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All cells possess signaling pathways designed to trigger antiviral responses, notably characterized by type I interferon (IFN) pro-
duction, upon recognition of invading viruses. Especially, host sensors recognize viral nucleic acids. Nonetheless, virtually all
viruses have evolved potent strategies that preclude host responses within the infected cells. The plasmacytoid dendritic cell
(pDC) is an immune cell type known as a robust type I IFN producer in response to viral infection. Evidence suggests that such
functionality of the pDCs participates in viral clearance. Nonetheless, their contribution, which is likely complex and varies de-
pending on the pathogen, is still enigmatic for many viruses. pDCs are not permissive to most viral infections, and consistently,
recent examples suggest that pDCs respond to immunostimulatory viral RNA transferred via noninfectious and/or noncanoni-
cal viral/cellular carriers. Therefore, the pDC response likely bypasses innate signaling blockages induced by virus within in-
fected cells. Importantly, the requirement for cell-cell contact is increasingly recognized as a hallmark of the pDC-mediated anti-
viral state, triggered by evolutionarily divergent RNA viruses.

The innate immune response represents the first line of defense
against many pathogens. This response is initiated by the rec-

ognition of pathogen-associated molecular patterns (PAMPs) by
cellular pathogen recognition receptors (PRRs), including Toll-
like receptors (TLRs). This leads to the production of antiviral
molecules, including interferons (IFNs), a broad range of interfer-
on-stimulated genes (ISGs), and inflammatory cytokines. This
first line of host response suppresses viral spread and jump-starts
the adaptive immune response.

Dendritic cells (DCs) serve as unique immune sentinels, sur-
veying tissues, sensing infection and inflammation, sampling po-
tential antigens, integrating these peripheral cues, and instructing
both the innate and the adaptive immune system accordingly.
Through this array of specialized functions, DCs orchestrate pow-
erful pathogen-directed immunity and are pivotal in the regula-
tion of viral pathogenesis. Different DC subsets respond in unique
and specialized fashions to orchestrate antiviral responses. Among
these, plasmacytoid dendritic cells (pDCs) are key players in the
early antiviral responses, notably by their ability to produce a large
amount of type I IFN (IFN-� and IFN-�) (i.e., 1,000-fold more
than other cell types) and type III IFN (IFN-�/interleukin-28 [IL-
28]/IL-29) (reviewed in reference 1). Their response is rapid and
triggered mainly by the endosomal sensors TLR7 and TLR9,
which recognize viral nucleic acids (RNA and DNA, respectively).

The type I IFN response induced by pDCs is thought to be a key
part of their role in the resolution of viral infections (1), especially
at the acute phase. Direct evidence is still limited in human stud-
ies; nevertheless, an association between the resolution of viral
infections and pDC functionality has been reported for certain
viruses. For example, pDCs from elite controllers, a subset of hu-
man immunodeficiency virus type 1 (HIV-1)-infected patients
who sustain undetectable viral loads in the absence of therapy,
were found to induce notably greater production of IFN-� than
pDCs from viremic patients (2). Similarly, a study conducted on
dengue virus (DENV)-infected patients showed that the number
of circulating pDCs and their attendant IFN responses were in-
versely associated with viral load and disease severity (3). Studies
using mouse models also provide evidence for the role of pDCs in
the clearance of viral infections (1). For example, the depletion of
pDCs revealed that they are central for early IFN-� production in

response to several systemic viral infections, as first reported for
mouse hepatitis virus (MHV) (4) and later for, e.g., lymphocytic
choriomeningitis virus (LCMV), respiratory syncytial virus
(RSV), and herpes simplex virus 1/2 (HSV-1/2) (1, 5–8). Impor-
tantly, pDCs promoted virus control and host survival in some of
these models (5, 6, 8).

This Gem highlights the current working models for the acti-
vation of an antiviral state by pDCs via cell-cell contacts with
infected cells. We also discuss how the pDC response contributes
to the control of viral infections, likely, at least in part, via their
ability to produce large amounts of IFN-�.

pDC ACTIVATION BY CELL-CELL CONTACT WITH VIRUS-
INFECTED CELLS

Recent studies revealed that pDCs sense viral infections when in
physical contact with infected cells (reviewed in reference 9). This
previously unsuspected feature of innate sensing is increasingly
recognized as a hallmark of the pDC-mediated antiviral state, trig-
gered by evolutionarily distant RNA viruses (i.e., Flaviviridae, Pi-
cornaviridae, Arenaviridae, and Retroviridae) and likely DNA vi-
ruses as well (9). Recently, we further revealed that key elements
polarize at the contact point between pDCs and cells infected by
DENV (i.e., surface glycoproteins and the actin cytoskeleton) (10)
(Fig. 1). In this viral model, the actin network may act as a struc-
tural platform for the concentration of PAMP carriers at the con-
tact and thereby for their efficient transmission to the pDCs, lead-
ing to TLR7-mediated activation of the IFN response (10). One
might speculate that polarization of cellular components at the
contacts is a primary feature of the pDC functionality to ensure an
efficient antiviral response.
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The activation of pDCs often involves clathrin-mediated en-
docytosis of secreted PAMPs, reflecting the involvement of a ves-
icle-mediated cell-to-cell transfer of the viral RNA to the pDCs
(9). This cell type is known to be resistant to most viral infections,
likely because they constitutively express interferon regulatory
factor 7 (IRF7), a transcription factor downstream of TLRs, and
rapidly produce large amounts of IFNs (1, 9). In accordance, re-
cent reports highlighted that productive infection is dispensable
for pDC activation (9). Importantly, the immunostimulatory
RNA can be carried from infected cells to the pDCs by noncanoni-
cal and/or noninfectious viral particles. Notably, for evolution-
arily distant viruses, including hepatitis C virus (HCV), LCMV,
and hepatitis A virus (HAV), infected cells secrete exosome-like
vesicles containing viral elements that efficiently trigger pDC IFN
production (11–13). HCV-infected cells produce these vesicles via
the cellular exosomal pathway and without the requirement of
viral structural proteins (12). This process is presumably similar
for LCMV (13). While HAV was originally classified as a nonen-
veloped virus, recent work demonstrated that viral capsids con-
taining HAV genomes can acquire cell membranes via the exo-
somal pathway and are thus identified as an enveloped form of
HAV (eHAV) (14). This form of viral particles may have evolved
to evade the humoral immune response by preventing the recog-
nition of viral structural components by neutralizing antibodies
(14). Nonetheless, on the downside, this vesicular form of HAV is
also an efficient PAMP carrier for the activation of the pDC re-
sponse (11). For these various viruses, the exosomal transfer of
the immunostimulatory RNA to pDC commonly requires cell-
cell contact with infected cells (11–13). Importantly, we recently

illustrated that the cell-cell sensing of infected cells by pDC might
involve other types of PAMP carriers. The activation of pDCs by
DENV-infected cells is mediated by noninfectious viral particles
that nevertheless contain the envelope viral proteins at their sur-
face (10). For many viruses, it is known that infected cells release a
large proportion of viral particles that expose uncleaved envelope
viral proteins and that are thus noninfectious (15). Especially,
DENV-infected cells release vast amounts of noninfectious parti-
cles, called immature particles, that can bind to the cell surface but
are not competent for membrane fusion. Importantly, DENV-
infected cells impaired in the production of immature particles are
poor inducers of the pDC response, suggesting that immature
particles are the carriers of PAMPs to pDCs (10). Since PAMP
recognition by TLR7 is known to occur in the endolysosome com-
partment, it is tempting to speculate that the immature virions
(i.e., those incompetent for membrane fusion) are likely re-
tained in this TLR7-containing endolysosome compartment,
resulting in a potent TLR7-mediated IFN response by the
pDCs, as opposed to mature particles, which likely escape TLR7
recognition by membrane fusion (10) (Fig. 1B).

Interestingly, these examples revealed that aspects of the mo-
lecular basis of the transfer of PAMPs to pDCs differ from aspects
of the known transmission of viral infectivity. The identification
of the underlying mechanisms, including attachment to the cell
surface of the PAMP carriers, is thus of great interest. Indirect
evidence suggested that pDC activation by eHAV involves phos-
phatidylserine (PS), a lipid present in the membranes of exo-
somes, which might be recognized by a PS receptor expressed by
the pDCs (11). In the context of HIV, pDC activation involves the

FIG 1 Model of pDC activation by cell-cell contact with infected cells. (A) pDCs sense cells infected by evolutionarily distant viruses via physical contact with
infected cells, thus representing a primary feature of pDC activation. Immunostimulatory viral RNAs are transmitted via various carriers, including exosome and
immature virus, leading to robust production of type I IFN and other cytokines, likely modulated by the microenvironment and pDC differentiation state. (B)
In the context of DENV-infected cells, pDCs are activated via immature particles, and the actin network acts as a structural platform at the cell-cell contact for
efficient transmission of the PAMP carriers.
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viral envelope glycoproteins (16), in accordance with the modu-
lation of pDC activation by its receptor, CD4 (17). These examples
illustrate the existence of different modes of PAMP carrier trans-
mission from infected cells to pDCs. Nonetheless, as the require-
ment for cell-cell contact with infected cells is a widespread feature
of pDC activation observed for evolutionarily distant viruses and
in different species (i.e., humans, mice, and pigs [9]), one might
speculate that the establishment of these contacts is a primary
functionality of the pDCs that likely involve similar cellular ma-
chinery and/or surface molecules for the sensing of cells infected
by different viruses.

IN VIVO FUNCTIONS OF pDC, A MASTER IFN-PRODUCING
CELL TYPE

The regulatory functions of pDCs are likely varied and complex,
notably as a reflection of the myriad of immune responses con-
trolled by their main effector, type I IFN, including, e.g., the acti-
vation of T cells and natural killer (NK) cells and maturation of
antigen-presenting cells (1). For example, studies using a mouse
model genetically modified for specific depletion of pDCs re-
vealed that pDCs regulate the anti-LCMV helper T cell responses,
which critically depend on the regulation of CD4� T cell function
by type I IFNs (6). pDCs also respond in an additional fashion(s)
to viral infections, including through the secretion of other pro-
inflammatory cytokines, e.g., tumor necrosis factor alpha (TNF-
�), interleukin-6 (IL-6), and IL-8. Nonetheless, the importance of
those cytokine secretions relative to the production of type I IFNs
on the pDC-mediated modulation of the immunity is still elusive
and likely depends on the type and stage of infection.

Furthermore, recent evidence illustrates the dynamics of pDC
responsiveness during the course of viral infection. For example,
in a macaque model of simian immunodeficiency virus (SIV) in-
fection, IFN-� production is temporally related to pDC activa-
tion, with IFN-� induction detected only in pDCs, indicating that
pDCs are the main IFN-� producer at early stages of SIV infection
(18). Nonetheless, at the acute- to chronic-phase transition, the
pDC response vanishes, likely due to the renewal of pDC precur-
sors with limited IFN production ability (18). Additionally, one
might speculate that the microenvironment also modulates pDC
responsiveness in the course of viral infections (Fig. 1A).

FUTURE DIRECTIONS

The concept that type I IFNs are antiviral per se has been chal-
lenged, as recent evidence implied that prolonged type I IFN se-
cretion can suppress the immune system, therefore promoting
viral persistence (19, 20). For instance, in a mouse model of
chronic LCMV infection, long-term type I IFN-mediated immu-
nosuppression was found to be associated with the induction of
inhibitory signals that switch the antiviral regulation by type I
IFNs during the acute phase of infection to a proviral function at
the chronic stage (19, 20). Thus, the regulatory functions of the
pDCs in viral infection, notably via the ability to produce type I
IFNs, are likely highly complex.

Systemic and massive production of IFNs and inflammatory
cytokines is known to be detrimental to the host in different
contexts, as they correlate with many systemic homeostatic dys-
functions, including tissue damage and increased vascular perme-
ability (e.g., via TNF-� in the context of DENV) (21). Impor-
tantly, recent in vitro studies uncovered that pDCs produce large
amounts of type I IFNs only when in physical contact with cells

infected by different viruses (9). Therefore, one might speculate
that cell-cell contact as a primary requirement for pDC activation
evolved in favor of the host’s fitness to locally respond at the in-
fected sites and thereby to thwart the otherwise harmful systemic
IFN and inflammatory responses.

Recent works uncovered a compartmentalization in different
organs of pDC subsets with varied abilities to produce IFNs (7,
22). Furthermore, pDC precursors mobilized in the course of viral
infection can be less competent for IFN production than circulat-
ing pDCs (18). Therefore, the control of viral infections by pDC
IFN responses may be modulated by the local environment and/or
the route of infection. In this regard, in a mouse model of HSV-1
infection, pDCs contribute primarily to the induction of the type
I IFN response and host survival in systemic infections, compared
to local vaginal infections (7), yet the determinant(s) for such a
difference is still elusive. It is thus conceivable that the response of
pDCs to contact with virally infected cells might be greatly regu-
lated by the local microenvironment, the route of infection,
and/or the pDC differentiation/maturation state.

This newly uncovered regulation of the innate immunity via
cell-cell contact might feature similarities with other types of cell-
cell communications, including virological and immunological
synapses (IS) that serve as platforms for viral transmission and
activation of adaptive immunity, respectively. Interestingly, the
first insights on the structure present at the contacts between
pDCs and virus-infected cells highlighted a local accumulation of
the actin network (10), a hallmark of previously described syn-
apses (23). As the pDCs can establish IS in the context of antigen
presentation (24), one might hypothesize that the structural com-
ponents involved in this synapse can also be mobilized and/or
reused by the pDCs to establish contact and sense virus-infected
cells. Further work will decipher how pDCs establish functional
contacts leading to potent innate responses, thus potentially rep-
resenting an “innate immunological synapse.”
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