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GCene Modification
] The present invention involves cellular manipulation,
more particularly it relates to use of cationic liposomes
to facilitate transfection by adeno-associated viral (2AV)

plasmids.

BACKGROUND ART

10 Transfection of eukar&btic cells has become an
increasingly important technique for the study and
development of gene therapy. Advances in gene therapy
depend in large part upon the development of delivery
systems capable of efficiently introducing DNA into a

15 target cell. A number of methods have been developed for
the stable or transient expression of heteroclogous genes in
cultured cell types. These include transduction techniques
which use a carrier molecule or virus.

Most gene therapy strategies have relied on

20 transduction by transgene insertion into retroviral or DNA
virus vectors. However, adenovirus and other DNA viral
vectors can pfoduce infectious sequelae, can be immunogenic
after repeated adminisffations, and can only package a
limited amount of insert DNA.

25 Of the viral vector systems, the recombinant adeno-
associated viral (AAV) transduction system has proven to be
one of the most efficient vector systems for stably and
efficiently carrying genes into.a ?ariety of mémmalian cell
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types (Lebkowski, J.S., et al., “Adeno-associated virus: a
vector system for efficient introduction and integration of
DNA into a variety of mammalian cell types," Mol. Cell.
Biol. (1988) 8:3988-3996). It has been well-documented
that AAV DNA integrates into cellular DNA as one to several
tandem copies joined to cellular DNA through inverted
terminal repeats (ITRs) of the viral DNA, and that the
physical structure of integrated AAV'genomes suggest that
viral insertions usually appear as multiple copies with a
tandem head to tail orientation via the AAV terminal
repeats (Kotin, R.M., et al., "Site-specific integration
of adeno-associated virus," Proc. Natl. Acad. Sci. (1990)
87:2211-2215). Thus, the AAV termlnal repeats (ITRs) are
an-essential part of the AAV transduction system. :

Although recombinant adeno-associated viral (Aav)
vectors differ from adenoviral vectors, the transgene DNA
size limitation and packaging properties are the same as
with any other DNA viral vectors.

AAV is a linear single stranded DNA parvovirus, and

requires co-infection by a second unrelated virus in order
to achieve productive infection. AAV carries two sets of
functional genes: rep genes, which are necessary for viral
replication, and structural capsid protein genes (Hermonat,
P.L., et al., "Genetics of adeno-associated virus:
Isolation and preliminary characterization of adeno-
associated type 2 mutants," J. Virol. (1984) 51:329-339).
The rep and capsid genes of AAV can be replaced by a
desired DNA fragment to generate AAV plasmid DNA.
Transcomplementation of rep and capsid genes are required
to create a recombinant virus stock. Upon transduction
using such virus stock, the recombinant virus uncoats in
the nucleus and integrates into the host genome by its
molecular ends.

Although extensive progress has been made,
transduction techniques suffer from variable efficiency,
significant concern about possible recombination with
endogenous v1rus, cellular toxicity and 1mmunolog1c host
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response reactions. Thus, there is a need for non-viral
DNA transfection procedures.

Liposomes have been used to encapsulate and deliver a
variety of materials to cells, including nucleic acids and
viral particles (Faller, D.V. and D. Baltimore, "Liposome
encapsulation of retrovirus allows efficient superinfection
of resistant cell lines," J. Virol. (1984) 49:269-272).

Preformed liposomes that contain synthetic cationic
lipids have been shown to form stable complexes with
polyanionic DNA (Felgner, P.L., et al., "A highly
efficient, lipid-mediated DNA transfection procedure, "
Proc. Natl. Acad. Sci. USA (1987) 84:7413-7417). Cationic
liposomes, liposomes comprising some cationic lipid, that
contained a membrane fusion-promoting lipid dioctadecyl-
dimethyl-ammonium-br-aide (CDAB) have efficiently
transferred heterologous genes into eukaryotic cells (Rose,
J.K., et al., "A new cationic liposome reagent mediating
nearly quantitative transfection of animal cells,"
Biotechnigues (1991) 10:520-525). Cationic liposomes can
mediate hich level cellular expression of transzjenes, or
mRNA, by delivering them into a variety of cultired cell

lines (Malone, R., et al., "Cationic liposome mediated RNA

transfection," Proc. Natl. Acad. Sci. USA (1989) 86:6077~-
6081) . _

Ecotropic and amphotropic packaged retroviral vectors
have been shown to infect cultured cells in the presence of
cationic liposomes, such as bipofectin (BRL, Gaithersburg,
MD), and in the absence of specific receptors (Innes, C.L.,
et al., "Cationic liposomes (Lipofectin) mediate retroviral
infection in thé absence of specific receptors," J. Virol.
(1990) 64:957-961).

Even though non-viral techniques have overcome some of
the problems of the viral systems, there remains a need for
improved transfection efficiency in non-viral systems, a
need to increase the range of cell types that are
transfectable, a need to increase the duration of
expression in transfected cells, and a need to increase the
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levels of expression following transfection. To a certain
extent, improved efficiency is attained by the use of
promoter enhancer elements in the plasmid DNA constructs

" (Philip, R., et al., "In vivo gene delivery: Efficient

transfection of T lymphocytes in adult mice," J. Biol.
Chem. (1993) 268:16087-16090).

Immune Destruction of Tumor Cells

The use of interleukin-2 (IL-2) in the treatment of
neoplastic cells, such as metastatic renal cell carcinoma
(RCC), is one way for carrying out immune-mediated
destruction of human neoplasms. Although durable complete
remissions have been achieved, the overall response rate

‘has been low.

During testing of rIL-2 (Chiron Corp., Emeryville, CA)
on patients with cancer, the dose limiting toxicity has
been dependent upon the route and schedule of
administration. High dose bolus IL-2 administration was
associated with significant toxicity, a toxicity that
involved nearly every oréan system. Moreover, a 4%
mortality rate in ECOG 0 performance status patients has
been found with high dose IL-2 administration. For an
overview of ECOG performance status, see, e.g., Oken, Am.
J. Clin. oncol. (CCT) 5:649-655 (1982) "Toxicity and
Response Criteria of the Eastern Cooperative Oncology
Group"™ Table 2, at p. 654. -

As distinguished from bolus administration, use of
lower dose (1-7 x 10° Cetus units/M2/d) continuous |
intravenous infusion (CIV) of IL-2 has produced reports of
clinical efficacy and lowered toxicity, and has suggested
an improved safety profile in adoptive immunotherapy of
advanced cancer (West, W. H., et al., "Constant Infusion of
Recombinant Interleukin~2 in Adoptive Immunotherapy of
Advanced Cancer," (1987) N. Engl. J. Med. 316:898).

Cellular elements which potentially improve the immune
destruction of tumors when combined with IL-2 include
lymphokine activated killer (LAK) cells and cytotoxic T
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lymphocyte (CTL) cells such as cytotoxic tumor infiltrating
lymphocyte (TIL) cells.

Tumor infiltrating lymphocytes (TIL) are primarily T
lymphocytes that are usually found in close apposition to a
tumor mass, and which can be isolated, expanded, and
activated in vitro. TIL cells are of interest in the study
of neoplasia treatment because these cells have affinity
for tumor cells. Accordingly, cytotoxic TIL are of
particular interest since these cells have affinity for
tumor and also possess cytotoxic qualities.

As a treatment methodeology, TIL have been reiﬁfused
into a host along with exogenous IL-2. (see, e.g., U.S.
Patent No. 5,126,132 to Rosenberg, issued 30 June 1992)

.Treatment with IL-2 in combination TIL has, in some

instances, resulted in durable complete remissions in the
treatment of advanced malignancies.

ISCLOSURE OF NTION

Cationic liposomes were used to facilitate adeno-
associated viral (AAV) plasmid transfections of primary and
cultured cell types. AAV plasmid DNA, complexed with
liposomes showed several-fold higher levels of expression
than complexes with standard plasmids. In addition,
expression lasted for a period of 30 days without any
selection. AAV plasmid:liposome complexes induced levels
of transgene expression that were comparable to those
obtained by recombinant AAV transduction. High level gene
expression was observed in freshly isolated cD4* and cps*
T cells, tumor infiltrating lymphocytes, and CD34% stem
cells from normal human peripheral blood.

Primary breast, ovarian and lung tumor cells were
transfected using the AAV plasmid DNA:liposome complexes.
Transfected tumor cells were able to express transgene
product after lethal irradiation. Transfection efficiency
ranged from 10-50% as assessed by B-galactosidase gene
expression. The ability to express transgenes in primary
tumor cells is utilized to produce tumor vaccine and to
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produce lymphoid cells that permit highly specific
modulations of the cellular immune response in cancer and
AIDS, and in gene therapies. '

Disclosed herein is a composition for genetic
manipulation. The composition comprises a liposome
comprising lipid material and adeno-associated viral
material, the adeno-associated viral material can be a
plasmid, and the plasmid can be pMP6-IL2 or pACMV-IL2. The
adeno-associated viral material can comprise an inverted
terminal repeat, or two or more inverted terminal repeats.
Where two inverted terminal repeats are present in the
adeno-associated viral material, a genetic material of
interest can be integrated between two inverted terminal
repeats; moreover, a promoter can be integrated between two
inverted terminal repeats, the promoter can be an a CMV
immediate-early promoter, a CMV immediate-late promoter, a
CMV early promoter, an ADA promoter, or a TK promoter. The
composition can comprise a genetic sequence of interest,
such as a genetic seguence of an IL-2 gene or a BS-gal gene.
The 1ipid material can comprise a cationic lipid.

Disclosed are cells transfected by the composition.

Disclosed herein is a method for introducing a genetic
sequence of interest into a host cell. The mefhod
comprises steps of providing a composition comprising
liposome adeno-associated viral material and a genetic
sequence of interest and contacting the composition with a
host cell which comprises genetic material whéreby the
genetic sequence of interest is introduced into the host
cell. The host cell can be a CD34" stem cell; a T-cell,
such as a cD3*, cD4*, or cD8* cell; a cell of a tumor cell
l1ine such as a bladder, prostate, B lymphoma, or an
embryonic kidney cell line; or a primary tumor cell. The
step of providing a composition can comprise providing a
1iposohe that itself comprises cationic lipid. The step of
providing a composition can provide adeno-associated viral
material that comprises a plasmid, and the plasmid can be
pMP6-IL2 or pACMV-IL2. The method for introducing the
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genetic sequence of interest into a cell can further
comprise a step of integrating the genetic material of
interest into the genetic material of the host cell.
Disclosed is a method for using a composition
comprising a liposome comprising lipid material, adeno-
associated viral material, a genetic sequence of interest.
The method comprises providing a patient with a condition;
and providing a composition comprising liposome adeno-
associated viral material and a genetic sequence of
interest. The method further comprises a step of
contacting the composition with a host cell, whereby the
genetic sequence of interest is introduced into the host
cell. The contacting step can be in vivo and the host cell
is a cell of the patient. Alternatively, the contacting
can be ex vivo, if the contacting is ex vivo the method
further comprises a step of delivering the host cell
comprising the introduced genetic sequence of interest to
the patient. The step of providing a patient can provide a
patient with a condition such as a neoplasm; an infection,
such as HIV infection; an auto-immune condition; or a
genetic abnormality, such as a missing or defective gene.
The step of providing a composition can provide a genetic
sequence of interest which encodes a peptide, an anti-sense
oligonucleotide, or RNA. The step of providing a
composition can provide a plasmid such as pMP6-IL2, or
PACMV-IL2. The step of providing a composition can provide
a genetic sequence of interest which comprises a genetic
sequence encoding a cytokine, a costimulatory factor, a MHC

" class I molecule, a tumor-specific antigen, or a tumor-

associated antigen. The step of providing a patient can
provide a patient with a malignant neoplastic condition, or
an HIV infection; the step of providing a composition can
provide a genetic sequence of interest which comprises IL-2
genomic material to such patients. The step of providing a
patient can provide a patient with a malignant neoplastic
condition; the step of providing a composition can provide
a genetic sequence which comprises the MDR I gene, for such
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patients. The step of contacting the composition with a
host cell can comprise contacting with a host cell that is
a neoplastic cell, a bone marrow hematopoietic cell or a
peripheral blood cell; the contacting step can comprise
contacting with a host cell that is a tumor infiltrating
lymphocyte, a cell of a tumor cell line, or a primary tumor
cell.

Disclosed is an expression vector which comprises a
genetic sequence essentially that of which is depicted in
Figure 3; disclosed is an expression vector which comprises
a genetic sequence substantially that of the genetic
sequence of Figure 3; and disclosed is an expression vector
which comprises a genetic sequence which is that of the
genetic sequence in Figure 3. Disclosed is a cell that is
gene modified with the expression vector comprising a
genetic sequence essentially that of the genetic sequence
in Figure 3; the cell can be a peripheral blood cell, a
bone marrow cell, a tumor infiltrating lymphocyte, a tumor
cell line cell, or a primary tumor cell.

Disclosed is an expression vector comprising a genetic
sequence essentially that of the genetic sequence of
plasmid pMP6; an expression vector comprising a genetic
sequence substantially that of the genetic sequence of
plasmid pMP6; an expression vector having a genetic
sequence which is that of the genetic sequence of plasmid
pMP6. An expression vector comprising a genetic sequence
essentially that of.genetic sequence of plasmid pMP6 can
further comprise a genetic sequence of interest; a cell can
be gene modified with such an expression vector, the cell
can be a peripheral blood cell, a bone marrow cell, a tumor
infiltrating lymphocyte, a tumor cell line cell, or a
primary tumor cell.

Disclosed is a method for producing a protein. The
protein production method comprises steps of providing a
composition comprising liposome, adeno-associated viral
material and a genetic sequence of interest. The
composition is contacted with a host cell which comprises
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- genetic material, whereby the genetic sequence of interest

is introduced .into the host cell. The production method
further comprises a step of expressing a protein encoded by
the genetic sequence of interest. The host cell can be a
CD34% stem cell, a T-cell, a cell of a tumor cell line, or
a primary tumor cell; the host cell can be a tumor
infiltrating lymphocyte, cD3*, cD4*, or cD8* cell. The
host cell can be from a tumor cell line which is a bladder,
prostate, a B lymphoma, or an embryonic kidney cell 1line.
The step of providing a composition comprising liposome can
comprise providing a composition which comprises cationic
lipid. The step of providing a composition can provide
adeno-associated viral material which comprises -a plasmid,
such as pMP6-IL2 or pACMV-IL2. The method for producing a
protein can comprise a further step of integrating the
genetic material of interest into the genetic material of
the host cell. The step of expressing a protein can
comprise expressing a lymphokine analog. The step of
expressi- v a protein can express IL-2, B-galactosidase
chloramg..enicol-acetyl~-transferase, or MDR I. )
Disclosed is a method for preparing therapeutic
cellular composition for treating a patient with a
neoplasm. The method comprises steps of obtaining a cell
composition comprising effector T-lymphocyte cells;
contacting the cell composition with specific binding
proteins, wherein the specific binding proteins are
covalently attached to a surface, whereby effector T-
lymphocyte cells specifically bound by the specific binding
proteins ‘become specifically bound to the surface, and,
removing cells that are non-bound while leaving
specifically bound effector T~lymphocyte cells bound to the
surface. The method for preparing a therapeutic cellular
composition can further comprise a step of expanding the
effector T-lymphocyte cells, whereby a substantially
homogeneous phenotype population is provided; the expanding
step can further comprise culturing the effector T-
lymphocyte cells with tumor cells; the tumor cells can be
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irradiated; the tumor cells can be gene-mocdified with a
vector comprising an expression cassette for interleukin-2.
In the method for preparing a therapeutic cellular
composition, the obtaining step can comprise obtaining
effector T-lymphocyte cells which are tumor infiltrating
lymphocytes, the tumor infiltrating lymphocytes can be from
a neoplastic tissue which is autologous or allogenic. The
contacting step can comprise contacting the cell
compdsition with specific binding proteins specific for
CD4, CD8, or a mixture of specific binding proteins
specific for CD4 and CD8. The method for preparing a
therapeutic cellular composition can further comprise a
step of releasing the specifically bound cells whereby the
release of cells are substantially free of the specific
binding proteins. The specific binding proteins can
comprise monoclonal antibodies. The method can further
comprise a step of gene-modifying the specifically bound
cells, such as by transfecting with a plasmid comprising
IL-2 genomic material, whereby a therapeutic cellular
composition results which has therapeutic effect absent
systemic administration of interleukin-~2. Disclosed is a
substantially homogeneous population of cells prepared
according to the method. Disclosed is the use of a

" population prepared according to the method, to treat a

patient having a neoplasm, such as renal cell carcinoma,
infiltrating ductile carcinoma, melanoma, ovarian
carcinoma, carcinoma of the lung or sgquamous cell
carcinoma.

Disclosed is a substantially homogeneous population of
cD8* TIL cells, wherein the cells of the population '
comprise external surfaces and wherein the external
surfaces of the cells are substantially free of antibody;
the cells of the population can be at least 80% homogeneous
for CDS8. .

Disclosed is a method for preparing a therapeutic
cellular composition for treating a patient with a neoplasm
comprising obtaining neoplastic cells; gene modifying the
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cells with a composition comprising liposome comprising
lipid material and adeno-associated viral material and
further comprising a genetic sequence of interest; such as
a seguence encoding a lymphokine use of a composition
prepared according to this method is also disclosed.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1. Plasmid maps of three plasmids used in the

present studies.

The plasmid pACMV-IL2 contained the CMV

promoter, IL-2 cDNA and Rat preproinsulin and SV40
polyadenylation sequences identical to pBCl2/CMV-IL2
plasmid, additionally pACMV-IL2 also had AAV inverted
terminal repeats (ITRs) at both ends. The piasmid
PA1CMVIX-CAT was constructed with CMV promoter and CAT gene
inserted between the two AAV ITRs.

Fig. 2. This figure provides a detailed restriction
map of the IL-2 embodiment of the pMP6 plasmid (pMP6-IL2)

Fig. 3a-e.

This figure depicts the DNA segquence of

the pMP6-IL2 plasmid. In the fig, panels a-e depict
successive portions of the sequence. Portions of the
pMP6-IL2 sequence which correspond to known DNA sequences
are indicated; the corresponding sequence information is
listed directly beneath sequence information for the '
pMP6~-IL2 plasmid. Unmarked sequences are from linkers.

Fig. 4a-b.

Fig. 4a depicts the levels of gene

expression induced by plasmid DNA:liposome complexes.
Various IL-2 plasmid constructs were tested for their

capability to induce gene expression with a rat bladder and
a rat prostate cell line, when the constructs were
complexed with liposomes. 1In both cell lines, the AAV
plasmid'construct showed the highest level of expression.
The levels are expressed as picogram per ml per 10°% cells.
Fig. 4b depicts the time-course of gene expression induced
by AAV plasmid:liposome complexes. To compare the duration
of transgene expression, the prostate cell line was

transfected with the AAV plasmid (pACMV-IL2) and the

corresponding control plasmid (pBCl12/CMV-IL2) complexed

with liposomes.

Supernatants were collected at various
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time points and assayed for IL-2 levels using an ELISA.
IL-2 levels are expressed as picogram/ml/lo6 cells in 24
hrs of culture.

Fig. 5a-b. A comparison of AAV plasmid:liposome
complex mediated trénsfection to recombinant AAV
transduction. To determine whether the levels of gene
expression induced by AAV plasmid:liposome complexes were
equivalent to rAAV transduction, the prostate "cell line
(Fig. 5a) and bladder line (Fig. Sb) were used to compare
the transfection and transduction of IL-2 gene. IL-2
levels were assessed using an ELISA. The levels are
expressed as picogram/ml/lo6 cells in 24 hrs of culture.

Fig. 6. Expression of IL-2 gene by lipofection with
AAV plasmid:liposome complexes of various primary tumor
cells. One lung, one ovarian, and two breast tumor samples
were isolated from fresh tumor biopsies. IL-2 levels were
measured using an ELISA. The levels are indicated as
picogram/m1/10% cells in 24 hrs of culture.

Fig. 7a-b. Expression of IL-2 by cells transfected in
accordance with the invention, then subjected to lethal
irradiation. To determine the effect of irradiation on
gene expression, the prostate cell line (Fig. 7a) and
primary breast cells (Fig. 7b) were transfected and

- assessed for gene expression after lethal irradiation, as

described herein. Supernatants were collected 24, 48, 72
and 96 hrs after irradiation and tested for IL-2 levels.
IL-2 levels are expressed as pg/ml/10% cells in 24 hr
culture.

Fig. 8. 'Efficiency of AAV:liposome transfection as
measured by B8-gal gene expression. The B8-gal reporter gene
was used to assess the transfection efficiency on a per
cell basis. The prostate cell line was used for
transfection, as described herein. The data is represented
as percent of cells positive for fluorescence.

Fig. 9a-d. Thin layer chromatography studies
depicting transfected T lymphocytes. Blood was obtained
from donors referred to as A or B. Donor's A or B
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peripheral blood was used to isolate T cells, and for
transfection. Primary T cells freshly isolated from a
donor's peripheral blood were tested for tfansgene
expression using .AAV plasmid DNA:liposome complexes.

T lymphocytes were fractionated as cp3* (Fig. 9a), or
cps/8* (Fig. 9b), or as CD4a* (Fig. 9c) or cp8* (Fig. 9d)
populations using AIS MicroCELLector devices. The relevant
cells were captured and cultured as described herein.
Thereafter, 5-10 x 10 cells were plated and transfected
with 50 micrograms of AAV plasmid DNA and 50 or 100 nmoles
of liposomes to obtain 1:1 or 1:2 DNA:liposome ratios. The
cells were harvested 3 days after transfection. Normalized
protein content from the extracts were assayed for CAT
activity using a chromatographic assay.

'Fig. 10. Thin layer chromatography of peripheral
blood CD34* stem cells transfected with AAV
plasmid:liposomes. The cells were harvested on Day 3 and
Day 7 after transfection. Normalized protein content from
the extracts were assayed for CAT activity using a
chromatographic assay.

Fig. l1lla-b. Enhanced chemiluminescence (ECL) Southern
aﬁalysis of genomic DNA from clones transfected with AAV
plasmid DNA:liposome complexes. In Fig. l1lla, samples were
digested with Bam HI and Hind III and probed with IL-2.

For the data in Fig. 11b, samples were digested with Bam HI
and probed with IL-2. All clones analyzed show presence of
IL-2 gene, as demonstrated by the 0.685 kb bands. For Fig.
lia-b:

lane 1: 1kb ladder

lane 2: plasmid cut with Bam HI/HindIII (9a)
and BamHI/pvull (9b).

lane 3: R33 untransfected

lanes 4-11: clones |

Fig. 12a-b. Southern analysis (32P) of clone 1All and
1Bl1l1. After Southern blotting, the filter depicted in Fig.
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12a was probed with a 0.68 kb IL2 Bam HI/Hind III fragment
of pACMV-IL-2. For Fig. 1l2a:
lane 1: clone 1211 cut with Bam HI/Hind III
. lane 2: clone 1B1l1l cut with Bam HI/Hind III
5 lane 3: clone R33 cut with Bam HI/Hind III
lane 4: clone 1Al1ll cut with Bam HI
lane 5: clone 1B1l1l cut with Bam HI
lane 6: clone R33 cut with Bam HI
lane 7: clone 1Al1ll1l cut with Hind III
10 lane 8: clone 1B1l1l cut with Hind III
lane 9: clone R33 cut with Hind IIX
lane 10: 1left empty
lane 11: PpACMV-IL2 plasmid cut with Bam HI/Hind III
lane 12: PpACMV-IL2 plasmid cut with Hind III/pvuIll
15 lane 13: pACMV-IL2 plasmid cut with Bam HI/pvuIlIl

For the data shown in Fig. 12b, the filter was probed with
a 0.85 kb pvuII/HindIII (AAV ITR/CMV) fragment of the
plasmid pACMV-IL2. For Fig. 12b:

lane 1: clone 1All cut with smal
20 lane 2: clone 1Bl1l1l cut with smal
lane 3: clone R33 cut with smal
lane 4: clone 1A11 cut with pvull/Hind IIX
lane 5: clone 1B1l1, cut with pvuII/Hind III
lane 6: clone R33, cut with pvulI/Hind III
25 lane 7: PACMV-IL2, cut with Bam HI/Hind III
lane 8: PACMV-IL2, cut with Hind III/pvull
lane 9: PACMV-IL2, cut with smal
lane 10: 1kb ladder

Fig.'13. This figure depicts T Cell Receptor (TCR)

30 repertoire analysis with RNAase protection of breast cancer
TIL expanded with autologous tumor, with IL-2 transduced
tumor, and with IL-2 alone. For the axes in the Fig., Vg
is a variable segment of the 8 chain of the TCR; C; is the
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constant segment of the B chain of the TCR; on the.
horizontal axis A, B, and C represent different patients.

Fig. 14. This figuré depicts the proliferation of
breast cancer tumor infiltrating lymphocytes (TIL); the
data was obtained 5 days following IL-2 gene transfection.

Fig. 15. This figure depicts the efficiency of gene
expression in breast cancer TIL transfected with the pMPé6
plasmid containing the neomycin resistance gene and the Thy -
1.2 gene (pMP6/neo/Thyl.2) instead of the gene for IL-2.
The pMP6/neo/Thyl.2 plasmid was complexed to DDAB:DOPE
liposomes. The liposome compositions were the same
compositions as those for the data corresponding to Fig.
14.

Fig. 16. This figure compares the level and duration
of transgene expression following transfections with
various plasmid constructs. The prostate tumor cell line
R3327 was transfected with standard plasmid (pBC12/CMV-IL2)
or plasmid (pACMV-IL2) complexed to DDAB:DOPE liposomes.
Supernatants were collected at various time points and
assayed by ELISA for IL-2 levels. IL-2 levels are
expressed as pg/ml/lo6 cells in 24 hrs of culture.

Fig. 17. This figure depicts Southern blot analysis
of chromosomal DNA from R3327 cells transfected with either
the AAV plasmid (pACMV-IL2) or the standard plasmid
(pBC12/CMV-IL2). The blot was probed with the 0.685 kb Bam
HI/Hind III fragment of the IL-2 gene. C = DNA from
untransfected cells. The IL-2 insert is shown in the last.
lane.

Fig. 18. The figure depicts results of an
intracellular assay of the transfection efficiency of the
IL-2 gene in prostate cell line R3327. The cells were
transfected with AAV IL-2 plasmid complexed with DDAB:DOPE
liposomes, 1:1 or 1:2 composition. Transfected cells were
stained at various time points for intracellular IL-2
protein levels. The data is represented as percent
positive cells expressing IL-2 protein. Untransfected
cells were used as negative controls and the values of
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controls were subtracted from the values of transfected
groups.

Fig. 19a-b. This figure depicts expression of IL-2 by
irradiated prostate tumor cell line cells (Fig. 19a) and by
irradiated primary breast tumor (Fig. 19b). Primary breast
cells and prostate cell line cells were transfected and
assessed for gene expression post lethal irradiation.
Supernatants were collected 24, 48, 72 and 96 hrs after
irradiation and tested for IL-2 levels. IL-2 levels are
expressed as pg/m1/10% cells in 24 hr culture.

MODES FOR CARRYING OUT THE INVENTION

The studies, disclosed for the first time herein,
examined the transportation into cells of AAV plasmid DNA
by a system that did not involve viral transduction.
Alternatively, a method in accordance with the present
disclosure efficiently transfected several mammalian cell
types by use of liposomes comprising AAV material. The
present disclosure relates to transfection, and utilizes
the elegant carrier system of lipofection together with the
proficient transduction capability of the AAV plasmid
construct. Advantageously, cationic liposomes were used as
a means to facilitate the entry of AAV plasmid DNA into
cells in the absence of rep and capsid
transcomplementation, recombinant virus or wild type AAV,

A lipofection method in accordance with the invention was
evaluated to assess the efficiency of gene expression. The
present data established the ability to transfect
unmodified stem cells, unmodified primary lymphoid cells
such as T cells, a variety of freshly isolated tumor cells,
and cultured mammalian cell types, with high efficiency for
both transient and sustained expression of DNA. The
ability to efficiently transfect unmodified T cells, such
as tumor infiltrating lymphocytes; unmbdified stem cells;
tumor cell line cells; and, primary tumor cells is
disclosed for the first time in the art.
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I. SOURCE MATERIALS AND METHODS EMPLOYED

A, Cell Lines. A rat pr-state cell line (R3327) and
rat bladder cell line (MBT-2) re obtained from Dr. Eli
Gilboa, Duke University. Bot: .ell lines were maintained
in RPMI-1640 medium supplemented with 5% fetal bovine serum
(FBS). Cell line 293 is a human embryonic kidney cell line
that was transformed by adenovirus type 5, and was obtained
from the ATCC (Graham, F.L., et al., "Characteristics of a
human cell line transformed by DNA from human adenovirus
type 5," J. Gen. Virol. (1977) 36:59-72). Cell line 293
was grown in Dulbecco modified eagle medium supplemented’
with 10% FBS.

B. Cell preparation of Primary Tumor Cells. Primary

lung, ovar.an and three breast tumor cells were obtained
from solid tumors of patients. The tumor samples were
minced into small pieces and digested in 200 ml of AIM -

- medium (Gibco), supplemented with 450 u/ml collagenase .V

(Sigma), 10.8 K units/ml DNase I (Sigma), and 2000u/ml
hyaluronidase V (Sigma) (Topolian, S.L., et al., "Expansion
of human tumor infiltrating lymphocytes for use in
immunotherapy trials," J. Immunol. Methods (1987) 102:127-
141). After 1-2 hours of digestion, cells were homogenized
with a glass homogenizer (Bellco). The cells were washed
three-times in DPBS~CMF (Whittaker). Lymphocytes were
separated from non-lymphoid cells by capture on an AIS
MicroCELLector-CD5/8 device (AIS, Santa Clara, CA).
Nonadherent cells (mainly tumor cells) were removed and
cultured in RPMI 1640 suppleménted with 2 mM L glutamine,
100u/ml penicillin-streptomycin, ind 10% FBS. Tumor cells
were cultured for 2 to 4 weeks prior to transfection.

C. Preparation of Peripheral Blood Mononuclear

Cells. Peripheral blood mononuclear cells (PBMCs) from

healthy control patients were isolated from buffy coats
(Stanford University Blood Bank, Stanford, CA), using
Lymphoprep (Nycomed, Norway).
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T cells, T cell subsets, or CD34% cells were further
isolated using AIS MicroCELLectors (Applied Immune
devices comprising surfaces
having covalently attached specific binding proteins (such
as monoclonal antibodies) attached thereto. Briefly, PBMCs
were resuspended at 15 X 106 cells per ml in 0.5% Gamimmune

Sciences, Santa

(Miles, Inc., Elkhart,
CD8, CD5/8, or CD34 AIS MicroCELLectors.

Clara, Ca),

IN) and loaded onto washed CD3, CD4,

After 1 hour,

nonadherent cells were removed from the AIS
Complete medium, RPMI 1640 (Whittaker)

MicroCELLectors.

~ containing 10% fetal bovine serum, 2 mM L-glutamine, and

100 u/ml penicillin/streptomycin was added to the adherent

cells in the AIS MicroCELLectors.

After 2-3 days in a 5%

CO,, 37°C humidified environment, adherent cells were

removed and prepared for transfection.

D. Plasmid Preparation.
present studies was (pACMV-IL2):

A first plasmid used in the
this plasmid contained the

human interleukin-2 gene (IL-2) as IL-2 cDNA, and the
immediate-early promoter-enhancer element of the human
cytomegalovirus (CMV), and Rat preproinsulin and SvV40
flénked'by adeno-associated

polyadenylation

sequences,

virus inverted terminal repeats (ITRs) at both ends. (This
plasmid available from Dr. J. Rosenblatt, UCLA, CA; Dr.
Rosenblatt's name for the plasmid is pSSV9/CMV-IL2). A
corresponding control plasmid pBCl12/CMV-IL2, which was
identical to pACMV-IL2 but which lacked the AAV terminal
repeats, was also used (Fig. 1).
A second study plasmid, pAl1CMVIX-CAT, contained the
CMV immediate-early promoter enhancer sequences, and an

intron derived from pOG44 (Stratagene);

the bacterial CAT

gene; SV40 late polyadenylation signal flanked by AAV
terminal repeats in a pBR322 backbone (Fig. 1).

The plasmids pATK—Béal and pAADA-Bgal contained the
Bgal gene linked to either the TK or ADA promoter,
respectively, in an AAV plasmid backbone. (Bgal plasmids

provided by Dr.

Eli Gilboa,

Duke Univ.)

————

This Sheet Has Been R

U



WO 95/07995 . PCT/US94/09774

-19-

Another plasmid used in the present studies was pMPS6.
As shown in Fig. 2, plasmid containing IL-2 DNA (pMP6-IL2)
is a double stranded circular plasmid. The pMP6-IL2
plasmid has the human interleukin-2 gene under the control
5 of a CMV promoter and a SV40 polyadenylation signal.
Between the promoter and the coding sequences of IL-2,
there is an intron (derived from pOG44, Stratagene) which
is understood to enhance the expression of IL-2 or any
other exogenous gene placed into the plasmid. The whole
10 expression cassette is between the left and right terminal
sequences of adeno-associated virus. The pMP6-IL2 plasmid
also has a Bluescript backbone; the backbone has a Col-El
bacterial origin of replication and an ampicillin
resistance gene which facilitates the propagation of this
15 plasmid in E. coli.

Figure 3a-e depicts the DNA sequence of the pMP6-IL2
plasmid; panels a through e depict successive portions of
the sequence. In the figure, portions of the pMP6-IL2
sequence which correspond to known DNA sequences are
20 indicated; the corresponding sequence information is listed
directly beneath sequence information for the pMP6-IL2
plasmid. Unmarked sequences are from linkers.

Standard plasmid constructs that contained the IL-2
gene, but that did not contain AAV components were also
25 used. The standard plasmid constructs carried the IL-2
gene, with an adenosine deaminase (ADA), a thymidine kinase
(TK) or the immediate-late cytomegalovirus (CMV) promoter
(standard plasmids obtained from ATCC). Data for selected
plasmids are in Table 1:
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Table 1

Selected Plasmids Used in Present Studies

Plasmid Name Promoter ' Genomic Elements
PACMV-IL2 CMV (immediate-early) IL2, AAV

S pBCl12/CMV-IL2 CMV (immediate-early) IL2
PA1CMVIX~CAT CMV (immediate-early) CAT, AAV
pADA-IL2 ADA IL2
pTK-IL2 Tk IL2
pCMV-~1IL2 CMV. (immediate-late) IL2

10 paTC-8gal TK ' ) Bgal, AAV
pAADA-~Bgal ADA Rgal, AAV
PpMP6-IL2 CMV (early) I1L2, AAV

2ll plasmids were isolated by alkaline lysis and

ammonium acetate precipitation, followed by treatment with

15 DNase-free RNase, phenol/chloroform/isoamyl extractions and
ammonium acetate precipitation (Ausubel, F.M., et al.,
current Protocols in Molecular Biology (John Wiley and
Sons, Inc. 1993)).

E. Liposome Preparation. Small unilamellar liposomes

20 were prepared from the cationic lipid dioctadecyl-dimethyl-
ammonium-bromide (DDAB) (Sigma) in combination with the
neutral lipid dioleoyl-phosphatidyl-ethanolamine (DOPE)
(Avanti Polar Lipids). Lipids were dissolved in
chloroform. DDAB was mixed with DOPE in either a 1:1 or

25 1:2 molar ratio in a round-bottomed flask, and the 1lipid
mixture was dried on a rotary evaporator. The lipid film -~
was rehydrated by adding sterile double distilled water to
yield a final concentration of 1 mM DDAB. This solution
was sonicated in a bath sonicator (Laboratory Supplies,

30 Hicksville, NY) until clear. The liposomes were stored at
4°C under argon. For in vivo use of liposomes via
intravenous administration a DDAB:DOPE ratio of 1:4 to 1:5
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is used; for intraperitoneal administration a DDAB:DOPE

ratio of 1:1 to 1:2 is used.
F. a ion o ombinant V_(raAAvV) fo

transduction with viral iﬁ:ectiog. For the preparation of
reconbinant AAV stocks, cells of the cell line 293 were
split and grown to approximately 30-50% confluence.
Thereupon, the cells were infected with adenovirus type 5
at a multiplicity of infection of 1 to 5, and incubated at
37°C. After 2 to 4 hours, the infected cells were
cotransfected with 10 ug of a plasmid comprising a gene of
interest and 10 ug of the rep capsid complementation
plasmid, pABal, per 100 mm tissue culture dish (0.5-1 x 10’
cells). Calcium phosphate coprecipitation was used for
transfection (Hermconat, P.L. and Muzyczka, N., "Use of
adeno-associated virus as a mammalian DNA cloning vector.
Transduction of neomycin resistance into mammalian tissue
culture cells," Proc. Natl. Acad. Sci. USA (1984) 81:6466~
6470). At 12 to 18 hours after transfection, the medium
was removed from the cells and replaced with 5 ml of DMEM
medium containing 10% FBS.

At 48 to 72 hours after transfection, AAV was
harvested according to the following procedure: Cells and
medium were collected together, and freeze thawed three
times to lyse the cells. The suspension of cells and
medium was then centrifuged to remove cellular debris, and
the supernatant was incubated at 56°C for 1 hour to

-inactivate adenovirus (Hermonat, P.L. and N. Muzyczka, "Use

of adeno-associated virus as a mammalian DNA cloning
vector. Transduction of neomycin resistance into mammalian
tissue culture cells," Proc. Natl. Acad. Sci. USA (1984)
81:6466-6470; Tratschin, J.D., et al., "Adeno-associated
virus vector for high frequency integration, expression,
and rescue of genes in mammalian cells," Mol. Cell. Biol.
(1985) 5:3251-3260). After heat inactivation, the viral
supernatant was filtered through cellulose acetate filters
(1.2 um). Viral stocks were then stored at -20°C. One
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milliliter of AAV supernatant was used to transduce 1 x 106

cells.

G. Cellular Transfection "Lipofection". For primary
tumor cells and the rat tumor cell lines (R3327 and MBT-2),

1 x 105 cells were plated in 2 ml serum-free media per well
of a 6 well dish. Thereafter, 5 ug of AAV plasmid DNA was
mixed with 5 nmoles of DDAB as liposomes composed of DDAB
and DOPE in a 1:2 molar ratio, respectively. Serum-free
media (0.5 ml) was added to the AAV:l1iposome complex, which
was then transferred to the cells. To effect lipofection,
the cells were incubated at room temperature. for 5 minutes,
then fetal bovine serum was added to the cells to yield a
final concentration of 5% fetal bovine serum.

For T cells, 5-10 x 10% cells were plated in 1 ml of
serum-free media per well of a 6 well dish. 50 ug of
plasmid DNA was mixed with 50 nmoles of DDAB as liposomes
composed of DDAB and DOPE in a 1:1 molar ratio. The
transfections "lipofections" were then performed as for
tumor cells.

~ For stem cells, 1-2 x 105 cells were transfected with
complexes comprising 10 micrograms of plasmid DNA and 10
nmoles of liposome. The transfected cells were cultured
with media containing stem cell factor, IL-3 an& IL-1. On
Day 3 and 7, the cells were harvested and extracts were
made. |

H. IL-2 Assay. Cells were counted, and 1 x 10°
cells were plated in 1 ml per well of a 24 well plate. The
following day, supernatants were collected and assessed by
using a Quantikine IL-2 ELISA kit (R&D Systems, _
Minneapolis, MN). IL-2 levels were defined as picograms/ml
of the supernatant.

I. f-galactosidase Assay. The FluoReporter lac2
gene fusion detection kit from Molecular Probes (Eugene,
OR) was used to quantitate lacZ 8-D-galactosidase in single

.cells by measurement of the fluorescence of the enzyme

hydrolysis product, fluorescein. The AAV/B-gal plasmids
(pATK-8gal and pAADA-8gal) were used with this kit.
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Fluorescein is produced by enzymatic cleavage of
fluorescein di-b-D-galactopyranoside (FDG) in cells that
express the marker gene b-D-galactosidase. The cells then
were analyzed using flow cytometry (FACScan, Becton

Dickinson, San Jose, CA) —_—
This Sheet Has Been R
S TR
A. evel of Il-2 gene expression use of AAV
asmid:cationic liposome complex. To evaluate the gene

transfer efficiency of AAV plasmids, the IL-2 gene transfer
efficiencies of AAV plasmids were compared to the
efficiencies of standard plasmid constructs. The standard
plasmids carried the IL-2 gene, with an adenosine deaminase
(ADA) promoter (pADA-IL2), a thymidine kinase (TK) promoter
(PTKIL-2), or the immediate-late cytomegalovirus (CMV)
promoter (pCMV-IL2). An AAV IL-2 study plasmid- (pACMV-IL2)
contained the CMV promoter (immediate early), with the IL-2
gene placed downstream of the promoter. (Fig. 1) As shown
in Fig. 1, the corresponding control plasmid, the
pBCl12/CMV-IL2 construct, was identical to pACMV-IL2, but
lacked the AAV terminal repeats (ITRs).

For comparison, five plasmids (pACMV-IL2, pBCl2/CMV-
IL2, pADA-IL2, pTK-IL2, pCMV-IL2,) containing the IL-2 gene
were complexed with liposomes and tested for transfection
efficiency on the two cultured tumor cell lines: the rat
bladder (MBT-2) and the rat prostate (R3327) cell lines.
The cell lines were transfected with 10 micrograms of _
plasmid'DNA complexed to 10 nmoles of liposomes per 1 x 10°
cells. Supernatants were collected on Day 3 and tested for
the levels of IL-2 using an IL-2 ELISA kit.

The AAV plasmid (pACMV-IL2) induced the highest levels
of expression in both cell lines (Fig. 4a). The IL-2 gene
with an ADA promoter (pADA-IL2) induced the least amount of
expression in both cell lines. As shown in Fig. 4a, both
TK and CMV (immediate-late promoter) IL~-2 constructs
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induced comparable levels of IL-2 expression in both cell
lines. However, the pBC12/CMV-IL2 plasmid, which contained
CMV immediate-early promoter showed higher levels of gene
expression in the prostate cell line when compared to the
bladder cell line. 2among the plasmids tested, the AAV IL~2
study plasmid induced the highest level of expression in
both cell lines, with a significant level of increase
observed in the prostate cell line. '
The.durations of expression induced by the
corresponding control plasmid (pBCl12/CMV-IL2) and the AAV
IL-2 study plasmid (pACMV-IL2) in the prostate cell line
R3327 were studied (Fig. 4b). Expression was assessed up
to 30 days in these cultures without any selection. The
cells were seeded at 1 x 106/ml and supernatants were
collected for analysis every 24 hours. The cells doubled
every 48 hours in culture. The data in Fig. 4b indicate
that, in addition to the enhanced levels of expression, the
duration of expression lasted 30 days post-~-transfection
with AAV plasmid (pACMV-IL2). Notably, significant
expression continued throughout the full duration of the
time pericd of evaluation. As shown in Fig. 4b, both
plasmids induced maximum levels of expression between Day 2
and Day 7, by Day 15 IL-2 levels declined and then were
maintained at approximately 100 pg/ml only in the
AAV plasmid transfected group. Similar, sustained levels
of expression were observed in the bladder cell line, as
well as with cells from primary lung, breast and ovarian
tumor, when AAV plasmid:liposome complexes were used for
transfection (data not illustrated in Fig. 4Db).

B. Comparison of AAV plasmid:liposome transfection
"lipofection" and recombinant AAV transduction. The

prostate and bladder cell lines were transfected and
transduced, to determine whether optimal AAV:liposome
transfection was comparable to optimal recombinant AAV
transduction. For optimal transfection, 10 micrograms of
AAV plasmid DNA was complexed to 10 nmoles of liposomes per
1 x 10% cells in 2 ml final volume. For maximal rAAV
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transduction, 2 ml of the viral supernatant was added to 1
x 10% cells in 1 ml of complete media. After 24 hrs, the
cells were washed and resuspended in fresh complete media.
Supernatant was collected at various time points after
transfection and transduction.

In the prostate line (Fig. S5a), transfection induced
higher levels of expression than AAV transduction under
test conditions (2 ml of viral supernatant for 1 x 106
cells, versus 10ug DNA:10 nmoles of liposomes). Although
results on Day 3 through Day 5 showed approximately 10-fold
higher levels of IL-2 with transfection, by Day 20
comparable levels were observed in both transfected and
transduced groups.

Transduction with recombinant AAV initially induced
higher levels of IL-2 production in the bladder cell line,
as compared to transfection using liposomes (Fig. Sb).
Similar to the prostate cell line, transduction of the
bladder cell line also showed a decline in IL-2 levels by
Day 20, although IL-2 levels from transfection increased
during this period; comparable levels of IL-2 were produced
through Day 33 in both transfected and transduced groups.

C. Transfection of primary tumor cells using AAV
plasmid DNA:liposome complexes. In the foregoing

experiments disclosed herein, significant transgene
expression was demonstrated in cultured cell lines. 1In
order to assess whether cationic liposome:AAV plasmid DNA
complexes also mediated comparable transgene expression in
freshly isolated primary tumor cells, cells of four
different primary tumors were transfected with AAV IL-2
study plasmid using liposomes. Tumor cells were cultured
in RPMI~1640 media supplemented with 10% FBS for 2-3 weeks
prior to the transfection. The cells were platéd to 1 x
10% cells per ml concentration and transfected with 10
micrograms of DNA complexed with 10 nmoles of liposomes.
Supernatants were collected on Day 2 and 3.

As shown in Fig. 6, all four primary cell types
produced significant levels of IL-2 after transfection.
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The highest level of expression was observed on Day 3
during the 10 Day study period (lung and one breast sample
were studied for longer periods). IL-2 gene expression was
followed in cells of the lung tumor and in cells of one of
the breast tumors as long as 25 days after transfection in
culture. The levels on Day 15 were equivalent (100 pg/ml
IL-2) in both cell lines, and in the cells derived from
primary tumors. (data not shown)

D. ect of lethal irradiation on transgene
expression. To determine the effect of irradiation on gene
expression, the prostate cell line (Fig. 7a) and cells of a
primary breast tumor (Fig. 7b) were transfected and
assessed for gene expression after lethal irradiation.

Both cell types were transfected using optimal AAV
plasmid:liposome complexes. On the second day after
transfection, an aligquot of each culture was subjected to
6000 rad using %%co irradiator, whereby cellular division
is abolished, and the aliquots were then kept in culture.
One-half of each culture was maintained as a non-irradiated
control. The aliquots were subjected to 6000 rad using a
60co irradiator, while the expression level of IL-2 was
approximately 300~-400 pg/ml. Supernatants were collected
24, 48, 72 and 96 hrs after irradiation, and then tested
for IL-2 levels.

As shown in Fig 7a-b, lethal irradiation post-
transfection did not inhibit transgene expression. Neither
the prostate cell line nor the primary tumor cells
exhibited any change in IL-2 expression after_irfadiation.
Thus, although cellular division was abolished, IL-2
secretion was not sensitive to irradiation. This is
advantageous, since many gene therapy strategies involve
gene delivery to primary T lymphocytes (which do not
generally divide absent activation) and often cannot be
transduced via viral infection.

E. Level of B-D-galactosidase gene expression by use
of AAV plasmid:liposome complex. To demonstrate the

expression levels on a per cell basis, the 8-D-
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galactosidase gene was used for transfection experiments.
Each of two AAV f-gal plasmids (pATK-Bgal and pAADA-Bgal)
(plasmids obtained from Dr. Eli Gilboa, Duke University)
were complexed with cationic liposomes and used for
transfection of the prostate cell line. Ten micrograms of
pATK-Bgal or pAADA-8gal plasmid DNA was complexed with 10
nmoles of liposomes, the complexes were then used to
transfect 1 x 10° cells in 2 ml volume. At various time
points, approximately 5 x 105 cells were harvested and
stained with fluorescent substrate FDG and analyzed using
flow cytometry.

Maximum transgene expression was observed between Day
7 and Day 15 (Fig. 8); Significant levels of BR-gal
acﬁivity were observed through Day 25. Flow cytometry
analysis of B-gal positive cells showed maximal levels of
10 to 50% transfection efficiency with both plasmid
constructs. The levels declined to 5 to 10% by Day 25.
The expression pattern and duration was similar to that of
IL~-2 expression set forth above.

F. Transgene expression induced by AAV

lasmid:liposome complex in fres isolated peripheral

blood T cell subpopulations. The effect of AAV
plasmid:liposome complex in transfecting freshly isolated
human peripheral blood T cell populations was examined.
The gene for chloramphenicol acetyl transferase (CAT)
enzyme was used as the reporter gene in the pA1CMVIX-CAT
plasmid (Fig. 1). The pAl1CMVIX-CAT constructs were made
using the AAV backbone (pAl) with CMV immediate-early
promoter enhancer sequences and CAT gene. Total and
purified cD4* and cD8* subpopulations of T cells were used
for transfections. Both total (CD3 or CD5/8 selected) and
purified (CD4 or CD8 selected) subpopulations of T cells
(Fig. 9a-d), as well as CD34% stem cells (Fig. 10,
described in Section G. below), showed significant levels
of CAT gene expression.

Primary T cells freshly isolated from peripheral blood
were tested for transgene expression using AAV plasmid
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DNA:liposome complexes. Results of thin layer
chromatography assays for CAT activity froﬁ cD3* T cells,
CcD5/8 selected T cells (total T cells), the CD4*
subpopulation of T cells, and the cpst subpopulation of
T cells are depicted in Fig. 9a-d, respectively.

T lymphocytes were fractionated as cD3%, or CD5/8* or
cp4* or cD8* populations using AIS MicroCELLector devices.
The relevant cells were captured and nonadherent cells were
washed off. The adherent cells were removed from the
devices after 2 days in culture with RPMI-1640 and 10% FBS.
Five to 10 x 10% cells were plated and transfected with 50
micrograms of AAV plasmid DNA and 50 or 100 nmoles of
liposomes to obtain 1:1 or 1:2 DNA:liposome ratios. The
cells were harvested 3 days after transfection and the cell
extracts normalized by protein content and CAT activity
measured using a chromatographic assay. Blood was obtained
from Donors referred to as A or B. Peripheral blood of
Donor A or B was used to isolate the T cells, and for
transfection.

As depicted in Fig. 9a-d, the lipid composition of the
liposomes comprising AAV was varied, as was the ratio of
DNA to liposome. 1In the study of cD3* T cells (Fig. 9a)
cells from one donor (Donor A) were employed. For the
studies of CD5/8 selected T cells (Fig. 9b), the cD4*
subpopulation of T cells (Fig. 9c), the cD8* subpopulation
of T cells (Fig. 9d), and CD34% stem cells (Fig. 10),
described below, cells derived from two patients (Donor A
and Donor B) were utilized.
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Table 2

COnditionQ Employed for Studies Depicted in Fig. Sa

diti umber

Parameters
PAlCMVIX-CAT + DDAB:DOPE (1l:1),
DNA:liposome ratio (1:1).

pPA1CMVIX~-CAT + DDAB:DOPE (1:1),
DNA:liposome ratio (1l:2).

PAICMVIX~CAT + DDAB:DOPE (1l:2),
DNA:liposome ratioc (1:1).

PA1CMVIX-CAT + DDAB:DOPE (1:2),
DNA:liposome ratioc (1:2).

Table 3

Conditions Employed for Studies Depicted in Fig. Sb-d

Condition Number

1.

Parameters

PAICMVIX~CAT + DDAB:DOPE (1:1), DNA:liposome
ratio (1:1).

PRI1CMVIX-CAT + DDAB:DOPE (1:1),-DNA=liposome
ratio (1:2). .

PA1CMVIX~-CAT + DDAB:chol (1:1), DNA:liposome
ratio (1:1).

r?1CMVIX-CAT + DDAB:chol (l:1), DNA:liposome
ratio (1:2).

For the studies depicted in Fig. 9a-d, maximum levels

of expression were observed on Days 2 and 3 in both total
and purified subpopulations. Significant levels of
expression were detected up to Day 14. The cells were
harvested 3 days after transfection, and normalized protein
content from each extract was analyzed for CAT activity.

The same composition of liposome, and the DNA to liposome
ratio induced similar levels of expression in all the

populations.
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G. Transgene expression induced by AAV
id:liposo o i isolated cD34* stem

cells. The effect of AAV plasmid:liposome complex in
transfecting freshly isolated human peripheral blood CD34"
stem cells was examined. The gene for chloramphenicol
acetyl transferase (CAT) enzyme was used as the reporter
gene in the pAl1CMVIX-CAT plasmid (Fig. 1). The pA1CMVIX-
CAT constructs were made, as described above. The level of
CAT expression as determined by thin layer chromatography
from CD34* stem cells is set forth in Fig. 10. |

Table 4 o
This Sheet Has Been

Conditions Employed for Studies Depicted in Fig. 10 ’ ’"m[ I,"” m, m ’"]

Condition Number Parameters
1. PpAl CMV IX CAT + DDAB:DOPE (1:1) 1l:1
DNA:liposome ratio.

2. pAl CMV IX CAT + DDAB:DOPE (1:1) 1l:2
.DNA:liposome ratio.

Freshly isolated CD34% peripheral blood stem cells
were transfected with AAV CAT plasmid DNA:liposome
complexes. CD34% cells were purified from peripheral blood
using AIS CD34 MicroCELLectors after removing essentially
all the T cells using CD5/8 MicroCELLector device. The
stem cells were removed from the device and 0.5-1 x 106
cells were transfected with complexes comprising 10
micrograms of plasmid DNA and 10 nmoles of liposome. The
transfected cells were cultured with media containing stem
cell factor, IL-3 and IL-1. On Day 3 and 7, the cells were
harvested and extracts were made. Normalized protein
content from the extract was assayed for CAT activity. As
shown in Fig. 10., there were significant levels of CAT
gene expression in the CD34" peripheral blood stem cells.

H. Integration Studies. Fig. 1lla-b illustrates
enhanced chemiluminescence (ECL) Southern analyses of
genomic DNA from stable clones (clones stable at least
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beyond Day 30) that were transfected with AAV plasmid
DNA:liposome complexes in accordance with the invention.
Genomic DNA was isolated and analyzed using the ECL direct
nucleic acid labelling and detection system (Amersham).
IL~-2 probe was prepared from the 0.685 kb IL-2 gene from
pACMV-IL2. After hybridization, the membrane was washed
twice in 0.5x SSC/0.4% SDS at 55°C for 10 minutes and twice
in 2x SSC at room temperature for 5 minutes.

In Fig. l1ia, samples were digested with Bam HI and
Hind III and probed with IL-2. As shown in Fig. 1lia, all
clones showed the presence of the IL-2 gene, as
demonstrated by the 0.685 kb band in Bam HI and Hind III
digested genomic DNA.

For the data in Fig. 11b, samples were digested with
Bam HI and probed with IL-2. Again, all clones showed IL-2
gene integration. (Fig. 11b) 1In Fig. 11b, integration of
IL-2 was demonstrated by the hign molecular weight bands
(between 1.6 and 2 kb), bands which are consistent with
integration of the gene'in conjunction with attached host
genomic material obtained via digestion. The data in
Fig. 11b indicate that there was more than one integration
site, since there were multiple high molecular weight bands
in the Bam HI digested genomic DNA. Furthermore, the
integration site was shown to be in different locations in
different clones, as demonstrated by the different size
bands in the digested clones (Fig. 11b).

Fig. 12a-b depict chromosomal DNA analyses, using a
32p gouthern assay, of two clones obtained from the present
study. Nuclear DNA was isolated from the two IL-2 clones
(1A11 and 1Bl1l1l) using the Hirt fractionation protocol. As
a negative control, total DNA was isolated from
untransfected cells of the R3327 cell line. After
restriction énzyme digestion, 10 micrograms of each sample,
along with appropriate plasmid controls, were loaded onto a
1% agarose gel, electrophoresed, denatured and transferred
onto Hybond+ membrane. The filters were hybridized
overnight at 68°C with DNA fragments labelled with 32P by
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random priming. The membranes were then washed at 68°C for
2% 30 minutes each with 2x SSC, 0.1% SDS and 0.2x SSC, 0.1%
SDS. Autoradiograms of these filters were exposed on x-ray
film.

In Fig. 12a, the IL-2 gene was again used as the
probe. Thus, after Southern blotting, the filter depicted
in Fig. 12a was probed with a 0.68 kb IL2 Bam HI/Hind III
fragment of pACMV-IL2. The data in Fig. 12a indicate that
the number of copies of the IL-2 gene that integrated into
a clone, varied from clone to clone; this finding was
demonstrated by the various densities of the 0.685 kb band
in the digests (as specified in the Brief Description of
the Drawings)- of cells of the two clones. Moreover, higher
molecular weight bands were also demonstrated, which is
consistent with integration of the IL-2 gene, together with
host genomic material obtained from the various digest
protocols.

For the data shown in Fig 12b, the filter was probed
with a 0.85 kb pvulI/HindIII (AAV ITR/CMV) fragment of the
plasmid pACMV-IL2. The data in Fig. 12b indicate the
presence of the right AAV ITR, as demonstrated by the
0.8 kb band in the smal and pvuIIl digested chromosomal DNA.
The presence of the left AAV ITR in one clone (clone A) was
demonstrated by the 2.1 kb band in the smal and pvuIl
digested chromosomal DNA. —

This Sheet Has Be,

S— LU

A method in accordance with the invention, utilizing
liposomes that comprise AAV viral material, is used to
deliver genes for cytokines, costimulatory molecules such
as B7, and molecules having MHC class I antigens into a
wide variety of cell types. For example, such genomic
material can be delivered into primary tumor cells or tumor
cell lines to provide tumor vaccines; into peripheral blood
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or bone marrow cells to treat hematologic or neoplastic

conditions.
A method in accordance with the invention, comprising

use of liposomes that contain AAV viral material, is used
to deliver and express genes for substances such as
peptides, anti-sense oligonucleotides, and RNA. Upon
expression of such peptides, anti-sense oligonucleotides
and RNA, a subject's immune response is modulated. The
modulation of the immune response is either that of
inducing the immune response or inhibiting the immune
response.- Accordingly, HIV .infection is treated by using
anti-sense oligonucleotides, RNA, or ribozymes that have
been expressed by a method in accordance with the
invention. Additionally, the immunologic response to a
tumor is modulated by use of peptides or RNA expressed in
accordance with the invention. A patient's immune response
is modulated so as to respond to tumor-specific and/or
tumor-associated antigens. Accordingly, non-immunogenic
tumors are modified into immunogenic tumors which induce a
cytolytic T cell response, both in vivo and in vitro.

A method in accordance with the invention is used to
deliver genes to primary lymphoid cells, such as B cells or
T cells. An alternate method in accordance with the
invention is used to deliver genetic material to CD34% stem
cells. Accordingly, the genes are expressed and are used
in therapy for conditions such as HIV infection, conditions
of genetic defect, neoplasias, and auto-immune conditions,
wherein expression of a gene of interest is desired, as is
appreciated by one of ordinary skill in the art. For
example, for a malignant neoplastic condition, the MDR I
gene is delivered in accordance with the invention, is
expressed, and has therapeutic effect.

In a further example, CD8* cells are selected with AIS
MicroCELLectors. The source material for the CD8* cells is
peripheral blood for HIV patients, and tumor samples for
patients with neoplasias. The T cells are then activated

~according to methods known in the art, such as by use of
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phytohemagglutinin (PHA). The activated cells are grown
for 20 days. Thereafter, the cells are transfected in
accordance with the invention with AAV:1liposome complexes
comprising IL-2 genomic material. The transfected cells
are returned to the patient. Thus, the subsequent
administration of IL-2 to a patient in order to maintain
their cytotoxic T cell activity is reduced.
Advantageously, the IL-2 gene, administered in accordance
with the invention, permits lessened amounts of IL-2 to be
provided systemically to a patient. Reducing the amount of
IL-2 that is systemically administered is advantageous,
since systemically administered IL-2 is associated with
lethal dose-related toxicity.

A. Tumor Vaccination
Typically, tumor vaccination protocols employ.

‘nonproliferating neoplastic cells. Proliferation of

neoplastic cells is prevented by exposure of the cells to
radiation, or by the cells being subjected to high pressure
chambers. It is believed that when the neoplastic cells
are present in the body, apart from initial tumor massings
or foci, that the body is able to mount an effective
antitumor response.

Some tumor vaccination trials have used gene-modified
tumor (GMT) for patients with melanoma and renal cell
cancer, in order to enhance tumor cell antigenicity; these
trials have relied upon ex vivo retroviral gene transfer.
Ex vivo retroviral gene transfer suffers from the
disadvantages that it is a very complex method to perform,
and that there must be active target cell division to
achieve incorporation and expression of the delivered
genes. Moreover, it can be very difficult to ex vivo
culture sufficient neoplastic cells to provide for a
suitable quantity of therapeutic product.

In contrast to retroviral gene transfer, plasmid
constructs possessing the terminal repeat elements of
adeno-associated virus (AAV) in locations 3' and S5' to the
gene to be transduced were expressed efficiently when
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introduced via nonviral liposome-mediated transfer. For
example, as discussed in greater detail below, liposomes
were used to deliver AAV plasmid, such as pMP6-1IL2, that
comprised cDNA for interleukin-2 into primary human tumor
cells, such as melanoma cells. The primary tumor cells
then subsequently expressed interleukin-2. Tumor cell
lines were also effectively transfected.

The expression of IL-2 obtained by use of AAV-liposome
transfection has been durable, and of high-level. The
levels of cytokine secretion from cells gene-modified by
AAV plasmid-liposome compositions has exceeded the levels
obtained from retrovirally infected cells.

Accordingly, cells are gene-modified by use of a
composition comprising AAV plasmid and liposomes; these
gene-modified cells are utilized in therapeutic tumor
vaccination regimens. Advantageously, gene modification by
use of a composition comprising AAV plasmid and liposomes
allowed primary tumor cells to be modified, thereby
obviating the general need to establish a tumor cell line
from primary tumor cells in order to affect gene
modification as required prior to the present disclosure.
It is also highly advantageous that tumor cells that are
gene-modified and express IL-2 do not need to be
administered along with systemic IL-2: Systemic IL-2 is
known to induce extremely serious, even fatal, side

effects.

B. Lipofection of Cells with Transgene DNA for Use in

Therapeutic Administration
Systemic IL-2 is a current treatment for certain

serious conditions such as malignant neoplasia.
Additionally, activated T cells become dependent on
exogenous IL-2 for the growth and survival both in vitro
and in vivo. When the IL-2 stimulus is withdrawn, the T
cells undergo apoptosis (DNA fragmentation) within a few
days. Systemically administered IL-2 is, however, known to
cause severe side effects, including death. There is a
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need, therefore, to develop therapies which eliminate or
decrease the need for systemic IL-2 administration.

The studies represented by the following data
addressed the transportation into T cells of AAV plasmid
DNA and transgene DNA by a system that does not involve
viral transduction. More particularly, the present data
relates to transfection, and utilized the elegant carrier
system of lipofection and the proficient transduction
capability of AAV plasmid constructs.

Accordingly, AAV plasmids containing transgene and AAV
terminal repeats were used as a DNA vector, and cationic
liposomes were used as carrier molecules. (For a general
discussion of transfection and expression in T lymphocytes,
see, Philip, R. et al., Mol. Cell. Biol. (1994) 14(4):2411~
2418.) In a preferred embodiment, the transgene is for IL-
2. AAV plasmid:liposome complexes induced levels of
transgene expression comparable to levels obtained by
recombinant AAV transduction. Advéntageously, the cationic
liposomes facilitated the entry of AAV plasmid DNA into
cells in the absence of rep and capsid '
transcomplementation, recombinant virus or wild type AAV.
The AAV plasmid DNA:liposome complexes efficiently
transfected TIL cells. AAV plasmid DNA complexed with
liposomes provided several-fold higher levels of expression
than complexes with standard plasmids. Moreover,
expression lasted for a period of 30 days without any
selection.

The IL-2 gene expression system for T cells disclosed
herein enables aqtivated cells to produce sufficient
endogenous IL-2 to support their maintenance in vivo;
thereby apoptosis is prevented and there is no need to
systemically administer IL-2.

In a controlled study, various T cell populations were
transfected with an AAV plasmid, carrying IL-2 cDNA,
complexed to liposomes; these popuiations were tested for
their ability to maintain growth and proliferation without
exogenous IL-2 in vitro.
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For T cells, assays showed that when transfected with
the IL-2 gene, primary and activated ¢cD8* T cells
proliferated to higher levels than that of controls
transfected with irrelevant gene.

Growth levels of the IL-2 transfected CD8* cells were
maintained without exogenous IL-2 and apoptosis was
significantly reduced. Southern blot analysis on these
transfected T cells showed the presence of the IL-2 plasmid

-up to 25 days. The present data demonstrated that IL-2

gene transfer into ex vivo activated and expanded cDs*
cells supported the growth of such cells, and prevented
apoptosis without any exogenous IL-2.

Cells that can be gene-modified include but are not
limited to: primary lung, ovarian and breast carcinoma;
melanoma; autologous fibroblasts; transformed B cells;
dendritic cells; and cells of cell lines. Gene-modified
cells such as these can be used alone or in conjunction
with tumor cells to stimulate TIL. Gene modified cells can
be made to express tumor associated antigens (e.g., HER2,
K-ras, mucins) of use to provide antigen presentation for
TIL stimulation during culture. Moreover, antigen
presenting cells, such as transformed B cells and dendritic
cells, can be gene-modified and made to express tumor
associated antigenic peptides such as MAGE-1 and MART-1 to
provide antigen presentation for TIL stimulation during
culture. The present data establishes the ability to
transfect T cells and neoplastic cells with high -efficiency
for both transient and sustained expression of DNA. The
transfection occurred in the absence of any recombinant
virus (producible from rep and cap capsid particles in
adenoviral infected cells). The cells obtained by AAV
transfection are used to treat patients. The patients
treated with such cells obtain notable therapeutic benefit.
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1. Reactant Preparation and Protocols Emploved

a. Plasmids.

i. Plasmid pACMV-IL2

Plasmid (pACMV-IL2) contains the human interleukin-2
gene (IL-2) as IL-2 cDNA, and the immediate-early promoter-
enhancer element of the human cytomegalovirus (CMV), and
rat preproinsulin and SV40 polyadenylation sequences,
flanked by adeno-associated virus inverted terminal repeats
(ITRs) at both ends. A corresponding control plasmid,
pBCl12/CMV-IL2, was identical to pACMV-IL2 but lacked the
AAV terminal repeats. Fig. 1 depicts plasmid maps of
PACMV-IL2 and pBCl12/CMV-IL2.

ii. Plasmid pMP6~IL2 _

As shown in Fig. 2, plasmid pMP6-IL2 is a double
stranded circular plasmid. The pMP6-IL2 plasmid has the
human interleukin-2 gene under the control of a CMV
promoter and a SV40 polyadenylation signal. Between the
promoter and the coding sequences of IL-2, there is an
intron which enhances the expression of IL-2. The whole
expression cassette is between the left and right terminal
sequences of adeno-associated virus. The pMP6-IL2 plasmid
also has a Bluescript backbone; the backbone has a Col-El
bacterial origin of replication and an ampicillin
resistance gene which facilitates the propagation of this
plasmid in E. coli.

Figure 3a-e depicts the DNA sequence of the pMP6-IL2
plasmid; panels a through e depict successive portions of
the sequence. In the figure, portions of the pMP6-~IL2
sequence which correspond to known DNA sequences are
indicated; the corresponding sequence information is listed

" directly beneath sequence information for the pMP6-~IL2

plasmid. Unmarked sequences are from linkers.

The pMP6-IL2 plasmids were purified by alkaline 1lysis
and ammonium acetate precipitation. The concentration of
nucleic acid was determined by UV absorption at 260nm.
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iii. plasmid pAICMVIX-CAT
Plasmid pAl1CMVIX-CAT contains the CMV promoter
enhancer element, the intervening spiice acceptor
sequences, the bacterial chloramphenicol acetyltransferase
5 (CAT) gene and the simian virus 540 late polyadenylation
signal flanked by AAV terminal repeats in a pBR 322
derivative.
Plasmids were purified by alkaline lysis and ammonium
acetate precipitation. Nucleic acid concentration was
10 measured by UV absorption at 260 nm.

b. Liposome Preparation.

i. Liposomes used with pACMV-IL2
Small unilamellar liposomes were prepared from the

cationic lipid, dioctadecyl-dimethyl-ammonium~-bromide

15 (DDAB) (Sigma), in combination with the neutral 1lipigd,
dio1eoyl-pﬁosphatidyl—ethanolamine (DOPE) (Avanti Polar
Lipids). The lipids were dissolved in chloroform. DDAB
was mixed with DOPE in a 1:1 molar ratio in a round-
bottomed flask. The lipid mixture was dried on a rotary

20 evaporator. The lipid film was rehydrated by adding
sterile double distilled water to yield a final
concentration of 1 mM DDAB. This solution was sonicated in
a bath sonicator (Laboratory Supplies, Hicksville, NY)
until clear. The liposomes were stored at 4°C under argon.

25 ii. Liposomes used with pMP6-II.2

Liposomes were prepared by combining the cationic

iipid dioctadecyl-dimethyl-ammonium-bromide (DDAB) with the
neutral lipid dioleoyl-phosphatidyl-ethanolamine (DOPE) in
a 1:1 molar ratio; or by combining DDAB with cholesterol in

30 a 1:0.6 molar ratio, and evaporating the lipids to dryness
in a rotary evaporator. The lipids were resuspended in
sterile deionized water to yield a concentration of 1mM
DDAB and then sonicated to clarity in an ultrasonic bath.
Liposomes were stored under argon at 4°C; and, were stable

35 for at least 4 months.
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iii. Liposomes Used in TIL Stimulation

Liposomes were prepared by combining the cationic
lipid (DDAB) with either the neutral lipid (DOPE) or
cholesterol in a 1:1 or 1:2 molar ratio and evaporating the
lipids to dryness in a rotary evaporator. The lipids were
resuspended in sterile deionized water to yield a
concentration of 1 mM DDAB. The solution was then
sonicated to clarity in an ultrasonic bath. Liposomes were
stored under argon at 4°C and were stable for at least 4

months.
c. Cell Preparation
i. solation o Cells

TIL cells were selected with AIS MicroCELLectors®.
The source material was tumor or lymphatic system samples
taken from patients with a neoplasia. The T cells were
then activated according to methods known in the art, such
as by use of IL-2. The activated cells were grown for 20
dayé.

ii. Isolation of T cells and Neoplastic Cells

Primary T cell populations were isolated from
peripheral blocd mononuclear cells, and TIL and tumor cells
were isolated by use of subject devices (Microcellector®,
Applied Immune Sciences). The cells were prepared for
transfection according to standard methodologies.

1) Neoplastic Cells from a Solid Tissue Source

To obtain a cell population that will be transfected, cells
were obtained from sclid primary or metastatic lesions, or
from lymphatic system tissues. For example, biopsies of
breast tumors were obtained from patients undergoing
surgery with a pre-operative diagnosis of suspected
refractory or recurrent breast cancer. These studies were
also successfully performed with cells from ovarian tumor.
The biopsy tissue cores were divided with fragments
processed for routine pathology by light microscopy and
immunohistochemical analysis.

Accordingly, freshly excised tumors were cut into 0.5
cm cubes. Up to 10 tumor cﬁbes were transferred to a 25 ml



WO 95/07995

10

15

20

25

30

35

-41-

PCT/US94/09774

spinner flask containing 25 ml of AIM V media (GIBCO). The
flask was placed in an incubator at 37°C which contains 5%
CO,; the flask was gently stirred at 100-120 RPM for a
period of 12-18h. After incubation, any tissue that was

not disaggregated was filtered, and then cells in

suspension were pelleted. The pelleted breast cancer cells

5% CO,, at a temperature of 37°C.

.were placed into tissue culture flasks (Falcon) in AIM V
‘media. Cells were maintained in humidified air containing

After 48 hours of culture in the serum-free media,
adherent and non-adherent cell lines were generated by
aspirating the non-adherent cells. The non-adherent cells

were washed and then recultured in a fresh flask.

During

reculture, the adherent cells were grown to confluence,
trypsinized with 0.05% trypsin and 0.02% EDTA, and passaged

at high cell density into new flasks.

Alternatively, primary tumor cells of lung, ovarian
and breast origin were obtained from solid tumor samples

and isolated as follows: The tumor was minced and

subjected to enzymatic digestion for 2 hours.
Lymphocytes were

was then homogenized and washed with PBS.

The tissue

separated from non-lymphoid cells by capture on AIS
MicroCELLector-CD5/8 devices. The nonadherent population
contained tumor cells which were cultured in RPMI 1640 +

10% FBS with L-glutamine and pen/strep.

2) Neoplastic Cells from a Fluid Source

alternate source for cells that will ultimately be

As an

transfected, malignant ascites fluid or pleural effusions

were used to isolate autologous neoplastic cells.

Accordingly, malignant ascitic or effusion fluid was
centfifuged, and the pellet'containing cells was
resuspended in AIM V media. The cells were counted and the
lymphocyte subpopulation was depleted either by using a 2
step Ficoll gradient or by using AIS CELLector™ CD5/CD8
devices. The choice of using the Ficoll gradient or AIS
CELLector™ CD5/CD8 devices was made in view of the total
cell number, as appreciated by one of ordinary skill in the

This Sheet Has Been Replaced
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art. Isclation of neoplastic cells from a fluid source is
particularly relevant to malignancies such as ovarian and
lung cancer which are known to correlate with pleural
effusions. The T cell-depleted fraction was enhanced for
neoplastic cells.

All autologous neoplastic cells were characterized by
light microscopy, flow cytometry and immunohistochemical
staining to assay oncogene expression and to establish a
proliferation index. For example, for studies on patients
with breast cancer, only cells that were morphologically
breast cancer cells or that stain with breast-cancer
specific antibodies were deemed autologous tumor cells, and
then subsequently utilized as such.

3) Cell Lines

Cells of the murine B lymphoma cell line 38C1l3 were
provided by Dr. Bernd Gansbacher (Sloan Kettering Memorial
Cancer Center); rat prostate cell line R3327 cells were
provided by Dr. Eli Gilboa (Duke University); and, MDA-231
breast tumor cell line cells were obtained from ATCC.

d. Cellular Transfection "Ligofgctiog".

i. Lipofection of TIL Cells
For transfection of TIL cells, 5-10 x 106 cells were

plated in 1 ml of serum-free media per well of a 6-well
dish. 50 ug of plasmid DNA comprising IL-2 genomic
material (e.g., pMP6-IL2) was mixed with 50 nmoles of DDAB
(as the liposomes composed of DDAB and DOPE in a 1l:1 molar

| ratio). Serum-free media (0.5 ml) was added to the

AAV:liposome complex. The AAV:liposome complex and serum-
free media was then placed with the cells. To affect
lipofection, the cells were incubated at room temperature
for 5 minutes, then fetal bovine serum was added to the
cells to yield a final concentration of 5% fetal bovine
serum.

The transfected TIL cells are returned to the patient.
These cells provide the therapeutic benefits of cytotoxic
TIL cells in combination with IL-2. Advantageously, the
need to systemically administer IL-2 to a patient in order
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to maintain cytotoxic T cell activity is re
eliminated. A reduction in the amount of systemically
administered IL-2 is advantageous since IL-2 administered
in this manner is known to correlate with potentially
lethal dose-related toxicity.

ii. Lipofection of Neoplastic Cells

A neoplastic cell culture, such as a culture of breast
cancer cells or ovarian tumor cells, was transfected in the
following manner: Neoplastic cells (1 x 106 cells) were
transfected with 5 micrograms of plasmid DNA (e.g., pMP6-
IL2) mixed with 30 nmoles of total lipid, wherein the lipid
comprises liposomes composed .of DDAB and DOPE in a 1:1
molar ratio. One ml of AIM V media was added to the
liposome-DNA complex, and was incubated at room temperature
for 30 minutes. The combination of the media and the
liposome~-DNA complex was then transferred to the cells.
The cells were then incubated at 37°C for 24 hours. After

24 hours, the cells were lethally irradiated (10,000 RADS).

Alternatively, DNA-liposome complexes were formed by
the following method: The desired amount of DNA was
transferred to a sterile vial and one or 2 nmole DDAB per
g DNA was added and_mixed.' Then, 1 ml serum free media
was added to the liposome-DNA complex. All cells to be
transfected were plated in six well plates. Primary tumor
and tumor cell lines were plated at 1 x 10% cells per well
in 2 ml serum-free media. The liposome-DNA complex was

.added to the cells and incubated for S min at room

temperature. FBS was added to bring the final
concentration to 10%.

e. Assay of Transgene Expression

i. Extracellular Assays Expression of the transgene
was documented by assaying IL-2 expression by the lethally
irradiated cells; these IL-2 assays can be by ELISA assay,
in accordance with information known to those of ordinary
skill in the art.

Cell-free supernatants were collected and their IL-2
concentration was determined by ELISA at various time
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points. For example, IL~2 assays were performed on 72 hour
supernatants, in duplicate. Successful transfection of
gene-modified cells was defined as where IL-2
concentrations of >100 pg/72h/10% cells were obtained.

ii. Intracellular Assays Cells were harvested at
various time points, washed with PBS and resuspended in
cold 1% paraformaldehyde in PBS. After 10 minutes at 4°C,
cells were washed with cold saponin buffer (0.1% saponin,
10% FBS in PBS) and stained with mouse anti-human IL-2
antibody for 15 minutes at 4°C. Cells were then washed
with cold saponin buffer and stained with FITC conjugated
goat anti-mouse F(ab')2 antibody for 15 min, at 4°C. Cells
were washed with saponin, then PBS and analyzed by flow
cytometry.

f. Southern H idization for IL-2 DNA

Chromosomal DNA was isolated by Hirt fractionation.
After restriction digestions, 5 ug of DNA per sample was
electrophoresed, transfer;ed to Hybond N + nylon membrane
and hybridized with the 0.685 kb IL~2 fragment.

g. Cvtotoxicity Assay

Target cells were labelled with 100 upci Slcr per 1 x
10° cells. 5000 target cells were plated in triplicate in
96 well plates. Effector cells were added to yield a 20:1
effector to target ratio. 100 ul supernatant from each
well was collected after a four hour incubation, and
counted in a y-counter.

h. Proliferation Assay

To assay proliferation, 5 x 10% cells in 100 ul AIM V
media were plated in triplicate in 96 well plates. Each
well was pulsed with 1 ucCi 3H-thymidine. Cells were
harvested 24 hours later and counted with a scintillation
counter.

i. TCR Analysis

TIL cells were frozen at various time points in
culture and after stimulation experiments. TCR restriction
was analyzed by reverse transcriptase (RT) PCR in
accordance with methodologies known in the art.
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a. Ex vivo Activation Of Tumor Specific CTL:
Stimulation of TIL Cells During Culture

Stimulation was carried out with TIL cultured in a
50:1 ratio with autologous irradiated tumor; or with IL-2
transfected, irradiated autologous tumor. The period of
stimulation was for 5-7 days. These cells were compared to
TIL cultured in AIM V media supplemented with 600 IU/ml
rIL-2. Cells were assayed after stimulation for changes in
phenotype, cytotoxic activity, proliferation and TCR
repertoire. This simple and rapid method of stimulating
TIL cells during culture is utilized for both in vitro and
in vivo gene transfer protocols.

As an alternate means for stimulating TIL in culture,
tumor associated antigenic peptides may be added directly
to the TIL culture. .

i. Stimulation of TIL with Transfected Neoplastic
Cells To culture TIL with transfected neoplastic cells,
neoplastic cells were transfected, for example, with pMP6-

IL2, and irradiated. Twenty-four hours after irradiation,

the transfected cells were washed, harvested by
tfypsinization, pelleted by centrifugation, and resuspended
in culture media. The transfected and irradiated
neoplastic cells were then cultured with TIL.

Tumor specificity was retained by the TIL during
culture and expansion.

According.y, tumor cells (both autologous and HLA
matched allogeneic) were used to re-stimulate selected TIL
during the expansion phase. This is of significant value
because the specificity of T cells for their target is
sometimes known to diminish during the course of expansion.

Thus, tumor cells themselves were genetically
modified, for example with a composition comprising
liposome and pMP6-IL2, to further increase their
antigenicity.

Long term culture of TIL often induced polyclonal
expansion, with a diminution of tumor specificity by the
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expanded cells. As shown in Fig. 13, when expanded TIL
were stimulated with autologous tumor, the specificity was
enhanced. The specificity of TIL stimulated with IL-2
transduced tumor was greater than with unmodified tumor as
assessed by TCR repertoires. The enhanced specificity of
TIL cultured/stimulated with transfected tumor was
particularly notable for data‘obtaiped past 30 days of
culture. . ' '

The data demonstrated that cationic liposomes
complexed to an AAV plasmid efficiently transfected primary
tumor cells as well as cultured tumor cell lines. Up to
50% of the transfected cells expressed IL-2 as assessed by
intracellular IL-2 levels, and the duration of expression
was up to 30 days. Irradiation of tumor cells after
transfection did not alter transgene expression levels.

TCR analysis demonstrated expansion of tumor-specific
T cells; these tumor-specific T cells having been affected
by culture of bulk expanded TIL with gene modified
autologous tumor.

b. Proliferation of TIL Following Transfection with

the I1.2 Gene

For the data depicted in Fig. 14, breast TIL were
isoclated from pleural effusion with subject CD8 devices,
and cultured for three weeks in media containing 600IU/ml
IL-2. Analogous experiments were performed with TIL from
ovarian tumor; the results were consistent with the results
obtained with breast tumor TIL.

Approximately 10x10% TIL cells were transfected with'
various compositions comprising pMP6-IL2 DNA:liposome
complexes. Two compositions of.lipsomes; "RPR DDAB"
(Nattermann Phospholipid GmBH, Cologne, Germany) and "1100-
28" (Applied Immune Sciehces, Inc., Santa Clara, CA) were
tested. The RPR DDAB liposomes had a DDAB:DOPE ratio of
1:1; the 1100-28 liposomes had a DDAB:DOPE ratio of 1:0.6.
The transfected TIL cells were then cultured without any
exogenous IL2; positive controls were cultured in the
presence of 600IU/ml IL-2.
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Five days post-transfection, transfected and
untransfected groups were labelled with 3H thymidine and
assessed for incorporation. The counts from the positive
controls were established as 100 percent. Percent growth
ranged from 40-80% for the RPR DDAB liposome-transfected
groups, and from 40-60% for the 1100-28 liposome group.

The data represented in'Fig. 14 demonstrates that
breast cancer TIL, when transfected with the IL-2 gene, did
not require exogenous IL-2 to maintain proliferation in
vitro. '

c. Thy 1.2 Gene Expression in TIL

For the data illustrated in Fig. 15, breast cancer TIL
were transfected with pMP6 plasmid containing the neomycin
resistance gene and the murine Thy 1.2 gene
(pMP6/neo/Thyl.2), as an alternate embodiment of the pMP6
plasmid which contained the IL-2 gene. The pMP6/neo/Thyl.2
plasmid was complexed to DDAB:DOPE liposomes. The liposome
compositions were the same compdsitions as those described
for the data depicted in Fig. 14. ©n day 2, the
transfected cells were stained with anti-Thyl.2 PE
antibodies (Pharmingen, San Diego, CA) and analyzed by flow
cytometry. As depicted in Fig. 15, the mouse T cell
surface marker Thyl.2 was expressed efficiently in
transfected human ¢D8* TIL. |

d. Transgene Expression in Irradiated Human Melanoma

Tumor Cells Following Transfectio

The following data was obtained by transfection of
tumor cells with pMPé6-IL2. These data demonstrated that
tumor cells were successfully gene modified. In addition
to DDAB:DOPE, other lipid compositions were also utilized.
These various lipid compositions successfully produced
lipofection and subsequent cytokine expression.

Melanoma cells were isolated from metastatic foci by
following enzymatic digestion methodologies known to those
of ordinary skill in the art. Cells were grown in DMEM
supplemented with 5-10% fetal calf serum and maintained in
culture for a time period of between 5 days to 8 years.
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In preparation for lipofection, tumor cells were
plated onto 60 mm dishes at a volume of 5 x 105 cells/dish.
The day following plating, liposomes comprising 10-30 nmol
of cationic lipid and 2-10ug of DNA were admixed and
transferred in serum-free media to the adherent monolayers.
Cells were incubated for 1-5 hours and FCS was added to the
media. '

Various liposome preparations were employed
successfully, including: DMRIE:DOPE in a 1:1 molar ratio
(Vical, San Diego CA); DOSPA:DOPE, 3:1 mass ratio (Gibco,
Gaithersberg, MD) and DDAB:DOPE in a 1:2 molar ratio.

The transfected cells weré exposed to lethal levels of
x-irradiation (5000 rads) 24 hours following lipofection.
Supernatants were collected at 72 hours; thereafter IL-2
levels were measured by ELISA in accordance with
information known to those of ordinary skill in the art.
The highest level of IL-2 expression obtained with each
liposome preparation is listed in Table 4. -

Accordingly, high-level expression (>5,000pg/mi) was
detected in nonproliferating viable cells up to 26 days
following irradiation.
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IABLE 4

LIPOSOMES

DMRIE:DOPE DOSPA:DOPE DDAB:DOPE

éell Line IL-2 Levels (picograms/ml)

DM92 33,275 12,650 1238

“ DM175 24,968 5,758 not tested

5 nrnnzoa 10,650 9,100 8,900
I DM319 26,022 35,150 31,769
DM336 24,967 not tested 15,775
DM336 not tested 18,730 8,713

5,504 3,546 not tested

10 These data demonstrate successful transfection of
human melanoma cell lines via nonviral, liposome-mediated
delivery of plasmid pMP6-IL2. Transfection resulted in
significant production of IL-2 following lethal
irradiation.

15 e. xtrace a says ransgene Expression in

Prostate Tumor Cell Line Following Transfection
With Various Plasmid Constructs

To compare the level and duration of transgene
expression following transfections with different plasmid
20 constructs, the prostate tumor cell lihe, R3327, was
transfected with 10 ug standard plasmid (pBCl2/CMV-IL2) or
10 ug- AAV plasmid (pA CMV-IL2) complexed. to 10 nmole DDAB
as DDAB:DOPE 1:2 liposomes.
Supernatants were collected at various time points and
25 assayed by ELISA for IL-2 levels. For the data shown in
Fig. 10, IL-2 levels were expressed as pg/ml/lo6 cells in
24 hrs of culture. Transfection with AAV plasmid pruduced
IL-2 levels significantly higher than with standard
plasmid. In addition, transfection with AAV plasmid caused
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production of IL-2 for at least 30 days, in contrast to
only 7 days with standard IL-2 plasnid.

Fig. 17 depicts Southern blot analysis of chromosomal
DNA from R3327 cells transfected with an AAV plasmid
(pACMV-IL2) or the standard plasmid (pBC12/CMV-IL2)}. The
blot was probed with the 0.685 kb Bam HI/Hind III fragment
of the IL-2 gene. In Fig. 17, control (C) is DNA from
untransfected cells. The IL-2 insert is shown in the last

lane.

£. Intraceilular Assavs of Transgene Expression in a

ostate Tumor Ce Line Followin ansfectio
With AAV Plasmid Constructs.
The prostate cell line R3327 was transfected with AAV

IL-2 plasmid (such as pACMV-IL2) complexed with DDAB:DOPE
liposomes; the liposomes'in a 1:1 or 1:2 DDAB:DOPE
composition ratio. The DNA:liposome ratio was 10 pg DNA:10
nmole DDAB in both groups.

Transfected cells were stained at various time points
for intracellular IL-2 protein levels using a modified flow
cytometry procedure as described herein; the results are
shown in Fig. 18. The data in Fig. 18 are represented as
percent positive cells expressing IL-2‘protein.
Untransfected cells were used as negative controls and the
values of controls were subtracted from the vaiues of
transfected groups.

g. Transgene Expression in Primary Tumor Cells.
AAV plasmid-liposome complexes were employed to

transfect various primary tumor cells. One lung, one
ovarian, and two breast tumor samples were isolated from
fresh tumor biopsies. Tumor cells were cultured in RPMI-
1640 media supplemented with 10% FBS for 2-3 weeks prior to
the transfection.

The primary tumor cells were transfected with 10 ug of
plasmid (such as pACMV-IL2) complexed to 10 nmoles of DDAB
as DDAB:DOPE 1:1. Supernatants were collected on day 2 and
3. IL-2 levels were measured by ELISA; the results are
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depicted in Fig. 6 where IL-2 levels are expressed as
pg/m1/10% cells in 24 hours of culture.

h. Transgene pression Followin rradiation o
Primary Breast Tumor Cells and Prostate Tumor

Cell Line Cells.

To determine the effect of irradiation on gene
expression, primary breast tumor cells and cells of a
prostate cell line (R3327) were transfected with a
composition comprising pACMV-IL2 and DDAB:DOPE liposome
complexes, and assessed for gene expression post lethal
irradiation. The data for the tumor cell line is shown in
Fig. 194, and the data for the primary tumor cells is in
Fig. 19B. In these studies, the transgene was for IL-2.
On day 2, an aliquot of the cells was subjected to 6000r
using a %%co irradiator and then returned to culture.
Supernatants were collected 24, 48, 72 and 96 hrs after
irradiation and tested for IL-2 levels. As shown in Figqg.
19, lethal irradiation following transfection did not
inhibit transgene expression. In Fig. 19, IL-2 levels are
expressed as pg/ml/10% cells in 24 hr culture.

IV. DISCUSSION

In the present studies, the AAV plasmid which
contained transgene and AAV terminal repeats was used as a
DNA vector, and cationic liposomes were used as carrier
molecules. It was demonstrated that the AAV plasmid
DNA:liposome complexes efficiently transfected primary
tumor cells, cultured cell lines, primary lymphoid cells,
and CD34% stem cells. It was also demonstrated that, in
the absence of any recombinant virus (producible from rep
and cap capsid particles in adenoviral infected cells),
integration with high level and sustained expression of
transgene was achieved by the elegant transfection process.

In addition to high levels of expression, the
combination of AAV plasmid:liposomes disclosed herein
induced long-term (up to 30 days) expression of genes
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(Fig. S5a-b), in contrast to the transient expression
demonstrated by typical liposome-mediated transfection.
Notably, sustained expression was demonstrated in the 2AAV
plasmid lipofected group, as well as in the recombinant AAV
transduced group (Figs. 5a-b). Moreover, ten-fold higher
levels of expression were observed with AAV plasmid as
compared to standard plasmid transfection, as shown in Fig.
4da-b. |

Under the test conditions disclosed herein, there was
no difference in efficiency between optimal AAV
transduction and maximal AAV plasmid:liposome transfection.
Concerning the time-course of expression, cationic
liposomes had previously been shown to mediate only
transient expression of standard plasmid DNA in mammalian
cell types (Felgner, P.L., et al., "A highly efficient,
lipid-mediated DNA transfection procedure," Proc. Natl.
Acad. Sci. USA (1987) 84:7413-7417; Rose, J.K., et al., "A
new cationic liposome reagent mediating nearly quantitative
transfection of animal cells," Biotechnigues (1991) 10:520-
525). Moreover, concerning the efficiency of integration,
much lower efficiency of integration into the host genome

was observed in former liposome-mediated transfection as
compared to the results disclosed herein (Shaefer-Ridder,
M., et al., "Liposomes as gene carriers: Efficient
transfection of mouse L cells by thymidine kinase gene,"
Science (1982) 215:166-168). As shown herein, however,
cationic liposomes complexed with AAV plasmid DNA carrying
the AAV terminal repeats increased the genomic DNA
integration, relative to the standard plasmid that lacked
only the AAV terminal repeats (ITRs). Liposomes comprising
AAV plasmid material delivered the plasmid DNA in the
absence of any specific cell surface receptors, and
replaced the function of virus 'in gene delivery.

In the present studies, it was demonstrated that virus
vectors can be altogether replaced by liposomes, and
efficient expression and integration was attained by
utilizing the construct, including the viral elements
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responsible for both the efficiency and integration. 1In
this manner, production of virus for infection is avoided,
thus Virtually eliminating the possibility of an adverse
recombinant event. The end results were accomplished by
use of an elegant transfection process combining AAV
plasmid and cationic liposomes.

In a preferred embodiment, the combination of AAV
plasmid and cationic liposomes not only transfected the
cultured cell lines efficiently, but also transfected
primary tumor cells and peripheral blood cells such as T
cells and stem cells. These data are noteworthy since most
gene therapy strategies involve gene delivery to primary T
lymphocytes or tumor cells. Previously, these strategies
have primarily relied upon transgene insertion into
retroviral or DNA virus vectors. A fundamental
disadvantage of the retroviral system is understood to be
the inability to transfect non-dividing primary cells. The
present studies have shown that cationic liposomes
comprising AAV material mediated transfection of both
dividing and non-dividing cell types. In accordance with
the invention, AAV plasmid:cationic liposomes have provided
a highly efficient transfection system that achieved
sustained, high-level expression.

Advantageously, plasmid DNA:liposome complexes can be
delivered in vivo (such as by intravenous, intraperitoneal
and aerosol administration) without any measurable toxicity
(Philip, R., et al., "In vivo gene delivery: Efficient
transfection of T lymphocytes in adult mice," J. Biol.
Chem. (1993) 268:16087-16090; Stribling, R., et al.,
"Aerosol Gene Delivery in vivo," Proc. Natl. Acad. Sci. USA
(1992) 89:11277-11281; Zhu, N., et al., "Systemic gene
expression after intravenous DNA delivery into adult mice,"
Science (1993) 261:209-211; Stewart, M.J., et al., "Gene
transfer in vivo with DNA-liposome complexes: Safety and
acute toxicity in mice," Human Gene Thera (1992) 3:267~-
275). In accordance with the invention, DNA concentration
can be optimized to obtain maximum expression. Thus, gene
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transfer by use of liposomes comprising AAV material
transferred AAV and transgene material into a wide variety
of cell types ex vivo, and is of use in vivo as well.
These present results are of immense advantage to any gene
therapy protocol.

Moreover, -various primary neoplastic cell types,
neoplastic cell lines, and several T cell subpopulations
were transfected with AAV plasmids using DNA:liposome
complexes. As shown herein, cationic liposomes facilitated

_adeno-associated viral (AAV) plasmid transfections into

cells. The transfection of primary tumor cells was very
appealing since such cells are generally very difficult to
transfect. In addition to high level expression, use of
AAV plasmid:liposomes induced long term (>30 days)
expression of transgene. Moreover, when activated and
naive T cells were transfected with IL-2 plasmids, the
plasmid was detected in the cells a minimum of 25 days
post-transfection in an unselected condition. These
findings are in contrast to the short term expression
demonstrated with typical liposome mediated transfection
using standard plasmids.

Moreover, TIL transfected with cytokiné transgene were
found to expand without the need for exogenous cytokine.
This result is very advantageous since TIL can be provided
to patients without the need to treat with systemic IL-2,
overcoming the serious side~effects of systemic IL-2
treatment.

IL-2 gene expression in the transfected T cells
altered the effects of exogenous IL-2 withdrawal. Notably,
IL-2 transfected T cells produced sufficient endogenous
IL-2 to maintain their growth and proliferation and to
prevent apoptosis that normally occurs with exogenous IL-2
withdrawal from the effector T cells known in the art. The
dependence on exogenous IL-2 was eliminated.

Primary breast, lung and ovarian tumor cells were
transfectable using AAV plasmid DNA:liposome complexes.
Transfected primary and cultured tumor cells were able to
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express the transgene product even after lethal
irradiation.

Embodiments of the present discleosure include that
tumor cells (both autologous and HLA matched allogeneic)

S can be used to re-stimulate selected TIL during the
expansion phase. Transfected neoplastic cells are used in
tumor vaccination protocols. Typically the transfected
neoplastic cells are provided together with a
pharmaceutical excipient, as is known in the art.

10 Transfected neoplastic cells are also used to stimulate
corresponding TIL cells during culture. Phenotype,
cytotoxicity and T cell receptor analyses demonstrated that
although TILs initially showed tumor cell specificity when
they were isolated from tumor, long term culture in rIL-2

15 often in.uced polyclonal expansion and loss of tumor
specificity. By culture of TIL in a milieu comprising
neoplastic cells, and most preferably transfected
neoplastic cells, tumor specificity of the expanded TIL

" cells was markedly increased. |

20 As used herein and in the appended claims, the
singular forms "a," "and," and "the" include plural
referents unless the context clearly dictates otherwise.
Thus, for example, reference to "a formulation" includes
mixtures of different formulations and reference to "the

25 method of treatment"” includes reference to equivalent steps
and methods known to those skilled in the art, and so
forth.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly

30 understood by one of ordinary skill in the art to which
this invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the invention, the preferred
methods and materials are now described. All publications

35 mentioned herein are incorporated herein by reference to
describe and disclose specific information for which the

T

reference was cited in connection with. e
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WHAT IS CIAIMED IS:
1. A composition for genetic manipulation, said

composition comprising;
a liposome comprising lipid material; and,
adeno-associated viral material.

2. The composition of claim 1 wherein the
adeno-associated viral material comprises a plasmid.

3. The composition of claim 2 wherein the plasmid is
pMP6~IL2 or pACMV-IL2.

4. The composition of claim 1 wherein the
adeno-associated viral material comprises an inverted

terminal repeat.

5. The composition of claim 4 wherein the
adeno-associated viral material comprises two inverted
terminal repeats.

6. The composition of claim 5 wherein genetic
material of interest is integrated between two inverted

terminal repeats.

7. The composition of claim § wherein a promoter is
integrated between two inverted terminal repeats.

8. The composition of claim 7 wherein the promoter
is a CMV immediate-early promoter, a CMV immediate-late
promoter, a CMV early promotor, an ADA promoter, or a TK

promoter.

9. The composition of claim 1 further comprising a

—_—

genetic sequence of interest.
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10. The composition of claim 9, wherein the genetic
sequence of interest comprises a genetic sequence of an IL-
2 gene or a B-gal gene.

11. The composition of claim 1 wherein the lipid
5 material comprises a cationic lipid.

12. Cells transfected by the composition of claim 1.

_—
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13. A method for introducing a genetic sequence of
interest into a host cell, said method comprising steps of:
providing a composition comprising liposome, adeno-

associated viral material ard a genetic sequence of

5 interest; and,
contacting the composition with a host cell which

comprises genetic material, whereby the genetic sequence of
interest is introduced into the host cell.

14. The method of claim 13 wherein the host cell is a
10 CD34* stem cell, a T cell, a cell of a tumor cell line, or

a primary tumor cell.

15. The method of claim 14 wherein the host cell is:
a tumor infiltrating lymphocyte, ¢D3*, c¢D4*, or cps* .

16. The method of claim 14 wherein the cell is from a
15 tumor cell line which is: a bladder, a prostate, a B
lymphoma, or an embryonic kidney cell line.

17. The method of claim 13 wherein the providing step
provides a liposome that comprises cationic lipid.

18. The method of claim 13 wherein the
20 adeno-associated viral material comprises a plasmid.

19. The method of claim 18 wherein the plasmid is
pMP6-IL2 or pACMV-IL2. '

20. The method of claim 13 further comprising a step
of integrating the genetic material of interest into the
25 genetic material of the host cell.
/ b
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21. Use of the composition of claim 9 for treating a
human patient, said method comprising:

providing a patient with a condition;

providing the compositior of claim 9; and,

‘5 contacting the composition with a host cell, whereby
the genetié sequence of interest is introduced into the
host cell: where the contacting is in vivo and the host
cell is a cell of the patient; or where the contacting is
ex vivo, and the host cell is autologous or allogeneic, and

10 further comprising a step of delivering the host cell
compfising the introduced genetic sequence of interest to
the patient.

22. The method of use of claim 21 wherein the step of
providing a patient provides a patient with a neoplasm, an
15 infection, an auto-immune condition, or a genetic
abnormality.

23. The method of use of claim 22 wherein the step of
providing a patient provides a patient with a genetic
abnormality which comprises a missing or defective gene.

20 24. The method of use of claim 22 wherein the step of
providing a patient provides a patient with HIV infection.

25. The method of use of claim 21 wherein the step of
providing a composition provides a genetic sequence of
interest which encodes a peptide, an anti-sense

25 oligonucleotide, or RNA.

26. The method of use of claim 21 wherein the step of
providing a composition provides a plasmid.

27. The method of use of claim 26 wherein the plasmid

is pMP6-I1L2 or pACMV-IL2. —_
-\\\
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28. The method of use of claim 21 wherein the step of
providing a composition provides a genetic sequence.of
interest which comprises a genetic sequence.encoding a
cytokine, a costimulatory factor, a MHC class I molecule, a
5 tumor-specific antigen, or a tumor-associated antigen.

29. The method of use of claim 21 wherein the step of
providing a patient provides a patient with a malignént
neoplastic condition or HIV infection; and wherein the step
of providing a composition provides a genetic sequence

10 which comprises IL-2 genomic material.

30. The method of use of claim 21 wherein the step of
providing a patient provides a patient with a malignant
neoplastic condition; and wherein the step of providing a
composition provides a genetic sequence which comprises the

15 MDR I gene.

_ 31. The method of use of claim 21 wherein the step of
contacting the composition with a host cell comprises
contacting with a host cell that is a neoplastic cell, a
bone marrow hematopoietic cell, or a peripheral blood cell.

20 32. The method of use of claim 31 wherein the step of
contacting the composition with a host cell comprises
contacting with a host cell that is a tumor infiltrating
lymphocyte, a cell of a tumor cell line, or a primary tumor
cell.
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33. An expression vector comprising a genetic

sequence essentially that of the genetic sequence of

plasmid pMP6.

34. The expression vector of claim 33 comprising a
genetic sequence substantially that of the genetic sequence

of plasmid pMP6

35. The expression vector of claim 34 comprising a
genetic sequence which is that of the genetic sequence of

plasmid pMP6.

36. The expression vector of claim 33 which further
comprises a genetic sequence of interest.

37. A cell that is gene modified with the expression
vector of claim 36.

38. The cell of claim 37 which is a peripheral blood
cell, a bone marrow cell, a tumor infiltrating lymphocyte,
a tumor cell line cell, or a primary tumor cell.
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39. An expression vector comprising a genetic

sequence essentially that of the genetic sequence of
Fig. 3.

40. The expression vector of claim 39 comprising a
genetic sequence substantially that of the genetic sequence
of Fig. 3.

41. The expression vector of claim 40 comprising a
genetic sequence which is that of the genetic sequence of
Fig. 3.

42. A cell that is gene modified with the expression
vector of claim 39.

43. The cell of claim 42 which is a peripheral blood
cell, a bone marrow cell, a tumor infiltrating lymphocyte,
a tumor cell line cell, or a primary tumor cell.

\
\\_

o This Sheet Has Beep, Replaced

A LTI



WO 95/07995 . PCT/US94/09774

10

15

20

25

-3 | REPLAGED

44. A method for producing a protein, said method
comprising steps of:
providing a composition comprising liposome, adeno-

'associated viral material and a genetic sequence of

interest;
contacting the composition with a host cell which
comprises genetic material, whereby the genetic sequence of
interest is introduced into the host cell; and, |
expressing a protein encoded by the genetic sequence

of interest.

45. The method of claim 44 wherein the host cell is a
cD34% stem cell, a T cell, a cell of a tumor cell line, or
a primary tumor cell.

46. The method of claim 45 wherein the host cell is:
a tumor infiltrating lymphocyte, cD3*, cp4*, or cps*.

47. The method of claim 45 wherein the cell is from a
tumor cell line which is: a bladder, a prostate, a B
lymphoma, or an embryonic kidney cell line.

48. The method of claim 44 wherein the providing step
provides a composition that comprises cationic lipid.

49. The method of claim 44 wherein the
adeno-associated viral material comprises a plasmid.

" 50. The method of claim 49 wherein the plasmid is
pMP6-IL2 or pACMV-IL2.

51. The method of claim 44 further comprising a step
of integrating the genetic material of interest into the
genetic material of the host cell.

—
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§2. The method of claim 44 wherein the step of
expressing a protein expresses a lymphokine analogue.

53. The method of claim 52 wherein the step of
expressing a protein expresses IL-2.

5 54. The method of claim 51 wherein the step of
expressing a protein expresses B-galactosidase,
chloramphenicol-acetyl-transferase, or MDR I.

—
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55. A method for pfeparing a therapeutic cellular
. composition for treating a patient with a neoplasm, the
method comprising:
obtaining a cell composition comprising effector T
5 ‘lymphocyte cells; _
contacting the cell composition with specific binding
proteins, wherein the specific binding proteins are
covalently attached to a surface, whereby effector T
lymphocyte cells specifically bound by the specific binding
10 proteins become specifically bound to the surface; and,
removing cells that are nonbound while leaving
specifically bound effector T lymphocyte cells bound to the

surface.

56. The method of claim 55 further comprising a step
15 of expanding the effector T lymphocyte cells, whereby a
substantially homogeneous phenotype population is provided.

57. The method of claim 56 wherein the expanding step
further comprises culturing the effector T lymphocyte cells
with tumor cells.

20 58. The method of claim 57 wherein the expanding step
further comprises culturing the effector T lymphocyte cells
with irradiated tumor cells.

$9. The method of claim 57 wherein the tumor cells
are gene-modified with a vector comprising an expression
25 cassette for interleukin-2.

60. The method of claim 55 wherein the obtaining step
comprises obtaining effector T lymphocyte cells which are
tumor infiltrating lymphocyte (TIL) cells.

61. The method of claim 60 wherein the obtaining step
30 comprises obtaining TIL cells from a neoplastic tissue

i i cgous or allc ic. i '
which is autol ogeneic This Sheet Has Been Replaced
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62. The method of claim 55, wherein the contacting
step comprises contacting the cell composition with
specific binding proteins specific for cD4, CD8 or a
mixture of specific binding proteins specific for CD4 and

5 CbD8.

63. The method of claim 55 further comprising a step
of releasing the specifically bound cells, whereby the
released cells are substantially free of the specific
binding proteins.

10 64. The method of claim 55 wherein the specific
binding proteins comprise monoclonal antibodies.

65. The method of claim 55 further comprising a step
of gene-modifying the specifically bound cells.

66. The method of claim 55 wherein the gene-modifying -
15 comprises transfecting with a plasmid comprising IL-2
genomic material, whereby a therapeutic cellular -
composition results which has therapeutic effect absent
systemic administration of IL-2.

67. A substantially homogenous population of cells
20 prepared according to the method of claim 55.

68. Use of a population of claim 67 to treat a
patient having a neoplasn.

69. Use of the population of claim 68 to treat a
patient having renal cell carcinoma, infiltrating ductal
25 carcinoma, melanoma, ovarian carcinoma, carcinoma of the

- lung, or squamous cell carcinoma. ' \\\\\\\\\\\
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70. A substantially homogeneous population of cps*
TIL cells, wherein cells of the population comprise
external surfac2s an: where n the external surfaces of the
cells are substantia_ .y free of antibody.

5 71. The population of claim 70 wherein cells of the
population are at least 80% homogeneous for CDS.
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72. A method for preparing a therapeutic cellular

composition for treating a patient with a neoplasm, the
method comprising:

_obtaining neoplastic cells;
gghe-modifying the cells with the composition of

claim 9.

73. The method of claim 72 wherein the composition
comprises a sequence encoding a lymphokine.

74. Use of a composition prepared according to

claim 72.
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