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Pulmonary hypertension (PH) is recognized as a pathophysiological disorder en-
compassing a wide spectrum of clinical conditions related to various cardiovascular and
respiratory diseases [1,2]. The contemporary classification of PH is organized into five
clinical groups: Group 1 includes pulmonary arterial hypertension (PAH); Group 2 is asso-
ciated with left heart disease; Group 3 is related to lung diseases and/or hypoxia; Group 4
involves PH due to pulmonary artery obstructions, including chronic thromboembolic PH
(CTEPH); and Group 5 consists of PH with unclear and/or multifactorial mechanisms [2].
Specifically, PAH is identified as a rare and severe condition characterized by remodeling
and obstruction of pulmonary microvessels, leading to increased pulmonary vascular
resistance, heightened pulmonary arterial pressures, and right ventricular failure [1-3].
In cases of hereditary PAH, various germline mutations have been implicated [1,2]. The
pathophysiology of PAH is complex, involving mechanisms such as vasoconstriction, vas-
cular remodeling, endothelial dysfunction, inflammation, and thrombosis [1,2]. PAH may
arise from several conditions, including connective tissue diseases (CTD-PAH), ref. [4]
congenital heart diseases (CHD-PAH), and liver cirrhosis, with these pathological alter-
ations contributing to the progression of Groups 2 and 3 PH [1,2]. In CTEPH, PH may
develop from pulmonary artery obstructions due to organized fibrotic clots, potentially
coupled with vascular dysfunction across various pulmonary artery sizes [1,2,5-7]. Within
this pathophysiological framework, several vasoactive mediators, including nitric oxide,
prostacyclin, endothelin-1, serotonin, and thromboxane, play roles in the development and
subsequent structural remodeling of pulmonary vascular hypertrophy [1,2]. Treatment for
CTEPH includes surgical endarterectomy of the affected pulmonary arteries and/or balloon
pulmonary angioplasty (BPA) [1,2,8]; however, effective medical therapies targeting the
underlying causes of pulmonary arteriopathy in CTEPH and PAH remain underdeveloped.

This Special Issue primarily concentrates on PAH, classified as Group 1, with the
objective of elucidating recently identified cellular pathogenesis mechanisms. This insight
is anticipated to pave the way for novel and innovative treatment options and strategies.
Additionally, it addresses CTEPH, categorized as Group 4, further expanding the scope of
this discussion.

Tomaszewski et al. [9] reported that idiopathic PAH patients showed a significantly
higher percentage of CD4+CTLA-4+ and CD8+CTLA-4+ T lymphocytes compared to
controls and other PAH subtypes. These elevated levels correlate with increased severity of
heart failure according to the World Health Organization (WHO) Functional Classification
and higher N-terminal pro-B-type natriuretic peptide (NT-proBNP) levels, suggesting their
potential as prognostic markers. Specifically, higher percentages of these lymphocytes at
diagnosis are associated with increased mortality within five years, indicating their value in
predicting disease outcome. While CTLA-4+ cells show promise as noninvasive biomarkers
for detecting idiopathic PAH, their role in treatment strategy is yet to be determined.
Further research is needed to understand the relationship between T and B lymphocyte
subsets and different PAH types [9].
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Tornling et al. [10] demonstrated that in the Sugen-Hypoxia rat model, the AT2R
agonist C21’s effects on remodeling, hemodynamic alterations, and augmented pulmonary
collagen deposition suggest its potential therapeutic role not only in PAH but also in
addressing the critical need for treatments in Group 3 pulmonary hypertension associated
with interstitial lung disease (ILD). This potential extends to cases of systemic sclerosis
and other connective tissue diseases where Group 1 pulmonary hypertension emerges
concurrently with lung fibrosis [10].

Further, Peng et al. [11] evaluated the efficacy of three FDA-approved vasodilating
drugs in a PAH mouse model (Egln17%?C" mice) that spontaneously develops severe PAH
with stable occlusive pulmonary vascular remodeling and right ventricular failure. While
these drugs reduced right ventricular systolic pressure and improved cardiac output, they
had limited impact on pulmonary artery function, right ventricular hypertrophy, and
pulmonary vascular remodeling, with variable survival benefits. These findings align with
clinical trial outcomes in PAH patients. This study underscores the Egln17¢?C" mouse as a
representative model for severe PAH, valuable for identifying potential drug targets and
preclinical testing of novel therapies [11].

Ryanto et al. [12] reviewed the role of activin/inhibin signaling as a crucial mediator
in the development of PAH and its potential as a therapeutic target to enhance patient
outcomes. They established the significant involvement of activins and inhibins in PAH
pathogenesis, and contend that realizing the full therapeutic potential of targeting ac-
tivins/inhibins in PAH necessitates extensive further basic and clinical research [12].

Pullamsetti et al. [13] discussed the significance of the PDGFR-CSF1R-c-KIT signaling
network in PAH pathogenesis and proposed that inhibiting all three nodes could be a novel
therapeutic strategy. They highlighted the potential of seralutinib, a drug under develop-
ment targeting these pathways. This novel PDGFR/CSF1R/c-KIT inhibitor, delivered via
inhalation, is particularly potent against PDGFR{3 and CSF1R, with features distinct from
imatinib, including low oral bioavailability ideal for inhalation administration. Seralutinib
has demonstrated preclinical efficacy in multiple animal models and restored BMPR?2 levels
in a specific model of PH, indicating its potential for reversing pulmonary vascular remod-
eling and improving clinical outcomes in PAH. Ongoing research, including techniques
like single-cell RNA sequencing, aims to further elucidate seralutinib’s mechanisms and
its impact on PAH’s pathological remodeling. Preliminary results from a randomized
controlled trial showed seralutinib significantly reduced pulmonary vascular resistance
and was well-tolerated, leading to a forthcoming phase 3 study to further assess its efficacy
and safety in PAH. This research suggests seralutinib, especially in combination with other
therapies, may offer a promising new approach to treating PAH [13].

In this Special Issue, Otani et al. [14] reviewed CTEPH, a condition where an organic
thrombus persists in the pulmonary artery despite over three months of anticoagulation
therapy, leading to right-sided heart failure and potentially fatal outcomes. CTEPH, char-
acterized by pulmonary artery stenosis and occlusion from organized thrombi, results in
progressive pulmonary vascular disease and a poor prognosis if untreated. The standard
treatment, PEA, is typically offered in specialized centers and is recommended for oper-
able cases. Recently, BPA and drug therapies, such as riociguat, have shown promising
results. The review highlights the complex pathogenesis of CTEPH, involving inflamma-
tory cytokines and coagulation abnormalities, and emphasizes the importance of early
detection and intervention to improve prognosis. While PEA remains the curative standard,
the increasing success of BPA and drug therapy offers hope for inoperable cases. Future
advancements are anticipated to further improve outcomes in CTEPH treatment [14].

Despite advancements of pulmonary vasodilators (with various side effects [15])
over the past two decades, PAH and CTEPH remain serious conditions with significant
morbidity and mortality [16]. To date, no treatments directly addressing the underlying
causes of pulmonary arteriopathy have been developed. However, new therapeutic targets
have emerged, with some progressing to market availability and clinical application. We
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earnestly hope for continued research into the etiology of PAH and CTEPH, leading to the
establishment of fundamental treatments.

Conflicts of Interest: The author declares no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Fukuda, K.; Date, H.; Doi, S.; Fukumoto, Y.; Fukushima, N.; Hatano, M.; Ito, H.; Kuwana, M.; Matsubara, H.; Momomura, S.I.;
et al. Guidelines for the Treatment of Pulmonary Hypertension (JCS 2017 /JPCPHS 2017). Circ. |. 2019, 83, 842-945. [PubMed]
Humbert, M.; Kovacs, G.; Hoeper, M.M.; Badagliacca, R.; Berger, R ML.E; Brida, M.; Carlsen, J.; Coats, A.].S.; Escribano-Subias, P,;
Ferrari, P; et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension. Eur. Heart J. 2022, 43,
3618-3731. [PubMed]

Fukumoto, Y. Pulmonary artery distensibility index is a non-invasive useful marker of pulmonary arterial hypertension progres-
sion. Circ. . 2011, 75, 2058-2059. [CrossRef] [PubMed]

Miyamichi-Yamamoto, S.; Fukumoto, Y.; Sugimura, K,; Ishii, T.; Satoh, K.; Miura, Y.; Tatebe, S.; Nochioka, K.; Aoki, T.; Do, E.Z.;
et al. Intensive immunosuppressive therapy improves pulmonary hemodynamics and long-term prognosis in patients with
pulmonary arterial hypertension associated with connective tissue disease. Circ. J. 2011, 75, 2668-2674. [CrossRef]

Yamaki, S.; Ando, M.; Fukumoto, Y.; Higuchi, Y.; Kaneko, K.; Maeda, K.; Shimokawa, H. Histopathological examination by
lung biopsy for the evaluation of operability and postoperative prognosis in patients with chronic thromboembolic pulmonary
hypertension. Circ. |. 2014, 78, 476-482. [CrossRef] [PubMed]

Chibana, H.; Tahara, N.; Itaya, N.; Sasaki, M.; Sasaki, M.; Nakayoshi, T.; Ohtsuka, M.; Yokoyama, S.; Sasaki, K.; Ueno, T.; et al.
Optical frequency-domain imaging and pulmonary angioscopy in chronic thromboembolic pulmonary hypertension. Eur. Heart ].
2016, 37, 1296-1304. [PubMed]

Chibana, H.; Tahara, N.; Itaya, N.; Ishimatsu, T.; Sasaki, M.; Sasaki, M.; Nakayoshi, T.; Ohtsuka, M.; Yokoyama, S.; Sasaki, K.L;
et al. Pulmonary artery dysfunction in chronic thromboembolic pulmonary hypertension. Int. J. Cardiol. Heart Vasc. 2017, 17,
30-32. [CrossRef]

Sugimura, K.; Fukumoto, Y.; Satoh, K.; Nochioka, K.; Miura, Y.; Aoki, T.; Tatebe, S.; Miyamichi-Yamamoto, S.; Shimokawa, H.
Percutaneous transluminal pulmonary angioplasty markedly improves pulmonary hemodynamics and long-term prognosis in
patients with chronic thromboembolic pulmonary hypertension. Circ. J. 2012, 76, 485-488. [CrossRef] [PubMed]

Tomaszewski, M.; Malkowska, P.; Sierawska, O.; Hrynkiewicz, R.; Mroczek, E.; Darocha, S.; Hymos, A.; Blaszczak, P.; Grywalska,
E.; Niedzwiedzka-Rystwej, P. CTLA-4 Expression Is a Promising Biomarker of Idiopathic Pulmonary Arterial Hypertension and
Allows Differentiation of the Type of Pulmonary Hypertension. Int. ]. Mol. Sci. 2022, 23, 15910. [PubMed]

Tornling, G.; Batta, R.; Salvail, D.; Raud, J.; Denton, C.P. Effects of the Oral Angiotensin II Type 2 Receptor Agonist C21 in
Sugen-Hypoxia Induced Pulmonary Hypertension in Rats. Int. J. Mol. Sci. 2023, 24, 7478. [CrossRef] [PubMed]

Peng, Y; Dai, J.; Zhao, Y.Y. Eglaniezcre Mice Exhibit Similar Therapeutic Responses to Sildenafil, Ambrisentan, and Treprostinil as
Pulmonary Arterial Hypertension (PAH) Patients, Supporting Egln17¢?“" Mice as a Useful PAH Model. Int. J. Mol. Sci. 2023,
24,2391. [CrossRef] [PubMed]

Ryanto, G.R.T.; Musthafa, A.; Hara, T.; Emoto, N. Inactivating the Uninhibited: The Tale of Activins and Inhibins in Pulmonary
Arterial Hypertension. Int. J. Mol. Sci. 2023, 24, 3332. [CrossRef] [PubMed]

Pullamsetti, S.S.; Sitapara, R.; Osterhout, R.; Weiss, A.; Carter, L.L.; Zisman, L.S.; Schermuly, R.T. Pharmacology and Rationale for
Seralutinib in the Treatment of Pulmonary Arterial Hypertension. Int. ]. Mol. Sci. 2023, 24, 12653. [CrossRef] [PubMed]

Otani, N.; Watanabe, R.; Tomoe, T.; Toyoda, S.; Yasu, T.; Nakamoto, T. Pathophysiology and Treatment of Chronic Thromboembolic
Pulmonary Hypertension. Int. J. Mol. Sci. 2023, 24, 3979. [CrossRef] [PubMed]

Nakashima, N.; Tahara, N.; Sugiyama, Y.; Bekki, M.; Maeda-Ogata, S.; Honda, A.; Goto, C.; Tanaka, S.; Fukumoto, Y. Compression
Stockings Improve Lower Legs Symptom in Patients with Pulmonary Artery Hypertension Treated by Pulmonary Vasodilators-A
Pilot Study. J. Clin. Med. 2023, 12, 2484. [CrossRef] [PubMed]

Sugiyama, Y.; Tahara, N.; Bekki, M.; Tahara, A.; Honda, A.; Maeda-Ogata, S.; Sun, J.; Igata, S.; Fukumoto, Y. Long-term survival
outcome for pre-capillary pulmonary hypertension at a Japanese single center. Can. J. Physiol. Pharmacol. 2020, 98, 644—652.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.ncbi.nlm.nih.gov/pubmed/30853682
https://www.ncbi.nlm.nih.gov/pubmed/36017548
https://doi.org/10.1253/circj.CJ-11-0741
https://www.ncbi.nlm.nih.gov/pubmed/21817810
https://doi.org/10.1253/circj.CJ-11-0473
https://doi.org/10.1253/circj.CJ-13-1016
https://www.ncbi.nlm.nih.gov/pubmed/24284920
https://www.ncbi.nlm.nih.gov/pubmed/26795445
https://doi.org/10.1016/j.ijcha.2017.09.001
https://doi.org/10.1253/circj.CJ-11-1217
https://www.ncbi.nlm.nih.gov/pubmed/22185711
https://www.ncbi.nlm.nih.gov/pubmed/36555549
https://doi.org/10.3390/ijms24087478
https://www.ncbi.nlm.nih.gov/pubmed/37108643
https://doi.org/10.3390/ijms24032391
https://www.ncbi.nlm.nih.gov/pubmed/36768713
https://doi.org/10.3390/ijms24043332
https://www.ncbi.nlm.nih.gov/pubmed/36834742
https://doi.org/10.3390/ijms241612653
https://www.ncbi.nlm.nih.gov/pubmed/37628831
https://doi.org/10.3390/ijms24043979
https://www.ncbi.nlm.nih.gov/pubmed/36835383
https://doi.org/10.3390/jcm12072484
https://www.ncbi.nlm.nih.gov/pubmed/37048566
https://doi.org/10.1139/cjpp-2019-0663
https://www.ncbi.nlm.nih.gov/pubmed/32125894

	References

