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Aldo Pinto," Alessia Rega,' Timothy R Crother? and Rosalinda Sorrentino™*

'Pharmaceutical and Biomedical Sciences Department (FARMABIOMED); University of Salerno; Fisciano, Italy; 2Cedars Sinai Medical Center; Los Angeles, CA USA

Keywords: Plasmacytoid dendritic cells, toll-like receptors, inflammation

Abbreviations: TLRs, Toll-like receptors; MyD88, myeloid differentiation factor; TRIF, TIR-domain-containing adapter-inducing
interferon-3; PAMPs, pathogen-associated molecular patterns; DAMPsl, danger-associated molecular patterns; DCs, dendritic cells;
pDCs, plasmacytoid dendritic cells; Treg, T regulatory cells; IDO, indoleamine-2, 3-dyoxigenase; IFN I, interferon Type I

In the last decade several studies provided evidence that plas-
macytoid dendritic cells (pDCs) infiltrate human neoplasms
with poor prognosis. However, the role of tumor-associated
pDCs remains controversial. Various studies indicate that pDCs
play an immuno-suppressive role and facilitate tumor pro-
gression in both animal models and humans. In contrast,
others found that the presence of activated tumor-associated
pDCs results in tumor regression in mice. Given these findings,
understanding pDC function in tumor biology is an important
necessity and may pave the way for novel therapeutic
strategies to fight malignancies.

Introduction

Dendritic cells (DCs) are highly specialized antigen presenting
cells (APCs) that recognize, process, and present “danger signals”
to the adaptive immune system. DCs have been the subject
of many studies and have recently been the focus of intense
characterization.

Two main subpopulations have been identified: (1) non-
lymphoid tissue migratory and lymphoid tissue—resident DCs and
(2) plasmacytoid DCs (pDCs, also called natural interferon-
producing cells (IPCs).! pDCs originate in the bone marrow from
both myeloid and lymphoid progenitors.> The development and
molecular regulation of pDCs has yet to be fully elucidated. FMS-
like tyrosine kinase 3 ligand (Flt3L) is the main cytokine that
induces the differentiation of common myeloid progenitor cells
into both mDC and pDCs, but the E2-2 transcription factor is
uniquely required for pDC differentiation.” During steady-state
conditions, mouse pDCs reside in lymphoid organs and blood,
but also liver, lung, and skin, although their proliferation rate
is very low."* Human pDCs populate primary, secondary and
tertiary lymphoid organs (aggregates/follicles), in addition to the
liver and blood.” They can migrate from the lymphoid organs
toward T cell-rich areas of secondary lymphoid tissues through
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high endothelial venules (HEV) and toward the marginal zone of
the spleen.® In contrast, during pathological conditions, pDCs
leave the bone marrow or the circulation and infiltrate into
inflamed tissues where they can “sense” danger signals that lead to
the release of large amounts of Type I interferons (IFNs).®” In this
manner they generate protective immunity as Type I IFNs can
activate myeloid DCs (mDCs), B, T, and NK cells.*” pDC
chemotaxis is promoted by the expression of several molecules
that allow their rolling from the circulation into the tissue. pDCs
highly express CD62L, which when bound to its ligand, L-
selectin (expressed on endothelial and other stromal cells®®),
facilitate the chemotaxis of pDCs. The repertoire of chemokine
receptors on pDCs is expressed at greater amounts than on
mDCs.*” CXCR3, upregulated by IFNy signaling, binds to
CXCL19 and CXCL10, and is required by pDCs to migrate into
inflamed lymph nodes.”'® Additional chemokine receptors
expressed by pDCs are CCR1, CCR2, and CCR5, which can
bind to CCL2, CCL3, CCL4, and CCL5."" They also express
CXCR4, implicated in pDC migration, and CCR7, which binds
to the chemokines CXCL12 and CCL21.>" pDCs are also
recruited into tissues in response to the release of the chemokine
SDE-1/CXCL12, the CXCR4 ligand, which is expressed on
dermal endothelial cells, HEV of lymph nodes, and in malignant
cells.'? This suggests that pDCs can migrate to lymph nodes using
CXCR4, and also explains their location in secondary lymphoid
organs."?

pDCs are highly specialized at sensing nucleic acids via the
intracellular pattern recognition receptors TLR7 and TLR9
(Table1)."” pDCs and mDCs have a different repertoire of
TLR expression."” Human and mouse mDCs can express TLR1,
2,4,5,7, 8, while pDCs selectively express at high levels TLR7/8
and TLR9." TLRs are a family of receptors associated with the
innate immune response. In particular, TLR7 recognizes single-
stranded RNA enriched with guanosine or uridine from viruses,
synthetic imidazoquinolines and guanosine analogs.”” On the
other hand, TLRY is activated by unmethylated CpG-ODN
motifs typical of viruses and bacteria.” These two receptors are
very sensitive to different stimuli; TLR9 responds to DNA
viruses, whereas TLR7 triggers ssRNA viruses.'® TLR7 and TLR9
recruit a cytoplasmic adaptor, myeloid differentiation primary
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Table 1. Markers currently identified on pDCs

Marker Structure/Function

BDCA-2/BDCA-4 Ass<?C|at§d with FceRly to form a
signaling receptor complex
A glycoprotein expressed on the surface of
CD4 T helper cells, monocytes, macrophages,
and dendritic cells

REVIEW

Ligand Effect of Activation

Upon ligation, they inhibit TLR activation

TAM and release of Type | IFN.

It recognizes the TCR-MHC class Il
complex and is required together
with the CD3 zeta chain for the

Activation of pDCs

recognition of antigens

The IL-3 receptor (70KD) is composed of a ligand
specific o subunit and a signal transducing 8

CD1237° subunit shared by the receptors for interleukin 3
(IL3), colony stimulating factor 2 (CSF2/GM-CSF),
and interleukin 5 (IL-5).
IL-T377 Characterized by its cytoplasmic ITIM domain
[L-T77® Characterized by its cytoplasmic ITIM domain and
is also expressed on B, T, and NK cells
CD-17¢"° A heterodimeric integral membrane protein
composed of an o chain and a f chain
TLR-7 An intracellular endosomal pattern
recognition receptor
TLR-9 An intracellular endosomal pattern

recognition receptor

response gene 88 (MyD88), which is able to assemble a multi-
protein  signal-transducing complex that induces interferon-
regulatory-factor 7 (IRF-7) activation (Fig. 1)."”

MyD88 also leads to TRAF-6-mediated NFxkB and MAPKs
activation, essential for the transcription of pro-inflammatory
cytokines, chemokines and co-stimulatory molecules (Fig. 1 and
Table 1).1¢

The exposure of pDCs to TLR7 or TLRY ligands can lead to
the production of Type I IFN and pro-inflammatory cytokines,
such as TNFa, and chemokines, such as IL-8 (CXCL8)."*' The
constitutive expression of IRF7, which is different from mDCs
where it must be induced, renders pDCs high producers of Type I
IFN,"" which regulates T-cell immunity, leading toward a Thl
and cytotoxic T-cell polarization, activates mDCs, NK and B
cells.*”"" Very importantly, IFNo modulates several aspects of the
immune system, including pDC survival, mDC differentiation,
modulation of Th1 and CD8" T-cell responses, cross-presentation,
upregulation of MHC and co-stimulatory molecules, activation of
NK cells, and induction of primary antibody responses.'® However,
a recent study found that Type I IFN negatively controls pDC
turnover during steady-state conditions and viral infections."

pDC activation can also lead to the production of IL-12p70,
IL-1B and IL-6.*° Furthermore, recent discovery found that pDCs
may mediate the release of IL-10,' however another group®
showed that these cells do not directly produce IL-10.

Moreover, it was recently demonstrated that pDCs produce
high amounts of Granzyme B,” which is effective only in
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ICAM-2 and VCAM-1

Single stranded RNA

Unmethylated CpG dinucleotides
from bacterial DNA

IL-3 Amplification of inflammation

Fc receptor Tolerance induction

Inhibition of release of Type | IFN (negative

[ feedback)

Induces cell activation; It’s an adhesion receptor
that is implicated in phagocytosis of latex beads
and bacteria in the absence of complement.
It plays an important role in the inflammatory
response and can lead to the production of pro-
inflammatory cytokines after an APC response.

Upregulation of CD40, CD80, CD86, and CCr7.
Induction of high levels of Type | IFN. Does not
induce IL-12p70 production.

Upregulation of CD40, CD80, CD86, CD83,
HLA-DR, and CCR7. Upregulation of Type |
IFN, IL-6, TNFa, IL-8, and IP-10. Does not
induce IL-10 secrection.

combination with perforins that are mainly produced by cyto-
toxic T lymphocytes (CTLs). This further connects pDCs to
adaptive immunity. Additionally, it was also demonstrated that in
the absence of an “efficient” adaptive CTL immunity, pDCs can
behave as killing DCs due to the release of TNF-related apoptosis-
inducing ligand (TRAIL) and to the induction of the expression
of DRS5, one TRAIL receptor, on the cell target.”>**

Plasmacytoid Dendritic Cells (pDCs) Phenotype

pDCs are a rare cell type representing only 0.5% of circulating
cells in healthy individuals.” They are round-shaped cells charac-
terized by a prominent endoplasmic reticulum.® Human pDCs
are CD4", CD45RA", IL-30R (CD123)", immunoglobulin-like
transcript factor (ILT)-3*, ILT-1""", SiglecH*, CD11c"" cells
(Table 1).° Two additional surface markers for human pDCs are
represented by BDCA-2 and BDCA-4, that correspond to the
murine mPDCA-1, restricted to the peripheral blood and bone
marrow-derived pDCs.® BDCA-2 is a C-type lectin transmem-
brane glycoprotein that can internalize antigen for presenting to T
cells. Some data show that triggering of BDCA-2 can potently
inhibit in vitro induction of IFNo/f expression in pDCs by
viruses.?> BDCA-4, instead, does not have a substantial effect on
pDC function, but can be used for the purification of pDCs by
magnetic selection (Table 1).

Mouse pDCs share most of the morphological and pheno-
typical features with the human counterpart, except for the
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Stimuli (i.e. DN7RNA from virus and/or bacteria)
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Figure 1. The recognition of a stimulus by pDCs via TLR7 and/or TLR9 induces the activation of MyD88-dependent signaling pathways that lead to the
expression of cytokines such as IL-6 and TNFa, co-stimulatory molecules such as CD80, and the synthesis/release of Type | IFN.

identification as CD11¢™ Gr-1""" B220* 120G8" cells."®” The
recognition of the pDC surface markers is actually very important
not only to distinguish pDCs from mDCs and other cell types but
also for the isolation of these cells. To date an appropriate murine
model to study the role of pDCs in the pathogenesis of various
diseases is characterized by the recent established Bdca2-DTR*
and SiglecH-DTR models.”” These mouse models allow the study
of pDCs in patho-physiological conditions through the depletion
of pDCs by diphtheria toxin (DT) using the human diphtheria
toxin receptor (DTR) that is driven by the BDCA2 promoter, as
the mouse receptor for DTR binds several orders of magnitude
more weakly to DT. However, many studies have also been
conducted by using specific depleting antibodies, such as 120G8
Ab,*® BST-2 Ab,” mPDCA-1% in vivo. All of these antibodies
bind to the same surface marker (BST-2 or CD317). The anti-
body depletion models seem to be less specific than the DTR
models, but still very efficient in pDC depletion, thus allowing
the investigation of the role of pDCs during steady-state and
pathological conditions. The caveat of Ab-mediated pDC
depletion stands on the role of some molecules, such as BST-2,
which is also expressed by stromal and other immune cells after an
inflammatory stimulus.*

pDCs: Bridging the Gap between Innate
and Adaptive Imnmunity

The production of Type I IFN by pDCs represents the bridge
between the innate and the adaptive immune system. Type I IFN
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(IFNow and IFN) is an important component of innate
immunity, especially during viral infections."®” Upon activation,
in contrast to mDCs, pDCs produce high amounts of Type I
IFN,"*” which both amplifies its own production and induces
the release of IL-12p70 from mDCs and NK cells.'®'*** The
activation of mDCs skews the immune environment toward a
Thl-like bias, during which IFNy production both facilitates
Th1 differentiation,*” long-term T-cell immunity® and a CTL-
mediated response,®’ as well as proliferation and survival of T
cells.®"

Moreover, through the production of IL-6 and Type I IFN,
pDCs induce B cells to differentiate into plasma cells which are
immunoglobulin (preferentially IgG and IgM) producing cells.
In the process of activation of B cells, a key-role is played by
the CD70 receptor expressed on pDCs, as it can induce the
differentiation and the proliferation of IgG-producing B-cells.”

In addition, activated pDCs can undergo other important
phenotypic changes that induces them to the change their pheno-
type toward a more mDC phenotype. The upregulation of MHC
and T-cell costimulatory molecules enable pDCs to engage and
activate naive T cells.**° There have been many controversies
regarding the role of pDCs to prime T-cells and cross-present
antigens.” The expression of MHC and T-cell costimulatory
molecules is not as high as in mDCs and this is why pDCs are
less efficient than mDCs at priming T cells.”® Moreover, the
repertoire of antigens that can be presented by pDC-derived
MHC molecules is more restricted than those of mDCs because
not all of these antigens can reach the endocytic compartment in
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pDCs.*” However, some pDC receptors such as BDCA2, SiglecH
and DCIR are able to bind antigens, mediate endocytosis, process
and present it to T cells.?**!

Interestingly, activated pDCs can also promote Th2-like
immune response,'® underlining their functional plasticity.
There is evidence that IFNa stimulates the differentiation of
pDCs into Thl-inducing pDCs, whereas in the absence of IFNo
but in the presence of inflammatory signals stimulate differenti-
ation in Th2-inducing pDCs.*® Moreover, some authors reported
that CpG-activated pDCs exert a strong immune suppression and
induce the differentiation of allogeneic CD4*CD25™ T cells into
CD4'CD25" regulatory T cells in tumor conditions.”*** Very
interestingly, pDCs can directly or indirectly recruit Treg cells via
PD-L1/PD-1 axis®* and through the release of immunosup-
pressive cytokines, such as IL-10*, and the membrane tolerogenic
inducible co-stimulator ligand (ICOS-L).”!

PDCs can also synthesize large amounts of functional
indoleamine 2,3-dioxygenase (IDO), which requires autocrine
release of Type I IFN, upon TLR9 and CD200R ligands
stimulation.” IDO-derived metabolites promote T-cell death®*%
and suppresses T-cell immunity in normal and pathological
settings. In the same manner, reduced tryptophan amounts can
lead to the release of regulatory cytokines, such as IL-10,
associated with a tolerogenic environment.

Thus, in toto, these data suggests that pDCs represent a
key effector cell in both innate and adaptive immunity

regulation.*®>%3

Role of pDCs in Cancer

pDCs have been found in a variety of neoplasms although their
function is still unknown. Solid tumors, such as head and neck,
breast, ovarian, lung cancer, and skin tumors, are populated by
pDCs that are in their non-active state.’® The mechanism that
induces the recruitment of pDCs to the tumor site is not clear.
However, cytokines such as CXCL10, CXCL12 and chemokines,
such as CCL2, released by tumor and stromal tumor-associated
cells, such as cancer—associated fibroblasts (CAFs), allow pDCs to
migrate from the circulation to the injured tissue. Accordingly,
Drobits et al., demonstrated that CCL2 produced in the inflamed
skin of tumor-bearing mice facilitated pDC recruitment.” In this
study pDCs were cytotoxic and contributed to tumor regression.*
However, mice were treated with Imiquimod, a TLR7 ligand.
Similarly, Liu et al.,”> demonstrated that the activation of pDCs
via CpG could induce NK cell-dependent tumor regression in
melanoma animal models. However, in our published data,” the
stimulation of lung tumor-bearing mice with CpG, a TLR9
ligand, did not lead to the same results as observed by Drobits™
and Liu et al.”®> The activation of pDCs through CpG had the
opposite effect as pDC activation increased the recruitment of
Tregs and limited the inflammatory cell influx to the lung thereby
establishing an immunosuppressive environment enabling tumor
growth. In support, CCL2 is also able to recruit Treg to the
tumor, implying a very poor prognosis for tumor patients.® The
discrepancy in these data could be a result of tissue-specificity that
is very important in determining the tumor microenvironment,
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which in turn strongly influences immune cell phenotype.
Moreover, in the absence of a specific stimuli, pDCs in the
tumor mass have been associated with the development and
maintenance of the immune-suppressive microenvironment.''

In addition, in humans, compared with healthy donors,
circulating pDC numbers are reduced in tumor patients, although
tumor masses show higher recruitment of these cells into the
tumor site.’ Similar to mice, human pDCs in tumor masses are in
their immature phenotype, although a thorough study has never
been conducted onto the role of these cells in the human tumor
microenvironment. However, it is clear from the various studies
performed that pDCs play a fundamental role in the tumor
microenvironment. In support of this, our data found that pDCs
were highly recruited to the lung of tumor-bearing mice after
CpG-ODN ' administration,” and participated in lung tumor
outgrowth associated with immune suppression. The specific
depletion of pDCs decreased lung tumor burden with a
concomitant Thl and Thl7 polarization that arrested tumor
progression.”” In contrast, Liu et al.”> demonstrated that the
activation of pDCs via CpG could induce NK cell-dependent
tumor regression in melanoma animal models. Moreover, the
activation of pDCs via the TLR7-dependent pathway induced
melanoma regression in mice” because of the transformation
of pDCs into tumor-killing cells able to produce Granzyme B
and TRAIL. Likewise, another group revealed that human pDCs
can kill melanoma cells in vitro under imiquimod and IFN-o
stimulation.?* While pDCs can produce high levels of Granzyme
B, their role as cytotoxic immune cells remains to be determined
because they lack the pore-forming perforin.”* On the other hand
it has been proposed that under IL-3 and IL-10 exposure, pDCs
release abundant Granzyme B, which in turn is capable of
blocking T-cell proliferation, thus suggesting a new potential
mechanism for tumor-immune evasion.>*

Several mechanisms have been postulated for the immune-
suppressive nature of tumor-associated pDCs: (1) release of
tolerogenic factors; (2) ILT-7 expression; (3) PD-L1 expres-
sion; (4) Siglec H activity; and (5) induction of a Th2-like
environment.

Tolerogenic factors produced by tumor cells, such as PGE,, can
alter the Type I IFN signaling pathway.’® Tumor derived PGE,
and TGEFB act synergistically to block IFNo and TNFa. secretion
by pDCs.””® Opposite to IFNo and TNFea, IL-6 and IL-8
production are enhanced in PGE,- and TGFp-treated pDC. Both
IL-6 and IL-8 promote immune-cell survival and chemotaxis,
but also enhance tumor cell proliferation and angiogenesis.””*
Moreover, PGE, is crucial for the secretion of other immuno-
modulatory factors such as SDF-1, the ligand for CXCR4, which
is upregulated on both human pDCs and tumor environment.*’
Thus, pDCs can be retained in the tumor tissue via PGE,-
induced sensitization for SDF-1."* In further support, PGE,- and
TGFB-mediated retention of pDCs in the tumor tissue is
accompanied by the suppression of the lymph node-homing
receptor, CCR7. In addition, PGE,-exposed pDCs are unlikely
to present antigen/s and to prime T cells in the regional lymph
nodes. Concomitantly, the suppression of CD40 expression and
the overexpression of CD80/86 on pDCs enhances and even
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promotes Treg activation via the negative regulatory receptor
cytotoxic T-lymphocyte antigen-4 (CTLA-4).°"%

Another potential mechanism for pDCs to favor tumor
immune escape is the release of IDO-derived metabolites®* from
both pDCs and tumor cells, implying on one side Treg differ-
entiation and on the other Th cell apoptosis.***** Most human
tumors overexpress IDO,> explaining the elevated tryptophan
catabolism in cancer patients. Interestingly, the activation of
IDO in either cancerous cells or regulatory DCs can be sufficient
to promote tumor immune escape.”

In addition, some cancer cells, such as lung cancer-derived
cells, highly express ILT7L, which can bind to ILT7 that is on
pDCs.® ILT7L is induced by IFNy and inhibits IFNo
production from human pDCs, indicating that the ILT7L/ILT7
interaction between the cancer cells and pDCs may cause
impairment of pDCs in the tumor microenvironment possibly
leading to immunesuppression and poor prognosis of cancer
patients as observed in clinical studies.®®

Moreover, under tumor conditions pDCs can also affect
mDC’s phenotype toward a more immature state, as already
reported for human lung cancer.”***” However, the mechanism
is still not known.

To date pDCs can directly interact with Treg via the PD-1/
PD-L1 axis.®® Moreover, antigen targeting to pDCs via Siglec-H
inhibits Th cell-dependent immunity.”’ Our published data
showed that the administration of CpG increased SiglecH
expression on pDCs recruited to the lung of tumor-bearing
mice, further supporting their implication in the inhibition of
Th cell expansion.”

In addition, pDCs activated by IL-3 and CD40 ligand
(CD40L) promote the differentiation of naive CD4" and CD8*
T cells into Th2 cells and anergic IL-10-producing CD8"
regulatory T cells, respectively.®® This state of anergy is mediated
by IL-10, either directly (by interaction with cytotoxic T
lymphocytes, CTLs) or indirectly (by inhibition of DCs).”
Because the tumor microenvironment is Th2-like, pDCs
participate in this scenario by further augmenting immune
suppression. Taken together, these effects may allow pDCs to
establish a reduced inflammatory pattern, but at the same time to
favor tumor progression/establishment, as observed in asthma,**
virus infection® and cigarette smoke exposure.*®

To note, the aforementioned studies describe the role of
pDCs which are not activated by a specific stimulus. Therefore,
the discrepancy about pDC’s role in cancer may rely on the
stimulation/activation of pDCs. In support, the activation of
pDCs via Imiquimod or CpG results in tumor regression.”*>

It seems obvious then that the activation of pDCs at the tumor
site is a limiting step in tumor regression (Fig.2).

pDCs and Cancer Imnmunotherapy

Until now, cancer immunotherapy has been focused primarily
on DCs ability to enhance T-cell responses. This has been the
grounds for many of the anti-cancer vaccines,*® which are based
on the injection of TLR ligands and on tumor-derived antigens
to increase the adaptive immune response. One example is
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CpG-ODN, which induced anti-tumor activity because it
increased the number of activated pDCs at the vaccine site in
Similarly, imiquimod-activated pDCs
favored tumor regression due to their killing activity in a mouse
model of skin cancer.”> However, several studies have found

melanoma models.>

that tumor-derived pDCs are in their tolerogenic or inactive
phenotype due to the tumor microenvironment. In the absence of
a specific stimulus, pDCs facilitate tumor progression.

The recruitment of pDCs into the tumor site is due to the
chronic latent inflammation. However, the activation of these
cells depends on the type of tumor, and given that pDCs act
differently depending on the microenvironment they encounter,
it is very important to understand the role of endogenous
stimuli that might activate pDCs allowing a Thl and T cyto-
toxic polarization or in an opposite way, a Th2 and/or suppres-
sive immunity. pDCs are activated by nucleic acids. It was
postulated that DNA deriving from dying tumor cells can bind
to LL-37, the endogenous protein that facilitates the recognition
of sel-DNA to TLR9.” Indeed, the exogenous administration
of LL-37 into the tumor site was considered as a potential
anti-tumor agent because it can activate pDCs.*>”® However, an
immuno-suppressive environment can condition the pDC
phenotype resulting in tumor outgrowth. In breast cancer and
advanced stage ovarian cancer,”’ large numbers of pDCs are
correlated with malignancy progression. In these latter cases
pDCs induced IL-10-producing Treg and expressed high levels
of IDO (Fig. 2).

The inhibitory immune activity of pDCs could be due to the
absence of an appropriate stimulus in the tumor microenviron-
ment, but may also be actively sustained by the production of
inhibitory factors such as TGFB, VEGF and IL-10."" Angiogene-
sis is crucial for tumor growth because cancerous cells need
oxygen and nutrients to proliferate. Indeed, pDCs may play a
role in tumor angiogenesis as pDCs produce TNFo and CXCLS,
both of which are implicated in angiogenesis.”> On the other
hand, the activation of pDCs in some models is essential to
become tumor-killing cells, however the mechanism by which
tumor-associated pDCs can circumvent the suppressive environ-
ment and switch from inactive toward an active anti-tumor
phenotype is still unknown.

pDCs are largely known for their anti-viral activity and induc-
tion of adaptive immunity, which significantly differs from their
activity in tumors. This is largely due to viral elements that
activate innate immune cells via TLR-dependent pathways.®” In
contrast, tumors, which derive from host tissues, are incapable of
activating innate immune cells. Therefore, the main hypothesis
for the anti-tumor activity of pDCs was based on the activation
of pDCs by TLR ligands resulting in an enhanced inflammatory
cascade that improved T-cell immunity and recruitment to the
tumor site. Once pDCs traffick into the tumor microenviron-
ment, they interact with tumor cells and/or immune cells so that
their capability to produce high amounts of Type I IFN is
apparently blocked and immune-suppression prevails. Instead,
when properly activated by TLR ligands, pDCs might provide
abundant Type I IFN to induce the activation of surrounding
innate and adaptive immune cells. Although the latter evidence
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Figure 2. pDCs can favor both tumor progression and tumor regression. The mechanisms that allow tumor cell proliferation are due to the induction of a
Th2-like microenvironment, activation of Treg via CTLA4/CD80 or CD86, and IL-10 production that can modulate the immune fate of cytotoxic
lymphocytes, such as CD8* T cells. Tumor regression is achieved by Type | IFN dependent and independent activation of DCs, NK cells and B cells while

is still limited to melanoma models, it could prove of potential
therapeutic value for other malignancies.

The capacity to recognize tumor antigens could be a decisive
strategy for immunotherapy. Antigen-pulsed pDCs can stimulate
specific primary and memory autologous CD4" and CD8" T-cell
immune responses in vitro®' and prime functional T-cell
responses in vivo as shown after vaccination of mice with CpG
or virus-activated pDCs.”> The use of autologous pDCs for cancer
immunotherapy is difficult because of the scarcity of these cells
in the circulation and the possible functional alterations of pDCs
harvested from tumor-bearing patients. Aspord et al., proposed
that pDCs loaded with melanoma-derived peptides (MelA,
GP100, TYR and MAGE-3) primed T cells which showed an
efficient killing activity of tumor cells.”” This is an interesting
immunotherapeutic strategy to fight cancer, however the concept
of pDCs as APCs still needs to be clarified and the role of the
tumor microenvironment on the pDC phenotype should be taken
into account. Aspord et al., assumed that pDCs cross-present
antigens more rapidly than do mDCs.”> However, the difference
in using mDCs or pDCs in cancer vaccination or immunotherapy
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still remains to be elucidated. It is not clear what would be the
benefit to use one or the other type of DCs to prime T cells
against tumor cells. Indeed, an interesting study proved that the
immunizations with a mixture of matured pDCs and mDCs
resulted in increased levels of antigen-specific CD8" T cells and
enhanced antitumor response compared with immunization with
each DCs subset alone.”* Moreover, Kalb et al.,** and Drobits
et al.,”® found a killing activity of pDCs on melanoma cells that
was dependent on TRAIL and Type I IFN. It is to note though
that these effects were investigated on melanoma cells that,
compared with other models of cancerous cells, were more
susceptible to pDC-derived killing activity, even independently of
the adaptive immunity. In addition, intratumoral stimulation of
pDCs with TLR7 and TLRY agonists has been successfully used
in the clinic to treat basal cell carcinoma.”” So far no killing
activity of pDCs has been proven on other cancerous cells other
than melanoma cells. Thus properly activated pDCs are endowed
with anti-tumor activity, but the tumor microenvironment
represents the limiting step that subverts the potential therapeutic
use of pDC activity in cancer.”!
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In conclusion, a potential anti-tumor strategy will be
developed only after understanding the biology of pDCs.
Importantly, it will be necessary to understand the correlation
between
Moreover, their phenotype plays a pivotal role at inducing
cytotoxic or immune suppressive pathways. Once the role of

the  prognosis and

tumor-associated

possibilities.

pDCs.

these cells in the different types of tumors is recognized, it

will be possible to develop a potential anti-tumor therapeutic

strategy based on one hand on the eliminaton of pDCs
from the tumor masses, or on the other hand to potentiate
their activity as tumor killing cells. Thus, the study of pDC
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