
Is It Still “Idiopathic”? Features of Autoimmunity in Idiopathic
Pulmonary Arterial Hypertension

Pulmonary arterial hypertension (PAH) is a rare but devastating
cardiopulmonary disease marked by progressive remodeling of
the pulmonary vascular bed, which typically leads to right
ventricular failure and death and/or lung transplantation (1).
Over the preceding 25 years, multiple therapies, all aimed at
pulmonary vasodilation, have been approved for use and
implemented in care guidelines. Although vasodilation extends
transplantation-free survival and improves functional
performance for most patients, curative approaches remain
elusive (2). Elucidating the underlying pathophysiologic events
that initiate and/or perpetuate the PAH state may open new
avenues of impactful therapies. For many years, substantial
effort has focused on the potential contribution of immune
dysregulation and/or overt autoimmune activity to PAH
pathogenesis, with associated therapeutic approaches ranging
from systemic steroid exposure to advanced biologic
manipulations (e.g., specific cytokine inhibitors). To date, no
therapeutic approach to modify the immune response has
proved definitively effective, although comprehensive
randomized clinical trials are lacking in most circumstances.

Although idiopathic PAH (IPAH), by definition, has no
definitive disease association, it is a member of the broader
classification group of entities hemodynamically linked together
as PAH. Among these is connective tissue disease
(CTD)–associated PAH, which of course by definition is PAH in
the setting of a detectable CTD, such as systemic sclerosis (3).
PAH entities not only share hemodynamic properties, but they
are characterized by a female predominance as well as features of
exuberant immune cell activity, if not overt autoimmunity.
Histologic and molecular studies of lung tissue, lung-derived
cells, and circulating cells suggest perturbed regulation of
immune cell distribution and perhaps activity in PAH.
Systemically, numerous studies of biologic markers indicate an
exuberant inflammatory milieu and/or a lack of inflammatory
control (recently reviewed in Reference 4). Intriguingly, and in
support of the notion of immune cell–associated pathogenesis, a
growing number of studies have published results potentially
supportive of the prospect of bone marrow transplantation as a
therapeutic approach to PAH or that at least implicate bone
marrow–derived cells in pathogenesis.

On this scientific background, in their article in this issue of
the Journal, “Autoimmunity Is a Significant Feature of Idiopathic
Pulmonary Arterial Hypertension,” Jones and colleagues
(pp. 81–93) demonstrate, using multiple methodological
approaches in the largest such study of IPAH conducted to date,
that patients with IPAH possess an autoimmune signature (5).
Specifically, the investigators report IPAH is associated with an
altered humoral immune response, which may ultimately propel
a change in how patients with IPAH are approached and treated
if confirmed and expanded.

The study showed that patients with IPAH have an immune
phenotype defined by a shift in the adaptive immune response axis.
The investigators characterized IPAH by a distinct immune profile of
altered B-cell frequencies, increased circulating T follicular helper
(cTFH) cells, and an altered regulatory T-cell profile, an immune
phenotype indicative of an activated immune response and previously
shown to be perturbed in PAH (recently reviewed in Reference 6).
Consistent with this, the authors report that IL-21 concentrations
were significantly increased (P, 0.0001) in subjects with IPAH.
IL-21 is an autocrine cytokine produced predominantly by cTFH and
T-helper cell type 17 cells, not previously measured in subjects with
IPAH. It plays an important role in the immune system by promoting
proliferation and development of cTFH and T-helper cell type 17 cells,
balancing T-helper cell type subsets, inducing B-cell generation and
differentiation into plasma cells, and enhancing the production of
immunoglobulin. Consistent with this, IL-21 is implicated in the
promotion of autoimmune disease, with increased concentrations
positively associated with cTFH cells, plasma cells, autoantibodies, and
disease activity in CTD (7).

Although Jones and colleagues found that the major
subclasses remained unchanged compared with healthy control
subjects, IgG3 concentrations (q = 0.0392) were elevated in
subjects with IPAH. This is an interesting finding, as IgG3
concentrations and proportions of IgG3 in serum are identified
as potential prognostic markers of B-cell dysfunction in people
with a clinically isolated syndrome with immunopathogenesis
that rapidly converts to multiple sclerosis (8). IgG3 is often one
of the earliest subclasses to be elicited against protein antigens
upon infection, so IgG3 concentrations might indicate an active
antibody response, for example, IgG3 concentration elevation in
response to a viral pathogen that triggers an immune response
(9). Although infectious disease features and/or lymphopenia are
not reported in this IPAH cohort, autoantibodies of ribonucleic
protein (RNP) complex are found to be elevated. Anti-RNP
antibodies bind and penetrate lymphocytes, which can cause
impairment in lymphocyte function and may interfere with
cellular immunity (10, 11).

Autoantibodies are recognized as a component of
classification criteria for CTD (12–14). By definition, IPAH does
not meet criteria for CTD (15). The clinical differentiation of
CTD-related PAH in patients with systemic sclerosis, mixed CTD
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and systemic lupus erythematosus and IPAH is important
because of possible endpoint differences in treatment response,
exercise capacity, oxygen requirements, dyspnea, quality of life,
and, most important, survival (16–18). Jones and colleagues
found that multiplexed autoantibodies were significantly raised
in subjects with IPAH, and clustering demonstrated three
distinct clusters: “high autoantibody”, “low autoantibody”, and a
small “intermediate” cluster exhibiting high concentrations of
RNP complex. The high-autoantibody cluster had worse
hemodynamics for pulmonary vascular resistance and cardiac
output but improved survival despite no significant differences in
treatment. This is particularly interesting in the context of mixed
CTD regardless of PAH, in which the presence of high titers of
antibodies to U1RNP is believed to modify the expression of the
CTD relevant to prognosis and treatment, but U1RNP can
disappear during the course of the disease (13, 19).

The authors extended these findings with a focus on the
predominant molecular pathway associated with PAH, BMPR2
(bone morphogenetic protein receptor 2) signaling (5). Putative
serum autoantibodies against BMPR2 were detected in patients
with IPAH (n = 5) but not in patients with other autoimmune
etiologies (n = 11). The authors then screened 350 subjects with
IPAH and heritable PAH as well as 55 healthy donor control
subjects to detect IgG reactivity against a peptide of the
extracellular domain of human BMPR2, and they found that
bound immunoglobulins were significantly increased in patients
with IPAH (P = 0.038). These results support the role of
autoantibody screening in the evaluation of patients with PAH
and the possible value of longitudinal assessment, although
additional studies of the impact on long-term outcomes in larger
cohorts are warranted.

The work by Jones and colleagues advances the field while
raising many new questions. In addition to the inherent need for
validation and expansion in IPAH and other PAH subtypes, the
findings may have implications for both therapy and comorbid
disease screening approaches. We resist the urge to speculate on
the use of broad-based or focused immune modifiers as both
beyond the scope of this editorial and in need of additional study,
while recognizing the value of immune system control for
subjects with true CTD-associated PAH. However, this work
does raise the question as to whether some of our patients with
IPAH are truly idiopathic or with occult autoimmune features.
And is our CTD screening detailed enough at diagnosis?
Furthermore, should CTD screening be revisited more frequently
over time? Although the role of IL-21 and IgG3 concentrations in
the generation of autoantibodies demands additional study, Jones
and colleagues provide new potential mechanisms to improve the
accuracy of IPAH diagnosis and ultimately individualize
treatment strategies, adding more reason for optimism from
patients and providers.�

Author disclosures are available with the text of this article at
www.atsjournals.org.

Tracy M. Frech, M.D., M.S.
Department of Medicine
Vanderbilt University Medical Center
Nashville, Tennessee

Eric D. Austin, M.D., M.Sc.
Department of Pediatrics
Vanderbilt University Medical Center
Nashville, Tennessee

ORCID ID: 0000-0002-1709-9022 (E.D.A.).

References

1. Montani D, G€unther S, Dorfm€uller P, Perros F, Girerd B, Garcia G, et al.
Pulmonary arterial hypertension. Orphanet J Rare Dis 2013;8:97.

2. Hassoun PM. Pulmonary arterial hypertension. N Engl J Med 2021;385:
2361–2376.

3. Simonneau G, Montani D, Celermajer DS, Denton CP, Gatzoulis MA,
Krowka M, et al. Haemodynamic definitions and updated clinical
classification of pulmonary hypertension. Eur Respir J 2019;53:
1801913.

4. Nicolls MR, Voelkel NF. The roles of immunity in the prevention and
evolution of pulmonary arterial hypertension. Am J Respir Crit Care Med
2017;195:1292–1299.

5. Jones RJ, De Bie EMDD, Groves E, Zalewska KI, Swietlik EM, Treacy
CM, et al.; UK National PAH Cohort Study Consortium. Autoimmunity is
a significant feature of idiopathic pulmonary arterial hypertension. Am J
Respir Crit Care Med 2022;206:81–93.

6. Tian W, Jiang SY, Jiang X, Tamosiuniene R, Kim D, Guan T, et al. The
role of regulatory T cells in pulmonary arterial hypertension. Front
Immunol 2021;12:684657.

7. Long D, Chen Y, Wu H, Zhao M, Lu Q. Clinical significance and
immunobiology of IL-21 in autoimmunity. J Autoimmun 2019;99:1–14.

8. Trend S, Jones AP, Cha L, Byrne SN, Geldenhuys S, Fabis-Pedrini MJ,
et al. Higher serum immunoglobulin G3 levels may predict the
development of multiple sclerosis in individuals with clinically isolated
syndrome. Front Immunol 2018;9:1590.

9. Damelang T, Rogerson SJ, Kent SJ, Chung AW. Role of IgG3 in infectious
diseases. Trends Immunol 2019;40:197–211.

10. Ma J, Chapman GV, Chen SL, Melick G, Penny R, Breit SN.
Antibody penetration of viable human cells. I. Increased
penetration of human lymphocytes by anti-RNP IgG. Clin Exp
Immunol 1991;84:83–91.

11. Ma J, King N, Chen SL, Penny R, Breit SN. Antibody penetration of
viable human cells: II. Anti-RNP antibodies binding to RNP antigen
expressed on cell surface, which may mediate the antibody
internalization. Clin Exp Immunol 1993;93:396–404.

12. Aringer M, Costenbader K, Daikh D, Brinks R, Mosca M, Ramsey-
Goldman R, et al. 2019 European League against Rheumatism/
American College of Rheumatology classification criteria for systemic
lupus erythematosus. Arthritis Rheumatol 2019;71:1400–1412.

13. van den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M,
Tyndall A, et al. 2013 classification criteria for systemic sclerosis:
an American College of Rheumatology/European League against
Rheumatism collaborative initiative. Arthritis Rheum 2013;65:
2737–2747.

14. Maddison PJ. Mixed connective tissue disease, overlap syndromes, and
eosinophilic fasciitis. Ann Rheum Dis 1991;50:887–893.

15. Gali�e N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015
ESC/ERS guidelines for the diagnosis and treatment of pulmonary
hypertension: the Joint Task Force for the Diagnosis and Treatment of
Pulmonary Hypertension of the European Society of Cardiology (ESC)
and the European Respiratory Society (ERS). Endorsed by:
Association for European Paediatric and Congenital Cardiology
(AEPC), International Society for Heart and Lung Transplantation
(ISHLT). Eur Respir J 2015;46:903–975.

16. Rhee RL, Gabler NB, Sangani S, Praestgaard A, Merkel PA, Kawut SM.
Comparison of treatment response in idiopathic and connective tissue
disease–associated pulmonary arterial hypertension. Am J Respir Crit
Care Med 2015;192:1111–1117.

Editorials 9

EDITORIALS

http://www.atsjournals.org/doi/suppl/10.1164/rccm.202202-0413ED/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://www.atsjournals.org
http://orcid.org/0000-0002-1709-9022


17. Deboeck G, Scoditti C, Huez S, Vachi�ery JL, Lamotte M, Sharples L,
et al. Exercise testing to predict outcome in idiopathic versus
associated pulmonary arterial hypertension. Eur Respir J 2012;40:
1410–1419.

18. Condliffe R, Kiely DG, Peacock AJ, Corris PA, Gibbs JS, Vrapi F, et al.
Connective tissue disease-associated pulmonary arterial hypertension
in the modern treatment era. Am J Respir Crit Care Med 2009;179:
151–157.

19. Pettersson I, Wang G, Smith EI, Wigzell H, Hedfors E, Horn J, et al.
The use of immunoblotting and immunoprecipitation of (U) small
nuclear ribonucleoproteins in the analysis of sera of patients with
mixed connective tissue disease and systemic lupus
erythematosus: a cross-sectional, longitudinal study. Arthritis
Rheum 1986;29:986–996.

Copyright © 2022 by the American Thoracic Society

Mycobacterium tuberculosis: A Pathogen That Can Hold Its Breath a
Long Time

In this issue of the Journal, Bucşan and colleagues (pp. 94–104)
present an extensive comparative analysis of two widely used, virulent
strains ofMycobacterium tuberculosis (Mtb) in the nonhuman
primate (NHP) model (1). They found that the Erdman strain was
considerably more virulent than the CDC1551 strain by multiple
parameters: larger areas of necrotic granulomas, poorer survival,
increased bacterial lung burden, increased lung pathology associated
with greater systemic inflammation, and a high and early
inflammatory myeloid cell influx to the lung with evidence of greater
macrophage and T-cell activity in the lung. Comparison of gene
expression signatures in the lungs of infected animals by RNA
sequencing revealed that pathways associated with the hypoxia
response and lung tissue remodeling were induced to higher degrees
in Erdman-infected animals.

Combining the observation of hypoxia response genes being
elevated in the Erdman-infected animals with the fact that the
Erdman-induced necrotic granulomas demonstrated impressively
larger volumes and higher bacterial burdens than those from
CDC1551, the authors hypothesized that the Erdman strain might be
better able to survive and proliferate under hypoxic conditions. To
evaluate this, bacterial RNA sequencing was used to study the
responses of the two strains to hypoxia in vitro. The authors found
that transcription of the DosR (dormancy survival regulator) regulon
was significantly elevated in the Erdman strain compared with
CDC1551. Even when in vitro hypoxia was terminated and the
bacteria were grown in reaerated conditions, the DosR regulon gene
members remained highly expressed in the Erdman strain, whereas
expression of these genes returned to basal levels in CDC1551.

DosR is part of a bacterial two-component gene regulatory
system that controls the expression of a 48-gene regulon first
identified by Sherman and colleagues as a key regulator of hypoxia in
Mtb (2). Indeed, it is already known that Mtb DosR regulonmutants
fail to persist or cause disease in the NHPmodel (3). However, before

this study, the impact of DosR expression magnitude and its response
to reaeration had not been studied in detail in the NHPmodel.
Hence, the importance of this study is that it underscores a key

Figure 1. A sealed culture of Mycobacterium tuberculosis inoculated
on April 4, 1920, and held at 37�C until the spring of 1932. Cultures
from the sediments of this bottle grew viable M. tuberculosis, which
was shown to be virulent in guinea pigs. Reprinted from Reference 7.
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