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Pulmonary hypertension (PH) is a pathophysiological condition of increased pulmonary circulation vascular resistance due to various reasons, which mainly leads to right heart dysfunction and even death, especially in critically ill patients. Although drug interventions have shown some efficacy in improving the hemodynamics of PH patients, the mortality rate remains high. Hence, the identification of new targets and treatment strategies for PH is imperative. Heparanase (HPA) is an enzyme that specifically cleaves the heparan sulfate (HS) side chains in the extracellular matrix, playing critical roles in inflammation and tumorigenesis. Recent studies have indicated a close association between HPA and PH, suggesting HPA as a potential therapeutic target. This review examines the involvement of HPA in PH pathogenesis, including its effects on endothelial cells, inflammation, and coagulation. Furthermore, HPA may serve as a biomarker for diagnosing PH, and the development of HPA inhibitors holds promise as a targeted therapy for PH treatment.
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1 INTRODUCTION
Pulmonary hypertension (PH) is characterized by a mean pulmonary arterial pressure (mPAP) ≥25 mmHg at rest, although recent studies have suggested that an upper limit of 20 mmHg should be considered normal (Simonneau et al., 2019). Despite the increasing global research efforts on PH, significant breakthroughs in its pathogenesis are still lacking, and the 5-year mortality rate remains at approximately 50% (Thenappan et al., 2018). Increased pulmonary vascular pressure disrupts hemodynamic balance, leading to elevated right ventricular afterload, right heart failure, and potentially fatal outcomes (Cassady and Ramani, 2020). The right ventricle possesses thin ventricular walls and good compliance, but its structural characteristics make it less tolerant to pressure changes. Unfortunately, clinical attention to right heart failure is often overshadowed by the focus on left heart failure, potentially resulting in deteriorating conditions for patients, particularly those who are critically ill. Recognizing the significance of right heart function, the American Heart Association issued “Assessment and Management of Right Heart Failure” in 2018, emphasizing the importance of addressing this aspect of cardiac health (Konstam et al., 2018).
The current classification of PH aligns with the 2022 guidelines from the European Society of Cardiology (ESC) and the European Respiratory Society (ERS) (Humbert et al., 2022). It categorizes PH into five main groups: 1. pulmonary arterial hypertension; 2. PH due to left heart disease; 3. PH due to lung diseases and/or hypoxia; 4. chronic thromboembolic PH and other pulmonary artery obstructions; and 5. PH with unclear and/or multifactorial mechanisms. The etiology of PH is complex and involves various factors, including hypoxia, inflammation, genetics, drug-related causes, thrombosis, and left heart disease (Galiè et al., 2015). Remodeling of the pulmonary arteriole vessels and proliferation of the pulmonary artery smooth muscle layer are characteristic features of PH (Poch and Mandel, 2021). Endothelial dysfunction plays a significant role in the development of PH, involving pathways such as nitric oxide (NO), endothelin, and prostaglandin (PGI2) (Del Pozo et al., 2017; Lázár et al., 2020; Zhang and Xu, 2020) (Figure 1A). Additionally, inflammatory reactions, immune responses, and coagulation abnormalities contribute to the pathological mechanism of PH. Pulmonary vascular fibrosis has been shown to promote the progression of PH (Zhang et al., 2020a) (Figure 1B). Currently, the diagnosis of PH still relies on invasive procedures, such as right heart catheterization, or non-invasive techniques, like ultrasound examinations. However, there is a lack of reliable experimental markers or biomarkers to aid in the diagnosis of PH. Treatment options for PH include drugs targeting the NO, prostacyclin, and endothelin pathways, which help improve hemodynamics in PH patients. However, the long-term prognosis for PH patients remains poor (Zolty, 2020). Therefore, ongoing research in the field of PH focuses on exploring the underlying pathogenesis, identifying diagnostic biomarkers, and developing targeted therapeutic drugs to improve patient outcomes.
[image: Figure 1]FIGURE 1 | (A) Under physiological conditions, endothelial cells maintain normal functions through various components, and the pulmonary vascular structures are normal. (B) In the pathological condition of PH, high expression of HPA specifically degrades HS, affecting the production of NO and endothelin-1 (ET-1) in pulmonary artery endothelial cells. In addition, HPA may promote pulmonary artery proliferation, which is closely related to inflammation, coagulation, and fibrosis.
Heparanase (HPA) is the sole endoglycosidase capable of degrading heparan sulfate (HS) in the extracellular matrix (Rivara et al., 2016). Research on HPA has primarily focused on inflammation and tumor metastasis, and HPA also plays a crucial role in the coagulation system (Nadir, 2020). Additionally, HPA has been implicated in tissue fibrosis, angiogenesis, and cell proliferation (Lv et al., 2016; Lv et al., 2018). Recent studies suggest that HPA may be involved in the pathophysiological mechanisms of PH. A search using relevant terms, such as “pulmonary hypertension, heparanase, vascular endothelial cells, inflammation, coagulation, glycocalyx, autophagy, exosomes, and fibrosis,” in databases like PubMed and Web of Science reveals the involvement of HPA in pulmonary blood vessels. For instance, HPA promotes the adhesion of neutrophils to the vascular endothelium and the degradation of the pulmonary endothelial layer (Schmidt et al., 2012). HPA can degrade HS in the glycocalyx, which is present in the pulmonary artery, and inhibitors of HPA have been shown to reduce pulmonary artery pressure (Guo et al., 2019). Moreover, HS plays a vital role in activating endothelial nitric oxide synthase (eNOS) in pulmonary vascular endothelial cells, thereby reducing pulmonary vascular permeability (Dull et al., 2012). These findings indicate that HPA may participate in the development of PH through its involvement with endothelial cells, inflammation, coagulation, and fibrosis (Figure 1B). However, reports specifically linking HPA to PH are limited. Therefore, this review represents the first attempt to elucidate the relationship between HPA and PH through various pathways.
2 BIOLOGICAL STRUCTURE AND CHARACTERISTICS OF HPA
2.1 Discovery and basic structure of HPA
HPA, an endo-β-glucuronidase, is responsible for cleaving HS polysaccharide chains. Its enzymatic activity was initially reported in 1975 (Höök et al., 1975). Subsequently, five research groups isolated 50-kDa HPA from the human placenta and identified the HPA gene in the human genomic DNA library. The HPA gene is located on human chromosome 4q22, spanning approximately 50 kb and consisting of 14 exons and 13 introns (Vlodavsky et al., 1999). Human HPA comprises an α (β/α)8 domain and an αβ three-dimensional domain (Yuan et al., 2022). In the three-dimensional structure of HPA, the C-terminal region plays a critical role in its enzymatic activity and secretion (Cruz et al., 2020). The primary function of HPA is the degradation of HS in the extracellular matrix, which contributes to processes such as tumor metastasis and inflammation (Nadir, 2020; Zhu et al., 2020). Additionally, HPA exhibits non-enzymatic activity. Studies have shown that HPA can facilitate primary tumor progression independently of its enzymatic activity (Yang et al., 2022).
2.2 The function of HPA
Currently, three main types of HPA have been identified: HPA I, HPA II, and HPA III. Each of these HPAs possesses a leader sequence that determines their substrate specificity. HPA I primarily cleaves the anti-GlcNS3S6S-IdoA2S chain. IdoA2S is present in the binding site of thrombin III and the AT-binding site of heparin, making heparin the specific substrate for HPA I (Xiao et al., 2011). On the other hand, HPA III displays a preference for the HS domain and has a unique substrate specificity for HS synthesis (Hu et al., 2017). HPA II has a relatively broad range of substrates, including both heparin and HS (Vlodavsky et al., 2018). In a recent study, alternative splicing of the HPA 2 gene resulted in the encoding of three proteins: HPA 2a, HPA 2b, and HPA 2c. Notably, the HPA 2c protein acts as an inhibitor of HPA activity, suggesting that HPA 2 may be associated with a favorable prognosis in head and neck carcinoma (Levy-Adam et al., 2010). Among the different HPAs, HPA I has been the most extensively researched and utilized. However, the application of HPA is often hindered due to its poor thermal stability (Chen et al., 2011).
2.3 The regulation of expression of HPA
Under physiological conditions, HPA is present in specific normal tissue cells, including keratinocytes, trophoblast cells, platelets, mast cells, white blood cells, and capillary endothelial cells (Vlodavsky et al., 1999). However, under pathological conditions, elevated expression of HPA promotes angiogenesis and inflammation in malignant tumors (Lindahl and Li, 2020). The expression of the HPA gene is regulated by various factors, including transcription factors, cytokines, growth factors, and other signaling molecules. HPA is a versatile protein with both enzymatic and non-enzymatic functions, which trigger multiple signaling pathways, such as Akt and Src (Secchi et al., 2015). First, HPA can induce Akt phosphorylation in various tumor-derived cell lines, and the activation of phosphatidylinositol 3-kinase (PI3K) is necessary for HPA-induced Akt activation (Hao et al., 2015). The activation of PI3K will convert PIP2 to PIP3, further activate mTORC2, and bind to Akt (Gan et al., 2011). HPA mediates Akt phosphorylation of Ser473 residues in a mTORC2-dependent manner. P110α was the PI3K catalytic isoform preferred by HPA for AKT activation and cell proliferation. The process requires the participation of integrins FAK and PYK2 (Riaz et al., 2013). Second, in a Gutter-Kapon study, HPA activated TLRs required for ERK, p38, and JNK signal transduction in macrophages. These three proteins continued to activate c-Fos and finally interacted with different cytokines (Gutter-Kapon et al., 2016). HPA activates TLR2/TLR4 through an unknown mechanism, which leads to the activation of P105, downstream activation of Tpl2 and ERK, and the production of IL-1β. The activation of TLR2/4 can stimulate the p38, JNK, and NF-κB signaling pathways through the formation of MyD88-dependent protein complexes, resulting in the production of TNF-α, IL-1, IL-6, TNF-α, MCP-1, and MIP2 (Koganti et al., 2020). Lastly, overexpression of HPA increases the level of vascular endothelial growth factor (VEGF) protein, which can be effectively inhibited by Src inhibitors (Zetser et al., 2006). HPA is involved in the regulation of VEGF gene expression through Src activation. Moreover, HPA can cleave HS chains from perlecan, releasing VEGF to bind to VEGFR2 and stimulate downstream signaling (Kadenhe-Chiweshe et al., 2008). Therefore, HPA participates in various signaling pathways (Figure 2).
[image: Figure 2]FIGURE 2 | HPA-related signal pathways: 1. HPA is dependent on the PI3K–mTORC2–Akt pathway. 2. HPA activates ERK, p38, and JNK pathways by stimulating TLR2/4. 3. HPA plays a role in releasing VEGF through the Src pathway and degradation of HS. [Adapted from Koganti et al. (2020)].
3 THE ROLE OF HPA IN THE DEVELOPMENT OF PH
HPA participates in the occurrence of PH in different ways. HPA leads to endothelial cell dysfunction through the NO pathway and regulates a variety of vascular growth factors in endothelial cells. In addition, HPA also mediates the expression of various inflammatory factors (IL-6, IL-8, and TNF-α) and coagulation factors (TF, TFPI, and PLT) in PH (Table 1).
TABLE 1 | HPA participates in PH by different factors.
[image: Table 1]3.1 HPA participates in PH through affecting vascular endothelial cells
Vascular endothelial cells form the inner layer of blood vessels and play crucial roles in inflammation, neovascularization, and vasoconstriction. The surface of vascular endothelial cells is covered by a glycosaminoglycan (GAGs) polysaccharide–protein complex called the glycocalyx (Suzuki et al., 2022). The main components of the glycocalyx are HS, hyaluronic acid (HA), and syndecan-1 (SDC-1) (Guo et al., 2019). The glycocalyx serves as a direct barrier between blood flow and vascular endothelial cells. HS and SDC-1 are important for endothelial cell mechanotransduction and blood flow remodeling (Ebong et al., 2014). In addition, Piezo1, a mechanosensitive channel, is involved in vascular remodeling (Chen et al., 2022). Recent research has shown that Piezo1 is upregulated in lung vascular endothelial and smooth muscle cells in rats with PH, as well as in human pulmonary artery endothelial cells (PAECs) and lung tissues (Wang et al., 2021). Interestingly, retrograde perfusion of the diabetic heart leads to significantly higher levels of HPA release, which may be attributed to an increase in Piezo1 expression (Lee et al., 2022). Therefore, HPA may participate in the development of PH through Piezo1-mediated mechanical sensing. The NO pathway is one of the most common pathways associated with endothelial cell dysfunction. The production of NO relies on the integrity of the glycocalyx (Bush et al., 2021). Research has shown that the glycocalyx participates in the mechanosensing and transduction of endothelial cells by activating endothelial nitric oxide synthase (eNOS) through its HS component (Yen et al., 2015). HS can activate endothelial cells to produce NOS (Lucena et al., 2018). HPA III, when used to degrade HS, impairs NO production in bovine aortic endothelial cells (Florian et al., 2003). Therefore, the specific degradation of HS by HPA leads to a decrease in eNOS activity and NO production, ultimately affecting endothelial cell function. Interestingly, the glycocalyx of endothelial cells sheds in COVID-19 patients, and heparin has been shown to attenuate glycocalyx shedding (Potje et al., 2021). In diabetes, activation of the endothelin-1 signaling pathway induces HPA expression in podocytes and damages the glycocalyx (Garsen et al., 2016). High expression of HPA is associated with the endothelin A receptor in epithelial ovarian cancer (Anggorowati et al., 2018). Furthermore, HPA regulates the expression of the VEGF, basic fibroblast growth factor (bFGF), and angiopoietin (Ang) in vascular endothelial cells (Kadenhe-Chiweshe et al., 2008; Li et al., 2012; Zhang et al., 2013). Ang-2 stimulates endothelial cells to release HPA (Lukasz et al., 2017).
Endothelial dysfunction is indeed a critical factor in the development of PH, particularly in relation to the NO pathway (Evans et al., 2021). Various vascular regulatory factors in endothelial cells also play crucial roles in PH. For instance, elevated levels of VEGF have been associated with vascular smooth muscle cell proliferation in a mouse model of hypoxic PH (Liu et al., 2018). High concentrations of Ang-2 and bFGF have been identified as significant poor prognostic factors in PH (Seyfarth et al., 2015; Enomoto et al., 2021). It can be seen that there is a close relationship between HPA and pulmonary artery endothelial cells. However, endothelial dysfunction is a necessary condition for the occurrence of PH. Therefore, HPA may play an important role in PH by regulating the function of vascular endothelial cells.
3.2 HPA participates in PH by affecting inflammation
Inflammation is a complex process that plays a significant role in various diseases and involves multiple cell types. The role of HPA in inflammation has been extensively studied in conditions such as sepsis (Liao et al., 2023), acute respiratory distress syndrome (ARDS) (Feng et al., 2023), chronic colitis (Lerner et al., 2011), and other inflammatory diseases. Schmidt et al. (2012) demonstrated that HPA promotes neutrophil aggregation and degradation of the glycocalyx through the TNF-α pathway in a mouse model of sepsis. HPA inhibitors have been shown to possess anti-inflammatory effects (Xiang et al., 2022). Increased HPA expression in the abdominal cavity of mice enhances the inflammatory response by elevating levels of TNF-α and IL-1 (Blich et al., 2013). HPA is involved in macrophage activation, leading to increased production of pro-inflammatory cytokines, such as TNF-α, IL-6, and IL-1β (Goodall et al., 2014). Moreover, HPA promotes the expression of IL-6 and IL-8 in acute renal injury, and inhibition of HPA attenuates the inflammatory response (Abassi and Goligorsky, 2020). HPA inhibitors have been shown to reduce the overexpression of IL-1 in septic mice (Fu et al., 2022). HPA contributes to the inflammatory process through interactions with various inflammatory factors. Furthermore, HPA’s non-enzymatic activity promotes inflammatory cell adhesion and the inflammatory response (Vlodavsky et al., 2016). The involvement of HPA in inflammation is complex and depends on factors such as the specific cell types involved and the nature of the inflammatory response (Stoler-Barak et al., 2015).
Vascular response is a central component of the inflammatory process, and inflammation is known to play a critical role in the pathogenesis of PH. TNF-α, for example, can activate the ALK2/ACTR-IIA signaling axis and induce the proliferation of pulmonary artery smooth muscle cells (PASMs) (Hurst et al., 2017). Numerous inflammatory factors have been implicated in the development of PH, including increased expression of IL-1, IL-6, and IL-8 (Pandolfi et al., 2017; Udjus et al., 2019). PH is characterized by the presence of abundant macrophages, lymphocyte infiltration, and significantly elevated levels of inflammatory factors, such as IL-1, IL-6, and TNF-α, which collectively regulate the proliferation and apoptosis of PASMs (Soon et al., 2010). In PH patients, the reduced levels of HS contribute to increased inflammatory cell extravasation and potentially lead to pathological vascular remodeling (Biasin et al., 2018). In summary, HPA can promote inflammatory responses, and inflammation plays a crucial role in the proliferation of PASMs and the development of PH. Therefore, HPA may play an important role in PH by activating inflammatory processes.
3.3 HPA participates in PH by affecting the coagulation function
HPA is closely related to the coagulation cascade reaction, and heparin is one of the substrates of HPA. Studies have shown that HPA can induce tissue factor (TF), promoting coagulation activity through the phosphorylation of the p38 pathway (Nadir and Brenner, 2010). Inhibition of HPA reduces TF overexpression in septic mice (Fu et al., 2022). HPA enhances Xa activity by promoting TF and activates the coagulation pathway (Peled et al., 2016). In mouse arterial injury models, overexpression of HPA leads to the formation of larger thrombi in a relatively short period of time (Baker et al., 2012). The tissue factor pathway inhibitor (TFPI) is a plasma serine protease inhibitor that plays a crucial role in maintaining balance and regulation in the coagulation system. High expression of HPA leads to the release of TFPI from the cell surface (Crispel et al., 2017). HPA upregulates TF expression and interacts with TFPI on the cell surface membrane, resulting in increased coagulation activity (Nadir, 2014). In Cui et al. (2016), increased HPA expression in a mouse model enhanced platelet activity, promoting blood coagulation and thrombosis. Furthermore, recent reports have suggested that the non-enzymatic activity of HPA contributes to its procoagulant function as HPA can directly activate Xa activity, promoting coagulation (Nadir and Brenner, 2012). Anti-HPA therapy has been shown to inhibit platelet activation (Yang et al., 2020).
Indeed, pulmonary artery thrombosis is a significant factor in the pathogenesis of PH, and the coagulation reaction plays a central role in thrombus formation. Studies have confirmed the presence of hypercoagulability in patients with idiopathic pulmonary hypertension (IPH) (Tournier et al., 2010). TF, as the promoter of the exogenous coagulation pathway, plays an important role in PH by promoting vascular remodeling (Deng et al., 2016). Abnormal expression of TF triggers the proliferation of smooth muscle cells and leads to thrombosis in the vascular cavity (Cimmino and Cirillo, 2018). Reduced expression of the tissue factor pathway inhibitor (TFPI) is observed in hypoxic PH mice, and TFPI has been shown to inhibit pulmonary vascular remodeling (White et al., 2010). Furthermore, platelets can contribute to pulmonary vascular constriction and promote abnormal angiogenesis, leading to the development of neonatal PH (Davizon-Castillo et al., 2020). In summary, HPA plays a significant role in coagulation, and the coagulation reaction not only contributes to the pathogenesis of thrombotic PH but also participates in the hypercoagulable state and angiogenesis observed in PH. Therefore, HPA may contribute to increased pulmonary artery pressure through its involvement in the coagulation process.
3.4 HPA participates in PH by affecting fibrosis
Fibrosis is a significant factor in tissue repair and can lead to tissue structural damage and organ dysfunction when it becomes excessive or persistent (Henderson et al., 2020). HPA has been shown to influence tissue fibrosis, thereby contributing to organ dysfunction. Studies have demonstrated that a high expression of HPA induces chronic fibrosis in mouse liver injuries, while HPA inhibitors decrease the expression of alpha-smooth muscle actin (α-SMA) and alleviate liver fibrosis (Lv et al., 2016). HPA is also involved in promoting fibrosis in the lungs, kidneys, and other organs. The development of pulmonary artery hyperplasia and fibrosis is a fundamental condition for the occurrence of PH. Studies have shown increased expression of α-SMA in mouse models of PH, and microRNA150 has been found to protect against hypoxia-induced pulmonary vascular fibrosis, leading to a reduction in pulmonary artery pressure (Li et al., 2019). Inhibitors of galectin-3, a protein involved in fibrosis, have been shown to attenuate and reverse pulmonary artery remodeling, fibrosis, and hemodynamic indices in rat models of PH (Barman et al., 2019). Transforming growth factor-α (TGF-α), which plays a crucial role in promoting organ fibrosis through both Smad-dependent and non-Smad-dependent pathways, has been implicated in the development of pulmonary fibrosis and significant PH (Frangogiannis, 2020; Zhang et al., 2022). Additionally, TGF-β1 has been shown to induce pulmonary fibrosis and endothelial cell apoptosis, leading to the development of PH (Bellaye et al., 2018; Lei et al., 2022). Furthermore, HS has been identified as a mediator for the targeted delivery of TGF-β1 binding peptides to the liver, inhibiting TGF-β1 activity and improving liver fibrosis (Ding et al., 2022). HPA has been found to promote endothelial cell fibrosis, and inhibiting HPA can significantly reduce TGF-α expression in endothelial cells, thus alleviating fibrosis (Masola et al., 2017).
In summary, HPA plays a significant role in the pathogenesis of PH by affecting pulmonary endothelial function, inflammation, coagulation, and fibrosis. The updated definition of pre-capillary PH by the 6th World Symposium on Pulmonary Hypertension (WSPH) considers hemodynamic parameters, such as mPAP > 20 mmHg, PAWP ≤ 15 mmHg, and PVR ≥ 3WU (Simonneau et al., 2019). Specific targeted therapies, such as prostacyclin, have been shown to improve the prognosis of patients with pre-capillary PH (Waxman et al., 2021). This review focuses on the involvement of HPA in pre-capillary PH, including pulmonary inflammation, pulmonary artery thrombosis, and pulmonary arterial remodeling. Further research is needed to explore the relationship between HPA and post-capillary PH, particularly in PH associated with left heart disease, and to address the underlying primary diseases that contribute to PH.
4 THE POSSIBLE MECHANISM OF HPA IN PH
HPA’s involvement in autophagy, exosomes, and ferroptosis provides additional insights into its possible mechanism in PH. Autophagy, as a process of cellular self-renewal and homeostasis, has been linked to HPA. HPA can induce autophagy in inflammation and tumor cell metastasis (Sanderson et al., 2017). HPA-overexpressing tumor cells were more resistant to stress and chemotherapy in a manner associated with increased autophagy (Shteingauz et al., 2015). Exosomes, secreted vesicles involved in intercellular signaling, have also been implicated in HPA’s mechanism. HPA has been shown to activate the syndecan–syntenin–ALIX pathway of exosome biogenesis, promoting tumor progression (Thompson et al., 2013; Roucourt et al., 2015). Autophagy and exosome secretion are closely interconnected processes, further highlighting their potential relevance in PH (Vlodavsky et al., 2021). Additionally, ferroptosis, a distinct form of cell death, has emerged as a research focus in various diseases (Li et al., 2020). HPA-driven sequential released nanoparticles and ferroptosis have been studied in tumor cells, suggesting a potential role for HPA in this mechanism (Zhang et al., 2021).
The molecular mechanisms underlying PH are complex and still not fully understood. However, it is noteworthy that autophagy, exosomes, and ferroptosis have been implicated in the development of PH. Dysregulation of autophagy-related proteins, such as Beclin-1 and LC3, has been associated with pulmonary vascular remodeling in animal models of PH (Deng et al., 2016). Silencing the expression of autophagy protein LC3 and inhibiting the mTOR pathway may protect the role of PH (Mizumura et al., 2016; Chen, 2019). Exosomes derived from mesenchymal stem cells have demonstrated anti-proliferative and anti-inflammatory effects, reducing pulmonary artery pressure (Lee et al., 2012; Zhang et al., 2020b). Furthermore, exosomes derived from pulmonary artery endothelial cells have been implicated in regulating vascular fibrosis through collagen expression (Samokhin et al., 2018). The role of ferroptosis in PH has also been explored, with studies highlighting the involvement of specific molecules and pathways, such as SLC7A11 and the HMGB1/TLR4/NLRP3 inflammasome signaling pathway, in hypoxia-induced PH and inflammatory responses (Hu et al., 2022; Xie et al., 2022). Considering the involvement of HPA in autophagy, exosome biology, and ferroptosis, it is plausible to speculate that HPA may mediate the mechanisms of PH through these pathways. However, further research is needed to elucidate the specific contributions of HPA in autophagy, exosome biology, and ferroptosis to the pathogenesis of PH.
5 SUMMARY
In conclusion, HPA appears to have a significant role in the pathogenesis of PH. It affects the function of pulmonary artery endothelial cells by degrading HS in the glycocalyx, leading to endothelial dysfunction and increased pulmonary artery pressure. HPA is also involved in inflammation, coagulation dysfunction, autophagy, exosomes, and fibrosis, which are all key processes associated with PH. HPA inhibitors may be a new direction to reduce the mortality of PH. In the future, HPA may be able to predict the early occurrence of PH and be used as a biomarker in PH. However, currently, there are few studies for HPA with PH, and it requires further research.
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