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Abstract
In the past two decades, immunotherapy has been investigated as a novel modality in
cancer therapy. The aim of immunotherapy is augmenting body’s immune system to
recognize and destroy malignant cells efficiently and safely. Dendritic cell (DC)-based
vaccination is one of the most important approaches of cancer immunotherapy, in
which autologous ex vivo generated tumor antigen-loaded DCs are injected to cancer
patients in order to augment antitumor immunity. Various DC culture conditions,
tumor antigen sources, antigen loading strategies, DC maturation stimuli, and
routes of vaccination have been used to increase efficacy of DC vaccines. However,
therapeutic efficacy of DC vaccines is still limited in cancer patients and preparation
of clinical-grade DCs should be standardized to generate immuno stimulatory DCs
and to prevent development of immunosuppressive DCs. Understanding DC function
in triggering adaptive immunity or induction of immunological tolerance in cancer
setting may be helpful in improving therapeutic efficacy of DC vaccines. In this
article, we reviewed DCs interactions with T cells, efficacy of ex vivo generated DCs
in triggering/suppression of antitumor effector T cell responses, as well as recent
findings about DC vaccinations in cancer patients.
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Introduction

Traditional anticancer therapies, including surgery,
chemotherapy, and radiotherapy, have long been used to treat
Submit Manuscript | http://medcraveonline.com

various types of cancer. These therapeutic modalities are successful
in treating various tumors and cancers which are in initial phases
of development. However, efficacy of these therapies is often
disappointing in advanced cancers. In the past two decades,
immunotherapy has been presented as a novel therapeutic
modality for cancer. The aim of immunotherapy is augmenting
body’s immune system to recognize and destroy malignant cells
efficiently and safely. Several immune cells and their products are
involved in the recognition and elimination of tumor/cancer cells.
Among them, dendritic cells (DCs) and T cells are most studied for
cancer immunotherapy. Ex vivo generated DCs pulsed with tumor
specific antigens can be successfully used to produce antitumor
immunity as they have a central role in the induction of antigenspecific T cell immune responses. DCs are a heterogeneous
population of cells with widespread tissue distribution and have
important roles in innate immunity. DCs can also activate naïve
T cells as they have a high ability to uptake antigens from the
periphery and trafficking to the T cell areas of the peripheral
lymphoid tissues such as lymph nodes, express high levels of cell
surface antigen presenting molecules and several costimulatory
molecules, and produce various chemokines, cytokines as well
as other immunostimulatory factors. Indeed, DCs are the most
potent antigen presenting cells (APCs) and function to trigger
antigen-specific immune responses [1,2]. This property of DCs
has led to the use of DCs as cellular vaccines in order to immunize
cancer patients against tumor-specific/associated antigens and to
break immunological tolerance to tumor cells [3]. In this article,
we reviewed DC interactions with T cells, the major players in
antigen-specific adaptive immune responses, efficiency of DC
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vaccines in triggering/suppression of effector T cell responses,
and recent findings about DC vaccinations in cancer patients.

Immunophenotype of DCs and their critical role in the
induction of antigen-specific T cell immune responses

DCs are sentinel cells in the body. They express cell surface
pattern recognition receptors (PRRs) such as TLRs, the
phagocytosis receptor DEC-205, and FCγ receptors to explore
the periphery from pathogenic agents and have a high capacity
to capture and process antigens. After antigen capture, DCs
migrate to the peripheral lymphoid tissues and become mature.
Mature DCs express high levels of cell surface antigen presenting
molecules, including MHC class I, MHC class II, and CD1 molecules,
co stimulatory molecules such as CD40, CD80 (B7-1), and CD86
(B7-2), and adhesion molecules such as LFA-3 (CD58) and
ICAM-1 (CD54). Expression of MHC molecules and MHC-peptide
complexes on DCs is 10-100 fold more than other professional
APCs, including B cells and monocytes [1,4-6]. These properties
of DCs give them a central role in the initiation of antigen-specific
T cell responses.
Generation of strong and durable antigen-specific T cell
responses is necessary to achieve effective antitumor immunity.
Both CD4+ T cells and CD8+ T cells are important in creation of
tumor immunity [7-9]. T cells need to receive three signals to be
properly activated:

i. Antigen recognition signals elicited by binding of TCR on the
cell surface of T cells to antigen presented in the context of
antigen presented molecules MHC class I or class II molecules
expressed on target cells or APCs,

ii. Costimulatory signals elicited by interactions of cell surface
molecules CD28, CD40L, CD27, and ICOS expressed on T cells
with co stimulatory molecules CD80/CD86, CD40, CD70, and
ICOS-L, respectively, expressed on professional APCs, and

iii. Signals arising from attachment of soluble molecules such as
cytokines to cognate receptors expressed on T cells [10-13].

Thus, antigen recognition by T cells is not solely sufficient for
T cell activation and signaling via co stimulatory molecules as
well as signaling mediated by immuno stimulatory cytokines are
important for efficient activation of T cells and triggering antigen
specific immune responses. Indeed, antigen detection in the
absent of secondary signals can lead to immunological tolerance
or energy of T cells [1]. DCs are crucial in this regard by providing
these signals for T cell activation. Cytokines such as IFN-γ and
GM-CSF, secreted by T cells, activate DCs, and subsequently, DCs
provide appropriate signals for activation of antigen-specific T
cells. In addition, DCs stimulated by CD4+ T cells via CD40-CD40L
interactions can more effectively present antigens to CD8+ T cells
and augment their cytotoxic function [14]. TRANCE/TRANCE
receptor interaction between T cell and DC can augment survival
of DCs by up regulation of Bcl-XL expression in DC [15]. DCs can
also cross-present antigens, i.e. present exogenous antigens on
their MHC class I molecules to CD8+ T cells [16].
DCs can induce various types of helper T cell responses. Upon
ligation of PRRs to pathogenic structures and danger signaling,
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DCs become activated and produce several pro inflammatory
cytokines, such as IL-6, TNF-α, and type I interferons [17]. Pro
inflammatory cytokines secreted by DCs can favor Th2 directed
responses. IL-6 secretion by DCs directs the differentiation of IL-4
producing CD4+ T cells [18] and impedes Th1 immune responses
[19]. In contrast, IFN-α inhibits IL-4 driven Th2 differentiation
and reverses Th2 commitment and stability by suppressing of
GATA3 expression [20]. DCs also favor induction of T responses
toward Th1-type and give rise to higher-affinity T cells [21].
Mature DCs can produce high levels of IL-12, a major cytokine
in the polarization of naïve CD4+ T cells toward Th1 cells. IL-12
activates STAT4 signaling pathway and the transcriptional factor
Tbet, which are involved in the differentiation of naïve CD4+ T
cells into Th1 cells. This cytokine also activates NK cells, a major
cell population with antitumor activities [22].

Generation of tumor-specific T cells with DC vaccines

DCs can be used to appropriately activate T cells and induce
antigen-specific antitumor immune responses both in vitro and in
vivo. Tumor reactive T cell clones have been generated by repeated
antigen-specific stimulation of T cells with DCs in vitro. In a pilot
study in leukemia patients, CD8+ T cell clones reactive to Wilms
tumor antigen 1 (WT1) were generated by repeated stimulation
of allogeneic CD8+ T cells with peptide-pulsed autologous
DCs in vitro. After adoptive transfer of these T cell clones to
leukemia patients who had been received hematopoietic stem
cell transplantation, long-term persistence of transferred cells
in the peripheral blood and anti leukemic activity were observed
in some patients; two of 11 patients showed transient responses
and three patients showed stable disease [23]. Since 1990s, ex
vivo generated DCs pulsed with tumor antigens were used to
induce antitumor immune responses in murine tumor models.
In preliminary studies, it was reported that vaccination with DCs
pulsed with peptides or soluble protein results in generation of
tumor antigen-specific cytotoxic T cells [24,25]. Antitumor effects
of peptide-pulsed DCs were demonstrated to be dependent on T
cells, signals from co stimulatory molecules B7, and Th1 cytokines
[26]. Tumor specific antigens are not recognized in most tumors/
cancers. Thus, total antigen resources have been widely used
for antigen loading of ex vivo generated DCs in most types of
tumors/cancers. Additionally, it is supposed that total tumor
antigen loaded DC vaccines contain both MHC class I- and class IIrestricted epitopes, hence, these vaccines can induce multivalent
CD4+ and CD8+ T cell responses. In most animal studies, tumor
cell lysates have been used as tumor antigens source for antigenloading of DCs in various tumor models. Stimulation of T cells by
tumor lysate-pulsed DCs led to generation of tumor cell-specific
cytotoxic T cells (CTLs) in mice [27]. In a myeloma mouse model,
vaccination with DCs pulsed with idiotype or tumor lysate
induced anti-idiotype and anti-tumor lysate antibodies, myeloma
specific CTLs, Th1 cells, and memory T cells. However, tumor
lysate-pulsed DC vaccine was reported to be more potent than
idiotype-pulsed DC vaccine in promotion of antitumor immunity
[28]. In general, tumor cell lysate-pulsed DCs produced better
clinical responses than highly specific tumor vaccines [29].
Recently, DC loading of cancer stem cell lysate was reported to be
more effective than DCs loaded with unsorted total tumor lysate
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in the induction of antitumor immunity. Splenocytes isolated
from the host vaccinated with DCs pulsed with unsorted total
tumor lysate produced higher amount of IFN-γ and GM-CSF than
splenocytes isolated from host vaccinated with DCs pulsed with
unsorted total tumor lysate in murine melanoma and squamous
cell cancer models [30]. Other approaches, including tumor cell
RNA, apoptotic tumor cell, DC fusion to tumor cells, and tumorderived exosomes, have also been used for antigen-loading of
DCs. Total tumor mRNA-electro prorated DCs were more potent
than total tumor lysate-electroporated DCs in the induction of
antitumor immune responses in vitro and suppression of tumor
growth in MC-38-carcinoembryonic antigen colon cancerbearing mice [31]. DCs loaded with tumor cell-derived exosomes
could activate tumor-specific CTLs [32]. Exosomes secreted
from DCs may contain molecules involved in immune responses
such as MHC, costimulatory, and adhesion molecules as well as
heat shock proteins. Exosomes derived from DCs pulsed with
peptides induced antitumor immune responses in mice [33].
Combinational immunotherapy is beneficial to augment DC
vaccine-induced antitumor T cell immune responses, especially in
poorly immunologic tumors. For example, administration of antiCD137 (4-1BB) monoclonal antibody after tumor lysate pulsed
DCs augments the antitumor efficacy of DC vaccine in murine
tumor models [34].

Clinical effects of DCs vaccines

In the past decade, monocyte-derived DC vaccines have been
used in cancer patients in several clinical trials. In a phase I trial
in 14 patients with stage IV solid tumors, including melanoma,
neuro blastoma, and colorectal cancer, intradermal vaccination
with tumor lysate pulsed DCs induced immunological responses
in most vaccinated patients without grade 3 or 4 toxicity or visible
autoimmunity. Local accumulation of CD4+ and CD8+ T cells was
observed the injection site. However, therapeutic response was
not observed in most vaccinated patients [35]. In a pilot study
in 15 patients with metastatic cancers, including 10 melanoma,
two lung cancer, one renal cell carcinoma, one sarcoma, and one
breast cancer, autologous tumor lysate-pulsed DCs followed by
subcutaneous injection of IL-2, IFN-α, and GM-CSF daily for 10
days. Therapy was repeated every 21 days for three courses. But,
clinical responses were minor [36]. In a phase I/II trial in patients
with renal cell carcinoma (six patients) or breast cancer (four
patients), vaccination with autologous tumor lysate-pulsed DCs
differentiated from CD34+ hematopoietic stem cells in the presence
of GM-CSF/IFN-γ followed by administration of low-dose IL-2
produced antigen specific immune responses in most vaccinated
patients. DC vaccine in combination with administration of IL-2
was well tolerated. However, clinical response was only observed
in one renal cell carcinoma patient as stable disease [37]. DC
vaccine efficacy was also not satisfactory in most cancer patients
in other clinical trial [3]. In recent clinical trials, various strategies
have been investigated to improve therapeutic efficacy of DC
vaccines.

Improving of therapeutic efficacy of DC vaccinations in
recent clinical trials

Tumor lysate-pulsed DC vaccines have been used in various
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malignancies, such as melanoma, renal cell carcinoma, cutaneous
T cell lymphoma, prostate cancer, ovarian cancer, and leukemia.
Sipuleucel-T is the only DC vaccine which was approved by the U.S.
FDA in 2010 to treat patients with asymptomatic, or minimally
symptomatic, castrate-resistant (hormone refractory) metastatic
prostate cancer. This vaccine is composed of autologous ex
vivo generated DCs pulsed with the antigen “prostatic acid
phosphatase (PAP)” [38]. In a phase I clinical trial, injection
of monocytes-derived DCs loaded with p53 peptide, which is
accumulated in head and neck squamous cell carcinoma (HNSCC)
cells, into inguinal lymph nodes of patients with HNSCC resulted
in high frequencies of p53-specific T cells in 69% of patients
and IFN-γ secretion in 25% of patients. In addition, vaccination
led to decreased Treg levels. Two-year disease free survival
was observed in 88% of vaccinated patients [39]. In another
study, intranodal vaccination with apoptotic tumor cell-loaded
DCs was well tolerated in all vaccinated patients with stage III/
IV HNSCC, and disease-free survival was more than five years
[40]. Vaccination with hypochlorous acid-oxidized tumor lysatepulsed DCs reduced circulating Tregs and elicited potent T cell
responses against ovarian antigens in patients with recurrent
ovarian cancer. Two of five vaccinated patients experienced
durable progression-free survival of two years and more [41].
Targeting CD4+ Th cells with DCs pulsed with both MHC class I
and MHC class II- restricted epitopes improved induction of
antitumor immune responses of the DC vaccine in melanoma
patients [42]. PD-L-silenced and antigen mRNA-loaded DCs
superiorly boosted ex vivo antigen-specific CD8+ T cell responses
from transplanted cancer patients without affecting migratory
capacity of DCs [43]. Injection a tetanus/diphtheria toxoid in
the vaccine site one day before vaccination with DCs pulsed with
Cytomegalovirus phosphoprotein 65 RNA resulted in improved
lymph node migration of DCs and prolonged survival of patients
with glioblastoma. Similarly, preconditioning the vaccine site
with a shot of tetanus/diphtheria toxoid before DC vaccination
significantly promoted the migration of DCs to the lymph node
and improved the efficacy of DC vaccine in mice [44]. Targeting
of antigen to DEC-205, the DC receptor for endosytosis, can
increase antigen presentation via MHC class II-positive lysosomal
compartments [45]. However, targeting of protein antigen to the
DEC-205 can induce T cell tolerance [46]. Addition of adjuvants
such as TLR ligands to DEC-205-targeting vaccines can avoid
antigen-specific tolerance [47]. In a phase 1 trial in patients
with advanced malignancies refractory to available therapies,
delivery of the tumor associated antigen NY-ESO-1 to DCs using
the monoclonal antibody CDX-1401, specific for DEC-205 and
fused to the antigen NY-ESO-1, in combination with TLR agonists
resiquimod (TLR7/8) and Hiltonol (Poly-ICLC, TLR3) elicited
robust antigen-specific immune responses in patients with NYESO-1-expressing tumors. Thirteen of 45 treated patients showed
stabilization of disease, and two patients showed objective tumor
regression [48].
Vaccination with tumor lysate-pulsed DCs in combination
with adoptive transfer of ex vivo-activated T cells after curative
surgery improved recurrence-free survival and overall survival of
patients with invasive hepato cellular carcinoma [49]. Adoptive
transfer of autologous MART-1 peptide-pulsed DCs together with
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TCR transgenic T cells resulted in tumor regression in nine of
13 treated patients [50]. It has also been found that vaccination
with DCs containing lymphocytes during DC culture elicited
increased immunogenicity (proliferation of T cells) in patients
with prostate cancer or primary brain tumors. These lymphocytes
were proliferating and producing IFN-γ in response to antigen in
vitro at the time of administration. For preparation of this DC
vaccine, immature DCs generated ex vivo by adherence method,
in which up to 10% lymphocytes were also present together with
DCs, were co cultured with UV irradiated tumor cells and matured
in the presence of PGE2 and TNF-α [51].

Obstacles in the generation of effective antitumor
immunity upon DC vaccination

Poor immunogenicity of tumor cells is an important obstacle
in the induction of antitumor immune responses. Antitumor
immune responses of DCs and T cells can also be suppressed by
tumor cells, tumor stromal cells, and various immunosuppressive
cells such as Tregs, myeloid derived suppressor cells, tolerogenic
DCs, macrophages, NK cells, and NKT cells. In addition, inadequate
numbers of lymphocytes in the tumor site due to low persistence,
and low efficiency to migrate and infiltrate to tumor tissue
are involved in poor antitumor effectiveness of lymphocytes.
Overcoming these obstacles can improve efficacy of anticancer
DC vaccines. Combinational immunotherapy can augment
antitumor efficacy of DC vaccines. However, some therapies used
in combination therapy may lead to toxicity or opposite effects.
For example, administration of IL-2 together with DC vaccination
led to increased frequencies of Tregs in the peripheral blood [52].
Grade 3 adverse immunologic reaction was reported in a patient
with glioblastoma after administration of autologous RNApulsed DC vaccines combined with GM-CSF and dose-intensified
temozolomide due to the sensitization to the GM-CSF and
production of high levels of anti-GM-CSF auto antibodies during
vaccination [53]. Conditioning vaccination site with irradiated
MIP-3α-transfected tumor cells prior to injection of DCs enhanced
antitumor efficacy of DC vaccine in a melanoma tumor model
[54]. However, co-expression of MIP-1α antagonized the GM-CSFinduced antitumor immune responses of subcutaneous GM-CSFstimulated DCs in a mouse glioma model [55]. Thus, it should be
considered to avoid toxicity or opposite effects in combinational
therapies. Repeated vaccination with antigen-loaded DCs may
result in elimination of injected DCs by antigen-specific CTLs in
vivo [56]. Therefore, Appropriate DC injection intervals should
be considered. The frequency of DC vaccine injections should
also be taken into account, because overstimulation can result in
terminal differentiation and activation induced cell death (AICD)
or exhaustion of T cells [57].
Immunotolerogenic/immunosuppressive DCs may be
generated during DC vaccine preparation. Tolerogenic DCs
express the immunosuppressive molecules such as PD-L1, PD-L2,
CD95L, TRAIL, galectin-1, and CTLA-4, and secrete IL-10, TGF-β,
IDO, IL-27, arginase-1, heme oxigenase-1, and NO. Various agents,
including different microbial products, cytokines, growth factors,
and inflammatory mediators have been used for induction of
maturation in ex vivo generated DCs. But, some of these factors
can induce tolerogenic DCs. For example, a cocktail of PGE2 and
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inflammatory cytokines IL-1β, IL-6, and TNF-α has been used for
maturation of DCs in several studies. But, these maturation stimuli
lead to decreased production of IL-12 by DCs and low anticancer
effectiveness of DC vaccine [3]. Some of microbial products also
induce immunosuppressive DCs. In a previous work, we observed
that DCs matured in the presence of inactivated Lactobacillus
crispatus produced high levels of IL-10 whereas IL-12 production
was at low levels in an inverse dose-dependent manner, and
induced T cells polarization toward CD4+CD25+FOXP3+Tregs
[58]. Tolerogenic DCs can also induce type 1 regulatory T cells
(Tr1 cells) and regulatory B cells [59]. Additionally, tolerogenic
DCs suppress T cell clonal expansion [60]. On the other hand,
Tregs can induce performing-dependent DC death within tumordraining lymph nodes [61]. Antitumor activity of injected DCs
may be suppressed at the tumor microenvironment. Tumor
microenvironment-derived factors such as VEGF, PGE2, and IL10 can vigorously affect DCs function [62]. In our previous study,
intratumoral injection of immature DCs resulted in enhanced
tumor growth in a breast cancer model [63]. Appropriate
maturation induction in ex vivo generated DCs may improve the
therapeutic efficacy of DC vaccines. TLR3 agonists have been
used for generation of Th1-polarizing DCs secreting IL-12 [64].
Stimulation of DCs with TLR4 and TLR7/8 agonists also led to
secretion of IL-12 [65]. Other maturation stimuli can also be used
to generate mature DCs with appropriate antitumor activity. Poor
migration of injected DCs to peripheral lymphoid tissues may be
responsible for low antitumor efficiency of DC vaccines observed
in most studies as proper interactions of antigen-bearing DCs
and T cells occur within the lymphoid tissues. The majority of
injected DCs remains at the site of injection and do not migrate
to the draining lymph node [66]. Migration of tumor antigenpulsed DCs to lymph nodes is related to maturation state of DCs
[67]. Expression of chemokine receptors such as CCR7 in mature
DCs is important in the migration of DC into lymph nodes [68]. In
addition, the route of DC vaccination and number of DCs reach the
lymph nodes can affect therapeutic efficacy of DC vaccines. It has
been shown that elicited CD4+ T cell response in the lymph node
is proportional to the number of antigen-bearing DCs reaching
the lymph node [69]. In mice, more DCs were detected in lymph
nodes after subcutaneous or intradermal injection compared to
intravenous injection [70].
In another study, a few DCs migrated to draining lymph nodes
after subcutaneous injection [71]. In humans, subcutaneously
injected DCs were not found in lymph nodes and less than 1% of
intradermal injected DCs were detected in draining lymph nodes.
Only a few DCs injected intradermally were detected in draining
lymph nodes [72]. In patients with melanoma, intravenous
injection of peptide-pulsed DCs was reported to reduce the
immune responses in the peripheral blood [73]. In patients with
prostate cancer, intradermal, intralymphatic, and intravenous
injection of antigen-loaded DCs led to induction of antigenspecific T cell responses in all patients. However, Th1-related
response was only detected after intradermal and intralymphatic
injection [74]. Increasing the number of injected CCR7+ DCs may
improve migration of injected DCs into lymph nodes. CCR7+ DCs
efficiently induce increased cellularity in lymph nodes [69]. In
patients with HNSCC, intranodal vaccination with apoptotic
tumor cell-loaded DCs was effective in vaccinated patients as
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disease-free survival was more than five years [40]. Overcoming
these obstacles improves antitumor efficacy of DC vaccines in
patients with cancer. Culture conditions and maturation induction
in DCs as well as amounts of DCs, number of injections, time of
injections, and route of injections can be optimized for efficient
DC vaccination.

Conclusion

DC-based vaccination is safe and can induce antitumor immune
responses in patients with cancer. However, clinical responses
are partial in most vaccinated cancer patients and more work is
needed to improve DC vaccine potency. Identification of tumor
antigen specific antigens can improve tumor antigen loading of
DCs and facilitate production of tumor specific T cells. Culture
condition, source of tumor antigen, antigen loading strategy, and
maturation stimuli are crucial in the persistence and functional
constancy of injected DCs and favoring T cell responses toward
Th1-type and expanding of tumor-specific effectors T cells.
Optimizing these steps as well as route, dose, and schedule of DC
vaccination augments antitumor efficacy of DC vaccines in cancer
patients.
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