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Recent understanding of the molecular events crucial in overcoming
immunosuppressive tumor microenvironments and generating
effective antitumor immunity provides us with the wreath opportunity
to manipulate genes that have a key role in antitumor immune
responses. Granulocyte-macrophage colony stimulating factor
(GM-CSF) and interleukin-12 (IL-12) are two indispensable cytokines
for activating dendritic cells and boosting the strong immune
responses against cancer. In this review, we describe the antitumor
mechanisms and clinical application of gene-modified tumor cells and
dendritic cells to secrete GM-CSF or IL-12, respectively, in various pre-
clinical and clinical settings. The principles operative in these vaccination
strategies may prove applicable to other immunotherapy strategies,
especially in combination with other therapeutic modalities, such as chemo-
therapy and targeted therapy. (Cancer Sci 2009; 100: 1389–1396)

Cytokines function as “double-edged sword” against 
cancers

The interplay of tumor cells and host immunity is
increasingly recognized to play a decisive role throughout

the multiple stages of carcinogenesis, and the manipulation of
endogenous immune systems enables us to scrutinize effective
anticancer therapeutics.(1,2) Previous studies demonstrate that
dense intratumoral lymphocyte infiltrates are associated with
favorable clinico-pathological outcomes in patients with various
types of cancer. Indeed, cytotoxic, memory CD8+ T-cell infiltrates
within tumors are strongly correlated with reduced disease
recurrence and prolonged survival following various therapeutic
settings of malignant melanoma, colorectal carcinoma,
esophageal carcinoma, liver cancer, and renal carcinoma.(3–10)

Together, these findings suggest a potential contribution for
nascent host immune responses in modulating the clinical
outcome of human malignant diseases.

Notwithstanding this protective role for endogenous immunity,
most patients fail to achieve durable clinical benefits. Accu-
mulating evidences demonstrate that host elements, especially
various cytokines, are frequently influenced on the context of
tumor microenvironments.(11,12) Tumor cells and tumor-infiltrating
lymphocytes frequently adopt the dedicated strategy to evade
the antitumor processes through the manipulation of multiple
cytokine networks. Various immunomodulatory cytokines, such
as Interleukin-10 (IL-10), Transforming growth factor β
(TGFβ), Vascular endothelial growth factor (VEGF), etc.
released from tumor cells and tumor-infiltrating immune cells
play a critical role in suppressing antitumor innate and adaptive
responses.(13) Multiple studies also demonstrate that diverse can-
cers frequently arise within a background of chronic inflamma-
tion, by which inflammatory cytokines such as Tumor necrosis
factor α (TNFα) and IL-1β, within the inflammatory micro-

environment may enhance tumor growth, angiogenesis, and
metastasis.(11,14) Together, these observations underscore the
complex regulatory mechanisms of host immunity by cytokines
in cancer pathogenesis (Fig. 1).

Interleukin-12 (IL-12) and granulocyte-macrophage colony 
stimulating factor (GM-CSF) as critical mediators that 
generate antitumor immunogenicity

Deciphering the distinct molecular pathways through which
cytokines recognize tumor at different stages and pathogenesis
should contribute to improve the therapeutic quality of current
immunotherapeutic strategies. Emerging evidences have
identified the key molecular events that have a critical role in
determining how host immunity recognizes nascent tumor
microenvironments as antagonizing targets. Expression profiling
analysis of colorectal carcinomas indicates that tumor samples
rich in T helper type 1 (Th1) immune phenotypes are strongly
indicative of favorable clinical outcomes, while inflammatory
and immunosuppressive genes manifest a virulent disease
with poor survival.(15) These findings strongly suggested that in
the clinical settings, the deviation toward Th1 phenotypes plays
an important role in forming protective antitumor responses.
Furthermore, enormous evidences have established the importance
of dendritic cells (DCs) in surveying antitumor immunity by
enhancing the cross-presentation of immunogenic tumor antigens
and linking innate and adaptive antitumor immune responses.
Given the critical roles of DCs in determining the T helper type
differentiation, targeting DCs at tumor microenvironments
implicate the suitable therapeutic strategy to efficiently boost the
Th1-type immune responses and antitumor immunogenicity.(16,17)

The cytokines produced within the tumor microenvironment
sharpen the quality and magnitude of the interplay between
tumors and immune system.(18) In particular, dendritic cells
can secrete various cytokines that have a pivotal role in sensing
the immune system against cancer. Indeed, the therapeutic
strategies that manipulate tumor microenvironments by
cytokine gene transfer attempt to render tumor-associated
lymphocytes to recover and activate antitumor immunity in
preclinical and clinical settings (Tables 1,2). In particular, GM-
CSF and IL-12 are represented as the cytokines in stimulating
DC cross-presentation and promoting Th1 differentiation,
respectively.(17,18)

Granulocyte-macrophage colony stimulating factor (GM-CSF)
engenders protective immunity by stimulating the recruitment,
maturation, and function of DCs,(19,20) while IL-12 released from
DCs directly primes effector lymphocytes at local environments.
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These different modes of actions by these two cytokines were
further clarified by comparing GM-CSF and IL-12 gene-
transferred DCs in inducing antitumor immune responses.(21,22)

In this regard, the gene transfer of GM-CSF into dying tumor
cells may be more suitable form to elicit local antitumor
responses by differentiating DC in situ and providing immuno-
genic tumor antigens available from vaccinated tumor cells for
cross-presentation by paracrine fashion, whereas the injection of
IL-12 gene-transferred DCs at tumors may be an appropriate
strategy to maximally boost antitumor effector functions.

Overall, the therapeutic strategy to translate immunogene
therapy using the two cytokines into clinical settings might be
pivotal to improve the current cancer immunotherapy.

Granulocyte-macrophage colony stimulating factor 
(GM-CSF)-secreting tumor cell vaccines

A comparative analysis of the relative abilities of multiple
immunostimulatory molecules to enhance host responses,
following gene transfer into tumor cells, identified GM-CSF as

Fig. 1. Various effector or regulatory cytokines
produced from tumor cells or innate immune cells
(Natural killer [NK], Natural killer T [NKT],
macrophage, myeloid suppressor cells, etc.) have
decisive roles in shaping the interplay between
tumors and host immune systems. The cytokine
milieu in tumor microenvironments regulates
the function of dendritic cells, which in turn
prime or suppress tumor-specific T-cell responses.
IFNγ, Interferon γ; IL-13, interleukin-13; sNKG2D,
soluble-natural killer group-2D; TGFβ, Trans-
forming growth factor β; TRAIL, tumor necrosis
factor receptor apoptosis-inducing ligand; VEGF,
Vascular endothelial growth factor.

Table 1. Summary of cytokine gene transfer cancer vaccines

Gene Cell Activities Clinical study

GM-CSF Tumor Significant clinical activities Yes
Flt-3L Tumor Massive DC infiltration at tumors No
IL-1β Tumor Controversial results No
IL-2 Tumor Reduced tumor burden in mice Yes
IL-4 Tumor Th2-dependent antitumor effects No
IL-7 Tumor Lymphocyte infiltration at tumor No
IL-12 Fibroblast, DC Significant clinical activities Yes
IL-18 DC Tumor growth inhibition in mice No
IL-21 Tumor, DC Enhanced cellular and humoral responses No
IL-23 DC, DNA plasmid Coordinated action with IL-12 No
TNFα Tumor Tumor inhibition with little toxicity No
TRAIL Tumor Activation of innate immunity No
IFNβ Tumor, DNA plasmid NK and CTL activation No
LIGHT Tumor Eradication of established tumors No
RANK/RANK-L DC Enhanced T-cell responses No
Chemokine/chemokine receptor DC, T-cells Lymphocyte infiltration at tumor No
Dominant negative TGFβ T-cells T-cell resitance to immunosuppression No

DC, dentritic cells; Flt-3L, fms-like tyrosine kinase-3 ligand; IFNβ, Interferon β; IL, interleukin; GM-CSF, granulocyte-macrophage colony stimulating 
factor; NT, Natural killer; RANK/RANK-L, Receptor activator of nuclear factor-κB/Receptor activator of nuclear factor-κB-ligand; TGFβ, Transforming 
growth factor β; Th2, T helper type 2; TNFα, Tumor necrosis factor α; TRAIL, tumor necrosis factor receptor apoptosis-inducing ligand.
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Table 2. Summary of cytokine gene therapy clinical trials

Gene Vector/vaccine vehicle Tumor type Clinical phase Reference Clinical responses

GM-CSF Retrovirus/Tumor cells (autologous) Melanoma Phase I 26, 34 Local immune responses in 11/16 pt
Adenovirus/Tumor cells (autologous) Melanoma Phase I 27 Local immune responses in 19/26 pt, 10/26 survival 36M after therapy
Adenovirus/Tumor cells (autologous) Non-small cell lung cancer Phase I 28, 29 Local immune infiltration in 18/25 pt, SD in 4/25 pt
Retrovirus/Tumor cells (autologous) Hormone-refractory prostate cancer Phase I 30 Local immune responses, diverse humoral reactions
Retrovirus/Tumor cells (autologous) Renal cell carcinoma Phase I 31 Cellular and humoral reactions in pt, long-term survival with IL-2 in 2/4 pt
Retrovirus/Tumor cells (allogenic) Pancreatic cancer Phase II 33, 93 Immune reactions with prolonged survival in 3/14pt
Adenovirus/Tumor cells (allogenic) Hormone-refractory prostate cancer Phae II/II 32 PSA decline, prolonged survival compared to expected survival time
Adenovirus/Tumor cells (allogenic) Hormone-refractory prostate cancer Phase III 36 VITAL-I (GVAX vs Docetaxel+PSL): Similar overall survival between two arms

Phase III 35 VITAL-II (GVAX+Docetaxel vs Docetaxel+PSL): Increased mortality in 
GVAX+Docetaxel

IL-12 Plasmid DNA Melanoma Phase I 77–79 Local immune response and decreased angiogenesis in responders; 
CR in 1/9, SD in 2/9

Retrovirus vector/Fibroblast 
(autologous)

Melanoma Phase I 74, 75 Tumor reduction in 4/9 pt

Adenovirus-transfer/DCs GI tumor Phase I 84 Local immune infiltration in 3/9 pt; SD in 2/9, PR in 1/9
IL-2 Adenovirus-transfer/TIL Melanoma Phase I/II 93, 94 PR in 1/7 pt with local immune responses

Retrovirus vector (with HSV-TK) Glioblastoma Phase I 95 Local cytokine cascade with 50% of response rate in a total of 12 pt
cDNA Prostate carcinoma Phase I 96 Locval immune infiltrate
Retrovirus (with MUC-1 gene) Prostate carcinoma Phase I 97 PSA decline in 5/5 pt
Canarypox virus Melanoma Phase I 98 PR in 3/8 pt with immune infiltration
cDNA/Vero cells Melanoma Phase II 99 Cellular and humoral responses in 3/18 pt; SD in 50%
cDNA/Tumor cells (autologous) Lymphoma, CRC, RCC Phase I 100 Clinical response in 1 pt with lymphoma
Retrovirus/Tumor cells (autologous) Melanoma Phase I 101 Increased CTL response in 4/20 pt; SD in 3/20 pt

IFNγ Retrovirus/Tumor cells (autologous) Melanoma Phase I 102 SD with surgical removal in 1/5 pt

CR, complete response; CRC, Colorectal carcinoma; DC, dentritic cells; GI, Gastrointestinal; GM-CSF, granulocyte-macrophage colony stimulating factor; HSV-TK, herpes simplex virus-tymisine 
kinase; IFNγ, Interferon γ; IL, interleukin; MUC-1, Mucine-1; PR, partial response; PSA, Prostate specific antigen; PSL, Predonisolone; RCC, renal cell carcinoma; SD, stable disease; TIL, tumor 
infiltrating lymphocytes.
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the most potent of 10 gene products tested.(23) Indeed, several
preclinical studies revealed that DCs that are activated by
GM-CSF-secreting tumor cells and sampled tumor antigens
from apoptotic tumor cells in situ primed specific CD4+ and
CD8+ T-cells, CD1d-restricted invariant Natural killer T (NKT)
cells, and antibody producing B cells for effectuating tumor
destruction.(24,25)

Based upon these preclinical studies, multiple phase I clinical
trials of vaccination with irradiated tumor cells engineered
to secrete GM-CSF were undertaken in patients with diverse
malignant disorders. In these studies, autologous tumor cells
were engineered to secrete GM-CSF by either retroviral or
adenoviral mediated gene transfer in patients with metastatic
melanoma,(26,27) non-small cell lung carcinoma,(28,29) hormone
therapy–refractory metastatic prostate cancer,(30) or renal cell
carcinoma,(31) whereas standardized allogeneic tumor cell lines
were stably transfected with expression plasmids encoding
GM-CSF.(32,33)

Overall, these trials demonstrated that vaccination con-
sistently elicits local infiltrates composed of dendritic cells,
granulocytes, macrophages, and T-cells, and elicited durable
cellular and humoral antitumor immune responses.(34) The strong
evidence for stimulating tumor immunity together with the
lack of significant toxicity formed the basis for advancing
this vaccination strategy to phase II and III testing in several
malignancies.

However, the results of a recently completed randomized
phase III trial of immunization with irradiated, GM-CSF-secreting
allogeneic prostate carcinoma cells in patients with hormone
refractory metastatic disease has unveiled the difficulty of
achieving sufficient clinical benefit in comparison with standard
anticancer regimens. The GM-CSF-secreting tumor cell vaccines
in combination with Docetaxel caused increased mortality due
to disease progression compared to decetaxel regimens, while
GM-CSF-secreting vaccines elicit survival benefit compatible
to decetaxel and prednisolone, the standard chemotherapeutic
regimens.(35,36) Although these randomized trials showed that
there is little evidence that this vaccination strategy against
hormone therapy–refractory prostate cancer increases survival
compared to conventional cytotoxic chemotherapy, further trials
have been underway to assess clinical efficacy against several
malignancies, such as pancreatic carcinoma, malignant melanoma,
and non-small cell lung cancer.

Overall, the rigorous assessments would be required to clarify
which therapeutic strategies (autologous vs allogenioc, combina-
tion with another immunotherapy, etc.) should be suitable for
effectuating clinical activities of GM-CSF-secreting tumor cell
vaccines in future clinical trials.

Mechanisms that attenuate antitumor efficacy of 
GM-CSF-based vaccines

Given the disappointing results of phase III clinical studies, it is
important to clarify the molecular mechanisms that restrict
clinical efficacy of GM-CSF-secreting vaccines. Recent reports
explored the mechanisms underlying several pathways that
restrain the efficacy of GM-CSF-secreting tumor cell vaccines
to further improve the antitumor activities.(37) Paradoxically,
sustained GM-CSF production within the tumor microenvironment
is associated with disease progression in some experimental
models. In both murine models and patients with advanced
melanoma, GM-CSF may recruit immature CD11b+Gr-1+

myeloid suppressor cells into the sites of tumor, where they may
trigger antitumor T-cell dysfunction.(38–40) These contradictory
activities of GM-CSF might depend upon additional factors
operative in the tumor microenvironment. To determine more
about the physiologic functions of GM-CSF, we generated and
characterized mice deficient in the cytokine. These animals

developed the progressive accumulation of surfactant proteins in
the pulmonary air spaces, a disorder reminiscent of idiopathic
pulmonary alveolar proteinosis in humans.(41,42) In addition
to the pulmonary abnormalities, GM-CSF-deficient mice
also display systemic chronic inflammatory manifestations as
represented by systemic lupus erythematosis-like disorder, immune
complex–mediated glomerulonephritis, and the induction of
autoimmune diabetes.(43,44) These pathologic findings unveiled a
key role for GM-CSF in the maintenance of immune tolerance
against self-antigens. To clarify these mechanisms, we charac-
terized the function of antigen presenting cells in the GM-CSF
deficient mice. The most apparent manifestation of phagocytosis
of GM-CSF-deficient macrophages and dendritic cells was the
marked impairment of phagocytosis of apoptotic cells. The
efficient clearance of apoptotic cells by phagocytes is critical
for maintaining immune homeostasis.(43,45) Multiple phagocyte
receptors and secreted proteins effectuate the clearance of dying
cells by dendritic cells and macrophages. To explore the
pathways that were responsible for mediating apoptotic cell
uptake in a GM-CSF-dependent pathway, we determined the
expression profiles of several candidate molecules in GM-
CSF-deficient antigen-presenting cells (APCs). Of the molecules
tested, milk fat globule epidermal growth factor protein-8
(MFG-E8) displayed the greatest reduction in GM-CSF-
deficient macrophages and dendritic cells compared to wild-
type controls.(45)

Milk fat globule epidermal growth factor protein-8 (MFG-E8)
was initially identified as a component of milk fat globules,(46)

but subsequent work revealed that macrophages and dendritic
cells also secrete the protein. Oxidized phosphatidylserine
exposed on the apoptotic cell surfaces delivers a major signal
for facilitating phagocyte engulfment.(47,48) MFG-E8 binds
phosphatidylserine and promotes apoptotic cell ingestion
through engaging αvβ3–5 integrins on phagocytes.(49) The essential
roles of these molecules in apoptotic cell uptake and immune
tolerance is validated by the development of autoimmunity and
persistent inflammation in mice deficient in these pathways.(50)

The genetic reconstitution of MFG-E8 in GM-CSF-deficient
dendritic cells restored the efficient clearance of apoptotic cells,
confirming the requirement for MFG-E8 in GM-CSF-dependent
phagocyte activities. Furthermore, the clearance of dying cells
endowed dendritic cells that ingested apoptotic cells to promote
the differentiation of CD4+ T-cells into FoxP3+ regulatory
T-cells (Treg) and restrict the generation of Th1 and Th17 CD4+

cells.(45,51)

The abilities of MFG-E8 to stimulate Treg expansion render
this opsonin an important target for cancer therapy. Indeed,
the induction of MFG-E8 by GM-CSF might create a negative
feedback loop that attenuates the potency of tumor cell vaccina-
tion: the coexpression of MFG-E8 abrogated the protective
immunity of GVAX against subcutaneous B16 murine melanoma
tumors through the expansion of tumor infiltrating Tregs, which
blocked the expansion and activity of cytotoxic T-cells. The
vaccination with GVAX combined with pharmacological
blockade of MFG-E8 accomplished complete regressions of
established B16 melanomas, with the inhibited Tregs and the
expanded CD8+ cytotoxic T-cells.(45) These findings raise the
possibility that MFG-E8 blockade might enhance the clinical
activity of GM-CSF-secreting tumor cell vaccines (Fig. 2).
Other mechanisms to attenuate therapeutic efficacy of GM-
CSF-based cancer vaccines have been identified in our studies,
such as the cytotoxic T lymphocyte associated antigen-4
(CTLA-4)-mediated negative costimulation(52) and the suppression
of NKG2D-dependent innate and adaptive antitumor cytotoxicity.(53)

Furthermore, the cytokines (IL-12, IL-6, etc.), chemokines
(Thymus and activation-regulated chemokines [TARC], Regu-
lated on activation, normal T-cell expressed and secreted-APCs
Antigen-presenting cells [RANTES]), and costimulatory molecules
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(B7-1) have been reported to enhance the therapeutic efficacy
of GM-CSF-secreting tumor cell vaccines, suggesting that com-
bination with other immunotherapeutic strategies may over-
come the limited clinical efficacy of GVAX.(54–60)

Together, these results clarify the key regulatory circuits
that attenuate the clinical activity of GM-CSF-based vaccines
and aid in the definition of new strategies to enhance their
activities.

Interleukin-12 (IL-12)-based cancer immunotherapy

Interleukin-12 (IL-12) has been identified as a master regulator
of innate and adaptive immune responses against various
pathogens and tumors.(61,62) IL-12 is mainly produced from
myeloid DCs, and exerts protective immunity primarily by
promoting Th1 differentiation of CD4+ T-cells, stimulating
macrophage and NK cell cytotoxicity, and recruiting CTL into
tumors through the induction of various chemokine repertoires.
IL-12 also initiates antiangiogenic programs through the
inhibition of proangiogenic factors VEGF and matrix
metalloproteinase 2/9 (MMP2/9) and direct antiangiogenic
activity of Interferon γ (IFNγ).(63) The antitumor activities of
IL-12 have been extensively evaluated and showed extensive
antitumor responses in murine models including various types
of tumors.(64–66) In phase I clinical settings, IL-12, in a form of
recombinant protein, has been initially administered in patients
with advanced malignancies including metastatic melanoma,
renal cell carcinoma, and head and neck suquamous cell
carcinoma, to investigate its safety and antitumor activities.
With exception of the results obtained in cutaneous T-cell
lymphoma and Hodgkin’s disease,(67,68) the clinical efficacy
remains minimal, with an objective response rate ranging
0–11%. Intolerable toxicities followed by systemic IL-12
infusion were observed which mainly consisted of bone marrow
complications, such as agranulocytosis and hemolytic anemia,
which appear to be associated with systemic IFNγ levels.(69–73)

To achieve sufficient amounts of IL-12 at tumors and draining
lymph nodes and to ameliorate the systemic toxicity, clinical
studies were conducted to evaluate antitumor activities of
fibroblast or tumor cells engineered to transfer IL-12 gene-encoded
vector including plasmid DNA or recombinant viruses in
patients with solid malignancies.(74–79) These trials demonstrated
that vaccination frequently triggered clinical responses,
represented as transit tumor shrinkage, as well as local infiltrates
of immune cells, and elicited durable cellular antitumor immune
responses. Furthermore, the significant toxicities were not
observed in all cases. The strong immunostimulatory effects of

IL-12 may serve as an adjuvant in combination with various
immunization strategies, and several clinical studies supported
this idea.(80) Therefore, the strategies designed to combine
antigen-specific approaches (peptide, tumor cell vaccines) with
IL-12 gene therapy may further effectuate clinical responses and
trigger durable antitumor immune responses. Overall, notwith-
standing the limiting antitumor clinical efficacy, IL-12-based
vaccines still provide various perspectives for exploring the
clinical development of effective cancer vaccines. Furthermore,
deciphering the molecular machinery that restrains the antitumor
immunity of IL-12 may provide new strategies to improve the
clinical efficiency of IL-12 gene therapy.

Interleukin-12 (IL-12) gene-transduced DC vaccines

Ex vivo transfer of genes encoding tumor antigens, cytokines, or
other immunostimulatory elements into DCs has been shown to
effectively prime antitumor T-cells very effectively in tumor-
draining lymph nodes, and induce long-term immunity against
tumors, in various murine models.(17,81) Among the numerous

Fig. 2. Milk fat globule epidermal growth factor
protein-8 (MFG-E8) blocking antibodies or tumor
cells engineered to produce dominant negative
MFG-E8 mutant efficiently blocks the binding of
MFG-E8 with its receptor αvβ3 or αvβ5 integrin on
tumor cells or dendritic cells, thereby blocking
the immunosuppressive effects of apoptotic cells.
Thus, granulocyte-macrophage colony stimulating
factor (GM-CSF)-secreting tumor cell vaccine
stimulates a potent antitumor response through
an MFG-E8-independent pathway.

Fig. 3. Interleukin (IL)-12 gene transfer into dendritic cells (DCs)
manifest antitumor activities by triggering innate and T helper type
1 (Th1) immune responses as well as antiangiogenic activities, but
retain endocytic capacity to ingest tumor antigens released from dying
tumor cells in situ, in tumors. The IL-12-transferred DCs migrate toward
the draining lymphnodes and strongly prime antitumor cytotoxic T
lymphocyte reactivity to further amplify antitumor responses. LN, lymph
node; NK, Natural killer; NKT, Natural killer T.
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candidates that are important in enhancing DC immunogenicity
at local tumor microenvironments, IL-12 gene transfer may be a
suitable strategy in triggering innate and adaptive immune
responses as well as antiangiogenic activities, while maintaining
the endocytic capacity for optimally selecting suitable tumor
antigens released from dying tumor cells in situ. IL-12 also
endowed DCs to acquire the migratory capacities toward
draining lymph node and priming antitumor CTL through
enhanced cross-presentation of residual DCs, further amplifying
strong antitumor immune reactivity (Fig. 3). Furthermore, the
localized expression of IL-12 more closely resembles the
physiological setting and lessens toxicity concerns, as observed
in earlier clinical studies. In the preclinical studies, intratumoral
injection of DCs engineered to secrete IL-12 was found to
express MHC class I/II and costimulatory molecules at
compatible levels to immature phenotypes, but still provoked
extensive antitumor responses with marked reductions in tumor
burden and prolonged survival in murine models.(22,81,82) These
results further support the idea that the unique characters of
IL-12 gene transfer approaches that selectively enhance
DC-mediated T-cell polarization may be combined with the
other immunostimulatory approaches to accelerate immune-
mediated rejection of tumors in future clinical settings.

Based upon the above results, phase I clinical trials of
vaccination with monocyte-derived DCs engineered to secrete
IL-12 were undertaken in patients with diverse gastrointestinal
malignancies. In these studies, DCs were engineered to secrete
IL-12 by replication-defective adenoviral-mediated gene transfer.
The vaccination consistently elicits transit clinical activities,
and elicited durable cellular and humoral antitumor immune
responses in some patients.(83) Further clinical studies should
validate the feasibility of IL-12 gene-modified DC vaccines in
antitumor mechanisms and clinical utilities in the near future.

Interleukin-23 (IL-23)-based immunogene therapy

Interleukin-23 (IL-23) shares the p40 chain with IL-12, but
such subunit associates with a p19 chain.(84) Similar to IL-12,
IL-23 is produced predominantly by macrophages and dendritic
cells. These two cytokines seem to have similar roles in the
priming and activating of T-cell responses, but with quite
different roles in polarizing helper functions and influencing
inflammation and cancer.

Interleukin-23 (IL-23) plays an important role in the survival
and activation of newly identified Th17 cells.(85) IL-23 has
been recently identified as an essential mediator in promoting
tumorigenesis and suppressing Th1 responses within the
background of chronic inflammation.(86) However, it remains
obscure how therapeutic manipulation of IL-23 through the
recombinant protein or gene transfer has any impact on host

immune responses against tumors. Emerging evidences have
uncovered that IL-23 may provoke antitumor immunity and
elicit the reduction of tumor burden in various murine models.(87,88)

As the mechanism by which IL-23 enhances the antitumor
immunity, we uncovered that systemic IL-23 gene transfer
induced marked shrinkage of established tumors, and Th1
responses mediated by endogenous IL-12 play an indispensable
roles in their antitumor effects.(87) Overall, caution would be
justified in future clinical development of IL-23-based
cancer immunotherapy until further preclinical studies
clarify the detailed mechanisms of how IL-23 modifies the
interplay between tumor cells and lymphocytes within tumor
microenvironments.

Future perspectives

The recent breakthrough clarifying the molecular machinery of
antitumor immunity provides us a wealth opportunity to realize
successful tumor immunotherapy in clinical settings. In this
regard, other immunostimulatory cytokines, such as IL-15,
IL-18, IL-21, etc., elicit antitumor responses through the
activation of innate and adaptive immune cells mediated by
distinct pathways.(89,90) The targeting of negative (cytotoxic T
lymphocyte antigen-4 [CTLA-4], programmed death-1 [PD-1],
B and T lymphocyte attenuator [BTLA], etc.) as well as positive
(CD137, CD28, etc.) checkpoint machinery also coordinately
stimulate durable antitumor immunity with cytokine gene
therapy.(91) Recent studies revealed the molecular mechanisms
by which conventional cytotoxic chemotherapy triggers tumor
immunogenicity and provokes antitumor immune responses.(92)

The clinical application of targets that augment anticancer
immune responses by cytotoxic therapy may serve as an ideal
combination with immunogene therapy. Together, the targeting
of these pathways may provide another complementary strategy
to reconstitute immune homeostasis and promote immune-
mediated tumor destruction.

Conclusion

We describe the landscape of the current status and future
perspectives for two immunogene therapies, GM-CSF gene-
transduced tumor cells and IL-12 gene-transduced DC vaccines.
Although these strategies have provoked significant antitumor
reactivity in several cases, their limited clinical efficacy warrants
further investigation in preclinical and clinical settings.
Technological advances and increasing understanding of
immunoregulatory mechanisms by which host responses are
compromised within tumor microenvironments may lead to
combined immunomodulatory gene approaches with improved
efficacy for the treatment of cancer patients.
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