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Abstract

Dendritic cells (DCs) are professional antigen-
presenting cells (APCs)  of the immune sys-
tem. They capture foreign antigens and can 
present them to lymphocytes, that is, T cells 
and B cells, to activate them. DCs are the most 
potent of all immune cells at inducing the 
adaptive immune system. Thus, the presence 
of DCs at the anatomical site of the immune 
challenge is imperative for the immune sys-
tem to mount an effective immune response. 
From the anatomical site of the immune chal-
lenge, DCs cargo antigens to the draining 
lymph nodes, specialized immune organs 
where adaptive immunity is generated. DCs 
are heterogeneous as a type of immune cell, 
and various subsets of DCs have been reported 
and their functions described. In this chapter, 
we discuss various aspects of DC develop-
ment and function. We further discuss how 
various tumor microenvironments can affect 
DC development, function, and migration, 

thus evading a strong adaptive immune 
response.
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2.1	 �Introduction

Dendritic cells (DCs) play a crucial role in initiat-
ing and modulating adaptive immune responses 
during infections, allergies, autoimmune disor-
ders as well as maintain T-cell homeostasis in 
steady-state conditions. Depending on the 
immune challenge, they can initiate or enhance 
an immune response. Moreover, they can tolerize 
or suppress the immune system toward innocu-
ous antigens. DCs can infiltrate solid tumors, 
capture, and process tumor antigens and transport 
them to the draining lymph node (LN) to initiate 
an effective adaptive immune response against 
the tumor, by priming and expanding naïve T 
cells to become anti-tumor effector T cells. 

K. Kohli 
Clinical Research Division, Fred Hutchinson Cancer 
Research Center, Seattle, WA, USA 

V. G. Pillarisetty (*) 
University of Washington, Department of Surgery, 
Seattle, WA, USA
e-mail: vgp@uw.edu

2

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-49270-0_2&domain=pdf
https://doi.org/10.1007/978-3-030-49270-0_2#DOI
mailto:vgp@uw.edu


30

Although many other antigen-presenting cells 
(APCs) such as macrophages also contribute to 
this process, DCs are considered the most profi-
cient of all APC types. Additionally, DCs can 
modulate the tumor microenvironment to influ-
ence the recruitment of other immune cell popu-
lations into the tumor. DCs are very heterogeneous 
and can be classified into many subsets depend-
ing on factors including their phenotype, special-
ized function, localization in peripheral tissue, 
lineage, etc. Even though the exact role of every 
DC subset in generating anti-tumor immunity has 
not yet been fully deciphered, DCs, in general, 
are an important arm in adaptive immune 
responses against tumors. However, a tumor 
environment can present many hurdles in the 
scheme of DC-mediated anti-tumor immunity. 
Here, we review different aspects of DC biology 
and how DC function can be influenced by 
tumors.

2.2	 �Tumor-Infiltrating Dendritic 
Cells Mediate Anti-tumor 
Immunity

For the generation of efficient anti-tumor immu-
nity professional APCs need to capture tumor-
derived antigens, process them to form a complex 
with major histocompatibility complex (MHC) 
molecules, migrate to the draining LN, and 
finally present them to cognate CD4 or CD8 T 
cells [1]. Presentation of antigen to T cells can 
lead to two possible outcomes. Either the T cells 
can be tolerized, that is, they become quiescent 
and/or get converted into an immune regulatory T 
cell, or they can be activated to mount a response 
against the immune threat [2]. The latter outcome 
is desired for an effective anti-tumor immune 
response and for that APCs, either alone or in co-
operation with other APC types, need to provide 
three signals to the cognate T cells [3].

•	 Signal one is the peptide:MHC complex. 
APCs capture exogenous antigens such as 
tumor-derived antigens and process them effi-
ciently to eventually present them as a com-
plex with MHCI or MHCII molecules to 

present them to CD8 T cells or CD4 T cells, 
respectively. The process of internalization of 
exogenous antigens to be processed and pre-
sented as a complex with MHCI complex to 
CD8 T cells is called “cross-presentation” 
and this process is important to generate 
effective anti-tumor immunity. Among all 
APC types, DCs are considered most profi-
cient at antigen presentation, especially 
cross-presentation.

•	 Signal two are co-stimulatory signals. APCs 
can present p:MHC complexes to T cells, but, 
in the absence of any inflammatory signal, it 
might not necessarily lead to T-cell activation. 
However, during an infection or other inflam-
matory conditions, APCs can sense the dan-
ger, as they express specific receptors which 
can bind to pathogen-associated molecular 
patterns (PAMPs) or damage-associated 
molecular patterns (DAMPs) and up-regulate 
the expression of co-stimulatory molecules 
such as CD40 and CD86. The ligands for these 
receptors are expressed on T cells eternally. 
An APC when presents p:MHC complexes in 
conjunction with co-stimulatory molecules 
leads to efficient activation of T cells. DCs 
express an array of receptors to detect PAMPs 
and DAMPs including toll-like receptors 
(TLRs), NOD-like receptors (NLRs), C-type 
lectins, etc., which enable them to detect dan-
ger signals and over-express co-stimulatory 
molecules, making them capable of effec-
tively activating T cells toward anti-tumor 
response [4].

•	 Signal three is activating cytokines. Along 
with receiving signal one and two con-
currently from a single APC type, T cells 
need inflammatory cytokines such as IL-12 
and IL-15 which boost and sustain their effec-
tor status and enable them to keep expanding 
[5]. Certain subsets of APCs, depending on 
the environment, can provide these signals 
along with signal 1 and signal 2. However, a 
new concept of APC co-operation is emerg-
ing which suggests that, while a single APC 
can provide signals 1 and 2 to the cognate T 
cells, another myeloid cell can serve as a 
source of signal 3 during an inflammatory 
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challenge [6, 7]. Whether this co-operation 
between myeloid cells exists in the tumor 
microenvironment is a challenging research 
question.

DCs are considered as the most proficient 
APCs that provide signals 1, 2, and 3 to T cells 
and thus initiate adaptive immune responses 
against tumor antigens. However, to do so, dif-
ferentiated DCs must be able to infiltrate the 
tumor microenvironment from neighboring tis-
sues. Precursors of DCs which originate in the 
bone marrow  (BM) can also enter the tumor 
parenchyma and differentiate in situ. While it is 
still unclear which path DCs take to infiltrate 
tumors, their presence in the tumor is beneficial 
toward anti-tumor immunity. In clinical samples, 
the presence of DCs in the primary tumor site has 
been correlated with increased survival in many 
tumor typesincluding ovarian carcinoma, head 
and neck tumors, pancreatic adenocarcinoma, 
lung, and breast cancer [8–11].

2.3	 �Migration of DCs 
to and from Tumor 
Parenchyma

Chemotaxis is a major mechanism utilized by 
immune cells for directional migration. DCs 
exhibit classic directional migration engaging 
their chemokine receptors to move toward gra-
dients of the corresponding chemokine ligands. 
DCs are pliable in their expression of chemo-
kine receptors and, depending on the subset, 
anatomical location and pathophysiological 
condition, they can express varying levels of 
multiple chemokine receptors [12]. DCs do not 
develop fully at their site of origin, that is, BM, 
and complete their differentiation program in 
peripheral tissues [13]. For instance, skin DCs 
develop from DC precursors traveling from BM 
into the skin via blood. In the tissue DCs capture 
antigens, follow the chemokine gradients to 
reach terminal lymphatics, and through the lym-
phatic vessels enter the nearest LN. Unlike other 
immune cell populations, DCs, except pDCs, 
migrate dominantly through the lymphatic sys-

tem [12]. This scheme of DC development and 
migration raises an important question regard-
ing the migration of DCs into solid tumors, that 
is, do terminally differentiated DCs migrate 
from surrounding tissue into the tumor? or if 
DC precursors migrate into the tumors and dif-
ferentiate in situ. Assuming either possibility, 
another key aspect that needs investigation is 
what chemokine gradients do DC or DC precur-
sors follow to reach into the tumor parenchyma. 
DC migration toward the LN has been well 
characterized. C–C Motif Chemokine Receptor 
(CCR)7 on DCs is the dominant chemokine 
receptor which guides DCs toward gradients of 
C–C Motif Chemokine Ligand (CCL)19/21 on 
the way to LN and also from the boundaries of 
the LN into the deep T-cell zone of the 
LN. However, steps involved in the migration of 
DCs/DC precursors toward non-lymphoid tis-
sues have only been partly characterized [14]. 
Adoptive transfer experiments revealed that 
DCs can adhere to skin venules by attaching to 
certain selectins expressed on endothelial cells; 
however, attachment to selectins is only the start 
of a multistep adhesion cascade and subsequent 
intravasation [15]. All the steps entailed in DC 
migration from blood to tissue are not fully 
characterized for solid tumors. This is a chal-
lenge, as tumors are diverse and there might not 
be a common adhesion and chemotactic axes 
that guide DCs into solid tumors. Nonetheless, 
certain chemokine ligands that have been seen 
in certain tumors can attract DCs. These chemo-
kines can be secreted either by the tumor them-
selves such as CCL4 or immune cells within the 
tumor [16]. For example, CD8 T cells or NK 
cells can secrete CCL5 and CXCL1 which can 
attract DCs expressing the corresponding che-
mokine receptor [17]. In various settings, it has 
been demonstrated that immune cells reaching a 
site can secrete chemokines to attract other 
types of immune cells as a part of the ongoing 
immune response. Thus, it seems likely that cer-
tain immune cells in tumors have the potential 
to attract other immune cells, and thus the role 
of other immune cells in attracting DCs into the 
tumor environment must be further 
investigated.
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2.4	 �Longevity of DCs 
in the Tumor 
Microenvironment

A study, investigating the life of major immune 
cell populations revealed that while B cells and T 
cells can live up to 20 days after they leave their 
site of origin, DCs have a relatively short life of 
around 3 days in lymphoid and non-lymphoid tis-
sues at steady state [18]. However, the ratio of 
DCs to other immune cells remains constant, 
which suggests that DCs have a high turnover. 
However, in many tumors, the decreased pres-
ence of DCs can be attributed to factors released 
in the tumor microenvironment, which can affect 
the lifespan of DCs in the tumor. These factors 
include mucins, gangliosides neuropeptides, and 
nitric oxide. A study showed that gangliosides 
including GM3 and GD3 induce apoptosis of 
DCs in vitro [19]. These gangliosides are found 
at high concentrations in melanoma patients. The 
presence of these gangliosides in melanoma 
explains the lower number of DCs in malignant 
melanoma as compared to that in benign skin 
lesions. MUC2 mucins derived from conditioned 
medium of LS180 cells, a colorectal cancer cell 
line, can cause apoptosis of mature DCs [20]. 
Overexpression of mucins, large extracellular 
proteins that are heavily glycosylated with com-
plex oligosaccharides, is associated with many 
epithelial cancers. Thus, considering these unfa-
vorable conditions, the life of DCs could be much 
different compared to healthy tissue.

2.5	 �Immunosuppression of DCs 
in Solid Tumors

Some tumors, such as Merkel Cell Carcinoma 
(MCC), are initiated by oncoviruses, and princi-
pally these viruses can provide danger signals to 
DCs which could trigger them to their path 
toward initiating anti-tumor immunity. However, 
most solid tumors do not provide any inflamma-
tory or danger signals to infiltrating DCs, unless 
somehow the tumor microenvironment can derive 
inflammatory signals. Besides a lack of adequate 
inflammatory signals, a solid tumor environment 

can actively suppress DC-mediated anti-tumor 
immunity. Across many studies, various mecha-
nisms have been postulated by which tumor or 
tumor components can suppress DC activity. For 
instance, in a mouse model of ovarian tumor, 
tumor cells induced the activation of transcrip-
tion factor Xbox binding protein (XBP) which 
caused endoplasmic reticulum stress in DCs 
which impeded their ability to prime T cells [21]. 
Cancer cells by initiating the B-catenin signaling 
pathway can also limit DC recruitment into 
tumors [22]. Interleukin (IL)-10 is a widely 
known immunosuppressive cytokine, and tumor 
cells, as well as other components of the tumor 
environment such as tumor-associated macro-
phages (TAMs), can secrete IL-10 [23]. CD103+ 
tumor-infiltrating DCs have a high expression of 
IL-10 receptor and, in response to sensing IL-10, 
they can downregulate the production of IL-12, a 
cytokine known to enhance CD8+ T-cell prolifer-
ation and effector function [24]. IL-10 can also 
skew the differentiation of monocytes toward 
immunosuppressive macrophages instead of 
monocyte-derived DCs [25]. The role of IL-10 in 
the suppression of anti-tumor immunity is a 
broad area of investigation and the studies 
describing its mechanisms have been covered in 
this review [26].

Tumor cells can also secrete thymic stromal 
lymphoprotein (TSLP) which induces OX40 
OX40L expression in DCs [27]. OX40L-
expressing DCs induce a type 2 immune response 
which is not as potent an anti-tumor response as 
a type 1 response. Plasmacytoid dendritic cells 
(pDCs), which are known to secrete high amounts 
of type 1 interferon during viral infections, can 
also limit their production of type 1 interferon 
when immunoglobulin-like transcript 7 (ILT7) on 
pDCs engages with bone marrow stromal antigen 
2 (BST2) on tumor cells [28]. Tumors secrete 
growth factors and produce chemokines that help 
sustain the tumor and even metastasize. A promi-
nent growth factor that is over-produced in many 
tumors is Vascular Endothelial Growth Factor 
(VEGFA). Tumors expressing VEGFA can cause 
“angiogenic switch” which means that new vas-
culature can develop which will support tumor 
growth and metastasis [29]. Besides supporting 
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tumor growth, VEGF is an immunosuppressant 
for DCs [30]. Treatment of DCs with VEGF 
results in inhibition of their maturation [31, 32]. 
Some tumor-associated chemokines that can also 
cause similar inhibition of DC maturation include 
CCL2, C-X-C Motif Chemokine Ligand 
(CXCL)1, and CXCL5 [33]. In a mouse model of 
Ovarian cancer, Programmed cell death-1 (PD-1) 
was expressed on tumor-infiltrating DCs [34]. 
PD-1 is generally expressed on T cells which are 
exhausted in solid tumors or during chronic viral 
infections [35]. The same study further showed 
that these PD-1+ DCs could block T-cell prolif-
eration. Factors that induce PD-1 expression on 
DCs are largely unknown. It is tempting to 
assume that the same factors that induce PD-1 
expression on T cells would do the same for DCs. 
Nonetheless, anti-PD-1 therapy which is the most 
commonly applied immunotherapy for solid 
tumors could potentially work by blocking the 
immunosuppressive activity of PD-1-expressing 
DCs. Another marker of exhaustion expressed 
generally on T cells, that is, T-cell Ig and mucin 
domain 3 (Tim-3), was also expressed on tumor-
infiltrating DCs in mouse models for Lewis lung 
cancer tumors and colorectal adenocarcinoma. 
Nucleic acids  (NA) from dying tumor cells can 
lead to NA-mediated anti-tumor immunity. Tim-
3-expressing DCs were shown to suppress 
NA-mediated anti-tumor immunity [36]. Thus, 
much like T cells, DCs can also become dormant 
or immunosuppressive in solid tumor microenvi-
ronments and this can be reflected by the expres-
sion of certain markers. Besides inducing 
immunity, DCs also play a pivotal role in main-
taining immune tolerance to innocuous antigens. 
In the steady state, some subsets of DCs such as 
migratory DCs and pDCs have been shown to 
specialize in inducing immune tolerance, by 
transporting peripheral harmless antigens to sec-
ondary lymphoid organs such as lymph nodes 
and priming T cells to an anergic, that is, non-
responsive state, or even convert naïve CD4+ T 
cells into regulatory T cells [36]. Many solid 
tumors have a relatively high frequency of Tregs, 
which adds to the immunosuppressive environ-
ment. In mice and rats bearing melanoma, it was 
shown that a fraction of DCs accumulated in the 

draining LNs and these DCs were proficient in 
inducing expansion of Treg cells.

2.6	 �DC Subsets in Tumors

DCs are a heterogeneous group of cells and 
depending on the anatomical location and physi-
ological condition many DC subsets can be iden-
tified [37]. However, recently a study that 
attempted to relate DCs between species and ana-
tomical locations broadly grouped all DC subsets 
into five subsets, that is, cDC1s and cDC2s for 
conventional DCs, pDCs, Langerhans cells, and 
MoDCs [38]. These subsets express exclusive 
markers that can be used to identify them. For 
instance, in both mice and humans, cDC1s 
express C-type lectin endocytic receptor 
CLEC9A and chemokine receptor XCR1, 
whereas cDC2s express CD1c, a transmembrane 
glycoprotein [39]. Many studies have investi-
gated the above subsets for specialized roles. 
While this remains a topic of intense investiga-
tion, some specialized roles have been specifi-
cally ascribed to individual subsets. For instance, 
in various settings including infection and tumor 
models, it has been shown that cDC1s are spe-
cialized at cross-presentation of exogenous anti-
gens and crucial for inducing an effective CD8 
T-cell response [40–42]. Since the cross-
presentation of exogenous antigens in the context 
of MHC-I molecules to CD8 T cells is essential 
to generate effective anti-tumor immunity, the 
presence of cDC1s in tumors is believed to be 
beneficial to anti-tumor immunity [43]. Indeed, 
defect in cDC1s in the tumor microenvironment 
has been shown to negatively impact tumor 
immunosurveillance in many tumor models [44–
46]. However, cDC1s are the minority DC type in 
tumors, as well as lymphoid and non-lymphoid 
tissues, making them a precious immune popula-
tion. However, more studies across different can-
cer types looking at relative cDC1 frequencies in 
solid tumors and their impact on patient survival 
and tumor progression are warranted.

In mouse tumor models, specific depletion of 
cDC1s impairs the CD8 T cell-mediated anti-
tumor response and the ability to reject trans-
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planted tumors [47]. Across many studies, much 
evidence suggests that cDC1s in tumors are the 
most proficient of all DC subsets at cross-
presentation and some other key unique features 
of cDC1s make them the most prominent DC 
type for generating anti-tumor immunity. For 
instance, cDC1s produce CXCL9/10, chemokine 
ligands that can recruit effector and memory T 
cells expressing the corresponding chemokine 
receptor CXCR3 [48]. cDC1s have been shown 
to efficiently capture, process, and transport 
tumor-derived antigens to the draining LN, and 
ex vivo experiments showed that they were most 
proficient at stimulating and activating T cells 
[49]. cDC1s also produce high amounts of IL-12, 
an inflammatory cytokine that has been shown to 
enhance the CD8 T cell- and NK cell-mediated 
cytotoxicity [50]. cDC1s are also most sensitive 
and responsive to type I interferons, as they 
enhance their cross-presentation capacity in 
response to stimulation by type I interferons [51]. 
Due to the above features, cDC1s are regarded as 
the DC type essential for mounting effective anti-
tumor immunity. However, it is important to real-
ize that the anti-tumor functions of cDC1s have 
been ascribed to them based on mouse tumor 
models. Besides the obvious caveat of species-
specific discrepancies, there are other issues with 
mouse models that could complicate the interpre-
tation of results. For instance, none of the models 
could exclusively deplete cDC1s. The most com-
mon model uses knocking out of Basic Leucine 
Zipper ATF-Like Transcription Factor 3 (BATF3), 
which is crucial for cDC1 development. However, 
the same transcription factor is also crucial in the 
development of other DC types. Similarly, some 
of the genetic ablation models have not been able 
to exclusively deplete cDC1s and thus better 
models are warranted to support the above find-
ings [52]. In addition to caveats of the mice mod-
els, discrepancies between the profile and 
function of cDC1s in mice and humans still 
leaves some doubt about the exclusive specialty 
of cDC1s in generating anti-tumor immunity. For 
instance, a few studies showed that other DC sub-
sets, for example, the cDC2 subset, produced 
more IL-12 than cDC1s in response to certain 
adjuvants [53]. Also, while in mouse models, 

cDC1s were shown to efficiently capture and 
transport tumor-derived antigens, cDC1s in 
humans were shown not to efficiently capture 
antigens from the parenchyma of non-lymphoid 
tissues to the draining LNs [54]. The study also 
shows that cDC1s express a lower level of CCR7, 
a receptor pivotal for the migration of DC from 
peripheral tissues to LNs. Thus, in summary, 
while experimental models have highlighted the 
importance of cDC1s in anti-tumor immunity, 
more data regarding the alignment of the pheno-
type and function of DC subsets across species, 
especially in different cancer types, are warranted 
to endorse the notion that cDC1s are the special-
ized DC subset in cross-presentation and generat-
ing anti-tumor immunity.

cDC2s are the more abundant population in 
lymphoid and non-lymphoid tissues [54]. Unlike 
cDC1s, their role in cancer is much less estab-
lished, perhaps because they are considered less 
efficient at cross-presentation than cDC1s. 
However, studies have shown that cDC2s are 
present in solid tumors and can migrate to drain-
ing LNs [55]. The current belief is that while 
cDC1s are more potent at cross-presentation and 
priming CD8 T cells, cDC2s are better activators 
of CD4 T cells [54]. Effective priming of CD4 T 
cells for an anti-tumor response is crucial as a 
large body of literature emphasizes the role of 
CD4 T cells in helping CD8 T cells to infiltrate 
and kill tumor cells [56]. Thus, cDC2s, although 
not considered specialized at cross-presentation, 
serves as a crucial arm in anti-tumor immune 
responses by effectively priming CD4 T cells. 
This idea is corroborated by studies that show 
that the presence of gene signature of cDC2s 
directly correlates with better survival for cancer 
patients [56, 57].

pDCs were initially discovered as cells spe-
cialized to produce type-1 interferon in response 
to viral ligands [58]. However, afterward, many 
reports postulated a role of pDCs in driving both 
central and peripheral tolerance [59–63]. 
Currently, the consensus is that pDCs can be 
tolerogenic or immunogenic depending on their 
environmental stimuli. While type 1 interferons 
have a clear role in anti-viral immunity, they can 
be both anti-tumor and pro-tumor [64]. pDCs can 
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contribute to anti-tumor immunity by serving as 
APCs and via type 1 interferon production, but 
there have been many mechanisms described 
through which various solid tumors can induce 
the tolerogenic or regulatory function of pDCs to 
promote tumor growth. Demoulin, S et al. in their 
review describe mechanisms by which various 
tumors can induce tolerogenic function and 
inhibit immunogenic functions of pDCs [65].

2.7	 �DCs Help in Anti-tumor 
Immunity: Beyond T-Cell 
Priming

Besides their classic function of antigen presen-
tation, DCs also play a key role in the recruitment 
of other immune cells. In a landmark study, it was 
shown that LNs of mice lacking DCs are much 
smaller than those of wild-type (WT) mice [66]. 
Mechanistic experiments in the same study fur-
ther showed that DCs modulate the phenotype of 
specialized endothelial venules of the LN, called 
high endothelial venules (HEVs) which are por-
tals through which other immune cells including 
T cells and B cells can enter into the LN from the 
bloodstream. DCs induced the expression of mul-
tiple adhesion molecules on endothelial cells to 
which immune cells can adhere as the first step in 
their intravasation into the LNs. A similar phe-
nomenon is observed in ectopic lymphoid struc-
tures that form in certain pathophysiological 
conditions, such as persistent pathogenic infec-
tions, or autoimmune diseases, such as rheuma-
toid arthritis, to generate local immunity [67]. 
The neogenesis of tertiary lymphoid structures 
(TLS) has been described in many models and 
across many of these studies; DCs have been 
shown to play a pivotal role in aiding genesis of 
TLS [68]. Even in cancer patients, a positive cor-
relation between the presence of DCs and the 
presence of TLSs has been demonstrated [8, 10, 
61–63]. While the role of TLS in cancer immu-
nity is still an area of investigation, the majority 
of the correlation studies show that the presence 
of TLS in the tumor is positively correlated with 
patient survival for several different cancer types. 
After their genesis, TLS can play several roles 

including serving as a site for DC-T cell priming, 
and somatic hypermutation. Additionally, TLS 
provide the necessary adhesion molecules and 
chemokines to serve as a portal for the recruit-
ment of immune cells into the tumor [72–74]. 
Thus, by aiding the formation of TLS in cancer, 
intra-tumoral DCs play a pivotal role in the 
recruitment of immune cells into the tumor 
microenvironment, akin to their role in LN.

Besides inducing the maturation of endothelial 
cells of TLS, DCs themselves can modulate the 
chemotactic environment of tumors to further 
assist in lymphocyte recruitment. For instance, in a 
mouse model of melanoma, it was shown that DCs 
are the chief source of the chemokine CXCL10 
which is a ligand for CXCR3. CXCR3–CXCL10 
chemokine axis plays a pivotal role in the migra-
tion of effector T cells into the tumor [75].

2.8	 �Summary

Dendritic cells are a heterogeneous population of 
cells and research into the specialized function of 
different DC subsets continues. Ultimately, as the 
development and function of each subset becomes 
more clear, specific DC subsets can be targeted to 
either enhance or suppress immunity. 
Additionally, a clear understanding of the devel-
opment requirements of DC subsets will also 
enable us to skew in vitro generated DCs toward 
one type or other, which then can be used as ther-
apeutics. Migration of DCs and DC precursors 
into tumors is not well studied. Unlike lymphoid 
organs, solid tumors might not have the neces-
sary lymphatic structure and chemokine gradi-
ents to allow for the migration of DCs from the 
adjacent healthy tissue. Thus, even if appropriate 
DCs can be generated in  vitro or identified 
in vivo, one has to think about their route to the 
tumor parenchyma. It is also crucial to understand 
better tumor-derived factors that can lead to sup-
pression of DC activity or their death or cause 
aberrant development of DC precursors. 
Strategies to make DCs immunogenic and refrac-
tory to tumor-derived apoptotic factors can help 
in the effort to use DC-based therapeutics to treat 
cancer (Fig. 2.1).
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