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A B S T R A C T

Plasmacytoid dendritic cells (pDCs) correspond to a specialized dendritic cell population that exhibit
plasma cell morphology, express CD4, CD123, HLA-DR, blood-derived dendritic cell antigen-2 (BDCA-2),
and Toll-like receptor (TLR)7 and TLR9 within endosomal compartments. Through their production of
type I interferons (IFNs) and other pro-inflammatory cytokines, pDCs provide anti-viral resistance and
link the innate and adaptive immunity by controlling the function of myeloid DCs, lymphocytes, and
natural killer (NK) cells. While lacking from normal skin, pDCs are usually recruited to the skin in several
cutaneous pathologies where they appear to be involved in the pathogenesis of several infectious,
inflammatory/autoimmune, and neoplastic entities. Among the latter group, pDCs have the potential to
induce anti-tumour immunity; however, the complex interaction of pDCs with tumor cells and their
micro-environment appears to contribute to immunologic tolerance. In this review, we aim at
highlighting the role played by pDCs in cutaneous malignancies with special emphasis on the underlying
mechanisms.

ã 2016 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.
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1. Introduction

Plasmacytoid dendritic cells (pDCs) are unique DCs that are
being extensively studied in recent years. They exhibit plasma cell
morphology and express CD4, HLA-DR, CD123, blood-derived
dendritic cell antigen-2 (BDCA-2), and Toll-like receptor (TLR)7
and TLR9 within endosomal compartments. They contribute to
innate immunity by sensing nucleic acids via TLR7 and TLR9. Upon
TLR7/9 triggering, pDCs become activated leading to the produc-
tion of large amounts of type I interferons (IFNs) [1,2]. In fact, pDCs
are the most potent type I IFN producers, secreting up to 1000
times more IFNa/IFNb than other cell types [3–6]. Signalling
through a common receptor (IFN-a/bR), type I IFNs usually induce
the expression of multiple genes through a complex process that
involves different pathways that mainly lead to an antiviral state
[7–9]. pDCs also produce pro-inflammatory cytokines including
interleukin (IL)-6 and tumor necrosis factor (TNF)-a which, along
with type I IFNs, contribute to the regulation of other immune cell
function such as myloid DCs, T, B, plasma and natural killer (NK)
cells [1,2,10].

While lacking from normal skin, pDCs are recruited to the skin
in wound healing and several pathologies such as infectious,
inflammatory, and neoplastic entities [3,5,6,11–15]. In this review,
we present the available evidence on pDCs’ role in cutaneous
malignancies.

2. pDC characteristics and identification

pDC develop from bone marrow hematopoietic stem cells.
Mouse pDCs differentiate from common DC progenitors or
lymphoid-primed multipotent progenitors [16], while human
pDCs’ intermediate progenitor cell stages have not been identified
yet. pDC development depends on multiple factors such as
transcription factor Spi-B expression [17], Flt3 ligand [18,19],
and the basic helix-loop-helix protein E2-2 [20,21].

The most important characteristic of pDCs is their extraordinary
ability to secret type I IFNs following TLR7/9 activation [1,3–6]. TLR
are pattern recognition receptors that respond to pathogen-
associated molecular patterns [22,23]. TLR7 interacts with
guanosine- or uridine-rich single-stranded RNA (ssRNA) from
viruses, the synthetic imidazoquinoline compounds and guanosine
Fig. 1. pDC role in tumor inhibition and tolerance. A. pDC activation by TLR 7 and/or 9 a
cytokines as well as expression of costimulatory molecules such as CD80, CD83 and CD86
I IFN) tumoricidal activities. B. Mechanisms of tumour-associated pDC contribution to im
pathways) of immature pDCs (lack costimulatory molecule expression), lack of pDC activ
or pDC-secreted immunosuppressive cytokines such as IL10), alternate pDC activation (su
pDC tolerance promotion by activating Tregs (through ICOSL/ICOS interaction and indo
analogues [5,23], while TLR9 detects ssDNA molecules that contain
unmethylated CpG-containing motifs commonly found in viral
genomes [5,23]. TLR activation induces multiple signaling path-
ways including adaptor molecule MyD88 (myeloid differentiation
primary responsive gene 88). The latter recruits signaling
mediators to activate the transcription factor nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB) and
IFN-regulatory factors (IRFs) [1,5]. These ultimately induce
transcription of genes encoding immunomodulatory and proin-
flammatory molecules [24].

pDCs function as antigen presenting cells remains to be
controversial. Immature mouse pDCs are able to take up soluble
antigen though less efficient than conventional DCs [25]. At least in
vitro, human pDCs have been shown to be able to internalize,
process, and present antigen to CD8+ and CD4+ T cells [26,27].
pDCs appear to have an efficient machinery that allows cross-
presentation to CD8+ T cells [27,28].

Concerning their identification, pDCs are lineage negative,
CD11c�, IL-3 receptor a chain (CD123)+, HLA-DR+ and CD4+ cells.
Specific pDC markers include BDCA-2 and BDCA-4 [1,3–6,29].
Human pDCs also express cell surface receptors that allow counter-
regulation of TLR7/9 signaling in order to prevent ongoing cytokine
production. In addition to C-type lectin BDCA2, these receptors
include Ig-like transcript 7 (ILT7), DC immunoreceptor, NK protein
44, adenosine diphosphate P2Y receptors, and PGE2 receptors
[5,29,30].

3. pDCs and malignancy

On one hand, pDCs can exert their anti-tumor effect through
type I IFN production and the subsequent activation of cytotoxic T
and NK cells [6,31,32]. In one study, in vitro functional assessment
of pDC present at the periphery of melanomas showed that these
pDCs are capable of initiating a Th1 response with proliferation of
CD8+ T cells specifically directed against melanoma cells [31]. In
another study evaluating pDC role in melanoma regression, it was
shown that the initiation of the immune response leading to
tumour regression could be linked to pDC presence and their
secretion of IFN-a, which induced IP-10 expression and the
subsequent recruitment of cytotoxic T cells [32]. On the other hand,
pDCs have the potential for direct cytotoxic killing of susceptible
gonists leads to MyD88-dependent production of type I IFNs and pro-inflammatory
. pDCs have direct (granzyme B and TRAIL) and indirect (activation of NK cells by type
munologic tolerance include recruitment (through CCR6/CCL20 and CXCR12/CXCR4
ation, active suppression of type I IFN production by pDCs (by BST2- ILT7 interaction
ch as through LAG-3+ pDC interaction interaction with HLA-DR+ tumor cells), and/or
leamine 2,3-dioxygenase) and expressing anti-inflammatory cytokines.
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target cells including transformed cancer cells, similar to cytotoxic
CD8 T lymphocytes (CTLs) and NK cells (Fig. 1A) [6,33–37]. Current
evidence suggests that pDC tumoricidal capacity is independent of
adaptive immunity, but rather implicates TNF-related apoptosis-
inducing ligand (TRAIL) and granzyme B (GZMB) [33–37]. pDC
cytotoxicity in a GZMB-dependent manner is currently the subject
of continuing research. One study reported pDC upregulation of
GZMB in response to IL-3 [33]. In another study, human pDCs
activated with tick-borne encephalitis virus FSME preventative
vaccine were shown to upregulate CD56, programmed death-
ligand 1 (PD-L1), GZMB and TRAIL, allowing them to acquire
tumoricidal ability to lyse cells in contact-dependent manner [34].
As for TRAIL-dependent apoptotic component of pDC tumoricidal
ability, several studies have shown that TRAIL-positive pDCs are
recruited upon the application of TLR-7 (such as imiquimod) and/
or TLR-9 agonists for the treatment of skin cancers such as basal
cell carcinoma (BCC) and melanoma and the pDC-mediated
tumour killing was shown to be mediated via a TRAIL and contact
dependent manner [35–37].

However, the complex interaction of pDCs with tumor cells and
their micro-environment appears to contribute to immunologic
tolerance rather than anti-tumour effect (Fig. 1B) [2,3,6,15]. This is
supported by the demonstration that pDC recruitment into tumor
tissue is associated with a poorer prognosis and disease progres-
sion in several cancer types including melanoma, ovarian and
breast cancers [2,3,6]. Although not completely understood,
several mechanisms have been uncovered to explain tumor-
associated pDC contribution to immune tolerance in different
cancers including recruitment of immature pDCs, lack of pDC
activation, active suppression of type I IFN production by pDCs,
alternate pDC activation which bypasses type I IFN production,
and/or pDC tolerance promotion by activating T-regulatory cells
(Tregs) and expressing anti-inflammatory cytokines.
Fig. 2. A. Melanoma. H&E x10 B. BDCA2 immunostaining highlights numerous pDCs adm
D. MxA immunostaining shows minimal staining in the epithelia and inflammatory ce
3.1. Melanoma and pDCs

Despite being highly immunogenic solid tumors, cutaneous
melanoma development and progression is related to its ability to
evade immunosurveillance. pDCs are emerging as immune cells
with intriguing role in melanoma. Similar to other tumors [31,38–
43], pDC in melanoma have been shown to be recruited to tumor
site and sentinel lymph nodes (Fig. 2) [44], and pDC infiltration has
been associated with early relapse and poor prognosis [43,44]. In
one study, pDC infiltration was strongly associated with primary
melanoma cell expression of activated signal transducer and
activator of transcription (STAT3), which is constitutively
expressed in cancer and thought to be a significant mediator of
tumor-induced immunosuppression [44]. While lacking in mel-
anocytic nevi, pDCs have been identified in both primary
melanoma and in melanoma metastases mainly in clusters around
blood vessels and in close contact with tumor cells [41,42]. In the
context of melanoma, pDCs, on one hand, can display direct
cytotoxic activity against tumor cells through lysozyme secretion
[45] or TRAIL expression [46] and can prime functional immune
responses [38,47,48], which upon pDC activation, potentially leads
to melanoma tumor control [49–52]. However, functional alter-
ations of pDCs in melanoma have been identified leading to
immune tolerance induction and tumor progression. Although not
completely clear, several mechanisms have been uncovered to
explain tumor-associated pDC dysfunction in melanoma including
recruitment of immature pDCs (characterized by the lack of
expression of costimulatory molecules and tumour secretion of
immunosuppressive factors) [41], lack of pDC activation [41], pDC
tolerance promotion by activating Tregs and expressing anti-
inflammatory cytokines (such as IL-13) [13,44,53–60], active
suppression of type I IFN production by pDCs [41,61–65], and
alternate pDC activation which bypasses type I IFN production
[66].
ixed with band-like inflammatory host infiltrate. C. Close-up view of BDCA-2+ pDCs.
lls indicative of decreased type I IFN production.
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In both patients with melanoma and melanoma-bearing
Humice (humanized mouse model), pDCs have been shown to
rapidly accumulate at cutaneous tumor site and invade sentinel
lymph nodes [38,40–42,44]. pDC recruitment from blood to tumor
site has been shown to be mediated through the CCR6/CCL20
(chemokine receptor 6/chemokine ligand 20) pathway and stromal
cell-derived factor 1 (SDF1) produced by tumors or peritumoral
cells (interacts with CXCR4) [40,43]. However, tumour-associated
pDCs have been shown to be immature as they lack expression of
costimulatory molecules such as CD80, CD83 and CD86 [41].

Upon exposure to CCL17, CCL22 and matrix metalloproteinase 2
(MMP2) that are produced in tumor microenvironment, pDCs
express inducible T-cell co-stimulator ligand (ICOSL) and tumor
necrosis factor (ligand) superfamily member 4 (also known as
OX40L) [44]. High expression of ICOSL by pDCs has been shown to
selectively trigger the expansion of a subset of ICOS+ FoxP3+ T
regulatory cells (Tregs) that secret IL-10 [13,44,53–55]. These have
been detected in close proximity to pDCs and their number
correlates directly with pDCs [56,57]. On the other hand, increased
OX40L expression by pDCs contributes to establishing of a pro-
inflammatory TH2 CD4+ and CD8+ T cell state leading to the
secretion of IL-5, IL-13 and TNF-a. pDC-primed Tregs and TH2 cells
may then be recruited to the tumor microenvironment by CCL17
and CCL22, where they allow malignant cells to evade immuno-
surveillance.

Another mechanism for Tregs expansion by pDCs has been
described in a model of murine melanoma. pDCs expressing
indoleamine 2,3-dioxygenase (IDO), which is a an immunosup-
pressive intracellular enzyme that initiates tryptophan catabolism
and regulates adaptive immune responses, were shown to directly
activate CD4+CD25+Foxp3+ Tregs via PD-L1-PD-1 costimulation
[58]. Recently, IDO expression in primary melanoma or sentinel
lymph node was shown to be an independent negative prognostic
effect on overall and relapse-free survival [59,60].

Type I IFNs (especially IFN-a), the main source of which are
pDCs, have significant anti-neoplastic functions. They can inhibit
tumor growth and differentiation and inhibit angiogenesis through
multiple pathways such as induction of G0/G1 arrest, suppression
of Rb phosphorylation, and down-regulation of G1 cyclins and
cyclin A [61]. IFN-a can also induce CLA expression on CTLs,
increasing their mobilization to the skin. However, myxovirus
resistance protein 1 (MxA) tissue expression, which is considered
to be a surrogate marker of local tissue type 1 IFN production [62],
was shown to be minimal in melanomas (Fig. 2C) [41]. Thus, a
defect in IFN production lies in its secretion or the tumor has
inhibitory effects limiting its activity [41]. IL-10, in addition to
other immunosuppressive cytokines such as PGE2 and trans-
forming growth factor-b (TGF-b) that are produced by tumor cells,
inhibit TLR and IRF7 expression in pDCs and thus directly suppress
their type I IFN production [63].

Melanoma-mediated suppression of type I IFN production by
pDCs has also been shown to be achieved by other mechanisms. In
addition to its role in initiating cancer tissue invasion, Wnt5a
(Wingless-Type MMTV Integration Site Family, Member 5A), which
is highly expressed by melanoma cells, has been shown to inhibit
CpG oligodeoxynucleotide-mediated pDC activation and subse-
quently type I IFN production [64]. ILT7 is a cell-surface receptor
that is specifically expressed by pDCs and normally inhibits type I
IFN production [65]. This may physiologically represent an
important negative feedback mechanism for preventing prolonged
IFN production after viral infection. In contrast, constitutive
expression of transmembrane protein BST2, which interacts with
ILT7, by cancers including melanomas may inhibit TLR-mediated
type I IFN production by pDCs [65].

Furthermore, alternate pDC maturation by tumor cells has been
shown to be another mechanism by which melanomas are able to
induce immunosuppression. Recently, a subset of pDCs expressing
lymphocyte activation gene-3 (LAG-3), which is a CD4-related
costimulatory receptor that binds major histocompatibility com-
plex class II (MHCII) has been identified [66]. These LAG-3+ pDCs
were found to infiltrate melanomas and, upon interaction with
HLA-DR+ melanoma cells, are TLR-independently stimulated to
mature into a partially activated phenotype with enhanced IL-6
production and limited type I IFNs. pDC-derived IL-6 may then
induce monocyte production of CCL2, which is a key chemokine in
recruiting myeloid-derived suppressor cells to tumor site.

3.2. Non-melanoma skin cancers and pDCs

Compared to melanoma, much less evidence exists on the role
of pDCs in non-melanoma skin cancers including cutaneous
squamous cell carcinoma (SCC) and its precursor lesions, as well as
BCC. pDCs have been shown to be a component of the peri-
neoplastic inflammatory infiltrate in SCC [11,67]. Comparing SCC in
immune-competent patients to SCC in organ transplant recipients
(OTR), one study showed that CD123+ pDCs were detected in
significantly higher proportion in immune-competent patients
[67]. These pDCs were also more abundant in invasive lesions and
seemed to be involved in halting the detrimental progression from
in situ to invasive SCC. This would explain the higher risk
experienced by OTR to aggressive SCC [67]. In another study
comparing SCC to keratoacanthoma (KA) [11], we demonstrated
pDCs to be significantly less abundant with less cluster formation
and less infiltration of neoplastic epithelium in SCC than in KA.
MxA expression was also significantly lower in SCC than in KA.
Compared to SCC, pDCs have been detected in comparable
numbers in intraepithelial carcinomas (Fig. 3) [68]. Another study
showed that BDCA-2+ pDCs infiltrated AK lesions; however, the
number of pDCs was significantly higher after imiquimod
treatment than before treatment. Interestingly, the number of
BDCA-2+ cells inversely correlated with healing duration [69].

Similarly, CD123+ pDCs have been shown to infiltrate untreated
BCC lesions [70]. However, 2 weeks of topical imiquimod
application for BCC treatment resulted in the recruitment and
activation of massive amounts of pDCs which led to tumor-cell
apoptosis mediated by the TRAIL pathway [71]. Another study
showed that human BCCs are associated with the presence of CD4
+CD25+Foxp3+ Tregs around epithelial tumor aggregates and a Th2
dominant microenvironment as indicated by the increased
expression of IL-4, IL-10, CCL22 and IFN-associated genes.
Although immature DCs were also demonstrated in this study;
however, no direct association was made with the presence or
function of pDCs [72].

Finally, a recent study also demonstrated the presence of both
pDCs and CD4+ and CD8+ FOXP3+ Tregs as part of the inflammatory
infiltrate against Merkel cell carcinoma (MCC) [73]. pDCs can
induce formation of CD8+FOXP3+ Tregs [74], which have been
shown to express skin-homing addressin CLA, immunomodulatory
molecules such as intracellular CTLA-4 and GITR (glucocorticoid-
induced TNFR family related gene), and high levels of HLA-DR, a
marker for high suppressive capacity in humans [75].

3.3. Cutaneous lymphomas

3.3.1. Cutaneous B-cell lymphomas
Lately, the role of pDCs in cutaneous marginal zone B-cell

lymphoma (PCMZL) and other primary cutaneous B-cell lympho-
proliferative disorders has been investigated [76–78]. All (23 of 23
cases; 100%) PCMZL cases showed the presence of clusters of
CD123+ pDCs compared to only a minority of primary cutaneous
follicle center lymphoma (4 of 31; 13%) and none of 12 cases of
primary cutaneous diffuse large B-cell lymphoma, leg type [76]. In



Fig. 3. A. Squamous cell carcinoma in-situ. H&E x10 B. BDCA2 immunostaining highlights numerous pDCs admixed with the band-like inflammatory host infiltrate. C. Close-
up view of BDCA-2+ pDCs. D. MxA immunostaining shows intense and diffuse staining in the epithelia and inflammatory cells indicative of type I IFN production.
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PCMZL, pDC clusters were large and found close to monoclonal
plasma cells and T-cells. They were detected at high numbers in
early lesions and initial recurrences of PCMZL. In addition to
providing an adjunctive diagnostic marker for PCMZL, the authors
concluded that the presence of larger pDC clusters suggests a
pathogenetically relevant role of these cells in PCMZL. Based on
their findings, the authors hypothesized that all 3 cell types
present in PCMZL including pDCs, T-cells and stimulated B cells are
essential and indispensable tumor components and their intimate
interaction leads to PCMZL development [77].

Interestingly, 14 of 22 (64%) cases of cutaneous B-cell
pseudolymphoma (B-PSL) also exhibited pDC clusters, but these
were fewer and smaller than those encountered in PCMZL [76].
According to the authors, this finding supports the concept that
PCMZL and B-PSL may represent different evolutionary stages of an
antigen-driven immune response, which starts as a hyperreactive
still reversible process and, upon persistent antigenic stimulation,
progresses to a malignant lymphoma. Another study also
demonstrated the presence of pDCs in both B-PSL and PCMZL,
although the absolute pDC number was significantly less in PCMZL
than in B-PSL. However, pDCs constituted the predominant DC
subtype present in PCMZL [78]. Based on their results, the authors
hypothesized that pDCs may be involved in directly stimulating the
growth and differentiation of neoplastic lymphocytes while at the
same time damping down the anti-tumour host immune response.

3.3.2. Cutaneous T-cell lymphomas
Few studies have shown that the numbers of pDCs, in addition

to other DCs such as LCs and dermal DCs, were increased in lesional
skin of patients with mycosis fungoides (MF) and Sézary syndrome
compared with normal skin [79,80]. These BDCA-2+ pDCs, which
were mostly phenotypically immature [80], were irregularly
distributed throughout the dermal infiltrate and few were detected
in lower epidermis. However, the functional status of the pDCs and
its interaction with other types of immune cells was not assessed.

Similar to epithelial tumors such as BCC, it has been shown that
topical imiquimod application for CTCL resulted in increased pDC
cutaneous recruitment that correlated with increased expression
of IFN-inducible genes, strongly indicating pDC secretion of type I
IFNs [70].

4. Neoplasms derived from pDCs

There are two clinically and pathologically distinct forms of pDC
neoplasms. The first is described as mature pDC proliferation
associated with myeloid neoplasms, in which nodular aggregates
of clonally expanded pDCs occur in lymph nodes, skin, and bone
marrow [81]. This rare entity mainly affects males and is almost
invariably associated with a myeloid neoplasm such as chronic
myelomonocytic leukemia or other myeloid proliferations with
monocytic differentiation. The prognosis is usually poor due to the
evolution of the associated myeloid leukemia.

The second form is currently known as blastic pDC neoplasm
[82,83]. This rare highly aggressive tumor is derived from
immediate CD4+CD56+ precursors of pDCs. It is characterized by
distinctive skin and bone marrow tropism with a rapidly
progressive clinical course leading to systemic disease via
hematogenous dissemination. Often initially presents as cutane-
ous lesions with subsequent progression. Recurrent somatic
mutations have been uncovered in different genes with frequent
demonstration of deletions of tumor suppressor genes, including
RB1, CDKN1B, CDKN2A, and TP53. Triple-positive CD4+CD56
+CD123+ phenotype combined with negativity for lineage-specific
markers represents the minimum requirement for the diagnosis of
blastic pDC neoplasm. Though patients may respond to initial
chemotherapy, they often relapse. Stem cell transplantation may
improve survival.
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5. Conclusion

pDCs have the potential to contribute to anti-tumour immuni-
ty; however, accumulating evidence suggests that the complex
interaction of pDCs with tumor cells and their micro-environment
appears to contribute to immunologic tolerance. The current
understanding of the role of pDCs against cutaneous malignancies
has therapeutic implications. Developing agents or molecules that
boost the recruitment and activity of pDCs at the local skin level
may prove extremely important in the treatment of cutaneous
malignancies. The mechanism of action of imiquimod, which is a
TLR-7 agonist belonging to the imidazoquinoline amine deriva-
tives, has at least partially been shown to be related to its ability to
recruit and activate pDCs through its interaction with TLR-7 [84]. It
is currently FDA-approved for the treatment of superficial BCC and
anecdotally been shown to be effective in the treatment of AK,
SCCIS, and lentigo maligna [85–90]. However, more efforts should
be taken to identify more potent activators of pDCs which shall
help in the treatment of cutaneous malignancies.
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