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ABSTRACT
In recent years, major advances have been achieved in the understanding of pulmonary arterial hypertension (PAH) patho-physiology. Associated pulmonary arterial hypertension (APAH) can occur in a
variety of other conditions and circumstances including a number of systemic autoimmune diseases. As
with PAH in general, clinical symptoms of APAH in systemic autoimmune diseases are unspecific. In
addition, there is a long standing association between autoimmunity and APAH. It has been postulated
that autoimmunity may play a role in the pathogenesis of APAH. This argument has been based on frequent coexisting clinical and serological rheumatic findings. There is no experimental model of immune
mechanism-dependent severe APAH. The loss of self-tolerance could initiate a process which ultimately
results in APAH. It is possible that T-cell deficiencies (in either function or number) may contribute to
pulmonary vascular injury or disease. These conditions are often associated with autoantibodies as well
as defects in the CD4 T-cell compartiment. However, it remains uncertain how autoimmune mechanisms contribute to the pathogenesis of APAH. There are data that show a significant association between APAH and connective tissue diseases (CTD). In this regard, systemic sclerosis, mixed connective
tissue disease, systemic lupus erythematosus, dermato/polymyositis and primary Sjögren’s syndrome
are associated with APAH. The study of APAH in the systemic autoimmune diseases and its relation to
basic immunologic disturbances may yet bring effective therapies in the future. APAH can be a severe
complication attracting a high excess mortality in autoimmune diseases. The present review will focus
on what is known about autoimmune phenomena in APAH patients.
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T

he diagnosis of idiopathic pulmonary
arterial hypertension (IPAH) is made
when no other risk factor can be
identified. PAH is a group of chronic
progressive and fatal diseases of the
small arterial blood vessels of the pulmonary
circulation (1-4).
Pulmonary arterial hypertension is a subset
of pulmonary hypertension, which encompasses diseases that affect the pulmonary artery tree
and are not due to other causes (lung disease
or left heart disease). PAH is hemodynamically
defined as a resting mean pulmonary arterial
pressure ≥25 mmHg with a normal pulmonary
capillary wedge pressure of ≤15 mmHg on
right heart catheterisation. In PAH, high blood
pressure in the pulmonary arteries damages the
lungs and heart. If left untreated, PAH quickly
becomes life threatening (5-7).
The association between autoimmunity and
associated pulmonary arterial hypertension
(APAH) has been appreciated for >40 years,
but how autoimmune injury might contribute
to the pathogenesis of this disease is not yet

known. Most notably, the hypothesis advanced
here unites the concept of immunodeficiency
and autoimmunity which is frequently observed in conditions associated with PAH (813).
Pathologically, PAH is characterised by a
proliferation of endothelial cells and expansion
of vascular smooth muscle and adventitial cells
in pulmonary arteries. PAH can present with
luminal obliteration (vascular lesions) of small
precapillary arteries. From a histological point
of view, all layers of the pulmonary arteriolesintima, media, and adventitia-are involved,
and inflammatory cells are present in PAH. Notably, inflammation in the perivascular space
includes accumulation of mast cells and lymphocytes. There are differences in the pathogenesis of IPAH and APAH. Immune disturbances are also believed to contribute to APAH.
This is particularly clear in APAH related to
CTD. An autoimmune mechanism associated
with vascular endothelial damage appears to
have played a key pathogenic role in the development of PAH in these patients. The loss of

FIGURE 1. A schematic diagram displaying autoimmunity in the evolution of pulmonary arterial hypertension (14).
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self-tolerance could influence the early development of severe angioproliferative pulmonary
hypertension. T-cell deficiency confers increased APAH and vascular remodelling. The
absence of T cells enhances the vaso-obliterative remodelling that occurs as a consequence
of pulmonary endothelial cell apoptosis and
that reconstituting the immune system prevented these effects. APAH patients include an inflammatory infiltrate consisting of macrophages, T cells, B-cells and mast cells. The B
cell activation and immune complex deposition may also contribute to the pathogenesis of
APAH (13). Mast cells are a rich source of interleukin (IL)-4 which are capable of stimulating
auto-reactive B-cells to secrete auto-antibodies, including anti-endothelial cell antibodies.
The effector cell of greatest importance may be
the dysregulated B-cell that produces auto-antibodies to vascular endothelium because normal regulatory T-cell activity is decreased or
absent. APAH is characterised by B-cells, Tcells and mast cells, initiating plexiform lesions,
and antibody-complement deposits that are
located in the pulmonary arteries (14).
Although the occurrence of APAH is a relatively old observation, this new model of disease development can help explain seemingly
un related aspects of this condition (15). Pulmonary vascular inflammation has been described in systemic lupus erythematosus (SLE)associated PAH (16).
Severe APAH is one manifestation of a number of CTD. Survival rates in APAH in particular
CTD, such as systemic sclerosis (SSc), are even
lower than in IPAH. The occurrence of APAH
has been associated with rheumatoid arthritis
(RA), SSc, syndrome of calcinosis, Raynaud’s
phenomenon, esophageal dysmotility, sclerodactyly and telangiectasia (CREST syndrome),
SLE, and mixed connective-tissue disease
(MCTD). APAH occurs far less frequently in patients with SLE than in those with SSc, but the
diagnosis is often delayed due to reduced vigilance in SLE compared with SSc. Whipple’s
disease should be ruled out as a secondary
cause of APAH (4). The reported prevalence for
APAH shows a wide range depending on the
criteria used for diagnosis, on the methods
used to confirm the diagnosis and on the patient population used for the studies. The cardinal sign is shortness of breath on exertion,
but patients often do not report this symptom
until asked specifically (17).

Additional symptoms include among others
fatigue, weakness, angina, syncope and abdominal distension. Many patients with limited
scleroderma have mild dyspnea on exertion
during their disease course, but this symptom is
usually attributed to deconditioning or other
aspects of the disease. These symptoms are late
manifestations of the disease and hemodynamic as well as morphological changes in the pulmonary vasculature occur long before these
manifestations are detectable. However, APAH
should be strongly considered, especially in
SLE patients presenting with progressive dyspnea in the context of antiphospholipid syndrome (APS) or severe SLE. APS is often associated with APAH. APS is associated with
antiphospholipid antibodies (APL) that bind
and activate endothelial cells. This antibody
engagement ultimately leads to apoptosis of
vascular endothelial cells (19-22).
APAH has a highly fatality rate in patients
with CTD. Some patients with severe APAH associated with SLE have improved their conditions with immunosuppressive therapy, emphasising the relevance of inflammation and
autoimmunity in this subset of patients (23-26).
Antibodies to bone morphogenetic protein
receptor (anti-BMPR2) could trigger PAH in patients with MCTD. However, these antibodies
failed to be detected in any of the patients. The
germline BMPR2 mutations might be responsible for regulatory T-cell defects and predispose
to the occurrence of APAH (27-29).
Medical data were reviewed including demographic data, clinical features, laboratory
findings (complete blood count, serum chemistry and uric acid (hyperuricemia), immunologic
profiles [antinuclear antibody (ANA), anti-SSA
antibody, antiribonucleoprotein antibody (antiRNP) and serum immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M
(IgM), etc.], complement C3 and C4, urinanalSystemic lupus erythematosus
Mixed connective tissue disease
Systemic sclerosis (CREST syndrome)
Primary Sjögren’s syndrome
Rheumatoid arthritis
Antiphospholipid syndrome
Thyroid autoimmune disease
Polymyositis
Whipple’s disease

TABLE 1. Autoimmune diseases associated with
pulmonary arterial hypertension (18)
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ysis, chest radiological findings and high-resolution computed tomography, and pulmonary
function tests (diffusion capacity of the lung for
carbon monoxide). Given the association of
autoimmune phenomena with PAH, such as
detection of ANA and antiendothelial cell antibodies (AECA), the finding of antibody-complement deposits in the lungs of patients with
APAH, and the presence of inflammatory cells
around plexiform lesions in APAH, there appears to be a basis for an immune-mediated
component in APAH pathogenesis. Pathogenetic autoantibodies targeting endothelial cells
are capable of inducing vascular endothelial
apoptosis and may initiate the development of
APAH. The evaluation of APAH includes assessment for an underlying CTD, including physical
examination and serologic testing for ANA. Additional serologic studies may be appropriate if
initial testing suggests an underlying autoimmune disorder. Serologic studies are often performed in patients with unexplained PAH to
screen for CTD. Positive results of ANA tests are
common, usually with a low titer, although high
titers without a specific pattern have been reported. Anticentromere antibodies (ACA) are
associated with the occurrence of APAH in patients with SSc, but their pathogenic role is not
clearly established. Patients with SSc and antifibrillarin antibodies (anti-U3RNP) may develop
more severe APAH. The presence of anticardiolipin antibodies (aCL) may be one of the
factors that precipitate APAH, especially in
those patients with SLE. Immunofluorescent
studies in APAH patients have shown Ig and C
deposits in the pulmonary arterial walls. Autoantibodies most commonly observed were
ANA, anti-ssDNA, antitiroglobulin antibodies
(ATg). These results may imply that in a subgroup of patients with PAH, the disease may be
ascribed to an immune dysregulation or alternatively that autoantibodies accompany the
disease progression as a epiphenomenona. Approximately half of patients with APAH have
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thyroid autoimmune disease. A possible association between hyperthyroidism and APAH
has been reported (30-34).
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. By giving new consideration to autoimmunity as a potential cause
of disease, it is likely that a better understanding of the exact role of autoimmunity and inflammation will help defining novel therapeutic targets in this condition (35-39). More
studies are needed to verify the prevalence of
APAH (40, 41).
If autoimmunity is truly important in the
pathogenesis of APAH, then at risk patients can
potentially be targeted with immunotherapy
designed to prevent the establishment and
propagation of autoimmune injury. Developing
an understanding of how autoimmunity can
trigger APAH would be invaluable in forming
models of APAH pathogenesis and could promote the design of novel therapeutics which
specifically address immune dysregulation. A
better understanding of the exact role of autoimmunity and inflammation will help defining
novel therapeutic targets in this devastating
condition. 
CONCLUSIONS

A

ssociated pulmonary arterial hypertension
is among the most frequent causes of PAH
in clinical practice, as shown by international
registries. The data plead in favour of the relevance of immune disturbances in APAH. The
diagnosis of APAH requires the clinical awareness of symptoms associated with PAH, the use
of screening tools and the confirmation of the
diagnosis by independent diagnostic procedures. APAH is a major cause of morbidity and
mortality. By identifying a critical immune basis
for many forms of APAH, a rational design of
therapeutic targets for this group of frequently
fatal diseases will be strongly facilitated. 
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