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] 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

SHEET HAS BEEN
REF!

PLACE]

RIS ¢~ b



ADENO- ASSOCI ATED VI RAL (AAV) LI POSOVESxdf"‘ AND NETHCDS
RELLATED THERETO TECHNI CAL FI ELD - Gene Modification
present i nv&RP¥W®P%Hvol ves cel | ul ar Weﬁﬁamenke pladdal € part?gm%?‘?"}mﬁ

relates to use of cationic Iiposones
adeno-associ ated viral (AAV) pl asm d

10

15

20

25

30

35

™~

-2-

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

5 wviral 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

" 10 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-

15 dimethyl-ammonium-br-nide (LCDAB) 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

20 mediate hich level cellular expression of transzsjenes, 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) . _

25 Ecotropic and amphotropic packaged retroviral vectors
have been shown to infect cultured cells in the presence of
cationic liposomes, such as Lipofectin (BRL, Gaithersburg,
MD), and in the absence of specific receptors (Innes, C.L.,
et al., "Cationic liposomes (Lipofectin) mediate retroviral

30 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

35 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) 268:16087-16080).

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
S 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
10 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
15 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

20 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

25 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.

30 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

35 expression. The ability to express transgenes in primary
tumor cells is utilized to produce tumor vaccine and to
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Disclosed herein is a composition for genetic
5 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

10 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

15 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.

20 The lipid 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 method

comprises steps of providing a composition comprising

25 1liposome 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,

30 such-as a cp3*, cp4*, 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

35 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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endogenous virus, cellular toxicity and i mmunol ogi ¢ host
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
5 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

10 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

15 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,

20 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

25 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-

30 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

35 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

5 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

10 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

15 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.

20 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

25 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

30 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

35 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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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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In the method for preparing a therapeutic cellular

composition, the obtaining step can comprise obtaining

5 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

10 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

15 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

20 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

25 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 populatlon of

30 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.

35 ' 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
5 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
10 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.
15 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 sequence of
the pMP6-IL2 plasmid. In the fig, panels a-e depict
successive portions of the sequence. Portions of the
20 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
25 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
30 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
35 transfected with the AAV plasmid (pACMV-IL2) and the
corresponding control plasmid (pBCl12/CMV-IL2) complexed
with liposomes. Supernatants were collected at various



-4- I evel s of expression foIIom;ﬁﬁ\T?ans#ecLngr\Ig‘g certain
ext ent, npﬁgﬁ iciency is attainggshy the use o " Pr onpERRusSHRAREET
el enents in the pFJasm d DNA constructswl”/’ Béenneplﬁ et al. &ﬁ n vi vg‘{:

gene delivery: Efficient 5 transfecti /M ytes in adult m.ce,”

J. Biol. Chem (1993) 268:16087-160 Wvune Destiriugs i SHEEOfHAS BEEN
Tunor Cells The use of interleukin-2 in the treéatmentzofpocy
neopl astic cells, such as netastatic renal .geld carcinona 10 (RGQ}«w%smehemw~—~
way for carrying out inmune-nedi ated destruction of human neopl asns.

Al though dur abt engopBlifkd and Y} SEHRVELDEENe e8I ng ith BMEF s |

response rate 6
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hrs of culture.
Fig. 5a-b. A comparison of AAV plasmid:liposome
5§ 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
10 the transfection and transduction of IL-2 gene. IL-2
levels were assessed using an ELISA. The levels are
expressed as picogram/ml/10° cells in 24 hrs of culture.
Fig. 6. Expression of IL-2 gene by lipofection with
AAV plasmid:liposome complexes of various primary tumor
15 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
20 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
25 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
30 measured by B-gal gene expression. The B-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.
35 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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tunors when conbined with IL-2 include | ynphoki ne activated kitTer {LAK)
cell's and cytoi®xiGad 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 IIXII
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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Fig. 19a-b. This figure depicts expression of IL-2 by

irradiated prostate tumor cell line cells (Fig. 19a) and by

5 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

10 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.

15 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

20 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.

25 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,

30 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

35 disclosed for the first time in the art.
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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

5 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

10 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
15 from solid tumors of patients. The tumor samples were
minced into small pieces and digested in 200 ml of AI}V
- 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
20 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
25 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
30 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
35 Lymphoprep (Nycomed, Norway).
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T cells, T cell subsets, or CD34% cells were further
isolated using AIS MicroCELLectors (Applied Immune
Sciences, Santa Clara, CA), devices comprising surfaces
having covalently attached specific binding proteins (such

5 as monoclonal antibodies) attached thereto. Briefly, PBMCs
were resuspended at 15 X 106 cells per ml in 0.5% Gamimmune
(Miles, Inc., Elkhart, IN) and loaded onto washed CD3, CD4,
cDp8, CD5/8, 6r CD34 AIS MicroCELLectors. After 1 hour,
nonadherent cells were removed from the AIS

10 MicroCELLectors. Complete medium, RPMI 1640 (Whittaker)
~ 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
15 removed and prepared for transfection.

D. Plasmid Preparation. A first plasmid used in the
present studies was (pACMV-IL2): this plasmid contained the
human interleukin-2 gene (IL-2) as IL-2 cDNA, and the
immediate-early promoter-enhancer element of the human

20 cytomegalovirus (CMV), and Rat preproinsulin and SV40
polyadenylation sequences, flénked'by adeno-associated
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

25 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

30 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,

35 respectively, in an AAV plasmid backbone. (Bgal plasmids
provided by Dr. Eli Gilboa, Duke Univ.) T
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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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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_(rAav) fo
transduction with viral infection. 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 10°
cells. '
G. Cellular Transfection "Lipofection". For primary
tumor cells and the rat tumor cell lines (R3327 and MBT-2),
5 1 x 10° 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
10 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
15 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.

20 ~ 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

25 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, _

30 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

'35 .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 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

5 Dickinson, San Jose, CA) -
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A. Level of I1-2 gene expression by use of AAV

asmid:cationic liposome complex. To evaluate the gene
transfer efficiency of AAV plasmids, the IL-2 gene transfer

10 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)

15 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

20 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

25 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.

30 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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CMV immediate-early promoter showed higher levels of gene
expression in the prostate cell line when compared to the

5 bladder cell line. Among 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

10 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

15 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

20 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

25 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).

30 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

35 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
5 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

10 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

15 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

20 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.

25 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

e

30 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.

35 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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a bone narrow(egpppggqlﬂhﬁalned from Dr. Eli Gilboa, Duke University)
- were complexed with cationic liposomes and used for
5 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
10 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
15 analysis of f-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.
20 F. Transgene expression induced by AAV

plasmid:lipvosome complex in freshly 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.

25 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

30 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

35 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
5 T cells are depicted in Fig. %a-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

10 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

15 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.

20 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*

25 subpopulation of T cells (Fig. 9c), the cp8* 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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B | ymphoma, or an enbryonic kidney cell line.” 10 The step of provREHAGER
conposi tion conprising |iposone can Table 2 "
COnditionQ Employed for Studies Depicted in Fig. Sa
diti umbex Parameters
1. PA1CMVIX-CAT + DDAB:DOPE (1:1),
5 DNA:liposome ratio (1l:1).
2. PR1CMVIX~-CAT + DDAB:DOPE (1:1),
DNA:liposome ratio (1l:2).
3. PAlCMVIX~CAT + DDAB:DOPE (1:2),
DNA:liposome ratioc (1:1).
10 4. PA1CMVIX-CAT + DDAB:DOPE (1:2),
DNA:liposome ratioc (1:2).
Table 3
Conditions Employed for Studies Depicted in Fig. Sb-d
Condition Number Parameters
15 1. ‘ PA1CMVIX~CAT + DDAB:DOPE (1:1), DNA:liposome
ratio (1l:1).
2. PA1CMVIX-CAT + DDAB:DOPE (1:1), DNA:liposome
' ratio (1:2). .
3. PA1CMVIX~-CAT + DDAB:chol (1:1), DNA:liposome
20 ratio (1:1).
4. 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
25 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
30 ratio induced similar levels of expression in all the

populations.
This Sheet Has Been R
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5 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

10 from CD34* stem cells is set forth in Fig. 10. -

Table 4 B o
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Conditions Employed for Studies Depicted in Fig. 10

Condition Number - Parameters
1. pAl CMV IX CAT + DDAB:DOPE (1:1) 1:1
15 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
20 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
25 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
30 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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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

10 Hind III and probed with IL-2. As shown in Fig. 11la, 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

15 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

20 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

25 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

30 (1211 and 1B1l1l) 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

35 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. —
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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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wth a plasmd comy igifiod in accordance with the invention, comprising
use of liposomes that contain AAV viral material, is used
5 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
10 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
15 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
20 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
25 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
30 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
35 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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substantially free of antibody;
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
5 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
10 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
15 Typically, tumor vaccination protocols employ.
‘nonproliferating neoplastic cells. Proliferation of
neoplastic cells is pfevented 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
20 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
25 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
30 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
35 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
5 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
10 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
15 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
20 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
25 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

30 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

35 days. Systemically administered IL-2 is, however, known to
cause severe side effects, including death. There is a

- —

heet Has Been Replaced

T



-11- cells with a conposition conprising |iposome conprising lipid
mat eri al and adeno-associ ated viral material and further conprising a
genetic sequence of interest;—~such as ~——a seguence encoding a | ynphokine .

use of a conposition 5 prepared accordi | thod is al so
di scl osed. wo 9B¥d9E DESCRI PTI ON OF DRA ot ol el E"q 1. PpepRissa@ns
of three plasm ds used in the pr esent m_ﬂuumldﬁ rasm d pACW- I L2

contai ned the CW pronoter, |L-2 cDNA nsulln and SVA0.. 10 -
pol yadenyl at.i on sequences identical to pBCl2/ CW-I L2 5 ]
additionally pACW-I1L2 al so had AAV inverted term nal
both ends. The plasm d -36-

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
S 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.

10 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~

15 2418.) 1In 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

20 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

25 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

30 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,

35 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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bet ween t he tWwo V ITRs. 15 Fig. 2. This figure provi es LAt Al ed
restriction map of the IL-2 enbodi nent of the pMP6 plasm d (pMP6-1L2)
Fig. 3a-e. This figure depicts the DNA sequence of the pMP6-1L2 plasn1d
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In the fig, panels .a-e depict successive portions of the. sequence
Portions of the 20 pMP6-1L2 sequence mh|c§7correspond to knewn DNA; }
sequences are indicated; the correspondi ng. sequence i nf ok mati oiFvED ,

listed directly kene o] n d.
Unmar ked sequences are%rom'ln&%égé 5HBlE8 t&ﬁ% h@% tﬁgﬁg%éégﬁgplcgé t he
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Various | L-2ppbasFetta®@as it Hightt adwvislLtian th&tl of controls

transfected with irrelevant gene.

5 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

10 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;

15 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,

20 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

25 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

30 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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capability to induce gene expression with a rat bladder _and._. a rat
prostate cell line, when the constructs conpl exed with |iposones.

In both cell lines, the AAV 30 plasm d construct ) o thQF hi ghest | evel
of expression. The | evel s .are expresse m per 106
cells. Fi gwoM5/03995i cts the ti me-course o | on i NnAREEUSIA/09T4
AAV pl asm d: | i posonme conpl exes. To conpare of transgene
expression, the prostate cell line was 35 transfected with the AAV plasnld
(pACW-1L2) and the correspondi ng control plasmd (pBCl2/ CW-4 L2):. mL\
conpl exed wi th |iposones. Supernatants meg% col |l ected at varlod%rprwgb

1. Reactant Preparation and Protocols Emploved

a. Plasmids.

i. Plasmid pACMV-IL2

Plasmid (pACMV-IL2) contains the human interleukin-2

S 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,

10 pBCl2/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

15 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

20 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

25 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

30 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

35 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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expressi on i nduced by AAV pl gsm d: LLE?EQEEﬂggﬂpLexes~mere equi valent to
r AAV transduction, the prostate ce I ne (Fig. 5a) ard bl adder |ine
(Fig. 5b) wepR deq9ebst O conpar& 10 t sgﬁeaﬂﬁimhkcn*ﬂceﬂnd tranSdu%éﬂﬂs@ngﬂn

gene. |L-2 evel's were assessed The | evels are —
expressed as picogranmim /106 cells i ;ﬂm ture P F g 6. o
Expression of I1L-2 gene by |ipofectio pl asm d: Irposone oy

conpl exes of various primary tunmor 15 cells. One lung, one oy
breast tunor sanples were isolated fromfggsh tunor biopsies. IL-2
| evel s were measured using an ELI SA. The levels are indicated as

pi cogramm/w[errhffl Iﬁl'as&ﬂearese& %I e stimulatidhd- 7a-b.

Expression of |L-2 %E ranst ecte g acc rdance wgth t he

i nvention, then subf ?%ﬁm?% VeFfapPrepared 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
5 1lipids 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

-10 months.
c. Cell Preparation
i. solation o Cells

TIL cells were selected with AIS MicroCELLectors®.
The source material was tumor or lymphatic system samples
15 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
20 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.

25 . 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

30 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

35 immunohistochemical analysis.

Accordingly, freshly excised tumors were cut into 0.5
cm cubes. Up to 10 tumor cﬁbes were transferred to a 25 ml
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the prostate cell line (Fig. 7a) and primary breast cells (Fig. 7b) were
transfected and assessed for gene expression after |ethal .ilrradi-ation;

as 25 described herein. Supernatants were collected 24, 48, |71 SHERG W BEEN
hrs after irradiation and tested for IL-2 |evels. IL-2 | vels &EELACﬂi
expressed as pg/m/10[err] cells in 24 hr -41-cul ture. VR

Efficiency of AAV:.|iposone transfection as 30 neasured by [err]-gal gene
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period of 12-18h. After incubation, any tissue that was

5 not disaggregated was filtered, and then cells in
suspension were pelleted. The pelleted breast cancer cells
.were placed into tissue culture flasks (Falcon) in AIM V
‘media. Cells were maintained in humidified air containing
5% CO,, at a temperature of 37°C.

10 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,

15 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

20 subjected to enzymatic digestion for 2 hours. The tissue
was then homogenized and washed with PBS. Lymphocytes were
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 +

25 10% FBS with L-glutamine and pen/strep.

2) Neoplastic Cells from a Fluid Source As an
alternate source for cells that will ultimately be
transfected, malignant ascites fluid or pleural effusions
were used to isolate autologous neoplastic cells.

30 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

35 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
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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
5 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

10 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

15 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.

20 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
25 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
30 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.
35 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



peri pheral blood was used-to isolate T cells, and for transfection.
Primary TW@PH™PFeshly isol ated from aThis SEMns bsnREfiaNer alf BEO 3L e

tested for transgene expressi on usi ng i posone

conpl exes. 5 T | ynphocytes were fractionim ﬂ m (Fig. 9a), or
CD5/8[err] (Fig. 9b), or as CD4[err] (Fid. rr]'ijig,wgdﬁjwjgi
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' in this manner is known to correlate with potentially
5 lethal dose-related toxicity.
ii. ipofection 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
10 transfected with 5 micrograms of plasmid DNA (e.g., pMPé6-
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
15 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
20 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
25 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 5 min at room
temperature. FBS was added to bring the final

concentration to 10%.
30 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
35 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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fromclones transfected with AAV pl asm d DNA: | i posone conpl exes. In Fig.
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probed with IL-2. Al clones anal yzed show pjgsence of §IL 2 GeARil
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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.

5 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

10 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.
15 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.
20 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
25 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
30 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
35 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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2. Resulting Data and Findings '*~~«-~m‘!

a. Ex vivo Activation Of Tumor Specific CTL:
Stimulation of TIL Cells During Culture

Stimulation was carried out with TIL cultured in a
5 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
10 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,
15 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-

20 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.
25 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

30 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

35 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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| ane 1: clone 1A11 cut with smal 20 | ane 2: clone 1B11 cut with

smal . | ane 3: clone R33 cut with snal ' | ane 4: cl one 1A11
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1kb | adder Fig. 13. This figure depicts T Cell T
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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

5 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

10 (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

15 1levels 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

20 detected in nonproliferating viable cells up to 26 days
following irradiation.
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IABLE 4

LIPOSOMES

DMRIE:DOPE DOSPA:DOPE DDAB:DOPE

IL-2 Levels (picograms/ml)

Cell Line

DM92 33,275 12,650 1238
“ DM175 24,968 5,758 not tested
|lnuzoa 10,650 9,100 8,900

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



constant segnent of the B chain of the TCR, on the hori zontal axis A, B,

and C represent different patients. Fig--14. This figure depicts
the proliferation of breast cancer tunor |nf|Itrat|ng | ymphocytes (TIL);
the 5 data was obtained 5 days follo cat Has Be lagedansf ect i on.

Fig. 15. Thi wd9smy9%s depicts the effi expr essi ammwnwsg
cancer TIL transfected with the pMP6 ) alnlng the neonycin 4
resi stance gene and the Thy 1.2 gene (pMP6/ neo . 2) ?ﬁﬁ;qg@ of th L”“
gene for IL-2. 10 The pMP6/ neo/ Thyl .2 plasnid was conplex dto E“m
| i posonmes. The |iposone conpositions were the sanme COMpesi-ti-ons ﬁq t hosef
for the data corresponding to Fig. 14. -50-

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

5 (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.

10 £. 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
15 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
20 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
25 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
30 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
35 as DDAB:DOPE 1:1. Supernatants were collected on day 2 and
3. IL-2 levels were measured by ELISA; the results are



Fig. 16. This figure conpares the |level and duration?*5 of transgene
expressi o'WOPWNg transfections with various plasm d cHESKPIR4{08774The
prostate tunor cell |ine R3327 was transfected with standard plasmd _
(pBC12/ CW-1L2) or plasmd (pACW-1L2) conplexed to DDAB:.DOPE IlpoEf
Supernatants were coll ected at various tinme points and 2D7pgsaye

for I1L-2 levels. [|L-2 levels are expressed as pg/mnm /106 ceRhsﬂfﬁﬁzgﬁhp
of culture. Fig. 17. This figure o&Bicts Sout her nalysi s
of chronmpsomal DNA from R3327 cells transfected with either t he AAV

pl asmi d (pACMePictedr inhEigr afd¥NEEs Ml P2Vei RIS ePrSssed athe bl ot
was probed wigd/hie16¢6861kE BaMe4 hburid ret |dd11ftiﬁ€m?nt of the IL-2 gene.

C = DNA from ugﬁran%;ected celé The IL ;oiasert E %2§¥“ én the | ast

re st Primary Breast Tumor Cells and Prostate Tumor Tumor
5 Cc 1 Line ell

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

10 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

15 using a %0co 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

20 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
25 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
30 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
35 induced long-term (up to 30 days) expression of genes
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Fig. 18. The figure depicts results of an 30 intracellular

assay of the transfection efficiency of Tte H=2—gene—in prostate cel
| i ne R3327. The cells were transfected with AAV | L-2 plasmd conplexed
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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



-16- controls were subtracted fron1the value of H&%@sfected %

Fig. 19a-b.WOAs®799Squr e depi cts expressiit e" i rr adiGHERP4 o774"
prostate tunor cell line cells (Fig. 19a) “ dlated Primary .o
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cells were transfected and assessed for gene expression pds
I rradiation.
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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

5 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

10 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

15 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

20 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

25 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.,

30 “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

35 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



Supernatants were collected 24, 48, 72 and 96 hrs after i rradi ati on and
tested for 1L-2 levels. IL-2 Jevels are 10 expressed as pg/m/10[err] cells
in 24 hr culture. MODES FOR CARRYI NG OUT THE | NVENTI ON The
studi es, disclosed for the firdhs ﬁPFéiatheech,laced exam ned t he

transportati Qhgb&hfesel I s of AA by a system t hapcgipdodig¥rra
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i nvol ve viral transduction. 15

t he present di sclosure efficiently tr ted several nannallan ceI

types by use of |iposonmes conprising AAV material. The ST .
di sclosure relates to transfection, and utilizes t he eI%dﬁﬁi ggrrhér BoEN
system of |ipofection together with the -54~- EPLALED

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
5 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

10 _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)

15 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

20 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

25 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,

30 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.

35 Primary breast, lung and ovarian tumor cells were
transfectable using AAV plasmid DNA:liposome complexes.
Transfected primary and cultured tumor cells were able to




20 proficient transducti-an capability of the AAV pldsmd construct.

Advant ageoW 350794t i oni‘c | i posomes were used as a means tREWUR4097% o

the entry of AAV plasmd DNA into cells in the absence of rep and
capsid transconpl ementati on, reconbinant virus or wild type AAV. 25 A

| i pof ecti on nethod in accordance with the invention was eval-uat-ed 10 N
assess the efficiency of gene expression. The pr esent ataaesﬁabllghéUL
the ability to transfect unnDdlfled sféﬁlcells unnDd|h|ed pﬁhhnﬁgrﬂ

| ynphoid cells such as T cells, of freshl ot ated tTunor
T A A N L R A O R LR IS

bot h tranS|en§r@@aratﬂua ned expreSS|on of DNA The ablllty to

efficiently transf e C t unor ating
| ynphocyt es: unnnd%@? %ﬁ g?lihg £L§Segg glscloéa inc W ££ E
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
This Shee

Wi

——



tunor cell line cells; and, primary tunor cells is 35 disclosed for the

first tinme in the art.
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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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| . SOURCE MATERI ALS AND NMETHODS EMPLOYED As_ Cell Lines. Arat

prostate CRidesioross (R3327) and rat bl adder cell liine ( MBTPCI/USS4/69774
obtained fromDr. Eli G | boa, Duke University. Both cell lines were
mai ntained 5 in RPM-1640 nedi um suppl enented with 5% fetal bovine serum
(FBS). Cell line 293 is a human enbryonic ki dney cell Ilqg \,F}Pabgwas
transforned by adenovirus type 5, and was obtai ned i |ﬁ i) gt
(Gaham F.L., et al., "Characteristics oksg- human ¢el | ﬂe“d”

transforned by DNA from human adenovirus 10 type 5," J. Cen. V'roI. (1977)
36:59-72). Cell liowe 28% 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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was grown in Dul becco nodified eagle nedi um suppl enent ed wi th 10% FBS.

B. Cell preparation of Primary Tunmor Cells. Primary “ lung, ovarian and
three breast tunor cells were obtained 15 fromsolid tunors of patients.
The tunor sanples were m nced into snmall pieces and di gested in 200 m

of AIMV ' (G bco), supplenmented with 450 u/m colla
(Sigm), 10‘2"9'%{3##51 s/mM DNase | (Sigm), and 2000u/ m gﬁ?@%ﬁég@

(Sigma) (Topolian, S.L., et al., "Expansion 20 of hunman tunDr infiltratin

| ynphocytes for -use in |nnunotherapy triats,” J. Inmmunol. Mthet

(1987) 102:127- 141). After 1-2 hours of dlgestlon,»cefhﬁmeﬁe@ L
iy oy

honogeni zed

three tinmes in DPBS-CMF (Wi ttaker). Lynphociies were

10
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en

with a glass honogeni zer (Bgl]co). The

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

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
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
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
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
genetic material of the host cell.
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25 separated from non-|ymghoid cells by capture on ankAIS

M cr oCELLe %8 device (AIS, Santa Cara, CA). Nonadh

(mainly tuﬁ%r s) were€ renoved and cultured in RPM 164 &gupﬁﬁﬁb nt ed
with 2 nK-L glutanm ne, 100u/ m penicillin-streptonycin, and 10% FBS -
Turmor cells 30 were cultured for 2 to 4 weeks prior to trﬂﬁs ectlon S OBEEN
C. Preparation of Peripheral Bl ood Mononucl ear Cel | s. bé?l h ralwblood

nononucl ear cells (PBMCs) from heal thy cggiLrol patients| _were *Qﬁrﬁfnd
frombuffy coats (Stanford University Bl ood Bank, Stanford, CA), using

35 Lynphoprep (Nycgged, yNer W@/ )he 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-IL2 or pACMV-IL2. —_
—\\
This She

) ) R A . //”/m”m/, /mced




- 18- T cells, T cell subsets, or CD34[err] cells were further

I sol ated using AIS M croCELLectors (Applied |Inmune Sci ences, Sant a
Clara, CA), devices conprising surfaces havi ng coval ently attached
specific binding proteins (such 5 as nonocl onal antibodies) attached
thereto. Bri akb¥sofakCs were resuspended at 15 x 10[err] celpcga@hoéty
i n 0.5% Gam mune
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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
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(Mles, Inc., Elkhart, IN) and |oaded onto washed CDs, CD4, CD8, CD5/ 8,

or CD34 Alg M LLectors. After 1 hour, nonadheérent ce ,f\gg{,@774 _
removed frdho? S 10 McroCELLectors. Conplete nedium RP

(Wi ttaker) containing 10% fetal bovine serum 2 mM L- glutan1ne and

100 u/m penicillin/streptomycin was added to the adherent | iiiicelils in the -y
AlS McroCELLectors. After 2-3 days.in a 5% cerr], 37[err]C e "'”f
hum di fi ed environnment, adherent cells were.15 renoved and prepares- 101‘N““ i
transfection. D. Plasm d Preparation? TA first plasmd used in the

resent studies wa A d h n
Pnterl euklg I2 genes"ﬁ(p %‘/éiﬁes;%@é@é& ﬁBﬂB&ahmn% Iaa‘ageeneea 5

pr onot er - enhansequehegeessentind Iyuea 2@ Ehe FRREHLT rS_IVERF?, °§nd Rat
preproi nsulin ﬁﬂgsﬁYﬁopMPG.

34. The expression vector of claim 33 comprising a
5 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.

10 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
15 cell, a bone marrow cell, a tumor infiltrating lymphocyte,
a tumor cell line cell, or a primary tumor cell.
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pol yadenyl ati on sequences, flanked by adeno- associated virgswLnMgmted
termnal repeats (I TRs) at both ends. (ThIS ~--plasm d avai | apl

J. Rosenbl att,

pSSV9/ CW- IL2) h
| dent i cal L2 but which | acked the AAV term na
al so used (S”QSSQE : A second study plasmd, pAICNVIX—Cg??hﬁ%ﬂwgéﬁed

UCLA, CA;, Dr. Rosenbl att's nane for the plasn1d 1S 2
A 25 correspdhdlng control plasnid pBCL2ARCW- Tt-2~—whi.th wa

t he CW i nmedi at e-early pronoter enhancer sequences, and an 30 intron
derived from pOx4 (Stratagene); the bacterial CAT gene; SV40 | ate

pol yadenyl ati on signal flanked by AAV term nal repeats in a pBR322
backbone (Fig. 1). The pl asm ds pATK §gal and pAADA-[err]ga

cont ai ned the

10

[err]gal gene linked to either the TK or ADA pronoter,
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.

\
\\_
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35 respectively, in an AAV plasm d backbone. ([err]gal plasmds provi ded

by Dr. Eli G| boa, Duke Univ..)
-19- WO 95/07995 . PCT/US94/09774

-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
5 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
10 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:
15 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
20 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.

25 S1. 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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Anot her plasm d used in the present studies was pMP6. As shown in Fig.

2, plasmd.containing IL-2 DNA (pMP6-1L2) Is a deubl e straﬁgggq t.F%%S“mEN
pl asm d. The pMP6-1L2 pl asm d has the human interl eukin-2 gene
control 5 of a CW pronoter and a SV40 pol yadenyl ati on sign *ﬁ@@n

the pronoter and the codi ng sequences of |L-2, there is-an intron
(derived froWQ@AIS St r at agene) whi ch i s understood to enha®§d/4s94/09774
expression of 1L-2 or any ot her exogenous gene placed into the plasmd.
The whol e 10 expression cassette is between the left and right term nal
sequences of adeno-associated virus. The pMP6-1L2 plasm d al so has a
Bl uescri pt backbone; the backbone has a Col - El bacterial origin of
replication and an anpicillin =64~

§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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resi stance gene which facilitates the propagation of this 15 plasmd in E

coli.

Fi gure.3a-e depicts the DNA sequence of the pMP6-1L2

pl asmi d; pWN@EIH0789% hr ough e depict successive portions of PRE/US8¢05N¢ e.
In the figure, portions of the pMP6-1L2 sequence whi ch correspond to

known DNA sequences are 20 indicated; the corresponding SEQUEW% T onerT ae REE
information is |isted directly beneath sequence infornmatio ﬁg%bﬂﬁ%'h&”%KtN

pMP6- | L2

pl asmi d. Unmarked sequences are from|inkers. Siathdard

pl asm d constructs that contained the IL-265-gene, but that did not
contai n AAV conponents were al so 25 used. The standard plasm d constructs
carried the |L-2 55.gerde ngkhod ofordPRePREA NG itherapewinic eelbyiadi ne

kinase  (TKiofipokhieibingdiraieeatiihg V4 op@esbAYi rien( @MiledyIUEN ETthe

10

15

20

25

30

method comprising:
obtaining a cell composition comprising effector T

‘lymphocyte cells;

contacting the cell compositidn 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 nonbound while leaving
specifically bound effector T lymphocyte cells bound to the

surface.

56. The method of claim 55 further comprising a step
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.

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
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
comprises obtaining TIL cells from a neoplastic tissue I

i i cgous or allc ic. i '
which is autol ogeneic. This Sheet Has Been Replaced
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(standard plasm ds obtained from ATCC). Data for sel ected pl asm ds are

in Table 1:

- 20-

WO 95/07995 PCT/US94/09774

10

15

20

25
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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

cDs8.

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.

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 -
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
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
carcinoma, melanoma, ovarian carcinoma, carcinoma of the

- lung, or squamous cell carcinoma. ' \\\\\\\\\\\
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Tabl el §g|ected Plasm ds Used in Prasgent Studies
Pl asm d Na noter Genom c El enent s ACW- | |2
oW (i medg?%s’%ééf L2, AAV 5 pBCl2/CW-1L2  CW (i BEFUSI097% | y)

| L2 PALCWI X- CAT CW (inmmediate-early)  CAT, AAV PADA- | L2
ADA | L2 pTK-1 L2
| L2

THIS SHEET HAS BEEN
REPLACED

-67-

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.

I This Sheet Has Been Replaced
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pCW-1 L2 CW (i medi ate-1ate) L2 10 PpATC[err]gal TK
gal , AAV pAADA- [ err] gal ADA [err]gal, AAV

pMP6- | L2 CW (early) . L2, AAV : Al plasmds
were isolated by alkaline lysis and ammoni um acet at € preci pi tation,
foll owed bygbegae798t With 15 DNase-free RNase, phenol/chl or operikesicday |
extractions and anmoni um acetate precipitation (Ausubel, F.M, et al.
Current Protocols in Ml ecular Biology (John Wley and :

-68-

72. A method for preparing a therapeutic cellular

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

_obtaining neoplastic cells;
5 geﬁe-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
10 claim 72.

_—
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Sons, Inc. 1993)). - E. Liposone Preparation. Small unilanmellar
| i posomes 2o w&0M99pr epar ed fromthe cationic |ipid di octadecBCFUsIumbiTgl -

anmoni um broni de (DDAB) (Sigma) in combination with the neutral 1ipid
di ol eoyl - phosphat i dyl - et hanol am ne ( DOPE) (Avanti Pol ar Lipids). Lipids..—
wer e dissolved in chl oroform DDAB was m xed with DOPE in eit her 1 A RS

or 25 1:2 nolar ratio in a round-bottoh#®3I ask, and the Ihpld
was dried on a rotary evaporator. The lipid film was rehydrat ed Py~
addi ng sterile double distilled water to yield a final coficentration of
1 nmM DDAB. This sol ution was sonicated in a bath sonicator (Laboratory
Supplies, 30 Hicksville, NY) until clear. The |iposomes were stored at

4[ err] C under argon. Fory, i vivo use of liposones via
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I ntravenous adm ni stration a DDAB: DOPE ratio of 1:4 to 1:5 _
-21- - 1 SWEEMTI0r i ntraperitoneal adm nistration a DDAB: [RGAFEUS94/09774

2/23

Sapl Drali

Afllll

Eco31l

Bluescript
Begl backbone

Xmnl

Dralll

Hindlll.

FIG._2
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ratio of 1:1 to 1:2 is used. F. Preparation of reconbi nant AAV
(rAAV) for wopsmeIesiuction with viral infection. For the prepBFRUSEH9%T4 5
reconbi nant AAV stocks, cells of the cell line 293 were split and grown
to approxi mately 30-50% confl uence. Thereupon, the cells were infected
wi th adenovirus type 5 at a nultiplicity of infection of ¢, to 5, Al

I ncubat ed at 37[err]C. After 2 to 4 Boidd, the infected ¢eHs
cotransfected with 10 [err]g of a plasmid conprising a gene: of o nk

and 10 [err]g of the rep capsid conpl enmentation pl asmid, "p[err]Bal, per
100 mmtissue culture dish (0.5-1 x 10[err] cells). Calcium phosphate
copreci pi tati o WescaEEIrFOACCCTAACARS RAGGEARCAKEARGIPGGGTA LCGATATGAKy Cc A,
N., "Use of 15 adene-assoct-ated-vi-- Bluescript k8wl +an -DNA tt oni-mgvector .

51 CACTCCCTCT CTGCGCGCTC GCTCGCTCAC TGAGGACGGG CGACCAAAGG 100
----------- Left terminal region of AAY -~~~ =======-===-

101" TCGCCCGACG CCCGGGCTTT GCCCGGGCGG CCTCAGTGAG CGAGCGAGCG 150

151 CGCAGAGAGG GAGTGGCCAA CTCCATCACT AGGGGTTCCT GGAGGGGTGG 200

201 AGTCGTGACG TGAATTACGT CATAGGGTTA GGGAGGTCCG CGCAATTAAC 250

251 CCTCACTAAA GGGAACAAAA GCTGGGTACC GGGCCCTTCG ATTCGCCCGA 300

301 CATTGATTAT TGACTAGTTA TTAATAGTAA TCAATTACGG GGTCATTAGT 350
""""""""" CMV Promoter "=~~~ ~-"~=-~-~=====--=

351 TCATAGCCCA TATATGGAGT TCCGCGTTAC ATAACTTACG GTAAATGGCC 400

401 CGCCTGGCTG ACCGCCCAAC GACCCCCGCC CATTGACGTC AATAATGACG 450

451 TATGTTCCCA TAGTAACGCC AATAGGGACT TTCCATTGAC GTCAATGGGT 500

501 GGAGTATTTA CGGTAAACTG CCCACTTGGC AGTACATCAA GTGTATCATA 550

551 TGCCAAGTAC GCCCCCTATT GACGTCAATG ACGGTAAATG GCCCGCCTGG 600

601 CATTATGCCC AGTACATGAC CTTATGGGAC TTTCCTACTT GGCAGTACAT 650

651 CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGGTTT TGGCAGTACA 700

701 TCAATGGGCG TGGATAGCGG TTTGACTCAC GGGGATTTCC AAGTCTCCAC 750

751 CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGACTT 800

801 TCCAAAATGT CGTAACAACT CCGCCCCATT GACGCAAATG GGCGGTAGGC 850

851 GTGTACGGTG GGAGGTCTAT ATAAGCAGAG CTCGTTTAGT GAACCGTCAG 900

FIG._3A This Shee
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Transducti on of neonycin resistance into manmalian tissue {4
RSt

cells,” ProdYORBPTS Acad. Sci. USA (1984) 81: 6466- 6470) .

hours after transfection, the nmedium was renoved fromthe cells and

replaced with 5 nl of DVEM 20 medi um cont ai ni ng 10% FBS. S eivia: s

72 hours after transfection, AAV was 42]a%%ested accordi ng; tgi1 et , BeoEM l

foll ow ng procedure: Cells and - medi U re collected toget heryr@andii i
nd

freeze thawed three times to lyse the cells. The suspensi-on—ef—cetts a

di h i f .
R Tk

virus as a nyual é&&{&%& W ccacheaEPEocIACRSErEE Aol MeRBriTTc 1000
manraLLan

,resistance im0 MAINBLLAN c - e cccccmccccecmemccreeerc—eae————-——-

1001 CCCGTGCCAA GAGTGACGTA AGTACCGCCT ATAGAGTCTA TAGGCCCACC 1050

1051 CCCTTGGCTT CTTATGCGAC GGATCAATTC GCTGTCTGCG AGGGCCAGCT 1100

1101 GTTGGGGTGA GTACTCCCTC TCAAAAGCGG GCATGACTTC TGCGCTAAGA 1150
------ Adeno virus major late intervening sequence =~ ~~""" "

1151 TTGTCAGTTT CCAAAAACGA GGAGGATTTG ATATTCACCT GGCCCGCGGT 1200

1201 GATGCCTTTG AGGGTGGCCG CGTCCATCTG GTCAGAAAAG ACAATCTTTT 1250

1251 TGTTGTCAAG CTTGAGGTGT GGCAGGCTTG AGATCTGGCC ATACACTTGA 1300
>

1301 GTGACAATGA CATCCACTTT GCCTTTCTCT CCACAGGTGT CCACTCCCAG 1350
------- Mouse immunogiobulin intervening sequence -~~~ --""="=

1351 GTCCAACGAT CCACTAGTTC TAGTACCAGC TGCTAGAGCT TGGEfAGTGA 1400

1401 CCAGCTACAG TCGGAAACCA TCAGCAAGCA GGTATGTACT CTCCAGGGTG 1450
""""" Rat preproinsulin 5' untranslated region ==~ ===~~~ "~

1451 GGCCTGGCTT CCCCAGTCAA GACTCCAGGG ATTTGAGGGA CGCTGTGGGC 1500

1501 TCTTCTCTTA CATGTACCTT TTGCTAGCCT CAACCCTGAC TATCTTCCAG 1550
1 yMyAy LWy !, D,A,M,Q ,L,L,S5, 12
1551 GTCATTGTTC CAACATGGCC CTGTGGATCG ACAGGATGCA ACTCCTGTCT 1600
------------ »la- - Rat Insulin - -»] e
signal peptide
1601 TGCATTGCAC TAAGTCTTGC ACTTGTCACA AACAGTGCAC CTACTTCAAG 1650
mem-SsssssssSo=sss- HumanIL-2 ===-=----=="=======-°=<
30 , S, TsKy KyT4Q, Ly QyLyE ¢HyLyLy LyD,yL, 45 '
1651 TTCTACAAAG AAAACACAGC TACAACTGGA GCATTTACTG CTGGATTTAC 1700

46 QMg 4L 4 NyGyly NyNyY, KNP K ,L,T,R, 62
1701 AGATGATTTT GAATGGAATT AATAATTACA AGAATCCCAA ACTCACCAGG 1750
1751 ATGCTCACAT TTAAGTTTTA CATGCCCAAG AAGGCCACAG AACTGAAACA 1800
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30 tissue culture cells,
81: 6466- 647WOPFATNEhi n,
hi gh frequency integration,

f or

manmal i an cel |l s,
i nactivation,

acetate filters

-20[err]c.

One

80
1801

96
1851

113
1901

130
1951

146

2001

2051

2101

2151

2201

2251

2301

2351

2401

2451

2501

2551

2601

2651

the viral
(1.2 [err]m. Viral

" Ml. Cell.

WL ,Q,C,
TCTTCAGTGT
L,A,Q,S
TAGCTCAAAG

lONOVO
ATCAACGTAA

" Proc.
J.D.,

Nat|. Acad. Sci. USA (1984)
et al., "Adeno-associ at ed
expr essi on,

Biol.  (1985) 5:3251-3260).

35 super nat ant mas filtered through Gel
54i2% ks were then stored?

|

L,E,E, E,L,K,P ,L,E,E,

CTAGAAGAAG AACTCAAACC TCTGGAGGAA

K yNyFy HyL,R, P,AR,D L
CAAAAACTTT CACTTAAGAC CCAGGGACTT
-------- Human IL-2
l V L E L K G
TAGTTCTGGA ACTAAAGGGA TCTGAAACAA

v S EL T,

and rescue of genes in.

e

vPETIYSAHAT T

After: he

",_,.,""""'

E WY Ay

0
TGAATATGCT

DyEosTy Ay To Il 4V 4EyFoly

GATGAGACAG CAACCATTGT AGAATTTCTG

{1 2T sF4C
TTACCTTTTG

0 QoS ol o I ¢8¢T s L ¢Ty*
TCAAAGCATC ATCTCAACAC TGACTTGATA

ACAAACCACA ACTAGAATGC AGTGAAAAAA

GTGATGCTAT TGCTTTATTT GTAACCATTA

SV40 Polyadenylation signal- - -~ ==-=---=-==-~--

TAGTAGAGCG

CGGTGGAGCT

CTAGAGAGCT

CATGGCGGGT

CCAATTCGCC CTATAGTGAG TCGTATTACG

CGGGCCCAAG CTTGGTACCC ATGGCTACGT

TAATCATTAA CTACAAGGAA CCCCTAGTGA
Right terminal region of AAV - ----

CTGCGCGCTC GCTCGCTCAC TGAGAGACCG

SUBSTITUTE SHEET (RULE 26)

M

14 ] L ON [} 95
GTGCTAAATT 1850
I ,8 N 112
AATCAGCAAT 1900
T,F,M,C 129
CATTCATGTG 1950
N y RyW, 145
AACAGATGGA 2000
158
ATTAAGTGCT 2050
AGATACATTG 2100
ATGCTTTATT 2150
TAAGCTGCAA 2200
CAGGTTCAGG 2250
CAAATGTGGT 2300
TGACGGTGAA 2350
GTCTGTAAGC . 2400
GGTGTTGGCG 2450
GCCGCCACCG 2500
CGCGTCGAGT 2550
AGATAAGTAG 2600
TGGAGTTGGC 2650
CGACCAAAGG 2700
This Sheet Has Been Rep
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-292.
cel | s.
t unor

Ther eafter,

5 [err]g of AAV plasm d DNA
as Iiposorres conposed of DDAB “and DOﬁ\g?ia a
respectively. Serumf ree
whi ch

conpl ex,

2701

2751

2801

2851

2901

2951

3001

3051

3101

3151

3201

3251

3301

3351

3401

3451

3501

3551

Cel lul ar Transfection "Lipofection". FoPCHPRIH{8Yy74
cell lines (R3327 and MBT-2),
of a 6 well

1: 2 nol ar rathj

mlliliter of AAV supernatant was used to transduce 1 x 10[err]
WO 95/@7995
cells and the rat tunor
cells were plated in 2 mMl serumfree nedia per well

51 x 10[err]
di sh.
mxed with 5 nrmles of DDAB

________

TCGCCCGACG

FIG._3D
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2800

2850

2900

2950

3000

3050

3100

3150

3200

3250

- 3300

3350

3400

3450

35800

3550

3600

This Sheet Has Been Replaced

Il



10 was then transferred to the cells. To effect |ipofection, the cells
wer e i ncubatygg ogh79090m t enperature for 5 minutes, t hen fetEdTISMMI0NTI4
serum was added to the cells to yield a final concentration of 5% feta

bovi ne serum -

_For T cells, 5-10 x 10[err] cells were plated in 1 m
of 15 serumfree nmedia per well of a 6 well dish. 50 [err]g-of ol
DNA was ni xed with 50 nnol es of DDAB as Vﬂbﬂ@ones conmpoged ‘of-~DD

DOPE in a 1:1 nolar ratio. The transfections "1'i pof ectii ons” mer@Vthe
performed as for tunmor cells. 20 For stemcells, 4~2-x-10T€rr]
cells were transfected with conpl exes conprising 10 m crograns of

plasm d DNA as%ﬂo ceeThoeres ehrhéersacAanceanstectadace! ASANGATsCT

cul tured

3651

3701

3751

3801

3851

3801

3951

4001

4051

4101

4151

4201

4251

4301

4351

4401

4451

nedia -GOMH a+ RFRG -st-enr eekl- fact of - -l=3 and - k=l - On-

GAAGATCAGT TGGGTGCACG AGTGGGTTAC ATCGAACTGG ATCTCAACAG

e En e e e h e M N N R TR TR MR R WY SN G e T S e m G R G T W R e e e =

T E W G WE MR T Eh Ch N L G TR WL G T W NS TE ED N G5 Gh G D e Ge TE WL W TR W En D R ve T e 4n SR wp Em N e Mm S e

s

3650

3700

3750

3800

3850

3800

3950

4000

4050

4100

4150

4200

4250

4300

4350

4400

4450

4500
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Day 3 and 7, the cells were harvested and extracts were 25 nade. H.
| L-2: Assay. re counted, and 1 x 10[err] cells wer n 1
m per well ‘g&%?zg\emell pl ate. The fol |l ow ng day, supernatﬁ':':o;l?{'ﬁ"gg“\j,\‘ié.rﬁe4
col |l ected and assessed by using a Quantikine IL-2 ELISA kit-(R&D.
Systens, 30 M nneapolis, MN). 1L-2 |levels were defined as pl oagr-ams/
of the supernatant . . [err]-galgagpasi dase Assay. | The
Fl uoReporter lacZz gene fusion detection kit from Ml ecul ar”‘Probes
(Eugene, OR) was used to quantitate |acZ B-D- gal actosidase in single . 35
cells by nmeasurenment of the fluorescence of the enzyne hydr ol ysi s

pr oduct f'“°ﬁ§§FehQCTEH Gﬁ@‘é&f&i céﬁ% PSS rrreeeBabr80cerca 4550

pAADA-[err] gal) weL € ZU N Tpcuy oy gyt dyiutuhi ittt

4551 GACCCCGTAG AAMAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGCG 4600

4601 CGTAATCTGC TGCTTGCAAA CAAAAAAACC ACCGCTACCA GCGGTGGTTT 4650

4651 GTTTGCCGGA TCAAGAGCTA CCAACTCTTT TTCCGAAGGT AACTGGCTTC 4700

4701 AGCAGAGCGC AGATACCAAA TACTGTCCTT CTAGTGTAGC CGTAGTTAGG 4750

4751 CCACCACTTC AAGAACTCTG TAGCACCGCC TACATACCTC GCTCTGCTAA 4800

4801 TCCTGTTACC AGTGGCTGCT GCCAGTGGCG ATAAGTCGTG TCTTACCGGG 4850

4851 TTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGGT CGGGCTGAAC 4900

4901 GGGGGGTTCG TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC 4950

4951 TGAGATACCT ACAGCGTGAG CTATGAGAAA GCGCCACGCT TCCCGAAGGG 5000

5001 AGAAAGGCGG ACAGGTATCC GGTAAGCGGC AGGGTCGGAA CAGGAGAGCG 5050

5051 CACGAGGGAG CTTCCAGGGG GAAACGCCTG GTATCTTTAT AGTCCTGTCG 5100

5101 GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGATG CTCGTCAGGG 5150

5151 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCGGCCTTTT TACGGTTCCT 5200

5201 GGCCTTTTGC TGGCCTTTTG CTCACATGTT CTTTCCTGCG TTATCCCCTG 5250

5251 ATTCTGTGGA TAACCGTATT ACCGCCTTTG AGTGAGCTGA TACCGCTCGC 5300

5301 CGCAGCCGAA CGACCGAGCG CAGCGAGTCA GTGAGCGAGG AAGCGGAAGA 5350

5351 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT 5400

F I G- - 3 F This Sheet Has Replaced
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- 23- Fl uorescein is produced by enzymatic cl eavage- of fl uorescein

di - b- D-gal a%gg%@ggl)_m de (FDG in cells that express the npekessigeTa
b- D- gal act osi dase.” The cells then

9/23

5401 GCAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCAAC

5451 GCAATTAATG TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT 5500

5501 TATGCTTCCG GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC 5550
---------- Bluescript KS i+ === =====-===-=======

5551 ACACAGGAAA CAGCTATGAC CATGATTACG CCAAG 5585

FIG._3G

-----------------
.................

.................
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were anal yzed using flow cytonetry (FACScan, Becton 5 bickinson, San Jose,

CA) : ”wo%%_ Jahd9s RESULTS, A Level of |L-2 gene ppissHdedsy by
use of AAV asm d cationic |iposome conplex. To evaluate the gene
transfer eff|C| ency of AAV plasnmids, the IL-2 gene transfer 10 efficiencies
of AAV plasm ds were conpared to the efficiencies of standard pl asm d |
constructs. The standard pl asm ds ca.ml/%the | L-2 gene, \Mth _an-- R
adenosi ne deam nase ’

1600 -
B ADA-IL2

73 TK-IL 2

12004 | CMV-IL2
pBC12CMV-IL 2
PACMV-IL 2

800 -
IL-2 pg/ml

400 -

0

BLADDER PROSTATE

. F’G. _ 4 A CELL LINE

1600 - - ;
PACMV-IL 2
1200 - pBC12CMV-IL2 | ]

800 -
IL-2 pg/ml

400 1,

D-7 D-15
DAYS

FIG-_4B This Shee
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(ADA) pronoter (pADA-1L2), a thym dine kinase (TK) prenoter (pTKIL-2),

or the irme 6 g,bJ, e cytonegal ovirus (CW) 15 pronoter (pCMpdtgiosnbfys AV
I L-2 study plasm ﬁpACM\/ | L2) contai ned the CW pronoter (1 medi ate

early), with the IL-2 gene pl aced downstream of the pronoter. (Fig. 1)
As shown in Fig. 1, the corresponding control plasmd, the
pBC12/ CW-1 L2 construct, was identi cal H/?éCM‘/ | L2, but 20 lacked- the AAV |
termnal repeats (ITRs). For conpafrson, five pl asm ds (pACMELR2, ]
pBC12/ CW- L2, pADA-1L2, pTK-1L2, pCW-IL2, ) cont ai ni ng " the TL=2 gene
wer e conpl exed W|th Ilposorres and tested for transfectlon efficiency on
the two cultured tunor1@e | TesT e Tat 25 biadder (WBT=2)—anmd~the r at
prostate (R3327) cell lines. |4 The cell lines were transfected wth 10
m crograns of 3 pACMV-IL 2
rAAV
1200 A .
IL-2 pg/mi
800 - -
400 A .
o 1 i
D-3 D-33
300 4 3 T T
pACMV-IL 2
rAAV '
200 - ggg% .
IL-2 pg/ml %‘;
100 -
0 T L)
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pl asm d DNA conpl exed to 10 nnol es of. |iposones per 1 x 106 cells.
Super nat ant s | ect ed on Day 3 and tested for the le f - 2
using an |L- ﬁ@%ﬁ%&gi The AAV plasmd (pACW-1L2) in ucée}am%#é

hi ghest | evels of expreSS|on in both cell lines (Fig. 4a). The IL-2 gene
with an ADA pronoter (pADA-1L2) induced the |east amount of expression
in both cell lines. As shown in Fig. 4a12b/oé§ TK and CM\{ :;(._'“m“redl ate=l-at-e-.

pronoter) IL-2 constructs

Lung

200 - [ Ovarian
Breast-1
Breast-2

IL-2 pg/ml

100 -

Ay

AMMMINNNS.S.

FIG._6 oAYS

60

-
-

50 1 pATK-Bgal
pAADA-Bgal

40 -
30 -
% PB-gal Positive

20

10 1
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PRV

I nduced conparabl e levels of IL-2 expression in both cell
l i nes.

Howe pBC12/ GW-1L2 plasnid, which contained
i medi at e- e&fﬂs’%’%snm er showed hi gher |evels of gene exprPégg%?ﬂm?"ﬂ“t he
prostate cell |ine when conpared to the 5 bladder cell line. Anmong the
pl asm ds tested, the AAV |L-2 study plasm d induced the highest |evel

expression in both cell lines, w th1§ /ségni ficant |evel cof--i-ncrease
The durations ofi:iexpriessiion 5

of

observed in the prostate cell 1line.
i nduced by the

1000 ' T — T
No-Irradiation | |
800 A Irradiation .
600 - .
IL-2 pg/ml
400 - -
200 - .
0 T s T . . T T
PRE 24 HR 48 HR 72 HR 96 HR
: POST POST POST POST
FIG._.7A DAYS
200 1 r— T T

No-Irradiation
Irradiation

100 -
IL-2 pg/mi
0 BN —l ,«,-,,H . . i
PRE 24 HR 96 HR
| POST POST
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SUBSTITUTE SHEET (RULE 26)

I




10 corresponding control plasmd (pBCl2/CNV-1L2) andnthe AAV | L-2 study
plasm d (pACW-1L2) in the prostate cell line R3327 were studied (Fig.
4b) . Expr eqs) sya7ves assessed up to 30 days in these cult pcgasssbdoyt any
sel ection. The cells were seeded at 1 x 10[err]/m and supernatants were
15 collected for analysis every 24 hours. The cells doubl ed every 48
hours in culture. The data in Fig. 4b |2€ gﬁ% that, in-addition to the,l
enhanced | evel s of expression, the é n of expreSS|0n . asted 30" days |
post -transfection wi th AAV plasm d (pACW-1L2). Notably, S|gn4f|cant 204

expression continued throughout the full duration of the i time-period of
eval uation. As shown in Fig. 4b, both pl asm ds i nduced maxi num | evel s of
expressi on between Day 2 and Day 7, b | evel s declined and

t hen were

Al A2 A3 A4 &

d2

FIG._9A

(210 g PACMVIXCAT + 10 nmole D as D:D 1:1
(2)10 ug PACMVIXCAT + 20 nmole D as D:D 1:1
(8)10 ug PACMVIXCAT + 10 nmole D as D:C 1:1
(4)10 pg PACMVIXCAT + 20 nmole D as D:C 1:1

A1 A2 A3 A4 B1 B2 B3 B4 —
CD 5/8
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mai nt ai ned at approximately 100 pg/m only in the 25 AAV plasmd

transfected group. Simlar, sustained |evels of expression were observed
in the bl a@@gs,@ggsl li ne, as well as with cells from pri nryudoyder74
breast and ovari an tunmor, when AAV plasm d:|iposone conpl exes were used
for transfection (data not illustrated in Fig. 4b). 30 B.

Conparison of AAV plasm d:|iposone transfection "l
reconbi nant AAV transduction. The pﬂéé dfe and bl adder:
transfected and transduced, to determ ne whether optlﬁﬁl_ . i
transfection was conparable to optimal reconbinant AAV 35 transductlon Foﬂ
optimal transfection, 10 m crograns of AAV plasm d DNA was conplexed o
10 nnol es of |iposonmes per 1 x 10[err] cells in 2 m final volune. For
maxi mal r AAV '

S)

FIG..9C

A2 A3 A4 Ala A2a A3a Ada B1 B2 B3 B4 Bila B2a B3aBda ©
A2 - A3 A4 Ala A2z A3a Ada B1 B2 B3 B4 Bla B2a B3a B4a

Al

Al

\aced
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- 25- transduction, 2 mi of the viral supernatant was added to 1 X

10[err] cells in 1 m of corrplete nmedia. After 24 hrs, :the cells were
washed andvg(@g“&.ggglded in fresh conpl ete nedi a. PCTIUS94/09774

FIG._10

A B A B
43 cpag 97

day 5 g 16 25 5 10 16 18 C  plasmid
pA CMV-IL2 pBC12CMV-L.2
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Supernatant was col |l ected at various tinme points after 5 transfection and
transducti on. In the prostate line (Fig. 5a), transfection induced
hi gher |evgl s of.gxpression than AAV transduction under t 8&tussARy 34 ONs
(2 mM of viral~supernatant for 1 x 10[err] cells, versus 10[err]g DNA:
10 nnol es of |iposones). Although 10 results on Day 3 through::Bay; 5"
approxi mately 10-fold hi gher levels of IL-2 with transfection,
conparabl e | evel s were observed in bot h17r/a3fected and transduced

groups. Transduction with reconbi nant AAV initially inducéd 15 ___:
hi gher | evels of IL-2 producti Q. -

to transfection using |iposb
| i ne, transduction of the

<t— B85

E d.' b I~ &« C}l ]\'. - =
@ & 0N T 8 2%
I I g - 8B F & - -L 2
o - A - "
Q.
@
o 52
& e ‘-g 68
(1]
/ 2 53
g This Sh
cet Has Beep Replaced
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ta-4
1a-17
1a-18

w
"t
ol
-

1b-2

1a-11

parent
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bl adder cell line also showed a decline in IL-2 | evel-s- by Day 20,

al though I1L-2 levels fromtransfection increased 20 during this period,
conpar abl e | evel s I L-2 were produced t hrough Day 33 i

transf ect ed"%ﬁﬂ“’??gnsduced groups. C Tr ansfect|onnp€9|oJrBﬁlmf‘r}xagl-rz?;;l
tunor cells using AAV Pl asm d DNA: | i posone conpl exes. In the.f or,egm ng
experiments disclosed herein, significant transgene 25 expr essken | '
denonstrated in cultured cell lines. I{4g8/2®rder to assess Whet her:
cationic |iposone: AAV pl asm d DNA conpl exes al so nedi at ed-conpar.abl'e" '
transgene expression in freshly isolated primary tunor cells, cells of
four different primary tunors were transfected with AAV |IL-2 30 study
pl asm d using |iposones. Tunor cells were cultured I roRPM - 3640 medi a
suppl emented with 10% FBS for 2-3 weeks

Blot D2

1A-11 Bam / Hind
1B-11 Bam / Hind
PACMVIL2 Bam/Hin
pACMVILZ Hind/PV
pACMVIL2 BAM/PV
kb ladder

R33 Bam / Hind
1A-11 Hindlll
1B-11 Hindlll
(didn't digest)
1B-11 Hindlll

— 12Kb

7kb
ekb
5kb

4kb
— 3kb

e 2.3KD
— 2kb

——1.6kb
— 1"Bkb

endogenous

bands L

IL2 band

(0.685kb)
- N —-_—-—-.68kb

—.5kb

7 hr exposure:

FIG._12A
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Ky

prior to the transfection. The cells were plated to 1 X 106 cells per
concentration and transfected with 10 m crograns of -DNA conpl exed with
10 nnol es o Id sﬂ)qg& 35 Supernatants were col |l ected on Daycdy@gosris

. aH

As shown four primary cell types produced Si gnl ficant
| evel s of IL2after transfection. -

19/23

Bam / Hindlll
Hind!it / PVUII

R33 Smal
(© PVUIL/ Hindlll

(®) PvUIl/ Hindlil

(®) Pvull/ Hindll

-g— 3.0kb

2.0kb

1.6kb
<— 1.0kb

.5kb
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- 26- The hi ghest | evel-.of expression was observed™on Day 3 during
the 10 Day swaesomesi od (Il ung and one breast sanple -Wer e SpefiySshdoPiy
| onger periods). |IL-2 gene expression was followed in cells of the lung
tunor and in cells of one of 5 the breast tunors as long as 25 days after
transfection in culture. The levels on Day 15 were equi: yal ent (100 pg/m

IL-2) in both cell Iines, and in the {/?qjerlved from % tept i rrary “tunvrs: -
(data not shown) D. Effect of al irradi atlonlon transgene 10 ;
expression. To determ ne the effect of irradiation on gene "
1-2 L4 ¥ 1 i v
' TIL+IL2/d 14
1.0 1 - [ TiL+IL2/d 34 .
g TIL+irra Tumor/d 34
0.8 - /) [|E TIL+IL2 Transf. Tumor/d 34
L ° 7 -
u /)
2 2
>¢:. 0.6 1 % B
5 npe
o
S  04- 2 ? A
/]
/) 7
) 7
4 4
4 7 ]
4 7%
7 ZB:
10101
. 7 7n
B 3.1 c2.1b Cé6.3

FIG._13
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expression, the prostate cell line (Fig. 7a) and cells of a primry

breast tunor WORS®7998b) wer e’ transfected and assessed for aeeeuR¥Hiessi on
after lethal irradiation. Both cell types were transfected using optinal
AAV 15 plasm d: i posone conpl exes. On the second day after transfectlon._.
an aliquot of each culture was subjected to 6000 rad using. [err]Co

irradiator, whereby cellular division o1 fgg3abolished, and, “he: ati quots :
wer e t hen kept in culture. One- hal f "of ‘éach cul ture was mai nt:ai hedias a.}

non-irradiated 20 control. The aliquots were subjected t 01.6000-t-ad "usi ng a
[err]CO irradiator, while the expression |level of |IL-2 was appr oxi mat el y
300-400 pg/mM . Supernatants were col |l ected 24, 48, 72 and 96 hrs after

i rradiation, and then tested for 1L-2 levels,

100 L T ¥ 1 T T

] - 5] RPR DDAB| |
E 75 ]
@)
&
= 501 1
Z
w
Q .
w 25 " b
o

0 : : ki '
100:100 100:50 50:50 50:25 20:20
DNA (ug):Liposome(nM)
50 . , , — . ,
40 : 3 RPR DDAB
S 1100-28 |
=
n
o 30 T -
oo
=
Z 201 -
&
i
o 10 h -
0 : ' e e
100:100 100:50 50:50 50:25 20:20 20:10

DNA (ug):Liposome(nM)
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25 As shown in ELg 7a-b, lethal irradiation-post- transfection did
not i Nicdsip7dgsansgene; expressi on. Nei t her t he prost ati’%rﬁ:%bluaﬁ-;?{‘e nor the

primary tunmor cells ~ exhibited any change in IL-2 expression a
i rradi ation. Thus, al though cellular division was abolished, IL-2 30
secretion was not sensitive to irradiation. This is advantageous snnce

many gene therapy strategies invpp e,% gene delivery to. peinRey T B
| ynphocytes (which do not generally divide absent act ivati on) .and_l of t eri

cannot be transduced via viral infection. 35 E. '—tevel- e
[err]-D-gal act osi dase gene expression by use of AAV plasmd:| | posorre
conpl ex. To dem2Q90rgate—tire expresston—tevets—onr—aper—ee} | basis, the
B- D
pSSVY/CMV-IL 2
pBC12/CMV-IL 2
1000 - .
iIL2pg/mi
0 B . [

D-2 D-7 D-15 D-25 D-30

FIG._16 DAvS
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A day2 Rlday22| [
O day4 [F]day2s| | .
40 - — {N day 9 {A day 30 i
B} day 18
3014 - i
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POSITIVE | Z ]
%
7
Z
72
10 - 2 -
Z
Z
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-27- gal act osi dase gene was used for transfection experinents. Each
of two AAV [ avo bsierads pl asmds ( pATK- Bgal and pAADA- Bgal’) ( prEBTSBD9774
obtained fromDr. Eli G| boa, Duke University) were conpl exed with
cationic |iposones and used for

23/23
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5 transfection of the prostate cell line. Ten m crograns of

pATK-fjerr]gal or "pAADA-[err]gal plasm d DNA was conplexed with 10 nmol es
of |iposones, the conpl exes were then used to transf ect pERE éﬁ;--_~“
cells in 2 m volume. At various tinme poi nts, approxi mat R ; [“rSﬂEET
cells were harvested and 10 stained with fladrescent substrpt

anal yzed usi ng flow cytonetry. Maxi mum t r ansgene| expries HARMIYRS

observed between Day 7 and Day 15 (Fig. 8). Significant { e¢vels of B-gal
activity were observed through Day 25. Flow cytonetry 15 anal ySi

positive cells showed maxi mal |evel s of 10 to 50% transfiection
efficiency with both plasmd constructs. The levels declined to 5 T0 0%
by Day 25. The expression pattern and duration was simlar to that of
DENO-ASSOC v SOMES
AND METHODS RELATED THERETO
TECHNICAL, FIELD .
Gene Modification
5 The present invention involves cellular manipulation,

more particularly it relates to use of cationic liposomes
to facilitate transfection by adeno-associated viral (AAV)
plasmids.

BACKGROUND

10 Transfection of eukarfbtic cells has become an
increasingly important technigque 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 heterologous 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 rgpeated'adminisffations, and can only package a
“limited amount of insert DNA.

25 Oof 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 variety of mammalian cell



. - ..‘{"':E-_"I?".'_'f'.
| L-2 expression set forth above. 20 F. Transgene expr3§§L5§§Pﬁ§HQ§éﬁﬁx
he

by AAV pl asm d: | i posonme conplex in freshly isolated perigheral bl o
T cell. subpopul ations. The effect of AAV pl asm d: | i posong conwhe&h?ﬁfi
transfecting freshly isol ated human peripheral blood T cellj popul ations
was exami ned. 25 The gene for chl oranplieni cgd- acetyl transferase {CAT)
enzyme was used as the reporter gene in the pA CwI X- CAT ol asm d (FJg -

\}VI) t th%VpﬁmFgFgél é@.le_mww:t;s w:alse ,TRAe al. USixipridreagsoebatedontrasdl A
and 30 purifi eHeéﬁﬂ’FeFV%tgﬁd%rE%gﬁg ?&%B%? ‘ﬁ'g%&&? %@eﬁqeggggiaggéél
for transfecti DNA 1mehatuamle@eogfomamnykianﬂqgikxsypmﬂ " Molyi€eddl. (C4
or CD8 selecte oiHbR&B%bﬁt39&%8%L359%Sh'Sxt has been well-documented
5 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
10 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 terminal repeats (ITRs) are
an.essential part of the AAV transduction system. :
15 Although recombinant adeno-associated viral (AAV)
vectors differ from adenoviral vectors, the transgene DNA
size limitation and packaging properties are the same as

_.._......._____.......-a

with any other DNA viral vectors.
AAV is a linear single stranded DNA parvovirus, and

20 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., "Genétics of adeno-associated virus:

25 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

30 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 prééress has been made,

35 transduction technigues suffer from variable efficiency,

| significant concern about possible recombination with
endogenous virus, cellular toxicity and immunologic host



(Fig. 9a-d), as well as CD34[err] stemcells (Fig. 10, ?§EL@£E%§QFF§HEET

Section G below), showed significant |evels 35 of. CAT ggnd expression.
Primary T cells freshly isolated from peripheral bl ood r¢ % BARSEE or
transgene expression using AAV plasmd '

© 10

15

20

25

30

35

-3 -

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 (DDAB) 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 high level cellular expression of transjenes, or
mRNA, by delivering them into a variety of cultured cell

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

transfection,"™ Proc. Natl. Acad. Sci. USA (1989) 86:6077-
6081) . o
Ecotropic and amphotropic packaged retroviral vectors
have been shown to infect cultured cells in the presence of
cationic liposomes, such as Lipofectin (BRL, Gaithersburg,
MD), and in the absence of specific receptors (Innes, C.L.,
et al., "Cationic liposomes (Lipofectin) medigte retroviral
infection in the 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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extent, improved efficiency is attalned 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 necplasms. 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 organ 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. Cclin. 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/M?/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 (LAX) cells and cytotoxic T



10 devices after 2 days in culture with RPM -1640 and 10% FB%EPE.ACEME@%%EET
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and the cell 15 extracts normalized by protedn content and CAT-aetiw-ty
measured using a chromat ographi c assay. Bl ood was obt ai ned from Donors
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as was the ratio ofTumoBNAnEdlterSnge1ymphohgtesudWIbi ape+primaridy(Fig.
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5 <+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
10 tumor and also possess cytotoxic qualities.
As a treatment methodology, TIL have been reinfused
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
15 instances, resulted in durable complete remissions in the
treatment of advanced malignancies.

DISCLOSURE OF I ON
v Cationic liposomes were used to facilitate adeno-
associated viral (AAV) plasmid transfections of primary and

20 cultured cell types. AAV plasmid DNA, complexed with
liposomes showed several-fold higher levels of expression
than complexes with standard plasmids. 1In addition,
expression lasted for a period of 30 days without any

- selection. AAV plasmid:liposome complexes induced levels

25 of transgene expression that-were comparable to those
obtained by recombinant AAV transduction. High level gene
expression was observed in freshly isolated cp4* and cps*
T cells, tumor infiltrating lymphocytes, and CD34* stem
cells from normal human peripheral bloeod. '

30 Primary breast, ovarian and lung tumor cells were
transfected using the AAV plasmid DNA:liposome cbmplexes.
Transfected tumor cells were able to express transgene
product after lethal irradiation. Transfection efficiency
ranged from 10-50% as assessed by B-galactosidase gene

35 expression. The ability to express transgenes in primary
‘tumor cells is utilized to produce tumor vaccine and to

e e )
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produce lymphoid cells that permit highly speeifie
modulations of the cellular immune response in cancer and
AIDS, and in gene therapies. '
Disclosed herein is a composition for genetic

§ manipulation. The écmposition 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

10 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

15 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 ggnetic sequence of an IL-2 gene or a 5-gal gene.

‘20 The lipid 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 method

comprises steps of providing a composition comprising

25 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,

30 such as a CD3%, CD4*, or cD8* cell; a cell of a tumor cell
line 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
llposome that itself comprises cationic lipid. The step of

35 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

5 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 segquence of

10 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

15 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,

20 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

25 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-

30 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

35 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
5 contacting with a host cell that is a tumor infiltrating
lymphocyte, a cell of a tumor cell line, or a primary tumor
cell.
" pisclosed is an expression vector which comprises a
genetic sequence essentially that of which is depicted in
10 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 genétic sequence which is that of the
genetic sequence in Figure 3. Disclosed is a cell that is
15 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.
20 Disclosed is an expression vector comprising a genetic
. sequence essentially that of the genetic segquence 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
25 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
30 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
35 bomposition 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 .intc 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

5 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 cp8* cell. The
host cell can be from a tumor cell line which is a bladder,
prostate, a B lymphoma, or an embryonic kidney cell line.

10 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 comprisées ‘a plasmid,
such as pMPé6-~IL2 or pACMV-IL2. The method for producing a

15 protein can comprise a further step of integrating the
geneﬁic 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~ 7 a protein can express IL-2, B-galactosidase

20 chloramg..ecnicol-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 cobtaining a cell
composition comprising effector T-lymphocyte cells;

25 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,

-30_ removing cells that are non-bound while leaving
speclflcally 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

35 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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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
composition with specific binding proteins specific for
CcDh4, 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 plasﬁid 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 havihg a neoplasm, such as renal cell carcinoma,
infiltrating ductile carcinoma, melanoma, ovarian
carcinoma, carcinoma of the lung or squamous cell
carcinoma.

Disclosed is a substantlally 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 neoplasn
comprising obtaining neoplastié 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 éequence encoding a lymphokine use of a composition
prepared according to this method is also disclosed.
RIEF DESCRIPTION O W

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 pBC12/CMV-IL2
plasmid, additionally pACMV-IL2 also had AAV inverted
terminal repeats (ITRs) at both ends. The plasmid
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 pMP6é plasmid (pMP6-IL2)

Fig. 3a-e. This figure depicts the DNA sequence 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 Xnown DNA segquences
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 plasmigd  (pBCl2/CMV-IL2) complexed

with liposomes. Supernatants were collected at various
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IL-2 levels are expressed as p:.cogram/ml/lo6 cells in 24
hrs of culture.
Fig. Sa-b. A comparison of AAV plasmid:liposome
5§ complex mediated transfection 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
10 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
15 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/mlllo6 cells in 24 hrs of culture.
Fig. 7a-b. Expression of IL-2 by cells transfected in
20 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
25 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/lo6 cells in 24 hr
culture.
Fig. 8. 'Efficiency of AAV:liposome transfection as
30 measured by B-gal gene expression. The B-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.
35 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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2. pAl OW | X CAT + DDAB: DOPE (1:1) 1:2 REPLACEMENT SHEET
DNA: | i posone ratio. Freshly isol ated CD34[err] per|pher bl ood
stemcells were transfected with AAV CAT plasm d DNA: |i poko %@R1997
conpl exes. CD34[err] cells were purified from peripheral b]o d usi ng AlS
CD34 M croCELLectors after renoving essentially all thef T cells using
CD5/8 M croCELLector device. The st em c&1¥X were renoved—f+em-the device

25 i cr ogr Ao oPEFLEBATSL CRACHICAD FABRCES of SPIBBSohece sk SRET ERET oot od
cell's were cul t yrgfspeebisndi apeimary nTngetlentreshdy| isatated fros and
'L-1. On Day 3 gggo; stggrfSLééafeﬁfood were tested for transgene
expression using .AAV plasmid DNA:liposome complexes.
5 T lymphocytes were fractionated as cD3* (Fig. %a), or
cps/8* (Fig. 9b), or as CD4* (Fig. 9c) or CD8* ((Fig. 94)
populations using AIS MicroCELLector devices. The relevant
cells were captured and cultured as described herein.
Thereafter, 5-10 X 106 cells were plated and transfected

10 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.

15 '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

20 chromatographic assay. :

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

' 25 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
30 léne 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 1211 and
35 1B1ll1. After Southern blotting, the filter depicted in Fig.
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harvested and extracts were made. Nornalized protein coptent fromthe | !
extract was assayed for CAT activity. As 30 shown in Fig. 10}, Tthew® i8eye ! ;
significant |evels of CAT gene expression in the CD34+ pefipheral bl ood i
stemcel | s. H. Integration Studies. Fig. 1la-b jilustrares——--i !
enhanced chem | um nescence (ECL) Sout hern agahx§es of enom.c DNA from

stable clones (clones stable at |east
12a was probed with.a 0.68 kb IL2 Bam HI/Hind III fragment
of pACMV-IL-2. PFor Fig. 1l2a: :
lane 1: clone 1All cut with Bam HI/Hind III
lane 2: clone 1Bl1l1l cut with Bam HI/Hind III
5 lane 3: clone R33 cut with Bam HI/Hind IIX
lane 4: clone 1Al1l1 cut with Bam HI
lane 5: clone 1Bl1l cut with Bam HI
lane 6: clone R33 cut with Bam HI
lane 7: clone 1Al1 cut with Hind III
10 lane 8: clone 1B11 cut with Hind III
lane 9: clone R33 cut with Hind IIIX
lane 10: left empty
lane 11: pACMV-IL2 plasmid cut with Bam HI/Hind III
lane 12: pACMV-IL2 plasmid cut with Hind III/pvuIl
15 lane 13: pACMV-IL2 plasmid cut with Bam HI/pvuII

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. For Fig. 12b: -

lane 1: clone 121l cut with smal
20 lane 2: clone 1B1l1 cut with smal
lane 3: clone R33 cut with smal
lane 4: clone 1A11 cut with pvulI/Hind III
lane 5: clone 1B1ll, 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 B chain of the TCR; C; is the
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Fig. 14. This figure depicts the proliferation of
breast cancer tumor infiltra“ing 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 pMP6
plasmid containing the necmycin 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 (pBCi2/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 cohtrols and the values of
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irradiated primary breast tumor (Fig. 19b).
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
jrradiation and tested for IL-2 levels. IL-2 levels are
expressed as pg/ml/10°% cells in 24 hr culture.

MODES FOR CARRYING OUT E_JINVE ON

The studies, disclosed for the first tlme 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 lipofectién 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 Eells,
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 1ym§hocytes;'unmbdified stem cells;
tumor cell line cells; and, primary tumor cells is
disclosed for the first time in the art.
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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/nl DNase I (Sigma), and 2000u/ml
hyalurcnidase 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/m1 peniciilin—streptbmycin, and 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
Sciences, Santa Clara, CA), devices comprising surfaces
having covalently attached specific binding proteins (such

5 as monoclonal antibodies) attached thereto. Briefly, PBMCs
were resuspended at 15 x 10% cells per ml in 0.5% Gamimmune
(Miles, Inc., Elkhart, IN) and loaded onto washed CD3, CD4,
CD8, CD5/8, or CD34 AIS MicroCELLectors. After 1 hour,
nonadherent cells were removed from the AIS

10 MicroCELLectors. Complete medium, RPMI 1640 (Whittaker)
~ 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
15 removed and prepared for transfection.

D.  Plasmid Preparation. A first plasmid used in the
present studies was (pACMV-IL2): this plasmid contained the
human interleukin-2 gene (IL-2) as IL-~2 cDNA, and the
immediate—-early promoter-enhancer element of the human

20 cytomegalovirus (CMV), and Rat preproinsulin and SV40
polyadenylation sequences, flanked by adeno-associated
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

25 corresponding control plasmid pBCl2/CMV-IL2, which was
identical to pACMV~IL2 but which lacked the AAV terminal
repeats, was also used (Fig. 1).

A second study plasmid, pAlCMVIX-CAT, contained the
CMV immediate-early promoter enhancer sequences, and an

30 intron derived from p0OG44 (Stratagene); the bacterial CAT
gene; SV40 late polyadenylation signal flanked by AAV
terminal repeats in a pBR322 backbone (Fig. i).

The plasmids pATK-B8gal and paADA-Bgal contained the
Bgal gene linked to either the TK or ADA promoter,

35 respectively, in an AAV plasmid backbone. (8gal plasmids
provided by Dr. Eli Gilboa, Duke Univ.)
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protocol s. 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 seguences 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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[l EXAMPLES
Iable 1
Selected Plasmids Used in Present Studies
Plasmid Name Promoter - Genomic Elements
PACMV-IL2 CMV (immediate-early) IL2, AAV
5 pBC12/CMV-IL2 CMV (immediate-early) L2
PA1CMVIX=-CAT CMV (imediate-eariy) CAT, AAV
pADA-IL2 ADA L2
pPTK-IL2 TR IL2
pCMV-IL2 CMV. (immediate-late) IL2
10 pATC-8gal TK ' . Bgal, AAV
pAADA-Bgal ADA Bgal, AAV
pMP6-IL2 CMV (early) IL2, AAV
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All plasmids were isoclated by alkaline lysis and
ammonium acetate precipitation, followed by treatment with
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
were prepared from the cationic lipid dioctadecyl-dimethyl-
ammonium-bromide (DDAB) (Sigma) in combination with the
neutral lipid diocleoyl-phosphatidyl-ethanolamine (DOPE)
(Avanti Polar Lipids). Lipids were dissolved in
chloroform. DDAB was mixed with DOPE in either a 1:1 or
1:2 molar ratio in a round-bottomed flask, and the lipid
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,
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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A method in accordance with the invention, utilizing l'i po
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material can be delivered into primary tunor cells or tuno cell lines™
to provide tunor vaccines; into peripheral HYbod R

is used; for intraperitoneal administration a DDAB:DOPE
ratio of 1:1 to 1:2 is used.
F. e i i t v o)
nsduction with vi infection. For the preparation of
§ recombinant 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 mﬁltiplicity of infection of 1 to 5, and incubated at
37°C. After 2 to 4 hours, the infected cells were
10 cotransfected with 10 pg of a plasmid comprising a gene of
interest and 10 gg 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 (Hermonat, P.L. and Muzyczka, N., "Use of
15 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
20 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
25 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
30 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
35 supernatant was filtered through cellulose acetate filters
(1.2 gm). Viral stocks were then stored at -20°C. One
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nodul ati on of the i mune response is either that of
milliliter of AAV supernatant was used to transduce 1 X 106

cells.
G. Cellular Transfection "Lipofectijon". For primary

tumor cells and thé rat tumor cell lines (R3327 and MBT-2),
5 1 x 10° 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:liposome complex, which

10 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 serun.

For T cells, 5-10 x 10% cells were plated in 1 ml of

15 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. _

20 For stem cells, 1-2 x 10° 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

25 made. ) _

H. IL-2 Assay. Cells were counted, and 1 x 106
cells were plated in 1 ml per well of a 24 well plate. The
following day, sﬁpernatants were collected and assessed by
using a Quantikine IL-2 ELISA kit (R&D Systems, _

30 Minneapolis, MN). 1IL-2 levels were defined as picograms/ml
of the supernatant. -

I. B~galactosidase Assay. The FluoReporter lacZ
gene fusion detection kit from Molecular Probes (Eugene,
OR) was used to quantitafé lacZz fg~D~galactosidase in single

"35 .cells by measurement of the fluorescence of the enzyme

hydrolysis product, fluorescein. The AAV/8-gal plasmids
(pATK~Bgal and pAADA-B8gal) were used with this kit.
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II. STUDY RESULTS

A. Level of IlL-2 gene expression by use of AAV
plasmid:cationic liposome complex. To evaluate the gene

transfer efficiency of AAV plasmids, the IL-2 gene transfer

10 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)

15 promoter (pCMV~IL2). An AAV IL-2 studf 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

20 lacked the AAV terminal repeats (ITRs).

For comparison, five plasmids (pACMV-IL2, ch12/CMV-
IL2, pADA-ILz, 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

25 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 106
cells. Supernatants were collected on Day 3 and tested for
the levels of IL-2 using an IL-2 ELISA kit.

30 The AAV plasmid (pACMV-IL2) induced the highest levels

' of expression in both cellr 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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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 105/ml and supernatants were
collected for analysis every 24 hours. The cells doubled
evéry'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 period 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
weil as with cells from primafy lung, breast and ovarian
tumor, when AAV plasmid:liposome complexes were used for
transfection (data not illustrated in Fig. 4b).

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 105 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

5 transfection and transduction.

In the prostate line (Fig. 5a), transfection induced
higher levels of expressioh'than AAV transduction under
test conditions (2 ml of viral supernatant for 1 x 108
cells, versus 10ug DNA:10 nmoles of liéosemes). Although

10 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

15 higher levels of IL-2 production in the bladder cell line,
as compared to transfection using liposomes (Fig. 5b) .
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

20 during this period; comparable levels of IL-2 were produced
through Day 33 in both transfected and transduced groups.

cC. Transfection of primary tumor cells using AAV

plasmid DNA:liposome complexes. In the foregoing
experiments disclosed herein, significant transgene

25 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
dlfferent primary tumors were transfected with AAV IL-2

30 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 plated to 1 %
10 cells per ml concentration and transfected with 10
micrograms of DNA complexed with 10 nmoles of liposomes.

35 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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followed in cells of the lung tumor and in cells of one of
5 the breast tumors as long as 25 days after transfection in
culture. The levels on Day 15 were egquivalent (100 pg/ml
IL-2) in both cell lines, and in the cells derived from
primary tumors. (data not shown)
D. ect' of le irradiation on transgene

10 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

15 piasmid:liposome,complexes. On the second day after
transfection, an aliquot of each culture was subjected to
6000 rad using 6%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

20 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.

25 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

30 secretion was not sensitive to irradiation. This is
advantageous, since many gene therapy strategies involve
gene delivery to primary T lymphothes (which do not
geherally divide absent activation) and often cannot be
transduced via viral infection.

35 E. lLevel of B-D-galactosidase gene ression by use

of AAV plasmid:liposome complex. To demonstrate the
expression levels on a per cell basis, the B-D-
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s transfection of the prostate cell line. Ten micrograms of
pATK-B8gal 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

10 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 B-gal
acéivity were observed thrdugh Day 25. Flow cytometry

15 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 2S.
The expression pattern and duration was similar to that of
IL-2 expression set forth above.

20 F. Transgene expression induced by AAV
asmid:liposome coO ex i reshly isolated peripheral

blood T cell Subgogulgtions. The effect of AAV

plasmid:liposome complex in transfecting freshly isolated
human peripheral blood T cell populations was examined.

25 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
using the AAV backbone (pAl) with CMV immediate-early
promoter enhancer sequences and CAT gene. Total and

30 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

35 of CAT gene expression.

Primary T cells freshly isolated from peripheral blood
were tested for transgene expfession using AAV plasmid
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DNA:liposome complexes. Results of thin layer

chromatography assays for CAT activity froﬁ CcD3* T cells,

CD5/8 selected T cells (total T cells), the CD4*

subpopulation of T cells, and the CD8* subpopulation of
5 T cells are depicted in Fig. 9a-d, respectively.

T lymphocytes were fractionated as cb3*, or cD5/8* or
cD4* 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

10 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

15 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 blcocod of
Donor A or B was used to isolate the T cells, and for
transfection.

20 As depicted in Fig. 9a-d, the lipid composition of the
liposomes comprising AAV was varied, as was the ratio of |
DNA to liposome. In 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 cp4*

25 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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by Conditions loyed for Studies Depicted in Fig.
gcondition Number Parameters
1. PA1CMVIX~CAT + DDAB:DOPE (1:1),
5 DNA:liposome ratio (1:1).
2. . PA1CMVIX~-CAT + DDAB:DOPE (1l:1),

DNA:liposome ratio (1:2).

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

10 4. pA1CMVIX~CAT + DDAB:DOPE (1:2),
DNA:liposome ratio (1:2).

Table 3
Conditions Employed forIStudies Depicted in Fig. 9b-d
Condition Number Barameters
15 1. ' PA1CMVIX-CAT + DDAB:DOPE (1:1), DNA:liposome
ratio (l:1).
2. - PAlCMVIX-CAT + DDAB:DOPE (l:1), DNA:liposome
ratio (1:2). .
3. PALCMVIX~CAT + DDAB:chol (1:1), DNA:liposome
20 ratio (1l:1).

4. F21CMVIX~-CAT + DDAB:chol (1:1), DNA:liposome

Tatio (1:2).

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

of expression were observed on Days 2 and
25 and purified subpopulations. Significant

-maximum levels
3 in both total
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 iiposome, and the

DNA to liposome

30 ratio induced similar levels of expre551on in all the

populations.
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transfecting freshly isolated human peripheral blood cD34%
5 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
10 from CD34* stem cells is set forth in Fig. 10.
Table_ 4

Conditions Employed for Studies Depicted in Fig. 10

Condition Number - Parameters
1. PAl CMV IX CAT + DDAB:DOPE (1:1) 1l:1
15 DNA:liposome ratio.
2. pAl CMV IX CAT + DDAB:DOPE (1l:1) 1:2

DNA:liposome ratio.

Freshly isolated.CD34" peripheral blood stem cells
were transfected with AAV CAT plasmid DNA:liposome
20 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
25 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
30 shown in Fig. 10., there were significant levels of CAT
gene expression in the CD34% peripheral blood stem cells.
H. Integration Studies. Fig. 1la-b illustrates
enhanced chemiluminescence (ECL) Southern analyses of
genomic DNA from stable clones (clones stable at least
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Genomic DNA was isolated and analyzed using the ECL direct
nucleic acid labelling and detection system (Amersham).

5 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. lla, samples were digested with Bam HI and
10 Hind III and probed with IL-2. As shown in Fig. 11a, 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 dlgested with
15 Bam HI and probed with IL-2. Again, all clones showed IL-2
gené integration. (Fig. 11b) In 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
20 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
25 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 southern assay, of two clones obtained from the present
study. Nuclear DNA was isolated from the two IL-2 clones

30 (1a11 and 1311) using the Hirt fractionation protocol. As
a negative control, total DNA was isclated from
untransfected cells of the R3327 cell line. After
restriction'enzyme digestion, 10 micrograms of each sample,
along with appropriate plasmid controls, were loaded onto a

35 1% agarose gel, electrophoresed, denatured and transferred
onto Hybond+ membrane. The filters were hybridized
overnight at 68°C with DNA fragments labelled with 32p py
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random priming. fhe membranes were then washed at 68°C for
2x 30 minutes each with 2x SSC, 0.1% SDS and 0.2x SSC, 0.1%
SDS. Autoradiograms 6f these filters were exposed on x-ray
£ilm. | |
5 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
10 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. ﬁoreover, higher
_ molecular weight bands were also demonstrated, which is
15 consistent with integration of the IL-2 gene, together with
' host genomic material cobtained from the various digest
protdcols. _
For the data shown in Fig 12b, the filter was'probed
with a 0.85 kb pvuII/HindIII (AAV ITR/CMV) fragment of the
20 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 pvull 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 pvull
25 digested chromosomal DNA.

III. EXAMPLES

A method in accordance with the invention, utilizing -
liposomes that comprise AAV viral material, is used to
deliver genes for cytokines, costimulatory molecules such

30 as.B7, and molecules having MHC class I antigens into a
wide variety of cell typéé. For example, such genomic
material can be deliveéred into primary tumor cells or tumor
cell lines to provide tumor vaccines; into peripheral blood




viral transduction. Mre particularly, the present dat
transfection, and utilized the el egant carrier syst
the proficient transduction capability ‘of AAV plas
Accordi ngly, AAV plasnm ds containing transgene and AA pgat s
were used as a DNA vector, and cationic | i posones carfriler
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Advant ageously, the cationic | . posones f.acilitated.the entgﬁ of, AAV ,
pl asni d DNA i nt 3se of liposomes that contain AAV viral material, is used
: 5 to deliver and express genes for substances such as
peptides, anti-sense oligonucleotides, and RNA. Upon
expression of such peptides, anti-sense ocligonucleotides
and RNA, a subject's immune response is modulated. The
modulation of the immune response is either that of
10 inducing the immune response or inhibiting the immune
response.- Accordingly, HIV .infection is treated by using
anti-sense oligonucleotides, RﬁA,_or ribozymes that have
been expressed by a method in accordance with the
invention. Additionally, the immunologic response to a
15 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
20 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
25 cells. Accordingly, the genes are expressed and afe used
in therapy for conditions such as HIV infection, conditions
of genetic defect, neoplésias, 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
30 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
35 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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comprising IL-2 genomic material. The transfected cells
5 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
10 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
5 - 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 believea that when the neoplastic cells
20 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-modlfled
tumor (GMT) for patients w1th melanoma and renal cell
25 cancer, in order to enhance tumor cell antigenicity; these
trials have relied upon ex viveo 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
30 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
35 constructs possessing the terminal repeat elements of
adeno—-associated virus (AAV) in locations 3' and 5' 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, liposoﬁes
were used to deliver AAV plasmid, such as pMP6-1IL2, that
comprised cDNA for interleukin-2 into primary human tumor
5 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
10 1levels 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 plasﬁid and liposomes; these
15 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
20 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-z is
25 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

30 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 fDNA fragmentation) within a few

35 days. Systemically administered IL-2 is, however, known to
cause severe side effects, inclpding death. There is a
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The studies represented by the following data
addressed the transportation into T cells of AAV plasmid
5 DNA and transgene DNA by a system that does not involve
viral fransduction. More particularly, the present data
relates to tran;fection, and utilized the elegant carrier
system of lipofection and the proficient transduction
capability of AAV plasmid constructs. '

10 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~-

15 2418.) In a preferred embodiment, the transgene is for IL-
2. BAAV plasmid:liposome complexes induced levels of
transgene expression comparable to levels obtained by
recombinant AAV transduction. Advantageously, the cationic
liposomes facilitated the entry of AAV plasmid DNA into

20 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 expresszon

25 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 activated cells to produce sufficient

30 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 piasmid, carrying IL-2 cDNA,

35 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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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

10

15

‘20

25

30

gene transfer into ex vivo activated and expanded cps8*
cells supported the growth of such cells, and prevented
apoptosis without any exogenous IL-2.

Cells that can be genechdified 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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and neopl astic cells with high efficiency for both tjranstest
sust ai ned expression of DNA. The transfection occqrrecl,(le g Q bs?née
of any reconbi nant 30 virus (producible fromrep and ca B O patt i ¢l e es
I n adenoviral infected cells). The cells obtained By transf ection
are used to treat patients. The patients treated with such cells obtain
not abl e t herapeutic benefit. 8- T ——
1. Reactant eparation and otocols love
a. Plasmids.
i. asmi -

Plasmid (pACMV-IL2) contains the human interleukin-2
5 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,

10 pBCl2/CMV-IL2, was identical to pACMV-IL2 but lacked the
AAV terminal repeats. Fig. 1 depicts plasmid maps of
PACMV~-IL2 and pBCl2/CMV-IL2.

ii. Plasmid pMP6-I12 _

As shown in Fig. 2, plasmid pMP6-IL2 is a double

15 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 seguences of IL-2, there is an
intron which enhances the expression of IL-2. The whole

20 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

25 plasmid in E. coli. '

Figure 3a-e depicts the DNA segquence of the pMP6-IL2
plasmid; panels a through e depict successive portions of
the sequence. In the figure, portions of the pMP6-IL2
sequence whiqh correspond to known DNA sequences are

30 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 lysis
and ammonium acetate precipitation. The concentration of

35 nucleic acid was determined by UV absorption at 260nm.
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iii. Plasmid pa X=C

Plasmid pAlCMVIX-CAT contains the CMV promoter
enhancer element, the intervening spiice acceptor
sequences, the bacterial chloramphenicol acetyltransferase
(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
measured by UV absorption at 260 nm.

b. Liposome Preparation.
i. Lipogsomes used with pACMV-II.2

Small unilamellar liposomes were prepared from the
cationic 1lipid, dioctadecyl~-dimethyl-ammonium-bromide
(DDAB) (Sigma), in combination with the neutral 1lipid,
dioleoyl-pﬂosphatidyl-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
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.

ii. Liposomes used with pMP6-IL2

Liposomes were prepared by combining the cationic
1ipid 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
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
for at least 4 months.



fl anked by adeno-associated virus inverted term nal repeats gg +R NP1 sona
both ends. A corresponding control plasmid, 10 pBCl2/ CW- | L2} ‘%% emtgéng
to pACW-1L2 but | acked the AAV term nal repeats. Fig. 1 deplcts pIasn1F

maps of °~ pACW-1L2 and pBCl12/ CW-1 L2. ii. Plasmd pMba2 MAR v/
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5 1lipids to dryness in a rotary evaporator. The lipids were
resuspended in sterile deionized water to yield a
concentration of 1 mM DDAB. The sclution was then
sonicated to clarity in an ultrasonic bath. Liposomes were
stored under argon at 4°C and were stable for at least 4

10 months.

c. Cell Preparatio
i. Isolation © Cells

TIL cells were selected with AIS MicroCELLectorse®..
. The source material was tumor or lymphatic system samples
15 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

days.
ii. Isolation of T cells and Neoplastic Cells
20 Primary T cell populations were isolated from

peripheral blood 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.

25 ' 1) Neoplastic Cells from a Solid Tissue Source
To obtain a cell population that will be transfected, cells
were obtained from solid primary or metastatic lesions, or .
from lymphatic systenm tissues. For example, biopsies of
breast tumors were obtained from patients undergoing

30 surgery with a pre-operative diagnosis of éuspected
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

35 immunohistochemical analysis.

Accordingly, freshly excised tumors were cut into 0.5
cm cubes. Up to 10 tumor cﬁbes'were transferred to a 25 ml
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- 5 not disaggregated was filtered, and then cells in
suspension were pelleted. The pelleted breast cancer cells
.were placed into tissue culture flasks (Falcon) in AIM V
‘media. Cells were maintained in humidified air containing
5% CO,, at a temperature of 37°C.

10 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,

15 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

20 subjected to enzymatic digestion for 2 hours. The tissue
was then homogenized and washed with PBS. Lymphocytes were
separated from non-lymphoid cells by capture Qn ATIS
MicroCELLector-CD5/8 devices. The nonadherent population
contained tumor cells which were cultured in RPMI 1640 +

25 10% FBS with L-glutamine and pen/strep.

2) Neoplastic Cells-grom a Fluid Source As an
alternate source for cells that will ultimately be
transfected, malignant ascites fluid or pleural effusions
were used to isclate autologous neoplastic cells.

30 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

35 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
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art. Isolation 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 necplastic 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) e nes

Cells of the murine B lymphoma cell line 38C13 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 "Lipofection".

i. Lipofection .of TIL Cells

For transfection of TIL cells, 5-10 x 10% cells were
plated in 1 ml of serum-free media per well of a 6-well
dish. 50 pg 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 1:1 molar
ratio). Serum-free media (0.5 mi) was added to the
AAV:liposome complex. The AAV:1liposome 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 eells 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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in this manner is known to correlate with potentially
lethal dose-related toxicity.

ii. ipofectio Neoplastic Cells

A neoplastic cell culture, such as a culture of breast
cancer cells or ovarian tﬁmcr cells, was transfected in the
following manner: Neoplastic cells (1 x 10% 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
ug 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% celis per well
in 2 ml serum-free media. The liposome-DNA complex was
added to the cells and incubated for 5 min at room
temperature. FBS was added to bring the final
concentration to 10%.

e. Assay of Transagene ressio

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



- |RECLACEMENT SHERT !
di ol eoyl - phosphat i dyl - et hanol am ne (DOPE) (Avanti Pol ar Li p1 ds). |ne ;
| i pids were dissolved in chloroform DDAB was m xed wiftH DQE’I:‘MAJ@ba, 1
nolar ratio in a round- bottoned flask. The |ipid m xtfufe was dried oh a
rotary 20 evaporator. The lipid filmwas rehydrated by addrng st-erile |
double distilled water to yield a final cgpeentrationjof 1 mv DDAB. Thls
sol ution was sonicated in a bath sonicator (Laboratory SupplTes;

H cksville, NY) pointé)| mxeegxa@n | iTIs<0 rassaver avexteo Pt farmélde on| @ 2u inheaur

argon. 25 st 6-
prepared by conb?"?ﬁ #ﬁe ca‘tlonl clﬂu{;t@vp édc%essml tﬁ&,&%@{&%n\/\%&e

di oct adecyl - di megeng= Qﬂ#ﬁﬁﬁ%ﬁnQQliﬁ(ﬁ?% ad @fF vhere ILs2iral |ipid
di ol eoyl - phOSphaéé:(&/én@é&wuﬂﬁmmes:(dwﬁnzn/1o°acuismwbare bdtadnedr by
conbi ni ng DDQ? W th chole : | a 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
10 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.
15 f. Southern Hybridization for IL-2 DNA
Chromosomal DNA was isolated by Hirt fractionation.
After restriction digestions, 5 ug of DNA per sample was
electrophoresed, transferred to Hybond N + nylon membrane
and hybridized with the 0.685 kb IL-2 fragment.
20 g. Cytotoxicity Assay
Target cells were labelled with 100 uCi 5lcr 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 gl supernatant from each
25 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 pl AIM V
media were plated in triplicate in 96 well plates. Each
30 well was pulsed with 1 uCi 3H-thymidine. Cells were
harvested 24 hours later and counted with a scintillation
counter. .
i. TICR Analysis
TIL cells were frozen at various time points in
35 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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2. Resulting Data and Findings -
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 neoplaétic cells,
neoplastic cells were transfected, for example, with pMPé6-
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 expénsion.

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 tﬁe course of expansioh.

Thus, tumor cells themselves were genetically
modified, for example with a composition comprising
liposome and pMP6-1IL2, t6 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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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 obta;ped past 30 days of
culture. . o

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 transgerne 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 modlfled
autologous tumor.

b. Proliferation of TIL Following Transfection with

the I12 Gene .
For the data depicted in Fig. 14, breast TIL were

isolated from pleural effusion with subject CD8 devices,
and cultured for three weeks in media containing GbOIU/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 w;th'
various compositions comprising pMP6-IL2 DNA:liposome
complexes. Two compositions of lipsomes, “RPR DDAB"
(Nattermann Phospholipid GmBH, Cologne, Germany) and "1100-
28" (Applied Immune Sciences, 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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Ti ssue Source controls were established as 100 percent. Percent growth
5 ranged from 40-80% for the RPR DDAB liposome-transfecfed
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
10 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
15 (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 compositions as those described
for the data depicted in Fig. 14. On day 2, the
20 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 Thy1'2 was expressed efficiently in
transfected human CD8" TIL. '

25 d. Transgene Expression in Irradiated Human Melanoma
Tumoy Cells Following Transfection

The following data was obtained by transfection of
tumor cells with pMP6~IL2. These data demonstrated that
tumor cells were successfully gene modified. In addition

30 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 digeqpion methodologies known to those

35 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.



To obtain a cell population that will be transfected, ce||$q, uﬂefﬁlfﬁr"j:gi]

obtained fromsolid primary or nmetastatic |esions, or froﬁi i %ﬁ?ﬂ
systemtissues. For exanple, biopsies of breast tunors mere abt ai ned [
from patients undergoing 30 surgery with a pre-operative di d§i@ﬂ@f$f'
suspect ed refractory or recurrent breast cancer. These st s _were

al so successfully performed with cells from ovarian tunor . The bi opsy

ti ssue cores were divided with fragnents processed for" | o

by |ight microscopy and 35 i nmunohi st ocheni€4é8-anal ysi s

Accordingly, freshly excised tunors were cut into 0.5 cm cubes. Up to 10

tunor cubes were trabsfpreparation 2fpomilipofection, tumor cells were
plated onto 60 mm dishes at a volume of 5 x 103 cells/dish.

The day following plating, liposomes comprising 10-30 nmol
of cationic lipid and 2-10pg of DNA were admixed and

5§ 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

10 (Vical, San Diego CA); DOSPA:DOPE, 3:1 mass ratio (Gibco,
Gaithersberg, MD) and DDAB:DOPE in a 1:2 melar ratio.

The transfected cells were eprsed to lethal levels of
x-irradiation (5000 rads) 24 hours following lipofection.
Supernatants were collected at 72 hours; thereafter IL-2

15 levels were measured by ELISA in accordance with
information known to those of ordinary skXill 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

20 detected in nonproliferating viable cells up to 26 days
following irradiation.
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LIPOSOMES

Cell Line

DOSPA:DOPE

IL-2 Levels (picograms/ml)

DMS2 “ 33,275 12,650 1238
DM17S 24,968 | 5,758 | not tested
” DM208 10,650 9,100 8,900
DM319° 26,022 35,150 31,769
DM336 24,967 not tested 15,775
DM336 not tested 18,730 8,713
DM377 5,504 3,546 | not tested

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.

e. Xt
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ression in a

Prostate Tumor Cell Line Following Transfection
With Various Plasmid Constructs

- To compare the level and duration of transgene
expression following transfections with different plasmid
constructs, the prostate tumor cell line, R3327, was
transfected with 10 ug standard plasmid (pBClZICMV-iLz) or
10 ug-AAV plasmid (pA CMV-IL2) complexed.to 10 nmole DDAB
as DDAB:DOPE 1:2 liposonmes.

Supernatants were collected at various time points and

assayed by ELISA for IL-2 levels.

For the data shown. in

Fig. 10, IL-2 levels were expressed as pg/ml/10% cells in

24

hrs of culture.

Transfection with AAV plasmid produced

IL-2 levels significantly higher than with standarad

'plasmid.

In additien, transfection with AAV plasmid caused
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lane. )
10 £. Intracellular Assays of Transgene ression in a
" Prostat r Ce ine Followi Transfectio
Wit v asmid Constructs.

The prostate cell line R3327 was transfected with AAV
IL-2 plasmid (such as pACMV-IL2) complexed with DDAB:DOPE
15 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

20 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 values of

25 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 isoclated from

- 30 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

35 as DDAB:DOPE 1l:1.° Supernatants were collected on day 2 and
3. IL-2 levels were measured by ELISA; the results are
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20 subjected to enzymatic digestion for 2 hours. The tissue was then
honpgeni zed and washed with PBS. Lynphocytes were separ atjeq T @MEAR g/
non- | ynphoid cells by capture on AI'S M croCELLector-CD5/ § devices. The
nonadher ent popul ati on contai ned tunor cells which were urTﬁTEd“%n~FFmLJ
1640 + 25 10% FBS with L-gl utani ne and pen/.sfyep. 2)

Neopl astic Cells froma Fluid Source As an alternate source for celTS

that will ultimyalivedd in %&ans%eﬁhEQe relbonavklasarecexpresdear apl eur al
ef f usi ons were-use toIo ous._neo kﬁStlc cells. 30

Accor di ngly, naDBdNédﬂOgsﬁPiFE bF %?fﬁgp ﬁ ??u?ﬂ centrifuged, and

COHBET

the pellet containinng. cel Tied
were counted and the Iﬂmmunn
usinga 2 s

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

10 complexes, and assessed for gene expression post lethal
irradiation. The data for the tumor cell line is shown in
Fig. 19A, and the data for the primary tumor cells is in
Fig. 19B. 1In these studies, the transgene was for IL-2.
Oon day 2, an aligquot of the cells was subjected to 6000r

15 using a 5%Co irradiator. and then returned to culture.
Supernatants were collected 24, 48, 72 and 96 hrs after
jirradiation and tested for IL-2 levels. As shown in Fig.
19, lethal irradiation following transfection did not
inhibit transgene expression. In Fig. 19, IL-2 levels are

20 expressed as pg/ml/lo6 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
25 molécules. 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
30 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
35 induced long-term (up to 30 days) expression of genes
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(Fig. Sa-b), in contrast to the transient expression
demonstrated by typical liposome-mediated transfection.
Notably, sustained expression was demonstrated in the AAV
plasmid lipofected group, as well as in the recombinant AAV
transduced group (Figs. S5a-b). Moreover, ten-fold higher
levels of expression were observed with AAV plasmid as
compared to standard plasmid transfection, as shown in Fig.
4a-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," Biotechnigques (1991) ;9:526-
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

5
|
!
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art. Isolation of neoplastic cells froma fluid source isj 'Faé?
rel evant to nmalignancies such as ovarian ‘and | ung cancer whi ch are kndwn
to correlate with pleural effusions. The T ceII-depIeLed f i &cHBBAY ﬁbs
enhanced for 5 neoplastic cells. Al'l autol ogous neoplastlc cel
were characterized by |'i ght nicroscopy, Jgkaw cytonmetry and

I mmunohi st ochem cal staining to assay oncogene expressi.an.and 1o

estﬁblbi sh a Pé%bﬁ&iﬁiéof'?tﬂs@& 96 eﬁﬂr@i@ciwnétiwh@rmmﬂlems 10
GelI's or that SERMY vPRIRGF e RToRarEirs of pinss (oL adeerid ¥ »ViElNGH,
autologous t unothes| Virteally elimnnaﬂﬂmmndﬁ@ﬂtpgssnbilt@w @k an@fverse
recombinant event. The end results were accomplished by
5 use of an elegant transfection process combining AAV
plasmid and cationic liposonmes.

In a preferred embodiment, the combination of AAV
plasmid and cationic liposomes not only transfected the
cultured cell lines efficiently, but also transfected

10 primary tumor cells and peripheral blood cells such as T
cells and stem cells. These data are noteworthy since most
gene therapy strategies involve gené delivery to primary T
lymphocytes or tumor cells. Previously, these strategies
‘have primarily relied upon transgene insertion into

15 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

20 dividing and non-dividing cell types. 1In accordance with
the invention, AAV plasmid:cationic liposomes have provided
a highly efficient transfection system that achieved
sustained, high-level expression.

Advantageously, plasmid DNA: llposome complexes can be

25 delivered in ¥ivo (such as by intravenous, intraperitoneal
and aeroscl 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.,

'30 "“Aerosol Gene Delivery in vivo,% Proc. Natl. Acad. Sci. USA
(1992) 89 11277-11281; Zhu, N., et al., "Systemic gene
expre551on after intravenous DNA delivery into adult mlce,"
Science (1993) 261:209-211; Stewart, M.J., et al., "Gene
transfer in vivo with DNA-liposome complexes: Safety and

35 acute toxicity in mice," Human Gene Therapy (1992) 3:267-
275). In accordance with the invention, DNA concentration
can be optimized to obtain maximum expression. Thus, gene




3) Cell Lines 15 Cells of the nmurine B | ynphoma cel
provi ded by Dr. Bernd Gansbacher (Sloan Kettering annrlal’

Center); rat prostate cell |line R3327 cells were provi ded ibyfl%’f §

G | boa (Duke University); and, MDA-231 breast tunor cellj ljiine cer &ér
obtai ned from ATCC. 20 d. Cel lul ar Transfection "LlpofEttrﬂ :

. Lipofection of TIL Cells For treaBdfection of THL cells, 5 10 x
10[err] cells were plated in 1 mM of serumfree nedia per r Wel T—of—a
6-wel |~ dish. €Pahsfer (byfuss afivi lipmonesmantiniging Arje natierizd
material (e.g., pMpe fé@e&‘%‘fﬂ&?ﬁi ﬁ%éﬁkg@xé"’ﬂﬂ&%x@i DR a wilds vdidety
| i posones conposed o ? ar rat |0) Ser%p}free

media (0.5 nl) W&g cFXQF%fﬁf vzvo, ang'lsrg) use in vivo ‘as
These present results are of immense advantage to any gene

$ therapy protecol.

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

10 adeno-associated viral (AAV) piasmid 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)

15 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

20 demonstrated with typical lipbsome mediated transfection
using standard plasmids.

Moreover, TIL transfected with cytokine transgene were

 found to expand without the need for exogenous cytokine.
This result is very advantageous since TIL can be provided

25 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,

30 IL-2 transfected T cells produced sufficient endogenous
IL-2 to maintain their growth and proliferation and to
prevent apoptosis that normally occurs with éxogenous IL-2
withdrawal from the effector T cells known in the art. The
dependence on exogenous IL-2 was eliminated.

35 Primary breast, lung and ovarian tumor cells were
transfectable using AAV plasmid DNA:liposome complexes.
Transfected primary and cultured tumor cells were able to



AAV: | i posone cbnplex. The AAV:|iposonme conplex and serum Afredi
was then placed with the cells. To affect 30 |ipofection, the cqlls Wer'e
i ncubat ed at room tenperature for 5 mnutes, then fetal boyi qe 500U I Was,

added to the
serum

The transfected TIL sells are-ggturned to the pqtﬂnnf. 35...

cells to yield a final concentration of 5% fetia bovﬁﬁ”‘

These cells provide the therapeutic benefits of cytotoxic L cells |n
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Embodiments of the present disclosure include that

tumor cells (both autologous and HLA matched allogeneic)
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.
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
often in.uced polyclonal expansion and loss of tumor

irra

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.

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
method of treatment" includes reference to egquivalent 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
understood by one of ordinary skill in the art to which
this invention belongs. Although any methods and materials
similar or equivaient 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
mentioned herein are incorporated herein by reference to
describe and disclose specific information for which the
reference was cited in connection with.



-43- to maintain cytotoxic T cell activity is reduced or ji:

elimnated. A reduction in the amount of systemcally adm jﬂ’as?t e{@ﬂ*"TLé ZS{—;FN
i s advant ageous since |L-2 adm nistered in this manner is knomm to ‘
correlate with potentially 5 lethal dose-related toxicity. i AR 1997 §
Li pof ecti on of Neopl astic CBIIs A ne%ﬁlastlc cell culture sucﬁ g i
a culture of breast : : e ~7~mm__“_j
WHAT IS CLATMED IS: s e .
1. A composition for genetic manipulation, said

composition comprising;
a liposome comprising lipid material; and,
5 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.

10 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
15 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 5 wherein a promoter is
20 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. -

25 . 9, The composition of claim i further comprising a
genetic sequence of interest.
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cancer cells or ovarian tunor cells, was transfected in the

W 1
manner: Neoplastic cells (1 x 10[err] cells) were 10 transfe&%&&m P %ﬁEET
m crograns of plasm d DNA (e.g., pMP6- " 1L2) mixed with 30 {innol es of
total lipid, wherein the lipid conprises |iposones corrpcsed of DRAB,aNnd
DOPE in a 1:1 mol ar ratio. one m of AIMV nedia was added to the
| i posone-DNA conpl ex, and was i ncubated at room tenperature |15 for—36
m nutes. The conbi nati on of the nedia and Lge. | i posome- DNA conpl ex was
then transferred to the cells. The cells were then incubated at

L0 Sl i comeate s, UsSe ptseshr i s
were formed by §ﬁq‘t‘ﬁﬁc?o?¥ow5ﬁr%¢| #ﬁe eélqeé'tF%grfb ‘E?\IrAg)t/ve%n iL-

transferred to 2 géneidr aidtgahdgens. or 2 nnol e DDAB per

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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[err]g DNA was added and m xed. Then, 1 ml serumfree nedLagT~wwasf_

the 1iposone-DNA conplex. Al cells to be  transfected WBFELA{ 'ﬁﬁiﬁﬁgsié

well plates. Primary tunor 25 and tunor cell lines were plated—ar-1"X 106
cells per well in 2 mM serumfree nedia. The |iposome- P\A cpgpgﬁiégqs
added to-the cells and incubated for 5 mn at room tenpeﬁathféf‘ wa
added to bring the final ~concentration to 10% "30 ! el AS S B B
Transgene- Expressi on i. Extracellular Assays Expression of the

Ty

| I

transgene was docunent ed by assayingll:;%éaqwession by-the -tettat-ty—

\

irradiated cells; these IL-2 assays can be By ELI SA assay, I n accordance

with information knopn t g LAASEPledd AiidioaudiniKial lgenatiite sdiduence of
interest into a host cell, said method comprising steps of:
providing a composition comprising liposome, adeno-
associated viral material and 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, CD3%, cD4*, 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 hdst cell.

=
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Cell -free supernatants were coll ected and thelr | L-2
determ ned by ELI SA at various tine
-44- points. For exanple, IL-2 assays were perforned

50—

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 genetic 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 infecﬁion, 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-IL2 or pACMV-IL2.

\_
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supernatants, in duplicate. Successful transfection of ~gene-nodified

cells was defined as where | L-2 concentrations of >100;;'372hﬁ 6nC§r§I£;
were obtained. 5 ii. Intracellular Assays Cells me%é~hap¥esneﬁ i-ﬁﬁg
various tinme points, washed with PBS and resuspended in écold 1% i
par af or mal dehyde in PBS. After 10 minutes at 4[err]C, #Ilsnwe&é ashed !

with cold saponin buffer (0.1% saponi n, 10% FBS i n PB$) jand st ai ned ;
with mouse anti-human IL-2 10 antibody for 15 minutes at 4[err]C Celts— f

wer e then washed wi th cold saponin buffef6@nd stai ned th-ELTC
conj ugat ed goat anti-nouse F(ab')2 antibody for 15 mn, at 4[err]C
Cell's wer e washed2&i t Hrtsapuetthed themslBSfarRﬂ-m@ﬂzéﬂi%ﬁm e step of

cytonetry. 15 proviidingOld! RehBoEiRibAl pRbveBebOR GkndtPAsequence .of
interest which compriées a genetic sequencé 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 é 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 hdst cell that is a tumor infiltrating
lymphocyte, a cell of a tumor cell line, or a primary tumor
cell.
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Chronpsomal DNA was i sol at ed by Hrt fractionation. After restriction

digestions, 5 [err]g of DNA per sanple was el ectrophore

to Hybond N + nyl on nmenbrane and hybridized with the 0.

fragnent. , 20 g. Cytotoxicity Assay Tar get cgel

| abel | ed mnth 100 [err] G [err]Cr per 1 X 106 cells.

were plated in triplicate in 96 well plates. Effector

to yield a 20:1 effector to target ratio. 100 [err]l o
each 25 well was collected after a four houF$#ncubati on, counted in
a [err]-counter. Proliferatio

To assa
proliferation, 5 x 18fer rfncmge?ﬂl‘iﬁo"f%&?flC#Wf’tflng e P % pl at ed
in triplicate i séfuendd edserndsialdycithat of the genetic sequence of

plasmid pMP6.

34. The expression vector of claim 33 comprising a
5 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 pMPS6. '

10 36. . The expression vector of claim 33 which further
comprises a genetic seguence 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
15 cell, a bone marrow cell, a tumor infiltrating lymphocyte,
a tumor cell line cell, or a primary tumor cell.

_—
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30 well was pulsed with 1 [err]C 3Hthymdine. Cells were Bkl i

hours later and counted with a scintillation count er. . TCR™ ]

Anal ysi s TIL cells were frozen at various tine pointsglnggﬁhgghgyge ‘

and after stinulation experinments. TCR restriction was aralyze by ‘

reverse transcriptase (RT) PCR in accordance w th met hodgl ~ROW—Ad |

the art. : f
-52=

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
5 genetic sequence substantially that of the genetic sequence
of Fig. 3.

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

10 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.
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| 2777:77; - 45- 2. Resulting Data and Findings |{REF ifrm@mamrk g
vivo Activation O Tunor Specific CTL;g ' Stinglath'fﬁL“ﬂﬁl ngE-“
During Cul ture Stimulation was carried out with TI4 qultured in a

5 50:1 ratio with autol ogous irradiated tunor; or with IL-J t EdnsR dei/ed,

i rradi at ed aut ol ogous tunor. The period of stimulation Jag_for 5-7 days.
These cells were conpared to TIL culture% in AIMYV nedi & suppl enented
with 600 | U m riL-2. Cells were assayed®dfter stimil ati-en—foer—changes

'n 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

5 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 seguence
10 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:
15 a tumor infiltrating lymphocyte, cD3*, cD4*, or cDs®*.

, 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
20 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. ‘

25 51. The method of claim 44 further comprising a step
of integrating the genetie material of interest into the
genetic material of the host cell.
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10 phenotype, cytotoxic activity, proliferation and TCR I Epeh:t '{g;ﬁim
sinple and rapid nethod of stinulating TIL cells during c . uuj Sﬁ. i
utilized for both in vitro and in vivo gene transfer protjpcpls.

As an alternate nmeans for stimulating TIL in culture, 15 tunor asspﬁhgq;g
antigeni c peptides may be added directly to the TIL cul tyrae.

s
'E .
(ﬂ..

Stimulation of TIL with Transfected Neopl astic Cells To g¢ul
transfected neoplastic cells, neopl astic cells were transfected, for
exanple, with pMP6- 20 IL2, and irradi ated. Twenty-four hours after

i rradiation, t he transfected cell's were waddfsd, harvested by

trypsini zation, pellet centrifugation, .and resuspend ture
nedi a. The transfecte l? d‘&ﬁtﬂmﬂ é ¢Yasnm q“ whe rpe:.n %q"e Step °

expre551ng 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 f-galactosidase,
chloramphenicol-~acetyl~transferase, or MDR I.
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neopl astic cells were then cultured with TIL. 25 Tunor spe

retained by the TIL during cul ture and expansi on.

tumor cells (both autol ogous and HLA mat ched al | ogenei c) P
re-stimulate selected TIL during the expansion phase. Thi i
significant value 30 because the specificithgL T cells for fhei?Q%EFEEF"TE"“ |
sonetimes known to dimnish during the course of expansion. Jhus, N
tunor cells themsel vgg wepengenphi 88t YrepafRilhf he€netapef¥2BPLEE1 Ml fra
conposition conprisi%% IF osone andis NBG-lLE, to fur?her I ncrease their

35 anti geni ci t y. compesition £k tReaRing & Fatientihp i; ARWRE Iy Hthal
expansi on, with sethsd ncomprigingunor specificity by the
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 spécifically 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 expénding step
further comprises culturing the effgctor 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
which is autologous or allogeneic. -
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- 46- expanded cells. As shown in Fig. 13, when expary
stinulated with autol ogous tunor, the specificity was L

10

15

20

25

—
{

-66-

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

cD8.

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.

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
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
prepared according to the method of claim 55.

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

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

- lung, or sguamous cell carcinoma.
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enhanced. The specificity of TIL stimulated with |L-2 ?REE ‘”fwﬁhébﬁﬁp@p

was greater than with unnodified tunor as 5 assessed by TCR r eperrorres;
The enhanced specificity of TIL cultured/stimulated i 3!%&§f§9;ed
tunor was particularly notable for data obtained pas

cul ture. The data denonstrated that cationic |i OSUHca *ﬂ conpl gx4
to an AAV plasmd efficiently transfected primry tynor cells as well
as cultured tunor cell lines. Up to 50% t he transtected cetts
expressed | L-2 as assessed by intracel IR@r IL-2 levels, and the

duration of expressi M@E o, j 8Ll s

after 15 transfectloi]H.'dl n tllétq’ }ns ene éé%’(p??%s?do evgnuw db%l

TCR anal ysi s deR3hscedled Shﬁﬁﬁ%ﬂoﬁeéistBﬂDthpEepﬂlét1°n comprise
external surfacas anc where .n the external surfaces of the

cells are substantia..y free of antibody.

S 71. The population of claim 70 wherein cells of the
population are at least 80% homogeneous for CDS.

. s S o

i 7
=T H;S REEN
eeplAQED

\
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T cells; these tunor-specific T cells having been affected ;2E¥ Bl

of bul k expanded TIL with gene nodified aut ol ogous tum)rj"ig}€ H,NH:§HEET
Proliferation of TIL Follow ng Transfection with f the L2 CGene
For the data depicted in Fig. 14, breast TIL were |solated ﬂﬂohhﬁﬂémWaI
ef fusion with subject CD38 devices, and cul tured for thrieg_weeks in
medi a containing 600l U m 25 IL-2. Anal ogous experinents mdre per f or med
with TIL from  ovarian tunor; the results were consi st ent-wth-t-he
results obtained with breast tunor TIL. =-68- Approxi mately 10x10[err]
TIL cells were transfected with vari ous conpositions conprising pMP6-1L2
DNA: | i posome 30 conplBkes.A meihed fR% iRTGRAF 519 15 mmeummqss%@'lar

composition for treating a patient with a neoplasm, the
method comprising:
obtaining neoplastic cells;
5 gene-modifying the cells with the composition of
claim 9.

,a’w

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

_ 74. Use of a composition prepared according to
10 claim 72.

This Sheet Has Been Rep

(A M I




(Natt ermann Phosphol i pid GrBH, Col ogne, Gefnany) and "1100-

(Appl i ed I nmune Sciences, Inc., Santa Cara, CA) were t estie

DDAB | i posones had a DDAB: DOPE ratio of " 1:1; the 1100-28 hlposones

a DDAB: DOPE ratio of 1:0.6. 35 The transfected TIL cells werie jt hen cultured

wi t hout any exogenous |L2; positive controls were culturédfln has 7/ I

presence of 6001UW m |IL-2. L_r I
-69- |

ADENO-ASSOCIATED VIRAL (AAV) LIPOSOMES
AND METHODS RELATED THERETO

ABSTRACT OF THE DISCLOSURE

A composition for genetic manipulation which comprises
5 a liposome comprised of lipid material, and adeno-
associated viral (AAV) material. Typically, the AAV
material is plasmid, and comprises a terminal repeat of the
AAV genome. Methods are disclosed for introducing genetic
material into cells by use of AAV liposomes. Accordingly,
10 genetic material was introduced and integrated into stem
cells, T cells, primary tumor cells, or tumor cell lines.
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-47- Fi ve days post-transfection, transfected and;
groups were labelled with [err]H thym di ne and assessed:fu
i ncorporation. ‘The counts fromthe positive controls were; estab1|shed a
100 percent. Percent growh 5 ranged fr,om 40-80% for the RPR DDAB; ;¢ 1y,

| i posome-transfected groups, and from 40-60% for the 1100-28 Ilposone
gr oup. The data represented in Fig. 14 denonstrates that~~w-breast
cancer TIL, when transfected with the IL-2 gene, did not reqU|re
exogenous IL-2 to maintain proliferation in 10 vitro. T
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c. Thy 1.2 Gene Expression in TIL For the data illustrated in Fig.
15, breast cancer TIL were transfected with pMP6 pl asm d._contai.ni-ng- the«
neomnyci n resi stance gene and the murine Thy 1.2 gene 15 i
(pMP6/ neo/ Thyl . 2), as an alternate enbodi ment of the pMP6™  —pl-asmni-d whi ch
contained the IL-2 gene. The pMP6/ neo/ Thyl. 2 plasm d was cor:rpl exed to
DDAB: DOPE | i posones. The |i posone ca@positions were the same ¥
conpositions as those described for the data depicted in Fig..14. . .On. day

2, the 20 transfected cells were stained with anti-Thyl.2 PE ant i bodi es’|
(Pharm ngen, San Di ego, CA) and anal yzed by fl ow cytonetry.. As—dept cted-
in Fig. 15, the nouse T cell surface marker Thyl.2 was expressed
efficiently in - transfected human CD8[err] TIL.

Sapl Drall

Aftili

AlwNI

CMV NN
Promoter =)

Eco31l

. Bluescript
backbone

Begl
Xmni

Drail

Hindlll

FIG._2
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25 d. Transgene Expression in Irradiated Human Mel'anona ~ 7 T T
Tunor Cells Follow ng Transfection The foll ow ng data’ was obt al n e@li.
by transfection of tumor cells with pMP6-1L2. These data denonstrat ed:
t hat tunor cells were successfully I%gne nmodi fied. In addltlon .30:t0 j‘
DDAB: DOPE, other |ipid conpositions wer~ also utilized. = "tThese vari ous
| i pi d conmpositions successfully produced | i pofection and subseéguent - '
cyt oki ne expression. Mel anoma cel I's were isolated. frommetastatic |
foci by foll owi ng enzymatic di gestion methodol ogi es known to those 35 of
ordi nary skill 1i £GOERATTA 5§¢¢Eﬁ%ﬁﬁﬂeA@ﬁ&ﬁﬁAFhAEh&?ﬁTGGﬁﬁﬁnﬂq%¥§ﬁ§€§Cmnﬁﬁ

5-10% fetal cal f <€eyUnT and ~maiTital rRlHesHiPt K&l UF e =6 2 178 heriod of

bet ween 5. day%1 tQ C‘I%%%E‘ET CTGCGCGCTC GCTCGCTCAC TGAGGACGGG CGACCAAAGG 100
---------- Left terminal region of AAY -~ ===~ ~~====-=-=~

101 TCGCCCGACG CCCGGGCTTT GCCCGGGCGG CCTCAGTGAG CGAGCGAGCG 150

151 CGCAGAGAGG GAGTGGCCAA CTCCATCACT AGGGGTTCCT GGAGGGEGTGG 200

201 AGTCGTGACG TGAATTACGT CATAGGGTTA GGGAGGTCCG CGCAATTAAC 250

251 CCTCACTAAA GGGAACAAAA GCTGGGTACC GGGCCCTTCG ATTCGCCCGA 300

301 CATTGATTAT TGACTAGTTA TTAATAGTAA TCAATTACGG GGTCATTAGT 350
""""""""" CMV Promoter -~~~ -~~~ ~=~"=====-=-=<

351 TCATAGCCCA TATATGGAGT TCCGCGTTAC ATAACTTACG GTAAATGGCC 400

401 CGCCTGGCTG ACCGCCCAAC GACCCCCGCC CATTGACGTC AATAATGACG 450

451 TATGTTCCCA TAGTAACGCC AATAGGGACT TTCCATTGAC GTCAATGGGT 500

501 GGAGTATTTA CGGTAAACTG CCCACTTGGC AGTACATCAA GTGTATCATA 550

551 TGCCAAGTAC GCCCCCTATT GACGTCAATG ACGGTAAATG GCCCGCCTGG 600

601 CATTATGCCC AGTACATGAC CTTATGGGAC TTTCCTACTT GGCAGTACAT 650

651 CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGGTTT TGGCAGTACA 700

701 TCAATGGGCG TGGATAGCGG TTTGACTCAC GGGGATTTCC AAGTCTCCAC 750

751 CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGACTT 800

801 TCCAAAATGT CGTAACAACT CCGCECCATT GACGCAAATG GGCGGTAGGC 850

851 GTGTACGGTG GGAGGTCTAT ATAAGCAGAG CTCGTTTAGT GAACCGTCAG 900
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901

951
1001
1051
1i01
1151
1201
1251
1301

1351

"~ 1401

1451

1501

1551

13
1601

30
1651

46
1701

63 ,
1751

o

preparation for |ipofection, tunor

ATCGCCTGGA GACGCCATCC ACGCTGTTTT GACCTCCATA GAAGACACCG

GTTGGGGTGA GTACTCCCTC TCAAAAGCGG GCATGACTTC
"""" Adeno virus major late intervening sequence

TTGCTCAGTTT CCAAAAACGA GGAGGATTTG ATATTCACCT

GTGACAATGA CATCCACTTT GCCTTTCTCT CCACAGGTGT
Mouse immunoglobulin intervening sequence == ----==~

GTCCAACGAT CCACTAGTTC TAGTACCAGC TGCTAGAGCT

TCGGAAACCA TCAGCAAGCA GGTATGTACT
Rat preproinsulin 5' untranslated region ==~ ~~~~~" "~

T CCCCAGTCAA GACTCCAGGG ATTTGAGGGA

------------ st4- - Rat Insuiin - -

0 Co ! oAy
TGCATTGCAC

0 S To Ky
TTCTACAAAG

oM A L W, ! D,AR,M,Q
CAACATGGCC CTGTGGATCG ACAGGATGCA

signal peptide
Ly SoLyA Ly VT (NyS, A,
TAAGTCTTGC ACTTGTCACA AACAGTGCAC
Human IL-2

KoeTosQ, LyQyLyE 4HyL,yL,
AAAACACAGC TACAACTGGA GCATTTACTG

LyL,S,

PosT 48,85
CTACTTCAAG
CTGGATTTAC

QM I 4L
AGATGATTTT

e NGy NyNyY, K,N,P ;K
GAATGGAATT AATAATTACA AGAATCCCAA

o Lo T o Ay
ACTCACCAGG

M, L, T,
ATGCTCACAT

FeKogFoV My Py K Ky,A T,
TTAAGTTTTA CATGCCCAAGC AAGGCCACAG

E, L ,K,H
AACTGAAACA
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pl ated onto 60 mm di shes at a volunme of 5 x 10[err] ceIIs/dl
| i posones conprising 10-30 nnol

and 2-10[err]g of DNA were adnmixed and 5 transferred in serum free nedi a ;
1-5 hours._and. FCS

follow ng pl ating,

to the adherent nonol ayers.
was added to the

enpl oyed
(Vi cal,

| i pof ection.

successful ly,
San Diego CA);
VD) and DDAB: D8PE i aQl; @ ool arEna ko £y Ly K
exposed to | 8R4I 1Q$W§P§T€T CTA§A#Q4&EM%%9“G

nedi a.

Suaper natan

| evel s were qggguﬁg%QQ%Agk

113

N, V,

DOSPA: DOPE,

Cel l.s

Var i
i ncluding: DVRIE.DOPE in a 1:1 nol-ar-
3:1 nmass ratlo (G bco,
s P Thel t Bansf ectedlceVl,s webe

60 OTCTIRAGEAM GTEGTAARST| oWy

-E‘Kﬁ-r'z'g"gTeﬁ%gAxt TR g e SR e 11 g, 15

Human IL-2

e i ncubated for
us Ilposone preparatlons wer e
f-atd-0.-10..

CCAGGGACTT

WV L E (L,KyG (S, E,T,

1801 ATCAACGTAA TAGTTCTGGA ACTAAAGGGA TCTGAAACAA

130
1851

146

2001

2051

2101

2151

2201

2251

2301

2351

2401

2451

2501

2551

2601

b E oY 1A
TGAATATGCT

DsEyTy Ay Tyl sV sEy FyL oy
GATGAGACAG CAACCATTGT AGAATTTCTG

of cationic I|p|d.

Galthersberg,

AATCAGCAAT

T,F,M,C
CATTCATGTG

N RyW,
AACAGATGGA

I s Ty F,C
TTACCTTTTG

2 Q0 8y 0 L ¢80Ty L ¢T 47 4
TCAAAGCATC ATCTCAACAC TGACTTGATA

ACAAACCACA ACTAGAATGC AGTGAAAAAA
SV40 Polyadenylation signal -~~~ -~

GTGATGCTAT TGCTTTATTT GTAACCATTA

CGGTGGAGCT
CTAGAGAGCT

CATGGCGGGT

&FGTCGACTC TAGTAGAGCG

CCAATTCGCC CTATAGTGAG TCGTATTACG

CGGGCCCAAG CTTGGTACCC ATGGCTACGT

TAATCATTAA CTACAAGGAA CCCCTAGTGA
Right terminal region of AAV

CTGCGCGCTC GCTCGCTCAC TGAGAGACCG

GCCGCCACCG

CGCGTCGAGT

AGATAAGTAG
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I nformati on known to those of ordinary skill in the art.

| evel of IL-2 expression obtained with each | i posone prepar tion'is”
listed in Table 4. Accordingly, high-level expression: (254 OOng/ n)
was 20 detected in nonproliferating vigple cells up to 26 days fol I"owi hg
i rradi ation. ,f T B

Ve i,
B o s P I

2701 TCGCCCGACG CCCGGGCTTT GCCCGGGCGG CCTCAGTGAG CGAGCGAGCG 2750

2751 CGCAGAGAGG GACAGATCCA ATTCGCCCTA TAGTGAGTCG TATTACGCGC 2800
---------- +fd -~ -~- BluesCript KS | + - == ==========cow-

2801 GCTCACTGGC CGTCGTTTTA CAACGTCGTG ACTGGGAAAA CCCTGGCGTT 2850

2851 ACCCAACTTA ATCGCCTTGC AGCACATCCC CCTTTCGCCA GCTGGCGTAA 2900

2901 TAGCGAAGAG GCCCGCACCG ATCGCCCTTC CCAACAGTTG CGCAGCCTGA 2950

2851 ATGGCGAATG GGACGCGCCC TGTAGCGGCG CATTAAGCGC GGCGGGTGTG 3000

3001 GTGGTTACGC GCAGCGTGAC CGCTACACTT GCCAGCGCCC TAGCGCCCGC 3050

3051 TCCTTTCGCT TTCTTCCCTT CCTTTCTCGC CACGTTCGCC GGCTTTCCCC 3100

3101 GTCAAGCTCT AAATCGGGGG CTCCCTTTAG GGTTCCGATT TAGTGCTTTA 3150

3151 CGGCACCTCG ACCCCAAAAA ACTTGATTAG GGTGATGGTT CACGTAGTGG 3200

3201 GCCATCGCCC TGATAGACGG TTTTTCGCCC TTTGACGTTG GAGTCCACGT 3250

3251 TCTTTAATAG TGGACTCTTG TTCCAAACTG GAACAACACT CAACCCTATC - 3300

3301 TCGGTCTATT CTTTTGATTT ATAAGGGATT TTGCCGATTT CGGCCTATTG 3350

3351 GTTAAAAAAT GAGCTGATTT AACAAAAATT TAACGCGAAT TTTAACAAAA 3400

3401 TATTAACGCT TACAATTTAG GTGGCACTTT TCGGGGAAAT GTGCGCGGAA 3450

3451 CCCCTATTTG TTTATTTTTC TAAATACATT CAAATATGTA TCCGCTCATG 3500

3501 AGACAATAAC CCTGATAAAT GCTTCAATAA TATTGAAAAA GGAAGAGTAT 3550

3551 GAGTATTCAA CATTTCCGTG TCGCCCTTAT TCCCTTTTTT GCGGCATTTT 3600
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TABLE 4
DVRI Z: DOPZ

This Sheet Has Been Replaced

|

DOSPA: DOPE
Level s (picogranms/m)

3601
3651
3701
3751
3801
3851
3801
3851
4001
4051
4101
4151
4201
4251
4301
4351
4401

4451

[

LI POSQOVES
Cell Line
33, 275

DDAB: DOPE

DVB2 12 650

GCCTTCCTGT TTTTGCTCAC CCAGAAACGC TGGTGAAAGT AAAAGATGCT

-----------------------------------------------
-----------------------------------------------
e R R R R ke
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------
-----------------------------------------------

FIG._3E
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DML75 24,968 5,758 not tested 5

3515

10, 650 9, 100 8, 900 DVB19 .
31, 769 DVB36 24,967 not tested 15, 7%5' ;o DVB36, 1]
not tested 18, 730 8,713 DVB77 5 504’ sl -

8 R

|

| }

l H
§

i

3,546 not tested

e e s e e v e e .

4501 ATCTCATGAC CAAAATCCCT TAACGTGAGT TTTCGTTCCA CTGAGCGTCA 4550

4551 GACCCCGTAG AAAAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGCG 4600

4601 CGTAATCTGC TGCTTGCAAA CAAAAAAACC ACCGCTACCA GCGGTGGTTT 4650

4651 GTTTGCCGGA TCAAGAGCTA CCAACTCTTT TTCCGAAGGT AACTGGCTTC 4700

4701 AGCAGAGCGC AGATACCAAA TACTGTCCTT CTAGTGTAGC CGCTAGTTAGG 4750

4751 CCACCACTTC AAGAACTCTG TAGCACCGCC TACATACCTC GCTCTGCTAA 4800

4801 TCCTGTTACC AGTGGCTGCT GCCAGTGGCG ATAAGTCGTG TCTTACCGGG 4850

4851 TTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGGT CGGGCTGAAC 4900

4901 GGGGGGTTCG TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC 4950

4951 TGAGATACCT ACAGCGTGAG CTATGAGAAA GCGCCACGCT TCCCGAAGGG 5000

5001 AGAAAGGCGG ACAGGTATCC GGTAAGCGGC AGGGTCGGAA CAGGAGAGCG 5050

5051 CACGAGGGAG CTTCCAGGGG GAAACGCCTG GTATCTTTAT AGTCCTGTCG 5100

5101 GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGATG CTCGTCAGGG 5150

5151 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCGGCCTTTT TACGGTTCCT 5200

5201 GGCCTTTTGC TGGCCTTTTG CTCACATGTT CTTTCCTGCG TTATCCCCTG 5250

3251 ATTCTGTGGA TAACCGTATT ACCGCCTTTG AGTGAGCTGA TACCGCTCGC 5300

5301 CGCAGCCGAA CGACCGAGCG CAGCGAGTCA GTGAGCGAGG AAGCGGAAGA 5350

5351 GCGCCCAATA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT 5400

FIG._3F
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10 These data denonstrate successful transfection of human el anomag

i
cell lines via nonviral, |iposone-nedi ated delivery of plasmd pIVF’B 14 2. }
Transfection resulted in significant_production of IL-2 follow ng._ Iethal* !
irradiation. 15 e. Ext racel | ul ar9Assays of Transgene Expression in a ]
Prostate Tunor Cell Line Follow ng Transfection ' o Wth Marious...

Plasm d Consg O:fqﬂctécmcmcm TereaaRe thEcACMRIA ADGCELERREODCRECEERNS IO

expression f OW Ng-tFanRsf-60i + 9A8 - wi-t-h+ «h § § er eRt= -pl -2+t d-20 -Gonst FUCt S,
the prostate tunor cell line, R3327, was transfected with 10 [err]g
standard pl a5481d (;@m:ﬂvlﬂwmrfmccw CAOTEATTAQ GRAYCElasai dTTpRCVME | 15500
conplexed to 10 mote~BBAB -~~~ as~ DDAB.DOPE" 172~ IFi"posunes -~~~ ~~~=~==~

5501 TATGCTTCCG GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC 5550
------------- BluesCript KSl| 4 ==============<<c---

5551 ACACAGGAAA CAGCTATGAC CATGATTACG CCAAG 5585

FIG._3G

-----------------
.................

FIG._3 Ftess
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Super nat ant s were col | ected at various tinme poi nts and 25 assa
For the data shown in
cells in

for 1L-2 | evels.
expressed as pg/m/10[err]
AAV plasm d pruduced

plasm d. In addition,

Fig. 10,

| L-2 Ievels~
Transfectlon with

IL-2.1evels sigq&Llcantly hi gher than Wi t'h- standafd
transfection wth :

24 hrs of culture.

Wwer:

V plasm d caused

1200

800 A
IL-2 pg/mi

400 4 —

1600 -
B ADA-IL2
TK-IL 2
12004 | CMv-IL2 ]
pBC12CMV-IL 2
PACMV-IL 2
800 - 7
IL-2 pg/mi
400 - ]
BLADDER PROSTATE
 FIG._4A CELL LINE
1600 - ,
PACMV-IL 2

pBC12CMV-IL2 | 7

=

FIG._4R

T
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- 50- production of IL-2 for at |east 30 days, in contrast to . ...only
7 days with standard IL-2 plasm d. Fig. 17 depicts Southern ALY 4

anal ysi s of chronosonal DNA from R3327 cells transfected with an AAV. |
plasmd 5 (pACW-I1L2) or the standard i)l asmid (pBCl2/ CW-1L2). The™ ™ «37
bl ot was probed with the 0.685 kb Bam HIAHi nd 111 fragnent of~the..LL- 2 [
gene. In Fig. 17, control (C) is DNA from untransfected cells. The | L= 2 /
insert is shown in the [|ast | ane. 10 f. Intracel lul ar ASsays—ef._ !

LI : | |

Transgene Expression ifﬁﬁ%o

pACMV-IL 2
2] rAAV

1200 -

IL-2 pg/ml

800 -

400 A

300 | | ) I

r.'i(%%:"s

200 1

AL
TGas

0
%

L

T
e

100 1

4‘%"
Lt

FiG._5B
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Prostate Tunor Cell Line Follow ng Transfection

Plasm d Constructs. The prostate cell |ine R3327 was tranSf [ e

wi th AAV IL-2 plasm d (such as pACW-1L2) conplexed with BDAB DCPE 15 :

| i posonmes; the liposones in a 1:1 or 1:2 DDAB: DOPE conp05|tnon Fagaro:sy 5
The DNA:|iposone ratio was 10 [err] g DNA: nnol e DDAB in both groups. j
Transfected cells were stained at various Tine points for!intracertutar—
IL-2 protein levels using a nodified flow 20 cytonetry procedUre as.. ... |
descri bed herein; the results are shown in Fig. 18. The data in F|g B :
are represented as per cent Tt =

Untransfected cells were used|as pegative controls and the val ues Df
controls were subtracted fronthe @LHE& of

' 200 - [] Ovarian
Breast-1
Breast-2

/)
lL-é pg/mi Z
7 7
100 A / % ]
% 7
7 7
/ 1=
z %
N7 7

FIG._6 PAYS

60

50 - PATK-Bgal
pAADA-Bgal

40 4
30 A
% P-gal Positive

20 A

10 A

D-15 D-25

D-1

FIG._8
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25 transfected groups. g. Transgene Expression in Pr| o
Cel | s. AAV pl asm d-1i posone conpl exes were enployed to ™~ transf eet .
various primary tumor cells. One |lung, one ovarian, and two breast__,tum)r.- |
sanpl es were isolated from 30 fresh tunor biopsies. Tunor cells were”
cultured in RPM - 1640 medi a suppl emdi@ ed with 10% FBS for 2-3.weeks..
prior to the transfection. The primary tunor cells were
transfected with 10 [err] g of pl asm d (such as pACW-IL2) conptexed-to—"""

10 nnol es of DDAB 35 asH¥\BDOPE 1. 1. Superpatants vere collected on day 2
and 3. IL-2 levels were asured by ELISA;, the results are
| =] No-lrradiation

800 - Irradiation .

600 - .

IL-2 pg/mi
400 -
200 A
c :

PRE

FiG._.7A

200 ' i :
No-irradiation |
Irradiation

100 -

IL-2 pg/mi
Sheet Has Been ‘liﬁllicl:ed
0 . |
PRE

FIG._7B




-51- depicted in Fig. 6 where IL-2 |levels are expressed as

pg/ m/10[err] cells in 24 hours of culture. h. Transgené”

Expression Followi ng Irradiation of Primary Breast JUHQIMQQJL ;

and Prostate Tunor 5 Cel | Line Cells. ; o i
1 4 . v

A1 A2 A3 A4 O©

d2

FIG._9A

(1)10 ug PACMVIXCAT + 10 nmole D as D:D 1:1
(2)10 ug PACMVIXCAT + 20 nmole D as D:D 1:1
(3)10 g PACMVIXCAT + 10 nmole D as D:C 1:1
(4)10 ug PACMVIXCAT + 20 nmole D as D:C 1:1

A1 A2 A3 A4 Bi B2 B3 B4 —
CD 5/8
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To determine the effect of irradiation on gene expression, primry
breast tunor cells and cells of a prostate cell line (R3327) were
transfected with a conposition conprising pACW-I1L2 and DDAB: DOPE
| i posome 10 conpl exes, and assessed for gene expression post lethal = |
irradiation. The data for the tunor cell line is shown in * Fig. 19A -and :

the data for the primary tunor cells is in Fig. 19B. In these studies, |

t he transgene was for |L-2. On dayi% an aliquot of the cells was T

subj ected to 6000r 15 using a [err]Co irradiator and then returned.t.0....

cul ture. Supernatants were collected 24, 48, 72 and 96 hrs after
irradiation and tested for IL-2 levels. As shown in Fig. 19, |ethal
rradiation follow ng transfection did not i nhibit transgene expression.

In Fig. 19, IL-2 levels are

{)

gl

B2 B3 B4 Bia B2a B3a Bda ©

)

FiG._9i

A2 A3 A4 Ala A2a A3a Ada Bf

A1l
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20 expressed as pg/m/10[err] cells in 24 hr culture.

In the present studies, the AAV plasm d which cont ai ned: :

AAV term nal repeats was used as a DNA vector, and catiioni¢c Tiposomes— |
were used as carrier 25 nolecules. |t was demonstrated t hat the;AA yuey Lk
pl asm d DNA: | i posome conpl exes ef flici ently transfected ipri mary’ |
tunor cells, cuI tured cell lines, prinmary Iynphoid cells, i l-and--CD34[. er_[l
stemcells. It was al so denonstrated that, in t he absence of any

reconbi nant virus (producible fromrep 30 and cap capS|d partithes—in
adenoviral infected cells),

FIG._10

CD34

day 5 g 16 25 5 10 16 19 C plasmid
pA CMV-IL2 pBC12CMV-]L.2

FIG._17

This Sheet Has Been Replace
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ntegration with high |Ievel and sustai ned expression of
achi eved by the el egant transfection process. I n addlt
| evel s of expression, the conbi nati on of AAV plasm d: | |posones ;
di scl osed herein 35 induced [ong-term (up to 30 days) expression_ of genes

1a-17
1a-18

1a-11

parent

FIG._11A

1kb ladder
control
plasmid —

This Sheet Has Been Replaced

{1

FIG._11B

1a-17
ia-18

1b-2
1b-18

1a-11
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-52- (Fig. 5a-b), in contrast to the transi ent expr essi:

denonstrated by typical |iposone-nedi ated transfection. N@t :
sust ai ned expression was denonstrated in the AAV pl asm d |i'pof ected !
group, as well as in the reconbinant AAV 5 transduced group (Figs. 5a-b). |
Mor eover, ten-fold higher | evel s of expression were obsfer,\"/ed W th RAV
pl asm d as conpared to standard plasmd transfection, as shown-in Fig. | ;
4a- b. Under the test conditiongdisclosed herein, there was 10 no |
difference in efficiency between optimal AAV t ransduct i on "and-maxt-mak-..|
AAV plasm d: | iposone transfection. Concerning the time-course of
expression, cationic
23 3
. TR Iz i
T T ¢ o EE 2
EE = S 5%s| f£% 9
E 5 ElE E gl & £58 I T
0 O glm m g L TDL SS;%BI
T2 8zagafasg28c:
- el 2 gl "8rls 33 38
; g e e
s —— 12kb
—. 7Kkb
— 6kb
— 5kb
— 4kb
— 3kb
— 2.3kb
— 2kb
— 1.6kb
—1.5kb
endogenous
bands ——1kb
(0.685kb) iL2 band
iL2 —.68kb
—.5kb

7 hr exposure:

FIG._12A
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| i posomes had previously been shown to nediate only transi
expression of standard plasnmd DNA in nmamualian 15 cell types “(:Eelgner:;:
P.L., et al., "A highly efficient, | i pi d-nedi ated DNA transfection
procedure,” Proc. Natl. Acad. Sci. USA (1987) 84:7413- 7417 Rose:id. K.,
et al., "A new cationic |iposone reagent nedi ating nearly quantltatlve
transfection of aninal cells," Biotechnicrues (1991) 10: 520 20 " B25) -

Mor eover, concerning the efficiency oi i ntegration, much-lower ... .. ..
efficiency of integration into the ho ? genone was observed in former

| i posome- nedi ated transfection as conpared to the results disclosed
herei n ( Shaef er - Ri dder, M, et al., "Liposones as gene carriers:
Efficient 25 transfection of nouse L cells by thym dine kinase gene,"

Sci ence (1982) 215:166-168). As shown herein, however,

(©) PVUII/ Hindlll
Bam / Hindlll
Hindlll / PYUII

®) PVUII / Hindlll

(&) PVUII/ Hindil

o
&
w
™
(@]
x
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FIG._12B
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cationic |iposones conplexed with AAV plasmd DNA carrying. . _the AAV

termnal repeats increased the genom c DNA I ntegration,: r
standard plasm d that |acked 30 only the AAV term nal repeafsm@__

Li posonmes conpri si ng AAV plasmd nmaterial delivered the[plasnld DNA |ng
t he absence of any specific cell surface receptors, and' | riepladed fhe
function of virus in gene delivery. In the present:studies, it was
denonstrated that virus 35 vectors can gg al t oget her repl aced By IlposonEs
and efficient expression and integration was attained by._.._utilizing .

t he construct, incHgginq the viral el enents

14 L3 k]

TIL+IL2/d 14
[ TIL+IL2/d 34

1.0 1 ) i
f B4 TiL+lrra Tumor/d 34
7
0.8 - 2 TIL+iL2 Transf. Tumor/d 34
—- ) % 3 o
5 %
3 7
2?- 0-6 I 2 .
x L/
o o ;
2 04 % |
2
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/
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-53- responsi ble for both the efficiency and integration.

manner, production of virus for infection is avoided, t hus virtdatly:
ellnlnatlng the possibility of an adverse r econbi nant event' The end :
results were acconplished by 5 use of an el egant transfectlon process TH
conbi ni ng AAV plasm d and cationi colfi posones. S S P
. k! ;
-
100 ' 1 1 T T ]

. =] RPR DDAB

o
.

PERCENT GROWTH
]
o

25 - 1
O ) '. e d ' Hastifd - Bl XA
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In a preferred enbodi nent, the conbinati on of AAV pl asm ati
| i posomes not only transfected the cultured cell |ines effl cientl Yy, buT, i
al so transfected 10 primary tunor cells and peripheral bl ood céld s such, as:
T cells and stemcells. These data are noteworthy si nce nfost gene |
t herapy strategies involve gene deli ver22to primary T Iyrrphocyt eSOt~
tunor cells. Previously, these strategies have primari ly-.relied upon
transgene insertion into 15 retroviral or DNA virus vectors. A fundarméntat-
di sadvant age of the ret ral systemis understood to be the inability
to transfect non-divi dlé@dp Mimary cells. The "present studies have shown
that cationic |iposones gonprising AAV material mediated transfeqtion of
both 20 dividing and non-diViding cell types. In accordance with
pSSVS/CMV-IL 2

pBC12/CMV-IL 2

1000 A

IL2pg/ml

0

T 1

D-2 D-7 D-15 D-25 D-30

FIG._16 DAYS

50 T
B3 day2 K day22( [M]
[Jday4 day 25 | .
40 - 1 | day 9 [A) day 30 i
B day 18
309 ’
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POSITIVE , | . [ ]
10 - y
0 4 —<4

pSSVO/CMV-IL2:DD1:1  pSSVS/CMV-IL2:DD1:2
DNA:liposomes
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the invention, AAV plasmd:cationic |iposones have provi:ded gh¥
efficient transfection system that achi eved sust ai ned, ;hi gh-|evel ;
expr essi on. Advant ageousl y, plasmi d DNA: | i posong ¢onpkexes .can be
25 delivered in vivo (such as by intravenous, |ntraper|t®neal‘ and :];
aerosol adninistration) wthout any neagarable tOXICIty. (Philip, "R et
al., "In vivo gene delivery: Efficient transfection ofT- Iynphpcytes I'in
adult mce," J. Biol. Chem (1993) 268:16087-16090; Stribling, R, et
al., 30 "Aerosol Gene mVery in \/|\m *_Proc Nat | Acad Qri LISA

(1992) 89:11277-11281,; u, [N., et al. "Systen1c gene expre55|cn after
I ntravenous DNA delivery in{o adult n1ce e{t9 209- 211;

Stewart, MJ., et al., "Gene transfer
conpl exes: Safety and ggg A

600 -

IL-2 pg / mi
PY. 400

200 -
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FIG._19A

200 T T T v
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g5 Irradiation
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PRE 24 HR 48 HR
POST - POST
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35 aCute toxicity in nice," Human Gene Therapy (1992) 3:267- _ 275)
accordance with the invention, DNA concentration can;ﬁg@pg Az et
obt ai n" maxi num expressi on. Thus, gene j ;;:;

-54-
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I. SOUR&E MATERIALS AND METHODS EMPLOYED

A. Cell Lines. A rat prostate cell line (R3327) and
rat bladder cell line (MBT-2) were obtained from Dr. Eli
Gilboa, Duke University. Both cell 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 obpained
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,. ovarian 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 V

medium (Gibco), supplemented with 450 u/ml collagenase IV
(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

sepafated from non-lymphoid cells by capture on an AIS
MicroCELLector-CDS/8 device (AIS, Santa Clara, CA).
Nonadherent cells (mainly tumor cells) were removed and
cultured in RPMI 1640 supplemented with 2 mM L glutamine,
100u/ml penicillin-streptomycin, and 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).



transfer by use of |iposonmes conprising AAV materi al

sand transgene material into a wide variety of cell 8 [

is of use in vivo as well. These present results are of ji mrense N
advantage to any gene 5 therapy protocol. Nbreovf ; QQEIQUS,{ 7
primary neoplastic cell types, nepghastic cell lines,{and seveféﬁ’f
cel |l subpopul ati ons were transfected with AAV plasnlds TrsiRge—n.

DNA: | i posone conpl exes. As shown herein, cationic Ilﬁgggﬂps faC|I|tate
10 adeno-associated viral (AAV) plasmd transfectlons into . Tetts—
transfection of primary tunor cells was very appeal i ng since such cells
are generally very difficult to transfect. In addition to high |evel

expression, use of70. A substantially homogeneous population of ¢Ds*
TIL cells, wherein cells of the population comprise
external surfaces and wherein the external surfaces of the
cells are substantially 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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AAV plasm d: | i posonmes induced |ong term (>30 days) 15 eRprx
transgene. Moreover, when activated and nai ve T cel Jig
with IL-2 plasmds, the pl asmi d was detected in th )
25 days post-transfection in an unselected conditi n7 These;,. ...,
findings are in contrast to the shortg9erm expression 40 |denonstraf&d wif
typical |iposone nediated transfection usi ng standa de+asn¢£B;wm___
Moreover, TIL transfected with cytokine transgene were found to expand
wi t hout the need for exogenous cytokine. This result TS Very
advant ageous since TIL can be provided 25 to patients without the need to
treat with systemc IL-2, overcom ng the serious side-effects of

systemc IL-2 treat ABENO-ASSOCTATED VIRAL (AAV) LIPOSOMES
D HO TED THERETQO

ABSTRACT OF THE DISCLOSURE

A composition for genetic manipulation which comprises
5 a liposome comprised of lipid material, and adeno-
associated wviral (AAV) material. Typically, the AAV .
material is plasmid, and comprises a terminal repeat of the
AAV genome. Methods are disclosed for introducing genetic
material into cells by use of AAV liposomes. Accordingly,
10 genetic material was introduced and integrated inte stem -
cells, T cells, primary tumor cells, or tumor cell lines.

NO FIGURE SUGGESTED
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| L-2 gene expression in the transfected T cells altered the effects of
-exogenous | L-2 wthdrawal. Notably, 30 IL-2 transfected Tcells produced
suf fici ent endogenous |L-2 to maintain their grow h and- prollfeTj fon
and to prevent apoptosis that normally occurs mnth exogenous 'L=2:
withdrawal fromthe effector T cells kidlown in the art.| The _ dependence on
exogenous | L-2 was elimnated. 35 Primary breast, Iung and ovari an
tumor cells were transfectabl e usi ng AAV plasm d DNA 1 posonme conpliexes.
Transfected primary and cultured tunor cells were ab[gwto ?
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-55- express the transgene product even after |ethal i rradi ation.
Enbodi nents of the present disclosure include that tunor cells (both. .
aut ol ogous and HLA mat ched al | ogeneic) 5 can be used toife=zsti mutbat; i
selected TIL during the expansi on phase. Transfected!neoplastic. cells -
are used in tunmor vaccination protodots. Typically the:transfected

{
:
i
!
H
]
!

Drall
Ay S2#!

AlwN]

CMV
Promoter

pMP6-L2
-5583 bp

Bluescript

Begl _backbone

Xmnl

Dralli

Hindlll

FIG._2



neopl astic cells are provided together with a
10 Transfected neoplastic celli§ are: also used

as
stimul ate

cytotoxicity and T cel
TILs initially showed tunor cel
from tunor,
expansion and | oss of tunor

neopl astic cells,

conpri sing

neopl astic cells,

I's known in the art.
corresponding TIL cells during culture.

pharnaceutica

Phenotype
receptor anal yses denonstrated that .
specLflicity when

long termculture in rlL-2 15 often innuced: pol.ycl onal

and nost preferably transfect.ed..
t unor specif|C|ty of the expanded TIL

eXC|p|ent

y aIfhoUgh
they wer€- |solated

specificity. By culture of TIL in a n11|bu

ceIIs mas

mar kedl'y |anea€GdGC2§TTA Aéﬁt?é%ﬁ*ﬂ“ﬂﬂ@d@Aﬁ&ﬂA'ﬂAé@@G@é%K”E&%*d@C%b“B shhe
singular forms *&----ands: - -and - I@iesdH: ke IRl Ural- -~ o u - D= -~ -
51 CACTCCCTCT CTGCGCGCTC GCTCGCTCAC TGAGGACGGG CGACCAAAGG 100
“““““““ Left terminal region of AAV ===~ ======-~----
101 TCGCCCGACG CCCGGGCTTT GCCCGGGCGG CCTCAGTGAG CGAGCGAGCG 150
151 CGCAGAGAGG GAGTGGCCAA CTCCATCACT AGGGGTTCCT GGAGGGGTGE 200
201 AGTCGTGACG TGAATTACGT CATAGGGTTA GGGAGGTCCG CGCAATTAAC 250
___________________________________ =<
251 CCTCACTAAA GGGAACAAAA GCTGGGTACC GGGCCCTTCG ATTCGCCCGA 300
301 CATTGATTAT TGACTAGTTA TTAATAGTAA TCAATTACGG GGTCATTAGT 350
""""""""" CMV Promoter -~ =~~~ ""~"~"--"=~====~
351 TCATAGC;CA TATATGGAGT TCCGCGTTAC ATAACTTACG GTAAATGGCC 400
401 CGCCTGGCTG ACCGCCCAAC GACCCCCGCC CATTGACGTC AATGACG 450
451 TATGTTCCCA TAGTAACGCC AATAGGGACT TTCCATTGAC GTCAATGGGT 500
501 GGAGTATTTA CGGTAAACTG CCCACTTGGC AGTACATCAA GTGTATCATA 530
551 TGCCAAGTAC GCCCCCTATT GACGTCAATG ACGGTAAATG GCCCGCCTGG - 600
601 CATTATGCCC AGTACATGAC CTTATGGGAC TTTCCTACTT GGCAGTACAT 650
651 CTACGTATTA GTCATCGCTA TTACCATGGT GATGCGGTTT TGGCAGTACA . 700
701 TCAATGGGCG TGGATAGCGG TTTGACTCAC GGGGATTTCC AAGTCTCCAC 750
751 CCCATTGACG TCAATGGGAG TTTGTTTTGG CACCAAAATC AACGGGACTT 800
801 ?EE}AAATGT CGTAACAACT CCGCCCCATT GACGCAAATG GGCGGTAGGC 850
851 GTGTACGGTG GGAGGTCTAT ATAAGCAGAG CTCGTTTAGT GAACCGTCAG - 300

- s v . -
THT TR SR M ch tm e h ot wt v cm et e el o b an ms N W s m am as s e W e N W = w wr -

FIG._3A



referents unless the context clearly dictates otherw se........Thus, for..

. exanple, reference to "a fornulatlon i ncl udes ntxtuifs;of dlfferent
fornul ati ons and reference to "the 25 nethod of .treatnent* i ncl udes: N
reference to equival ent steps and net hods known to those skilled in the
art, and so forth. Unl ess def+ ned ot herw se,: aII t'echni cal and
scientific terns used herein have the sane neaning ‘as. commonly 30 © |
under st ood by one of ordinary skill in the art to whi ¢h this |nventhn
bel ongs. Although any nethods and materials si m | ar-or--equi-val ent-.t-0-

those descq ey e @dwfasgﬂm nedé%%gc ackBréherpracideeaos E8stAmT tg@@

i nventi on, e prefecce s .and- nateri-al-s- ar e~ new-descs i bed.
publications 35 nentioned herein are incorporated herein by reference to

951 GGACCGATCC AGCCTCCGCG GCCGGGAACG GTGCATTGGA ACGCTGGATTC 1000

el e s s e W W e M m b W wh e® e M wm M wn ew an W s w d we e TN T NS W W wh em m al  R e mw

1001 CCCGTGCCAA GAGTGACGTA AGTACCGCCT ATAGAGTCTA TAGGCCCACC 1050

- MG mf E M M Mm e D mh W an Tm W My P NE NP W AR me S e A s M ~S e R WR S S S Mmoo e e S S e S

1051 CCCTTGGCTT CTTATGCGAC GGATCAATTC GCTGTCTGCG AGGGCCAGCT 1100

1101 GTTGGGGTGA GTACTCCCTC TCAAMAGCGG GCATGACTTC TGCGCTAAGA 1150
““““ Adeno virus major late intervening sequence ~ T~ "7 77"~

1151 TTGTCAGTTT CCAAAAACGA GGAGGATTTG ATATTCACCT GGCCCGCGGT 1200

- wn o mm et mR mm e e P Gp S e Eh i W WS W AR We AT N NS M G Em A mS Y AR AP SR WS TS NS T SR T TR M e w  m e w e

1201 GATGCCTTTG AGGGTGGCCG CGTCCATCTG GTCAGAAAAG ACAATCTTIT 1250

G m e Wm MR W S GE WS A M e WP ew A WP W A N B W ML Ay YR MR M P N M W M MR R M R R W R S m e  ce a

1251 TGTTGTCAAG CTTGAGGTGT GGCAGGCTTG AGATCTGGCC ATACACTTGA © 1300

1301 Gm ACAATGA CATCCACTTT GCCTTTCTCT CCACAGGTGT CCACTCCCAG 1350
------ Mouse immunogiobulin intervening sequence ~ =~~~ ~~-~

1351 GTCCAACGAT CCACTAGTTC TAGTACCAGC TGCTAGAGCT TGGTAAGTGA * 1400

1401 CCAGCTACAG TCGGAAACCA TCAGCAAGCA GGTATGTACT CTCCAGGGTG - 1450
""""" Rat preproinsulin 5' untranslated regien ==~ ~~~~=~"~

1451 GGCCTGGCTT CCCCAGTCAA GACTCCAGGG ATTTGAGGGA CGCTGIGGGT 1500

“ et w me MmN EE WM B UN SR e M e MM e TE M MR W G W ML GL W WA W @R GE e TR S SR R e D e w0 o e

1501 TCTTCTCTTA CATGTACCTT TTGCTAGCCT CAACCCTGAC TATCTTCCAG - 1550
1 WMyA, L W, 1, D,AR,M,Q ,L,L,S, 12
15851 GTCATTGTTC CAACATGGCC CTGTGGATCG ACAGGATCCA ACTCCTIGTCT 1800
------------ »<- - Rat Insufin - -» bl
signal peptide
13 1 Col g Ay LoSygLyA qLyVyT ¢NyS4Ay PyT,8,8 29
1601 TGCATTGCAC TAAGTCTTGC ACTTGTCACA "AACAGTGCAC CTACTTCAAG 1650
““““““““““ HumaniL-2 ~=~-~"~777====77°=====
30 8, TyKy KyT4Q,y LyQyLyE gHyLyLy LyDyLy, 45
1651 TTCTACARAG AAAACACAGC TACAACTGGA GCATTTACTG CTGCAT TaC 1700
46 QM 1 4L 4N ,G, I N, NyY¥Y, KyNyP,K ,L,TyAR, &2
1701 AGATGATTTT GAATGGAATT AATAATTACA AGAATCCCAR AcTcaccacé 1750
1751 ATGCTCACAT TTAAGTTTTA CATGCCCAAG AAGGCCACAG AACTGAAACA 1800

P s W wh S S A e Ve WE Mm@ W e B W WP N N WS W W W S M MG A WP MR WD P T N AR T M e md W WP Ma a8 M W w0 e wa

FIG._3B



describe and disclose specific information for which th" '
cited in connection wth.
CLAI Ms: 1. A conposition for genetic nanlpulatlon sald
conposition conpri sing: i

-5- 2

_:-ref erence

80 ,L,Q,C, L,E,E, E,L,K,P ,L,E,8,V LN, 95

Ry : 40

1801 TCTTCAGTGT CTAGAAGAMG AACTCAAACC TCTGGAGGAA GTGCTRAATT 1850
....................................... D= - = =~

f,S N, 112

1851 TAGCTCARAG CAMRAACTTT cﬂc'r-._aeac CCAGGGACTT AATCAGCAAT 1900

113 ! N V { vV .L  E L . K,G S_El‘l—. TI,,:.M.C 12¢
405490»30401"’,,,,},,,’, -
1901 ATCAACGTAM TAGTTCTGGA ACTAMAGGGA TCTGAAMCAA CATTCATGTG 1850
130 4 E WY 43A 4 D, E Ty Ay Ty 1V 454 7yL, N Ea W, 149
1951 TGAATATGCT GATGAGACAG CAACCATTGT AGAATTTCTG ARCIGATGGA 2000
146 | y T3 F1C 4QaSysl s [ 383 Ts LaTy" 158
2001 TTACCTTTTG TCARAGCATC ATCTCAACAC TGACTTGATA ATTAAGTGCT 2050
2051 TCCCACTTAN AACATATCAG GGATCGATCC AGACATGATA AGATACATTG 2100
................... > (dammmmmmmmm
2101 ATGAGTTTGG ACAAACCACA ACTAGAATGC AGTGAMARAA ATGCTTTATT 2150

“ s o s wp we wm e mm e e s

------------- SV40 Polyadenyiation signal

2 1 s 4‘ F“C‘TG-:‘_D'—A Tr,—vrp GTC :t G 1_ TGCT".‘"" 3,.’"’1"” TAA CA.TT:“. T}.I.GCTGC.E‘..A. 2200

- @shm @ -

B - - P
W s e W P p G T W A p m el W e e e S S e W e =D - -

2201 TAAACAAGTT AACAACAACA ATTGCATTCA TTTTATGTTT CAGGTTCAGG 2250

e
el ot e B s v em A W e R E e e e o m W S e S e o S

2251 GGGAGGTGTG GGAGGTTTTT TAMAGCAAGT AARMCCTCTA CARATGTGGT 2300

- - - . -
" e o wt s D an N ws e s e P s ws MM A N em TS M e =g W R S - - - .

2301 ATGGCTGATT ATGATCCGGS TGCCTCGCGC GTTTCEGTGA TGaCGGTGAN 2350

- - - o -
oy e b AP AR W SR W W A e MR A W ML e MM 4D MR s R W e S e - - - - - -

2351 AACCTCTGAC ACATGCAGCT CCCGGAGACG GTCACAGCTT GTCTGTAAGC . 2400

- - - - - - -
. e w ws e A G UD G W W WD U wr W e W ME R Y e AN W YR R T WS M A e s S - - d

2401 GGATGCCGGG AGCAGACAAG CCCGTCAGGG CGCGTCAGCG GGIGTTGGCG 2450

B w ma W wh WS U N S W w YD D W em e R P m Mm wh W wm e W W A T =D B SR T R TS e SR e = e o

2451 GGTGTCGGGG CGCAGCCATG AGGTCGACTC TAGTAGAGCG GCCGICACCG 2500

- e m T e e s ES ap A en woem woap w

2501 CGGTGGAGCT CCAATTCGCC CTATAGTGAG TCGTATTACG CGCGTCGAGT 2550

2551 CTAGAGAGCT CGGGCCCAAG CTTGGTAC&E ATGGCTACGT AGATAAGTAG 2600

- - . g ke b W ™ R 4% % w oo

2601 CATGGCGGGT TAATCATTAA CTACAAGGAA CCCCTAGTGA TGGAGTTGGC 2650

- h A W wr W ew w —a -

2651 CACTCCCTCT CTGCGCGCTC GCTCGCTCAC TGAGAGACCG CGACCRAAGG 2700

- s R W W B WE up W VO WD D W KD W W s W A W W W W W m W ey s D W A WR M S D W 0N SS w0 e

FIG._3C



a cationic |iposone;

adeno- associ at ed virus;
adeno- associ ated virus pronoter. 2.
wherein the inverted term na

an inverted ternihal

and a pronoter|

3. The conposition of claim2 wheret§+the plasmd is pNP6~lL2 or

pACW- | L2.
t er m nal

repeat from -
ot'her than an_ -
The conposii ti on,of claim 1
repeat and the pronoter conprises as plasn1d

5

4. The conposition of claim1l conpr15|ng tmo |nverted
repeats. - —
2701 ?S?€€S????_€?EFGGCTTT GCCCGGGCGG CCTCAGTGAG CGAGCGAGCG 2750
2751 CGCAGAGAGG GACAGATCCA ATTCGCCCTA TAGTGAGTCG TATTACGCGC 2800

---------- < - -~~~ Bluescript KS Il + - == ========~----~-
2801 ?f?f%ﬁ???f_??fﬁ???TTA CAACGTCGTG ACTGGGAAAA CCCTGGCGTT 2850
2681 ACCCAACTTA MTCGCETTG AGCACATCCC COTTICGCC GOIGOOSTAA 2900
2001 TAGCEAGAS GCCEICACEG ACCCCTIC CCAACAGETG COCAGCITGA 2950
2951 MIGICCANTS GGACGEIECE TUTAGCIGCS CATTAAGCGC GSCSGGIGTS 3000
001 STGSTTACGC GCAGCGTGAC COCTACACTT GOCAGCGCCC TAGCSCCOSC 3050
3051 TECTINCGCT TICTRCCCTY CCTTICTOSC CACGICGCS GSCTIICCCC 3100
10T CTCAAGCTCT RAATCGSGGG CTCCCTTIAG CGTRCCGATE TAGTGCTITA 3150
G151 COSCACCTES ACCCCAMM ACTIGATTAS GGTGATGOTE CACOTAGIGG G200
201 SOCATCGOCC TGATAGACGS TITTCGCCC TTTGACTIO GACTCCACST 3250
251 CTITAMIAG TOGACTCTTG TICCARACTO GAACAACACT CRACCCTATC *3300
301 TCIUICTATT CTTTIGNTTT aTaAGoATT TIGGCONTTR CoGccTATIS 050
3351 CTTARMAAMT GAGCTGATTT MACAARAATT TRACGCGAXT TTTAACAAMA - 3400
3401 TATTAACGET TACAATITAG GTGGCACTTT TCGGSGAMT GTOCGCGGAA - 3450
3451 CCCCTATTIG TTTATTITIC TRAMTACATT CAMMTATGTA TCCGCTCATG 3500
3501 ACACMTAAC CCTGATAMAT GCTTCANTAA TATTGAAMMA GGAAGAGTAT 3550
3551 GAGTATTCAA CATTTCCGTG TCGCCCTTAT TCCCTTTTTT GCGGCATTTT '3600

M R TE T e e e ae e m T T ch n M W W D S M WD M e N e W S e e e e e T e e e e .

FIG._3D



5.  The conposition of claim4 wherein a genetic sequence of interest S

integrated between two inverted term nal repeats. g0 The
conposition of claim4 wherein the pronoter is i ntegrated betvveen £ WO
i nverted term nal repeats. 7. The conposition iof claim6 wherein

the pronoter is a CW i medi ate- early7pronoter, a CW iinmedi at e- late:
pronmoter, a CW early pronoter, an ADA pronoter, or a TK prom)ter :

3601 GCCTTCCTGT TTTTGCTCAC CCAGAAACGC TGGTGAAAGT AAAAGATGCT 3650

P o S mS e m G W M M s M W e W ey W NP WP s ap WS W WD W W Am e WP e P TR W T R et em ew e e o e

3651 GAAGATCAGT TGGGTGCACG AGTGGGTTAC ATCGAACTGG ATCTCAACAG 3700

- wm e M e wE Mm wp D e e wh M am em ey 4 W W S WP p um WA W WL ER W W W @ M 4P e Sm L% dm A % e e e e

3701 CGGTAAGATC CTTGAGAGTT TTCGCCCCGA AGAACGTTTT CCAATGATGA 3750

3751 GCACTTTTAA AGTTCTGCTA TGTGGCGCGG TATTATCCCG TATTGACGCC 3800

M W e et e Me M e wE M W AR Mm M S MM EL Mm Ml R AR Gm M e W W W NN WA S R B m M S E YN v e e e em w -a

3801 GGGCAAGAGC AACTCGGTCG CCGCATACAC TATTCTCAGA ATGACTTGGT 3850

W S A ew em wp S E n ws e o m wn e P W D My Gy en W) G Wy N M MR WS YR WE W w WP W M S = CE NS W W e s e a

3851 TGAGTACTCA CCAGTCACAG AAAAGCATCT TACGGATGGC ATGACAGTAA 3900

T S A M e wm WD A G M WS eh S M ep Gy E W A MG EN AR M AR GE WS S e @B W W MR W W WS N G M e = e e

3901 GAGAATTATG CAGTGCTGCC ATAACCATGA GTGATAACAC TGCGGCCRAC 3850

TE o e e s Wn s Gk ot wm Gn B T M WO mE G AN D R G N Wy W W N M WD M m WS Ve W B =S e YR v S e o e =

3951 TTACTTCTGA CAACGATCGG AGGACCGAAG GAGCTAACCG CTTTTTTGCA . 4000

e s mh Gt A e e s wm W Em AR A e Wm G G R W W Mh M em S 4 ME W e N S NP Th WA W NE TE e S = e v ma

4001 CAACATGGGG GATCATGTAA CTCGCCTTGA TCGTTGGGAA CCGGAGCTGA 4050

4051 ATGAAGCCAT ACCAAACGAC GAGCGTGACA CCACGATGCC TGTAGCRATG - 4100

S an e D WA ME et AN s e wh P e W D R P W W S WS M ML M N D D W v M WM W e M W WP A B e e e =

4101 GCAACAACGT TGCGCAAACT ATTAACTGGC GAACTACTTA CTCTAGCTTC 4150

W A M et en am GE % Wy wy wm WD mn wn @D Ay Ww MR Gy M S M My Ep wh wL WA MD M e WS M8 e R M s m e w0 = e e am

4151 CCGGCAACAA TTAATAGACT GGATGGAGGC GGATAAAGTT GCAGGACCAC 4200

MR et Mm e v WD b mm b s b YB W em G G K G W h Wy P W WE AR e R BN S WR AR S TS W T e W R WS e we e e

4201 TTCTGCGCTC GGCCCTTCCG GCTGGCTGGT TTATTGCTGA TAAATCTGGA . 4250

D mh v et e e W Ab G ES M R M MO wh M S W N B G W WL WL W N W e ) W) W W WS WD MW W M B M W W W N e wm w ew

4251 GCCGGTGAGC GTGGGTCTCG CGGTATCATT GCAGCACTGG GGCCRGATGG 4300

W W D M S B et G M) WD GB U W e el W W S N P D ML ML M Gy M W Gl MR M WS TS S WB WP R W wm Tm e w0 e e em e

4301 TAAGCCCTCC CGTATCGTAG TTATCTACAC GACGGGGAGT CAGGCAACTA 4350

4351 TGGATGAACG AAATAGACAG ATCGCTGAGA TAGGTGCCTC ACTGATTAAG 4400

WO UE MR PO MR N W E w W WL WD WS O WS S M W MG M NP W M AR WD WP SR WS A M M AT W e N e N SO M e e e

4401 CATTGGTAAC TGTCAGACCA AGTTTACTCA TATATACTTT AGATTGATTT 4450

A W e e wm TR M WS mS mp W W W h mh W MR WP WD N M WS e W AP AP A MR MR M W WS b e MR e Ve MG M e B e s

4451 AAAACTTCAT TTTTAATTTA AAAGGATCTA GGTGAAGATC CTTTTTGAT! 4500

M A W AB G A W R M S e s e N e M W W R S ME GE WD e wy a0 WS AP W M M W W W e Ay e A e I W e oy e

FIG._3E



8. - The conposition of claim1 further conprising a genetic sequence.of
i nterest. - 57 -

4501 ATCTCATGAC CAAAATCCCT TAACGTGAGT TTTCGTTCCA CTGAGCGTCAR 4550

@ ws E > mm WS mh En e W e TR N an S ML e WR S e w W S e NS WP e MW TS M M N e e o m e e e

4551 GACCCCGTAG AAAAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGCG 4600

Mot e T M Mt W e mA W W AN N wm o m Gl em W v B e W N M M mE R AR G a MBS et e W e e e

4601 CGTAATCTGC TGCTTGCAAA CAAAAARACC ACCGCTACCA GCGGTGGTTT 4650

WD e e e e AN S S WD Gl TR MR My ap N M WD ah AR mt w W ML Ge A W N N TS TS MM WA Mm e m oam e T w

4651 GTTTGCCGGA TCAAGAGCTA CCAACTCTTT TTCCGAAGGT AACTGGCTTC 4700

@t e M me T M B S W WS s W e G N e e W A W w W Wy n W A M 4R W wm R A e S B e W e e e e o

4701 AGCAGAGCGC AGATACCAAA TACTGTCCTT CTAGTGTAGC CGTAGTTAGG 4750

D s e  En At TS En P M T G T ek R M P e M M M M e Wy um WD WD W M U TS WS W M ek s N wm em W e W W e

4751 CCACCACTTC AAGAACTCTG TAGCACCGCC TACATACCTC GCTCTGCTAA 4800

W ML O M eh WP MU D w me NS T s RGN wp A NS 4u e AE Wme e S NE WD SR WE WP MM A G MM M E m YO W MM Am M wm w we

4801 TCCTGTTACC AGTGGCTGCT GCCAGTGGCG ATAAGTCGTG TCTTACCGGG 4850

W M M e WS NS Wy YU R Eh om S WE an T A G AR @ Gh S 4B W S E eE W R M WP B WP MM R TS 4 e T e wa e o v

4851 TTGGACTCAA GACGATAGTT ACCGGATAAG GCGCAGCGGT CGGGCTGAAC . 4900

MR A A e N et Wt N G ek S S D TR MO M M M W Eh YE WL e M W M P M W W TH TE Am D MR W W% W m ae E o e -

4901 GGGGGGTTCG TGCACACAGC CCAGCTTGGA GCGAACGACC TACACCGAAC 49850

WS P e o S S P W WE Em R N GE m M o S N MP S T MR W MG WD s Af VE W Wm WS WS S TH B wp 8 B W W es M i e

4951 TGAGATACCT ACAGCGTGAG CTATGAGAAR GCGCCACGCT TCCCGAAGGG . 5000

. ks e en P W e MR WA W MM T WS P S W s W A M M e M TS MP S TH w0 W TR N M W E e G T oM em e

5001 AGAAAGGCGG ACAGGTATCC GGTAAGCGGC AGGGTCGGAA CAGGAGAGCé _5050

SR W S P h e W ) S T WE T TS ML WS WP S AR W G W Y WS WP S Y W Wn T NS NS B W Wm ) W e e M e e e ow e

5051 CACGAGGGAG CTTCCAGGGG GAAACGCCTG GTATCTTTAT AGTCCTGTCG 5100

P M S s ER e s aR WD MM SR W AP S E D En Wt S A P YR W ML YS MR GN S G wP W TR SA N SR S Mm WS MmN W e e s we e

5101 GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGATG CTCGTCAGGG = 5150

A w t Am s A s W o TH W T U G AP WS M) wm W) Gy NP 4D D G WP NS 4 W W W e MD M M W M Y w0 W M o = .

5151 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCGGCCTTTT TACGGTTCCT 5200

. AN wn ML M M T NS T M AE e M WD W of NS GE ) D WS WR W A W) wy GO GR WS VR ME MA G YR S WP T W em e s we e e =

5201 GGCCTTTTGC TGGCCTTTTG CTCACATGTT CTTTCCTGCG TTATCCCCTG 5250

5251 ATTCTGTGGA TAACCGTATT ACCGCCTTTG AGTGAGCTGA TACCGCTCGC 5300

- M et s S M Sy S ma NS W M E M wn W D R D NS AR Wl WE wn wm e G mn e W8 W W M ww ms W w0 m e e e

- W N M ey D wh W ) WP M R M WS TP MO G MR SD Gp W WS 4 wn WS Am s W AP MR MR WD wp M3 ] e md W 6O e m e .

5301 CGCAGCCGAA CGACCGAGCG CAGCGAGTCA GTGAGCGAGG AAGCGGAAGA 5350

5351 GCGCCCAATA CGCAMACCGC CTCTCCCCGC GCGTTGGCCG ATTCATTAAT 5400

D wr s w WE ot e W e e m M S M et wN ) NS M) AN G W W B D M S v e A e e Wl WU v w W e o em b s e

FIG._3F



9. The conposition of claim8 wherein the genetic_sequence of interest
conpri ses a genetic sequence of an IL-2 gene or a [err] gal gene. -
10. Cells transfected by the conposition of claim 1. oo LA
met hod for introducing a genetic sequence of interest:! |nto a host celi,
sai d nmethod conprising steps of: -9. provi di hg- a conposmtlon
conprising cationic |iposonme, an inverted term nal repeat from i
adeno-associ ated virus, a pronoter other than an adeno-associated’ V|rus
pronoter, and a genetic sequence of interest; and e, .cont.acti ng
the conposi t 34 WEEAGITHasH G§éCAGGWﬁTﬂ€Gﬁ@m§ﬂG§ésA@@#ﬁﬁﬁQﬁG TGAGCGCAAC 5450

TS A ST M N T S el W TR G T W TS W W S M D W wm wh e AP Am A W e S G M YE S e B W S S S o e

5451 GCAATTAATG TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT 5500

W e et am M e T s wn e S wm W AR B M e R M M e e wf W W B W D S S e T M S e w wmow  w

55301 TATGCTTCCG GCTCGTATCT TGTGTGGAAT TGTGAGCGGA TAACAATTTC 5550
""""""" Bluescript KS Il + — =~ ~~~"~"=77=7=7====~~

5551 ACACAGGAAA CAGCTATGAC CATGATTACG CCRAG 5585

FIG. 3G
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materi al, whereby the genetic sequence of interest is introduced into_the

‘host cel I. 12. The method of claim 11 wherein the-----h-ost _.Qel I
CD34[err] stemcell, a T cell, a cell of a tumor cell lit
tunor cell. 13. The nethod of claim 12 wherein;ithe -h-ost---cel
a tunor infiltrating |ynphocyte, a CD3jgrr] T cell, a CD4[err] T cell, or A
CD8[err] T cell. 14. The net hod of cIa|m12 Wnerelnthe ceH IS ;
froma tumor cell line which is: a bladder, a prostate, ia B. | ynphona, or, an
enbryoni ¢ kidney cell line. : ' ;
1600 T
Il ADA-IL2
A TK-IL 2

1200 4 ] CMV-IL 2
pBC12CMV-IL 2
pACMV-IL 2

800 A
[IL-2 pg/mi

400 A

0

BLADDER PROSTATE

FIG._4A CELL LINE

1600 , : : - ,
PACMV-IL 2

1200 - pBC12CMV-IL2 | 1

800 A .

iL-2 pg/ml

400 -

FiG._4B



15. © The nmethod of claim 11 wherein the inverted ternindl
pronoter other than an adeno-associ ated virus pronoter co

REPLACEMENT SHEET

-11 -

1600

1200 -

iL-2 pg/mi

800 A

400 -

PACMV-IL 2
rAAV

0

FIG._5A
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200 1
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16.
17. The nethod of claim 11 further conprising a step @__
genetic sequence of interest into the genetic material :of—the- - CE '
18. Use of the conposition of claim8 for treating a human patlent _sald

met hod conpri si ng: provi-di2ng a patient with a‘condition; |
provi ding the conposition of claim8; and con_t____g_(_;_'g_g___.r_]gm_j[_____h_g______f
conposition with a host cell, whereby the genetic sequence
F4 Lung
200 A1 [] Ovarian .
Breast-1
Breast-2
//
IL-2 pg/mi é
| 7 7 .
100 / /
7 7
7 Z
7 7
/ /
7 7
N7 7

FIG._6 T ows
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-4

S0

1

pATK-Bgal
PAADA-Bgal

i

40

30
% [B-gal Positive

1

20 -

10
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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- contactlng S
ex vivo, and the host cell is autol ogous or aIIogene|c;‘and further;.
conprising a step of delivering the host cell conpr|3|ng “the lntroduced
genetic sequence of interest to the pdSient. The .method: of
use of claim 18 wherein the step of providing a patlent prOV|des a patlent
with a neoplasm an |nfect|on an aut o-i mune condition, or..a.-genetic! j
abnormality. . The nethod of use of claim 19 wherein the step of

provi ding a patient grow des a patient with a genetlc abnormal"rty whi-ch’

conprises a m ssing TEecli ve 'gene. T
No-lrradiation
800 A Irradiation -
600 A
IL-2 pg/mi
400 -
200 -+
0

FIG..7A

200 - T — .

No-Irradiation
Irradiation

100 1
IL-2 pg/mi
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1

s

—
'

21. The nmethod of use of claim 19 wherein the step of
providing a patient provides a patient with HV infection:
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22. The nethod of use of claim 18 wherein the step of providing a
conposition provides a genetic sequence of interest mhich encodes a

peptide, an anti- sense oligonucleotide, or RNA 23:: The net.hod of
use of claim 18 wherein the step of providing a conp05|t|on provi des a
pl asm d. 24. The nmethod of usey®t claim?23 mhereln the plas Ed

pPMP6- 1 L2 or pACW- I L2.

0]
[ve]
2 a
a 4]
© [4p)]
] sl
@ &
& al
A M
« =
oo ea
-~ <
2] oe
[ap]
@ e
N =,
& o 0
- =M SP
a) |
g op
les] r =
~r < \“m.,.f“
p g
[ap] < e
P g
g <
© <
2 <
-«
> <
m
2 2
[aV] [qV]
< <
- $ —
< <




25. © The method of use of claim18 wherein the step of providing a
conposi tion provides a genetic sequence of interest which conprlses a
genetic sequence encoding a cytokine, a costinulatory: factor=*=s :
nmol ecul e, a tunor-specific antigen, or a tunor-associated: antlgen
26. The nethod of use of claim 18 whengi-n the step of prOV|d|ng a. patlent
provides a patient with a malignant neoplastic conditi:on or* HIV'lnfecvlon
and wherein the step of providing a conposition prOV|des a genetic. sequqnce
whi ch conprises IL-2 genomc material. f ;

FIG._10
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- 60 - 27. The nethod of use of claim 18 where

providing a patient provides a patient wth a malignant
condi tion; and wherein the step of providing a conposiiti
genetic sequence which conprises the MDR | gene.

-17 -
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28. - The nethod of use of claim 18 wherein the step of cont act| ng t he

-conposition with a host cell conprises contacting with 1. that-
a neoplastic cell, a bone marrow hemat opoi etic cell, or | bl ood
cell. 29. The nethod of use of claim 28 WhEI’EI;I’l the step of

contacting the conposition with a host 1fge_l | conprises ¢ohtacting with a
host cell that is a tunor- infiltrating |ynphocyte, a ¢ell of a t uror cel |
line, or a primary tunor cell. 30.  An expressj ofr-vector- CGH’pH si ng
a genetic sequence essentially that of the genetic sequence of pl asm d '

NP6,

pACMVIL.2 BAM/PVU

1A-11 Bam / Hind
pACMVIL2 Bam/Hind
pACMVIL2 Hind/PVU

1B-11 Bam / Hind

1A-11 Hindll
1B-11 Hindiil
(didn't digest)
1B-11 Hindlli

R33 Bam / Hind
1A-11 Bam

R33 Bam

1B-11 Bam

-

endogenous
bands 1kb
(0.885kb) ©o = ; S50 IL2 band
iL2 _ 23 3718 <. S . 68kb
.5kb

7 hr exposure:

FIG._12A



31. © The expression vector of claim30 conprising a: g ,et

'substantially that of the genetic sequence of plasm: d .pI\/PB
The expression vector of claim31 conprising a genetlc sequence. whi ch |s
that of the genetic sequence of plasm d pMP6. i B3% The' expreSS| on
vector of claim30 which further corrprifes a genetlc sequence.. of. - At-erest .
34. Acell that is gene-nodified w th™the expressi on vect or of cI ai m B3.

o oo
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< O T D G = <

FIG._12B



- 61 - 35. The cell of claim34 which is a peripheral blood cell
a bone marrow cell, a tunor-infiltrating |ynphocyte, a tunor cell Ti "
cell, or a primary tunor cell. o IR

-20-
o
1 02 T t LS 4
7 TiL+IL2/d 14
1.0 A [J TIL+IL2/d 34 .
TiL+lrra Tumor/d 34
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x
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36. - An expression vector conprising a genetic sequence--essentially that of

-the genetic sequence of Fig. 3. 37. The expreSS|on ‘vect or of
claim 36 conprising a genetic sequence substantially:that of the genetic
sequence of Fig. 3. 38. The expression vector of claim37 '
conprising a genetic sequence which i.ggthat of the genetrc sequence of Fig.
3. 39. Acell that is gene-nodified with the.expressi.on _vector of
cl ai m 36. :
100 T . ‘ r : .
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40. - The cell of claim39 which is a peripheral
cell; a tunor-infiltrating |ynphocyte, a tunor cell [i
A nmet hod for producing a phofeln,

tunmor cell. 41.
conpri sing steps of:

cationic |liposone, an inverted term nag2 tepeat from g
a pronoter other than an adeno-associ ated virus pron

sequence of interest;
host cell which conprises

providing a

cont acti ng

bIoochmJ

-.a..baone. .marr ow
or a prlnary

conp03|t|0nﬁconpr|3|ng
1deénc- dssociat ed virus,
)t er..and. a _genetjc.

the conposition wth a

genetic material, whereby t-

interest is introduced into the host cell; and

expressing a proteirléﬁa%oded by the genetic sequence of interest.

he-geneti ¢c--sequence of

1000 -1
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42. The nethod of claim4l wherein the host cell
aTecell, acell of a tunor cell |ine,
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43. ".Th:e met hod of claim42 wherein the host cell | Is: a tramr=i

Y - Z '}.‘\
{'ynphocyte, a CD3[err] T cell, a CD4[err] T cell, or a jLACJMMW
The nethod of claim42 wherein the cell is froma tyngr cell [ine -
whi ch is:

repeat, the 'prom)ter and the genetic Sgguence of intefpstf £arprises—a
pl asm d.

REPLACEMENT SHEET

L

a bl adder-a-prostate, a B | ynphona, or an enbryoni g &i ppeyseel |
45. The nethod of claim41l wherein the inderited term nal

46. The nethod of claim45 wherein the dglasmd is pMP6-1L2
CLAIMS: '

1. A composition for genetic manipulation, said composition comprising:
a cationic liposome;
an inverted terminal repeat from adeno-associated virus; and

a promoter other than an adeno-associated virus promoter,

2.  The composition of claim 1 wherein the inverted terminal repeat and the

promoter comprises a plasmid.

3.  The composition of claim 2 whercin the plasmid is pMP6-IL2 or
pACMV-IL2, ’

4.  The composition of claim 1 comprising two inverted terminal repeats.

5. The composition of claim 4 wherein a genetic sequence of interest is
‘integrated between two inverted terminal repeats.

6.  The composition of claim 4 wherein the promoter is integrated between
two inverted terminal repeats.

T . The composition of claim 6 wherein the prdmoter is a CMV immediate-
early promoter, a CMYV immediate-late promoter, a CMV early promoter, an ADA

promoter, or a TK promoter.

8. The composition of claim 1 further comprising a genetic sequence of
interest. |

A 0 Ill{—lnll m
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| L2. 47. The method of claim41 further conprising a step OCEMENT SHEET

i'ntegrating the genetic material of interest into the genetlc rraterl al _of
the host cell. 48. - The nethod of claim4l wherei nz s}.yiﬁ ?ap b CUER
expressing a protein expresses a | ynphoki ne anal ogue. oo
met hod of claim48 wherein the step of expressing a prote|}1 2 X resses IL 2L
_ . : ; s 6 DEC U9
9.  The composition of claim 8 wherein the genetic sequence of interest

comprises a genetic sequence of an IL-2 gene or a P-gal gene.
10.  Cells transfected by the composition of claim 1.

11. A method for introducing a genetic sequence of interest into a host cell,
said method comprising steps of: _ .
providing a composition comprising cationic liposome, an inverted
- terminal repeat from adeno-associated virus, a promoter other than an adeno-associated
virus promoter, and a genetic sequence of interest; and |
contacting the composition with a host ce]l which comprises genetic

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

12.. The method of claim 11 wherein the host cell is a CD34* stem cell, a T

cell, a cell of a tumor cell line, or a primary tumor cell.

13. The mctho;! of claim 12 wherein the host cell is: a tumor infiltrating
* lymphocyte, a CD3* T cell, 2 CD4* T cell, ora CD8* T cell.

14.  The method of claim 12 wherein the cell is from a tumor cell line which
is: a bladder, a prosfﬁte, a B lymphoma, or an embryonic kidney cell Line.

15.  The method of claim 11 wherein the inverted terminal repeat and

promoter other than an adeno-associated virus promoter comprises a plasmid.

Hlll"! ﬂllll ] Illll I! Illl



-63- 50. The nethod of claim47 wherein the step of exgrEg%QFrME% EET

[ SHE
t, t r'\nn'F ar.aco
protei n expresses [err]-gal act osi dase, chl oranpheni col - acet I,n“ 9 1;2 95*’6’@??{‘

or MDR I|. ) LETLAL

- 58 -

16.  The method of claim 15 wherein the plasmid is pMP6-IL2 or pACMYV-
IL2.

17.  The method of claim 11 further comprising a step ofintcgrating the

genetic sequence of interest into the genetic material of the host cell.

18.  Use of the composition of claim 8 for treating 2 human patient, said
method comprising: _
| providing a patient with a condition;
providing the composition of claim §; and
contacting the composition with a host cell, whcréby the genetic sequence
o_f interest is introduced into the host cell: where the contacting is in vive and the host
~cell is a cell of the patient; or where the conta;cting is ex vivo, and the host cell is |
.aut_qlégous or allogeneic, and further comprising  step of dgﬁ_vering the host cell-

‘comprising the introduced genetic sequence of interest to the patient.

19. The method of use of claim 18 wherein thc step of provxdmg a patient
provides a patjent with 2 neopla.sm an infection, an auto-immune condition, or a

_genetic abnormality.

.20.. The method of use of claim 19 wherein the step of providing a patient
provides a patient with a genetic abnormality which comprises a missing.or defective

gene.

—
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51. An in vivo nethod for introducing a genetic sequence st—int.o

Gf—i-ht-eres
a T cell conprising: provi ding a conposition iﬁﬁﬁLA@E?ﬁNﬂ BHERT

cationic |liposone; and (B) a vector encoding: at |east oneli gverted

termnal repeat having the DNA sequence of an inverted terminal r 35)6(?5?}{3'0%
adeno-associ ated virus; a pronoter other than an adeno- asso iéi‘é i

pronoter; and a genetic sequence of interest; contacting saj
conposition with a T cell to introduce_tdge_.sequence of i nt?r_est into the T
cell. 52. An in vivo nmethod for introduci ng a gefettrc—seguerce—of—

I nterest into a host_cell conprising: . ] rovi.di ng.,.a conposition
conpri si ng: (A2l cakbomethad @Q)‘é%rﬁf?d%!ﬁdl? whegein the BCP of pro\gdmg a patient

provides a patient with HIV infection.

22.  The method of use of claim 18 wherein the step of providing a |
composition provides a genetic sequence of interest which encodes a peptide, an anti-

sense oligonucleotide, or RNA.

23.  The method of use of claim 18 wherein the step of providing a

- composition provides a plasmid.

24, The method of use of claim 23 wherein the plasmid is pMP6-IL2 or
PACMV-IL2. . |

.~ 25.. "The method of use of claim 18 wherein the step of providing a
composition provides a genetic sequence of interest which comprises a genetic sequence
encoding a cytokine, a costir'nulatoxfy factor, a MHC class I molecule, 2 tumor-specific

antigen, or a tumor-associated antigen.

26. The method of use of claim 18 wherein the step of providing a patient
provides a patient with a malignant neoplastic condition or HIV infection; and wherein
the step of providing a composition provides a genetic sequence which comprises IL-2

genomic material.



vect or encodi ng: at |east one inverted term nal repeat

sequence of an inverted term nal repeat from adeno-associ at E%tai/ﬁﬂﬁ&[ﬁfﬂ SHEET

pronot er ot her than an adeno- associ ated virus pronoter;

sequence of interest; -contacting said -conpositiidn l?"l..t t«-—g@@;t
rr

cell selected fromthe group consisting of a CD3[err],

CD8[err] T cell to introduce the genetic sequence of interegt t4-pte-t-he-host

cell. 53. An ex vivo nmethod for introducing a

REPLAGEMENT SHEE

havi n

ang d genetic

a CHJ 4

genetii c sequence of

interest into a T cell conprising:: - 60-

27. The method of use of claim 18 wherein the step of providing a patient
provides a patient with a malignant neoplastic condition; and wherein the step of

providing a compoesition provides a genetic sequence which comprises theMDR I gene.

28. The method of use of claim 18 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.

29. The method of use of claim 28 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.

30.  An expression vector comprising a genetic sequence essenually that of the

genehc sequence of plasmid pMP6

"31.  The expression vector of claim 30 comprising a genetic sequence

substantially that of the genetic sequence of plasmid pMPS6. -

32." The expression vector of claim 31 comprising a genetic sequence which is

that of the genetic sequence of plasmid pMP6.

33.  The expression vector of claim 30 which further comprises a genetic

sequence of interest.

34. A ccell that is gene-modified with the expression vector of claim 33.

\\

—
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- 64 - provi ding a conposition conpri sing: a cationi

I'i posone; and (B) a vector encoding: an inverted terninal ) gg—«??hémtﬁqg;;r;_ej
DNA sequence of an inverted term nal repeat from adeno-as 0q4~' ediviitugiidd
pronot er other than an adeno-associated virus pronoter; and:a genetic
sequence for interl eukin-2; contacting said]|conposi TLOMAMt
the T cell to introduce i nto the T cell the genetic sequeri\ for

i nterl eukin-2. ' - 61 - B

35.  The cell of claim 34 which is a peripheral blood cell, a bone marrow cell,

a tumor-infiltrating lymphocyte, a tumor cell line cell, or a primary tumor cell.

36.  An expression vector comprising a genetic sequence essentially that of the

genetic sequence of Fig. 3.

37. The expression vector of claim 36 compnsmg a genetic sequence

substanually that.of the genetic sequence of Flg 3.

38. The expression vector of claim 37 comprising a genetic sequence which is

that of the genetic sequence of Fig. 3.
_39.' - A cell that is gene-modified with the expression vector of claim 36.

40. The cell-of claxm 39 which is a peripheral blood cell, & bone marrow cell, '
- a tumor-mﬁltranng lymphocyte, a tumor cell line cell, or a primary tumor cell.

41. A method for producing a protefn, said method comprising steps of:
providing a composition comprising cationic liposome, an mverted
terxmnal repeat from adeno-associated virus, a promoter other than an adeno-associated
virus promoter and a genetic sequence of interest;
contacting the composition thh 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. -



54.

"A -T cell transfected by a conposition for genetic mani puI%FLA@\EMggTéHEET
conposi tion conpri sing: a cationic |iposol

a doubl e-stranded circular plasm d DNA vector |acking a gﬁP&&éﬁIﬁE&TﬂﬁlEEt‘

and encoding at least one inverted ternminal repeat from afléno-assocratep | ,

Vi rus,

a pronoter other than an adeno-associated virus pronmpterpaneos

geneti c sequence of interest. 55. The transfecfeg cell o\f cI aim ,54

wherein said cell is a CD3[err], CD4[erp,-or CD8[err] ¥ éet-

42. The method of claim 4] wherein the host cell is a CD34" stemcell, a T

| cell, a cell of a tumor cell line, or a primary tumor cell.

43. The method of claim 42 wherein the host cell is: a tumor-infiltrating
lymphocyte, a CD3* T cell, a CD4™ T cell, or a CD8* T cell.

44, The method of claim 42 wherein the cell is from a tumor cell line which

is: a bladder,-a-prostate, a B lymphoma, or an embryonic kidney cell line._

45. The method of claim 41 wherein the inverted terminal repeat, the

promoter and the genetic scqi.tencé of interest comprises a plasmid.
| 46,  The method of claim 45 wherein the plasmid is pMP6-IL2 or pACMV-
'47.  The method of claim 41 further comprising a step of integrating the
gei:etic material of interest into the genetic material of the host cell.

- 48, The method of claim 41 wherein the step of expressing a protein

cxpresses a lymphokme analogue

49. - The method of claim 48 wherein the step of expressing a protein

-expresses IL-2.

\
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56.+ The transfected cell of claim54 wherein said geneti EPLACEMENT SHEET

.interest is the gene encoding IL-2. 57. *§H§Eﬂ d by a
met hod of introducing a genetic sequence of inter lil,  said
met hod conprising steps of: provi di ng prising

a cationic |liposonme; and

- 63 -

50. The method of claim 47 wherein the step of expressing 2 protein

| cxpresses B-galactosidase, chloramphenicol-acetyl-transferase, or MDR L.

51.  An in vivo method for introducing a genetic sequence of interestinto a T
cell comprising: |
providing a composition comprising: (A) a cationic liposome; and (B) a
vector encoding: at least one inverted terminal repeat having the DNA sequence of an
inverted terminal repeat from adenc-assaciated virus; a promoter other than an adeno-
. associated virus promoter; and a genetic sequence of interest;
contacting said composition with 2 T cell to introduce the sequence of

interest into the T cell.

52.  Anin vive method for introducing a genetic sequence of interest into a
host cell comprising:
providing a composition comprising: (A) a cationic liposome; and (B) a _' '
“vector encoding: at least one inverted terminal repeat having the DNA sequcnce ofan -
inverted terminal repeat from adeno-associated virus: a promoter other than an adeno-
. associated virus_. promoter; and a genetic sequence of interest;
_ -contacting- said composition with a host cell selected from the group
consisting of a CD3"*, a CD4*, and 2 CD8* T cell to introduce the gcneuc sequencé of
interest into the host cell.

53.  An ex vivo method for introducing a genctic sequence of interest into a T

cell comprising:

——
—



65- ° a doubl e-stranded circular plasm d DNA | gz
sel ect abl e marker and encoding at | east one inverted ter

a °

GBENT SET]

FET

.adeno-associ ated virus, a pronoter other than an adeno-as
pronoter and a genetic sequence of interest; and .

said conposition with a host cell whereby the genetic seqg
I's introduced into the host cell. - 58. The transfle

ofl al ed™vrrts

Nnc e m&%

cl ai m 57 wherein the host cell is a CpS&err] T cell, a CM[err] T cell, or

gt

a CD8[err] T cell.

ate ]

providing a composition comprising: (A) a cationic liposome; and (B) a
vector encoding: an inverted terminal repeat having the DNA sequence of an inverted
terminal repeat from adeno-associated virus; a promoter other than an adeno-associated
virus promoter; and a genetic sequence for interleukin-2;

contacting said composition with the T cell to introduce into thc T ccll the

genetic sequence for interleukin-2.

54, ATeell tfansfected by a composition for genetic manipulaﬁon, said
‘composition comprising:
a cationic liposome; and
a double-stranded circular plasmid DNA vector lacking a selectable
marker and encoding at leasg one inverted terminal repeat from adeno-associated virus,
a prdmotq other than an adenc-associated virus promoter and a genetic sequence of

interest.

| 55.  The transfected cell of claim 54 wherein said cell is a CD3*, CD4*', or
CD8* T cell. o

- 56.- The transfected cell of claim 54 whcrcm said genetic sequence of i mtcrcst

is the gene encodmg IL-2,

57. AT cell transfected by a methad of introducing a genetic séquence of
interest into a host cell, said method comprisiﬁg steps of: '

providing a composition comprising a cationic liposome; and

e
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-2 double-stranded circular plasmid DNA lacking a selectable marker and

encoding at least one inverted terminal repeat from adenc-associated virus, a promoter
other than an adeno-assaciated virus promoter and a genetic sequence of interest; and
contacting said composition with a host cell whereby the genetic sequence

of interest is introduced into the host cell.

58.  The transfected cell of claim 57 wherein the host cell is a CD3* T cell, a
CD4™ T cell, ora CD8* T cell.

e,

T



o al

- 66 -

ADENO—~ASSOCTATED VIRAL (AAV) TLIPOSOMES
AND METHODS RELATED THERETO

ABSTRACT OF THE DISCLOSURE

A composition for genetic manipulation which comprises
.5 a liposome comprised of lipid material, and adeno-
asscciated viral (AAV) material. Typically, the AAV .
material is plasmid, and comprises a terminal repeat of the
AAV genome. Methods are disclosed for-introducinq genetic -
material into cells by use of AAV liposomes. Accordingly,
10 genetic material was introduced and integrated into stem -
cells, T cells, primary tumor cells, or tumor cell lines.

."No figure suggestedn"



