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Review

Cytokine and Immuno-Gene Therapy for Solid Tumors

Chuan-Yuan Li"*, Qian Huang2 and Hsiang-Fu Kung3’ '

Despite recent progress in our understanding of cancer biology and in many areas of cancer treatment, the success
rate for cancer therapy remains dismal. Imnmunotherapy for cancer has long been an exciting field for many cancer
researchers due to the possibility to mobilize the body’s own immune system to eradicate cancer not only locally
but also systemically. Since its initial discovery, cytokine-based immunotherapy has been vigorously and
extensively investigated for cancer treatment due to the perception of it as a relatively easily purifiable, injectable
form of cancer treatment agent. However, so far most cytokine-based therapy trials have fallen short of
expectations. One of main obstacles is the difficulty to achieve therapeutically relevant dosage in patients without
generating excessive normal tissue toxicity. The emergence of novel gene therapy approach to deliver therapeutic
cytokine to tumors locally generated great excitement since it has the potential of generating sustained high local
concentration of immunostimulatory cytokine without raising the systemic levels of the cytokines, which is
responsible for most of the observed toxicity. In this review, we will attempt to provide an overview of the field and
discuss some of the problems associated with cytokine-based immuno-gene therapy and potential solutions.
Cellular & Molecular Immunology. 2005;2(2):81-91.
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Introduction

As a potential treatment for cancer, immunotherapy was
initially experimented in the 19th century by New York
Surgeon William Coley, who made the observation that in
rare cases of spontaneous tumor regression, the patients often
suffered from episodes of infections (1). Needless to mention
that Coley’s attempts to mobilize the body’s immune system
through the injection of bacterial extracts met with only
limited success.

A fundamental question in tumor immunology is whether
the body’s immune system can recognize tumor cells, which
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mostly arise from the body’s own normal cells. In 1909, Paul
Erlich was the first to propose in theory that the body’s own
immune system had the potential of fighting against cancer
cells (2). However, in the ensuing years, it was not possible
to experimentally examine his theory due to the complete
lack of understanding of the molecular and cellular details of
the immune system. Therefore, little progress was made in
the area of tumor immunology.

It was not until 50 years later when Thomas (3) and
Burnet (4) put forward the so called “cancer immuno-
surveillance” theory (5). In this theory, which was based on
increasing understanding of the biology of tissue transplantation
(6, 7) and immunity against chemically induced tumors
(8-10), it was suggested lymphocytes have the capability of
surveying and destroying newly arising tumorigenic cells that
are continuously being generated in the body. It is only when
the system fails that tumors form.

Some key experiments in the 1970s appeared to discredit
cancer immunosurveillance theory (11). In these experiments,
nude mice, which had atrophic thymus and therefore were
largely deficient in T-cell production, did not possess
increased incidence of tumors. Specifically, the CBA/H strain
of nude mice did not develop increased incidence of
chemically induced or spontaneously arising tumors. Nor did
they show any significant decreases in reduced latency for
developing tumors. These experiments appeared to have
made the tumor immunosurveillance theory obsolete (12).

However, it was later realized that the data obtained in
nude mice suffer from some deficiencies. First, nude mice
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still possess some small but detectable amount of T-cells (13,
14). Second, nude mice have normal amount of the natural
killer (NK) cells (15), which can have a profound effect on
tumor growth. The residual T cells and intact innate immune
system may function to control the incidences of spontaneous
or induced tumors in the nude mice. The availability of
transgenic knockout mice with deficiencies in specific
effector cells or genes makes it possible to re-examine the
validity of the cancer immunosurveilance theory with greater
confidence and clarity of the results. These studies largely
confirm the existence of the immunosurveilance theory (16).
For example, in mice with genetic disruption of the RAG-2
(recombination activating gene) gene, which causes the lack
of re-arrangement of the lymphocyte antigen gene and
resultant complete lack of the T, B and NKT cells (17), there
is clear increase in both chemically and spontaneous arising
tumors compared with wild type control (16).

The re-validation of the cancer immunosurveillance
theory engenders great confidence among researchers
engaged in tumor immunotherapy research. It re-affirms the
feasibility of mobilizing the body’s own immune system to
eradicate malignant tumor growth in the body.

In addition to the cancer immunosurveillance theory,
some other key landmark events that play pivotal roles in the
field of tumor immunology include: 1) The identification and
purification of immunostimulatory cytokines (18-23) that
enhances the body’s immune response to cancer cells in
experimental tumor models (24-28); 2) The ability to
selectively expand specific immunoeffector cells such as the
tumor-specific killer T or NK cells for immunotherapy
(29-37); 3) The molecular characterization of various tumor-
specific antigens such as neu (38, 39), CEA (40-43), PSA
(44-46), MUC (47-50), etc.; 4) The identification of dendritic
cells (DCs) as key antigen presenting cells (APCs) (51-53); 5)
The realization that tumor cells have developed various
approaches that evade the immune system (54, 55). On the
other hand, the immune system plays significant roles in
“editing out” tumor cells with immuno-stimulating antigens
and therefore select for tumor cells that appear silent to the
immune system (16, 56, 57).

Today most tumor immunologists agree that there is no
doubt that the immune system plays critical roles in tumor
development and may play pivotal roles in future cancer
therapy. It is clear that tumor cells present various unique
antigens that allow them to be recognized by the immune
system. It is also clear that tumor cells possess various
approaches that can evade immune system’s attack in tumor
cells. The challenge for tumor immunologists is to
understand the molecular intricacies of the interactions
between tumor cells and the immune system and to design
novel approaches that can tip the balance in the immune
system’s fight against tumor cells.

The discovery of cytokines heralded a new era
in immunology and cancer immunotherapy

Cytokines are a large family of intercellular signaling
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peptides that consist of more than 160 members. Many of the
cytokines, such as the interleukins, have functions in
regulating cancer immuno-response and are therefore studied
intensively for cancer therapy.

The discovery of IL-2 in 1976 (18) signals the beginning
of cytokine-based cancer immunotherapy. The use of
cytokines in cancer therapy gained momentum in the 1980s
when the interleukin-2 gene was purified in sufficient
quantities. Great excitement was generated when it was
realized that IL-2 was both a growth factor and an activator
of T-cells and natural killer (NK) cells, which are both
important in the body’s fight against tumor cells. Initial
efforts were mostly focused on the use of the cytokine to
expand the so-called lymphokine-activated killer (LAK) cells
(29, 58), which are mostly NK cells being induced into a
hyperactivated state. The infusion of the LAK cells into the
body was largely infective despite its efficacy in mouse
tumors (59, 60). However, this was the beginning of the
so-called adoptive immunotherapy, which usually involves
the infusion of autologous or allogenic immunoeffectors that
have been activated in vitro to eradicate tumors. The
advantage of such approaches is that it is possible to obtain
large quantities of immunoeffectors ex vivo. A later version
of this approach is the transfusion of ex vivo expanded, tumor
infiltrating lymphocytes (TILs) (34, 36). The use of TILs led
to some remarkable early responses in melanoma and renal
cell carcinoma patients. However, randomized clinical trials
failed to show benefit over IL-2 alone (61). Both the LAKSs
and TILs were pioneered by Steven Rosenberg and his
colleagues at the National Cancer Institute in the United
States.

In addition to being a boon for adoptive immunotherapy,
the advent of IL-2 also ignited widespread interests for it to
be a pharmacological agent to be directly administered into
the patients’ body. Such an approach is called active
immunotherapy. Most initial efforts focus on the systemic
infusion of IL-2 in vivo to stimulate the general immunity
against cancer cells. This was based on experiments in
murine tumor models that direct infusion of IL-2 had
significant anti-tumor effects (62-65).

Clinically, IL-2 is now approved for treating renal cell
carcinoma in the USA, Canada, and the European Union. The
approvals are based on modest but statistically response rate
in clinical trials (66-70).

Systemic toxicity has been a serious issue that limits
the widespread application of many cytokines in humans.
Despite the initial enthusiasm that were associated with the
discovery of IL-2 and numerous preclinical data that
indicated the potential anti-tumor efficacy, clear clinical
benefits were only seen for a limited set of patients with renal
cell carcinoma and malignant melanoma. In addition to the
lack of efficacy, a major factor that limited the application of
IL-2 was its toxicity when applied systemically. These
toxicities included hypotension, vascular leak, and respiratory
insufficiency (71, 72). Less severe but nonetheless treatment-
limiting side effects included nausea, emesis, diarrhea,
myalgias, arthralgias, skin erythema, and pruritus. In addition,
less common toxicities included myocardial infarction,
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myocarditis, infection, renal failure, bowel infarction, and
death.

Tumor necrosis factor o (TNF-at) provides another
example for systemic application of anti-cancer cytokine
therapy. It was identified in the early 1970s by virtue of its
potent tumoricidal activity against murine tumors (73). It was
cloned in 1980s (74, 75) and has since been tested in a
number of Phase I & II clinical trials for its efficacy against a
variety of human tumors (76-78). There are at least three
mechanisms by which TNF-o can eradicate tumors (79).
First, it has direct cytolytic activity against the tumor cells.
Second, it can kill tumors by selectively destroying tumor
neovasculature and causing hemorrhagic necrosis (80, 81).
Third, it can stimulate T-cell-mediated immunity to tumor
cells. Therefore, it possesses potent anti-tumor activities even
in tumors that are not susceptible to direct cytotoxic action of
TNF-a..

Most clinical trials failed because of serious systemic
toxicity associated with TNF-a. Because of the side effects,
such as hypotension, vascular leak, fever, and neurotoxicity,
an effective anti-tumor dose can not be reached in most cases
(82). In fact, humans can only tolerate only 2% dose/
kilogram necessary to cause tumor regression in mice (82,
83). However, in instances where TNF-o can be localized to
certain organs or compartments of the body and an effective
dose can be reached, it is clearly effective in killing human
tumors (84, 85). A good example is the use of TNF-a in
treating osteosarcomas and metastatic melanomas by limb
perfusion (86).

Both of the above examples indicate that for cytokine-
based immunotherapy to succeed, the toxicity/side effects
have to be resolved.

There are inherent problems with systemic infusion of
cytokines for anti-tumor therapy in addition to toxic side
effects.

In addition to the toxicity issue, there are additional
problems with systemic infusion approach for cytokine
cancer therapy. These problems are multifold: 1) It often
leads to artificially high concentration of the cytokines that
are orders of magnitude higher systemically, which in most
cases leads to unwanted side effects such as toxicities as
described in the previous section, or even lethality; 2) The
high systemic concentration, while orders of magnitude
higher than what the body is used to, is usually far below
what is needed at the site where the activation of the immune
system is needed, such as within a tumor mass; 3) The bolus
infusion of the cytokines usually causes only a transient
increase in the level of cytokine, which is usually rapidly
cleared out of the body by liver or kidney. Therefore, there is
insufficient time for the mobilization of the immune system
against the tumor cells.

To activate the immune system against the tumor cells
with the cytokines, it is necessary to re-visit how our body’s
own immune system is activated against what it deemed as
foreign antigens such as those from bacteria or viruses.
Usually such antigens enter into the body at various defined
locations. The immune system, through its various
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components, such as macrophages, dendritic cells, NK cells,
etc., recognizes such antigens and creates localized “danger”
signals, among which high concentrations of cytokines
provide the paracrine signals that attract various immuno-
effector cells to the site. This local elevation of cytokines and
attraction of immunoeffector cells create an amplification
loop that facilitates the elimination of the foreign invasion
and in many cases the generation of memory T cells that
allow the immune system to initiate swift and effective
attacks when foreign organisms with the same antigens
invade next time.

The important lesson drawn from how the body’s own
immune system mounts an attack on the invasion of a foreign
organism is that local, sustained high levels of cytokines are
necessary for the activation of immune system. With
systemic infusion, the required local high concentrations of
cytokines are never achieved, even at the systemic levels that
are often toxic or lethal to the host.

Gene therapy approaches significantly improved
the prospects for the use of cytokine cancer
immunotherapy

The emergence of gene therapy in the early 1990s opened up
various novel approaches/opportunities for the delivery of
cytokines to the body for the purpose of anti-tumor therapy.
A key characteristic of various gene therapy approaches is
the use of gene therapy “vectors” to deliver therapeutic genes
locally (87-89). These vectors consist of viral and non-viral
vehicles that are engineered, through recombinant DNA
technology, to carry genes that are usually delivered to the
disease sites, such as the site(s) of tumor growth, through
local injections (90). In the case of tumor gene therapy, the
rationale is that such local delivery will generate local
cytotoxicity (with cytotoxic genes) or immunity against
tumor cells.

When used to deliver immunostimulatory cytokines, the
distinct advantages of such local gene delivery approaches
are: 1) The ability to generate locally high concentrations of
cytokines, similar to the body’s own response against foreign
antigens; 2) The ability to provide sustained high levels of
cytokines with robust paracrine effects that activate the
immune system.

Many different gene therapy vectors have been used for
the delivery of tumor cytokine therapy. A large variety of
viral and non-viral vectors have been adopted for delivery of
gene therapy experimentally. Among the ones that have been
used to deliver cytokines are murine retrovirus vectors (91),
human or feline lentiviral vectors (92, 93), adenovirus
vectors (94), adeno-associated virus vectors (95), herpes
simplex virus vectors (96, 97), vaccinia virus vectors (98),
Fowlpox virus (99, 100), Semliki Forest virus (101), Naked
plasmid DNA virus vectors (102, 103), and plasmid DNA
vectors in combination with “gene guns” (104, 105).

Currently there is no consensus on the optimal vector to
use for cancer gene therapy as each vector has its advantages
or disadvantages. However, among these vectors, the murine

Volume 2 Number 2 April 2005



84

=
A g E
N N
= o = g
5} = D .
s = S =
5] ;‘ o o
2 . z
= = L= o

ngl/g ng/ml
100

10 10F
1 b I 1t
0.1 T T T

Tumor Liver Spleen Lung Serum

|

constitutive
Promoter

|
heat inducible 7

Promoter

|
Control
Adenovirus |:|

Figure 1. (A) Systemic dissemination of adenovirus after
intratumoral injection. About 3 x 10% pfu (plaque forming units)
AdGFP/tumor was injected into the center of tumors through
syringes with 30-gauge needles. Twenty-four hours later, the tumors
and organs of injected mice were harvested, cut, and mounted in
aqueous solution for fluorescence microscopy. Expression of green
fluorescence protein (GFP) in tumors and organs of tumor bearing
C57BL/6 mice after intratumoral injection of adenovirus consti-
tutively encoding GFP (AdGFP) as compared to non-injected
control animals (magnification 20 x). (B) Intratumoral and systemic
expression of murine interleukin 12 (mlIL-12) after intratumoral
vector injection. About 1 x 10° pfu of AdmIL-12 was injected into
the center of tumors. Intratumoral and systemic expression of
murine interleukin 12 (mIL-12) after intratumoral injection of either
control adenovirus (AdGFP used as control in this experiment),
adenovirus constitutively expressing mIL-12 (AdCMVIL-12) or
adenovirus expressing mIL-12 controlled by a heat inducible
promoter (AdhspIL-12) combined with heat treatment in sub-
cutaneous B16.F10 melanomas. Animals were sacrificed 24 hours
after heating. The results are plotted as mean + range of two to four
animals per data point (reproduced from reference 124 with
permission from AACR).

retrovirus vector, the adenovirus vector, herpes vectors and
plasmid DNA virus vectors are the most frequently studied
due to their ease of manipulation and preparation. They are
also the ones that were the first to be evaluated in the human

Cytokine and Immuno-Gene Therapy for Solid Tumors

clinic therapy.

A large number of cytokine genes have been evaluated in
preclinical and clinical trials for their anti-tumor efficacy. A
list of some of the more common ones includes IL-2, IFN-a.,
B, v, IL-12, IL-15, GM-CSF and TNF-a.

In terms of delivery approach, there are mainly two
different approaches: 1) The direct injection of gene therapy
vectors into the tumor mass or the periphery of the tumor
mass (106); 2) The implantation of ex vivo cytokine-modified
autologous or allogenic fibroblasts, stem cells, or other
normal cell types into or in the vicinity of the tumor mass
(100).

GM-CSF gene-modified vaccine has shown early
promise in clinical trials

In addition to the two approaches for delivery of cytokine
gene therapy, a third mode of gene/cytokine therapy is the
use of ex vivo modified autologous or allogenic and lethally
irradiated tumor cells as vaccines. Various immunostimu-
latory cytokine genes are transduced into tumor cells, which
are subsequently processed (mostly through irradiation) as
vaccines to be injected into cancer patients. This mode of
therapy is in fact the powerful combination of the cytokine
gene therapy approach and the conventional tumor cell-based
vaccine approach. These two approaches in history have been
developed along their own tracks without crossing each other
until the mid 1990s.

For the vaccine approach, there have been a few studies
that directly compared the effectiveness of a large cohort of
cytokines in eliciting a prophylactic anti-tumor responses in
the same tumor models (107, 108). One cytokine stands out
as the most effective: GM-CSF. Because of these pre-clinical
results, quite a few human clinical trials have been or are
being conducted in various solid and hematogenic tumor
types that included prostate cancer, lung cancer, pancreatic
cancer, leukemia and myeloma. The chief sponsor of
GM-CSF-transduced vaccine trials is the US based company
Cell Genesys, which trade-marked their GM-CSF-based
vaccines as the GVAX™ series cancer vaccines. So far
GVAX vaccines have enjoyed successes in early clinical
trials (109-112). Among these, prostate cancer vaccines have
progressed to phase III clinical trials while all the others
(lung, pancreatic, leukemia, and myeloma) have obtained
positive phase II results. These results are encouraging since
most of the patients were late-stage, high risk cases that had
failed or likely to fail conventional therapies. It is possible
that the GVAX vaccine will be available to some cancer
patients in the next few years. If true, it would be the first
commercially available gene modified vaccine for cancer.

A potentially serious problem of intratumoral
injection of viral vectors is virus “leakage” out
of the tumor mass

In theory, cytokine-encoding gene therapy vectors injected
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Table 1.
tumors as measured by ELISA™©
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Heat-induced cytokine gene expression in recombinant adenovirus infected cells or

In vitro measurement

In vivo measurement®

AdYV construct . <

No HT HT Fold increase No HT HT Fold increase
AdhspTNF-a <25pg/ml  185pug/ml  >6.8x10° 95pg/g 7.94ng/lg 835
AdhspmIL-12 <5 pg/ml 68 ng/ml > 13,600 0.18 ng/g 6 ng/g 33

See details in reference 124; °42°C for 30 minutes; “Production of IL-12 converted into amount/per gram of tumor tissue;
442.5°C for 40 minutes; ‘Reproduced from reference 124 with permission from the AACR.

intratumorally would mostly be deposited into the tumor
mass. This is one of the most important advantages that gene
therapy mediated cytokine delivery have over traditional
infusion-based cytokine delivery. However, evidence is accu-
mulating those even local injections of adenoviral vectors are
not localized to the site of injections. Indeed, intratumoral
injections have been shown to be very leaky. Injections of
adenovirus vectors intratumorally led to virus leakage into
the liver, kidney, and lungs (113, 114) (Figure 1).

The leakage of virus vector seriously undermines the
advantage of the gene therapy based cytokine delivery as
most of the leaked vectors are likely to be absorbed by liver
and other normal organs. The immune response against the
vectors and the systemically elevated levels of cytokines can
seriously elevate toxic side effects or even mobidity in hosts
(115). Therefore, for gene therapy mediated cytokine
therapies to be successful, effective approaches have to be
taken to ensure that cytokine expression is restricted to the
tumor mass.

Tumor-specific gene expression is possible
through physical and biological approaches

One of the very effective approaches to restrict gene therapy
to the tumors is the use of tumor-specific ‘switches’ or
promoters that can limit gene expression to tumors.
Examples of these include: 1) Biologically based cancer-
specific promoter activation mechanisms. Examples include:
CEA promoter, which is active in colon and other cancer
types (116, 117); Erb-B2 promoter, which is active in breast
and other cancer types (118); a-fetoprotein promoters, which
are active in liver cancers (119, 120); prostate specific
antigen (PSA) gene promoter, which is active in prostate
tissues (121); telomerase promoter, which is active in over
90% of all tumor types and in active in over 99% of normal
tissues (122). 2) Physically based inducers. Examples include
ionizing radiation (123); heat (124, 125).

Biologically based gene therapy strategy usually depends
on the identification of disease-specific gene activation. This
approach has been successful in some experimental
applications. However, a major obstacle is the requirement to
identify tumor cell specific promoters that are activated to
very high levels for individual tumors. A further impediment
to these systems is the lack of a means to create temporal

control of gene expression since they can not be switched on
or off.

External physical agents possess distinct advantages in
controlling gene expression both spatially and temporally.
Ionizing radiation has been used with success to activate
TNF-o gene expression with some spatial and temporal
control (123). The main advantage of ionizing radiation is the
precision with which the diseased area can be targeted.
However, an apparent disadvantage of ionizing radiation is
the lack of naturally existing promoters that can respond to
ionizing radiation consistently and at a sufficiently high level.
Published data suggest that a 20 Gy single dose y-irradiation
induced a 9-fold increase in reporter gene expression under
the control of a commonly used radiation-inducible EGR
(early growth response) gene promoter (126).

Heat-based gene regulation is a powerful approach
to deliver cytokine-based immuno-gene therapy

The heat-based gene regulation approach is based on the
ubiquitous heat shock response/stress response. In
mammalian cells this response is usually activated when the
cells are exposed to environmental temperatures that are
3-7°C higher than physiological norms (127). During the heat
shock response, the cells shut down the majority of protein
synthesis and initiate the synthesis of a class of proteins
called the heat shock proteins (hsps). Mammalian cells may
devote as much as 90% of their protein synthesis machinery
on the production of the heat shock proteins (127). Many of
the proteins carry out protective functions such as keeping
other key proteins from being denatured by the elevated
temperature. Some of the proteins are normally expressed at
very low levels and their expression increases to very high
levels during the heat shock response. The induction can
range from hundreds to thousands of fold over background
levels. Much of the induction is mediated at the
transcriptional level through the promoters of these genes.

As an example, a heat shock protein 70 promoter
(hsp70B) which we have used was used to control the
expression of a reporter gene (EGFP). The expression is
induced over 1,000 folds by hyperthermia (Figure 2). When
cytokine genes encoded in recombinant adenovirus vectors
were used, inductions of the TNF-o gene reached 6.8 x 10’
folds in vitro and 835 folds in vivo for TNF-a encoding virus
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Figure 2. Proof of principal for heat induced gene therapy. (A) A
graphic representation of hyperthermia-regulated gene therapy. (B)
Flow cytometric analysis of 4T1 cells infected with an adenovirus
carrying a heat-inducible green fluorescence protein (GFP) gene.
The x-axis represents fluorescent intensity and the y-axis represents
cell numbers. It is clear that GFP is induced at 39°C. (C) The time
course of heat-induced GFP expression in 4T1 cells that have
infected with an adenovirus encoding a heat-inducible GFP gene.

(Table 1). Most importantly, the background activity of this
promoter is extremely low. The cytokine concentration was
below the level of detection when sensitive ELISA kits were
used. Another study demonstrated that the activity of the
promoter can be regulated multiple times after the initial
treatment (128). This is critical since it indicates therapeutic
gene level can be modulated by multiple rounds of
hyperthermia.

The low background coupled with the high inducibility of
this promoter makes it the ideal promoter to use for
cytokine-based immuno-gene therapy purposes. In our past
studies, we have shown that heat-inducible cancer gene
therapy vector showed significant advantages over the
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Figure 3. Adenovirus mediated, heat-regulated gene therapy in
a mouse melanoma model. Experimental tumors were established
in syngeneic C57BL6 black mice by implanting 10° B16F10
melanoma cells. Viral injections were carried out 1 week later when
tumors grew to sizes of 5-7 mm in diameter. In the shown
experiment, four groups of animals were included. These are mice
injected with adenoviruses encoding a) a heat inducible EGFP gene
alone (<); b) a heat inducible EGFP gene with heat treatment (®);
¢) the murine IL-12 gene (A) alone and d) the murine IL-12 gene
with heat treatment ( ® ). There were 10 animals in each group. The
error bars for all the data points represent the standard error of the
mean (reproduced from reference 27 with permission from AACR).

non-regulated gene therapy vectors in this respect (113, 125).
When a similar amount of viral vectors were injected
intratumorally into subcutaneouly grown tumors, different
levels of non-targeted gene expression were observed. For
the vector where the reporter gene was under the control of a
constitutively active cytomegalovirus promoter, gene
expression was observed in various organs and tissues such
as the liver, the lung, and the spleen (Figure 2). For the vector
encoding a heat-inducible reporter (e.g., IL-12), the gene
expression was only observed in the heated tumor area. In
addition, when vectors encoding heat-inducible IL-12 gene
were injected intratumorally (at doses of 10*-10° pfu/mouse),
little toxicity was observed. This is quite different from
adenovirus vectors encoding a constitutively active CMV
promoter controlled IL-12 gene, which causes quite serious
normal tissue toxicities such as splenomegaly, lethargy, or
even death. These serious side effects occurred despite the
same amount of recombinant virus particles being injected
intratumorally. Therefore, a heat-inducible approach for
regulating gene expression has significant advantages in
restricting therapeutic gene expression to targeted tissues
thereby reducing unwanted normal tissue toxicity. Most
importantly, despite the restricted and targeted gene
expression from the heat-inducible gene expression, the
efficacy of the virus was still quite impressive. It showed
quite potent anti-tumor effect in reducing tumor growth when
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administered with heat in a very aggressive mouse model of
melanoma B16F10 (Figure 3).

A combination of cytokine gene therapy with
radiation or chemotherapy is necessary to
overcome the defense of solid tumors against
the immune system

Despite the enormous promise of various immunotherapy
strategies, little clinical success was achieved so far. Many
researchers have long realized that immunotherapy alone is
not sufficient in most cases to eradicate solid tumors as most
well-established solid tumors have developed various
mechanisms of down-regulating host immune response
against tumor cells. These include: 1) Solid tumors, may be
treated as immuno-privilaged sites by the host immune
system (129), thereby allowing them to escape immune
surveillance. Through the procedure of “immuno-editing”,
many tumor cells are essentially silent for the immune system,
many tumors have down-regulation of immunostimulatory
MHC proteins or mutating the TAP-1 genes so that they
assume ‘stealth’ phenotypes in the presence of the immune
surveillance (130, 131); 2) Tumor cells have developed a
variety of defensive ‘weapons’ or barriers that help them to
fend off host immune system. Examples include: expression
of the Fas ligand on the surface of some tumor cells that can
kill T-cells (132, 133); expression of the immunosuppressive
IL-10 or TGF-B cytokines that down-regulate the activity of
immune effector cells; 3) Many solid tumors have developed
modifications of their vasculature that reduce leukocytes
extravasation (134, 135), thereby avoiding activation or
attack by the immune system all together.

With the multitude of problems, it would be very difficult
for any form of immunotherapy, no matter how potent it may
be, to get rid of the solid tumor burden completely by itself,
especially when the solid tumor is at an advanced stage.

Fortunately, there are help for immunotherapy. One such
help is radiation therapy, which has shown strong potency in
eradicating local tumor growth. One approach is to combined
radiation therapy and cytokine-based immunotherapy. There
are several rationales for doing this. First, radiation can
‘knock out’ the defensive weapons of tumors that are directed
against the immune system by killing off the majority of
tumor cells in a ‘carpet bombing’ fashion. Second, radiation
can induce increased expression of immunostimulatory genes
such as MHC-I, MHC-II, ICAM-I, etc., which can facilitate
the extravasation and activation of immuno-effector cells
(136, 137). Third, radiation-induced death through apoptosis/
necrosis may provide a rich source of antigens that may
stimulate the anti-tumor immune response (138, 139). Fourth,
the stimulation of the immune system by the combined
treatment is likely to help in the prevention of recurrent
tumor growth from the local site and in the eradication of
metastatic diseases.

Indeed, our own data have lent strong support for such a
combined therapeutic strategy. When adenovirus-mediated
interleukin 12 (IL-12) gene therapy was combined with
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Figure 4. Synergistic anti-tumor efficacy when an adenovirus
encoding constitutively expressed IL-12 and B7.1 (AdIL-12/B7.1)
was administered after radiation therapy (RAD). (A) untreated
control; (O) injection of control AJdGFP on day 7 after
transplantation (a. Tx.), no radiotherapy (RAD); (LJ) injection of
AdIL-12/B7.1 on day 7 a. Tx., no RAD; (@) initiation of RAD on
day 7 a. Tx., injection of AdGFP after the last (3rd) RAD fraction;
(m) initiation of RAD on day 7 a. Tx., injection of AdIL12/B7.1
after the 1st RAD fraction; (<) initiation of RAD on day 7 a. Tx.,
injection of AdIL12/B7.1 after the last (3rd) RAD fraction. The
virus dose injected was 3 x 10® pfu (in 50 pl PBS) except for the
injection after the 3rd radiation fraction in 4T1, when 3 x 107 pfu
was used. Error bar represents the mean relative tumor volumes (+
standard error (SE)) for different combinations of radiotherapy and
adenovirus gene therapy in B16.F10 tumors in C57BL/6 mice. See
reference 140 for details.

radiation therapy, a significantly stronger anti-tumor effect
was seen compared with either forms of therapy alone (140)
(Figure 4).

The rationale for the combination of chemotherapy and
immunotherapy is less obvious. This is because chemo-
therapy target proliferating cells systemically and preferentially,
including various immuno-effector cells. Therefore, in
general, chemotherapy is thought to suppress the immune
system. However, there have been published literature
reporting that synergistic efficacy exists between chemo-
therapy and cytokine-based immunotherapy (141-143),
especially at the lower doses. The exact mechanisms are not
clear.

Summary

Cytokine-based immuno-gene therapy is entering into an
very exciting phase with many studies indicating its potential
in numerous preclinical as well as clinical studies. It is quite
possible that it will become a routinely available form of
cancer therapies in the not too distant future. However,
continued studies are clearly needed both to optimize the
delivery approach and to clarify the right circumstances for
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its application. It is likely that most cytokine-based gene
therapy will be delivered as an adjuvant therapy (in

combination with surgery, chemotherapy, or radiation therapy)

with the main goals of eradication and prevention of cancer
metastases and recurrences.

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Nauts HC. Bacteria and cancer--antagonisms and benefits.

Cancer Surv. 1989;8:713-723.

. Ehrlich P. Ueber den jetzigen Stand der Karzinomforschung.

Ned Tijdschr Geneeskd. 1909;5(part 1):273-290.

. Thomas L. Discussion. In: Lawrence H, editor. Cellular and

Humoral Aspects of the Hypersensitive States. New York:
Hoeber-Harper; 1959:529-532.

. Burnet FM. The concept of immunological surveillance. Prog

Exp Tumor Res. 1970;13:1-27.

. Burnet FM. Immunological surveillance in neoplasia. Transplant

Rev. 1971;7:3-25.

. Medawar P. The behaviour of skin autografts and skin

homografts in rabbits. J Anat. 1944;78:176-199.

. Medawar P. A second study of the behaviour and fate of skin

homografts in rabbits. J Anat. 1945;79:157-176.

. Foley EJ. Antigenic properties of methylcholanthrene-induced

tumors in mice of the strain of origin. Cancer Res. 1953;13:
835-837.

. Prehn RT, Main JM. Immunity to methylcholanthrene-induced

sarcomas. J Natl Cancer Inst. 1957;18:769-778.

Old LJ, Boyse EA. Specific antigens of tumors and leukemias of
experimental animals. Med Clin North Am. 1966;50:901-912.
Stutman O. Tumor development after 3-methylcholanthrene in
immunologically deficient athymic-nude mice. Science. 1974;
183:534-536.

Rygaard J, Povlsen CO. The mouse mutant nude does not
develop spontaneous tumours. An argument against immuno-
logical surveillance. Acta Pathol Microbiol Scand [B] Microbiol
Immunol. 1974;82:99-106.

Maleckar JR, Sherman LA. The composition of the T cell
receptor repertoire in nude mice. J Immunol. 1987;138:3873-
3876.

Ikehara S, Pahwa RN, Fernandes G, Hansen CT, Good RA.
Functional T cells in athymic nude mice. Proc Natl Acad Sci U
S A. 1984;81:886-888.

Herberman RB, Holden HT. Natural cell-mediated immunity.
Adv Cancer Res. 1978;27:305-377.

Shankaran V, Tkeda H, Bruce AT, et al. IFNy and lymphocytes
prevent primary tumour development and shape tumour
immunogenicity. Nature. 2001;410:1107-1111.

Shinkai Y, Rathbun G, Lam KP, et al. RAG-2-deficient mice
lack mature lymphocytes owing to inability to initiate V(D)J
rearrangement. Cell. 1992;68:855-867.

Morgan DA, Ruscetti FW, Gallo R. Selective in vitro growth of
T lymphocytes from normal human bone marrows. Science.
1976;193:1007-1008.

Stachelin T, Hobbs DS, Kung H, Pestka S. Purification of
recombinant human leukocyte interferon (IFLrA) with
monoclonal antibodies. Methods Enzymol. 1981;78 (Pt A):505-
512.

Herberman RB, Ortaldo JR, Mantovani A, Hobbs DS, Kung HF,
Pestka S. Effect of human recombinant interferon on cytotoxic
activity of natural killer (NK) cells and monocytes. Cell
Immunol. 1982;67:160-167.

Miller DL, Kung HF, Pestka S. Crystallization of recombinant

23.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Cytokine and Immuno-Gene Therapy for Solid Tumors

human leukocyte interferon A. Science. 1982;215:689-690.

. Chanda PK, Kung HF. /n vitro synthesis of biologically active

human leukocyte interferon in a RNA-dependent system from
Saccharomyces cerevisiae. Proc Natl Acad Sci U S A. 1983;80:
2569-2573.

Honda S, Asano T, Kajio T, et al. Differential purification by
immunoaffinity chromatography of two carboxy-terminal
portion-deleted derivatives of recombinant human interferon-y
from Escherichia coli. J Interferon Res. 1987;7:145-154.

. Lotze MT, Robb RJ, Sharrow SO, Frana LW, Rosenberg SA.

Systemic administration of interleukin-2 in humans. J Biol
Response Mod. 1984;3:475-482.

Rosenberg SA, Lotze MT, Muul LM, et al. A new approach to
the therapy of cancer based on the systemic administration of
autologous lymphokine-activated killer cells and recombinant
interleukin-2. Surgery. 1986;100:262-272.

Weber JS, Jay G, Tanaka K, Rosenberg SA. Immunotherapy of a
murine tumor with interleukin 2. Increased sensitivity after
MHC class I gene transfection. J Exp Med. 1987;166:1716-1733.
Ettinghausen SE, Moore JG, White DE, Platanias L, Young NS,
Rosenberg SA. Hematologic effects of immunotherapy with
lymphokine-activated killer cells and recombinant interleukin-2
in cancer patients. Blood. 1987;69:1654-1660.

Cameron RB, MclIntosh JK, Rosenberg SA. Synergistic
antitumor effects of combination immunotherapy with recom-
binant interleukin-2 and a recombinant hybrid a-interferon in
the treatment of established murine hepatic metastases. Cancer
Res. 1988;48:5810-5817.

Grimm EA, Mazumder A, Zhang HZ, Rosenberg SA.
Lymphokine-activated killer cell phenomenon. Lysis of natural
killer-resistant fresh solid tumor cells by interleukin 2-activated
autologous human peripheral blood lymphocytes. J Exp Med
1982;155:1823-1841.

Eberlein TJ, Rosenstein M, Rosenberg SA. Regression of a
disseminated syngeneic solid tumor by systemic transfer of
lymphoid cells expanded in interleukin 2. J Exp Med. 1982;156:
385-397.

Grimm EA, Robb RJ, Roth JA, et al. Lymphokine-activated
killer cell phenomenon. III. Evidence that IL-2 is sufficient for
direct activation of peripheral blood lymphocytes into
lymphokine-activated killer cells. J Exp Med. 1983;158:1356-
1361.

Mule JJ, Shu S, Schwarz SL, Rosenberg SA. Adoptive
immunotherapy of established pulmonary metastases with LAK
cells and recombinant interleukin-2. Science. 1984;225:1487-
1489.

Griffith KD, Read EJ, Carrasquillo JA, et al. In vivo distribution
of adoptively transferred indium-111-labeled tumor infiltrating
lymphocytes and peripheral blood lymphocytes in patients with
metastatic melanoma. J Natl Cancer Inst. 1989;81:1709-1717.
Topalian SL, Muul LM, Solomon D, Rosenberg SA. Expansion
of human tumor infiltrating lymphocytes for use in
immunotherapy trials. J] Immunol Methods 1987;102:127-141.
Rosenberg SA. The development of new immunotherapies for
the treatment of cancer using interleukin-2. A review. Ann Surg
1988;208:121-135.

Belldegrun A, Kasid A, Uppenkamp M, Topalian SL, Rosenberg
SA. Human tumor infiltrating lymphocytes. Analysis of
lymphokine mRNA expression and relevance to cancer
immunotherapy. J Immunol. 1989;142:4520-4536.

Fisher B, Packard BS, Read EJ, et al. Tumor localization of
adoptively transferred indium-111 labeled tumor infiltrating
lymphocytes in patients with metastatic melanoma. J Clin Oncol.
1989;7:250-261.

Volume 2 Number 2  April 2005



Cellular & Molecular Immunology

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Katano M, Sidell N, Irie RF. Human monoclonal antibody to a
neuroectodermal tumor antigen (OFA-I-2). Ann N 'Y Acad Sci.
1983;417:427-434.

Drebin JA, Link VC, Weinberg RA, Greene MI. Inhibition of
tumor growth by a monoclonal antibody reactive with an
oncogene-encoded tumor antigen. Proc Natl Acad Sci U S A.
1986;83:9129-9133.

Renner H. [Fetal tumor antigens]. Strahlentherapie. 1975;150:
30-34.

Primus FJ, Wang RH, Cohen E, Hansen HJ, Goldenberg DM.
Antibody to carcinoembryonic antigen in hamsters bearing
GW-39 human tumors. Cancer Res. 1976;36:2176-2181.

Fuks A, Banjo C, Shuster J, Freedman SO, Gold P. Carcino-
embryonic antigen (CEA): molecular biology and clinical
significance. Biochim Biophys Acta. 1975;417:123-152.
Mavligit GM, Gutterman JU, Burgess MA, et al. Adjuvant
immunotherapy and chemoimmunotherapy in colorectal cancer
of the Dukes’ C classification. Preliminary clinical results.
Cancer. 1975;36(6 Suppl):2421-2427.

Vesey SG, Goble M, Ferro MA, Stower MJ, Hammonds JC,
Smith PJ. Quantification of prostatic cancer metastatic disease
using prostate-specific antigen. Urology. 1990;35:483-486.
Donn F, Bruns T, von Meyerrinck L, et al. Monoclonal antibody
to the prostate specific antigen. Andrologia. 1990;22 Suppl
1:44-55.

Rainwater LM, Morgan WR, Klee GG, Zincke H. Prostate-
specific antigen testing in untreated and treated prostatic adeno-
carcinoma. Mayo Clin Proc. 1990;65:1118-1126.

Finn OJ, Jerome KR, Henderson RA, et al. MUC-1 epithelial
tumor mucin-based immunity and cancer vaccines. Immunol
Rev. 1995;145:61-89.

Balloul JM, Acres RB, Geist M, et al. Recombinant MUC 1
vaccinia virus: a potential vector for immunotherapy of breast
cancer. Cell Mol Biol (Noisy-le-grand). 1994;40 Suppl 1:49-59.
Xing PX, Apostolopoulos V, Trapani J, Prenzoska J, McKenzie
IF. Peptide epitopes in breast cancer mucins. Adv Exp Med Biol.
1994;353:9-16.

Toannides CG, Fisk B, Jerome KR, Irimura T, Wharton JT, Finn
0OJ. Cytotoxic T cells from ovarian malignant tumors can
recognize polymorphic epithelial mucin core peptides. J
Immunol. 1993;151:3693-3703.

Steinman RM, Cohn ZA. Identification of a novel cell type in
peripheral lymphoid organs of mice. I. Morphology, quantitation,
tissue distribution. J Exp Med. 1973;137:1142-1162.

Steinman RM. The dendritic cell system and its role in
immunogenicity. Annu Rev Immunol. 1991;9:271-296.
Banchereau J, Steinman RM. Dendritic cells and the control of
immunity. Nature. 1998;392:245-252.

Marincola FM, Jaffee EM, Hicklin DJ, Ferrone S. Escape of
human solid tumors from T-cell recognition: molecular
mechanisms and functional significance. Adv Immunol. 2000;74:
181-273.

Khong HT, Restifo NP. Natural selection of tumor variants in
the generation of “tumor escape” phenotypes. Nat Immunol.
2002;3:999-1005.

Svane IM, Engel AM, Nielsen MB, Ljunggren HG, Rygaard J,
Werdelin O. Chemically induced sarcomas from nude mice are
more immunogenic than similar sarcomas from congenic
normal mice. Eur J Immunol. 1996;26:1844-1850.

Engel AM, Svane IM, Rygaard J, Werdelin O. MCA sarcomas
induced in scid mice are more immunogenic than MCA
sarcomas induced in congenic, immunocompetent mice. Scand J
Immunol. 1997;45:463-470.

Mazumder A, Rosenberg SA. Successful immunotherapy of

59.

60

61.

62.

63.

64.

65.

66.

67.

68.

69

70.

71.

72.

73.

74.

75.

89

natural killer-resistant established pulmonary melanoma
metastases by the intravenous adoptive transfer of syngeneic
lymphocytes activated in vitro by interleukin 2. J Exp Med.
1984;159:495-507.

Weiss GR, Margolin KA, Aronson FR, et al. A randomized
phase II trial of continuous infusion interleukin-2 or bolus
injection interleukin-2 plus lymphokine-activated killer cells for
advanced renal cell carcinoma. J Clin Oncol. 1992;10:275-281.

. Rosenberg SA, Lotze MT, Yang JC, et al. Prospective

randomized trial of high-dose interleukin-2 alone or in
conjunction with lymphokine-activated killer cells for the
treatment of patients with advanced cancer. J Natl Cancer Inst.
1993;85:622-632.

Rosenberg SA, Packard BS, Aecbersold PM, et al. Use of
tumor-infiltrating lymphocytes and interleukin-2 in the
immunotherapy of patients with metastatic melanoma. A
preliminary report. N Engl J Med. 1988;319:1676-1680.
Rosenberg SA, Mule JJ, Spiess PJ, Reichert CM, Schwarz SL.
Regression of established pulmonary metastases and
subcutaneous tumor mediated by the systemic administration of
high-dose recombinant interleukin 2. J Exp Med. 1985;161:
1169-1188.

Lafreniere R, Rosenberg SA. Successful immunotherapy of
murine experimental hepatic metastases with lymphokine-
activated killer cells and recombinant interleukin 2. Cancer Res.
1985;45:3735-3741.

Donohue JH, Lotze MT, Robb RJ, et al. In vivo administration
of purified Jurkat-derived interleukin 2 in mice. Cancer Res.
1984;44:1380-1386.

Donohue JH, Rosenstein M, Chang AE, Lotze MT, Robb RIJ,
Rosenberg SA. The systemic administration of purified
interleukin 2 enhances the ability of sensitized murine lympho-
cytes to cure a disseminated syngeneic lymphoma. J Immunol.
1984;132:2123-2128.

Rosenberg SA, Lotze MT, Yang JC, et al. Experience with the
use of high-dose interleukin-2 in the treatment of 652 cancer
patients. Ann Surg. 1989;210:474-484; discussion 484-485.
Atkins MB, Sparano J, Fisher RI, et al. Randomized phase 11
trial of high-dose interleukin-2 either alone or in combination
with interferon o-2b in advanced renal cell carcinoma. J Clin
Oncol. 1993;11:661-670.

Fyfe G, Fisher RI, Rosenberg SA, Sznol M, Parkinson DR,
Louie AC. Results of treatment of 255 patients with metastatic
renal cell carcinoma who received high-dose recombinant
interleukin-2 therapy. J Clin Oncol. 1995;13:688-696.

. Parkinson DR, Abrams JS, Wiernik PH, et al. Interleukin-2

therapy in patients with metastatic malignant melanoma: a phase
II study. J Clin Oncol. 1990;8:1650-1656.

Keilholz U, Conradt C, Legha SS, et al. Results of interleukin-2-
based treatment in advanced melanoma: a case record-based
analysis of 631 patients. J Clin Oncol. 1998;16:2921-2929.
Margolin K. The clinical toxicities of high-dose interleukin-2.
New York: Marcel Dekker; 1993.

White RL Jr, Schwartzentruber DJ, Guleria A, et al
Cardiopulmonary toxicity of treatment with high dose
interleukin-2 in 199 consecutive patients with metastatic
melanoma or renal cell carcinoma. Cancer. 1994;74:3212-3222.
Carswell E, Old L, Kassel R, Green S, Fiore N, Williamson B.
An endotoxin induced serum factor which causes necrosis of
tumors. Proc Natl Acad Sci U S A.1975;72:3666-3670.

Pennica D, Nedwin G, Hayflick J, et al. Human tumor necrosis
factor: precursor structure, expression and homology to lympho-
toxin. Nature. 1984;312:724-729.

Wang A, Creasey A, Ladner M, et al. Molecular cloning of the

Volume 2 Number 2  April 2005



90

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

complementary DNA for human necrosis factor. Science.
1985;228:149-154.

Figlin R, de Kernion J, Sarna J, Moldwer N, Saks S. Phase II
study of recombinant tumor necrosis factor in patients with
metastaic renal cell carcinoma and malignant melanoma. Proc
Am Soc Clin Oncol. 1988;7:169.

Kemeny N, Childs B, Larchian W, Rosado K, Kelsen D. A phase
II trial of recombinant human necrosis factor in patients with
advanced colorectal carcinoma. Cancer. 1990;66:659-663.
Rhinehart J, Balcerzak S, Hersh M. Phase II trial of tumor
necrosis factor in human sarcoma. Proc Am Soc Clin Oncol.
1990;9:317.

Fiers W. Tumor necrosis factor: characterization at the
molecular, cellular, and in vivo level. FEBS Lett. 1991;285:199-
212.

Manda T, Shimomura K, Mukumoto S, et al. Recombinant

tumor necrosis factor-a, evidence of an indirect mode of activity.

Cancer Res. 1987;47:3707-3711.

Watanabe N, Niitsu Y, Umeno H, et al. Toxic effects of tumor
necrosis factor on tumor vasculature. Cancer Res. 1988;48:
2179-2183.

Spriggs D, Yates S. Cancer chemotherapy, experiences with
TNF-administration in humans. In: Beutler B, editor. Tumor
Necrosis Factor, the molecules and their emergine roles in
medicine. New York: Raven Press; 1992:383-406.

Sidhu R, Bollon A. Tumor necrosis factor activities and cancer
therapy: a perspective. Pharmacol Ther. 1993;57:79-128.
Mavligit G, Zukwiski A, Wallace S. Tumor regression after
hepatic arterial infusion of recombinant tumor necrosis factor in
patients with coloncarcinoma metastatic to the liver. Proc Am
Soc Clin Oncol. 1990;9:118.

Raeth U, Schmid H, Karck U, Kempeni J, Schlick E, Kaufmann
M. Phase II trial of recombinant humna nerosis factor in patients
with malignant ascites from ovarian carcinomas and non-
ovarian tumors with intraperitoneal spread. Proc Am Soc Clin
Oncol. 1991;10.

Lienard D, Ewalenko P, Delmotte J, Renard N, Lejeune F. High
dose recombinant tumor necrosis factor a in combination with
interferon y and melphalan in isolation perfusion of the limbs
for melanoma and sarcoma. J Clin Oncol. 1992;10:52-60.
Russell SJ. Lymphokine gene therapy for cancer. Immunol
Today. 1990;11:196-200.

Forni G, Giovarelli M, Cavallo F, et al. Cytokine-induced tumor
immunogenicity: from exogenous cytokines to gene therapy. J
Immunother. 1993;14:253-257.

Pantuck AJ, van Ophoven A, Gitlitz BJ, et al. Phase I trial of
antigen-specific gene therapy using a recombinant vaccinia
virus encoding MUC-1 and IL-2 in MUC-1-positive patients
with advanced prostate cancer. J Immunother. 2004;27:240-253.
Dummer R, Hassel JC, Fellenberg F, et al. Adenovirus-mediated
intralesional interferon-y gene transfer induces tumor regressions
in cutaneous lymphomas. Blood. 2004;104:1631-1638.

Miller AD, Miller DG, Garcia JV, Lynch CM. Use of retroviral
vectors for gene transfer and expression. Methods Enzymol.
1993;217:581-599.

Stripecke R, Cardoso AA, Pepper KA, et al. Lentiviral vectors
for efficient delivery of CD80 and granulocyte-macrophage-
colony-stimulating factor in human acute lymphoblastic
leukemia and acute myeloid leukemia cells to induce
antileukemic immune responses. Blood. 2000;96:1317-1326.
Poeschla EM, Wong-Staal F, Looney DJ. Efficient transduction
of nondividing human cells by feline immunodeficiency virus
lentiviral vectors. Nat Med. 1998;4:354-357.

Bramson J, Hitt M, Gallichan WS, Rosenthal KL, Gauldie J,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Cytokine and Immuno-Gene Therapy for Solid Tumors

Graham FL. Construction of a double recombinant adenovirus
vector expressing a heterodimeric cytokine: in vitro and in vivo
production of biologically active interleukin-12. Hum Gene
Ther. 1996;7:333-342.

Paul D, Qazilbash MH, Song K, et al. Construction of a
recombinant adeno-associated virus (rAAV) vector expressing
murine interleukin-12 (IL-12). Cancer Gene Ther. 2000;7:308-
315.

Toda M, Martuza RL, Rabkin SD. Tumor growth inhibition by
intratumoral inoculation of defective herpes simplex virus
vectors expressing granulocyte-macrophage colony-stimulating
factor. Mol Ther. 2000;2:324-329.

Rees RC, McArdle S, Mian S, et al. Disabled infectious single
cycle-herpes simplex virus (DISC-HSV) as a vector for
immunogene therapy of cancer. Curr Opin Mol Ther. 2002;4:
49-53.

Carroll MW, Overwijk WW, Surman DR, Tsung K, Moss B,
Restifo NP. Construction and characterization of a triple
-recombinant vaccinia virus encoding B7-1, interleukin 12, and
a model tumor antigen. J Natl Cancer Inst. 1998;90:1881-1887.
Kim CJ, Cormier J, Roden M, et al. Use of recombinant
poxviruses to stimulate anti-melanoma T cell reactivity. Ann
Surg Oncol. 1998;5:64-76.

Marshall JL, Gulley JL, Arlen PM, et al. Phase I study of
sequential vaccinations with fowlpox-CEA(6D)-TRICOM alone
and sequentially with vaccinia-CEA(6D)-TRICOM, with and
without granulocyte-macrophage colony-stimulating factor, in
patients with carcinoembryonic antigen-expressing carcinomas.
J Clin Oncol. 2005;23:720-731.

Colmenero P, Chen M, Castanos-Velez E, Liljestrom P, Jondal
M. Immunotherapy with recombinant SFV-replicons expressing
the P815A tumor antigen or IL-12 induces tumor regression. Int
J Cancer. 2002;98:554-560.

Lohr F, Lo DY, Zaharoff DA, et al. Effective tumor therapy with
plasmid-encoded cytokines combined with in vivo electro-
poration. Cancer Res. 2001;61:3281-3284.

Lucas ML, Heller R. IL-12 gene therapy using an electrically
mediated nonviral approach reduces metastatic growth of
melanoma. DNA Cell Biol. 2003;22:755-763.

Sun WH, Burkholder JK, Sun J, et al. /n vivo cytokine gene
transfer by gene gun reduces tumor growth in mice. Proc Natl
Acad Sci U S A. 1995;92:2889-2893.

Rakhmilevich AL, Turner J, Ford MJ, et al. Gene gun-mediated
skin transfection with interleukin 12 gene results in regression
of established primary and metastatic murine tumors. Proc Natl
Acad Sci U S A. 1996;93:6291-6296.

Deshmukh P, Glick RP, Lichtor T, Moser R, Cohen EP.
Immunogene therapy with interleukin-2-secreting fibroblasts for
intracerebrally metastasizing breast cancer in mice. J Neurosurg.
2001;94:287-292.

Dunussi-Joannopoulos K, Dranoff G, Weinstein HJ, Ferrara JL,
Bierer BE, Croop JM. Gene immunotherapy in murine acute
myeloid leukemia: granulocyte-macrophage colony-stimulating
factor tumor cell vaccines elicit more potent antitumor
immunity compared with B7 family and other cytokine vaccines.
Blood. 1998;91:222-230.

Dranoff G. GM-CSF-secreting melanoma vaccines. Oncogene.
2003;22:3188-3192.

Cell Genesys reports long-term survival data in Phase II trial of
GVAX. Expert Rev Anticancer Ther. 2002;2:245-246.

Dummer R. GVAX (Cell Genesys). Curr Opin Investig Drugs.
2001;2:844-848.

Nemunaitis J, Nemunaitis J. Granulocyte-macrophage colony-
stimulating factor gene-transfected autologous tumor cell

Volume 2 Number 2  April 2005



Cellular & Molecular Immunology

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

vaccine: focus [correction to fcous] on non-small-cell lung
cancer. Clin Lung Cancer. 2003;5:148-157.

Tani K, Azuma M, Nakazaki Y, et al. Phase I study of
autologous tumor vaccines transduced with the GM-CSF gene
in four patients with stage IV renal cell cancer in Japan: clinical
and immunological findings. Mol Ther. 2004;10:799-816.

Lohr F, Huang Q, Hu K, Dewhirst MW, Li CY. Systemic vector
leakage and transgene expression by intratumorally injected
recombinant adenovirus vectors. Clin Cancer Res. 2001;7:3625-
3628.

Wang Y, Hu JK, Krol A, Li YP, Li CY, Yuan F. Systemic
dissemination of viral vectors during intratumoral injection. Mol
Cancer Ther. 2003;2:1233-1242.

Varnavski AN, Calcedo R, Bove M, Gao G Wilson JM.
Evaluation of toxicity from high-dose systemic administration
of recombinant adenovirus vector in vector-naive and pre-
immunized mice. Gene Ther. 2005;12:427-436.

DiMaio JM, Clary BM, Via DF, Coveney E, Pappas TN, Lyerly
HK. Directed enzyme pro-drug gene therapy for pancreatic
cancer in vivo. Surgery. 1994;116:205-213.

Richards CA, Austin EA, Huber BE. Transcriptional regulatory
sequences of carcinoembryonic antigen: identification and use
with cytosine deaminase for tumor-specific gene therapy. Hum
Gene Ther. 1995;6:881-893.

Sikora K, Harris J, Hurst H, Lemoine N. Therapeutic strategies
using c-erbB-2 promoter-controlled drug activation. Ann N Y
Acad Sci. 1994;716:115-124; discussion 124-125, 140-143.
Arbithnot P, Bralet M, Lejossic C, Dedieu J, Perricaudet M,
Ferry N. In vitro and in vivo hepatoma cell-specific expression
of a gene transferred with an adenoviral vector. Hum Gene Ther.
1996;7:1503-1514.

Kanai F, Shiratori Y, Yoshida Y, et al. Gene therapy for
a-fetoprotein-producing human hepatoma cells by adenovirus-
mediated transfer of the herpes simplex thymidine kinase gene.
Hepatology. 1996;23:1359-1368.

Lee CH, Liu M, Sie K, Lee MS. Prostate-specific antigen driven
gene therapy targeting DNA polymerase o and topoisomerase
IIa in prostate cancer. Anticancer Res. 1996;16:1805-1812.
Huang Q, Zhang X, Wang H, et al. A novel conditionally
replicative adenovirus vector targeting telomerase-positive
tumor cells. Clin Cancer Res. 2004;10:1439-1445.

Hallahan DE, Mauceri HJ, Seung LP, et al. Spatial and temporal
control of gene therapy using ionizing radiation. Nat Med. 1995;
1:786-791.

Huang Q, Hu JK, Lohr F, et al. Heat-induced gene expression as
a novel targeted cancer gene therapy strategy. Cancer Res.
2000;60:3435-3439.

Lohr F, Hu K, Huang Q, et al. Enhancement of radiotherapy by
hyperthermia-regulated gene therapy. Int J Radiat Oncol Biol
Phys. 2000;48:1513-1518.

Joki T, Nakamura M, Ohno T. Activation of the radiosensitive
EGR-1 promoter induces expression of the hepes simplex virus
thymidine kinase gene and sensitivity of human glioma cells to
gancyclovir. Hum Gene Ther. 1995;6:1507-1513.

Morimoto R, Tissieres A, Georgopoulos C. In: Stress proteins in
biology and medicine. Cold Spring Harbor: Cold Spring Harbor
Laboratory Press; 1990.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

91

Borrelli MJ, Schoenherr DM, Wong A, Bernock LJ, Corry PM.
Heat-activated transgene expression from adenovirus vectors
infected into human prostate cancer cells. Cancer Res. 2001;
61:1113-1121.

Ochsenbein AF, Klenerman P, Karrer U, et al. Immune
surveillance against a solid tumor fails because of immuno-
logical ignorance. Proc Natl Acad Sci U S A. 1999;96:2233-
2238.

Restifo NP, Kawakami Y, Marincola F, et al. Molecular mecha-
nisms used by tumors to escape immune recognition: immuno-
genetherapy and the cell biology of major histocompatibility
complex class I. J Immunother. 1993;14:182-190.

Restifo NP, Esquivel F, Kawakami Y, et al. Identification of
human cancers deficient in antigen processing. J Exp Med.
1993;177:265-272.

Chouaib S, Asselin-Paturel C, Mami-Chouaib F, Caignard A,
Blay JY. The host-tumor immune conflict: from immuno-
suppression to resistance and destruction. Immunol Today. 1997;
18:493-497.

Saas P, Walker PR, Hahne M, et al. Fas ligand expression by
astrocytoma in vivo: maintaining immune privilege in the brain?
J Clin Invest. 1997;99:1173-1178.

Jain RK, Koenig GC, Dellian M, Fukumura D, Munn LL,
Melder RJ. Leukocyte-endothelial adhesion and angiogenesis in
tumors. Cancer Metastasis Rev. 1996;15:195-204.

Wu NZ, Klitzman B, Dodge R, Dewhirst MW. Diminished
leukocyte-endothelium interaction in tumor microvessels.
Cancer Res. 1992;52:4265-4268.

Santin AD, Hermonat PL, Ravaggi A, et al. The effects of
irradiation on the expression of a tumour rejection antigen (heat
shock protein gp96) in human cervical cancer. Int J Radiat Biol.
1998;73:699-704.

Santin AD, Hermonat PL, Hiserodt JC, et al. Effects of
irradiation on the expression of major histocompatibility
complex class I antigen and adhesion costimulation molecules
ICAM-1 in human cervical cancer. Int J Radiat Oncol Biol Phys.
1997;39:737-742.

Albert ML, Sauter B, Bhardwaj N. Dendritic cells acquire
antigen from apoptotic cells and induce class I-restricted CTLs.
Nature. 1998;392:86-89.

Chakraborty M, Abrams SI, Coleman CN, Camphausen K,
Schlom J, Hodge JW. External beam radiation of tumors alters
phenotype of tumor cells to render them susceptible to vaccine-
mediated T-cell killing. Cancer Res. 2004;64:4328-4337.

Lohr F, Hu K, Haroon Z, et al. Combination treatment of murine
tumors by adenovirus- mediated local B7/IL12 immunotherapy
and radiotherapy. Mol Ther. 2000;2:195-203.

Strohmaier WL. New treatment modalities--the urologist's view.
Anticancer Res. 1999;19:1605-1609.

Atkins MB, O'Boyle KR, Sosman JA, et al. Multiinstitutional
phase II trial of intensive combination chemoimmunotherapy
for metastatic melanoma. J Clin Oncol. 1994;12:1553-1560.
Khayat D, Borel C, Tourani JM, et al. Sequential chemo-
immunotherapy with cisplatin, interleukin-2, and interferon
a-2a for metastatic melanoma. J Clin Oncol. 1993;11:2173-2180.

Volume 2 Number 2  April 2005




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


