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(57) ABSTRACT 

This invention provides compositions and methods for treat 
ing cancer. More speci?cally this invention is directed to a 
targeted retroviral vector comprising a cytokine gene that 
can be administered either alone or in combination With a 

targeted retroviral vector comprising a cytocidal gene for 
treating cancer in a subject. Also provided are a kit or drug 
delivery system comprising the compositions for use in the 
methods described. 
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TARGETED VECTORS FOR CANCER 
IMMUNOTHERAPY 

1. RELATED APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
119(e) of provisional application serial number 60/250,185 
?led Nov. 29, 2000, the disclosure of Which is hereby 
incorporated by reference in its entirety. 

2. FIELD OF THE INVENTION 

[0002] This invention is in the ?eld of oncology, more 
speci?cally this invention relates to targeted injectable vec 
tors, such as targeted retroviral particles, for use in cancer 
immunotherapy. 

3. BACKGROUND OF THE INVENTION 

[0003] Immune modulation in conjunction With tumor 
antigen presentation is a promising approach for optimiZing 
the ef?cacy of cancer gene therapy protocols for metastatic 
cancer or minimal residual disease. In tumor vaccine strat 
egies, cytokines such as granulocyte-macrophage colony 
stimulating factor (GM-CSF) are employed to recruit anti 
gen-presenting cells, including dendritic cells and 
macrophages, Which result in the activation of cytotoxic T 
lymphocytes (CTL) against proteins expressed by cancer 
cells (Warren and Weiner, 2000; Kim et al., 2000). GM-CSF 
induces activation, proliferation, and differentiation of a 
variety of immunologically active cell populations, thereby 
facilitating the development of both humoral and cellular 
mediated immunity (Warren and Weiner, 2000). One prom 
ising vaccine approach involves the insertion of the GM 
CSF gene into autologous cancer cells that are then used for 
immuniZation (Jaffee, 1999; Suh et al., 1999). These geneti 
cally engineered tumor cells produce the GM-CSF protein in 
the local environment of tumor cells, thereby activating the 
patients T cells, Which then function to eradicate the cancer 
at metastatic sites. Whether delivered as genetically engi 
neered tumor cells or as the soluble GM-CSF protein, the 
cytokine must be present in the same site as the vaccine 
component (Mellstedt et al., 1999). Indeed, the establish 
ment of speci?c and long lasting antitumor immunity fol 
loWing vaccination With GM-CSF tumor cells requires the 
simultaneous presence of GM-CSF and tumor antigens at 
the vaccination site (Nagai et el., 1998). HoWever, in spite of 
the therapeutic potential demonstrated in animal models and 
early-phase clinical trials, the clinical development of these 
protocols has been limited by dif?culties relating to the 
establishment of autologous tumor cell cultures (Fong et al., 
2000) and the performance of individualiZed gene transfer 
procedures ex vivo (Borrello et al., 1999). Alternatively, 
local delivery of GM-CSF by direct intratumoral injection, 
as Well as paracrine secretion by genetically engineered 
cells, has been shoWn to be more effective in upregulating 
lymph node sensitiZation When compared to systemic 
administration (Kurane et al., 1997). 

[0004] A novel cancer immunotherapy approach for meta 
static cancer Would exploit the potential of systemically 
administered matrix-targeted retroviral vectors, infused 
sequentially intravenously, to ef?ciently deliver both a 
cytokine gene and/or a cytocidal construct to tumor cells and 
associated tumor vasculature. The ef?cacy of matrix-tar 
geted gene delivery has been demonstrated in models of 
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liver metastasis (Gordon et al., 2000a) and subcutaneous 
human cancer xenografts in nude mice (Gordon et al., 
2000b). The present invention provides targeted retroviral 
particles, for systemic administration, carrying one or more 
cytokine genes that provide high level efficiency of cytokine 
gene delivery into a tumor and recruitment of host mono 
nuclear cells (tumor in?ltrating lymphocytes) into the tumor. 

4. SUMMARY OF THE INVENTION 

[0005] This invention relates in general to compositions 
and methods for use in cancer immunotherapy. More par 
ticularly this invention is directed to targeted injectable 
vectors for use in cancer immunotherapy. 

[0006] It is an object of this invention to provide a targeted 
retroviral particle comprising a modi?ed viral surface pro 
tein for targeting the vector and a cytokine gene. 

[0007] It is an object of this invention to provide a targeted 
retroviral particle comprising a modi?ed viral surface pro 
tein for targeting the vector to an extracellular matrix 
component or tumor vasculature and a cytokine gene. 

[0008] It is a further object of this invention to provide a 
targeted retroviral particle comprising a modi?ed viral sur 
face protein for targeting the vector particle to an extracel 
lular matrix component comprising a binding region Which 
binds to an extracellular matrix component and a cytokine 
gene (e.g., granulocyte-macrophage colony-stimulating fac 
tor (GM-CSF)). 

[0009] It is yet another object of this invention to provide 
a targeted retroviral particle comprising a modi?ed viral 
surface protein for targeting the vector particle (e.g., target 
ing an extracellular matrix component or tumor vasculature ) 
and a cytokine gene (e.g., GM-CSF) and a targeted retroviral 
particle comprising a modi?ed viral surface protein for 
targeting the vector particle (e.g., targeting an extracellular 
matrix component or tumor vasculature) and a cytocidal 
gene (e.g., tumor suppressor genes). 

[0010] It is another object of this invention to provide a 
targeted retroviral particle comprising a modi?ed viral sur 
face protein for targeting the vector (e.g., targeting an 
extracellular matrix component or tumor vasculature) and a 
cytokine gene (e.g., GM-CSF) and/or a targeted retroviral 
particle comprising a modi?ed viral surface protein for 
targeting the vector particle (e.g., targeting an extracellular 
matrix component or tumor vasculature ) and a cytocidal 
gene (e.g., tumor suppressor genes) to be administered 
intravenously or intra-arterially. 

[0011] Yet another object of this invention is a method of 
treating cancer in a subject comprising administering a 
targeted retroviral particle comprising a modi?ed viral sur 
face protein for targeting the vector and a cytokine gene 
either alone or in conjunction With a targeted retroviral 
particle comprising a modi?ed viral surface protein for 
targeting the vector particle and a cytocidal gene. 

[0012] It is a further object of this invention to provide a 
method of treating primary tumors or tumors located in 
surgically inaccessible sites in a subject comprising admin 
istering a targeted retroviral particle comprising a modi?ed 
viral surface protein for targeting the vector and a cytokine 
gene either alone or in conjunction With a targeted retroviral 
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particle comprising a modi?ed viral surface protein for 
targeting the vector particle and a cytocidal gene. 

[0013] It is yet another object of this invention to provide 
methods of administering targeted injectable vectors, such 
as targeted retroviral particles to achieve high level effi 
ciency of cytokine gene delivery into distant tumor sites 
resulting in secretion of GM-CSF by transduced tumor cells 
Within the solid tumor and/or recruitment of host immune 
cells (e.g., mononuclear cells), such as tumor in?ltrating 
lymphocytes (TIL) into the tumor. 

[0014] It is a further object of this invention to provide a 
kit or drug delivery system comprising the compositions for 
use in the methods described herein. 

5. BRIEF DESCRIPTION OF FIGURES 

[0015] FIG. 1 shoWs a schematic diagram of the molecu 
lar engineering of the GM-CSF retroviral expression vector. 
The retroviral expression vector (pREX II) Was created by 
engineering a multiple cloning site (MSC) into the 
G1XSvNa vector (Genetic Therapy, Inc.) to produce G1 
(MCS)SvNa (A), Which is then subjected to Kpn I digestion 
folloWed by fusion of the Kpn I fragment (C) With the 
lineariZed pRV109 vector The resulting pREX II ret 
roviral expression vector (D) is driven by a hybrid CMV/ 
MSV/MLV promoter at the 5‘ LTR and a standard MLV LTR 
at the 3‘ end. The 0.44 kb cDNA encoding human granulo 
cyte macrophage colony stimulating factor (GM-CSF), Was 
cloned into the unique Not 1 (5,) and Xho 1 (3,) cloning sites 
of the pREX II vector 

[0016] FIG. 2 shoWs the immunologic detection of human 
GM-CSF protein secreted by transduced NIH3T3 cells and 
transfected 293T cells. (A) The darkened ELISA Wells 
indicate immunoreactive human GM-CSF secreted by trans 
duced NIH3T3 and transfected 293T cells, as detected by a 
polyclonal goat anti-human GM-CSF IgG (R&D Systems, 
Inc.). (B) Serial dilutions of supernatant collected from 
transduced NIH3T3 and transfected 293T cell cultures Were 
used to measure immunoreactive human GM-CSF protein 
(shoWn as decreasing immunoreactivity With each dilution), 
against a puri?ed rhGM-CSF standard. 

[0017] FIG. 3 shoWs high level transduction of the tumor 
nodule by intravenous injection of the matrix-targeted ret 
roviral vector bearing a nuclear targeted [3-galactosidase 
gene. (A: X 400) A negative staining control tumor nodule 
from Mx-null vector-treated animal. (B: X400) A tumor 
nodule from a Mx-nBg vector-treated animal. [3-galactosi 
dase expressing tumor cells (closed arroWs) and tumor 
endothelial cells (open arroWs) are shoWn as reddish-broWn 
nuclear stained cells, counterstained With methyl green. 

[0018] FIG. 4 is a histologic section of a tumor nodule 
expressing immunoreactive human GM-CSF from nude 
mice treated With intravenous injections of the matrix 
targeted GM-CSF retroviral vector. (A: X 40) A negative 
staining control tumor nodule from Mx-null vector-treated 
mouse. (B: X40) A tumor nodule from a Mx-Gm-CSF 
vector-treated animal. Human GM-CSF expressing tumor 
cells are shoWn as reddish-broWn nuclear stained cells, 
counterstained With methyl green. (C: X200) Boxed area in 
B With human GM-CSF expressing tumor cells are indicated 
by arroWs. (D: X40) Tumor nodule in B as negative control 
With no primary antibody. 
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[0019] FIG. 5 shoWs extensive in?ltration of the tumor 
nodule by host mononuclear cells (tumor in?ltrating lym 
phocytes) in mice treated With intravenous injections of the 
matrix-targeted GM-CSF retroviral vector. (A: 40X) H&E 
stained tissue section of tumor nodule from a Mx-null 
vector-treated mouse. (B: X40) H&E stained tissue section 
of tumor nodule from a Mx-GM-CSF vector-treated animal. 
(C: X1 00) Higher magni?cation of A (boxed area) shoWing 
a pleomorphic population of tumor cells, tumor stromal and 
endothelial cells With minimal mononuclear cell in?ltration. 
(D: X100) Higher magni?cation of B shoWing extensive 
in?ltration of host mononuclear cells. 

6. DETAILED DESCRIPTION 

[0020] Throughout this disclosure, various publications, 
patents and published patent speci?cations are referenced by 
an identifying citation. The disclosures of these publications, 
patents and published patent speci?cations are hereby incor 
porated by reference into the present disclosure to more fully 
describe the state of the art to Which this invention pertains. 

[0021] De?nitions 
[0022] The practice of the present invention Will employ, 
unless otherWise indicated, conventional techniques of 
immunology, molecular biology, microbiology, cell biology 
and recombinant DNA. These methods are described in the 
folloWing publications. See, e.g., Sambrook, et al. 
MOLECULAR CLONING: A LABORATORY MANUAL, 
2nd edition (1989); CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY M. Ausubel, et al. eds., 
(1987)); the series METHODS IN ENZYMOLOGY (Aca 
demic Press, Inc.); “PCR: A PRACTICAL APPROACH” 
(M. MacPherson, et al., IRL Press at Oxford University 
Press (1991)); PCR 2: A PRACTICAL APPROACH (M. J. 
MacPherson, B. D. Hames and G. R. Taylor eds. (1995)); 
ANTIBODIES, A LABORATORY MANUAL (HarloW and 
Lane, eds. (1988)); and ANIMAL CELL CULTURE (R. 1. 
Freshney, ed. (1987)). 
[0023] As used in the speci?cation and claims, the singu 
lar form “a”, “an” and “the” include plural references unless 
the context clearly dictates otherWise. For example, the term 
“a targeted retroviral particle” includes a plurality of par 
ticles, including mixtures thereof. 
[0024] The term “cancer” includes a myriad of diseases 
generally characteriZed by inappropriate cellular prolifera 
tion, abnormal or excessive cellular proliferation. Examples 
of cancer include but are not limited to, breast cancer, colon 
cancer, prostate cancer, pancreatic cancer, melanoma, lung 
cancer, ovarian cancer, kidney cancer, brain cancer, or 
sarcomas. Such cancers may be caused by, chromosomal 
abnormalities, degenerative groWth and developmental dis 
orders, mitogenic agents, ultraviolet radiation (UV), viral 
infections, inappropriate tissue expression of a gene, alter 
ations in expression of a gene, or carcinogenic agents. 

[0025] The term “treatment” includes, but is not limited to, 
inhibition or reduction of proliferation of cancer cells, 
destruction of cancer cells, prevention of proliferation of 
cancer cells or prevention of initiation of malignant cells or 
arrest or reversal of the progression of transformed prema 
lignant cells to malignant disease or ameleriation of the 
disease. 

[0026] The term “subject” refers to any animal, preferably 
a mammal such as a human vetinary uses are also intended 
to be encompassed by this invention. 
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[0027] The present invention provides, in general, com 
positions and methods for use in cancer immunotherapy. 
More particularly, this invention is directed to targeted 
injectable vectors, such as targeted retroviral particles, for 
use in cancer immunotherapy Wherein the targeted retroviral 
particle comprises a modi?ed viral surface protein for tar 
geting the vector particle and is capable of expressing a 
cytokine gene. These compositions and methods are based 
on an observation by the inventors that a targeted retroviral 
particlesexpressing a cytokine gene can be administered 
systemically and achieve high level ef?ciency of cytokine 
gene delivery into solid tumors, (ii) secretion of GM-CSF by 
tumor cells Within the solid tumor, and (iii) recruitment of 
host mononuclear cells (tumor in?ltrating lymphocytes, 
TIL) into the GM-CSF secreting tumor nodules for eradi 
cation of primary, metastatic, inaccessible or minimal 
residual disease. 

[0028] In one embodiment the invention provides a tar 
geted injectable vector in the form of a targeted retroviral 
particle comprising a cytokine gene. The retroviral particle 
is targeted to cancer cells or tumors by modifying the viral 
surface protein to express a targeting polypeptide. Prefer 
ably, the targeting polypeptide recogniZes motifs associated 
With cancer or tumor groWth. Examples of motifs for rec 
ognition by the targeting polypeptide include, but are not 
limited to, extra cellular matrix (ECM) or tumor vasculature 
(see e.g., WO/01/07059 and WO/01/31036, hereby incor 
porated by reference). By Way of example, the targeting 
polypeptide could recogniZe the extra cellular matrix 
(ECM), endothelial cells or stromal cells exposed during 
tumor groWth, angiogenesis or metastasis. Examples of 
collagen binding motifs that may be used to target the ECM 
include, but are not limited to, the collagen binding motif 
derived from the von Willebrand coagulation factor (Takigi, 
J ., et al (1992) Biochemistry 3218530 and WO/01/07059). 

[0029] The targeted retroviral particle can be generated by 
conventional methods. By Way of example, a three plasmid 
co-transfection system may be used to construct the retro 
viral particle. Generally, in such a system, one plasmid 
comprises the gag-pol genes, a second plasmid comprises 
the chimeric or hybrid surface proteins for targeting the 
retroviral particle, and the third plasmid comprises an 
expression vector containing the cytokine gene (e.g., 
Examples 1 and 2; Miller (1990) Human Gene Therapy Vol. 
1, Us. Pat. No. 5,952,225; Soneoka et al (1995) Nucl. Acid 
Research 23:628;WO/01/07059 and WO/01/31036, hereby 
incorporated by reference). 
[0030] Expression vectors suitable for use in expressing 
the cytokine gene may comprise at least one expression 
control element operably linked to the nucleic acid sequence 
encoding the cytokine gene. Expression control elements 
may be inserted in the vector to control and regulate the 
expression of the cytokine nucleic acid sequence. Examples 
of expression control elements include, but are not limited 
to, lac system, operator and promoter regions of phase 2», 
yeast promoters, and promoters derived from polyoma, 
adenovirus, retroviruses, or SV40. The vector may further 
comprise additional operational elements including, but not 
limited to, leader sequences, termination codons, polyade 
nylation signals, and any other sequences necessary or 
preferred for the appropriate transcription and/or translation 
of the cytokine nucleic acid sequence. It Will be understood 
by one skilled in the art that the correct combination of 
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required or preferred expression control elements Will 
depend on the gene to be expressed, target tissue and the 
like. It Will be further understood by one skilled in the art 
that such vectors are constructed using conventional meth 
odology (See eg Sambrook et al., (eds.) (1989) “Molecular 
Cloning, A laboratory Manual” Cold Spring Harbor Press, 
Plainview, NY; Ausubel et al., (eds.) (1987) “Current 
Protocols in Molecular Biology” John Wiley and Sons, NeW 
York, NY; WO/01/31036, hereby incorporated by refer 
ence) or are commercially available. 

[0031] In a preferred embodiment, the targeted retroviral 
particles are viral vectors. Examples of viral expression 
vectors that may be used include, but are not limited to, 
retroviral vectors, such as lentivirus, vaccinia virus vectors, 
adenovirus vectors, herpes virus vector, or foWl pox virus 
vector. In a preferred embodiment, the cytokine gene is 
incorporated into a retroviral expression vector and pack 
aged into the retroviral particle (see e.g., W/01/07059 and 
WO/01/31036, hereby incorporated by reference). 

[0032] Cytokines modulate the immune system. The 
cytokine gene incorporated into the expression vector may 
be any cytokine gene, preferably a cytokine Which enhances 
or stimulates the humoral or cellular immune response. The 
polynucleotide encoding the gene may be DNA or RNA. 
The targeted retroviral vector may comprise a polynucle 
otide encoding the entire cytokine protein or a polynucle 
otide encoding a portion of the protein necessary for the 
biological activity of the cytokine. Cytokines include but are 
not limited to, interleukins, lymphokines, monokines, inter 
ferons, colony stimulating factors and chemokines. 
Examples of speci?c cytokine that may be used include, but 
are not limited to, IL-1, TNF, IL-2, IFN-y, IL-4, IL-7 and 
GM-CSF. Preferred cytokines are GM-CSF and IL-2. The 
targeted retroviral vectors may comprise all or part of one or 
more cytokine genes. 

[0033] In another embodiment this invention also provides 
a targeted retroviral particle comprising a modi?ed viral 
surface protein for targeting the vector (e.g., targeting an 
extracellular matrix component or tumor vasculature) and a 
cytocidal gene (e.g., tumor suppressor genes). These tar 
geted retroviral particles may be generated as described 
herein above, (see, e.g., WO/01/64870) The cytocidal gene 
maybe any gene Which inhibits, destroys or prevents cancer 
cell groWth or induces apoptosis in cancer cells. Examples 
of cytocidal genes includes, but is not limited to, tumor 
suppressor genes (e.g., p53, RB), thymidine kinases (e.g., 
HSV thymidine kinase, CMV thymidine kinase) or mutated 
cyclin G1 genes. The vector may comprise a polynucleotide 
encoding for an entire cytocidal gene or a portion of a 
polynucleotide encoding a portion of the cytocidal protein 
suf?cient to exert its biological activity. By Way of example, 
the cytocidal gene may be a dominant negative mutation of 
the cyclin G1 protein (e.g., WO/01/64870). The targeted 
retroviral particle comprising a modi?ed viral surface pro 
tein for targeting the vector and a cytocidal gene may be 
used alone or in conjunction With the targeted retroviral 
particle comprising a modi?ed viral surface protein for 
targeting the vector and a cytokine gene. Alternatively, both 
the cytokine and cytocidal gene may be contained Within the 
same targeted retroviral vector. 
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[0034] In an alternative embodiment, the targeted inject 
able vector may be in the form of nonviral vectors, such as 
cationic liposomes expressing a cytokine gene or cytocidal 
gene. 

[0035] Another embodiment of this invention relates to 
methods of treating cancer With immunotherapy by admin 
istering the targeted retroviral particles described herein to a 
subject. The term treatment as used herein is intended to 
include, but is not limited to, administration of the targeted 
retroviral particles prior to any evidence of disease (e.g., 
subjects at risk of occurrence of the disease or at risk of 
recurrence) or to mediate regression of the disease in a 
subject. The quantity of targeted viral particle comprising a 
cytokine gene to be administered is based on the titer of 
virus particles. By Way of example, a range of particles to be 
administered is about 109 to about 1012 colony forming units 
(cfu). After administration, the ef?cacy of the treatment can 
be assessed by cytokine production by transduced tumors, 
recruitment into the tumor site of immune cells (e. g., TIL) or 
antibodies that recogniZe the tumor antigen, and/or by tumor 
regression. One skilled in the art Would knoW the conven 
tional methods to assess the aforementioned parameters. 

[0036] The targeted retroviral particle comprising the 
cytokine gene may be administered alone or in conjunction 
With other therapeutic treatments or active agents. For 
example, the targeted retroviral particle comprising a cytok 
ine gene may be administered With the targeted retroviral 
particle comprising a cytocidal gene. The quantity of the 
targeted retroviral particle comprising a cytocidal gene to be 
administered is based on the titer of the virus particles as 
described herein above. By Way of example, if the targeted 
retroviral particle comprising a cytokine gene is adminis 
tered in conjunction With a targeted retroviral particle com 
prising a cytocidal gene the titer of the retroviral particle for 
each vector may be loWer than if each vector is used alone. 
The targeted retroviral particle comprising the cytokine gene 
may be administered concurrently or separately from the 
targeted retroviral particle comprising the cytocidal gene. 

[0037] The methods of the subject invention also relate to 
methods of treating cancer by administering a targeted 
retroviral particle (e.g., the targeted retroviral vector 
expressing a cytokine either alone or in conjunction With the 
targeted retroviral vector expressing a cytocidal gene) With 
one or more other active agents. Examples of other active 
agents that may be used include, but are not limited to, 
chemotherapeutic agents, anti-in?ammatory agents, pro 
tease inhibitors, such as HIV protease inhibitors, nucleoside 
analogs, such as AZT. The one or more active agents may be 
administered concurrently or separately (e.g., before admin 
istration of the targeted retroviral particle or after adminis 
tration of the targeted retroviral particle) With the one or 
more active agents. One of skill in the art Will appreciate that 
the targeted retroviral particle may be administered either by 
the same route as the one or more agents (e.g., the targeted 
retroviral vector and the agent are both administered intra 
venously) or by different routes (e.g., the targeted retroviral 
vector is administered intravenously and the one or more 
agents are administered orally). 

[0038] An effective amount or therapeutically effective of 
the targeted retroviral particles to be administered to a 
subject in need of treatment may be determined in a variety 
of Ways. By Way of example, the amount may be based on 
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viral titer or ef?cacy in an animal model. Alternatively the 
dosing regimes used in clinical trials may be used as general 
guidelines. The daily dose may be administered in a single 
dose or in portions at various hours of the day. Initially, a 
higher dosage may be required and may be reduced over 
time When the optimal initial response is obtained. By Way 
of example, treatment may be continuous for days, Weeks, or 
years, or may be at intervals With intervening rest periods. 
The dosage may be modi?ed in accordance With other 
treatments the individual may be receiving. HoWever, the 
method of treatment is in no Way limited to a particular 
concentration or range of the targeted retroviral particle and 
may be varied for each individual being treated and for each 
derivative used. 

[0039] One of skill in the art Will appreciate that individu 
aliZation of dosage may be required to achieve the maximum 
effect for a given individual. It is further understood by one 
skilled in the art that the dosage administered to a individual 
being treated may vary depending on the individuals age, 
severity or stage of the disease and response to the course of 
treatment. One skilled in the art Will knoW the clinical 
parameters to evaluate to determine proper dosage for the 
individual being treated by the methods described herein. 
Clinical parameters that may be assessed for determining 
dosage include, but are not limited to, tumor siZe, alteration 
in the level of tumor markers used in clinical testing for 
particular malignancies. Based on such parameters the treat 
ing physician Will determine the therapeutically effective 
amount to be used for a given individual. Such therapies 
may be administered as often as necessary and for the period 
of time judged necessary by the treating physician. 

[0040] While it is possible for the targeted retroviral 
particle to be administered in a pure or substantially pure 
form, it is preferable to present it as a pharmaceutical 
composition, formulation or preparation. 

[0041] Pharmaceutical compositions comprising the tar 
geted retroviral particles to be used in the methods described 
herein may be formulated and administered by methods Well 
knoWn in the art (Remington’s Pharmaceutical Sciences, 
20th Edition, Lippincott, William & Wilkins Baltimore, 
Md.). For example, the compositions of the present inven 
tion may comprise an effective amount of the targeted 
retroviral particles and a pharmaceutically and/or physi 
ologically acceptable carrier. The characteristics of the car 
rier Will depend on the route of administration. Such a 
composition may contain, in addition to the targeted retro 
viral particles, diluents, ?lters, salts, buffers, stabiliZers, 
solubiliZers and other materials Well knoWn in the art. 

[0042] The compositions of the may be formulated for 
various routes of administration by methods Well knoWn in 
the art, including, but not limited to parenteral administra 
tion,( e.g., for injection via the intravenous, intramuscular, 
sub-cutaneous, intratumoral or intraperitoneal routes), oral 
administration or topical administration. In a preferred 
embodiment, the targeted retroviral particles are adminis 
tered intravenously or intra-arterially. Upon formulation, the 
compositions are administered in a manner compatible With 
the dosage formulation. By Way of example, the adminis 
tration may vary from several times a day to less frequent 
administrations, such as once a day or every other day for 
only a feW days such as With a rest period of varying lengths, 
such as a Week. Some variation in dosage Will necessarily 
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occur depending on the condition of the subject being 
treated. The person responsible for administration Will, in 
any event, determine the appropriate dose for the individual 
subject. Veterinary uses are also intended to be encompassed 
by this invention. 

[0043] It is a further object of this invention to provide a 
kit or drug delivery system comprising the compositions for 
use in the methods described herein. All the essential mate 
rials and reagents required for administration of the targeted 
retroviral particle may be assembled in a kit (e. g., packaging 
cell construct or cell line, cytokine expression vector). The 
components of the kit may be provided in a variety of 
formulations as described above. The one or more targeted 
retroviral particle may be formulated With one or more 
agents (e.g., a chemotherapeutic agent) into a single phar 
maceutically acceptable composition or separate pharma 
ceutically acceptable compositions. 
[0044] The components of these kits or drug delivery 
systems may also be provided in dried or lyophiliZed forms. 
When reagents or components are provided as a dried form, 
reconstitution generally is by the addition of a suitable 
solvent, Which may also be provided in another container 
means. The kits of the invention may also comprise instruc 
tions regarding the dosage and or administration information 
for the targeted retroviral particle. The kits or drug delivery 
systems of the present invention also Will typically include 
a means for containing the vials in close con?nement for 
commercial sale such as, e.g., injection or bloW-molded 
plastic containers into Which the desired vials are retained. 
Irrespective of the number or type of containers, the kits may 
also comprise, or be packaged With, an instrument for 
assisting With the injection/administration or placement of 
the ultimate complex composition Within the body of a 
subject. Such an instrument may be an applicator, inhalant, 
syringe, pipette, forceps, measured spoon, eye dropper or 
any such medically approved delivery vehicle. 

[0045] The folloWing examples illustrate various aspects 
of the invention, but in no Way are intended to limit the 
scope thereof. 

7. EXAMPLES 

Example 1 

Construction of the GM-CSF Retroviral Expression 
Vector 

[0046] The retroviral expression vector (pREX 11) Was 
created by engineering a multiple cloning site (MSC) into 
the G 1 XSvNa vector (Genetic Therapy, Inc.) to produce G 
1 (MCS)SvNa (FIG. 1A), Which is then subjected to Kpn I 
digestion folloWed by fusion of the Kpn I fragment (FIG. 
1C) With the lineariZed pRV 109 vector (FIG. 1B). The 
resulting pREX II retroviral expression vector (FIG. 1D) is 
driven by a hybrid CMV/MSV/MLV promoter at the 5‘ LTR 
and a standard MLV LTR at the 3‘ end. Bearing the strong 
CMV promoter and an SV40 ori, this plasmid is suitable for 
high titer vector production in 293T cells prepared by 
transient transfection protocols. (Soneoka et al., 1995). The 
0.44 kb cDNA encoding human granulocyte macrophage 
colony stimulating factor (GM-CSF), GenBank accession 
number NM 000758, ?anked by PCR-derived restriction 
sites Was cloned into the unique Not 1 (5‘) and Xho 1 (3‘) 
cloning sites of the pREX II vector 
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Example 2 

Production of Matrix-targeted Retroviral Vectors 
Bearing a Human GM-CSF Construct 

[0047] High titer vectors Were generated utiliZing a tran 
sient three plasmid co-transfection system (Soneoka et al., 
1995) in Which the packaging components gag-pol, a chi 
meric MLV-based env bearing a von Willebrand factor 
derived collagen-binding (matrix-targeting) motif expressed 
from the CMV promoter, and a retroviral vector bearing 
Were placed on separate plasmids, each containing the SV40 
origin of replication. The resulting vectors are referred to as 
Mx-GM-CSF, CAE-GM-CSF, Mx null, and Mx-nBg to 
indicate the envelope and gene encoded in each vector. 
Mx-GM-CSF is a matrix (i.e. collagen)-targeted vector 
bearing a human GM-CSF construct. CAE-GM-CSF, is a 
non-targeted vector bearing the Wild type MLV 4070A env 
protein (Morgan et al., 1993). Mx-null is a matrix-targeted 
vector bearing only the neo gene, and Mx-nBg, is a collagen 
matrix-targeted vector bearing a nuclear targeted [3-galac 
tosidase gene. The collagen-matrix -targeting results from 
the insertion of a collagen-binding peptide derived from 
human von Willebrand factor into the MLV 4070A env 
protein (Hall et al., 2000). Viral titers in murine NIH3T3 
cells Were determined as previously described, based on 
expression of the [3 galactosidase or neomycin phospho 
transf erase resistance, neo gene (SkotZko et al., 1995). Viral 
titer Was expressed as number of nuclear [3-galactosidase 
expressing colonies or G418 resistant colony forming units 
(cfu)/ml, and ranged from 0.3—1.8><107 cfU/ml. 

Example 3 GM-CSF Production in Transduced 
NIH3T3 and 293T Cell Cultures 

[0048] To assess the production and secretion of GM-CSF, 
immunohistochemical staining of transduced cells Was con 
ducted using a polyclonal goat antibody raised against a 
peptide, N1 9, mapping at the amino terminus of human 
GM-CSF (Santa CruZ Biotechnology, Inc.). GM-CSF pro 
duction Was measured in culture medium collected over 3 
days in Mx-GM-CSF transduced NIH3T3 and transfected 
293T producer cell cultures using commercially available 
ELISA kits supplied by R&D Systems, Inc. 

[0049] Immunoreactive human GM-CSF Was noted in 
40-50% of transduced NIH3T3 cells and 70-80% of trans 
fected 293T cells (n=4 each group), While GM-CSF produc 
tion Was 32 ng/ml in transduced NIH3T3 cell cultures and 
100 ng/ml in transfected 293T cell cultures (FIG. 2). 

Example 4 

In Vivo Gene Transfer Studies 

[0050] In vivo gene transfer studies Were conducted in 
compliance With a protocol approved by the University of 
Southern California Institution Animal Care and Use Com 
mittee. To evaluate the efficiency of targeted gene delivery 
based on the enforced expression of nuclear [3-galactosidase 
and GM-CSF transgenes in vivo, subcutaneous tumor 
xenografts Were established in 8 Week old ~25 gm athymic 
nu/nu mice by subcutaneous implantation of 1><107 Mia 
Paca2 cells. When the tumors have reached a siZe of ~20 
mm3, 200 pl of either Mx-nBg marker vector, Mx-GM-CSF 
vector, a non-targeted CAE-GM-CSF vector, Mx-null or 
phosphate buffered saline (PBS, pH 7.4), Was injected 
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directly into the tail vein daily for 10 days (cumulative 
vector dose: 2><107 cfu for each vector). The mice Were 
sacri?ced by cervical dislocation one day after completion 
of one treatment cycle. 

[0051] Histologic examination of harvested tumor nodules 
and immunohistochemical analysis for the presence of [3-ga 
lactosidase transgene (Gordon et al., 2000b). 

[0052] Harvested tumor nodules Were either quick froZen 
in liquid nitrogen or ?xed in 10% formalin. Formalin-?xed 
tissue sections Were stained With hematoxylin-eosin. Trans 
duction ef?ciency Was determined by immunohistochemical 
staining of the tumor nodules, using a mouse monoclonal 
antibody directed against the [3-galactosidase antigen (GAL 
40, Sigma, St. Louis Mo., USA) folloWed by analysis using 
an Optimas imaging system (Optimas Corporation, Bothell, 
Wash., USA). Transduction ef?ciency (expressed as %) is 
determined by counting the number of [3-galactosidase posi 
tive cells in three high poWer ?elds per tumor nodule, 
divided by the total number of cells><100. 

[0053] Immunostaining for GM-CSF protein in tumor 
tissues (Miller et al., 2000). 

[0054] For detection of the human GM-CSF protein in 
harvested tumors, tumor tissues harvested at the end of the 
experiment Were froZen immediately in liquid nitrogen and 
kept at —70° C. until used. Five pm tissue sections Were cut 
and ?xed in ice-cold acetone for 10 min. A goat polyclonal 
anti-GM-CSF monoclonal antibody Was supplied by Santa 
CruZ Biotechnology, Inc. The slides Were blocked With 2% 
normal goat serum for 10 min, Washed in phophate-buffered 
saline, and the primary antibody to GM-CSF diluted at 1:50 
Was added on the slides for 60 min. Then, the slides Were 
Washed three times With PBS and a secondary antibody, 
anti-goat IgG conjugated With peroxidase (1:100: Vector 
Laboratories, Burlingame Calif., USA) Was added to the 
slides for 30 min. The slides Were Washed ?ve times With 
PBS and developed With a DAB substrate kit (Vector 
Laboratories). After counterstain With methyl green, the 
slides Were examined for presence of broWnish-red immu 
nostaining material indicating presence of the GM-CSF 
transgene in tumor tissues. The ef?ciency of gene delivery 
(expressed as %) is determined by counting the number of 
immunoreactive cells to the anti-GM-CSF antibody in three 
high poWer ?elds per tumor nodule, divided by the total 
number of cells x 100. 

[0055] Immunoreactive [3-galactosidase Was noted in 
~35% of cells throughout the tumor nodules of Mx-nBg 
vector-treated animals (FIG. 3B), While no immunoreactive 
protein Was noted in the control Mx-null vector-treated 
tumors (FIG. 3A). Consistent With the high level transduc 
tion of tumor nodules noted previously With the Mx-nBg 
vector, immunreactive human GM-CSF protein Was noted in 
~35% of cells throughout the tumor nodules of Mx-GM 
CSF vector-treated mice (FIG. 4B-C) compared to <1% in 
CAE-GM-CSF vector-treated and Mx-null vector-treated 
mice (FIG. 4A). 

Example 5 

Recruitment of Host Mononuclear Cells into the 
Tumor Nodules of Mice Treated With the 

Mx-GM-CSF Retroviral Vector 

[0056] Extensive in?ltration of host mononuclear cells 
Was noted in tumor nodules of Mx-GM-CSF-treated mice 
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(FIGS. 5B&D) compared to minimal mononuclear in?ltra 
tion in CAE-GM-CSF, Mx-null vector- and PBS-treated 
animals (FIGS. 5A&C). Within the tumor nodule, the tumor 
in?ltrating lymphocyte (TIL) to tumor cell (T) ratio Was 
1:20 in Mx-GM-CSF-treated mice compared to 1:90 in 
nontargeted CAE-GM-CSF vector-treated mice, and 1:99 in 
Mx-null and PBS-treated animals. These ?ndings indicate 
successful recruitment of host mononuclear cells into the 
tumor nodule by GM-CSF secreting cells in Mx-GM-CSF 
vector-treated mice. 

Example 6 

2Bimodal Therapy in Vivo Ef?cacy Studies 

[0057] To evaluate bimodal therapy a matrix a targeted 
retroviral vector carrying a cytocidal gene, speci?cally a 
dominant negative mutant cyclin G1 gene Was constructed 
using the methods described herein above. The resulting 
vector is desiganted Mx-dnGl. These studies Were con 
ducted in immune competent Balb/c mice (Weighing ~25 
gms), in compliance With a protocol approved by the Uni 
versity of Southern California Institution Animal Care and 
Use Committee. 

[0058] To evaluate the ef?cacy of single versus dual gene 
therapy in vivo, subcutaneous tumors Were established in 
immune competent Balb/c mice by subcutaneous implanta 
tion of 1><106 murine colon-26 cancer cells (NCI, Bethesda 
Md., USA). Three days later, 200 ml of either the Mx-dnGl 
vector (cumulative dose: 1.7><108 cfu/mouse), Mx-GM-CSF 
vector (cumulative dose: 1.7><108 cfu/mouse), a combination 
of Mx-dnGl and Mx-GM-CSF vectors (cumulative dose of 
each vector: 8x107 cfu/ml) or an equivalent volume of 
phosphate buffered saline (PBS, pH 7.4) placebo control Was 
injected intravenously tWice a day for 5 days. The siZe of the 
tumor Was measured every 4 days With a Vernier caliper, 
using the formula for calculating the volume of ellipsoid 
objects: Tumor Volume, mm3=“/3 p r1 r2 r3. At the end of 5 
days, the tumors Were resected, and the animals Were given 
a tumor re-challenge one Week after completion of vector 
treatment. The signi?cance of differences in mean tumor 
volumes among the four treatment groups Were evaluated 
using AN OVA. 

[0059] To evaluate a dose-dependent response to the Mx 
GM-CSF vector in vivo, 5x106 cells Were implanted sub 
cutaneously, and When the tumors reached a siZe of ~35-40 
mm3, 200 ml of either a loW-dose (cumulative dose: 8x107 
cfu/mouse) or high-dose Mx-GM-CSF vector (cumulative 
dose: 1.7><108 cfu/mouse), or an equivalent volume of phos 
phate buffered saline (PBS, pH 7.4) placebo control Was 
injected directly into the tail vein each day for 16 days. The 
mice Were sacri?ced by cervical dislocation one day after 
completion of treatment. The signi?cance of differences in 
tumor volumes among the three treatment groups Was evalu 
ated using AN OVA. 

[0060] The combination of the vectors Mx-GM-CSF and 
Mx-dnGl induced the greatest inhibition of tumor groWth 
(p<0.05), and to a lesser extent the MX-dnGl or Mx-GM 
CSF alone. Notably, only half the dose of each vector Was 
given to attain the desired anti-tumor effect. 

[0061] The combination of immunotherapy With radical 
surgery, chemotherapy and/or radiation therapy has the 
potential of eradicating minimal residual disease. In the 
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United States, over 150 approved Phase 1/11 gene therapy 
protocols involve the use of genetically engineered synge 
neic or allogeneic cells (tumor cells, T cells, dendritic cells 
and ?broblasts) for vaccine therapy. Cytokine genes used for 
immunotherapy include IL-1, TNF, IL-2, IFN-y, IL-4, IL-7 
and GM-CSF(Foreman et al., 1993; Fearon et al., 1990; 
Blankenstein et al., 1991; Asher et al., 1991; Tepper et al., 
1994; Dranoffet al., 1993; Knobloch et al, 1991; Gansbacher 
et al., 1991). Other immunostimulatory molecules such as 
the T-cell co-stimulatory molecule B7.1 (Guinan et al., 
1994) or a foreign MHC molecule (Nabel et al., 1993) have 
also been used to generate anti-tumor immunity. 

[0062] The major goal of the use of immunostimulatory 
cytokines is the activation of tumor-speci?c T lymphocytes 
capable of rejecting tumor cells from patients With loW 
tumor burden or to protect patients from recurrence of the 
disease. Treatment of rodents With cancer xenografts With 
this strategy have resulted in regression of pre-existing 
tumors and cure of the animals from their disease. Further, 
some animals have retained immunological memory and 
resisted a second challenge With the parental tumor cells 
(Gilboa, 1996; Mackensen et al., 1997). 

[0063] The mechanisms by Which transduced cytokines 
enhance tumor immunity are the subject of much investi 
gation. Without being bound by theory, they may act by 
increasing the recruitment of cytotoxic T cells able to 
recogniZe tumor-speci?c antigens (e.g. IL-4)(Golumbek et 
al., 1991) or of CD4-positive cells (e.g. TNF and IL-7) 
(Asher et al., 1991; Hock et al., 1991), or they may increase 
tumor antigen expression by upregulating MHC Class I 
antigens (e.g. IFN-y) (Watanabe et al., 1989), thereby ren 
dering non-transduced target cells more vulnerable to cyto 
toxic attack. Alternatively, a combination of these effects 
may be produced. For example, IL-2can recruit both cyto 
toxic T and NK cells directly and can also induce release of 
the secondary cytokine IFN-y (Main et al., 1985), Which 
augments MHC expression on tumor cells (CoZe et al., 
1995; Ucar et al., 1995; Handgretinger R et al., 1989). 
Additional (non-lymphocytic) effector mechanisms appear 
to contribute as Well, since the tumor site is often in?ltrated 
With eosinophils and macrophages. As a ?nal mechanism, 
some cytokines such as GM-CSF may enhance the activity 
and differentiation of antigen presenting cells, Which ingest 
tumor cells and present their antigens either in association 
With Class I or Class II MHC molecules, thereby recruiting 
CD8+ or CD4+ tumor speci?c T lymphocytes (Dranoffet al., 
1993). 
[0064] The inhibition of subcutaneous tumor groWth in 
nude mice by intravenous administration of a matrix-tar 
geted retroviral vector bearing a cytocidal/cytostatic cyclin 
G1 construct (Gordon et al., 2000a) Was recently reported. 
These retroviral vectors displayed a collagen-binding motif 
derived from von Willebrand coagulation factor that could 
target extracellular matrix (ECM) exposed during tumor 
groWth, angiogenesis, and metastasis. Enhanced vector pen 
etration and transduction of tumor nodules Was demon 
strated and correlated With therapeutic ef?cacy Without 
associated toxicity. In the present study, We demonstrated 
high level GM-CSF secretion in NIH3T3 and 293T cell 
cultures transduced or transfected, respectively, With a 
matrix-targeted retroviral vector bearing a human GM-CSF 
construct, as Well as high level transduction of subcutaneous 
human cancer xenografts in nude mice by repeated intrave 
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nous injections of the Mx-GM-CSF vector. Further, the 
enforced expression and secretion of GM-CSF by trans 
duced cells throughout the tumor nodule resulted in recruit 
ment of host mononuclear cells into the tumor nodule. These 
studies Were conducted in athymic nude mice lacking cyto 
toxic T cells. In immune competent mice With a complete 
repertoire of T lymphocytes and antigen-presenting B cells, 
dendritic cells and macrophages, regression of the tumor 
nodules and establishment of long term antitumor immunity 
Would be expected to occur, particularly When tumor anti 
gens are presented simultaneously by concomitant admin 
istration of a matrix-targeted vector bearing a cytocidal 
gene. 

[0065] The data demonstrates that a targeted retroviral 
vector comprising a cytokine gene, such as a matrix (i.e. 
collagen)-targeted retroviral vector bearing a human GM 

CSF construct can be injected intravenously to achieve high level efficiency of cytokine gene delivery into solid 

tumors, (ii) secretion of GM-CSF by tumor cells Within the 
solid tumor, and (iii) recruitment of host mononuclear cells 
(tumor in?ltrating lymphocytes, TIL) into the GMCSF 
secreting tumor nodules for eradication of primary, meta 
static, inaccessible or minimal residual disease. 

[0066] It is to be understood that While the invention has 
been described in conjunction With the above embodiments, 
that the foregoing description and the folloWing examples 
are intended to illustrate and not limit the scope of the 
invention. Other aspects, advantages and modi?cations 
Within the scope of the invention Will be apparent to those 
skilled in the art to Which the invention pertains. 
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What is claimed is: 
1. A targeted retroviral vector particle comprising a modi 

?ed viral surface protein for targeting the vector and a 
cytokine gene. 

2. The targeted retroviral particle of claim 1, Wherein the 
modi?ed viral surface protein is targeting the extracellular 
matrix or tumor vasculature. 

3. The targeted retroviral particle of claim 1, Wherein the 
modi?ed viral surface protein is targeting the extracellular 
matrix. 

4. The targeted retroviral particle of claim 3, Wherein the 
modi?ed viral surface protein is targeting a collagen binding 
motif. 

5. The targeted retroviral particle of claim 4, Wherein the 
modi?ed viral surface protein is targeting the Von Will 
ebrand coagulation factor. 
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6. The targeted retroviral particle of claim 3, Wherein the 
modi?ed viral surface protein is targeting tumor vasculature. 

7. The targeted retroviral particle of claim 1, Wherein the 
cytokine gene is selected from the group consisting of IL-1, 
TNF, IL-2, IFN-y, IL-4, IL-7 and GM-CSF. 

8. The targeted retroviral particle of claim 7, Wherein the 
cytokine gene is GM-CSF. 

9. Apharmaceutical composition comprising the targeted 
retroviral vector of claim 1. 

10. Amethod for inhibiting cancer in a subject comprising 
administering to the subject an effective amount of the 
pharmaceutical composition of claim 9. 

11. The pharmaceutical composition of claim 9, further 
comprising a targeted retroviral vector particle comprising a 
modi?ed viral surface protein for targeting the vector and a 
cytocidal gene. 

12. The pharmaceutical composition of claim 11, Wherein 
targeted retroviral particle comprising a modi?ed viral sur 
face protein for targeting the vector and a cytocidal gene is 
targeting the extracellular matrix or tumor vasculature. 

13. The pharmaceutical composition of claim 11, Wherein 
the cytocidal gene is selected from the group consisting of 
tumor suppressor genes, thymidine kinases or mutated 
cyclin genes. 

14. The pharmaceutical composition of claim 13, Wherein 
the mutated cyclin gene is a dominant negative mutation of 
a cyclin G1 gene. 

15. Amethod for inhibiting cancer in a subject comprising 
administering to the subject an effective amount of the 
pharmaceutical composition of claim 11. 

16. A composition comprising a targeted retroviral vector 
particle comprising a modi?ed viral surface protein for 
targeting the vector to the Von Willebrand coagulation factor 
and a cytokine gene and a targeted retroviral vector particle 
comprising a modi?ed viral surface protein for targeting the 
vector to the Von Willebrand coagulation factor and a 
cytocidal gene. 

17. The composition of claim 16, Wherein the cytocidal 
gene is a mutated cyclin gene. 

18. The composition of claim 17, Wherein the cytocidal 
gene is a dominant negative mutation of the cyclin G1 gene. 

19. The composition of claim 16, Wherein the cytokine is 
selected from the group consisting of IL-1, TNF, IL-2, 
IFN-y, IL-4, IL-7 and GM-CSF. 

20. The composition of claim 19, Wherein the cytokine is 
GM-CSF. 

21. The composition of claim 16, further comprising a 
pharmaceutical excipient. 

22. Amethod for inhibiting cancer in a subject comprising 
administering to the subject an effective amount of the 
pharmaceutical composition of claim 21. 


