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ABSTRACT
Dendritic cells (DC) are professional antigen-presenting cells that play a key role in linking the innate and adap-
tive arms of the immune system. In vitro, DC perform critical functions such as antigen uptake and processing,
priming of naïve Tcells and production of cytokines to regulate other immune cells. In vivo experimental systems
support a central role for DC in inducing protective immune responses but the effect of DC deficiency in existing
whole animal models is smaller than would be predicted. Studies of human primary immunodeficiency disorders
(PID) have significantly advanced our understanding of the development and function of other immune cells and
provide some important information about DC. Although only a small number of rare monogenic PID that cause
DC deficiency have been described to date, impaired DC function forms part of the immunophenotype of several
PID and is likely to contribute to clinical presentation. This review focuses on what is known so far about the role
of DC in PID and what implications this has for basic DC biology.

Introduction

The 2011 Nobel Prize in Physiology or Medicine was
awarded to Ralph Steinman for his original discovery of
dendritic cells (DC) and subsequent work highlighting
their role in immunity. Over the past 4 decades of DC
research, these cells have emerged as a heterogenous
group of highly specialized innate immune cells that
initiate and regulate adaptive immune responses. They
are thus predicted to be essential for host protection
from pathogens and maintenance of self-tolerance.
Although the role of DC has been extensively researched
in laboratory models, a clear role for DC in human dis-
ease has been harder to clarify.

Abnormal immune responses, both immune defi-
ciency and autoimmunity, are hallmark features of
primary immunodeficiency disorders (PID): a group of
inherited conditions in which one or more components

of the immune system is lacking. Our understanding of
the molecular basis of PID has advanced rapidly since
the advent of new generation genetic sequencing and
now over 300 single gene defects are known to cause
separate PID (Al-Herz et al. 2014). Defects of adaptive
immune cells, namely T and B lymphocytes, make up
the majority of known PID although disorders of innate
immunity are increasingly being recognized. In spite of
this meteoric advance in PID, DC defects have made lit-
tle appearance in the field.

This is somewhat surprising given the accepted role
for DC in the immune response and presents a conun-
drum that challenges our understanding of DC biology.
Viewed simply, the almost total lack of DC-specific
PIDs could indicate either that DC are essential for
post-natal viability and therefore DC deficiency is not
compatible with life or that DC play a less important,
partially redundant, role in whole organism immune
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responses. However, the explanation may be more com-
plex as there are a number of practical challenges in
studying DC that have hampered progress in identifying
specific DC deficiencies. Firstly, reliably identifying DC
subsets, particularly in tissues, remains problematic as
current cell surface markers used for DC identification
are generally not are cell specific, but are shared with
other haematopoietic cells. Secondly, it is still not
known which haematopoietic precursors specifically
give rise to DC to enable models of lineage-specific dele-
tion for predication of phenotype. Thirdly, in vitro ana-
lysis of DC function has many technical limitations,
such as inherent DC activation, that preclude direct
translation of results to the in vivo setting.

In the current review, I will briefly outline normal
human DC biology and describe the important insights
that we have learnt from the field of PID.

Human DC subsets

DC represent a heterogenous group of cells that can
be classified based on location, function, surface
marker expression, and ontogeny. Over the years, a
number of different models of DC ontogeny have
been purported and revised as new data emerges. It is
currently accepted that DC in humans can broadly be
divided into 2 main subsets: myeloid DC (mDC) and
plasmacytoid DC (pDC). mDC also known as conven-
tional DC, are the majority subset and function as
professional antigen-presenting cells, whereas pDC
mainly circulate and have a specialized role in generat-
ing Type I Interferon responses important for antiviral
responses.

For human DC, most information has been obtained
from circulating cells and nomenclature for these blood
DC subsets has been agreed upon (Ziegler-Heitbrock
et al. 2010). Two circulating populations of mDC can
be differentiated based on surface marker expression: a
larger CD1c (BDCA-1)+ population and a smaller
CD141+ (BDCA-3+) subset (Figure 1). pDC are identi-
fied as CD303+ (BDCA-2+) cells. The precursors for
these DC subsets are not known in humans, although
both granulocyte-macrophage progenitors and multi-
lymphoid progenitors, which arise from haematopoietic
stem cells, appear to have DC potential (Doulatov
et al. 2010).

In addition to circulating DC, a number of tissue resi-
dent DC subsets can be identified. Both CD1c+ and
CD141+ DC subsets are found in nonlymphoid tissues,

and they can take up antigen, migrate to lymph nodes
and prime T cells (Haniffa et al. 2013). The epidermis
contains Langerhan cells (LC), a specific DC subset
characterized by a high expression of CD1a+. LC per-
form functions similar to CD1c+ and CD141+ DC but
are capable of self-renewal at skin sites, suggesting a
separate ontogeny (Igyártó and Kaplan 2013). A fourth
subset of CD14+ DC was also thought to exist in per-
ipheral tissues but recent data suggest that these cells
are in fact monocyte-derived macrophages rather than
bona-fide DC, highlighting the difficulty of subset defi-
nition (McGovern et al. 2014).

Broadly speaking, human DC have murine counter-
parts, although their identification based on surface
marker expression differs, which complicates direct
comparison (Haniffa et al. 2013).

The roles of DC in host protection
and autoimmunity

Conventional DC are professional antigen-presenting
cells capable of initiating adaptive immune responses
and promoting self-tolerance through interaction with
T and B cells in secondary lymphoid tissues (Bancher-
eau et al. 2000; Mildner and Jung 2014; Figure 2). In
nonlymphoid tissues, mDC reside in an immature state
characterized by constitute uptake of exogenous antigen
through pinocytosis, endocytosis, and phagocytosis
(Inaba et al. 1993; Sallusto et al. 1995). Self and foreign

Circula�ng Tissue resident

CD1c+
mDC

CD141+
mDC

CD303+
pDC

CD141+
mDC

CD1c+
mDC

CD1a+
LC

Figure 1: Human dendritic cells (DC) subsets. Circulating DC
can be divided into CD1c+ and CD141+ myeloid DC (mDC)
and CD303+ plasmacytoid DC (pDC) subsets. Both CD1c+
and CD141+ mDC are found in peripheral tissues. Some
tissue sites have specialized DC subsets such as epidermal
Langerhan cells (LC).
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protein antigens, either captured through this environ-
mental surveillance or present in the cytosol, are pro-
cessed to peptides and loaded onto MHCI or MHCII
molecules within specialized intracellular vesicles
(Neefjes et al. 2011; Joffre et al. 2012). Delivery of
MHC/peptide complexes (pMHC) to the plasma mem-
brane is a key event to enable antigen presentation to
CD4+ and CD8+ T cells for T-cell priming and is regu-
lated through DC activation by a variety of stimuli.
Maturation stimuli, such as inflammatory cytokines or
Toll-like receptor (TLR) ligands, have several additional
effects on DC function that promote and regulate anti-
gen presentation. Firstly, DC migration from peripheral
to secondary lymphoid tissues is enhanced by DC
maturation, facilitating co-location with antigen-
specific T cells. Secondly, DC surface expression of
co-stimulatory molecules such as CD80 and CD86,
necessary for optimal T-cell activation, is up regulated,
and thirdly, activation results in DC cytokine produc-
tion that drives T-cell effector differentiation. The net

effect is potent antigen presentation, a prerequisite for
adaptive immunity and effective host protection. How
DC induce a strong antipathogen immune response
without simultaneously causing T-cell activation to
self-antigens is an area of significant interest. It is
known that in the absence of maturation, DC can
induce regulatory T cells and T-cell anergy to promote
self-tolerance, but other mechanisms by which DC con-
fer immune tolerance remain to be fully elucidated
(Ganguly et al. 2013).

In contrast with mDC, pDC do not appear to operate
as professional antigen-presenting cells. Instead they are
equipped to secrete large amounts of Type I interferons
(IFN) in response to ligation of TLR 7 or 9, suggesting a
role in viral clearance. Their role in the pathogenesis of
autoimmune diseases such as systemic lupus erythema-
tosus, where Type I IFN are thought to be contributory,
remains a prominent research focus with potential
importance for PID (Ganguly et al. 2013).
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Figure 2: Dendritic cells (DC) are critical to initiate adaptive immune responses. DC reside in peripheral
tissues such as the skin where they constitutively capture foreign and self-antigens. In the context of
inflammation, for example, during infection DC migration to regional lymphoid tissue is accompanied by
maturation. Mature DC present antigen to T and B cells resulting in cell priming and activation and ultimately
release of effector lymphocytes into the circulation. DC are thought not to recirculate but to die in lymphoid
tissue by apoptosis.

Burns – Dendritic cell defects in PID

LymphoSign Journal · Vol. 3, 2016. 3

L
ym

ph
oS

ig
n 

Jo
ur

na
l D

ow
nl

oa
de

d 
fr

om
 ly

m
ph

os
ig

n.
co

m
 b

y 
3.

14
8.

10
4.

21
5 

on
 0

5/
20

/2
4



DC deficiency in mice: what do we
learn?

Based on the unique ability of DC to prime T-cell
responses and their role in tolerance, it might reason-
ably be expected that infection and autoimmunity
would characterize DC deficiency states. Mouse models
were initially developed to address this question. In the
first of these, the diptheria toxin receptor was expressed
under the control of the CD11c promoter (Jung et al.
2002), permitting deletion of all CD11c+ cells following
injection of diphtheria toxin in postnatal mice. This
effectively deletes mDC and pDC, inducing a DC defi-
ciency state that can be experimentally manipulated.
There are, however, several important limitations to
the system that were recently reviewed in detail (van
Blijswijk et al. 2013). Firstly, specificity is not complete,
as CD11c is expressed on some other immune subsets
so that outcomes may be affected by cells other than
DC. Secondly, the duration of depletion is limited by
diphtheria toxicity, so that long-term experiments are
not feasible. Thirdly, DC ablation in this model is asso-
ciated with significant neutrophilia and monocytosis
that confounds assessment of the innate immune
response. In spite of these limitations, these mice have
been used to examine the role of DC in a number of
infectious models. The summary of these data shows
that, at least using this model, DC are required for opti-
mal host defence against specific pathogens (such as
toxoplasma). A broad infection susceptibility has not
been observed, but this may reflect increased neutrophil
and monocyte function that confer improved bacterial
defence following depletion of DC (Autenrieth et al.
2012). With regard to tolerance, DC depletion using a
DTR mouse model has been reported to be associated
with fatal spontaneous autoimmunity, suggesting that
human DC deficiency syndromes should also be asso-
ciated with autoimmunity (Ohnmacht et al. 2009).

Defects of DC development

Many monogenic PIDs disrupt the development of T
and B cells, but until recently no genetic disorders were
known to selectively impair DC development and
thereby shed further light on the impact of DC defi-
ciency. Identification of interferon response factor 8
(IRF8) deficiency has provided the best example of a
predominantly DC-mediated PID, and although only a
few cases have been described in a single report, this
condition provides important insight into the role of
human DC for host protection (Hambleton et al.

2011). Autosomal recessive IRF8 deficiency leads to
developmental defects of DC and monocytes, with a
complete absence of monocytes, circulating mDC and
pDC, and a paucity of tissue-resident dermal DC, sug-
gesting a common progenitor for these subsets. In con-
trast, Langerhan DC are preserved, in keeping with a
distinct ontogeny. DC and monocyte deficiency in the
single case described, caused a remarkably narrow spec-
trum of infection, limited to disseminated infection with
vaccine strain Bacillus Calmette–Guérin (BCG), severe
respiratory viruses, and candidiasis. This may be
explained, in part, by elevated circulating neutrophils
associated with high levels of serum Flt-3 ligand and
myeloid hyperplasia in bone marrow and BCG infected
lymph nodes that could confer bacterial protection,
reminiscent of murine models of DC depletion (Birn-
berg et al. 2008; Autenrieth et al. 2012).

In the same study (Hambleton et al. 2011), autosomal
dominant IRF8 deficiency was also described in 2 unre-
lated adults with heterozygous loss of function muta-
tions in IRF8 (IRF8T80A). This single mutation appears
to have has a more selective effect as only the subset of
CD1c+ mDC was reduced resulting in isolated recurrent
BCG disease, reinforcing the concept that DC are non-
redundant for protection against mycobacteria.
Reduced CD1c+ mDC was associated with a reduced
production of IL-12 by peripheral blood mononuclear
cells (PBMC) in response to TLR 7/8 stimulation, pro-
viding a plausible explanation for mycobacterial sus-
ceptibility in these patients.

A second transcription factor, GATA2, has since been
identified as the cause of dendritic cell, monocyte, B and
NK lymphoid deficiency (also known as DCML defi-
ciency or Monomac) (Bigley et al. 2011; Dickinson et al.
2011; Hsu et al. 2011). Compared with IRF8 deficiency,
loss-of-function mutations in GATA2 have a broader
effect on cell development. Both lymphoid and myeloid
precursor cells are reduced in number, resulting in low
levels of NK and B cells in addition to severe moncyto-
poenia and an almost total absence of circulating and
tissue DC. As in IRF8 deficiency, Langerhans cells are
preserved. An intriguing feature of GATA2 deficiency
is its late onset; patients often do not present until
the third decade of life, although monocytopoenia may
have been present for many years beforehand. This
suggests exhaustion of precursors over time rather
than an early developmental defect as seen in IRF8,
but this phenotype remains poorly understood. Similar
to autosomal recessive IRF8 deficiency, GATA2 defects
confer a relatively selective infection susceptibility to
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nontuberculous mycobacteria, opportunistic fungi, and
some viruses, particularly human papilloma and herpes
viruses. The condition has a number of apparently non-
infectious life-threatening complications that do not
relate directly to immunodeficiency, the most serious
of which are alveolar proteinosis, myelodysplasia, and
myeloid leukaemia.

Together, IRF8 and GATA-2 deficiencies suggest that
the loss of DC has a selective effect on host protection
with a particular importance for immunity against
mycobacteria. Further descriptions of IRF8 deficiency
and identification of other novel DC-specific PID are
required to clarify DC-dependent immune outcomes.
Perhaps an important parameter to measure in DC defi-
ciency is not acute infection but successful induction of
T-cell memory for specific organisms, which would be
predicted to depend on DC-mediated antigen presenta-
tion. This is supported by RNA-expression profiling of
AR IRF8-deficiency, which has revealed a depletion of
gene signatures for memory CD4+ and CD8+ T-cells,
consistent with a defect of antigen presentation (Salem
et al. 2014). Finally, neither the IRF8 or GATA-2 defi-
ciencies have been described to be associated with auto-
immunity and long term follow-up, plus description of
more cases will be informative.

PID that impair DC function

In contrast with DC deficiency states, several com-
bined immunodeficiencies have been described in which
DC function is impaired. Unlike NK-cell deficiencies,
which can represent a major innate component of a
combined immune defect (Orange 2013), the contribu-
tion of DC dysfunction to the clinical spectrum of com-
bined immunodeficiency syndromes is unclear. Data
currently available for these conditions, therefore,
mainly provide information about the role of specific
genes and proteins for aspects of DC function and high-
light the importance that PID have played in under-
standing normal immune cell biology.

Wiskott–Aldrich syndrome

Probably the best studied PID with regard to DC is
Wiskott–Aldrich syndrome (WAS): an X-linked condi-
tion that results from loss of function mutations in the
WAS gene (Burns et al. 2004). WAS protein (WASp)
is a cytoskeletal regulator that is expressed in all haema-
topoietic cells and is required for many cellular func-
tions such as phagocytosis, cell migration, and
immune synapse formation (Thrasher and Burns

2010). Absence of WASp function results in a combined
immunodeficiency that impairs the function of T, B,
and NK cells as well as myeloid lineage cells. The clini-
cal phenotype is broad as a result: characterized by
recurrent bacterial, viral and fungal infections, autoim-
munity, bleeding (as a result of platelet defects), severe
eczema, and an increased risk of haematological
malignancies.

Like other immune cells, DC rely on WASp for f-actin
assembly (Binks et al. 1998). It is therefore not that sur-
prising that cytoskeletal-associated functions in DC are
impaired by WASp deficiency. Initial studies focused
on migration and demonstrated that mDC from
patients (and mice) with WAS fail to form podosomes,
F-actin rich structures that link the cytoskeleton to
membrane integrins (Binks et al. 1998; Burns et al.
2001; Olivier et al. 2005). Cell adhesion and migration
in vitro are impaired and the in vivo consequence is a
failure of WASp-deficient DC to migrate to lymph
nodes for antigen presentation to T cells (Burns et al.
2001; de Noronha et al. 2005; Bouma et al. 2007). At
least in murine models, migration defects in WASp-
deficient DC impacts initiation of CD4+ and CD8+
adaptive T-cell responses that would be predicted to
be biologically significant (Bouma et al. 2007; Pulecio
et al. 2008). Antigen presentation is further impacted
in DC that lack WASp by defective antigen uptake via
phagocytosis and impaired formation of an immune
synapse with T cells (Westerberg et al. 2003; Bouma
et al. 2007; Pulecio et al. 2008). Although most studies
have focused on the cross-talk between DC and T cells,
cell–cell interaction also occurs between DC and other
cell types, and it has recently been shown that NK cell
activation is impaired if DC lack WASp (Catucci et al.
2014). This has potential implications for malignancy
in WAS, as NK cells activated by WASp-deficient DC
were unable in mouse models to control tumour spread.

The role of pDC in the pathogenesis of WAS has only
recently received attention, and to date 2 separate stu-
dies have shown that WASp deficiency impacts pDC
function, with somewhat different conclusions. In
humans, WASp deficiency was reported to result in
lower levels of pDC in peripheral blood (Prete et al.
2013). However, instead of resulting in low levels of
Type I IFN, elevated baseline and stimulated levels of
IFN-α were observed. Prete et al. (2013) demonstrated,
in a very elegant study, that WASp-deficient pDC are
intrinsically hyper-responsive to TLR9 ligands, such as
double-stranded DNA because WASp is required for
trafficking of TLR9 ligands into the endo-lysosomal
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compartment in pDC and regulation of TLR9-induced
IFN-α responses. This could represent one mechanism
for autoimmunity in WAS, where autoantibody/self
DNA immune complexes are found at higher levels in
the serum and act as a ligand for TLR9 (Recher et al.
2012; Prete et al. 2013). A second study also reported
low numbers of Type I IFN producing pDC and
mDC in mice (Lang et al. 2013), which was associated
with an increased susceptibility to viral infection with
lymphocytic choriomeningitis virus (LCMV). Although,
at first, this appears incompatible with the observation
that WASp deficiency enhances IFN-α responses, mur-
ine pDC are chronically activated in vivo, presumably
by circulating immune complexes, which then results
in exhaustion following additional stimulation (Prete
et al. 2013). Thus it is feasible on the one hand, to
have elevated basal levels of IFN-α causing autoimmu-
nity in WAS and on the other hand to have impaired
IFN-α up-regulation during infection resulting in viral
susceptibility. These data suggest that viral susceptibility
in patents with WAS in part relates to lower Type I IFN
responses, which could have therapeutic implications.

DOCK8 deficiency

Like WASp, DOCK8 normally functions to regulate
the actin cytoskeleton through activation of the Rho-
family GTPase Cdc42. Patients with DOCK8 deficiency
have a clinical picture that resembles WAS with a com-
bined immunodeficiency and broad susceptibility to
bacterial and viral infections associated with atopic der-
matitis (Engelhardt et al. 2009; Zhang et al. 2009). At a
cellular level, DOCK8 appears to have a more limited
role in DC f-actin assembly than WASp, reflected in a
less severe effect of DOCK8 deficiency on mDC actin
structures and migration. DOCK8 mDC are capable of
assembling podosomes (personal communication G.
Bouma and A.J. Thrasher) and can migrate in 2-D
experimental systems (Harada et al. 2012). However,
the ability of DOCK8 deficient DC to change shape
and migrate in 3-D environments and in vivo is signifi-
cantly impaired and results in reduced T-cell priming
(Harada et al. 2012), much like the findings seen in
WASp-deficient mice. Patients with DOCK8 deficiency
also demonstrate low numbers of pDC in peripheral
blood. This is associated with dramatically reduced
levels of IFN-α production in response to stimulation
that was not explained fully by pDC numbers, and likely
reflects an additional intrinsic pDC functional defects
that remains to be fully clarified (Al-Zahrani et al.
2014; Keles et al. 2014). In keeping with a central role
for pDC in viral susceptibility in DOCK8 deficient

patients, treatment with exogenous IFN-α resulted in
resolution of herpes and human papilloma virus infec-
tions in 2 patients (Al-Zahrani et al. 2014; Keles et al.
2014). However, as T and B cells are also defective
in DOCK8 deficiency, it is difficult to tease out with
confidence the relative contribution of DC to host
protection.

Hyper IgM syndromes

Type 1 and Type 3 hyper IgM syndrome are caused
by loss of function mutations in CD40 and its ligand
CD154 (also known as CD40L). It is well known that
interaction between CD40 expressed on B cells and
CD40L on T cells is critical for cross-talk between these
cell types, and that the absence of either molecule pre-
vents immunoglobulin class switching, resulting in anti-
body deficiency. The clinical spectrum of disease,
however, is broader than would be suggested by a
humoral defect and includes susceptibility to opportu-
nistic infection characteristic of T-cell deficiencies. DC
also express CD40, and ligation by CD154 provides a
maturation stimulus. Although CD40 expression by
DC does not appear to be required for mDC or pDC
development, CD40 deficient monocyte-derived DC
are unable to up-regulate MHCII and co-stimulatory
molecules such as CD80 and CD86 when activated by
CD40L (Fontana et al. 2003). This is accompanied by
reduced IL-12 and elevated IL-10 release and impaired
induction of T-cell activation and proliferation. Cur-
iously, very similar effects on DC function are found
in patients with CD40L deficiency, where monocyte-
derived DC also demonstrate lower expression of
MHCII and co-stimulatory molecules and imbalanced
IL-12/IL-10 release that can be rescued by co-culture
with soluble CD40L but not with other physiological
stimuli (Cabral-Marques et al. 2012). DC from patients
with CD40L deficiency are capable of inducing normal
autologous T-cell proliferation, but with perturbed T-
cell cytokine production towards a TH2 phenotype.
This suggests that failure to provide CD40–CD40L sig-
naling in DC impacts DC induction of T-cell responses
regardless of which molecule is lacking, and this might
represent one mechanism for T-cell dysfunction in these
syndromes.

Hyper IgE syndrome

STAT3 is a widely expressed molecule that is com-
monly utilized to transduce signals by multiple cyto-
kines at the cell surface. Loss of function mutations in
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STAT3 account for the majority of cases of hyper IgE
syndrome, a complex immunodeficiency characterized
by staphylococcal abscesses, chest infections, candidiasis
along with eczema, elevated IgE, bone abnormalities,
and dysmorphic features. Multiple immune cells rely
on STAT3 for normal function, of which DC are at least
one such cell type. Although several cytokine receptors
in DC signal using STAT3, it has been shown that
defects in the IL-10 signaling pathway in mDC result
in a failure to regulate DC activation (Giacomelli et al.
2011; Saito et al. 2011). Both monocyte-derived and
ex-vivo primary mDC from STAT3-deficient patients
fail to down-regulate MHCII, co-stimulatory molecules,
and inflammatory cytokines in response to IL-10.
This results in a failure to develop “tolerogenic DC”
and a consequent incapacity to induce T regulatory
cells that may contribute to immune dysregulation and
inflammatory complications associated with STAT3
deficiency.

Common variable immune
deficiency (CVID)

Although there have been a number of publications
examining DC function in CVID there remains contro-
versy about whether DC defects are intrinsic or second-
ary to environmental factors in this condition. Unlike
the monogenic PIDs discussed so far, CVID represents
a heterogenous group of disorders that result in a
defined antibody deficiency (Jolles 2013). A very small
number of CVID cases have an identified genetic basis
and for the most part the molecular pathogenesis
remains unknown. Although DC studies published to
date have included CVID patients in general, it seems
most probable that if DC contribute to the pathogenesis
of CVID, this would only be true for a subset of patients
and not a general mechanism.

The most consistent finding among CVID studies is
a reduction in the numbers of circulating mDC and
pDC (Viallard et al. 2005; Martinez-Pomar et al.
2006; Paquin-Proulx et al. 2013; Taraldsrud et al.
2014). The reason for this is not clear although, at least
for pDC, it does not appear to be due to reduced bone
marrow production or due to sequestration in periph-
eral tissues (Paquin-Proulx et al. 2013). Peripheral
destruction is possible and would be supported by
the findings that lower pDC levels correlate with the
presence of splenomegaly and that mDC numbers
can be restored by IVIG treatment (Paquin-Proulx
et al. 2013; Taraldsrud et al. 2014), as is seen for

autoimmune cytopoenias such as thrombocytopoenia.
Whether there is an intrinsic dysfunction of mDC, in
addition to low numbers, remains to be determined.
Initial studies, using in vitro testing of monocyte-
derived DC, reported defects of DC maturation and
subsequent T-cell activation in vitro (Bayry et al.
2004; Scott-Taylor et al. 2004, 2006). Although this
could be a plausible mechanism for immunodeficiency,
it has not been verified in vivo and, in fact, maturation
markers measured on circulating mDC ex vivo are not
reduced but in fact increased (Bayry 2004; Paquin-
Proulx et al. 2013).

More recently, considerable interest has been focused
on the question of whether CVID pDC contribute to
disease pathogenesis. Initial stimulation of ex-vivo
sorted pDC demonstrated impaired IFN-α responses
to TLR-9 ligands (Cunningham-Rundles et al. 2006)
and follow-up studies reported that pDC responses to
TLR-7 ligation was similarly defective in CVID (Yu et al.
2009, 2012). This appeared to provide a sensible link
between DC defects and B cell dysfunction, as IFN-α
is known to augment TLR-induced B-cell activation
and maturation (Bekeredjian-Ding et al. 2005). In sup-
port of the hypothesis that pDC-released IFN-α is a dis-
ease mechanism in CVID, defective TLR7-induced class
switching in CVID B cells could be partially rescued by
the addition of exogenous IFN-α (Yu et al. 2009, 2012).
However, a separate group concluded that there is no
intrinsic defect in IFN-α production by pDC in CVID,
but that reduced numbers of the pDC population was
responsible for reduced IFN-α production by TLR7-
stimulated PBMC in their study (Taraldsrud et al.
2014). It remains possible that low numbers of pDC
are sufficient to impair IFN-α responses and contribute
to B-cell dysfunction in CVID, and this is an area that
warrants further investigation.

Conclusions

Studies of DC involvement in PID have provided
some important insights into basic DC biology.
Although only a handful of patients with specific DC
deficiency states have been described, so far they have
not been characterized by broad infection susceptibility.
Rather they suggest that DC play a crucial role in host
defence against specific pathogens, notably mycobac-
teria. Identification of additional cases of DC deficiency
is required to substantiate this and clarify the impor-
tance of DC for generation of successful T-cell memory.
Autoimmunity has thus far not been a prominent
feature of DC deficiency, although it is commonly
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associated with combined immunodeficiency states
where DC function is impaired. Analysis of DC function
in monogenic PID has been particularly valuable for
identifying molecules critical for normal DC biology
(summarized in Figure 3), but the challenge for the
future is to tease out the specific contribution of DC to
the overall immune dysfunction in these conditions.
Improved understanding of the role of DC in specific
PID has particular importance for determining whether
bone marrow transplantation and gene therapy treat-
ment protocols should aim to fully correct this cellular
compartment.
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