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Pulmonary arterial hypertension: an autoimmune

disease?
L. Mouthon*, L. Guillevin* and M. Humbert#

P
ulmonary arterial hypertension (PAH) is a rare condi-
tion that occurs as a consequence of chronic obstruction
of small pulmonary arteries due to endothelial cell,

vascular smooth muscle cell and fibroblast dysfunction and
proliferation [1]. In recent years, major advances have been
achieved in the understanding of PAH pathophysiology [1–7].
It has been firmly demonstrated that pulmonary artery
endothelial dysfunction leads to chronically impaired produc-
tion of vasodilators, such as nitric oxide and prostacyclin,
along with overexpression of vasoconstrictors such as
endothelin-1 [8–10]. Moreover, genetic studies have shown
that germline mutations in the gene coding for bone
morphogenetic protein receptor type II (BMPR2) certainly play
a critical role in a proportion of patients with familial and
idiopathic PAH [2, 3]. Immune disturbances are also believed
to contribute to PAH [5]. This is particularly clear in PAH
related to connective tissue diseases [5, 11]. In addition, there is
a long standing association between autoimmunity and PAH
of various origins including idiopathic PAH. However, it
remains uncertain how autoimmune mechanisms contribute to
the pathogenesis of PAH. In the current issue of the European
Respiratory Journal, NICOLLS et al. [7] review available data
documenting the association of autoimmunity and PAH and
speculate on the possible role of autoimmune injury in the
pathogenesis of the disease.

PAH is a common complication of autoimmune diseases, such
as systemic sclerosis (SSc), mixed connective tissue disease and
systemic lupus erythematosus [11, 12]. SSc is characterised by
excessive collagen deposition in the dermis and internal
organs, vascular hyper-reactivity and obliterative microvascu-
lar phenomena [13]. Recent studies based on right-heart
catheterisation have established that at least 8–12% of SSc
patients display PAH [14, 15]. When lung tissue is available, it
appears that pulmonary arteriopathy in patients with con-
nective tissue disease-associated PAH has similarities with that
described in idiopathic PAH [5, 16]. These resemblances
suggest that similar mechanisms may contribute to both
conditions. Besides medial hypertrophy, intimal ‘‘onion bulb’’
lesions and characteristic plexiform lesion, COOL et al. [17] have

reported that in patients with SSc-related PAH, mononuclear
inflammatory cells surrounded vascular sites of plexiform
growth, but not uninvolved vessels or extravascular lung
structure. Interestingly, TUDER et al. [18] have also reported that
perivascular inflammatory infiltrates with macrophages and
lymphocytes could be detected in the range of occlusive lesions
in idiopathic PAH.

A number of auto-antibodies have been identified in the serum
of SSc patients, including disease specific antibodies, such as
anti-centromere, anti-topoisomerase 1 and anti-RNA-polymerase
Ab. Nonspecific antibodies, such as anti-fibrillarin (U3 small
nucleolar RNP), anti-fibrillin 1, anti-Th/To, anti-PM/Scl, anti-
mitochondrion, anti-fibroblast and anti-endothelial cell anti-
bodies, have also been identified in the serum of SSc patients
[19]. As stated by NICOLLS et al. [7], anti-endothelial cell
antibodies could play a role in the pathogenesis of SSc, since
they can activate endothelial cells, induce the expression of
adhesion molecules [20], and trigger apoptosis in the
presence of natural killer cells [21]. Moreover, in in vitro
experiments, auto-antibodies from patients with connective
tissue diseases (anti-U1-RNP, anti-dsDNA) induced an
upregulation of adhesion molecules (intracellular adhesion
molecule-1, endothelial leukocyte adhesion molecule-1), as
well as major histocompatability complex class II molecules
on human pulmonary endothelial cells, suggesting that such
an inflammatory process could lead to proliferative and
inflammatory pulmonary vasculopathy [22]. Finally, some
patients with severe PAH associated with systemic lupus
erythematosus have improved their conditions with
immunosuppressive therapy, emphasising the relevance of
inflammation and autoimmunity in this subset of patients
[23]. However, there are differences in the pathogenesis of
idiopathic and connective tissue disease associated PAH that
preclude their assimilation. For instance, to date, attempts to
detect germline BMPR2 mutations have failed in SSc-
associated PAH [24] and the genetic susceptibility of both
groups of patients to develop PAH probably differs.
Moreover, other investigators speculated that antibodies to
BMPRII could trigger PAH in patients with mixed con-
nective tissue diseases. However, these antibodies failed to
be detected in any of the patients [25]. Finally, anti-
centromere antibodies are associated with the occurrence of
PAH in SSc patients, but their pathogenic role is not clearly
established.

NICOLLS et al. [7] propose that germline BMPR2 mutations
might be responsible for regulatory T-cell defects and
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predispose to the occurrence of PAH. Thus, in a manner
analogous to patients developing PAH because of acute
infarction ramapril emphysema gene mutations [26], they
propose that germline BMPR2 mutations may, in part, promote
PAH because they lead to a fundamental defect in peripheral
immune tolerance and favour the rise of auto-antibodies. This
would explain why a significant proportion of idiopathic
PAH patients without immunodeficiency or other associated
systemic diseases have evidence of autoimmunity and/or
active inflammation including detection of circulating auto-
antibodies [27, 28]. This autoimmune pathogenetic link is also
supported by studies suggesting a close association between
idiopathic PAH and autoimmune thyroid disease, including
Grave’s disease or Hashimoto thyroiditis [29, 30]. Of interest,
we have recently reported the presence of anti-endothelial cell
antibodies in patients displaying idiopathic PAH [31]. We have
observed that immunoglobulin (Ig)G antibodies from patients
with idiopathic PAH bind to 36 kDa and 60 kDa bands in
endothelial cell extracts with a higher intensity than IgG from
SSc patients with PAH and healthy controls. In these
experiments, serum IgG from limited cutaneous SSc patients
with PAH, but not from idiopathic PAH patients, bound to two
major 75 kDa and 85 kDa bands in endothelial cells extracts,
suggesting their binding to different target antigens [31]. We
recently further identified that IgG anti-fibroblast antibodies
are also present in the serum of patients with idiopathic PAH
and SSc associated PAH [32]. However, the target antigens, the
potential pathogenetic role of these antibodies and their
predictive value in patients at risk to develop PAH, such as
SSc patients and patients with a familial history of PAH, needs
to be investigated. Indeed, the detection of auto-antibodies in a
given condition is not sufficient to document an autoimmune
mechanism. According to ROSE and BONA [33], different levels
of evidence can be obtained to assess the autoimmune nature
of a disease. Theses are: 1) direct evidence from transfer of
pathogenic antibody or pathogenic T cells; 2) indirect evidence
based on reproduction of the autoimmune disease in experi-
mental animals; and 3) circumstantial evidence from clinical
clues.

In conclusion, we can easily state here that only circumstantial
evidence has been obtained in the case of pulmonary arterial
hypertension. Nevertheless, the data reviewed by NICOLLS et al.
[7] in this issue of the European Respiratory Journal plead in
favour of the relevance of immune disturbances in pulmonary
arterial hypertension of various origins [23], and it is likely that
a better understanding of the exact role of autoimmunity and
inflammation will help defining novel therapeutic targets in
this devastating condition.
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