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Purpose of review

Two main pillars are implicated in nasal polyposis development: a severe imbalance in immunomodulation
and a mechanical dysfunction because of an abnormal remodeling process. Dendritic cells play a crucial
role in the link between innate and adaptive immune response and orchestrating the T-cell response and
are implicated in the severe inflammatory process found in nasal polypoid tissue. This review summarizes
the existent knowledge about dendritic cells in nasal polyposis.

Recent findings

Dendritic cells are found increased in nasal polyposis, regardless of subset. Of interest, plasmacytoid
dendritic cells are decreased in patients with a more severe Th2 profile, suggesting an important role of the
cytokines milieu in their functional response or that plasmacytoid dendritic cell could act mitigating the
inflamed process found in polypoid tissue.

Summary

Understanding the dendritic cell subset expression in different environments, as well as the effect of these
subsets on T-cell differentiation will greatly improve the development of new therapies in nasal polyposis.
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INTRODUCTION

Dendritic cells are among the most enigmatic cells of
the immune system. Two unique properties make
these cells pivotal for the development of immunity:
their bridging role, connecting the innate and adap-
tive immune responses, and their bimodal immuno-
modulation property, shaping adaptive response, or
induction of immune tolerance.

Dendritic cells are also among the most potent
antigen-presenting cells, and thus play crucial roles
in innate and adaptive immune response (pathogen
recognition and regulation of T cell-mediated
response type, respectively) [1].

Although these cells share phenotypic and func-
tional features that distinguish them from other
leukocytes, they can follow several pathways of
differentiation and maturation, leading to high
functional plasticity according to the environment.
This hinders characterization and classification of
dendritic cells [1,2

&

].
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HUMAN DENDRITIC CELL SUBSETS

The classification of human dendritic cells is con-
stantly evolving. Currently, the two major dendritic
ht © 2017 Wolters Kluwe
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cell groups recognized are plasmacytoid dendritic
cells (pDCs) and conventional/myeloid dendritic
cells (cDCs/mDCs), that is, all non-pDCs.

pDCs resemble plasma cells. They represent a
small portion of the dendritic cell pool and are
characterized, in their steady state, by expression
of the blood dendritic cell antigen 2 (BDCA2) surface
marker and slight or absent expression of major
histocompatilbility complex class I (MHC-I), major
histocompatilbility complex class II (MHC-II), cos-
timulatory molecules, CD11b, and CD11c. These
cells play an important role during viral infection,
producing large amounts of IFN1 through toll-like
receptors 7 and 9. Although pDCs have limited
r Health, Inc. All rights reserved.
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KEY POINTS

� Dendritic cells are the main antigen-presenting cells
playing a crucial role in the link between innate and
adaptive immune response.

� In nasal polyposis, the more severe inflammatory
process found in the upper airway, dendritic cells
are increased.

� Dendritic cells in nasal polyposis are able to drive T
helper differentiation, whereas the Th2-derived
cytokines possibly inhibit pDC presence.

Rhinitis, sinusitis and upper airway disease
antigen presentation capacity, recent studies have
demonstrated that antigens targeting specific pDC
receptors elicit efficient antigen presentation [3].

Because of the complexity and wide-ranging
nature of the cDC category, classification of cDC
subsets is based on specificity and specialization
rather than on a set of markers. Broadly, cDCs
express the hematopoietic markers CD45, MHC-
II, and CD11c and lack T cell, natural killer cell, B
cell, granulocyte, and erythrocyte lineage markers
[1]. They are divided into two major subsets: cDC2s
(also named mDC2s), which exhibit high expres-
sion of the blood dendritic cell antigen 3 (BDCA3
or CD141) and make up more than 10% of all
cDCs; and cDC1s (also named mDC1s), which
are distinguished by expression of blood dendritic
cell antigen 1 marker (BDCA1 or as CD1c). Their
mouse equivalents are CD8þ and CD8�, respect-
ively. These cells make up the majority of the
mDCs population.

Additional dendritic cell subsets are also recog-
nized. Langerhans cells, found mainly in the epi-
dermis, express the markers langerin and E-
cadherin. In terms of MHC-II and CD11c expression,
langerhans cells resemble pDCs, with low levels of
these markers and poor T-cell stimulation, offset by
their capacity to induce regulatory T-cell differen-
tiation. CD14þ cDCs, which resemble monocyte-
derived macrophages, are also found in the skin [4].

The dendritic cells found in inflamed tissue have
a transcriptome resembling that of macrophages,
which has given rise to the suspicion that these cells
are monocyte derived (moDCs). Indeed, moDCs can
be derived from monocytes in vitro by exposure to
granulocyte macrophage colony-stimulating factor
and IL-4 [5].

The superior ability of cDCs to induce immunity
and enforce tolerance is based on their strategic
location in the marginal zone of the spleen, their
ability to carry antigens to the T-cell zone in lymph
nodes, and their capacity to stimulate and differen-
tiate naı̈ve T cells [1].
 Copyright © 2017 Wolters Kluwer 
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DENDRITIC CELLS IN NASAL POLYPOSIS
Although it is known that dendritic cells play a
pivotal role in the pathophysiology of airway dis-
eases, especially in the lower airways, research about
these cells in the upper airways is quite limited.

The inflammatory process found in polyp tissue
in patients with nasal polyposis is among the most
severe to affect the upper airway mucosa. As
expected, the frequency of dendritic cells (regardless
of subset) is increased in nasal polyposis-affected
tissue [2

&

,6]; pDC, cDC1, and cDC2s counts are
significantly increased in nasal polyp tissue when
compared with healthy nasal mucosa from the
inferior turbinate [2

&

,6] and middle meatus [7
&

],
regarded as the best control tissue in nasal polyposis
studies [8]. In addition, one of the features of nasal
polyposis is an imbalance in the cDC/pDC ratio
when the relative increase in pDC and cDC counts
is assessed [2

&

,9]. Increased moDC counts have been
found in patients with nasal polyposis, and were
associated with Th2-biased systemic inflammation,
but these findings were based on peripheral blood
measurements and did not take nasal polyposis
phenotype into account [10].

Polypoid tissue from patients with chronic rhi-
nosinusitis (CRS) with nasal polyposis exhibits
higher cDC1 and cDC2 counts when compared with
nasal tissue from patients with CRS without nasal
polyposis [7

&

]. The frequency of CD40þ (a costimu-
latory molecule) among CD11cþ cells in nasal poly-
posis tissue is 30–50% [11].

The role of dendritic cells in skewing T helper
responses in the nasal mucosa has been widely ques-
tioned. Nasal polyposis is classically divided into two
subsets: eosinophilic nasal polyposis (eNP), which is
found mainly in European and American patients
and features a Th2 signature, and noneosinophilic
nasal polyposis (nNP), found mainly in Asian
patients (almost half of nasal polyposis cases in Asia
are nNP) with a mixed Th1/Th17 pattern of inflam-
matory response. It is well established that, in
inflamed tissue, thymic stromal lymphopoietin-acti-
vated dendritic cells induce a Th2 response through
the OX40 ligand (OX40L). In eNP, levels of thymic
stromal lymphopoietin, OX40L, programmed cell
death ligand 1 (PD-L1), and OX40L positive cDCs/
pDCs are increased when compared with nNP [12

&&

].
Supporting a role of dendritic cells in skewing Th2,
eNP-derived dendritic cells cocultured with naive T
cells have been found to induce Th2 responses [12

&&

].
A recent study [13] conducted in peripheral blood
samples showed a different microRNA expression
profile of dendritic cells in CRS subsets and controls,
which could have implications for dendritic cell
regulation and T-cell differentiation, and con-
sequently nasal polyposis phenotype.
Health, Inc. All rights reserved.
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FIGURE 1. Illustration of DC subsets frequency in nasal
polyposis. There is an increase in pDCs and cDCs (mDCs) in
nasal polyposis. In the more severe inflammation, when
orchestrated by Th2 cells, the number of pDCs decreased.
cDC, conventional dendritic cells; mDC, myeloid dendritic
cell; pDC, plasmacytoid dendritic cell.
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THE ENVIRONMENT AND DENDRITIC
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Vitamin D3

Pediatric patients with nasal polyposis have low
plasma levels of vitamin D3 (both lower than those
of controls and below the minimum recommended
level of 30 ng/ml). The level of vitamin D3 has been
shown to correlate inversely with CD209 positive
nasal polyposis-derived cells (receptor expressed on
the surface of dendritic cells and macrophages),
although the results were based on a retrospective
study [14] and used immunostaining for dendritic
cell detection. It is reasonable to believe that vita-
min D3 is implicated in dendritic cell modulation, as
it exerts a tolerogenic role on these cells [15].
Biofilms

A biofilm is a group of adherent bacteria anchored to
a surface and enclosed in a matrix of exopolysac-
charide. This complex makes the bacteria resistant
to fluctuations in moisture, pH, and temperature, as
well as to antibiotic therapy.

Although the topic remains controversial, the
prevalence of biofilms in nasal polyposis appears to
be higher than in patients with CRS without nasal
polyposis and in healthy controls [16].

Biofilm-positive nasal polyps display an
increased number of dendritic cells positive for
CD209 when compared with biofilm-negative nasal
 Copyright © 2017 Wolters Kluwe
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polyps [17], strengthening the hypothesis of biofilm
as a maintainer of chronic inflammation.
Inflammatory milieu

As noted above, pDC counts are increased in nasal
polyposis, but these cells show a peculiar behavior
according to the severity of the inflammatory process
and clinical characteristics of the patient. In more
severe phenotypes, such as nasal polyposis with
comorbid asthma or aspirin sensitivity, pDC fre-
quency is decreased in comparison with less severe
groups such as nasal polyposis without asthma, and
aspirin-tolerant nasal polyposis. Furthermore, the
severe phenotypes exhibit high levels of IgE driven
by Th2 cells, as classically demonstrated in eNP [2

&

].
In this line, pDCs have been shown to correlate
positively with interferon, a Th1 cytokine (Fig. 1).

It has been demonstrated that massive recruit-
ment of pDCs after allergen challenge mitigates
eosinophilic airway inflammation, whereas suppres-
sion of pDCs restores airway eosinophilia [18].

Expression of the enzyme indoleamine 2,3-
dioxygenase (IDO) is low under homeostatic con-
ditions, but increases during chronic inflammatory
diseases in an attempt to mitigate inflammation.
IDO is expressed mainly by dendritic cells. In nasal
polyposis tissue, levels of this enzyme are increased
in comparison with healthy nasal mucosa, especi-
ally in severe cases (nasal polyposis with asthma or
aspirin sensitivity), as expected. In nasal polyposis,
pDC counts correlate inversely with IDO levels [2

&

].
These findings support an impaired immunosup-
pressive role of pDCs in nasal polyposis when orch-
estrated by Th2.
CONCLUSION AND FUTURE
PERSPECTIVES

First, additional studies are needed to confirm our
impressions of the role of dendritic cells in nasal
polyposis. Assessments of pDC behavior in less Th2-
influenced milieus would be of particular interest;
studies involving Asian populations could bring
new insights in this respect.

As dendritic cells exhibit great plasticity from
their immature to their mature phenotype, dual
immunomodulatory action (ranging from anti to
proinflammatory), and ability to induce T helper
differentiation in different directions according to
the inflammatory environment, it is essential that
research be conducted to elucidate the cytokines
implicated in dendritic cell behavior and explore
dendritic cell-targeting therapeutic strategies.

In this context, stimulationofdendritic cellswith
stable tolerogenic functions could be a new strategy
r Health, Inc. All rights reserved.
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Rhinitis, sinusitis and upper airway disease
in balancing the immuneresponse innasalpolyposis.
In other tissues, dendritic cells pulsed with specific
antigens could stimulate tolerogenic dendritic cells
expressing low levels of costimulatory molecules,
such as CD40, CD70, CD80, CD83, CD86, OX40L,
glucocorticoid-induced tumor necrosis factor recep-
tor-related protein ligand, inducible T cell costimu-
lator molecule-ligand, lymphotoxin beta receptor,
and high levels of suppressive molecules such as IL-
10 and PD-L1, inducing T-cell anergy, T-cell apopto-
sis, or expansion of regulatory T cells [19,20]. Tolero-
genic antigens might even be helpful in topical
treatment of the nasal mucosa in patients with CRS.

In summary, the role of dendritic cells in nasal
polyposis is still unclear. Additional data are needed
to elucidate the true involvement of these cells and
their implications for therapy.
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