment from pIKl.l encoding the CMV immediate early
enhancer/promoter, which was fused to the MMLV R
region by an oligonucleotide that encodes nucleotides
19 (sac I) to +1 of the HCMV promoter linked to
nucleotides +1 to +32(KpnI) of MMLV (Schinnick et al.,

20 Nature 293:543-548 (1980)). PRTD2.2SVG was constructed
by replacement of the (750 bp) Sac I to Bst EIX
fragment of pRTD2.2 with the (736 bp) Sac I to Bst EII
fragment of LXSN (Miller and Rosman, BioTechniques
1:980-990(1989)). PRTD2.2SSA was constructed by

25 replacement of the (1441 bp) Sac I to Eco RI fragment
of PRTD2.2 with the (1053 bp) Sac I to Eco RI fragment
of LXSN (Miller and Rosman, supra). pRTD2.2SVGE- was
constructed by synthesis of an oligonucleotide
encoding nucleotides 2878-2955 of pLXSN (GenBank

30 Accession Bank, M28248) which had been appended by
addition of an Apa I site on it's 5' end. This was
used to replace the Apa I to Nhe I fragment of
PRTD2.28VG, which contains the DNA sequence 3' of the
"of the polylinker and 5' of the Nhe I site in the 3!

35 LTR. These retroviral vector constructs of the




contai hing the transfected 293 cells, and pol ybrene added at a%_;Tgmj .
concentfation of 2 [err]g/m. 24 hours after plating the 293 ‘el dERigy
initial 10 transfection, a second set of 293 cells were plated an
transfected as descri bed above. 24 hours after the initial cioc | Pi sy gttt

second 293 transfection plate for an additional 24 hours off15

cocul tivation eﬁpwcpaidnuhaxana(pﬁnﬂzz(hﬁnkhbnﬁI&ndcbndluﬂénngﬂggggérua—““__j

te?glrfg?/ggt |f Srtﬁéﬁ@?‘?&‘t ed ?@%VT ?ﬂuﬂ% St a %dgﬁkﬁﬁn%gg‘\e li ne

C
40.39 (see below). 20 In ordex o permt Fuﬂ%ﬁﬁm ﬁfEEP;bﬁa g°9x§6[erﬂ
purified and acidesales GHiGH exp¥ess afd | SV40 ePpadintigen feerei Beguences

S between the S' and 3' LTRs of pRTD2.2 were cloned
between the SacI and Eco RI sites of pIKli.1l, described
above, which contains the SV40 origin of replication
to form vector pIKT2.2. pIKT2.28VG was constructed by
insertion of the fragment defined at its 5' end by-the

10 sac I site in the HCMV promoter of pRTD2.2SVG and
defined at its 3' end by an Eco RI site located 750 bp
downstream of the 3' LTR of pRTD2.2SVG, between the
SacI and Eco RI sites of pIKl.1. pIKT2.2SVGE-F3 was
constructed by replacing the 182 base pair ApaI to

15 Nhel fragment of PIKT2.2S8VGF3 with the 80 base pair
Apal to Nhel fragment from pRTD2.2SVGE-F3 as described
above. : :

PRT43.2F3 was derived from pIKT2.2SVGE-F3 by
replacing the Eco RI to Apal polylinker located

20 approximately 750 base pairs downstream from the 3'
LTR with a synthetic oli@onucleotide containing an
AscI recognition site. In addition, the Nde I site at
the 3' end of the viral gag sequences has been

' converted to an XhoI site by oligonucleotide

25 insertion. pRT43.3PGKF3 was derived from pRT43.2F3
first by removal of the 3' LTR in pRT43.2F3 and
insertion of a 3' LTR in which the sequences from
Pvull to Xbal were deleted (MMLV, GenBank session
#J02255 nucleotide numbers 7938-8115). In addition

30 the MMLV splice acceptor region has been replaced with
the human phosphoglycerate kinase gene promotor
(GenBank session #M11958 nucleotides 2-516) which was

~ cloned into a polylinker with a XhoI site at its 5°

end and an Eco RI at its 3' end.
35

H



above (usually at day 4 or 5 post- purification/activation) were incubated
wth I'm of fresh T cell nmedium (plus 10%I1L2 and 2 [err]g/m 25

poFybrene) together with 1 nl of viral supernatant obtai ngd fremthe 293

transi ent transfection system descri bed above, or fromthe §ERIN ﬁféﬁ. 1Z,PM
producer cell -line 40.39 (see below) . Ajger an 8 hour |ncubdrroﬁ~peLLod‘ e
1.5 m of nmediumwas renoved from 30 each well, and replac dgmt

of fresh T cell nedlun1tngeoherembbdimeﬂtnbfotha raitravisraiateeitt ﬁ?%ﬁ

at 2 [err]g/n1 e t ﬁgﬂE&EEE&IELQﬂP
step supernata proc g%eégg% réﬁh %n§°&§ggoﬂhﬂégﬂéyiﬁéﬂf

into mammalian target cells using the method of~thewwﬁh~“~‘“
invention, for expression of chimeric receptor

S constructs are prepared. The construction of the
chimeric receptor constructs is described below.

- e iral ve
KAT retroviral vectors pRTD2.2F3,

10 pRTD2.2SVGF3, PRTD2.2SSAF3, pRTD2.2SVGF3E~-,
PIKT2.2SVGF3 were constructed by Eco RI/Apa 1
digestion of pIKF3 (described below), isolation of the
1.9 kb fragment, followed by ligation of this fragment
between the Eco RI and Apa I sites in the pIK

15 polylinker of the vectors pRTD2.2, PRTD2.2SVG,
PRTD2.2SSAF3, pPRTD2.2SVGE—-, pPIKT2.25VG. KAT
retroviral vector pRTD2.2F15 was constructed by Eco
RI/Apa I digestion of pIKFl15neo (described below),
isolation of the 2.2 kb fragment, followed by ligation

20 of this fragment between the Eco RI and Apa I sites in
the pIK polylinker of the vector pRTD2.2. These
vectors encode a chimeric molecule containing the
extracellular domain of human CD4 (F3 derivatives) or
a single chain antibody against gp4l of HIV (F1S ’

25 derivatives), tespectively, fused to the cytoplasmic
domain of the CD4 receptor (amino acids 372-395 of the
mature CD4 chain) and the transmembrane domain of the
CD3-complex associated-gene zeta ({) (amino acids 372~
395 of the mature zeta chain). Chimeric receptor

30 cassettes encoding either the extracellular domains
(residues 1-371 'of the mature CD4 protein) of the
human CD4 receptor (designated F3) or a single chain
antibody to HIV gp41l derived from a human antibody
' (98.6) specific for the gp4l moiety of the HIV

35 envelope protein (designated F15) were fused to the



48 For® both cocultivation and supernatant infection, CD8+ T cells were

al lowed to recover for a 24-28 hour period in fresh T cell nmEgiOmTpHts—10%
IL2. Cells were then analyzed by flow cytometry for surface’ 5 expPeMENBroMTET
either CD4 (for the CD4-[err] F3 receptor) or Fc for the F15 &ntTbody—fertl
receptor) in order to determne transdu2sion efficiencies. T cepls ,'@@
were under cocultivation with transfected 293 cells were gentﬁy removed “as
a suspensi on fcpd thehada afdrcloned betiwen dhwi| B¢y RE AR JAPED

5 2o 7,00 g B RS B ol S, D S B )
antibody, the variable domains of both the heavy and
light chain genes were covalently linked via a peptide

5 tether, to create an antigen binding site on a single
molecule. |
A more detailed description of the
construction of the chimeric receptors follows.

10 cConstruction of CD4-geta Chimeras

Plasmid pGEM3zeta bears the human zeta cDNA
(Weissman et al., Proc. Natl. Acad. Sci. USA 85:9709-
9713 (1988). The plasmid pBS.L3T4 bears the human CD4
cDNA (Littman and Gettner, Nature 325:453-455 (1987)).

15 A BapHI-Apal restriction fragment (approximately 0.64
kb) encompassing the entire human zeta chain coding
sequence from residue 7 of the extracellular (EXT)
domain, was excised from pGEM3zeta, and subcloned into
the BamHI and Apal restriction sites of the polylinker

20 of pBluescript II SK (+) 9pSK is a phagemid based
cloning vector from Stratagene (San Diego, CA),
generating pSK.zeta. Subsequently, a BamHI
restriction fragment encompassing the entire CD4
coding ‘sequence (approximately 1.8 kb) was excised

2S. from pBS.L3T4, and subcloned into the BamHI site of
PSK.zeta, generating pSK.CD4.zeta.

Single-stranded DNA was prepared from
pSK.CD4.zeta (Stratagene pBluescript II protocol), and
used as a template for oligonucleotide-mediated

30 directional mutagenesis (Zoller and Smith, Nucleic
Acids Res. 10:6487-6500 (1982)) in order to generate
CD4~zeta chimeras with the desired junctions described
below. CD4-zeta fusions 1, 2, and 3 were subsequently
.sequenceﬁ via the Ssanger dideoxynucleotide technique

35 (Sanger et al., Proc. Natl. Acad. Sci. 74:5463-5467



cel | s 'welfe tHién-i ncubated with the appropriate FITC conjug e = "
antibody in the presence of PBS 15 plus 2% FCS at a density Rif “'f'&$?4
1x10[err]/m for 30 minutes at 40[err]C, washed 3x with PBSplis—2%-FES——",
and finally resuspended in 0.5 m PBS and anal yzed by fIOM/‘ytogggrEE ﬁpg :
transduced CD8+ T cell popul ation was 2@g subsequently mnai nffaijn $
medi um (10% FCS, Hycl one; RPM 1640, Cell G o; 10mM Hepes buf'brb -S-beo) 195
Sodiun1pyruvat¢19!ﬂb¢o)exb%ﬁndnassiﬁmﬂlﬂénﬂﬁrnastﬂintidi qmemts

glutamne (G b r 2 Ghidh ( i —— -
streptonyC|n/p§n|C|§? ? &L¥b &ggberlo : reféﬁ?nu at ed every 7
to 10 days by PEK. &délPFoEI§F1CR$ﬂQQ aty QRt¥ﬁ3¥nF¥Sﬁ%5|ng the cells to

: An EcoRI-BapHI restriction fragment
5 (approximately 1.8 kb) encompassing the entire coding
region of CD4 was excised from pSK.CD4.zeta, and
-subcloned between the EcoRI and BglII sites of the
pIK.1.1 or pIK.l.1.Neo polylinker.
The plasmid pUCRNeoG (Hudziak, et al., Cell
10 (1982) 31:137-146) carries the neomycin gene under the
transcriptional control of the Rous Sarcoma virus
(RSV) 3' LTR. The RSV-peo cassette was excised from
PURCNeoG as a HincII restriction fragment
(approximately 2.3 kb), and subcloned between the two
15 SspI sites of pIK.1l.1, generating pIK.l1l.1.Neo.
The CD4-zeta chimeric receptor F3 was
constructed from the extracellular (EC) and
. cytoplasmic (CYT) domains of CD4 and zeta
respectively. The transmembrane (TM) domain of this
20 receptor was derived from CD4. F3 retains the CD4 EXT
domain comprising all four V domains (residues 1-371
of the mature CD4 protein), the TM domain of CD4
(residues'372-395 of the mature CD4 chain), and the

CYT domain of zeta (residues 31-142 of the mature zeta
25 chain).

Preparation of S8ingle Chain Antibody-Zeta Chimeric
Receptor

Construction of expression vector encoding the heavy
30 chain of human monoclonal antibody (mAb) 98.6:
To direct the expression of the heavy chain
of human mAb 98.6 (S. Zolla-Pazner, c. Nat
§gi& (1989) §§=1624-1628), the plasmid pIK,ss.G-?FL
- was constructed. A full length IgGl heavy chain cDNA
a5 Was generated by reverse transcription of 5 ug of



i mobi i zed OKT3 in a T-25 tissue culture flask at a density &f
CD8+ T cells/10 M T cell medium 30 plus 10%1L2. Cells wer
48 hours, washed 1x with T cell nedium and resuspended in
plus 10%1L2 at 0.5-1.0x10[err]/m . 35 49 Anal ysi s of
Transduction: Transduction efficiency of gyimary human CD8+{Tlcells hy
retrovirus produced transiently using the KAT systemwas c ared to
retrovirus prodeted RNA &rom Hihehcellerline Pl 9866 céEodlgnPa

supra) using oligo-dT as the primer, followed by PCR
using oligonucleotide primers 17 and 2 (see below).
The 1.5 kb Eco RI to Bgl II fragment was cloned

S between the Eco RI and Bgl II sites of pIKli.1. To
ensure that the heavy chain would be of the desired
allotype, the Kas I-Bgl II fragment of the cDNA was
replaced with a 0.94 kb XKas I - Bgl II fragment from
pPIK.Cyl. pIK.Cyl was constructed by the insertion-of

10 a cDNA coding for the constant region of IgGl heavy
chain obtained by PCR using DNA from a human spleen
cDNA library (Clontech, Inc., Palo Alto, CA) as
substrate and oligonucleotide primers 2 and 18 (see
below), between the Eco RI and Bgl II sites of pIKil.l.

is
Construction of expression vector encoding the light
chain of human monoclonal antibody (mAb) 98.6: -

To direct the expression of the light chain
20 of mAb 98.6, the plasmid pIK.98.6«FL was constructed.
A full length IgGl light chain cDNA was generated by
reverse transcription of 5 ug of total RNA from the
cell line SP-1/98.6 using pdN, (Pharmacia/LKB) as the
primer, followed by PCR with primers 19 and 20 (see
25 below). The 0.78 fragment was then cut with Eco RI

and Bgl II and cloned between the Eco RI and Bgl II
sites of pIKi.1.

Construction of expression vector encoding SAb derived
30 from the heavy and light chains of mab 98.6:

a) Construction of pIK98.6-K/L/H:

To direct the expression of a single-chain
35 antibody (SAb) form of mAb 98.6, pIK.98.6-K/L/H was



t he amphot r opi ¢ -packagi ng | i ne PA317 (MIler and ButtinDre'ﬁmﬁﬁgﬁfp ﬁ1“‘%ﬁ
st abl e producer cl one 40. 39, whi ch transduces the F3 chinerkc Cept or

isol ated by transfection of the ecotropic packaging 10 |ine igpe 5(55?k§§?t
et al.supra) with pRTD4.2F3, followed by supernatant harvegt 8 hour s__pasi.
transfection and infection PA317 in theagresence of 8 mcrqggrans/ m of

pol ybrene (M|ler and Buttinore, supra). Individual cIones_ re obt ai_ned..byge=-=~
limting 15 di éohétruetdds0 TheesSabr exprésted donsistsodf teHBi By | sol ation

f | nRNA f

Dsimg a 603 bsSeFatifn Repdst seufidhte aha Riihd adils AL Mot gk haat!on
hybri di zat i on maguze, 98L6nm0139b‘h/v§haé@salpmi eZ()(‘Tu)rrF‘-’ﬁgﬁg’l‘UlﬂW%n
infection of 1phegrjsNaflind3acill Sinker of the sequence

5 GSTSGSGSSEGKG (L212, Betzyk et al., J. Biol. Chem.
(1990) 265:18615-18620), which in turn was fused to
amino acid 1 of the mature 98.6 mAb heavy chain Vy
region. This was then fused at amino acid 113 to
amino acid 234 of the IgGl heavy chain constant

10 region, in order to delete the CH1l domain of the IgGl
heavy chain constant region for improved secretion.
pIK.98.6-K/L/H was constructed in three steps.

First, deletion mutagenesis was performed to
fuse amino acid 113 of the V, region of mAb 98.6 to

15 amino acid 234 of the IgGl heavy chain, using the

| single stranded templéte form of pIK.98.6-yFL as the
template and oligonucleotide 21 as primer (see below).
Correctly deleted plasmids were found using
oligonucleotide 22 as a probe (see below). This

20 plasmid is referred to as pIK.H/Fc-int. To fuse amino
acid 107 to the amino terminus of the linker peptide,
the V, region of the mAb 98.6 light chain was generated
by PCR using pIK.98.6-xFL as substrate and
oligonucleotides 23 and 24 as primers (see below).

25 This was done to place a Sal I site at the 3' end of
the V, sequence, without altering the amino acid
sequence of the resulting protein. This fragment,
together with oligonucleotides 25 and 26 (see below)
was ligated between the EcoRI and Bgl II sites of

30 pIKl.1, generating the plasmid pIK.K/L-int.

In the final step, the 0.45 kb fragment of
pIK.K/LPint was cloned between the Eco RI and Kpn I
sites of pIK.H/Fc-int., generating plasmid pIK.K/L/H-

" int. Single-stranded DNA from this plasmid was used




.
f ol | owed by flow cytometry. 50 [err]l of supernatant transduceﬂifﬁwwc H%;LE
equi val ent to 340% or an average of 3.4 proviral coples/ceIL/
transduction efficiency following a 48 hour cocultivation witHh Q§5pFEBdB§L
human CD8+ T cells with 40.39 producer cells was 1% 3% CD4+j(Ttable 4). This
result was conpared to the transduction29fficiency follow ng tTie KAT

transi ent-transfection and cocultivation nethod of the invention,, which was

30 used to tran%ﬁuﬁ@mphétehﬂﬁérPéigeﬁﬁaiﬂ°QQ§%mﬁyIﬂﬁflqﬁﬁpwﬁﬂﬁpq*¥%¥ls
(Figure 4). Fou séépﬁé!ﬁﬁ'j‘t %o\/\&hﬁecthl’d SArPdxy -‘té*limmiﬂ-o cetig were

arowt h X?t$dc8{‘9%€8 Tinksys €2, anina }24194 T e, G FRER 07 WS, by
FACS as descri bed. beyedeletion mutagenesis. Correctly deleted
$ plasmids were found using oligonucleotide 28 as a
probe (see below). The resulting plasmid is
PIK.98.6K/L/H.

b) Construction of pIK.CD4%y2:
10 ' '
The plasmid pIK.CD4y2 was constructed to
direct the expression of a fusion protein composed of
the secretion leader and the first 180 amino acids of
the mature CD4 antigen fused to amino acid 234 of the
15 human IgG2 heavy chain constant region and thus"
containing part of the hinge and all of the CH2 and
CH3 domains. This deletes the CH1 domain of the IgG2
heavy chain for improved secretion. pIK.CD4y2 was
constructed by generating a fragment containing the Fc
20 portion of the human IgG2 heavy chain by PCR using DNA
from a human spleen cDNA library (Clontech) as
substrate and oligonucleotides 3 and 4 as the primers.
The 0.75 kb Nhe I to Bgl II fragment generated was
ligated together with the 0.6 kb Eco RI to Nhe I

25 fragment from pSKCD4{ between the Eco RI and Bgl II
sites of pIKl.1.

c) Construction of pIK.F5:

30 The plasmids pIK.F7 was constructed to
direct expression of several versions of CD4/IgG/zeta
(§) fusion proteins which all contain a human
~ membrane-bound IgG membrane hinge domain (Tyler et al.
' (1982) Proc. Natl. Acad. Sci. 79:2008-2012). Each
35 protein to be expressed contained amino acids 1-180 of



50 The transduction efficiency of CD8 cells with both F3 and F15 constructs
vari es between 8% and 38% and appears to be highly donor dependent.
However, on -average, this efficiency is 8 to 12-fold greater than 5 the
transduction efficiency obtained by cocultivation with the high-titer

st abl e PA317 clones tested. In additiogg the high transduction efficiency

' t ific to F3 t b F15 t t d d at
i Lar et 11 ol RRSRRY ey ot TonRi by aning AgtaRe erATAAD: R REBBFY coi | s

can be transdurgek dex¥y i chaini eonsbahtaregddnl, cfollowed dygthe a8 t han
amino acid M1 membrane hinge domain of human IgG3
(Bensmana and Lefranc, (1990) Immunogenetjcs 32:321-
5 330), followed by a transmembrane domain, followed by
amino acids 31-142 of the human { chain. pIK.F7
contains the transmembrane domain (amino acids 372-
395) of CD4.

10 To construct this plasmid, the first step
was cloning the human IgG3 M1l exon (Bensmana and
Lefranc, supra). This was done by generating a 0.13
kb Bam HI to Bgl II fragment containing the M1 exon by
PCR using DNA from the human cell line W138 as

15 substrate and oligonucleotides 7 and 8, and cloning it
into the Bgl II site of pIK.CD4y2. The resulting
plasmid is referred to as pIK.CH3/Ml-int. Single
stfanded DNA from this plasmid was used as template
and oligonucleotide 9 was used as the primer to fuse

20 amino acid 445 of human IgG2 to the first amino acid
of the IgG3 membrane hinge domain by deletion
mutagenesis. The fusion is designed to generate the
sequence found at the natural junction between CH3 and
M1l in membrane-bound IgG molecules. Correctly deleted

25 clones were found'using oligonucleotide 10 as a probe.

" The resulting plasmid is referred to as pIK.CD4y2/M1l.
PIK.CD4y2/M1 was cut with Bgl II and blunted
with T4 polymerase, then cut with Nhe I. The
resulting 0.83 kb fragment was ligated together with

30 the 1.3 kb Pvu II to Apa I fragment from pIK.F3
between the Nhe I and Apa I sites of pIK.CD4y2 to
generate the plasmid pIK.F7-int. Single stranded DNA
from this plasmid was used as template and
oligonucleotide 15 was used as the primer to fuse the

35 last amino acid of the IgG3 M1 membrane hinge domain



-

or equal 'to any other published reports, and that generation of stable
producers are not required. Supernatants fromtransduced T cells, 3 15
weeks post-transduction, were tested in an extended S+L- assay (Mller et
al., Mol. Cell. Biol. 5:431-437 (1985)) and shown to be free of
replication-conpetent retrovirus. 20 Hi g§yefficiency transduction is

nmedi ated by cell-cell contact In order to explore the nechani sm of the high
ef fici ency CD8 fio cashinoranidud?2oeff CPhohyndedetisinemutagensgsin, on of KAT

pl asm ds and zéﬁﬁﬁﬁ&ﬁiYaaéfat&ﬁt?%§R?§|3é9§'fauﬂd“s hadiafg/ction

efficiency of ; ells usin |'owi ng approaches was conpay ed:
(1)infecti on wiekigonucleotide 16 as a probe. e resulting plasmid
is pIK.F7.
s The oligonucleotides used as primers and

probes as described above were as follows:
Oligonucleotides
2. CGGAGATCTCGTGCGACCGCGAGAGCC
3. GGKATTCGCTAGCTTTCCAGGAGCGCAAATGTTGTGTC
10 4. CGGAGATCTC(A/G)CGCGACCCCGAGAGCC
7. CGGGATCCAGAGCTGCAACTGGAG
8. GAAGATCTGACCTTGAAGAAGGTGAC
9. TCTCCTCCAGTTGCAGCTCCGGAGACAGGGAGAGGC
10. TTGCAGCTCCGGAGAC
15 15. CAGCACAATCAGGGCCATGTCCAGCTCCCCGTCCTG
16. AGGGCCATGTCCAGCT
17. CGGAATTCGGTACCTCCTGTGCAAGAAC
18. CGGAATTCGCCTCCACCAAGGGCCCA
19. CGGAATTCACGCGTCCCAGTCAGGACACAGC
20 20. GAGAGAGATCTGCTAGCGGTCAGGCTGGAACTGAG
2l. GCATGTGTGAGTTITTGTCTGAGGAGACGGTGACCAG
22. GTTTTGTCTGAGGAGA
23. GTGACAGTCGACCCCTTGAAGTCCACTTTGGT
~ 24. CCACCCCTCACTCTGCTTCTC
25 25. TCGACCAGCGGCAGCGGCAAGAGCAGGGAGGGTAAGGGTACCA
" 26. GATCTGGTACCCTTACCCTCGCTGCTCTTGCCGCTGCCGCTGG
27. CTCCTGTAGTAGCACCTGACCCTTACCCTCGCTGCT
28. AGCACCTGACCCTTAC

30 tructio s :

To direct the expression of a fusion protein

consisting of the K/L/H SAb form of mAb 98.6 linked at

- amino acid 445 of the IgGl heavy chain to the 18 amino
"acid IgG3 M1 membrane hinge, which was in turn fused
35 to the CD4 transmembrane domain (amino acids 3724395)



supermatants derived froma high titer, stable PA317 producer |ine,

(2)cocultivation with a high titer, 30 stable PA317 produ th AERECET GHEET
l'i fie(3)infection with supernatants derived fromtransient tir RERBatioh of “"

NIH 3T3 cells with pl K6. 1IMVBVanpac and pRTD4. 2F3 (4) 48 hour| cpcultivation
with NIH 3T3 cells follow ng transi ent @eansfection with pliK6 1@@5@&&b§§ﬁ
and 35 pRTD4. 2F3 §§)infection W th supernatants derived frlom 51
transi ent transhdcti sitoplagniceidomaiin Haning avidspit-k4r) pRTDZ. 2F3 and

(6) 48 hour copyki iFighied wils kondtriitited Y | ing MEM .5 kb Nei— ol
I fragment of pIK.SS.G-K/L/H between the Nsi I sites

of pIK.F7neo and a clone of the correct orientation
5 was selected.

Production of Retrovirus in mammalijan cells
Single or double genome KAT packaging
plasmids, for example pIK6.1MMSVampac,pIK6.1MCVampac,
10 or pIK6.lamenvATG and pIKé6.lgagpolATG (all described
above), together with KAT retréviral constructs, for
example, but not limited to pRTD2.2F3, pPRTD2.2SVGF3,
PRTD2.2SSAF3, pPRTD2.2SVGF3E-, pIKT2.2SVGF3, pRTD2.2F15
(as described above), prepared as described above, are
15 introduced into mammalian cells that can produce virus
by standard means such as calcium phosphate
cotransfection (Wigler et al., Proc. Natl. Acad. Sci.
USA 76:1373-1377 (1979)). Mammalian cells that can
produce virus and that may be transfected by the KAT
20 constructs of the invention include, but are not
limited to, human embryonic kidney cells such as 293
cells, tsa20l1 cells, mouse 3T3 mouse fibroblasts, M.
-dunni fibroblasts, and African green monkey kidney
(COS) cells. Transfected cells are assayed for surface
25 expression of the chimeric receptor by FACS to verify
-that DNA constructs have been successfully introduced.
Viral supernatants are harvested using
standard techniques such as filtration of supernatants
48 hours post transfection. The viral titer is
30 determined by infection of 10° NIH 3T3 cells with an
appropriate amount of viral supernatant, in the
presence of 8 ug/ml polybrene (Sigma Chemical Co., St.
Louis, MO). 48 hours later, the transduction
efficiency of the 3T3 cells is assayed by both FACS
35 analysis and Southern blotting.



transfection with plK6. 1IMCVanpac and pRTD2. 2F3 (Table 5 4). For eéach’
transient transfection experinent, duplicate plates of transfected cells
were used to harvest media for supernatant infection of 3T3 cells and
duplicate plates were used for cocultivation of CD8 T cells. The sane
approach was used for stable 10 producerg Table 4 Virus Infection . 3T3

titer % T-cell 15 Expt # Pkg L|ne Producti on Met hod Supenat ant
Transduct i on i : ' ANS onl ¢ : 1 8e4d8 70% 1 1B

PA317 PA317, Stabl e co- Cﬁﬁttﬁgt§89£od N? th@ ag;énﬁiggztﬂgAﬁmﬂiranS|ent

co-cultlvatlon 26% . Transient co-cultivation 14% 10
constructs of the invention are furéier used i% 0

transduce mammalian target cells with a foreign gene
5 at high efficiency by cocultivation of KAT transfected
cells with the mammalian target cells. In a preferred
embodiment, desired virus producing cells, such as 293
cells, are transfected with the appropriate KAT
constructs, then 24 hours post transfection, the
10 transfected 293 cells are cocultivated for 48 hours
with the purified mammalian target cells, such as CD8+
T cells. The target cells are harvested using
standard procedures, expanded and tested for
transduction efficiency, by well-known techniques such
15 as flow cytometry or Fluorescence-activated Cell
Sorter (FACS) analysis and Southern blot DNA analyses.
Transduction efficiency is defined as the percentage
of positive transduced cells as measured by FACS or
Southern blot analysis compared to controls. .
20 Using the KAT constructs transfected into
human 293 cells to produce virus, a from 5 to 50-fold
increase in viral titer as determined by supernatant
infection of established cell lines, such as 3T3, is
obtained, when compared to virus produced by the
25 previously described COS transient virus production
system (Landau and Litman, supra). In addition,
primary human cells such as hematopoietic stem cells
and human T cells, are transduced at levels 3 to 20
. fold greater by cocultivation with KAT plasmid
30 transfected 293 cells, than traditionai packaging
lines such as PA317 (Miller and Buttimore, supra).
" While not wishing to be bound by any
particular theory of the invention, it is believed
- that the high efficiency transduction of human target
35 cells obtained using the method of the invention is




2A PA317 PA317, Stable Supernatant 30% 1 2B PA317 PA317, Stable
co-cul tivation 30% 1 2C 293  KAT, Transient Supernatant 45% 1
25 2D 293 KAT, Transient co-cultivation - 45% 14 ND = not

determ ned Supernatant infection of CD8+ T cells was 1% whether the virus
was produced in 293 cells, 3T3 cells ogqa 30 stable PA317 producer (Table
4, experinments 1A 2A and 2C). In contrast, cocultivation of CD8 T cells
with 293 cel | smediatedf byt ecelli~celll wmm&mwmwinesul ted in

32(%]’=t° 14% CD84 {{fﬁsjckat paﬂéﬁuﬁbbo?:eﬁ%b}ﬁtﬂx ﬂi@%ﬂ’&{ dé11€D)thd0 to 14~
ol d greater an al [ supernat ant t1ons

component of human 293 cells which effects high

efficiency transduction of various target cells is

S expected to be a protein or lipid synthesized by the
293 cells. To determine the active component of this
system, the membrane proteins and lipids of 293 cells
are purified using known procedures and the ability of
various purified components is tested for its ability

10 to effect the transduction efficiency of the target
cells. Once the active component is identified it can
be synthesized by recombinant DNA or chemical
technique. These synthesized components may be
incorporated into virus particles to enhance the

1S transduction efficiency of supernatants.

Suitable target cells are any mammalian
cells of interest, and include, but are not limited to
lymphocytes, particularly cytotoxic T cells, human
hematopoietic stem cells, fibroblasts, epithelial

20 cells, endothelial cells, myoblasts, retinal
epithelial cells, islets of Langerhans, adrenal
medulla cells, osteoblasts, osteoclasts, neurons,
glial cells, ganglion cells, embryonic stem cells, and
hepatocytes.

25 - ' The genes which may be introduced into the
target cells includé, but are not .limited to genes
encoding chimeric receptors for signal transduction in
lymphocytes, such as those described in copending U.S.
patent application Serial No. 988,194, filed December

30 9, 1992, the disclosure of which is incorporated in
its entirety herein by reference; growth factors, such
as G-, M~ and GM-colony stimulating factor (CSF),
epidermal growth factor, platelet derived growth
'factor, transforming growth factor (TGF) and stem cell

35 growth factor (SCF); lymphokines such as the

C e e



293 cel I s.
ef f1 ciency transduction of CD8+ T cells.
KAT transfection foll owed by cocultlvatlon is 1 to 3-fold gr
transduction efficiency of cocultivatio
3T3 cells are used (conpare 1B and 2B
greater when 298nteﬁlenkﬁasarhowmeuQSThuchnaaakﬂrﬁursnmaﬁﬂm~dim,cells have

%H& &L@hlé@i&i"fééﬁk T ERd
II and Factor IX; the Multidrug Resistance
Drug (MDR) gene; human adenosine deaminase (ADA);
glucose cerebrosidase; the normal f-globin gene and
erythopoietin (EPO). |
The following examples are presented to
illustrate the present invention and to assist one of
ordinary skill in making and using the same. -
examples are not intended in any way to otherwise
limit the scope of the disclosure or the protection

52 includi ng supernatants produced by cotransfection of thesg- .
contact is respo SHE?LACFME&W&HELT :

asaids..int.o

Thi s denonstrates that cell-cel

unlque propertlg
VWhi | e not

10

15

20

30

In addition, the 5 E

J f\l th‘\]] n

=W th a stable PA317| p} o utér V\,thﬁ

table 4) and p-

ﬁshiﬁh Sﬁﬁg‘i

granted by Letters Patent hereon.

Human embryonic kidney cells, designated 293
cells (ATCC CRL 1573, ATCC, Rockville, MD) cells were
grown in DMEM (JHR Biosciences, Lenexa, Kansas), 1 g/l
glucose, 10% Donor calf serum (Tissue Culture
Biologics, Tulare, CA) and split 1:10 every 3 days.
3T3 (ATCC CRL1573) cells were grown in DMEM (JHR
Biosciences), 4.5 g/1 glucose, 10% Donor calf serum
(Tissue Culture Biologics) and split 1:10 every 3
COS (ATCC CRL1650) cells were grown in DME/F12
(GIBCO, Grand Island, NY), 10% fetal bovine serum
(Tissue Culture Biologics, Tulare, CA) and split 1:10
.tsa201 cells, a derivative of 293s
which contain the temperature sensitive mutant of the
SV40 T antigen co-transfected with the neomycin

~every 3 days.



particul ar theory of the invention, these results 15 suggest that high
titer virus production into the culture nedia is not sufficient for
efficient T cell transduction and that the high efficiency transduction
observed is nediated by cell-cell contact of 293 cells and CD8+ T cells,
resulting in up to ten-fold greater 2036fficiencies. The results presented
In this exanpl e denonstrate that, in the absence of selection, 10-40% of

{ransduct  on FERpEYaRGe dbne (HEUREE S A2, 39 iy ILeT
Transducti on &R (AA)*AABa+ARA6 HEARBR)D; cwexre JgravwaeinsDYE/F12 This
exanpl e descridapdd)e Utk Fetdt bdVine serum (Tissue Culture
Biologics) and split 1:10 every 3 days. 293 cells and
5 tsa201 cells were plated 1x10° and 0.5x10° cells per 10
cm plate, respectively, 48 hours prior to
transfection. COS and 3T3 cells were plated at 0.5x10¢
cells per io cm plate 24 hours prior to transfection.
10 ug of each plasmid, alone or in various
10 combinations, was transfected by calcium phosphate
coprecipitation (Wigler et al., supra) for all cell
" types. 24 hours following transfection, the media was
changed. 24 hours later, viral supernatants were
harvested and filtered through a 0.45 um filter and
15 flash frozen on dry ice. 3T3 cells were plated at
0.5x10° cells per 10 cm plate 24 hours prior to
infection. Infections were carried out in 5 ml of
media containing viral supernatant and 8 pg/ml
polybrene (Sigma Chemical Co., St. Louis, MO). 24
20 hours following infection, the media was changed to

polybrene-free media and the cells were grown for an
additional 24 hours.

- 293 cells produced high titer retrovirus following
25 transient transfection '

293 cells were assayed for their ability to
transiently produce recombinant retrovirus upon
cotransfection with the either the KAT packaging
plasmid(s) pIK6.1MCVampac or pIK6.lamenvATG and

30 pIK6.1gagpolATG,and the retroviral vectors PRTD2.2F3,
PRTD2.2SVGF3, PRTD2.2SSAF3, PRTD2.2SVGF3E-,
PIKT2.2SVGF3, and pRTD2.2F15, encoding the F3 or F15
chimeric receptors, by harvesting viral supernatants
48 hours post transfection, followed by infection of

35 mouse 3T3 cells, and FACs analysis 48 hours later.



constructs and nethod of the invention to transduce primary human CD34+
bone marrow stemcells. 35 53 Preparation of Bone Marrow Cel | s Human
borie marrow was obtained fromhealthy volunteers. It was first fractionated
into a nononucl ear cell fraction over a _Ficoll gradient 5 (Pharnacia,
Piscataway, NJ). The CD34+ cells are i gy ated using positive selection on a
Cell Pro CEPTRATE L err] affinity colum (CellPro, Bothell, WA).

Post-purification FACS anglofsiFady 41k fs POPNESELER 3T3 cells are
removed from the culture dish in the absence of
trypsin and are processed for FACS analysis after
incubation in 40 mM Tris, pH 7.5, 150 mM NaCl, 1 mM

$ EDTA. Cells are washed 1X with phosphate buffered
saline (PBS) plus 2% (FCS) fetal calf serum (Hyclone),
followed by incubation with the appropriate FITC-
conjugated detection antibody in the presence of PBS
plus 2% FCS at a density of 1x10°/ml for 30 minutes at

10 400C. The cells are washed 3X with PBS plus 2% FCS,
and finally resuspended in 0.5 ml PBS and analyzed by
flow cytometry

The results of FACS analysis are shown in
Figure 2. 293 cells cotransfected pIK6.lampac and

15 pRTD2.2F3 express high levels of F3 on their surface
(Figure 2B), compared to mock (control) transfected
cells (Figure 2a). 3T3 cells infected with viral
supernatants harvested from transfected 293 cells
revealed two well separated peaks corresponding to

20 uninfected and infected 3T3 cells (Figure 2D), which
was significantly different compared to the FACS
profile of transfected 293 cells (Figure 2B) or mock
infected 3T3 cells (Figure 2C).

' Table 1 demonstrates that cotransfection of

25 KAT packaging plasmids and KAT retroviral constructs

'“:results in the production of high titer viral
supernatants 48 hours following transfection, as
assayed by 3T3 infection and FACS analysis.
Cotransfection of pIK6.lampac and pRTD2.2F3 yields

30 viral supernatants that transduce 50% of the 10° 3T3
cells initially present at the time of infection. In
contrast, virus produced by transient cotransfection
in COsS cells, as described by Landau and Litman
(Landau and Litman, supra) was 10-fold less than the

35 titers described by cotransfection of KAT plasmids

-



of approxi mately 90% CD34+ cells. This popul ation of 10 cells was then
plated in 24 well plates at a density of 5x10[err] cells/m in Myeloid Long
Term Cul ture Medi um supplied as a conplete nedium from Terry Fox Labs,
(Vancouver, Canada) in the presence of 100 ng/m human Stem Cel | Factor
(hSCF) (R&D Systems, M nneapolis, M\) 138 50 ng/nl hiL-3, and 10 ng/m
hiL-6 for 48 hours. Transduction of CD34+ bone marrow stemcells 293 cells
were transfect tAtby268r eelpbat Migust prodrittiiioh dfs hdgHmwyr] cell s/ 6 wel

Fgfﬁfg42a2ﬁug?rgrL §“§$§1§°’ r?ﬁ§3§ i_.on 1W¥{éﬁx§%é?%1ra.sfeﬁé&%£ with 10
transfection néﬂp&lmater3W§vdﬂfen¢ﬁhmﬁe&aneicdtniéd artowtIn nedi a, as
described in Esghpkast) nB UeteltAdd 333 thedhdi0/fE dELrvadd 10 no/ M
5 following transfection of the retroviral construct
PRTD2.2F3 alone, demonstrating that viral production
is dependant upon the presence of the packaging
construct and the retroviral vector. High titer virus
production is also dependant upon the presence of the
10 retroviral construct. Transfection of pIKF3 expression
vector alone, or cotransfection of pIKF3 expression
vector and pIKé. 1MMSVampac yielads supernatants that
fail to transduce 3T3 cells.

15



25 6.7
cocultivated with

[err]g/ M pol ybrene.

293 nonol ayer,

factors as descri bed above.
grow h factors daily via dem -
repl eni shed and G CSF was added at 2 ng/ mapiledy 20 ng/ m K
nto 35 granul ocytes.

differentiation i
54

Two to four

5x10[ err]

hours | ater,

After 48 hours,

purified CD34+ cells/well
the cells were coll ec
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35

plK6.1MCVampa




anal yzed for surface expression of human CD4 fromthe transduced gene and
CD15, a granulocyte marker. |In addition, DNA was prepared for Southern
bl ot analysis. Figure 5 shows the FACS analysis of the 5 transduced

hemat opoi etic stenf progenitor cells after 14 days of growh and
differentiation into granul ocytes. Pam? A shows the forward and side
scatter gates used in the analysis of exq cell populations in the Figure.
I n panel B are shown theHighutitensviras cahl alsbabnequaucadﬁd:y sotype

A L s A S0k e
CD15 (granul ocBRED2:2F2r (Rablei ). nAikhough ghestranst orp, KAT 15
packagi ng systgffyefenépdot "theNLABEL plabhifs?UdsC Approximately
$ equal to the transfection efficiency of pIKé6.1MCVampac
and pRTD2.2F3, virus production was reduced by a
factor of 2 to 27%. Similar results have been
described by Landau and Litman (Landau and Litman,
supra), where they observed a 5~fold decrease. The
10 overall efficiency of the KAT system, using one or two
genome packaging plasmids, is still 10 to 20-fold
greater then that described for the COS cell systen.
The high 3T3 cell transduction efficiency
observed by FACS analysis of viral supernatants
15 produced following KAT plasmid transfection of 293
cells was confirmed by Southern blotting of integrated
proviral DNA from infected 3T3 cells. High
molecular weight DNA was prepared 48 hours post
infection and digestion of 10 ug of DNA with Eco RV.
20 The samples were electrophoresed on a 0.8% agarose
gel, transferred to Zetabind ahd probed with a 605 bp
fragment encoding the zeta transmembrane and
cytoplasmic domains. Eco RV digestion of the
transfected plasmid pRTD2.2F3 yielded a 4.2 kb band.
25 Eco RV digestion of pRTD1.2F3, which contains MMLV S°'
and 3' LTRs, yielded a 3.6 b fragment. Following
virus infection, integration and duplication of the 3!
LTR, Eco RV digestion should yield a 3.6 kb fragment.
This allows determination of the presence of
30 integrated proviral DNA in the target cells. Table 2
gives the sizes of the expected bands from transfected
plasmid DNA and integrated provirus following Eco RV
digestion and hybridization to the zeta probe.

35



co-cultivation to transduce the henatopoietic steniprogenithﬁ?ﬁ;LJ iy -
conparison of the top right quadrant for panels C and D ingi 35__ -l{fﬁ\g‘{l\ﬁ5$§%"f
of "the transduced cells expressed the CD4 protein. 20 SoutHerji bl ot
Wf% 2
S

anal ysi s.of transduction efficiency Southern blot analysis > &r FESAIGGt
to determ ne whether the hematopoietic gten progenitor cell re infected
by retrovirus produced with the 25 KAT system Genom ¢ DNAjwas prepared

fromdifferentiated stemcells and digested with Eco RV. 1(_[err]g of DNA

frominfected (Figure 6, lane 2) and control cells (Figure 6, [ane 1), as-
wel | as Eco RV- digested plasm d DNA equivalent to 0.12, 0.6, 1.2 and 30
6.0 copi es per diploid genone of ngE%1§E§ (Figure 6,

EcoRV Fragment Size (in Kb)
s | ' Hybridizing to ! Probe

Transfected Integrated

Retroviral Construct

PRT.D 2.2F3

PRT.D 2.2S8VGF3

PRT.D 2.2F15

i5

Genomic DNA prepared from infected 3T3s was
digested with Eco RV and 10 ug of digested DNA from
infected and control cells were electrophoresed on a

20 0.8% agarose gel, transferred to Zetabind and probed
with a 605 bp fragmert encoding the ! transmembrane
and cytoplasmic domains. Only the DNA derived from
373 cells infected with supernatants obtained
following cotransfection of 293 cells with pRTD2.2F3

28 and pIKMCVampac yielded a 3.6 kb fragment (Figure 3a,
lanes 4 and 5), identical to the fragment seen in the
Eco RV digested pRTD1.2F3 plasmid control lanes
(tigure 3A, lanes 11-14), indicative of integrated
provirus. Quantitation of southern blots by scanning

30 densitometry and comparison to plasmid standards
representing 0.1 to 3.0 copies, in 3-fold increasing
increments (Figure 3A, lanes 11-14), was consistent
with a transduction efficiency of with a transduction
efficiency of 0.5 copies/cell/ml of viral supernatant.

g5 The transduction efficiency was identical to the



| anes ™4-7) and 5 copi es per diploid genone of pRTD2.2F3 (Figure 6, lane 8)
wer e el ectrophoresed on a 0.8% agarose gel, transferred to Zetabind and
probed with a 605 bp fragnent encodi ng the zeta transnmenbrane 35 and
cytoplasm c donmains. Eco RV digestion of the 55 transfected plasmd
pPRTD2. 2 yields a 4.2 kb band (Figure g2!ane 8). Eco RV digestion of
pRTD1. 2, which contains MMLV 5' and 3' LTRs, yields a 3.6 kb fragnent

(Figure 6, |anefficiencyocbbservedVbyUPACS &AklLyBisT The! pdiobd @ignd
dupli cation ofpjfieadeedd R bifa ¥n bRESEESR $88bd1N6"iRelcted iy 20mnt:
supernatants derived from mock transfected 293 cells
(lane 1), 293 cells transfected with pRTD2.2F3 alone
$ (Figure 3A, lanes 2 and 3), transfected with the
expression.vector PIKF3 alone (Figure 3A, lanes 6 and
7) or cotransfected with pIKé6.1MCVampac and pIKF3
. (Figure 3A, lanes 8 and 9), which is also consistent
with the FACS analysis. _

10 Three additional retroviral constructs, two
which differed in the viral backbone, pRTD2.2SSAF3
(Figure 3B, lane 4), pRTD2.2SVGF3 (Figure 3B, lane 5),
PRTD2.2SVGE-F3 (Figure 3B, lane 6), and one which
differed in the chimeric receptor insert, pRTD2.2F15

18 (Figure 3B, lanes 7 and 8), were cotransfected into
293 cells with pIK6.1MCVampac, the supernatant used to
infect 3T3 cells, followed by both FACS analysis
(Table 1) and southern blotting (Figure 3B). All of
the F3 constructs showed similar titer by both FACS

20 analysis (Table 1) and hybridized to the zeta probe
with similar intensities, as expected. The F15
retrovirus had approximately 50% greater titer as
determined by FACS analysis (Table 1), as well as by
‘densitometric analysis of the Southern blots.

25 Retrovirus as produced in 293 with each of the

" vectors, upon infeétion,_yielded the correct size for
the'infegrated provirus. Therefore, the FACS and
Southern blotting results from 5 KAT retroviral
constructs demonstrate that high titer retrovirus can

30 be produced in 293 cells, that production was
dependent upon cotransfection of the retroviral
construct and packaging functions, and production of
high titer retroviral supernatants in 293 cells does

- not lead to any unusual rearrangements of the

35 retroviral constructs. |



CD34+ cel | s,

corresponding to integrated provirus (Figure 6,

| acked a pro

corresponded to the endogenous zeta gene sequences (Figure 6,

the probe hybridized to the appropriate 3.6 kb band,

vi ral

| ane 7).

Contr ol

cells

10 band, however the probe hybridized to bands that

| ane 8).

-Scanni ng densitonetry was used to quant#Bate transduction efficiency and
denonstrated that the

cells was O.

endogenous bands c

5 VAE

average proviral
: ) in. Mamaghdiita

r. nggg%?.gédgr}l.ﬁ {?nl nrec

l-an€s correspondinghto I n

edrcabddiky tor praduse gretroviyms byr PA317 producer
clone was conpabtgahsriebetiohaRALHC KA pAldertid¥)C e Sl10éd!Soy virus

$ harvest and 3T3 infection (Table 3).

experi nent,
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t h€oFr

- Packaging
Construct

Table 3

copy number per

Surface
CD4%

- 3T3inf%

cel l

in 15 i nfected

pice e Isinesret ry of the

éifi%ﬁ%%?“&%gaégggg

LN the

Mock

1 0/0

piKB.1MCVampac

88 39/38

pRTD2.2-F3 |

pliK6.1MCVampac

88 41/38

PRTD2.2-F3 |

Mock

0

ND -

Mock

plIK61MCVampac

12/14.

pRTD2.2-F3

piK6.1MCVampac

58 14/15

pRTD2.2-F3

Mock

0 ND

Mock

pIK6.1MCVampac . PRTD2.2-F3
143B plK6.1MCVampac | 50 1n. pRTD2.2-F3
HELA Mock 0 ND Mock
HELA | pi6.IMCVampac | 48 00 | pRTD2.2-F3 |
pIK6.1MCVampac 54 0/0 pRTD2.2-F3

Mock

0 ND

Mock

plK6.1MCVampac

1 0/0

pRTD2.2-F3 |

plK6.1MCVampac

1 0/0

Mock

0/0

pRTD2.2-F3 |

Mock

pIK6.1MCVampac 39 2/3. PRTD2.2-F3 }
373 plK6.1MCVampac 44 4/3. pRTD2.2-F3 |
CHOD- | pIK6.1MCVampac | 0 ° 0/0 pRTD2.2-F3 |

wgwut1MCMhmmm:

PRTD2.2+F3 |

CD4 surface expression and virus production was absent
from L929 and CHO D- following cotransfection of



produced by the KAT system 293 cells were transient cotrangf BERIADEMENThSHEET
pl K6. IMCVanpac and pRTD2. 2F3,i sol ati on of CD34+ cells, coculjtiprati-ens—=25-
purification of infected cells was carried out as descri bed atogfg gkg h~1
40. 39, described above in Exanple Il, was plated at 5x10[ery] Fsi 8*we

plate 24 hours prior to initiation oflgpcultlvatlon w t h CDB4+—cett-s-

| sol ation of CD34+ cells, cocultivation, 30 purification of I nf ect ed ceIIs

vas, CarTed pXesINCRanpbedvith ERIDCED. THOMAAR!) Ahee TR vas—
S shown in FEARFE Yere hlghfy hrasasectabiia undem P AT MLER ol |
cocul tivat ed 85plashidrénebdingdtheybacdzz geneowas3 usdd hFRCE Fi gur e
analysis of transfected HELA, 143B, 3T3 and COS
5 demonstrated high surface CD4 expression, with a
transfection efficiency of approximately 50% for all
. four cell types. However, virus production among these
cells was substantially different. HELA and 143B
cells produced no virus at all, whereas 3T3 cells
10 produced virus capable of 3% 3T3 transduction/ml of
frozen supernatant. Cotransfection of COS cells with
KAT plasmids, even in the absence of DNA replication
of the retroviral construct, produced virus with
titers of 4.5-fold greater than that produced by 3T3
15 cells. These titers, without plasmid replication of
the viral vector construct, are 200 fold greater than
those described by Landau and Litman (Landau and
Litman, supra). This demonstrates that the KAT
constructs are unique in their ability to produce
20 retrovirus upon transfection of a wide variety of
cells, without plasmid replication. Given the 100 fold
increase that Landau and Litman observed with plasmid
replication of the viral vector construct,
transfection of KAT packaging function and retroviral
25 vector plasmids that support plasmid replicatibn, into
hosts that support plasmid replication, could
potentially further increase titer 10 to 100 fold and
further increase the utility of KAT transfected cells

to infect cell types that are currently difficult to .
30 infect.




56 7, 1ane 2), identical in size to Eco RV digested plasmd ENEEF%%W%NE,SHEET
| anes 4-7) and corresponding to integrated provirus. Hybridizing bands were
absent from DNA isol ated from CD34+ cells cocultivated with § |i2BeFEMI397
transfected 293 (Figure 7, lane 1) cells or 40.39 cells (Figyre.Z lane 3).
The plasnm d standards ranged from 0.3 t(l O copies of integrdted provirus
per cell. Therefore, the absence of a band in the PA317 | anelsuggests that

KAT transduction is at 10 Ieast 10- fn&;ﬂpmnezrff|0|ent AIthough FACS
anal ysis of surface_expreg d only a 5-6%

This example demonstrates the method of the

5 invention in which 293 cells transfected with the KAT

constructs are able to transduce primary, human target
CD8+ T cells by cocultivation with high efficiency.

10 _
. KAT constructs were prepared as described
above in Example I.
o ctivat o uman 8+ s
15 pe 00

Primary human CD8+ T cells were purified
from the peripheral blood of healthy donors as
follows: Peripheral blood mononucleocytes (PBMCs)
were isolated from human blood by Ficoll-Hypaque

20 density gradient centrifugation. PBMCs were washed
three times with D-PBSE/CMF (PBS containing 1mM EDTA,
Ca and Mg free), resuspended at 5x10’ cells in 4 ml of
D-PBSE/CMF containing_o.s% of human gamma globulins,
and incubated at room temperature for at least 15
25 mninutes. After incubation, CD8+ T cells were purified
' from the PBMC cell suspension by positive panning.
Specifically, the PBMC suspension was loaded into a
pre-washed T-25 tissue culture flask coated with an
antibody specific for the human CD8 receptor (AIS CD8
30 selection flask (Applied Immune Sciences, Santa Clara,
CA)) at a density of 5x10’ cells per 4 ml per T-25
flask. Cells were incubated for one hour at room
temperature, and the non-adherent cells removed by
gentle pipetting and washing the flask three times
35 with the D-PBSE/CMF. The CD8+ T cells were
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efficicency of transduction, Southern analysis indicates a
efficiency of transduction 15 (50-100%. It is possible thatl}t
expression of the human CD4 protein is below the | evel of dgtéc
FACS anal ysis, alternatively, the gene nmay be present but .ndt
expressed. Mdifications to the constrygts could be nade to120 increase
the | evel of expreSS|on The high efficiency of transductij

henat opoi et i Sinwkianeresly oreleasedy fom EhrAf 1ask a5 @ ated n
conj uncti on vy lad@Eng el A2- 6! &l ¥aLLOReRSSOTmeRs bl fdie L1 ansducti on
0

Systems such CRRBSRLELOR] (deutaining 39, BYRInORES HBEERGackag ng | | ne
i ndi cat es t haphadhdcegbidals, t Ragitun, uUNJjaande 10% IL2 (Pharmacia).

5 Cells were incubated with this media for 48 hours,
harvested from the flask, and washed once with T cell
medium, and finally resuspended in fresh T cell medium
plus 10% IL2 at a density of 0.5-1.0x10°/ml in 24 well
plates.

10 ~ In order to remove residual cells (usually
_present at 2-3%) which cross-reacted with either the
CD4~-specific antibody used for detection of F3 surface
expression, or the human Fc-specific antibody used to
detect F15 surface expression, the enriched CD8+ T

15 cell population was subjected to a further round of
purification in which the contaminating cells were
removed by negative panning, using AIS selection
flasks described above, coated with either the anti-
CD4 or anti-human Fc antibody. Specifically, the

20 enriched CD8+ T cell population was incubated in the
selection flask for one hour, and then non-adherent
(i.e., highly purified CD8+ T cells) were removed.
Cells were subsequently washed, and allowed to recover
for 24 hours in the T cell medium plus 10% IL2 for 24

25 ‘hours. CD8+ T cells prepared in this manner were
greater than 95% CD8+ and CD3+, and less than 0.5%
CD4+ or FC+, and were subsequently employed as targets
for retroviral transduction.

30 t ir sduc D8+ c s
socultivation or supernatant infection: _

293 cells were plated at 1x10° cells/6 well
plate, and then transfected with the appropriate
éonstruct after 48 hours as described above. 24 hours

35 post transfection, the transfection media was removed

T e
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gener ated when transduci ng nouse cells, the transduction eff 0

human- bone marrow 30 stem progenitor cells is poor. These fesul t Eﬁ
ilah

dermpnstrat e,

super nat ant s,

that, in addition to rapid production of high

tf.

(X

t he KAT constructs can be used to transduce a

efficiencies target cells, such as huna@7T cells and 35 b7 henatop0|et|c

cells, that are refractory to transduction by conventi ona

IV

10

a5

and replaced with T cell growth media (see below for
composition).

(a) Cocultivation: 2 to 4 hours later,
0.5x10° purified and activated human CD8+ T cells
prepared as described above (usually at day 4 or 5§
post-purification/activation) were added per well
containing the transfected 293 cells, and polybrene
added at a final concentration of 2 pg/ml. 24 hours
after plating the 293 cells for the initial
transfection, a second set of 293 cells were plated
and transfected as described above. 24 hours after
the initial cocultivation, T cells were removed from
the first cocultivation and transferred to the second
293 transfection plate for an additional 24 hours of
cocultivation employed the same conditions. Similar
conditions were employed for transduction of CD8+ T
cells by cocultivation with either transiently
transfected 3T3 cells, or the stable PA317 producer
cell line 40.39 (see below).

(b) Supernatant infection: 0.5x10° purified
and activated human CD8+ T cells prepared as described
above (usually at day 4 or 5 post- .
purification/activation) were incubated with 1 ml of
fresh T cell medium (plus 10% IL2 and 2 ug/ml
polybrene) together with 1 ml of viral supernatant
obtained from the 293 transient transfection system
described above, or from the stable PA317 producer
cell line 40.39 (see below). After an 8 hour
incubation period, 1.5 ml of medium was removed from

each well, and replaced with 0.5 ml of fresh T cell

medium together with 1.0 ml of viral supernatant
(polybrene at 2 ug/ml and IL2 at 10%). After a 12
hour incubation period, the two step supernatant
procedure was repeated.

et hods. EXAMPLE




5 Production of Hgh Titer Virus in Human Cells with ' éﬁ@» fad- £T
Vectors and Hi gh Efficiency Transduction of Human CD34+ sF £lls
10" Thi s exanpl e descri bes the use of the novel retroviral

vBCtors of gﬁf
invention to obtain high titer virus in a human cell line|a dzﬁm¥ﬁﬁes
that virus to obtain high efficiency t réfhsduction in 15 ptifary hunman .
hemat opoeitic stemcells. The packagi ng vector plK6. 1MCVafpac UT[err]
descri bed above and t heFoetbothrabcuttivatibKTan2Segperr@ trapsiently

co-Lranstect egh4&ce 6" EBEY R00YELs' UbPedTIBVER T Fedoverts 5 | Ped

24-28 hour period in fresh T cell medium plus 10% IL2.
Cells were then analyzed by flow cytometry for surface

5 expression of either CD4 (for the CD4~{ F3 receptor)
or Fc for the F15 antibody-{ receptor) in order to
determine transduction efficiencies. T cells which
were under cocultivation with transfected 293 cells
were gently removed as a suspension from the 293

10 monolayer. Both cocultivated and supernatant infected
T cells were washed 1lx with phosphate buffered saline
(PBS) plus 2% (FCS) fetal calf serum (Hyclone). T
cells were then incubated with the appropriate FITC-
conjugated detection antibody in the presence of PBS

15 plus 2% FCS at a density of 1x10°/ml for 30 minutes at
400C, washed 3x with PBS plus 2% FCS, and finally
resuspended in 0.5 ml PBS and analyzed by flow
cytometry.

: The transduced CD8+ T cell population was

20 subsequently maintained in T cell medium (10% FCS,
Hyclone; RPMI1640, CellGro; 10mM Hepes buffer (Gibco);
1% Sodium pyruvate (Gibco); 1% non-essential amino
acids (Gibco); 2mM glutamine (Gibco); 25 uM 2-
mercaptoethanol (Sigma) and 1%

25 streptomycin/penicillin). T cells were periodically
re-stimulated every 7 to 10 days by the addition of
OKT3 at 10ng/ml or by exposing the cells to
immobilized OKT3 in a T-25 tissue culture flask at a
density of 1-2x10’ CD8+ T cells/10 ml T cell medium

30 plus 10% IL2. Cells were incubated for 48 hours,
washed 1x with T cell medium, and resuspended in fresh
medium plus 10% IL2 at 0.5-1.0x10%/ml.




20 tsa54 eells were derived from293 cells by the transfec

d cénta}ﬁé

-

su) §SFER Bigh| |
/40 i

oY
SV40 T antigen (Heinzel et al., J. of Virol. 62(10):3738-3 4&§ﬁ¢§8§ijf !

pl ' KT2. 2SVGe-F3 differs from pRTD2. 2F3 in that the plasnd
the SV40 origin of 25 replication as described above. Thisir
copy nunber plasmd replication in tsa54scells containing tih
t-antigen. tsab4 cells were transfected, viral supernatant e

and used to i rAnElySiS o STk, atli Pransoetiof3% CD4 30 posE i
cell1s/100 [err]l frozen ata Al f . The
pl KT vectors were used t%*%ro‘aﬁggféﬂt Iriggﬁfgg*{#&af?gg’fi%&% as Jd‘lescri bed

above and usedCB&t (T FRULE DY Febrovirnanproducedtransiently asing

the KAT system was compared to retrovirus produced

5 from a high-titer, stable producer clone derived from
the amphotropic packaging line PA317 (Miller and
Buttimore, supra). The stable producer clone
40.39,which transduces the F3 chimeric receptor was
isolated by transfection of the ecotropic packaging

10 1line gpe (Markowitz et al.supra) with pRTD4.2F3,
followed by supernatant harvest 48 hours post
t;ansfection and infection PA317 in the presence of 8
micrograms/ml of polybrene (Miller and Buttimore,
supra). Individual clones were obtained by limiting

15 dilution and 50 were screened for virus production by
isolation of viral mRNA from the media of clones,
followed by dot blot hybridization using a 603 bp zeta
chain probe. The clone that gave the strongest
hybridization signal, clone 40.39, was assayed by

20 limiting dilution infection of 10° NIH 3T3 cells
followed by flow cytometry. 50 ul of supernatant
transduced 17% cells, equivalent to 340% or an average
of 3.4 proviral copies/cell/ml. The transduction
efficiency following a 48 hour cocultivation with

25 primary human CD8+ T cells with 40.39 producer cells
was 1%-3% CD4+ (Table 4).

This result was compared to the transduction
efficiency following the KAT transient-transfection
and cocultivation method of the invention, which was

30 used to transduce the chimeric receptor F3 and F15
. . into CD8+ T cells (Figure 4). Four experiments were
) carried out in which CD8+ T cells were cocultivated on
transfected 293 cells for 48 hours, followed by
harvest and growth of T cells for 14 days and analysis
35 of transduction efficiency by FACS as described above.

«




35 cells by co-cultivation. The bone marrow stemcells 5§
and transduced with the plKT2.2VGe-F3 as described above in
wi th the foll owi ng changes. tsab54 cells were transfected at
5x10[err] cells/6 well plate. The nedia used to replace the

5

vé#emqur%red;

ey o

4 ferlsTty o |

nmedi a was | MDM + 10% FBS (fetal bovineggerunm . CD34+ cells jere reaned

foll owi ng two days co-cultivation wi th virus-producing tsa54

\.:CI I O . G.IIU

lcul turgicisg M@l %é‘agi&u%‘difaﬂ\/%ﬁdléﬁb r@mﬂdsoéaéémé wEtHhbota F8n days
d?;?;rent,atfgig?rf% éghstructs iéELbeQWeeR nl nggg'prothe

. appears to be highly donor dependent. However,

’

on

average, this efficiency is 8 to 12-fold greater than
5 the transduction efficiency obtained by cocultivation
with the high-titer stable PA317 clones tested. In
addition, the high transduction efficiency is not
specific to F3 constructs because F15 constructs are

transduced at similar efficiencies (Figure 4)

. This

10 data demonstrates that CD8 T cells can be transduced
at efficiencies that are at least 5 fold greater than
or equal to any other published reports, and that
generation of stable producers are not tequired.'

Supernatants from transduced T cells, 3

15 weeks post-transduction, were tested in an extended

S+L- assay (Miller et al., Mol. Cell. Biol.

5:431-437

- {(1985)) and shown to be free of replication-competent

retrovirus.

20 e e sductio s mediated ce
contact

In order to explore the mechanism of

=C

the

high efficiency CD8 T cell transduction following

transient transfection of KAT plasmids and

25 cocultivation with CD8+ T cells, the transduction

efficiency of CD8+ T cells using the following
approaches was compared: (1)infection with
supernatants derived from a high titer, stable

PA317

producer line, (2)cocultivation with a high titer,

30 stable PA317 producer line(3)infection with

supernatants derived from transient transfection of
NIH 373 cells with pIK6.1MMSVampac and pRTD4.2F3 (4)48
hour cocultivation with NIH 3T3 cells following
transient transfection with pIK6.lMMSVampac and

35 DPRTD4.2F3 (5)infection with supernatants derived from



Cell s*were anal yzed for surface expression of human CD4 six to eight days
| ater. Figure 8 shows the results of FACS anal ysis of the transduced
hemat opoi etic stenf progenitor cells 15 after 18 days of growth and
differentiation into granulocytes. Panel A shows the forward and side
scatter gates used in the analysis of aldjcell populations in the Figure.
In panel B are shown the untransduced cel%s stained with the isotype

control 20 antitpghsseht! Ecanstettion 2o dénrsavs:ttl-ym t he untransduced
CLS (gr anul ocyPEREr RHEVERPRS, B RAHRR. 25 BRI, X Bhsl) Clone
(78.81), with acocudtivgtion| with:i 2930 celds m.'l.c&ﬁingzltrmintnbn 3T3
plates, was usegdragsfest?Bhewiith?pIKe.1MCVampac and pRTD2.2F3 (Table
| $ 4). For each transient transfection experiment,
duplicate ‘plates of transfected cells were used to
harvest media for supernatant infection of 3T3 cells
and duplicate plates were used for cocultivation of
CD8 T cells. The same approach was used for stable
10 producers.

- Table 4
is s::fmﬁ:it
PA317, Stable 70%
PA317, Stable | co-cultivation|  ND'
KAT, Transient | co-cultivation 26%
20 KAT, Transient | co-cultivation 14%
} PA317, Stable | Supernatant 30%
PA317, Stable | co-cultivation
KAT, Transient | Supernatant
25 t, ) | 293 - | KAT, Transient |

ND' = not determined

Supernatant infection of CD8+ T cells was 1%, whether
the virus was produced in 293 cells, 3T3 cells or a
39 Stable PA317 producer (Table 4, experiments 1A, 2A and
2C). In contrast, cocultivation of CD8 T cells with
293 cells cotransfected with pIKé6.1MCVampac and
- PRTD2.2F3, resulted in 10% to 14% CD8 T cell
transduction (Table 4, experiment 1D, 2D), 10 to 14-
gs fold greater than all supernatant infections,



producer in a co-cultivation with the hematopoietic stem cel ks ASE Rhﬁﬁa@@r§f
E, KAT-packaging retroviral vectors were used in conjuncti¢n ps-t-h-293-eek
co: cultivation to transduce the hematopoietic 30 stenl prgggn %Efg?
A conparison of the top right quadrant for panels C and D, jard ﬁg

I ndicates that 1.7% of the PA317 transdﬁged cell s expresseq tire—Cb4—prot

™e LT P' \vaY UI II
as conpared to 24% of those transduced I ng the KAT constanucts. 35 59
EXAMPLE V

including supernatants produced by cotransfé tionof

’ these plasmids into 293 cells. This demonstrates that
cell-cell contact is responsible for high efficiency
transduction of CD8+ T cells. In addition, the

5 efficiency of KAT transfection followed by
cocultivation is 1 to 3-fold greater than the ,
transduction efficiency of cocultivation with a stable
PA317 producér when 3T3 cells are used (compare 1B and
2B with 1Cc, table 4) and 5-10 fold greater when 293.

10 cells are used. This data confirms that 293 cells have
unique properties that support high efficiency
transduction of mammalian cells.

While not wishing to be limited to any

particular theory of the invention, these results

15 suggest that high titer virus production into the
culture media is not sufficient for efficient T cell
transduction and that the high efficiency transduction
observed is mediated by cell-cell contact of 293 cells
and CD8+ T cells, resulting in up to ten-fold greater

20 efficiencies. |

The results presented in this example

demonstrate that, in the absence of selection, 10-40%
of the CD8+ T cells were virally transduced, a

significantly greater transduction frequency comparéd
25 - to prior results.

30 This example describes the use of the KAT
constructs and method of the invention to transduce
primary human CD34+ bone marrow stem cells.
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Production of a Single Vector 293 or tsa54 Stable Packagi afm@;EThl 's

exanpl e- descri bes the production and 5 use of a single ve tor—-~paekag1 ng
cl one. Human 293 or tsa54 cells were plated at 5x10[err] per} 19 ccrgjp'la‘t’é i n :
DMVE (JRH Bi osci ences, Lenexa, Kansas), 1 g/l glucose, 10% Dohof ‘calf serum

(Tissue Culture Biologics, Tulare, *CA hours prior to tfahsfection. ~10"
[err]g MCV 10 arrpac UT[err] and 0.1 [err g MC1 neo (Thonasi and Capecchl :
Cel | 51:503-513rebasa ‘ 2 e : 7;, gal cium phOS'pTwne

Dener atea as ef 1 ci ont Ly *ﬁynaeb r&tm Vo8 OptaiBedoteon, nesTthy °°
( Shi gekawa and viodmsrtedira.ccixt onees HiFst 7£Pacdbiondtéa) j.ntéSahour s
post - transf ect 5%910%%1@&1 %’ fraction over a Ficoll gradient
5 (Pharmacia, Piscataway, NJ). The CD34+ cells are
isolated using positive selection on a CellPro
CEPTRATE LC™ affinity column (CellPro, Bothell, WA).
Post-purification FACS analysis provided a population
of approximately 90% CD34+ cells. This population of
10 cells was then plated in 24 well plates at a density
of 5x10° cells/ml in Myeloid Long Term Culture Medium
 supplied as a complete medium from Térry Fox Labs,
(Vancouver, Canada) in the presence of 100 ng/ml human
Stem Cell Factor (hSCF) (R&D Systems, Minneapolis, MN)

15 50 ng/ml hiIlL-3, and 10 ng/ml hIL-6 for 48 hours.

sductio + bone w_stem c _
293 cells were transfected by first plating
at a density of 1x10° cells/6 well plate 48 hours prior
20 to transfection, followed by transfection with 10 ug
each of PRTD2.2F3 and pIK6.1lMCVampac. Twenty-four
hours later, transfection media was removed, replaced
with T cell growth media, as describéd in Example II,
plus 50 ng/ml hIL-3, 100 ng/ml hSCF, and 10 ng/ml hIL-
25 6. Two to four hours later, the transfected 293 cells
were cocultivated with 5x10° purified CD34+ cells/well
in the presence of 8 ug/ml polybrene. After 48 hours,
the cells were collected off of the 293 monolayer, and
replated in Myeloid Long Term-Media with growth
30 factors as described above. Cultures were replenished

. with media plus growth factors daily via demi-

' depopulation. Four days later, the media was
replenished and G-CSF was added at 2 ng/ml plus 20
ng/ml hSCF to promote differentiation into

35 granulocytes. Four to six days later, cells were



changéd. 24 hrs. later the cells were split to duplicate plates of-1: 10,
1:20 and 1:50 in nmedia plus 1 ng/mM (418 (Geneticin, G BCOrG-and-—tsland,....
NYj. 20 Media was changed every 3 days for 14 days. C oneq REPRAGHMEKEY 10y

24 well plates and grown to confluence. Media was collecteq f
filtered through a .45 [err]mfilter ggnd flash frozen on dr
were resuspended in nedia plus 10% DVSO (Si gma Chem cal 25

9§ 3% Sulade 18 Euidecgrilttl o s dipmeneertd
or production o Vi r : i
trangcriptase Vfﬁ%ﬁgﬁﬁégu9§§et Bdiﬁﬁa_poPaﬂFgﬁ & e Fre—— -

y §oss, Foll oy
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into an RNA t cafpdition( DRA was3Preparédofoyi Southiin ol andBAdis.
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shows the FACS analysis of the
transduced hematopoietic stem/progenitor cells after
14 days of growth and differentiation into

~granulocytes. Panel A shows the forward and side

scatter gates used in the analysis of all cell
populations in the Figure. In panel B are shown the
untransduced cells stained with the isotype control
antibodies (FITC and PE). In panel C are shown the
untransduced cells stained with antibodies for human
cb4 (transduced gene, y axis) and CD15 (granulocyte
differentiation marker, x axis). In panel D, KAT
packaging system was used in conjunction with 293 cell
co-cultivation to transduce the hematopoietic
stem/progenitor cells. A comparison of the top right
quadrant for panels C and D indicate that 5-6% of the
transduced cells expressed the CD4 protein.

Southern blot analvsis of transduction efficiency
Southern blot analysis was carried out to
determine whether the hematopoietic stem/progenitor
cells were infected by retrovirus produced with the
KAT system. Genomic DNA was prepared from
differentiated stem cells and digested with Eco RV.
10 pug of DNA from infected (Figure 6, lane 2) and
control cells (Figure 6, lane 1), as well as Eco RV-
digested plasmid DNA equivalent to 0.12, 0.6, 1.2 and
6.0 copies per diploid genome of pRTD1.2F3 (Figure 6,
lanes 4-7) and 5 copies per diploid genome of
PRTD2.2F3 (Figure 6, lane 8) were electrophoresed on a
0.8% agarose gei, transferred to 2Zetabind and probed
with a 605 bp fragment encoding the zeta transmembrane
and cytoplasmic domains. Eco RV digestion of the



transcri ptase signals foll ow ng autoradi ography were thawed, 'grown up and
tested for virus production follow ng transient transfection. Transfections
wéte 35 done as previously described, using 10 [err]g 43. 3PCKF3. Medi a
was changed 18 hours post-transfection. After 24 hours the viral
supernatants were collected, filtered tgagrough .45 [errImfilters and flash
frozen on dry ice. Viral -supernatants were assayed on 3T3 cells 5 plated at

5x10[err] per 10-gikflksa JP14eia PriBS . 30yiB1AG! e0G. 2| RbFEdrans ere done
as descri bed above. S re en__harvested, ai ned with OKT4A anti-CD4
nonacl onal antitEiSHKQXQholiﬁﬁgﬁbstF€°S§¥t@ggPﬁg.P“ ° pﬂinl°2' whitn
contains MMLV 5' and 3' LTRs, yields a 3.6 kb fragment
(Figure 6, lanes 4-7). Following virus infection,
S integration and duplication of the 3' LTR, Eco RV
digestion should yield a 3.6 kb fragment. 1In infected
CD34+ cells, the probe hybridized to the appropriate
3.6 kb band, corresponding to integrated provirus
(Figure 6, lane 7). Control cells lacked a proviral
10 band, however the probe hybridized to bands that
corresponded to the endogenous zeta gene sequences
(Figure 6, lane 8). Scanning densitometry was used to
quantitate transduction efficiency and demonstrated
that the average proviral copy number per cell in
15 infected cells was 0.5 (50% transduction). 1In
addition, densitometry of the endogenous bands
confirmed that equal amounts of DNA were loaded in the
lanes corresponding to infected and uninfected cells.
_ In a second experiment, the transduction
20 efficiency of a high titer PA317 producer clone was
‘compared to the transduction efficiency of virus
produced by the KAT system. 293 cells were transient
cotransfection with pIK6.1MCVampac &and :
PRTD2.2F3,isolation of CD34+ cells, cocultivation,
25 purification of infected cells was carried out as
described above. Clone 40.39, described above in
Example II, was plated at 5x105 cells/6 well plate 24
hours prior to initiation of cocultivation with CD34+
cells. Isolation of CD34+ cells, cocultivation,
30 purification of infected cells was carried out as
. described for 293 cells. Transduction efficiency was
analyzed by southern blotting of Eco RV digested DNA
“as described above and is shown in Figure 7. The band
present in DNA isolated from CD34+ cells cocultivated
35 with KAT plasmids hybridized to a 3.6 kb band (Figure



Raritan,'Nu), and anal yzed by flow cytonetry as 10 descrl)qqﬂquﬁg ¢I@nea
di spl ayed varyi ng anounts of packaging function. Those cl ohes_ .

hi ghest transient titer were selected for further characteli aé%g égabLe % P
5). Table 5 15 CELLS/ CLONE # VECTORS | qrdhadlibtion ¢ |
Efficiency (% CD4+ 3T3 Cells) tsa54 sg none :
1.02 20 t sab4/107. 14 . anpac + 43.2 : 2.53

tsa54/107.17 7, laneaBpacidefitidal in size to &R/ ﬁ\ﬁ%e@@e&g
inggc t48.2 plasmid DNAZ?FZG tsa§4/ianes 4-7) and ég§respond££g to
' integrated provirus. Hybridizing bands were absent
‘from DNA isolated from CD34+ cells cocultivated with
5 either mock transfected 293 (Figure 7, lane 1) cells
or 40.39 cells (Figure 7,lane 3). The plasmid
standards ranged from 0.3 to 10 copies of integrated
provirus per cell. Therefore, the absence of a band in
the PA317 lane suggests that KAT transduction is at
10 least 10-fold more efficient.
Although FACS analysis of surface expression
of the transduced gene indicates only a 5-6%
efficiency of transduction, Southern analysis
indicates a much higher efficiency of transduction
15 (50-100%). It is possible that the level of expression
of the human CD4 protein is below the level of
detection of the FACS analysis, alternatively, the
gene may be present but not efficiently expressed.
Modifications to the constructs could be made to
20 increase the level of expression. The high efficiency
of transduction of human hematopoietic stem/progenitor
cells via the KAT packaging system in conjunction with
293 cell co-cultivation is contrasted to the
transduction efficiencies obtained using traditional
25 mouse fibroblast packaging systems such as PA317,
Figure 7. The data from the PA317 packaging line
indicates that although high titer virus can be
generated when transducing mouse cells, the
transduction efficiency of human bone marrow
30 stem/progenitor cells is poor.
These results demonstrate, that, in addition
to rapid production of high titer viral supernatants,
the KAT constructs can be used to transduce at high

efficiencies target cells, such as human T cells and
35




t sab4/°107. 24

anpac + 43.2 6.47 25 t sa54/ 107. 25.
anpac .+ 43.2 0. 61 tsab4/107. 26 anpac + 43.2
1.70 tsab54/107. 49 anpac + 43.2 0. 89 tsab4/107.57
anpac + 43.2 1.12 30 t sa54/107. 73 anpac + 43.2
1. 33 tsab54/107.75 anpac + 43.257 - 13.18 tsab4/107. 142

anpac + 43.2
24.80 293/ 90. 85hematopoiatiiac celds,2 that are refraddtéy 3o 61

transduction by conventional methods.

’

i0

s

3s

0.98 293/90. 74

anpac + 43.2

Broduction of High Titer Virus in Human Cells with
BIKT _
—Retroviral Vectors and Hiagh Efficiency Transduction
of _
Human CD34+ Hematopoijetic Cells

This example describes the use of the novel

retroviral vectors of the

invention to obtain high

titer virus in a human cell line and the use of that
virus to obtain high efficiency transduction in
primary human hematopoeitic stem cells.

The packaging vector pIKé.lMCVampac UTA
described above and the retroviral vector PIKT2.25VGe-
F3 were transiently co-transfected (as described
above) into human tsa54 cells as described above.
tsa54 cells were derived from 293 cells by the

transfection of the Large

8V40 T antigen (Heinzel et

al., J. of Virol. 62(10):3738-3746 (1988)).

PIKT2.258VGe~F3 differs from PRTD2.2F3 in that the

plasmid backbond contains

the 8SV40 origin of

replication as described above. This results in high
copy number plasmid replication in tsaS4 cells
containing the SV40 t-antigen. tsa54 cells were
transfected, viral supernatants were harvested and
used to infect 3T3 cells as described above. 38% CD4
positive ce;lslloo #l frozen viral supernatant

equivalent to 7x10%/ml.

The PIKT vectors were used to produce

retrovirus in tsa54 cells

as described above and used

to transduce primary human CD34+ bone marrow stem

cells by co-cultivation.

The bone marrow stem cells



Cl ones 90.74, 107.75, and 107.18 were carried for extended t REPLACEMENT, SHEET
to study ability to maintain the packagi ng genone over tine | ngthre~presSeEnce
or “absence of (418. Cells were split 1:10 to 5 1:20 every 3}t Zﬁiagqsm 9%
passages 1, 6 and 12 cells were transfected with 10 [err]g 48.2 as
descri bed above, and transient viral sugg natants were anal yred-ty

i nfection of 3T3 cells as descri bed above. O the three cIonis st udi ed,

only one (90.7 0 RREEd b SETRY¥S! 24 aFgAgES
b ( Fhrappasieden a%l%att}i(t%;*t&er di dﬁl%ﬁd‘téﬁeﬁ% on continued (418

Selection Ol off B8sPR1RRE Bboman i AXanRLs AT WhFhEne FanbPiRgat of y
107/ m . O one eRangebas keaS4dedls ke tirdnsfddtéa 4€30la8asktgvasDrive,
15 Rockville, 5%5’_'%5)"@%&11 NS18¢d2PgRE he8ihY usddto replace the
5 transfection media was IMDM + 10% FBS (fetal bovine
serum) . CD34+ cells were removed'following'two days
co-cultivation with virus-producing tsa54 cells and
cultured in Meloid Long Term Media with growth
factors. Eight to ten days later G-CSF was added at 2
10 ng/ml plus 10 ng/ml hSCF to promote differentiation.
Cells were analyzed for surface expression of human
CD4 six to eight days later. '
Figure 8 shows the results of FACS analysis
of the transduced hematopoietic stem/progenitor cells
15 after 18 days of growth and differentiation into
granulocytes. Panel A shows the forward and side
scatter gates used in the analysis of all cell
populations in the Figure. In panel B are shown the
- untransduced cells stained with the isotype control
20 antibodies (FITC and PE). In panel C are shown the
untransduced cells stained with antibodies for human
CD4 (transduced gene, y axis) and CD15 (granulocyte
differentiation marker, x axis). 1In panel D a PA317
clone (78.81), with a titer equivalent to 107 neor CFU
25 clones/ml on 3T3 plates, was used as a stable viral
producer in a co-cultivation with the hematopoietic
stem cells. In panel E, KAT packaging retroviral
vectors were used in conjunction with 293 cell co-
cultivation to transduce the hematopoietic
30 stem/progenitor cells. A comparison of the top right
quadrant for panels C and D, and C and E indicates
that 1.7% of the PA317 transduced cells expressed the
CD4 protein as compared to 24% of those transduced

using the KAT constructs.
35



has tHere been identified as follows: Call Line ATCC Accessi on No.

Deposit” Date 90. 74 June 10, 1994 20 Table 6
tsa AMPAC STABI LI TY TEST Transduction Efficiency (% CD4+ 3T3 Cel |l s/0.25 n
supernatant) 25 CLONE VECTORS pl p6

pl2 tsa none 0.10 59 1.20 tsa Anpac
0.10 4.06 tsa Anpac+43. 2 63. 90 30. 97
66.94 .107. 18+(418 Anpac+43.2 41. BXAMPLE V?2. 35 22.68 30

107. 18 Anmpac+43. 2 , : 0 <y 6 &4 18

11 -

Ampac+43. 2 15. 42

This example describes the production and
5 use of a single vector packaging clone. Human 293 or
tsa54 cells were plated at 5x10° per 10 cm plate in
DME (JRH Biosciences, Lenexa, Kansas), 1 g/l glucose,
10% Donor calf serum (Tissue Culture Biologics,
Tulare, CA) 48 hours prior to transfection. 10 ug MCV

10 ampac UTA and 0.1 ug MCl1l neo (Thomas and Capecchi Cell

51:503-512 (1987)) were cotransfected by calcium

" phosphate precipitation (Wigler et al. Cell 16:777
(1979)). Clones could were also generated as
efficiently by co-electroporation of the vectors

15 (Shigekawa and Dower Biotechniques 6(8):742-751

' (1988)). 18 hours post-transfection the media was
changed. 24 hrs. later the cells were split to
duplicate plates of 1:10, 1:20 and 1:50 in media plus
1 mg/ml G418 (Geneticin, GIBCO, Grand Island, NY).

20 Media was changed every 3 days for 14 days. Clones
were picked to 24 well plates and grown to confluence.
Media was collected from wells, filtered through a .45
pym filter and flash frozen on dry ice. Cells were
resuspended in media plus 10% DMSO (Sigma Chemical

25 Co., St. Louis, MO), frozen on dry ice and stored at -
70° C . Supernatants were assayed for production of
empty viral particles using an assay for reverse
transcriptase which measures the incorporation of
radiolabeled thymidine into an RNA template. (Goff et

30 al. J.of Virol. 38:239-248 (1981)).

. Clones with the strongest reverse
] transcriptase signals following autoradiography were
thawed, érown up and tested for virus production
following transient transfection. Transfections were
35 done as previously described, using 10 pg 43.3PGKF3.



107. 75

Anmpac+43. 2 - 11.17 2.05 90. 74+A18
Anmpac+43. 2

"~ 34. 83 30.79 27.79 35 90. 74 Anpac+43. 2
28. 40 31. 32 62 Supernatants were al so anal yzed for
production of RCR by a S+/L-assay on P& cells. PG4 cells are Ml oney
sarcoma virus-transforned cells fromc brain (ATCC CRL2032). Wien
Infected with 5 conpetent nmurine retrovirus, PG4 cells produce discernable
foci which can be distingui shed mcroscopically (Haapala, et al. J. of
Virol., 53(3):827-833). PXA cells were seeded at 5x10[err] on 10

Media was changed. 18 hours post-transfection:
24 hours the viral supernatants were collected,
filtered through .45 um filters and flash frozen on
dry ice. Viral supernatants were assayed on 3T3 cells
5 plated at 5x10° per 10 cm plate 24 hours prior to
infection. Infections were done as described above.
Cells were then harvested, stained with OKT4A anti-CD4
monoclonal antibody (Ortho Diagnostic Systems Inc.,
Raritan, NJ), and analyzed by flow cytometry as
described above. Clones displayed varying amounts of
packaging function. Those clones with the highest

After

i0

transient titer were selected for further
‘characterization (Table 5). )

Table 5
1s
Transduction
Bfficiency (% CD4+
' 3T3 Cells)
tsa54 none 1.02
20 | tsa54/107.14 anpac + 43.2 . 2.53
tsa54/107.17 ampac + 43.2 - 0.67
| tsa54/107.18 ampac + 43.2 29.76 |
tsa54/107.22 ampac + 43.2 1.76
| £8854/107.24 ampac + 43.2 6.47 |
25 tsas4/107.25 ampac + 43.2 0.61
| tsa54/107.26 ampac + 43.2 1.70 |
tsa54/107.49 ampac + 43.2 0.89
|~ tsa54/107.57 ampac + 43.2 1.12 |
s0 £8254/107.73 ampac + 43.2 _1.33
tsa54/107.75 ampac + 43.2 13.18
| tsa54/107.142 ampac + 43.2 0.98 |3
293/90.74 ampac + 43.2 24.80
293/90.85 g:ggc + 43.2 . 15.06 -
35



‘cm pl dates 24 hours prior to infection. Infections 10 were d nEEﬁﬁhﬂENI“”'”SfET
test supernatant and 4 ms of nmedia containing 8 [err]Jg/mM po ~efrer—ivedi-a
wa$ changed 24 hours later, and then replaced every 2-3 dayg %h Qe 5507
devel oped on positive control plates. Al clones studied reruaijne

-free
t hrough- 12 passages. 15 Unexpect edl y, these resuljts=denonstrate™
that, using the retroviral vectors of theél nvention, stably tiansfected
293-derived cell lines that produce gag, pol and env protei ne—were
generated. The virus production fromthese cell lines was equivalent to 20

t hat produced fromtransient co-transfection of packaging and retrovirus
vectors. Moreover, surprisingly, in the absence of drug selection, these

cell lines maintai ned qioRddCodbOPs Of18A%s ,P@nat187¢1¥ were

carried for extended time in culture to study ability
to maintain the packaging genome over time in the
presence or absence of G418. Cells were split 1:10 to

5 1:20 every 3 to 4 days. At passages 1, 6 and 12 cells
were transfected with 10 ug 43.2 as described above,
and transient viral supernatants were analyzed by
infection of 3T3 cells as described above. Of the
three clones studied, only one (90.74) appeared to

10 have consistent titer over 12 passages (Table 6). It
also appeared that titer did not depend on continued
G418 selection. Clone 90.74 has a transient titer
equivalent to approximately 107/ml. Clone 90.74 has
been deposited with the ATCC, 12301 Parklawn Drive,

15 Rockville, Maryland, under the Budapest Treaty, and

- has there been identified as follows: '

Cell Line ATCC Accession No. Deposit Date
90.74 - © June 10, 1994
20 .
Table 6
tsa AMPAC STABILITY TEST
Transduction Efficiency _
(% CD4+ 3T3 Cells/0.25 ml supernatant)
25 , |
tsa Ampac+43.2 63.90 30.97 66.94__ |
107.18+G418 | Ampac+43.2 41.50 22.35 22.68 |
30 |  107.18 Ampac+43.2 - 23.50 26.22
107.75+G418 | Ampac+43.2 15.42 12.18 4.36 l
107.75 | Ampac+43.2 - 11.17 2.05
90.74+G418 | Ampac+43.2 |  34.83 30.79 27.79 |
35 Ampactds . e .




_ : Py ACEMENT SHEEt
protei'ns. Previous attenpts to generate 293-based 25 retroviral. S
using retrovirus constructs described in the literature haye fajégﬂﬁéﬁgyp
et"al. Proc. Nat'l. Acad. Sci. (USA) 90:8392-8396 (1993)).}{A t dr nded
passage in culture these packaging cell lines do not spont@ng _
replication 30 conpetent retrovirus. 3g2 ‘63 EXAMPLE VI Rroduction of
Doubl e Genone Stabl e Packagi ng Cells This exanpl e descri be

construction and Supernatants were also analyzed fét
production of RCR by a S+/L-assay on PG4 cells. PG4
cells are Moloney sarcoma virus-transformed cells from
cat brain (ATCC CRL2032). When infected with

S competent murine retrovirus, PG4 cells produce

discernable foci which can be distinguished
microscopically (Haapala, et al. J. of Virol., .
53(3):827-833). PG4 cells were seeded at 5x10%°on 10
cm plates 24 hours prior to infection. Infections

10 were done with 1 ml of test supernatant and 4 mls of
media containing 8 ug/ml polybrene. Media was changed
24 hours later, and then replaced every 2-3 days until
foci developed on positive control plates. Aall clones
studied remained RCR-free through 12 passages.

1§ Unexpectedly, these results demonstrate that
using the retroviral vectors of the invention, stably
transfected 293~derived cell lines that produce gag,
pol and env proteins were generated. The virus
production from these cell lines was equivalent to

20 that produced from transient co-transfection of
packaging and retrovirus vectors. Moreover,
surprisingly, in the absence of drug selection, these
cell lines maintained production of gag, pol and env
proteins. Previous attempts to generate 293-based

25 retroviral producers using retrovirus constructs
described in the literature have failed (Pear et al.
Proc. Nat'l. Acad. Sci. (USA) 90:8392-8396 (1993)).
After extended passage in culture these packaging cell
lines do not spbntaneously generate replication

30 competent retrovirus.




use of” two genomes in 293 or tsA54 packaging cells. 5 First a ﬁﬁPMﬁi:-%?Ei‘ﬁﬁeSHEET
was created in human tsab4 cells. Cells at 1x10[err] per 0.8 O ~PBSwmnee
wefe co- electroporated with 15 [err]g notl linearized gag/polj ATG? § rra.ma%m7
(described above) and 1 [err]g MC1 neo. Electroporation was. ddriej at 960 {
[err]F and 260 nmV (Shi gekawa and Dower, ¢ (1988) supra) on Gene PUl'set =
(Biorad, R chnond, CA). Cells were imedi ately plated on a 10gm plate in

DVE, 1 g/l glucose, 1096donor cal f serEﬁé!B&EA!Ihours Cell's were fHen
split 1:5, 1:10, bpddsd 3 - & a

changed every 3 days, S mere
pi cked to 24 well plates. BBIPB

filtered throughse 6£4&w[oeue]msﬂed tiay 298l 6:{- alsénu (pmsgidgycens.d ones
were tryps'nbzegirst a gag/pol clone was created in human tsaS4
cells. Cells at 1x10° per 0.8 ml of PBS were co-
electroporated with 15 ug notI linearized gag/pol ATG
(described above) and 1 pg MC1l neo. Electroporation
was done at 960 uF and 260 mV (Shigekawa and Dower,
10 (1988) gupra) on a Gene Pulser (Biorad, Richmond, CA). -
Cells were immediately plated on a 10cm plate in DME,
1 g/1 glucose, 10% donor calf serum for 48 hours.
Cells were then split 1:5, 1:10, 1:20 and 1:50 in 1.0
mg/ml G418 selection. Media was changed every 3 days,
15 and after 12 days of selection in G418 clones were
picked to 24 well plates. Once cells were confluent,
media was collected, filtered through a 0.45 um filter
and flash frozen on dry ice. Clones were trypsinized
and frozen at -70° C. Supernatant was thawed and
20 analyzed for reverse transcriptase activity (Goff et
- al., (1981) supra). Those clones displaying the
highest RT activity were grown up and evaluated for
transient virus production by calcium phosphate
transfection of 5 ug pIK6.1MCVamenvATGUTA described
25 above and 10 ug pRT43.2F3 described above. Media was
changed after 18 hours, and after an additional 24
hours the viralhsupernatants were collected; filtered
and frozen for anéiysis by infection of 3T3s.
Transient virus titers were comparable to the
30 transient virus titer of the single genome pack line
90.74 transfected with pRT43.2F3. and approximately
50% of the viral titer following co-transfection of
tsA54 cells with pIK6.l1lMCVampacUTA and pRT43.2F3
" (Table 7).
35




and frozen at -70[err] C Supernatant was thawed and 20 anal yzed for
reverse transcriptase activity (CGoff et al., (1981) supra). Those cl ones

di 3pl ayi ng the highest RT activity were grown up and eval uated for

transi ent virus production by cal cium phosphate transfection of 5 [err]g

pl K6. IMCVamenvATGUT[ err] descri bed 25 gabove and 10 [err]g pRT43. 2F3

descri bed above. Media was changed after 18 hours, and after an additi onal
24 hours the viral supernatants were collected, filtered and frozen for
anal ysis by infection of 3T3s. Transient virus titers were conparable to
the 30 transicent virus titer of the single genone pack |ine 90.74
transfected with pRT43.2F3. and approxi mately 50% of the viral titer

foll owing co-transfection of tsA54 cells with plK6. 1MCVanpacUT[err] and
pRT43. 2F3 | : :

Table 7
GAG/POL TRANSIENT TEST

Transduction
s Bfficiency (% CD4+
3T3 Cells)
tsa 0.02 |
| 293/90.74 _ampac _ + 43.2 28.50 |
tsa54/111.3 _gag/pol + 43.2 11.72 - l
10 | tsas54/111.8 gag/pol + 43.2 13.30
tsas4/111.44 gag/pol + 43.2 | 20.29 |
tsa54/111.89 _gag/pol + 43.2 17.93
|tsa54/111.4 gag/pol + 43.2 32.95 |
15 | tsas4/ii1.a7 gag/pol + 43.2 | 19.53
tsas54/111.25 gag/pol + 43.2 21.18 \
tsa54/111.45 _gag/pol + 43.2 14.22 |
tsas4/111.43 gag/pol + 43.2 23.75

tsa54/111.22 gag/pol + 43.2 | 24.27 'I
20

_ The four best clones were selected for long
term stability studies with and without G418
selection. They were also assayed on PG4 cells for
the production of RCR and are RCR negative.

Clone 111.4 is co-transfected with
PIK6.1MCVanmenvATGUTA and sv2his (Hartman and Mulligan,
Broc, Nat'l. Acad. Sci. (USA) 85:8047-8051 (1988))
selected in histinol as described. Clones are picked
and characterized for virus production by transient
txynsient transfection as described above. Several

high titer clones are characterized for stability and
RCR as described.



(Tablé 7). 35 64 Table 7 GAG POL TRANSI ENT TEST CLONE

VECTCORS Transduction Efficiency (% CD4+ 3T3 Cells) tsa
0.02 293/90. 74 anpac + 43.2 28.50 tsab4/111.3
gag/ pol + 43.2 11.72 10 tsab54/111.8 gag/ pol + 43.2
13. 30 65

Packaging lines can be created by replacing
the amphotropic env gene in pIkG.lMCVamenvATGUTA with
other retroviral envelopes, for example, ecotropic,
xenotropic, polytropic, MLV, 10Al, Gibbon ape leukemia

5 virus, feline leukemia virus C, Vesicular stomatitus
virus (VSV) G protein, human T cell Leukemia (HTLV) I
and II, and combinations thereof, using the methods
described above.

All publications and patent applications

10 cited in this specification are herein incorporated by
reference in their entirety as if each individual

~publication or patent application were specifically
and individually indicated to be incorporated by
reference. '

s As will be apparent to those skilled in the
art to which the invention pertains, the present
invention may be embodied in forms other than those
specifically disclosed above, for example to transfect
and transduce other mammalian cell types, without

20 departing from the spirit or essential characteristics

' of the invention. The particular embodiments of the
invention described above, are, therefore, to be
considered as illustrative and not restrictive. The
scope .0of the present invention is as set forth in the

25 appended claims rather than being limited to the

- examples contained in the foregoing description.



t sab4/°111. 44 gag/ pol + 43.2 20. 29 tsab4/111. 89 gag/ pol

+ 43.2 17.93 tsab4/111. 4 gag/ pol + 43.2 32.95 15

t sab4/ 111. 47 gag/ pol + 43.2 - 19.53 tsab4/111. 25 gag/ pol
+ 43.2 _° .21.18 tsab4/111.45 gag/ pol + 43.2 14. 22
tsab54/111. 43 gag/ pol + 43.2 - 23.75 tsa54/111.22 gag/ pol
+ 43. 2 24.27 20 The four best cl of®s were sel ected for Iong term
stability studies with and wi thout (418 selec b9 T F‘\f\ﬁre agﬁo assayed
on P4 cells for the production of RCR ¥R are ne a

Clone 111. TS co-transfected | nvATGUT[err] and sv2his
(Hal’t man arMﬂ | i gan, %uREdﬁGﬂ\mﬁ@

Optional Sheet in connection with the microorganism referred to on page__, lines __ of the description®

A. IDENTIFICATION OF DEPOS]T *
Further deposits are identified on an additionat sheet *

_Nmofdeposimyinsﬁmﬁon'
American Type Culture Collection

Address of depositary institution (indud‘mu postal code and country} ¢

12301 Parkiawn Drive
Rockville, MD 20862
us

Date of deposit* February 1, 1980 Accession Number® CRL 1573

8. ADDITIONAL INDICATIONS * Geave blank if not appiicable). This information huﬁuu-mmm

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * o e tcwions are st o tmguusst Suasy

D. SEPARATE FURNISHING OF INDICATIONS ° gesve blank if not applune)

The indicetions Ested below will be submitted 20 the intemational Buresu later * {Specify the geners! nature of the indications e.g..
*Accession Number of Deposit™

E. B This sheet was received with the International application when filed (to be checked by the receiving Office)
{Authorized Officer)

3 The date of receipt (from the applicant) by the International Bureau *

(Authorized Officer)
nuary - }




Proc. *Nat' 1. Acad. Sci. (USA) 85:8047-8051 (1988)) selected in histinol as
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5 virds, feline Ieu virus C, VES|cuIar stomatitus vir‘sHOVSWi@@ﬁT "%
protei’n, human T | and I'l, and combin tlfﬁ%%%*ﬁu&%#qqﬁ
ust ng the net hods W AI | publications and patent fﬁp&*@g@g?nfs
10 cited in this spec? hereln i ncorporated by fefierence ¥ i

U 4

- L .

their entirety as if each |ndFV| al p i cation or patentja
specifically and individually indicate o be incorporated] by reference. 15
As Wi || be aWHAR/ES ICLAIMBEB ¥8t!led in the art to which t -

pertains, the present invention may be enbodied in fornms other than those
specifically disclosed above, for exanple to transfect and transduce ot her
manmal i an cel | types, vhimethod for transducing, with high

efficiency, mammalian target cells with foreign genes,
5 said method comprising:
A) transient cotransfection of a first
population of mammaiian cells that can produce virus
with:

10 (i) at least one retroviral packaging
‘plasmid comprising at least one retroviral helper DNA
sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion
proteins required for packaging a replication-

15 incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-
incompetent retroviral vector at high titer, without
the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region

20 encoding the native enhancer and/or promoter of the
viral 5*' LTR of said virus and lacking both the psi
function sequence responsible for packaging helper
genome and the 3! LTR, and encoding a foreign enhancer
and/or promoter functional in a selected mammalian

25 cell, and a SV40 polyadenylation site; and

(ii) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant
~ retroviral vectors carrying said foreign gene in said
30 first population of mammalian cells; and

B) cocultivation of said first population of
mammalian cells producing replication-defective

recombinant retroviral vectors carrying said foreign
35




he spirit or essential characteristics of the--
_nents of the invention described above,

20 départi

I nventi on. The o]

ar &, therefor Wﬂﬂ d as illustrative and not restrictive. The
scope of the presen L ' is as set forth in the 25 appended cl ai ns
rather than being limted to the exanpl contained in the foregoing

description, 30 35 66 | nternational plication No: PCT/ M CROORGANI SM5
gene with a second population of mammalian target
cells,
to transduce said second population of target cells
with said foreign gene,
5 whereby target cells efficiently transduced with
said foreign gene are obtained.

2. The method of Claim 1, wherein said target
cells are selected from the group consisting of
10 1lymphocytes, human hematopoietic stem cells,
fibroblasts, epitheiial cells, endothelial cells,
myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,
osteoclasts, neurons, glial cells, ganglion cells,
15 embryonic stem cells, and hepatocytes.

3. The method of Claim 1, wherein said second
population of mammalian target cells are human.

20 4. The method of Claim 3 wherein said human
target cells are lymphocytes.

5. The method of Claim 4, wherein said
lymphocytes are T cells.
25 '
6. The method of Claim 5, wherein said T cells
are cytotoxic T cells.

7. The method of Claim 4. wherein said
30 lymphocytes are selected from the group consisting of
CD8 positive cytotoxic T cells, CD4 positive T cells
and tumor-infiltrating lymphocytes.
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population of mammalian cells are human embryonic
kidney cells. '

10. The method of Claim 9, wherein said human
10 embryonic kidney cells are 293 (ATCC No. CRL1573)
cells.

= 11..'Retrdviral packaging plasmid
pIK6.1MMSVampac, having the structure shown in Figure
15 1, ATCC No. 75484.

12. Retroviral packaging plasmid pIK6.1MCVampac,
having the structure shown in Figure 1, ATCC No.
75483. o

20

13. Retroviral packaging plasmid

PIK6.1gagpolATG, having the structure shown in Figure
1, ATCC No. 75486.

25 14. Retroviral packaging plasmid pIK6.lamenvATG,
having the structure shown in Figure 1, ATCC No.7548S5.

15. The method of Claim 1, wherein said
retroviral packaging plasmid is the retroviral
30 packaging plasmid of Claim 11, 12, 13 or 14.

16. The method of CIaim 1, wherein said
retroviral genome is a leukemia viral genome selected

from the group consisting of MMLV, HIV and GALV
35 viruses. |
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17. The method of Claim 16, wherein said foreign . .. ..
enhancer is the human CMV immediate early enhancer and
said promoter is the native MMLV promoter.

S 18. The method of Claim 16, wherein said foreign
enhancer and promoter is the human CMV immediate early
enhancer and promoter.

19. The method of Claim 16, wherein said foreign
10 enhancer and promoter is the MMSV enhancer and
promoter. '

20. The method of Claim 1, wherein said
retroviral packaging plasmid comprises two retroviral
15 helper DNA sequences. '

21. The method of Claim 20, wherein a first

“helper sequence codes for ecotropic MMLV gag and pol
proteins and a second helper sequence codes for env

20 proteins selected from the group consisting of
xenotrophic, amphotrophic, ecotrophic, polytropic,
10A1 murine leukemia virus, GALV, HIV, Vesicular
Stomatitus Virus (VSV) G protein, human T cell
leukemia (HTLV) type I and II, env proteins and

25 combinations thereof.

22. Mammalian target cells transduced with a
foreign gene produced by the method of Claim 1.

30 23. The target cells of Claim 22, wherein said
cells are human cells.

24. The target cells of Claim 22, wherein said
cells are selected from the group consisting of
35 1lymphocytes, human hematopoietic stem cells,
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transtC|ng w th high :
fibroblasts, epithelial cells, endothelial ¢ e
myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,
osteoclasts, neurons, glial cells, ganglion cells,
5 embryonic stem cells, and hepatocytes.

25. The method of Claim 1, wherein said foreign
gene is selected from the group consisting of growth
factors, lymphokines, hormones and coagulation

10 factors.

26. The method of Claim 1, wherein said foreign
gene encodes a chimeric T cell receptor.

15 27. The method of Claim 26, wherein said
chimeric T cell receptor is a receptor encoded by a
DNA sequence comprising in reading frame:

a sequence encoding a signal sequence;
a sequence encoding a non-MHC restricted

20 extracellular surface membrane protein domain binding
specifically to at least one ligand;

a sequence encoding a transmembrane domain;
and _
a sequence encoding a cytoplasmic signal-

25 transducing domain of a protein that activates an
intracellular messenger systen.

28. The method of Claim 27, wherein said
cytoplasmic domain is selected from the group
30 consisting of the CD3 zeta chain, the CD3 eta chain,

the CD3 gamma chain, the CD3 delta chain and the CD3
epsilon chain.




effici'ency, ma with foreign genes, said ey
conprising: A trammmu“‘ m ﬁ ﬁtl on of a first popul ati
cefls that can pro i) at | east one retrovirfal pac

pl asni d conprising dt fealt One retrOV|raI hel per DNA sequerjce dgﬁ1 0 ;
a replication-inconpetent retroviral ge encoding in trans jall V|fron ol
proteins required for packagi ng a repllc i on- inconpetent fetroviral -
vector  without th39proﬂb§tmsgh9ﬂ ofplCladm @7-.c Whaxein er_virus, said ;
retroviral hel ggtophishitelabnfin?gki the! GAmmAdicHa i) G¥itHe FGeRAT | VE ™!
enhancer and/or gro ter of the viral 5 "LTR of said virus and | acking both

t he psi

5 30. The method of Claim 29, wherein said
extracellular domain is a CD antigen.

31. The method of Claim 30, wherein said
extracellular domain is CD4 or CDS8.
10 i
32. The method of Claim 27, wherein said
extracellular domain is a single-chain antibody, or
portion thereof. '

is 33. The method of Claim 32, wherein said single-
chain antibody is specific for the HIV env

glycoprotein.

34. The method of Claim 27, wherein said

20 extracellular domain is a single-chain antibody

specific for the HIV env glycoprotein and said
cytoplasmic domain is zeta.

35. The method of Claim 27, wherein said
25 - chimeric T cell receptor is a CD4/zeta receptor.

36. A method for transducing with high
efficiency mammalian target cells with foreign genes,
said method comprising:

30 A) transient cotransfection of 293 cells
with

(i) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA
35 sequence derived from a replication-incompetent




function sequenge—#espeﬂsrbré‘fﬁT—backag|ng helper genone an ﬁhéL&.jLTR; i
and encoding a fo m Hﬁl d/ or pronoter .functional ir arseteeted-- -
mahmal i an cel |, Hm“r nyl ation site; and (ii) a retrog ﬁgg roevy
vect or encodlng a forélgh gene to produce replication-defectijve co nant
retroviral vectors carrying said forelg?4gene in said first gopotratisgriof-

manmmal i an cells; and B) cocultivation of “said first popul ati gn of nanngllan
cells produmnq;nuxiralugenamhﬁentodbngetnnhranstan&tmdwuuﬁ VETTOTS -

carrying sai AN reqffred for packaging a replication-
incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-

5 incompetent retroviral vector at high titer, without
the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region
-encoding the native enhancer and promoter of the viral
5' LTR of said virus and lacking both the psi function

10 sequence responsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and
‘promoter functional in a selected mammalian cell and a
SV40 polyaderylation site; and '

15 (ii) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant

- retroviral vectors carrying said foreign gene in said
293 cells; and

20 B) cocultivation of said 293 cells producing
replication-defective recombinant retroviral vectors
carrying said foreign gene with a second population of
mammalian target cells, to transduce said second

. population of target cells with said foreign gene,
25 S
whereby target cells efficiently transduced with
said foreign gene are obtained.

37. The method of Claim 36, wherein said target
30 cells are human target cells.

38. The method of Claim 37, wherein said human
target cells are lymphocytes.




gene With a sec
second popul ation
cells efficiently

consi sting of
epithelial cel

neurons, glial
hepat ocyt es.

10

15

nnallan target cells,

ﬂm‘ﬁm m& i.th said foreign gene,
*sald foreign gene are

method of Claim1, Whefein said target cells are selected fro

| ynphocyt es, human henatopqgetlc stem cel
| s, endothelial cells, nyoblasts, retinal
i sl ets of Langer han39. aoTheamehhddl bf E3rAm 395t sbleresms sajd dumait s,

taﬁbég , c@fiig! gea fishhtopBiRtieNstell ¥€19%.

e net

40.

aiml, wherein said se

to t

| S AACEMENT JSHEET

whe e y target
obt ai 25 MR N0 |
he group P
s, fiproblasts, ™ :
epit, al_cells,

g
|

| s, and
cond

A method for transducing with high
efficiency mammalian target cells with foreign genes,
said method comprising cocultivation of transfected
293 cells producing replication-defective recombinant
retroviral vectors carrying a selected foreign gene
with mammalian target cells, to transduce said target
cells with said foreign gene,

_ vwhereby target cells effic;ently transduced with
said foreign gene are obtained.

41.
cells are

42.
cells are

43.
mammalian

44'0

cells are’

45.
cells are

46.
cells are

The method of Claim 40, wherein
transiently cotransfected.

The method of Claim 40, wherein
stably transfected.

The method of Claim 40, wherein
target cells are human cells.

The method of Claim 43, wherein
lymphocytes.

The method of Claim 43, wherein
hematopoietic stem cells. .

The method of Claim 40, wherein
transiently cotransfected with:

said 293

said 293

said

said human

said human

said 293

(a) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA

sequence derived from a replication-incompetent




Claim 3 wherein sai s are | ynphocytes. 5. The net hod of
Clrai m 4, wherein sai are T cells. 6. The nmethod of Caimb5,
wherein said T cells are‘cytotoxic T cells. 7. The nmethod of Claimé4
wherein said | ynphocytes are sel ected frgom t he group consi sting of CD38

positive cytotoxic T cells, CD4 positive T cells and tunmor-infiltrating
| ynphocyt es. retrgviral genome encoding in trans all virion

proteins required for packaging a replication-
incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-

5 incompetent retroviral vector at high titer, without
the production of replication~-competent helper virus,
‘said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral
5!' LTR of said virus and lacking both the psi function

10 sequence responsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and
promoter functional in a selected mammalian cells, and
a SV40 polyadenylation site; and

population of mnmu%Ware human cells. 4. The net hod of
L

18 (b) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant

retroviral vectors carrying said foreign gene in said
293 cells. ' '

20 47. A retroviral packaging plasmnid for the
production of high titers of recombinant retrovirus in
human cells comprising at least one retroviral helper
DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion

25 proteins required for packaging a replication-

' incompetent retroviral vector and for producing virion
proteins capable of packaging said replication-
incompetent retroviral vector at high titer, without
the production of replication-competent helper virus,

30 said retroviral DNA sequence lacking the region '
encoding the native enhancer and/or promoter of the
viral 5' LTR of said virus and lacking the both the
psi function sequence responsible for packaging helper

genome and the 3°'LTR, and encoding a foreign enhancer
3s '




8. The met hod sa ‘popul ati on of mammal i an target cells
are human hemat op The nmethod of Claim 1, wherein
sald first popul aﬂln"m“mﬂmnm" celI's are human enbryonic kidney cells.
10. The nethod of G aifm9, WhetYei’n said human enbryonic kidney cells are
293 (ATCC No. CRL1573) cells. 11. The m# hod of claim 10 wherein said 293

cells are tsa 201 cells. 12. Retroviral packaging plasmd pl K6. 1IMVEVanpac,
havi ng the strand/er prematen fupctiopalAaisCaNselrsted megumalianvira

R.T.Eléa%'o ng pl asgeshp! khal ¥ BIB2po1PadenF 1B ICH F4tielr & shown in Figure 1,

48. The retroviral packaging plasmid of Claim
5 47, vherein said retrovirus is a leukemia retrovirus.

49. The retroviral packaging plasmid of Clainm
48, wherein said leukemia retrovirus is selected from
the group consisting of Moloney murine leukemia
10 viruses (MMLV), Gibbon ape leukemia viruses (GALV),
and HIV viruses.

50." The retroviral packaging plasmid of Claim
49, wherein said foreign enhancer is the human CMV
15 immediate early enhancer and said promoter is the
native MMLV promoter.

51. The retroviral packaging plasmid of Clainm
49, wherein said foreign enhancer and promoter is the
20 human CMV immediate early enhancer and promoter.

52. The retroviral packaging plasmid of Claim
49, wherein said foreign enhancer and promoter is the
MMSV enhancer and promoter. ' '

as
53. The retroviral packaging plasmid of Claim
49 wherein said DNA construct comprises two retroviral
helper DNA sequences.
30 54. The retroviral packaging plasmid of Claim

53, wherein a first helper sequence codes for
ecotropic MMLV gag and pol proteins and a second
helper sequence codes for env proteins selected from
the group consisting of xenotrophic, amphotrophic,
35 ecotrophic, polytropic, 10A1 murine leukemia virus,




75483. 14. Retroviral deKdglﬁiEﬁlasn1d pl K6. | gagpol ATG, havi ng the

structure shown | mu&mu 75486. 15. Retroviral packagi ng
ptasm d pl K6. | ane structure shown in Figure 1, ATCC

No. 75485. 16. The *mefholl of Qai'm.1, wherein said retroviral packaging
plasmid is the retroviral packaging plastéd of Caim12, 13, 14 or 15. 17.

The method of laim 1, wherein said retrovira eno a | eukem a viral
genone sel ec GV m'hé’%ﬁjcﬁ}f}%ré#?l‘??g M‘F EI%% in& gge@;eT
human T cell leukemia (HTLV) type I and II env '
proteins and combinations thereof.

5 §5. Cells stably transfected with the retroviral
packaging plasmid of Claim 47 or 54.

56. The.cells of Claim 55, comprising human
cells.
10

57. A method for efficiently and rapidly
transiently producing replication-defective
_recombinant retrovirus in mammalian cells at high
titer comprising introducing into mammalian cells that
15 can produce virus at least one retroviral packaging
plasmid according to Claim 47 and a retroviral vector
encoding a foreign gene, whereby mammalian cells
containing said retroviral packaging plasmid and

retroviral vector produce high titers of retrovirus
20 for infection.

58. The method of Claim 57 wherein said
mammalian cells are human cells.

25 $9. The method of Claim 58, wherein said human
cells are human embryonic kidney cells.

60. The method of Claim 59, wherein said human
embryonic kidney cells are 293 cells (ATCC No.
30 CRL1573).

61. Transfected cells producing replication-
defective recombinant retroviruses at high titer

- prepared by the method of Claim 57.
3s
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71 18. T dof Caim 17 erein s id foreign enhancer ijs t hg Shfenies7

h wd

i

i

cw |nned|ate eaﬂ“ﬂl ﬂﬂﬂ"“km Itald pronoter is the native VApronDter_lwi
19. The nethod o in said foreign enhancer and pronoter 1S ‘

t he human CW |nned|ate early enhancer and pronoter. 20. The t hod of

Claim 17, wherein said foreign efihancer s4nd pronoter is the MVBV enhancer
and pronoter. 21. The_nmet hod of Cla|n11 wherein said retroviral

packagi ng pl asni d c@fmpriThe trpnstected, gelps| psr CBRAMs Sduences. 22. The
met hod of O ai¢empristiwy chumenfeééBlshel per sequence codes for ecotropic

MWV gag and pol proteins and a second hel per' sequence codes
63. The transfected cells of Claim 62,
5 comprising human embryonic kidney cells.

64. The transfected cells of Claim 63,
comprising 293 cells (ATCC CRL1573).

10 65. A replication-defective retroviral vector
designated pRTD4.2 comprising in the 5' to 3!
direction, a modified 5' MMLV LTR region comprising
replacement of the U3 region of the 5' LTR with the U3
region of MMSV, viral gag sequences up to the Nar I

15 site of MMLV, a retroviral splice acceptor and a 3'
MMLV LTR region.

66. A replication-defective retroviral vector
designated pRTD2.2 comprising in the 5' to 3!

20 di:ection, a modified 5' MMLV LTR region comprising
replacement of the 5' LTR with the human CMV immediate
early enhancer/promoter fused to the MMLV R region by
an oligonucleotide encoding nucleotides 19 (Sac I) to
+1 of the human CMV promoter linked to nucleotides +1

25 to +32 (KpnI) of MMLV, viral gag sequences up to the
Nar I site of MMLV, a retroviral splice acceptor and a
MMLV 3' LTR region. .

67. A replication-defective retroviral vector
30 designated pRTD2.2SVG comprisihg a modification of the
PRTD2.2 vector of Claim 66 consisting of replacement
of the Sac I to Bst EII fragment of vector pRTD2.2
with the sac I to Bst EII fragment of vector LXSN.

35
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for an env proteimsetected fromone or nore virus of the grBbup CoONST.SLL
of a xenotropic Nlmﬂu“mllﬂwﬂl‘]opl c virus, an ecotropic vijus, 'a a- e
pol ytropi c virus kem a virus, GALV, HV, Ves cplar s
Stomatitis Virus {VSV) hied T cel | | eukeni a (HTLV) type. | g [ L VAE F ;
23. The method of O aim2l wherein a fbﬁst hel per sequence pogles for HIV o

gag and pol proteins or GALV gag and pol“proteins and a secohd hel per
sequence codes for68a eAvrepd iguﬂdaﬁa¢ﬁnvnnnntrawiralevqctus of the

roup consi st e RinC ecotropic
8|ru§ a poly?ggiﬁgaSFFqukﬁg e e en1a V|rus i@éﬁ?f , Vesicul ar
Stomatitis ViPEE c%fsv?ctﬁan&ﬁn?aéaim &hec §V4Q [Trantiger | and HTLV I 1.
24. Mammal | anpbaygdenythltion’ aﬂwm wehswfo)r& 19%19 produced by the

gféhﬁﬂngL %Lf;gpiicagio;be tidg ‘f?ica on é%ns sting oreigkggé ogells
of the DNA sequence between the S'LTR and 3'LTR of
vector pRTD2.2 of Claim 66 between the SaclI and Eco RI
sites of pIK1.1 '

10 69. A replication-defective retroviral vector
designated PIKT2.2SVG comprising a modification of the
- pIK1l.1 vector containing the SV40 T antigen
polyadenylation site anc the SV40 origin of
replication, consisting of insertion of the DNA
15 defined at its 5 end by the Sac I site in the human
CMV promoter and defined at its 3' end by an Eco RI
site located approximately 750 bp downstream of the 3°'
LTR of vector pRTD2.2SVG of Claim 67, between the Sacl
and Eco RI sites of pIKi.1.
20 .
70. A replication-defective retroviral vector
comprising a modification of the pIK1.1 vector in
which the sequences of pIKl1.1 downstream of the human
CMV immediate early enhancer/promoter and upstream of
25 the SV40 origin of replication and sv40
polyadenylation site are replaced with a fragment of a -

first retroviral vector consisting of the §' R region
of the first

30 retroviral vector up to a restriction site downstream
of the 3' LTR of said first retroviral vector.

71. The replication-defective retroviral vector

of Claim 70, wherein said first retroviral vector is a
35 MMLV vector.




72 26 The tatggl’ggLLs,gi—é}afﬂr24, wherein said cells are se
the group consi’s “ﬁf&“ﬂs, human hemat opoi eti ¢ stem

fibrobl asts, epi tk\ﬁ@‘ﬁ{“‘\tm - ot helial cells, myoblasts, r

epithelial cells, 'K Stof" Langér hans, adrenal medulla cells, eobt-ast-s;
osteocl asts, neurons, glial cells, -gangliggn cells, enbryonic stlemcells,

and hepatocytes. 27. The target cells of Caim26 wherein sai d=teftsare

| ynphocytes. 28. THRe-t aThe: repliscasrian-defiectiye reetrevival yweaboytes are
CD8 positive TogebhaimCed,Pohicriest tre!dpl fog %&@ptéffﬁ%rlﬁééﬂﬁoc s are
#ynphocytes. depllggdt%&%ﬁFafigéiéﬁéfgéiéﬁé§'coﬁif%f gfémeanp Y
internal to the vector selected from the group
5 consisting of a promoter, enhancer, enhancer/promoter

and a dominant control region.

73. The retroviral vector of Claim 65, €6, 67,
68, 69 or 72 further comprising DNA encoding a foreign
10 gene inserted downstream of said splice acceptor.

.. 74. The retroviral vector of Claim 73 wherein
*gaid foreign gene is a chimeric T cell receptor.

s 75. The retroviral.vector of Claim 74 wherein
said receptor is a CD4/zeta or single-chain antibody
chain/zeta T cell receptor.

76. A method of using the replication-defective
20 retroviral vector of Claim 73 to express high levels
of packagable genomic retroviral transcripts in
mammalian cells capable of producing virus by
transiently cotransfecting a first population of
mammalian cells with a packaging plasmid and said
25 retroviral vector.
77. A mammalian cell producing recombinant
retrovirus produced by the method of Claim 76.

30 78. A mammalian cell according to Claim 77,
wherein said mammalian cell is a human cell.

79. A mammalian cell according to Claim 78,

'wherein said human cell is a 293 cell.
38
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sal d foreign gené¢ eficodes®a Thineric T cell receptor. 32. The [net hod of san
Caim1, wherein said foreign gene is selected fromthe grodp |cdhdi EERnG 01
growt h factors, |ynphokines, hornones a8# coagul ation factofs.}l 33. The

rrethodofCIalml, whergei n_sai.d foreign .ge chi rlcTceII

receptor. 34. The oieth eof“%heﬁ‘in"ﬁ cq%ﬂ'b?’gq r@&#ﬁ‘%. sing |

receptor is Seadddmating sadd ISirstDpopuatiore of manmaYign celdadi ng

frame: with a second population of target cells to transduce
said target cells with the foreign gene.

81. The method of Claim 80, wherein said target
cells are lymphocytes.

82. A cell line designated 90.74 ATCC No.
10
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73 a §equence encodi ng a signal sequence; a sequence encoding a_non- MiC

restricted extracel lular surface nenbrane protein domain bi 1d% AGEMENT SHEET
specifically to at |east one |igand; a sequence encoding a fr LANE. ey
domai n; and a sequence encoding a cytoplasm c signal - transcudl n?g dg;;ral npef ,
a protei n that -activates an intracellul ar nessenger system }35. Fhe et hod*
of Caim 34, wherein said cytoplasnic domain is selected frdm i he group -

consisting of the CD3 zeta chain, the CD383eta chai n, |

%

ABSTRACT

.METHOD FOR PRODUCTION OF HIGH TITER VIRUS AND HIGH EFFICIENCY
RETROVIRAL MEDIATED TRANSDUCTION OF MAMMALIAN CELLS

The invention provides a novel retroviral packaging system, in which retroviral packaging
constructs, and packaging vector transcripts are produced from high expression plasmids by
transfection in human cells. High titers of recombinant retroviruses are produced in infected
cells. The methods of the invention include the use of the novel retroviral constructs to
transduce primary human cells, including T cells and human hematopoietic stem cells, with
foreign genes by cocultivation at high efficiencies. The invention is useful for the rapid
production of high titer viral supernatants, and to transduce with high efficiency cells that are
refractory to transduction by conventional means. '

FIGURE 1




the CD3 ganma chai n,

the Fc[err]RL receptor.

extracel lular domain is a CD anti gen.
domain is CD4 or
domain is a

said extracel |l ul ar

wherein said extracellul ar
bi ndi ng portion thereon.

40.

38.

ok by

the CD3 delta chain and the CD3 epsilon chain.
met hod of Cl aim 34, wherein said cytoplasmc domain is the

37. The nmethod of C ai m 36, wherei
The net hod of
The net hod o

a nn
gl e-chain antib dyF er

The method of O aim 39, wherfeiw-said_singl e
chain antibody is specific for the HV env glycoprotein.

chai n of

36. The
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74 41, The nmethod of O aim 34, wherein said extracellular domain is a

si ngl e-chai n anti body specific for the HV env glycoprotein and said
cytoplasm c donain is zeta. 42. The nethod of Claim34 , wherein said
chimeric T cell receptor.is a CD4/zeta receptor. 43. A nethod for
transducing with high efficiency mammalian target cells with foreign genes,
sai d method conprising: A) transient cotymansfection of 293 cells with

q
o
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(i) af least one retroviral packaging plasmid conprising at |east one
retroviral hel per DNA sequence derived froma replication-inconpetent
retroviral genone encoding in trans all virion proteins required for
packagi ng a replication- inconpetent retroviral vector w thout the
production of replication-conpetent helper, virus, said retroviral hel per
DNA sequence | acking the region encodiﬁg e native enhancer and pronoter
of the viral 5 LTR of said virus and | acking both th&rpsi function
seqguence responsible for packagi ng hel per genone and 3'LTR, and
encodi ng a foreign enhancer and pronoter functiowmal ign a sel ected mammal i an
cell and a SV40 pol yaderylation site; and (ii) aE}et viral vector encoding
a foreign '
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gen6 fqQ produce replication-defective reconbinant retroviral vectors
carrying said foreign gene in said 293 cells; and 75 B) cocul tivation of
sald 293 cells producing replication-defective reconbinant retroviral
vectors carrying said foreign gene with a second popul ati on of nmanmal i an
target cells, to transduce said second)population of target cells with said
foreign gene, whereby target cells efﬁiéﬂently transduced with said foreign

gene are obtained. 44. The nethod of C aim 43, wherein satd-target

cet Has Been Replaced -

A
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cells"are human target cells. 45. The nethod of C ai m 44,
human target cells are |ynphocytes. 46. The net hod of .C ai
sald human target cells are hematopoietic stemcells.. 47.
transducing with high efficiency manmalian target cells w't
said nethod conprising cocultivation of. transfected 293 cel
replication-defective reconbi nant ret®g¥dral vectors carryijng a selected ™
foreign gene with mammualian target cells, to transduce sai
with said foreign gene, whereby target cells efficiently transduced wth
said foreign gene are obtained. 48. The nethod of C aim47, wherein said
293

Z e
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cells are transiently cotransfected. 49.
said 293 cells are stably transfected.

wherein said manmal i an target cells are human cells.
Cl aim50, wherein said human cells are | ynphocytes.

76 50.

The netho
51.
52 The

50, wherein said human cells are hematopgiyggi c stemcells.

- T

The met hod of d af ri

I

53keeThe.et hod |

of Cdaim47, wherein said 293 cells are transiently cotran
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(a) at |east one.retroviral packaging plasm d conprising at |east—one

retroviral hel per DNA sequence derived froma replication-i nqORERILADERENT SHEET
retroviral genone encoding in trans all virion proteins requilr gé—for

- packaging a replication- inconpetent retroviral vector wtheut t?ﬁ 1097

production of replication-conpetent hel ?:l virus, said retroyiral eﬂégr

DNA sequence | acking the region encodi nz %e native enhancer | arte—p#+orBt- k.

of the viral 5 LTR of said virus and | acking both the psi nction

sequence respongtbre 10T packagi Ng _gwe ggnonme and the B' EYR—and
encodi ng a forei{lgn enpance[ ane* pr D Bau.onal in a gel ected mammal i an
cells, and a SV40 poL)(ag-enM at®i o.r‘l' BLE e - i fal vector
encoding a foreilgrs | ‘..".‘;c-_‘.v; ;#‘!..;.'.."3‘ .
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gene Yo produce replication-defective reconbinant retrovira
carrying said foreign gene in said 293 cells. 54. -Aretrov
plasmid for the production of high titers of reconbinant ref
human cells conprising at | east one retroviral hel per 77
derived froma replication-inconpetent r@trpviral genome eng

all virion proteins required for packaging a replication- if

 Quid B<FER 87

oding in tran&

nt

w&pw [ REPLACEMENT SHEET

|

retroviral vector wi thout the production of replication-conpetent hel per

Vi rus,

i

||II Il

F16.6

Sheet Has Been Rep laced
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said Yetroviral DNA sequence | acking the region encoding t &M&M
enhancer and/or pronoter of the viral 5 LTR of said virusla acki ng
both the psi function sequence responsible for packagi ng hdl rz@erﬁ&Beﬁ%d
the 3'LTR, and encoding a foreign enhancer and/or pronoter |fupction i
sel ected manmalian cell, and a SV40 polsyfflﬁﬂyl ation site. 5p. e
retroviral packaging plasmd of C ai m 5%4] erein said retrpvirus i
~leukemi a retrovirus. 56. The retroviral packaging plasmd o al m 55-,

wherein said | eukem a retrovirus is selected fromthe group consisting of
Mol oney nurine | eukem a viruses (MWV), G bbon ape | eukem a viruses (GALV),
and H 'V viruses. 57. The retroviral packaging plasmd of Claim

3.6 kb
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56, wherein said foreign enhancer is the human CW i medi at e.gally.eRbharcers
and- sai d pronoter is the native MMV pronoter. 58. The retrREmegmﬂksgtﬁﬁ
pltasni d of C aim 56, wherein said foreign enhancer and prdnmo t-he
human CW inmedi ate early enhancer and promoter. 59. The rlet og§rgj qg}?
packaging plasmd of O aim 56, wherein ggumi_ forei gn enhander rEO“n%

I's the MMBV enhancer and prom)ter retr «-pae—kﬂgfﬁg--
pl asm d of Claimb56 wherein said construct conpigdses t retrovi ralsRese
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P BT 6

heIpeY DNA sequences. 61. The retroviral packaging plasmd
mhereln the first hel per sequence codes for ecotropic MWV ga apd pol o
proteins and a second hel per sequence codes for an env protei | g &1 & ﬂ?

fromone or nore virus of the group consisting of a xenotropic v rus, an

anphotropic virus, an ecotropic virus, 5 | ytropic virus, 10A1 nurine
| eukem a virus, GALV, HV, Vesicul ar St Ytis Virus (VSV) man T cel

| eukemi a (HTLV) type | and HTLV I1I. The retrovi gl packaging plasm d
of Claim 60, whereiQp ' e-codes far H V gag and pol
proteins or GALV gap in$ and a second hg¢l Per sequence codes
for an env protein p m pnefor, nore virus off the group consisting
of a xenotropic vir . o138 Bl opi ¢ virus, a
pol ytropic virus, ORI S Kb PR o1l V/, Vesi cul ar
Stomatitis Virus ( \ﬁ‘ e i ' L ﬂ%pe | and HTLV |
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packagi ng plasm d of Claim54 or 61. 64. The cells of Caim#63, conprising
human €ells. 65. - The cells of Caim63 wherein said rﬁf'{fiﬁ- EE@-_E@W
a | eukenita virus. 66. The cells of C aim65 wherein sai A

retrovirus is selected fromthe group consisting of MWV, [GACV and FIrvy 6f.
The cells of Caim63 wherein said retroviral DNA sequence qomﬁnﬁdsﬂﬁ Wb

hel per DNA sequences. 79 68. The cdid of Caim67 wherein a first
hel per sequence codes for MWV gag and pol proteins. '

1>

1234 5 6 7 89 10 11 12 13 14 15

42kb
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gag and pol proteins. 70. .The cells of Oaim67 wherein a ffi gty hel "fﬂﬁ:,
Cell sta I)/;-J.f;é'ﬂs_j_ tt eUEET
'cifnthyféﬁﬁ*"
ét Boui g

sequerice codes for GALV gag and pol

pr ot ei ns.
with the retroviral plasmd of daim62. 72. A nethod for efjfi
rapidly transiently producing repli catd,q_ri-def ective reconbi
in manmmalian cells at high titer conpri'sing introducing int
cells that can produce virus at |east one retroviral
according to Claim54 and a retroviral
wher eby: manmmal i an cells containing said retrovira
retroviral vector produce high titers of

F1G.6

vector. encoding a f
packagi ng plasm d an

retrovirus for infection.

42kb
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73. The method of G aim72 wherein said mammalian cells are huma
74. The method of Caim73, wherein said human cells a'ﬁéﬁggp
ki dney ¢élls. 75. The method of Caim74, wherein said{h

ns e&tb&}%tceﬁgz

ki dney cells are 293 cells (ATCC No. CRL1573). 76. Th
produci ng replication- defective recoghinant retrovirugesfal_ high—+te

wherein said 293 cells are tsa 201 cells. 80 77. Tr

3.6kb

FIG.7



pr epar ed by

conpri 8ing hu

e s v

Rﬁ@LﬁEﬁWﬁﬁﬂbﬂHﬁE&ln172;479 The transfected célTs of Caim7r7;

human.-enbr ydnilc g ! got r?’ﬂé]lml Qﬂinﬂlm f al)][n stai (r:noggrl st
'sing ZFF ?ATCC Y 73 e raﬂsﬂg t i

| conprising 29
wherein said

FR 1573) . &l. ed—fﬁﬁ4ﬂ§—e+—f}fnﬁﬁ%ﬁ}~—
sgd 201 ceIIs. 82 A repliication-defective

retroviral vjector conprising iln the 5 to 3' direction, a nodified 5 MWV
LTR regi on commprising repl acenent of the é? regi on of the 5 LTR with the
p

U3 region of MVBV, viral gag sequences u

spl | WEATCASNCRATNED 383’

retroviral

othe Nar | site of MMV, a

1. A method for transducing, with high
efficiency, mammalian target cells with foreign genes,
said method comprising:

A) transient cotransfection of a first

population of mammalian cells that can produce virus
with: '

(i) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA
sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion
proteins required for packaging a replication-
incompetent retroviral vector - without
the prodﬁction of repiicétion?competent helper virus,
said retroviral helper DNA sequence lacking the region
encoding the native enhancer and/or promoter of the
viral 5' LTR of said virus and lacking both the psi
function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer
and/or promoter functional in a selected mammalian
cell, and a SV40 polyadenylation site; and

(ii) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant _
retroviral vectors carrying said foreign gene in said
first population of mammalian cells; and

B) cocultivation of said first population of
mammalian cells producing replication-defective
recombinant retroviral vectors carrying said foreign



?”ZEY. I(;;F i gﬁg'dce)? %EPL%OEMEN’P S@E'ﬁect ﬂmﬂlﬁmlﬂﬂiﬂﬂ 54 '5-2't34'3'A
|

direction, -a no et—5—hivtV L Riregi oh ¢ r|5|ng repI‘:;tt:err'm“lJt-—ea&—it—he—s____1

LTR with the hunfan ngghggqg garly enhancer/pronnter fused to the MWLV -

R region by an o] ijgo f encoding nucl eotides 19 (Sac 1) to +1 of the

human CW pronotlerllinked to nudl qotides +1 to +32 (Kpnl) of MWV, viral

gag sequences up/to the Nar | sitd of Mg a retroviral splice acceptor

and a MLV 3' LTR-reg+oh-
gene with a second population of mammaliarn target

cells,
to transduce said second population of target cells
with said foreign gene,

whereby target cells eff1c1ently transduced with
said foreign gene are obtained.

2. The method of Claim 1, wherein said target
cells are selected from the group consisting of
lymphocytes, human hematopoietic stem cells,
fibroblasts, epithelial cells, endothelial cells,
myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,
osteoclasts, neurons, glial cells, ganglion cells,
embryonic stem cells, and hepatocytes.

3. The method of Claim 1, wherein said second
population of mammalian target cells are human cells.

4. The method of Claim 3 wherein said human
target cells are lymphocytes.

5. The method of Claim 4, wherein said
lymphocytes are T cells.

6. The method of Claim 5, wherein said T cells
are cytotoxic T cells.

7. The method of Claim 4 wherein said
lymphocytes are selected from the group consisting of
CD8 positive cytotoxic T cells, CD4 positive T cells
and tumor-infiltrating lymphocytes.



-

\

81 85. A retroviral vector desi grj Umuml A replication-defective
retr.ovicral vector conprising a nodi ) J ’vector of Ca

consisting of replacement of the Sac I to B&t ElII*fragment~of the vector

of claim84 wth the Sac | to Bst ElIl fragment of vector LXSN. 87. A

retroviral vector designated pRTD. 2. 2SVG _88. A replication-defective .
retroviral vector conprising a modi ficati 6R of the pl KL.1 vi;LEéEE%ﬂLQLDLDQ——J
the SVA0 T antigen polyademjkahe®hod be eldimhe, SWAGreingsa §EBPhacati on,

SR O e e e S

hematopoietic stem cells.

9. The method of Claim 1, wherein said first
population of mammalian cells are human embryonic
kidney cells.

10. The method of Claim 9, wherein said human
embryonic kidney cells are 293 (ATCC No. CRL1573)
cells.

11. The method of claim 10 wherein said 293 cells are tsa 201 cells.

12- Retroviral packaging plasmid
PIK6.1MMSVampac, having the structure shown in Figure
1, ATCC No. 75484. )

13. Retroviral packaging plasmid pIK6.1MCVampac,
having the structure shown in Figure 1, ATCC No.
75483, '

14+ Retroviral packaging plasmid
PIK6.1gagpolATG, having the structure shown in Figure
1, ATCC No. 75486.

15 . Retroviral packaging plasmid pIK6.lamenvATG,
having the structure shown in Figure 1, ATCC No.7548S.

16 The method of Claim 1, wherein said
retroviral packaging plasmid is the retroviral
packaging plasmid of Claim 12, 13, 14 or 15.

"17. The method of Claim 1, wherein said
retroviral genome is a leukemia viral genome selected
from the group consisting of MMLV, HIV and GALV

viruses. REPLACEMENT SHEET]
23 AUG 1999




?lat)ﬁscgz [ ganée%Leg'?l vé ;SE ;gx: ;:: “mnml" mﬂuﬂl‘ﬂmg gl ggl f2| Cg'?l o'ra{ of the

pl K1.1 vector containing the SV40*T &nttgéh pol yadenyl ation site and the
SV40 origin of replication, consisting of insertion of the DNA defined at
its 5 end by the Sac | site in the human @W pronoter and defined at its

3" end by an Eco Rl shhkhe | t 1l 5 a. e 3
LTR of t%e vect or Ilh ’ﬂ&? arm 8‘? %f%ﬁl,)’ﬂ OWHQrgané ig %Péléﬂ

ween fhe Sacl Eco

of plKL. 1. 91. enhaneeyiial t%c‘b‘é‘ﬁanle%M‘énm’é%ldb?R?ZeES% enRancer ana
said promoter is the native MMLV promoter.

‘19. The method of Claim 17 , wherein said foreign
enhancer and promoter is the human CMV immediate early
enhancer and promoter.

20. The method of Claim 17, wherein said foreign
enhancer and promoter is the MMSV enhancer and
promoter.

21 The method of Claim 1, wherein said
retroviral packaging plasmid comprises two retroviral
helper DNA sequences.

22. The method of Claim 21, wherein a first helper sequence codes
for ecotropic MMLV gag and pol proteins and a second helper éequence codes
for an env protein selected from one or more virus of the group consisting of a
xenotropic virus, an amphotropic virus, an ecotropic virus, a polytropic virus,
10A1 murine leukemia virus, GALV, HIV, Vesicular Stomatitis Virus (VSV).,
human T cell leukemia (HTLV) type | and HTLV Il

23. The method of Claim 21 wherein a first helper sequence codes
for HIV gag and pol proteins or GALV gag and pol proteins and a second helper
sequence codes for an env protein selected from one or more virus of the group
consisting of a xenotropic virus, an amphotropic virus, an ecotropic virus, a
polytropic virus, 10A1 murine leukemia virus, GALV, HIV, Vesicular Stomatitis
Virus (VSV), human T cell leukemia (HTVL) type | and HTLV Il.

24. Mammalian target cells transduced with a
foreign gene produced by the method of Claim 1.

25. The target cells of Claim 24 , wherein said
cells are human cells. -

REPLACEMENT SHEET
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82 92. A replication-defective HH'!HM;H!JU" HH’ conprising a nodification
of ;the«pl KL.1 vector in which thess K1.1 downstream of the
human CW i nmedi ate early enhancer/pronoter and upstream of e
of replication and SV40 pol yadenyl ati on 7si'fte are replaced with a fragnent

of a first retroviral vector consisting of the 5 R region of the first

retroviral vector up to a restriction site downstreamof the 3' LTR of said
first retroviral vector. 93. The replication-defective retreva—vector

of Caim92, whereiy saifel thehetetedtis' 8 ¥EaLAT2ES FnWMeVrVealiar -
cells are selected from the group consisting of
lymphocytes, human hematopoietic stem cells,
fibroblésts, epithelial cells, endothelial cells, .
myoblasts, retinal epithelial cells, islets of
Langerhans, adrenal medulla cells, osteoblasts,
osteoclasts, neurons, glial cells, ganglion cells,
embryonic stem cells, and hepatocytes.

27.  The target cells of Claim 26 wherein said cells are lymphocytes.

28.  The target cells of Claim 27 wherein said lymphocytes are CD8
positive T cells, CD4 positive T cells and tumor infiltrating lymphocytes.

29.  The target cells of Claim 27 wherein said lymphocytes are T
cells. :

30. The target cells of Claim 29 wherein said T cells are cytotoxic T
cells are cytotoxic T cells.

31. The target cells of Claim 24 wherein said foreign gene encodes a
chimeric T cell receptor.

~-32. The method of Claim 1, wherein said foreign
gene is selected from the group consisting of growth
factors, lymphokines, hormones and coagulation
factors.

33. " The method of Claim 1, wherein said foreign
gene encodes a chimeric T cell receptor.

34- The method of Claim 8 , wherein said
chimeric T cell receptor is a receptor encoded by a

DNA sequence comprising in reading frame:

REPLACEMENT SHEET
23 AUG 1999




94. The replication-defectiveTetrovitat—veetor—of d aim 90, wherermthe———
spkice racceptor has been repl aceﬁlmmuﬂuﬂmﬂm ptional control elenent -
internal to the vector selected ) nsisting of a pronoter,
enhancer, enhancer/promoter and a” dofi rant® c¢dnt *ol regi on. 95. |
retroviral vector of Claim82, 84, 86, 88, 90 or 94 further conprising DNA
encoding a foreign gene inserted downstregm of said splice acceptor. 96 .
The retroviral vector of Claim95 wherein said foreign geng is a chinmeric T
cell receptor. 97. The refroyi e ' al U TECePH-Fmm——
Q% Qi@ céﬁ§§$é§?j%:§£?é§& ke

Is a CD4/zeta or single-chaln”antli é T ce receptor. 98. A
nmet hod of using the repliZa3¢TLRRE 2RFRING a non-MHC restricted

extracellular surface membrane protein domain binding

specifically to at least one ligand;

a sequence encoding a transmembrane domain;
and

a sequence encoding a cytoplasmic signal-
transducing domain of a protein that activates an

intracellular messenger system.

35 . The method of Claim 34, wherein said
cytoplasmic domain is selected from the group
consisting of the CD3 zeta chain, the CD3 eta chain,
the CD3 gamma chain, the CD3 delta chain and the CD3
epsilon chain.

36+ The method of Claim 34, wherein said
cytoplasmic domain is the gamma chain of the FceR1
receptor.

37. The method of Claim 36, wherein said
extracellular domain is a CD antigen.

38. The method of Claim 37, wherein said
extracellular domain is CD4 or CDS8.

39 . The method of Claim 3%, wherein said

extracellular domain is a single-chain antibody, or
antigen bindiag portion thereon.

40- The method of Claim 3% , wherein said single-
chain antibody is specific for the HIV env -
glycoprotein.
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retroviral vector of O aim 95 To express—high--tevels 83 of packagabl e
genom ¢ retroviral transcripts rﬂ”ﬁ“"m,nﬁmﬁu pabl e of producing virus

by transiently cotransfecting a of mammalian cels—witha
packagi ng plasm d and said retroviral vectors 99. A mammalian cel

produci ng reconbi nant retrovirus produced by the method of C aim 98. 100 A
mammal i an cell according to.Caim99, whejgin said manmalian cell is a

human cell. 101. A mammualian cell. according to Caim 100, ¢

41. The method of Claim 34, wherein said
extracellular domain is a single-chain antibody
specific for the HIV env glycoprotein and said
cytoplasmic domain is zeta.

42 The method of Claim34 , wherein said
chimeric T cell receptor is a CD4/zeta receptor.

43 . A method for transducing with high
efficiency mammalian target cells with foreign genes,
said method comprising:

A) transient cotransfection of 293 cells
with

(i) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA
sequence derived from a replication-incompetent
'retroviral genome encoding in trans all virion
proteins required for packaging a replication-
incompetent retroviral vector without _
the production of replication-competent helper virus,
said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral
' LTR of said virus andnlacking both the psi function
sequence responsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and
promoter functional in a selected mammalian cell and a
SV40 polyader.ylation site; and

(ii) a retroviral vector encoding a foreign
gené to produte replication-defective recombinant
retroviral vectors carrying said foreign gene in said
293 cells; and
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wherein said human cell is a 293 cell 102. The manmmal i an celf of Caim 101
wherein said 293 cell is a tsa 2

met hod of C ai m 98, ' '
further conprising cocultivating lEGJ ul “! Ftion_Eﬁilgyngﬁjjy14uﬂdgi_‘ .

wi th a second popul ation of targ

ansduce said target cells

with the foreign gene. 104. The nethod of C aim 103, wherein said target
cells are | ynphocytes. 105. A cell line ®d®&signated 90.74 ATCC No. CRL 1654.
106. A nethod for transducing mammalian target cells with foreign genes,

sai d net hod.

conpri si ng: -
B) cocultivation of said 293 cells producing

replication-defective recombinant retroviral vectors
carrying said foreign gene with a second population of
mammalian target cells, to transduce said second
population of target cells with said foreign gene,

whereby target cells efficiently transduced with
said foreign gene are obtained.

44. The method of Claim 43, wherein said target
cells are human target cells.

45. The method of Claim 44, wherein said human
target cells are lymphocytes.

46 - The method of Claim 44, wherein said human
target cells are hematopoietic stem cells.

‘47 . A method for transducing with high
efficiency mammalian target cells with foreign gehes,
said method comprising cocultivation of transfected
293 cells producing replication-defective recombinant
retroviral vectors carrying a selected foreign gene
with mammalian target cells, to transduce said target
cells with said foreign gene,

whereby target cells efficiently transduced with
said foreign gene are obtained.

48-+ The method of Claim 47, wherein said 293
cells are transiently cotransfected.

49 . The method of Claim 47, wherein said 293

cells are stably transfected.
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84 A) transient contransfection tml‘“wu I“BM}M!!} ion of mammalian cells
that can produce virus with: (i) &g roviral packaging plasmd

conprising at |east one retroviral hel per DNA sequence derived fraoma

replication-inconpetent retroviral genone encoding in trans all virion
proteins required for packaging a replicﬂﬁion-inconpetent retroviral vector
and for producing virion proteins capable of packagi ng said.

replication-inconpet grbt rqtﬂeoyer@odv%cﬁt {180 RH9h JH in Wdhput the -

producti on of rgg#ic 1 on- conpet ent_hel pér virud, sai regr@u@LaLwhelpenmi
DNA sequence | a qﬂ?%ﬂﬂ?lﬂiﬁ?ﬂﬁ(ﬂﬂ&&ﬁ|i§QIh¥m%ﬂiQRil§nhanfer and/ or |
pronoter of the viral 5 LTR of said virus and | acki ng bot-h—t-he-psi . et

functi on sequence responsi bl e far packagi.ng hel per genome and, the 3' LTR,
and encoding a forei ?ﬂ"entﬁ’r?cé’rem St aP « FRELISAIE PWAR t ed

mamal i an cel |, celds A& QAymphoagded.ation site; and (ii) a retroviral
vector encoding a foreign gene to produce
532 The method of Claim 50 , wherein said human
cells are hematopoietic stem cells.

* '53. The method of Claim 47, wherein said 293
cells are transiently cotransfected with:

(a) at least one retroviral packaging
plasmid comprising at least one retroviral helper DNA
sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion
proteins required for packaging a replication-

incompetent retroviral vector - without
the production of replication-competent helper virus,

said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral
5¢' LTR of said virus and lacking both the psi function
sequence responsible for packaging helper genome and
the 3'LTR, and encoding a foreign enhancer and
promoter functional in a selected mammalian cells, and
a SV40 polyadenylation site; and

(b) a retroviral vector encoding a foreign
gene to produce replication-defective recombinant
retroviral vectors carrying said foreign gene in said
293 cells. '

- 54 . A retroviral packaging plasmid for the
production of high titers of recombinant retrovirus in
‘human cells comprising at least one retroviral helper

REPLACEMENT SHEET
23 AUG 1999




gene in said first popul ation ofl i JMWII i B) separation of said
first popul ation of mammalian. cel*l s¢ luﬂl)er natant; and C)

replication-defective reconbi nWﬁwﬁ@rs carryi-ag—saird—forei gn

i ncubation of said supernatant containing repli*cation- defective
reconbi nant retroviral vectors carrying said foreign gene with a second
popul ati on of mammmulian target cells, to7gransduce said second popul ation
of target cells with said foreign gene, whereby target cells,efficiently

transduced with said foreign gene are obtai ned. 85 107. Tmemettod—of
Cl ai m 106, whenNai rsefiichdd defr ivedulfaima afeplication-incompetent

retroviral genome encoding in trans all virion
proteins required for packaging a replication-
incompetent retroviral vector without

the production of replication-competent helper virus,
said retroviral DNA sequence lacking the region
encoding the native enhancer and/or promoter of the
viral 5' LTR of said virus and lacking both the
psi function sequence responsible for packaging helper
genome and the 3'LTR, and encoding a foreign enhancer

and/or promoter functional in a selected mammalian
cell, and a SV40 polyadenylation site.

55 . The retroviral packaging plasmid of Claim
54 , wherein said retrovirus is a leukemia retrovirus.

56 . The retroviral packaging plasmid of Claim
55., wherein said leukemia retrovirus is selected from
the group consisting of Moloney murine leukemia
viruses (MMLV), Gibbon ape leukemia viruses (GALV),

and HIV viruses.

57 . The retroviral packaging plasmid of Claim
56 , wherein said foreign enhancer is the human CMV
immediate early enhancer and said promoter is the
native MMLV promoter.

58 . The retroviral packaging plasmid of Claim
56 , wherein said foreign enhancer and promoter is the
human CMV immediate early enhancer and promoter.

59.. The retroviral packaging plasmid of Claim
56 , wherein said foreign enhancer and promoter is the

MMSV enhancer and promoter.
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manmal i an cell s a[TS’h’Wm—e—h dney cells. 108. The nethod of O aim
107- wherein said HH“‘uey cells are 293 cells. 109. The

| eievinnd

man e
nmet hod of C aim 108 “mm cells are tsa 201 cells.__11Q. The
met hod of C aim 106 sseeond pogaul ati on of mammal § an tar get
cells are human cells’ 111. The nethod of Caim 110 wherein $aid hunan
cells are |ynphocytes. 112. The nethod of C aim 111 wherein kaid

| ynphocytes are cytof oxic 113. The

sai d second popul atlé ngﬁr%a B’FPYJdF@%tPégﬁ%?glgﬁepﬁﬁﬁﬂﬁg]@ £ B&F‘etlc
stemcells. 1146 mhemmoeam DRAi coddbruber eompsasdsr ewpovetzbvizalagi ng
pl asm d conpri SkE1H¥P bﬁf\r&‘-ﬂ;ﬁéﬁc@@l per DNA sequences.

61.  The retroviral packaging plasmid of Claim 60, wherein the first
helper sequence codes for ecotropic MMLV gag and pol proteins and a second
helper sequence codes for an env protein selected from one or more virus of
the group consisting of a xenotropic virus, an amphotropic virus, an ecotropic
virus, a polytropic virus, 10A1 murine leukemia virus, GALV, HIV, Vesicular
Stomatitis Virus (VSV), human T cell leukemia (HTLV) type | and HTLV Il

62.  The retroviral packaging plasmid of Claim 60, wherein the first
helper sequence codes for HIV gag and pol proteins or GALV gag and pol
proteins and a second helper sequence codes for an env protein selected from
one or more virus of the group consisting of a xenotropic virus, an amphotropic
virus, an ecotropic virus, a polytropic virus, 10A1 murine leukemia virus, GALV,
HIV, Vesicular Stomaftitis Virus (VSV), human T cell leukemia (HTLV) type | and
HTLV Il

63+ Cells stably transfected with the retroviral
packaging plasmid of Claim 54 or 61.

64 The cells of Claim g3, comprising human
cells.

65. The cells of Claim 63 wherein said retrovirus genome is a
leukemia virus.

66. The cells of Claim 65 wherein said leukemia retrovirus is
selected from the group consisting of MMLV, GALV and HIV. |

67. The cells of Claim 63 wherein said retroviral DNA sequence
comprises two helper DNA sequences.




115. The method of O aim 115 wherein said retrevital genone is a |leukema
virus. -116. The nmethod of Cdaiml ‘ ukem a virus is MWV, ’
H 'V or GALV. 117. The net hod of ngmm m‘uﬁal d fi+st—hekper:sDNA:
sequence codes for ecotropic MWV proteins. 86 118. The

met hod of Claim 106 wherein said first hel per DNA sequence codes for HV

gag and pol proteins. 119. The nethod of C aim 106 mhererg‘sald first '

hel per DNA sequence codes for GALV gag drid pol proteins. 120 A mwerhod—for-—
transduci ng mammal i an target cells with foreign

68. The cells of Claim 67 wherein a first helper sequence codes for

MMLYV gag and pol proteins.

69. The cells of Claim 67 wherein a first helper sequence codes for

HIV gag and pol proteins.

70. The cells of Claim 67 wherein a first helper sequence codes for

GALV gag and pol proteins.
71. Cell stably transfected with the retroviral plasmid of Claim 62.

7Z. A method for efficiently and rapidly

transiently producing replication-defective
recombinant retroviras in mammalian cells at high
titer comprising introducing into mammalian cells that

~can produce virus at least one retroviral packaging
plasnid dccording to Claim 54 and a retroviral vector
encoding a foreign gene, whereby mammalian cells
containing said retroviral packaging plasmid and
retroviral vector produce high titers of retrovirus
for infection.

73. The method of Claim 72 wherein said
mammalian cells are human cells.

74 . The method of Claim 73, wherein said human
cells are human embryonic kidney cells.

75 . The method of Claim 74, wherein said human-
embryonic kidney cells are 293 cells (ATCC No.
--. CRL1573).

76. The method of Claim 75, wherein said 293 cells are tsa 201

cells.

REPLACEMENT SHEET
23 AUG 1999




genes, said nethod conprising incub‘frﬁﬁﬂﬂ—’~——~/*ﬂ_ant froma first
popul at.i on of ftransfected nammal i ar““ \I\ﬁ b!ﬂm ““{ replication-defective
reconbi nant retroviral vectors carr ed*foreign g

manmal i an target cells, to transduce sald target cells with said foreign
gene, whereby target cells efficiently tr duced with said foreign gene i

are obtained. 121. A nethod for transduci ng mamal i an target cells with
forei gn genes conpri®ing:TrAnsfessegd Fﬁéﬁ§fEEPﬁHQlEGfFﬁEﬂlgéﬁmPatlon of f
nanEallan CFH:ﬁ%fﬁ?ﬁfﬁﬁ“ﬂ@d&ﬂﬁi%aﬁhr&%tgbbﬁruﬁb% QFlhﬁéﬁttEE@rretror'rd'
packagi ng pl asni_ds ich ar ran cted sequentially Conprising retrovira
hel per seqﬁ%néﬁ%fd%pi é@ Fﬁﬁﬁ&grgﬁlFiéﬂpoﬁzrnconpetent retrovirat
genomne encodlng in trans all virion proteins required for packaging a
replication inconpet etg rEheobransfectedrcelisoaf Chaipr dducti on of

replication conpghphtshalPROmYLr&sS11sai d retroviral

79. The transfected cells of Claim 7g,
comprising human embryonic kidney cells.

80. fThe transfected cells of Claim 79,
comprising 293 cells (ATCC CRL1573).

81. The transfected cells of Claim 80 wherein said 293 cells are tsa
201 cells.

82 . A replication-defective retroviral vector
comprising in the 5' to 3!
direction, a modified 5' MMLV LTR region comprising _
replacement of the U3 region of the 5' LTR with the U3
region of MMSV, viral gag sequences up to the Nar I
site of MMLV, a retroviral splice acceptor and a 3'
MMLV LTR region.

83. A retroviral vector designated pRTD4.2.

84. A replication-defective retroviral vector
comprising in the 5' to 3!

direction, a modified 5' MMLV LTR region comprising
replacement of the 5' LTR with the human CMV immediate
early enhancer/promoter fused to the MMLV R region by
an oligonucleotide encoding nucleotides 19 (Sac I) to
+1 of the human CMV promoter linked to nucleotides +1
to +32 (Kpnl) of MMLV, viral gag sequences up to the__
Nar I site of MMLV, a retroviral splice acceptor and a
MMLV 3' LTR region.
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hel per DNA sequences | acking a regZﬂ’\'nthe\native enhancer, the :
native .promoter or both of the vir m@ ﬁwl gl repeat (LTR ) of said
virus and | acking both the psi fiuncfion's ”HWEpOnsrble for packaging
hel per genonme and the 3' LTR, and encoding a fdrergn enhancer, foreign L
pronoter or both functional in a selected manmalian cell, and an SV40 i
pol yadenyl ation site; and 87 (ii) a retroviral vector encoding a forei’gn
gene to produce repli i on, def ecti ve recqnbi nan troviral vectors -
carrying said forei gncggstene ﬁ‘F??ré’é’t‘ir"ﬂ VEFtPG eﬁﬂﬂﬁfﬁ‘gf’kghgc% mamal i an CeTTSTB)
separating said first population of manmmalian cell fromcells supernatant;
and 86. A replication-defective retroviral vector

comprising a modification of the

vector of Claim g4 consisting of replacement
of the Sac I to Bst EII fragment of the . vector of claim 84
with the Sac I to Bst EII fragment of vector LXSN.

87.  Aretroviral vector designated pRTD.2.2SVG.

88. A replication-defective retroviral vector
comprising a modification of the

pIK1l.1l vector containing the SV40 T antigen
polyadenylation site and the SV40 origin of
replication, said modification consisting of insertion
of the DNA sequence between the 5'LTR and 3'LTR of
tlie vector of Claim 84 between the SacI and Eco RI
sites of pIK1l.1

89. A retroviral vector designated pIKT2.2.

9p. A replication-defective retroviral vector
comprising a modification of the

- pIKl.1l vector containing the SV40 T antigen
polyadenylation site and the SV40 origin of
replication, consisting of insertion of the DNA
defined at its 5' end by the Sac I site in the human
CMV promoter and defined at its 3' end by an Eco RI
site located approximatély 750 bp downstream of the 3!
LTR of the vector - of Claim 86, between thé SaclI
and Eco RI sites of pIK1l.1.

91._ A retroviral vector designated pIKT2.2SVG.
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C) incubating said supernatant “ﬂLlon def ective reconbi nant
retroviral vectors carrying sai d l\hﬁ aﬁ\“ﬂ a second popul ati on of
manmal i an target cells to transd e@cohd bopul ation

with said foreign gene, whereby target cells transduced with said foreign
gene are obtained. 122. A nethod for trgpsducing mammualian target cells
with foreign genes, said net-hod conprising: A) transient cotransfection of

a first popul ationgpof nm 1%&@&@@&@11@%%@&:@6%%1! fagewet h: (i) at

Ttend
¥ .

| east one retro al k t t |
ol per DA SeUTRELS 187 1 3 dtP TR 1A e S0 R SRAc SnVEERRE ABrroviral
genone encodlmglcm th@nseqm¢n365|dﬁ1pﬁmnta|d©wms¢weaadofothpahpagqng a
replication-iggompgheq i#?té&’i\)f Annafeed, %a'&%‘é& %Fkﬁ apadyeti,ogsof

replication- conpetent | rus, Sard rovira per Sequence
| acki ng t he rE@?oﬁVéﬁc@ﬁ}G&PtQﬁaHﬁﬂ%hﬁétéﬁWaﬁéérSXﬁ&lor pronmoter of the

viral 5 LTR pblpatényidtifon site are replaced with a fragment of a
first retroviral vector consisting of the 5' R region
of the first

retroviral vector up to a restriction site downstream
of the 3' LTR of said first retroviral vector.

‘93. The replication-defective retroviral vector
of Claim 92, wherein said first retroviral vector is a
MMLV vector.

94.. The replication-defective retroviral vector
of Claim gp , wherein the splice acceptor has been
replaced with a transcriptional control element
internal to the vector selected from the group _
consisting of a promoter, enhancer, enhancer/promoter

and a dominant control region.

95. The retroviral vector of Claim 82, 84, 86«
88 90or 94 further comprising DNA encoding a foreign

gene inserted downstream of said splice acceptor.

96 . The retroviral vector of Claim 95 wherein

said foreign gene is a chimeric T cell receptor.

97. The retroviral vector of Claim 95 wherein
said receptor is a CD4/fzeta or single-chain antibody
chain/zeta T cell receptor.

98. A method of using the replication-defective
retroviral vector of Claim 95 to express high levels
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and | acking both the psi function sequenceé responsi bl e for pdckagi ng hel per
genone :and the 3' LTR and encodi :I:Hl, ”"I"ulﬂ"uﬁmwcer and/ o pronot er
functional in a selected mamal i a e g ei gn pol yaé‘e?ryl*aﬁ—m\
site; and 88 (ii) a retroviral vector encodi ng a foreign gene to produce
replication-defective reconmbinant retroviphal vectors carrying said foreign

gene in said first population of mammali an cells; and B) cocyltivation of

said first populat imancldgaisheredédrpsn el tstiseiitel r&amﬁﬁiﬁé\gh-dﬂf YL ARYI- i
‘reconbi nant retr.oyi : Vec carryi id foreign ne with a second

popul ati on of rra%%lnafaér%{e S % R%?P%]ogfrlgrnos%h%% a\lgl‘(}ussecc}'nd popul ati on

of target cells WWanskently cretransfectinvha ebirstarpppulediion effi ciently

transduced with Saith {421 G BeNE A & YU NPthg plasmid and said

retroviral vector.

99. A mammalian cell producing recombinant
retrovirus produced by the method of Claim 98.

i00. A mammalian cell according to Claim 99 «
wherein said mammalian cell is a human cell.

101. A mammalian cell according to Claim 100,
wherein said human cell is a 293 cell.

201 "1 02.  The mammalian cell of Claim 101 wherein said 293 cell is a tsa
cell.

103+ The method of Claim 98, further comprising
cocultivating said first population of mammalian cells
with a second population of target cells to transduce
said target cells with the foreign gene.

104. The method of Claim 103, wherein said target
cells are lymphocytes.

105. A cell line designated 90.74 ATCC No. CRL11654.

106. A method for transducing mammalian target cells with foreign
genes, said method. comprising :
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'123. A nmethod for transduci ng mammal | wi th foreign genes,

said method conprising: A) transi ei“ﬁﬂi‘“ﬁ!@¥“jﬁ“‘f0f 293 cells with (i) ——
one retroviral packaging plasmd c c east one retroviral hel per
DNA sequence derived froma replication-inconpetent retroviral genone:

encoding in trans all virion proteins reguired for packaging a .
replication-inconpetent retroviral vecto 4w t hout the prodqction of

replication- conpetent helper virus, said retroviral hel per—bBNA-setuence

| acki ng the regi on encoding the native enhancer and pronoter of the viral

5" LTR of said virus and | acking both the psi function sequence responsible
for packagi ng hel per genone and the 3' LTR _and encoding a forei gn enhancer
and pronoter functional inA&@@S'@Et@!‘"ﬁﬂ#ﬁﬁ@"&ﬁf&f@quhgt‘@PUF‘@E“Q’!@"a"

pol yadenyl ati on %'eh&t'haﬁ&’r} ﬁﬂohﬁc@viﬁétvﬁfﬁ"’i ral vector encoding a foreign gene
to produce replication-defective reconbinant. retroviral vectors carrying

said foreign gene in said 293 cells; and
(i) at least one retroviral packaging plasmid comprising at least

one retroviral helper DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion proteins required for packaging a
replication-incompetent retroviral vector and for producing virion proteins
capable of packaging said replication-incompetent retroviral vector at high titer,
without the production of replication-competent helper virus, said retroviral |
helper DNA sequence lacking the region encoding the native enhancer and/or
promoter of the viral 5' LTR of said virus and lacking both the psi function '
sequence responsible for packaging helper genome and the 3' LTR, and
encoding a foreign enhancer and/or promoter functional in a selected
mammalian cell, and a SV40 polyadenylation site; and -

(ii) a retroviral vector encoding a foreign gene to produce
replication-defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells;

B) separation of said first population of mammalian cells from
cell supernatant; and '

C) incubation of said supernatant containing replication-
defective recombinant retroviral vectors carrying said foreign gene with a
second population of mammalian target cells, to transduce said second
population of target cells with said foreign gene,

whereby target cells efficiently transduced with said foreign
gene are obtained.
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B) cocultivation of said 293 c«ﬂ!ﬂ“ " mmm”" lication-defective
reconbirnant retroviral vectors ei gn gene' ‘with a second
popul ati on of manmalian target cells, to" triandduce said s€

of REPLACEMENT SHEET 2 3 AUG 1999 89 target cells with said foreign
gene, whereby target cells efficientlygsransduced with said foreign gene
are obtained. 124. The nethod of O aim47, wherein said 293 cells are
transiently cotransfected with: (a) at |east one retrovirall_packaging

plasm d conprising at |east one retroviral helper DNA sequence derived from
a replication-inconpetléfit The method of Claim 106, wherein said first population of

mammalian cells are human embryonic kidney cells.

108. The method of Claim 107 wherein said human embryonic kidney
cells are 293 cells.

109. The method of Claim 108 wherein said 293 cells are tsa 201
cells. '

110. The method of Claim 106 wherein said second population of
mammalian target cells are human cells.

111. The method of Claim 110 wherein said human cells are
lymphocytes.

112. The method of Claim 111 wherein said lymphocytes are
cytotoxic T cells.

113. The method of Claim 106 wherein said second population of
mammalian target cells are human hematopoietic stem cells.

114. The method of Claim 106 wherein said retroviral packaging
plasmid comprises two retroviral helper DNA sequences.

115. The method of Claim 115 wherein said retroviral genome is a
leukemia virus.

116. The method of Claim 106 wherein said leukemia virus is MMLYV,
HIV or GALV.

117. The method of Claim 106 wherein said first helper DNA
sequence codes for ecotropic MMLV gag and pol proteins.




packagi.ng a replication- |nconpete or without the

production of replication- conpet uss said retroviral hel per |,
DNA sequence | acking the region. encodlng t he native enhancer —and pronot er

of the viral 5 LTR of said virus and | acking both the psi function

sequence responsi bl e for packagi ng hel pge genone and the 3" LTR, and ;
encoding a foreign enhancer and pronoter functional in a sel ected mammlian -
cell and a foreign pol yadenyl ation site; and (b) a retroviral vector

encodi ng ? foreign gene to produce replication-defective reconbi nant
retroviral vectors carrying said foreign gene in said_293 cells. 125. A
r et r(r)rt\;i r al tpacJt<agi ng pildsni khermethed of 9%6639@ wheredn sﬂ&&ﬁtﬁ?lpg?éﬁéf

recombi nant retr Qg JBS FEHIO rofsifdy at | east one retroviral
hel per DNA sequencg %erlveg ?ﬁ gbp ?@gﬁlon I nconpetent- retrovira
genome encoding in trans all virion protelns requi red for packaging a
replication- incompet epfg et bfBY of BfHAM0BWHRRH shillfirdt heRUFONAN Of

replication-conpetent
sequence codes for GALV gag and pol proteins.

retroviral genone encoding in trans aI l.. ﬂ!“‘&mmﬂ?el ns rM

120. A method for fransducing mammalian target cells with foreign
genes, said method comprising incubation of supernatant from a first population
of transfected mammalian cells producing replication-defective recombinant
retroviral vectors carrying a selected foreign gene with said mammalian target
cells, to transduce said target cells with said foreign gene,
whereby target cells efficiently transduced with said foreign gene are
obtained. '

121. A method for transducing mammalian target cells with foreign
genes comprising:

A) stably transfecting a first population of mammalian cells that
cam produce virus with:

(i) at least two retroviral packaging plasmids which are
transfected sequentially comprising retroviral helper DNA sequences derived
from a replication incompetent retroviral genome encoding in trans all virion
proteins required for packaging a replication incompetent retroviral vector
without the production of replication competent helper virus, said retroviral
helper DNA sequences lacking a region encoding the native enhancer, the
native promoter or both of the viral 5’ long terminal repeat (LTR ) of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer, foreign promoter or
both functional in a selected mammalian cell, and an SV40 polyadenylation site;
and
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e
hel per virus, said retroviral helper uence | acking the region !
encodi ng the native enhancer and/ viral -5 LTR of said

virus and | acking both the psi .'f gﬂgﬁ Mesponsi bl e f;rﬂfp_gc‘gw,
hel per genone and the 3' LTR, and enéodltn M gn enhancer

promoter functional in a selected mammalian cell” and a foreign

pol yadenyl ati on site. 90 126. A nethod for transduci ng manmal i an target
cells with foreign genes, said nethod c®hpri si ng: A) transient - )
cotransfection of a first population of mammalian cells that can produce
virus with: (i) at |east one retroviral packaging plasm d conprising at

| east one retroviral hel per,  DNA sequence derived froma
replication-inconpet ent (ii) a retroviral vector encoding a foreign gene to produce

replication defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells;

B) separating said“ﬁrst population of mammalian cell from cells
supernatant; and

C) incubating said supernatant containing replication defective
recombinant retroviral vectors carrying said foreign gene with a second
population of mammalian target cells to transduce said second population of
target cells with said foreign gene, whereby target cells transduced with said
foreign gene are obtained. '

122. A method for transducing mammalian target cells with foreign
genes, said method comprising: '

A) transient cotransfection of a first population of mammalian
cells than can produce virus with:

(i) at least one retroviral packaging plasmid comprising at least
one retroviral helper DNA sequence derived from a replication-incompetent
retroviral genome encoding in frans all virion proteins required for packaging a
replication-incompetent retroviral vector without the production of replication-
competent helper virus, said retroviral helper DNA sequence lacking the region
encoding the native enhancer and/or promoter of the viral §' LTR of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer and/or promoter
functional in a selected mammalian cell, and a foreign polyadenylation site; and

-—
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retroviral genonme encoding in trlﬂ,ﬁw’”m ot ei ns r-egtH-+ed—for
packagi.ng a replication-inconpet l ”’ﬂl?”’ﬂact or without the
production of replication- conpetent hél pkr virds, sai W
DNA sequence | acking the regi on encoding the native en or
pronoter of the viral 5 LTR of said viggis and | acking both the psi
functi on sequence responsi bl e for packagi ng hel per genone and the 3' LTR
and encodi ng a foreign enhancer and/or pronoter functional in a selected
mamal i an cell, and a foreign pol yadenyl ation site; and (TTy—a Tetrovitat—
vector encoding a foreign Qiﬁrterelr@vi@l%@f&eh@d&iﬂ@é\‘drégn?_@ﬁ@tﬁprbéudeec_onbl nant
retroviral vectors carryi sai d forei g%n ene i n, sai i rst _popul ati on of
manmal i an cel | s; @"%%ﬁﬁ’%&’%ﬁ regomabinant retfayiralysctars camsying sal NogRe kel | s
from cel | superngbifrst pppdiafion bNBaRAialiancalfs; 88d d super nat ant contai ni ng
replication-defective reconbinant retrovi ral vectors carrying said foreign
gene with a second popul ation of manmalian target cells, to transduce said

second popul ation of B) cocultivation of said first population of mammalian cells

producing replication-defective recombinant retroviral vectors carrying said
foreign gene with a second population of mammalian target cells, to transduce
said second population of target cells with said foreign gene, whereby target
cells efficiently transduced with said foreign gene are obtained.

123. A method for transducing mammalian target cells with foreign
genes, said method comprising:

A) transient cotransfection of 293 cells with

(i) one retroviral packaging plasmid comprising at least one
retroviral helper DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion proteins required for packaging a
replication-incompetent retroviral vector without the production of replication-
competent helper virus, said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral 5' LTR of said virus and
lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer and promoter
functional in a selected mammalian cell and a foreign polyadenylation site; and

(ii) a retroviral vector encoding a foreign gene to produce
replication-defective recombinant retroviral vectors carrying said foreign gene in
said 293 cells; and

B) cocultivation of said 293 cells producing replication-defective
recombinant retroviral vectors carrying said foreign gene with a second
population of mammalian target cells, to transduce said second population of
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target cells with said foreign gmmllmlmﬂ"“mjni" 2t7 cil gww\

transduced with said foreign gen

transduci ng manmal i an target cell$ wfthtfdtei’gn *genes conpri sing: 91 A
stably transfecting a first population of manmalian cells . that can produce
virus with: (i) at least two retroviraggpackagi ng plasm ds which-are
transfected sequentially conprising retroviral hel per DNA sequences derived
froma replication inconpetent retroviral genone encoding in trans all

virion proteins required for packaging a replication incaagpetent retroviral
vector wi thout t Rggétcefis'Gith 88id9relghifentAvhérBby Rifgrsticells efficibini tratistiuced Sart—

retroviral

with said foreign gene are obtained.

124. The fnethod of Claim 47, wherein said 293 cells are transiently
cotransfected with: |

(a) at least one retroviral packaging plasmid comprising at least
one retroviral helper DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion proteins required for packaging a
replication-incompetent retroviral vector without the production of replication-
competent helper virus, said retroviral helper DNA sequence lacking the region
encoding the native enhancer and promoter of the viral 5' LTR of said virus and
lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer and promoter
functional in a se!ected mammalian cell and a foreign polyadenylation site; and

(b) a retroviral vector encoding a foreign gene to produce
replication-defective recombinant retroviral vectors carrying said foreign gene in
said 293 cells.

125. A retroviral packaging plasmid for the production of high titers of
recombinant retrovirus in human cells comprising at least one retroviral helper
DNA sequence derived from a replication-incompetent retroviral genome
encoding in trans all virion proteins required for packaging a replication-
incompetent retroviral vector without the production of replication-competent
helper virus, said retroviral helper DNA sequence lacking the region encoding
the native enhancer and/or promoter of the viral 5' LTR of said virus and lacking
both the psi function sequenée responsible for packaging helper génome and
the 3' LTR, and encoding a foreign enhancer and/or promoter functional in a

. selected mammalian cell and a foreign polyadenylation site.




hel per DNA sequences | acking a rfﬂum vilg, KDe native enhancer; the——
native:.pronoter or both of the v M’"ﬂﬂ”ﬂtgﬁ\ nal repedt (LTR ) of said
virus and | acking both the psi functfort seqle responsi blje for packagi ng
hel per genone and the 3' LTR, "and encoding a foreign enhander,_foreign =
pronmoter or both functional in a selecggd manmalian cell, and a foreign,
pol yadenyl ation site; and (ii) a retroviral vector encodi nd.a_foreign gen
to produce replication defective reconbinant retroviral vectors carrying
said foreign gene in said first population of mammalian cells; B)
separating said first 1pepulaahétadd fir traRsaTingMamtidiiah tRgeteells with fReigRat ant ;
and C) incubating said supernatant containing replication defective

r econbi nant retrgﬂ‘?saﬁa‘aé&tﬁ?‘gc%?rﬁq%g said foreign gene with a second
popul ati on of mammualian target cells to transduce said second popul ati on of

target cells with said for n gene, wherebpy target cells transduced wth
saig % ans%’ent cotransfection of a ﬁcrlst population of mammalian

cells that can produce virus with:

(i) at least one retroviral packaging plasmid comprising at least
one retroviral helper DNA sequence derived from a replication-incompetent
retroviral genome encoding in trans all virion proteins required for packaging a
replication-incompetent retroviral vector without the production of replication-
competent helper virus, said retroviral helper DNA sequence Iacking the region
encoding the native enhancer and/or promoter of the viral 5 LTR of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer and/or promoter
functional in a selected mammalian cell, and a foreign polyadenylation site; and

(ii) a retroviral vector encoding a foreign gene to produce
replication-defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells;

B) separation of said first population of mammalian cells from
cell supernatant; and

C) incubation of said supernatant containing replication-defective
recombinant retroviral vectors carrying said foreign gene with a second
population of mammalian target cells, to transduce said second population of
target cells with said foreign gene, whereby target cells efficiently transduced
with said foreign gene are obtained. .

127. A method for transducing mammalian target cells with foreign
genes comprising:




foreign gene are obtained. 128. A uci ng manmal i an target -
cell's with foreign genes, said net mmmﬁlﬂanl " 92 A%
transfecting a first populatlon of amc sthat can produ :
with: (i) at least two retrovirdl packaging plasnids which are transfected
sequentially conprising retrovi raI hel ger DNA sequences derived froma
replication inconpetent retroviral genone encoding in trans all virion
proteins required for packaging a replication inconpetent iral. vector
wi t hout the production of replication conpetent hel per vi rus sai d )

retroviral hel per DNA sequapsblyltrmkicetnga Fifs0 pepulationa infanrakan cells trat
enhancer, the

can produce virus with:

(i) at least two retroviral péckaging plasmids which are
transfected sequentially comprising retroviral helper DNA sequences derived
from a replication incompetent retroviral genome encoding in trans all virion
proteins required for packaging a replication incompetent retroviral vector
without the production of replication competent helper virus, said retroviral
helper DNA sequences lacking a region encoding the native enhancer, the
native promoter or both of the viral 5' long terminal repeat (LTR ) of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer, foreign promoter or
both functional in a sele.cted mammalian cell, and a foreign polyadenylation
site; and

(ii) a retroviral vector encoding a foreign gene to produce
replication defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells;

B) separating said first population of mammalian cell from cells
supernatant; and

C) incubating said supernatant containing replication defective
recombinant retroviral vectors carrying said foreign gene with a second
population of mammalian target cells to transduce said second population of
target cells with said foreign gene, whereby target cells transduced with said
foreign gene are obtained.

128. A method for transducing mammalian target cells with foreign
genes, said method comprising:
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native pronoter or both of the ;Li*arl/_b‘/\“tal repeat (LTR ) of said
virus and | acking both the psi fupg ““m\&ﬁﬁ\mm sponsi bl e for packagi ng
hel per genone and the 3' LTR, andTm 3] foréi gn enhancer, foreign
pronoter or both functional in a sel ect ed manmal i an cé€lT,and a foreign
pol yadenyl ation site; and (ii) a retroyiral vector encoding a foreign geng
to produce replication-defective recorré?nant retroviral vectors carrying
said foreign gene in said first population of mammalian cells...B)
cocul tivation of said first population of mammalian cells producing
replication-defective recom)istbif trarfdctivg bdirst popllation sfandnimatiarcealld thatr ei gn
gene with a second popul ation of manmal i an target cells to transduce said
second popul at i orf3BfPregyeeMrus Miths \i th said forei gn gene, whereby. target
cel'lhsde;fici ently transduced with said foreign gene are obtained. 129. A
met ho or transducin ' i ' i

met hod conpri si ng?JC g ITB.ITT{S.L{ I%gsttt\%z)%gttrov?rgll [llaSCk\éVIgiElS p]a%nr"n? s%higr?gl%s’ sai d

transfected sequentially comprising retroviral helper DNA sequences derived

from a replication incompetent retroviral genome encoding in trans all virion
.proteins required for packaging a replication incompetent retroviral vector
without the production of replication competent helper virus, said retroviral
helper DNA sequences lacking a region encoding the native enhancer, the
native promoter or both of the viral 5' long terminal repeat (LTR ) of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer, foreign promoter or
both functional in a selected mammalian cell, and a foreign polyadenylation
site; and

(i) a retroviral vector encoding a foreign gene to produce
replication-defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells;

B) cocultivation of said -ﬂrst population of mammalian cells
producing replication-defective recombinant retroviral vectors carrying said
foreign gene with a second population of mammalian target cells to transduce
said second population of target cells with said foreign gene, whereby target
cells efficiently transduced with said foreign gene are obtained.

129. A method for transducing mammalian target cells with foreign
genes, said method comprising:

A) stably transfecting a first population of mammalian cells that

-

can produce virus with:
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A) stably transfecting a first pc”ﬂ!l " jll"flm
produce virus wth: 93 (i) at

which are transfected sequentially conpri sh ng retroviral

sequences derived froma replication
in trans all virion proteins required
I nconpetent retrovira
conpet ent hel per virus, said retrovir
regi on encodi ng the native enhancer,

ral
hel per

[ rbcorrpet ent retroviral
e packaging a replication

al hel per DNA sequence Iack

vector w thout the production of feplication

ing a

lian celm“,

packagi ng pl asm ds
DINA
genone encodi ng

———

the native prompter or'

of tThe "

;/i ral 5 long terninal r6p§||§itat Iféhéili/v&: rf(tf'owral ﬁhﬁk?glug plasmdsamfdcmgrebot h the psi
uncti on sequence responsibl e cka e and 3" LTR
and encoding a f%?@?fé%eaﬁﬁ‘&mﬁl?y ‘FCE? 5% ?lp8€8“R Seqieticss erlved

from a replication incompetent retrowral genome encoding in trans all virion
proteins required for packaging a replication incompetent retroviral vector
without the production of replication.competent helper virus, said retroviral
helper DNA sequences lacking a region encoding the native enhancer, the
native promoter or both of the viral 5' long terminal repeat (LTR ) of said virus
and lacking both the psi function sequence responsible for packaging helper
genome and the 3' LTR, and encoding a foreign enhancer, foreign promoter or
both functional in a selected mammalian cell, and an SV40 polyadenylation site;
and

(i) a retroviral vector encoding a foreign gene to produce
replication defective recombinant retroviral vectors carrying said foreign gene in
said first population of mammalian cells; and

B) cocultivation of said first population of mammalian cells
producing replication-defective recombinant retroviral vectors carrying said
foreign gene with a second population of mammalian target cells, to transduce
said second population of target cells with said foreign gehe, whereby target
cells efficiently transduced with said foreign gene are obtained.

130.
claim 125.

Cells stably transfected with the retroviral packaging plasmid of




both functional in a selected manmalian cell, and an SV40 pol yadenyl ati on
site; and (ii) a retroviral vector encoding a foreign gene to produce
replication defective reconbinant retroviral vectors carrying said foreign

gene in said first population of mammalian cells; and B) cocul tivation of
said first population of manmalian cells producing replication-defective
reconbi nant retroviral vectors carryi nggosai d foreign gene with a second
popul ati on of manmalian target cells, t # transduce said secq@d popul ati on

of target cells with said foreign gene, whereby target cells efficiently
transduced with said foreign gene are obtained. 130. Cells stably
transfected with the retroviral packagipsgr@sm d of claim 125.

- METHOD FOR PRODUCTION OF HIGH TITER VIRUS AND HIGH EFFICIENCY
RETROVIRAL MEDIATED TRANSDUCTION OF MAMMALIAN CELLS

The invention provides a novel retroviral packaging system, in which retroviral packaging
constructs, and packaging vector transcripts are produced from high expression plasmids by

| transfection in human cells. High titers of recombinant retroviruses are produced in infected
cells. The methods of the invention include the use of the novel retroviral constriiéts to
transduce primary human cells, including T cells and human hematopoietic stem cells, with
foreign genes by cocultivation at high efficiencies. The invention is useful for the rapid
production -of high titer viral supernatants, and to transduce with high efficiency cells that are

refractory to transduction by conventional means.

FIGURE 1




