
EDITORIAL

The pressure mounts on lung dendritic cells
B.N. Lambrecht and L.M. van den Toorn

A
role for inflammatory processes in the pathogenesis of

pulmonary arterial hypertension (PAH) has been
proposed, since inflammatory infiltrates surrounding

remodelled vessels in human and experimental PAH have
been described by several groups [1, 2]. Increased levels and
expression of cytokines, chemokines and lipid mediators have
been found in the blood, lung parenchyma and affected
pulmonary vessels. The higher prevalence of PAH in con-
nective tissue disorders and the successful treatment with
immunosuppressive therapy in some forms of PAH support
the concept of inflammatory pathways in the development
and/or modulation of the disease.

Although data are scarce, the infiltrates found in plexiform
lesions consist mainly of lymphocytes and macrophages,
whereas neutrophilic inflammation has not traditionally been
described. The presence of lymphocytes in the vessel wall
suggests that these cells might control the disease process by
secretion of pleiotropic cytokines, analogous to what has been
described in other T-cell-mediated diseases, such as asthma,
auto-immune disorders or transplant rejection. In these
diseases, effector T-lymphocytes are activated locally by
antigen-presenting dendritic cells (DCs) to mediate disease
[3, 4]. A report by PERROS et al. [5] in the current issue of the
European Respiratory Journal describes an increase in these DCs
in plexiform lesions of idiopathic PAH (IPAH) patients and
rats with monocrotaline-induced PAH. This strongly suggests
that these DCs present some form of (auto-)antigen to T-cells
that might initiate or perpetuate inflammation.

DCs are professional antigen-presenting cells that are located
throughout the body but particularly at the boundaries of the
body, such as mucosal surfaces and the skin, where they are
known as Langerhans’ cells. In these peripheral sites, they are
specialised in recognising foreign antigens that invade across
the natural barrier of the skin and mucosa [3, 4]. At this stage,
they are in a so-called immature state because they do not yet
present antigen to T-lymphocytes. Upon recognition of foreign
antigen, they migrate via the local afferent lymphatics to the
draining lymph nodes where naı̈ve T- and B-lymphocytes are
continuously recirculating. By the time they arrive in the
lymph node, they have processed the antigen into small
peptides for presentation onto major histocompatibility com-
plex class I and class II molecules, and they now express an

array of so-called co-stimulatory molecules (CD80, CD86,
CD83) that are required for activation of naı̈ve T-cells. The
attraction of immature DCs to the periphery of the lung and
the process of functional maturation is induced mainly by
recognition of ‘‘foreign’’ dangerous antigens that contain
pathogen-associated microbial patterns, such as Toll-like
receptor ligands (endotoxin, peptidoglycan, viral and bacterial
RNA or DNA) [6], but can also be induced by damage-
associated molecular patterns (DAMPs), which are released by
stressed tissues and by necrotic cell death, such as uric acid,
heat shock proteins and high mobility group box 1 protein [7,
8]. Mature DCs determine the outcome of adaptive immunity
in the draining nodes and they instruct a tailor-made immune
response by T-cells (T-helper cell (Th) type 1, Th2 or Th17,
depending on the type of pathogen) and B-cells [9]. DCs are
also crucial for immune homeostasis as, in the absence of a
sense of danger to a particular (self-)antigen, they mediate
tolerance by induction of so-called regulatory T-cells (Tregs),
which suppress inflammation and protect from auto-immune
damage [10, 11]. Activated DCs that present auto-antigen can
induce auto-immune disease in a number of disease models, in
which case interleukin (IL)-17-producing Th cells (Th17) are
predominantly found.

The paper by PERROS et al. [5] shows that DCs are found in the
vessel wall of patients with IPAH and rats with experimentally
induced PAH. This is striking, as the pulmonary arteries are
not frequently exposed to foreign pathogens. The most likely
explanation for the increased numbers of DCs in this region
would be the recruitment of DCs in response to tissue damage
and the release of the associated DAMPs. It is indeed known
that oxidative damage occurs inside the vessel wall of
plexiform lesions, and oxidative damage is by itself an
activator of the DC system [12]. Exactly how DCs end up in
the vessel wall is not mentioned in the article by PERROS et al.
[5], but several candidate mechanisms might come into play.
Peripherally based immature DCs that are recruited into
inflammatory foci can derive from a monocytic precursor that
circulates in the blood [13]. The mechanisms governing
monocyte egress to the periphery are slowly being elucidated
but clearly the chemokine fractalkine (CX3CL) is crucial in this
process, as DC precursors express the fractalkine receptor.
Also, the chemokine RANTES (regulated on activation, normal
T-cell expressed and secreted) is involved in recruiting
immature DCs (precursors) to the periphery. Strikingly,
BALABANIAN et al. [1] and DORFMÜLLER et al. [2] have previously
shown that these chemokines are expressed in high levels in
plexiform lesions and serum of IPAH patients. An alternative
explanation for the accumulation of DCs in the vessel wall
might be a defect in their migration to the draining lymph
nodes. One area that certainly requires further investigation is
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the role that the lipid mediator platelet-activating factor (PAF)
might play. Particularly in the monocrotaline-induced rat
model of PAH, the levels of PAF are greatly increased and a
PAF antagonist prevents PAH in this model [14]. It has
recently been shown that PAF immobilises DCs in the
periphery and is responsible for the accumulation of DCs in
the skin and vessel wall of dyslipidaemic ApoE-/- mice, where
DCs initiate atherosclerotic plaques [15]. The hypothesis that
PAF is required for DC accumulation in the rat model of PAH
could be tested due to the availability of PAF antagonists.

The most important question that arises from the studies of
PERROS et al. [5] and DORFMÜLLER et al. [2] is what the functional
role of DCs might be in PAH. The localisation of lymphocytes
and DCs in one site suggests that these cells are functionally
communicating [4]. For this assumption to gain acceptance, it
would have been more complete if the authors had shown that
DCs clustered with T-cells inside the vessel wall. The
functional proof for a role for DCs in mediating PAH would
require an animal model where DCs can be conditionally
depleted. Such models are available in the mouse [16] but not
in the rat, and could prove invaluable in proving that DCs do
indeed mediate a crucial process in the pathogenesis of PAH.
However, mice are more resistant to the pulmonary vascular
effects of monocrotaline.

If DCs do contribute to pathogenesis, the next question that
arises is what (auto-)antigen they might be presenting.
Antibodies to endothelial cells, fibroblasts and nuclear anti-
gens are found in the serum of patients with IPAH and
collagen vascular disease-associated PAH [17–19]. The fact that
PAH also occurs in several auto-immune diseases suggests
that auto-antigens might trigger or maintain the process
underlining vascular remodelling [17]. One striking observa-
tion was that the DCs found in the lesions were of immature
phenotype, i.e. not expressing CD83 as a maturation marker.
Normally, DCs that are found in inflammatory lesions
contacting T-cells are mature and restimulate T-cells to
mediate disease [20]. The reasons for the immature state of
DCs inside the vessel wall of PAH lesions are obscure but
could involve the increased expression of vascular endothelial
growth factor (VEGF) inside these lesions. VEGF is thought to
be responsible for the endothelial proliferation and misguided
angiogenesis typical of plexiform lesions but is also known as a
DC-suppressive cytokine [21]. Particularly in the cancer field,
VEGF is described as a factor that keeps DCs in an immature
state inside tumour lesions, thus preventing the induction of
anti-tumoural immunity. Similarly, the activity of transforming
growth factor (TGF)-b isoforms is a hallmark of IPAH lesions.
TGF-b can suppress the maturation and function of DCs [22].
Finally, as no information is available on how the patients
described in the study were treated prior to lung transplant-
ation, it could also be that various treatment modalities altered
the maturation state of the DCs (see later).

If DCs are recruited to the typical lesions of IPAH, could
targeting their function modify disease progression? As of yet,
the answer can only be speculative. If an auto-immune
component plays a role in disease maintenance or progression,
then removing DCs could be beneficial [17]. Alternatively, DCs
might be present inside the lesions to suppress disease
progression. This is certainly a possibility, in view of the

immature state of the DCs. Generally speaking, immature DCs
presenting (auto-)antigen contribute to immune homeostasis
by induction of Treg cells and, thus, the presence of DCs might
be a way of suppressing immune damage [23, 24]. Until
specific DC depletion experiments can be performed in an
animal model, an answer to this question will not be easily
obtained.

Upon reviewing the currently available medical therapies for
PAH, the present authors were struck by how many of the
current and future proposed drugs already target DC function.
Systemic or inhaled prostacyclin analogues are leading agents
for the treatment of severe PAH, and the present authors
suspect that many patients were receiving this therapy prior to
lung transplantation. The present authors and others have
recently shown that inhaled iloprost strongly modifies the
function of lung DCs and suppresses their potential to induce
effector T-cell responses [25, 26]. Iloprost also suppresses the
potential of DCs to migrate to the mediastinal nodes and
therefore could be responsible for retaining DCs inside blood
vessels. Strikingly, iloprost, cicaprost and treprostinil also
reduce the production of pro-inflammatory cytokines and
chemokines in DCs, while inducing the immunoregulatory
cytokine IL-10 [26]. Furthermore, combined endothelin (ET)
receptor A and B antagonists (ERAs, e.g. bosentan) also alter
the functional properties of DCs [27]. The biological effects of
ET-1 are not limited to its potent vasoconstricting activity. DCs
produce large amounts of ET-1 and significantly increase the
expression of endothelin receptors upon maturation. Selective
blockade of the ET-A receptor significantly reduced expression
of the mature DC marker CD83, decreased the production of
the immunostimulatory cytokine IL-12, downregulated DC
ability to stimulate T-cells, and promoted DC apoptosis.
Conversely, selective ET-B receptor blockade resulted in
increased expression of CD83 and improved DC survival.
Therefore, ET-1/ET-A/ET-B autocrine/paracrine loops on
DCs appear to be essential for the normal maturation and
function of human DCs [27]. How this modifies disease
progression in PAH patients taking these drugs is unclear at
present. ERAs with specificity for the endothelin-receptor
subtype A, including sitaxsentan and ambrisentan, are
currently undergoing investigation in PAH and might more
specifically target DCs.

In recent years, the phosphodiesterase type 5 inhibitor
sildenafil has been used to treat PAH. Sildenafil has profound
effects on monocyte differentiation and restores the immuno-
suppressive milieu in tumours by altering antigen-presenting
cell function [28]. As stated by the PERROS et al. [5], the tyrosine
kinase inhibitor imatinib mesylate (Gleevec1; Novartis, Basel,
Switzerland, which inhibits c-kit, Abl and platelet-derived
growth factor receptor-a) has been proposed as a novel form of
treatment for PAH. This compound induces a novel subset of
DCs that has both natural killer and DC characteristics [29].
Whether this would contribute to the clinical effects of this
compound in PAH remains an interesting hypothesis. First, a
more detailed phenotypic analysis of DCs in PAH lesions will
have to be performed. The lack of significant effects of systemic
steroids in IPAH patients provides an argument against the
role of DCs in PAH. DCs are exquisitely sensitive to the effects
of steroids; however, it could be that steroids are given too late
in disease pathogenesis.
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In conclusion, the article by PERROS et al. [5] opens up a new
avenue of research in the dendritic cell and pulmonary arterial
hypertension field that will hopefully clarify some basic
aspects on the pathogenesis and treatment of this devastating
disease. The pressure is now on.
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