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ORIGINAL ARTICLE

Smooth Muscle Ythdf2 Abrogation Ameliorates 
Pulmonary Vascular Remodeling by Regulating 
Myadm Transcript Stability
Jie Wang , Yueyao Shen, Yuhui Zhang, Donghai Lin, Qiang Wang, Xiaoxuan Sun, Dong Wei , Bin Shen , Jingyu Chen, 
Yong Ji , David Fulton , Yanfang Yu, Feng Chen , Li Hu

BACKGROUND: The N6-methyladenosine (m6A) modification of RNA and its regulators have important roles in the pathogenesis 
of pulmonary hypertension (PH). Ythdf2 (YTH N6-methyladenosine RNA binding protein 2) is best known for its role in 
degrading m6A-modified mRNAs such as Hmox1 mRNA, which leads to alternative activation of macrophages in PH. Recent 
studies have also linked Ythdf2 to the proliferation of pulmonary artery smooth muscle cells (PASMCs). However, its specific 
roles in PASMCs and downstream targets during the development of PH remain unclear.

METHODS: The expression and biological function of Ythdf2 in PASMCs were investigated in human and experimental models 
of PH. Smooth muscle cell–specific Ythdf2-deficient mice were used to assess the roles of Ythdf2 in PASMCs in vivo. 
Proteomic analysis, m6A sequencing, and RNA immunoprecipitation analysis were used to screen for potential downstream 
targets.

RESULTS: Ythdf2 was significantly upregulated in human and rodent PH-PASMCs, and smooth muscle cell–specific 
Ythdf2 deficiency ameliorated PASMC proliferation, right ventricular hypertrophy, pulmonary vascular remodeling, and PH 
development. Higher expression of Ythdf2 promoted PASMC proliferation and PH by paradoxically stabilizing Myadm mRNA 
in an m6A-dependent manner. Loss of Ythdf2 decreased the expression of Myadm in PASMCs and pulmonary arteries, 
both in vitro and in vivo. Additionally, silencing Myadm inhibited the Ythdf2-dependent hyperproliferation of PASMCs by 
upregulating the cell cycle kinase inhibitor p21.

CONCLUSIONS: We have identified a novel mechanism where the increased expression of Ythdf2 stimulates PH-PASMC 
proliferation through an m6A/Myadm/p21 pathway. Strategies targeting Ythdf2 in PASMCs might be useful additions to the 
therapeutic approach to PH. (Hypertension. 2024;81:1785–1798. DOI: 10.1161/HYPERTENSIONAHA.124.22801.) 
• Supplement Material.
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Pulmonary hypertension (PH) is a global health prob-
lem. Although the prevalence of PH varies based on 
the subgroups of PH, it is estimated that 1% of the 

world population and up to 10% of the elderly people 
aged 65 years and over are suffering from PH.1,2 Cur-
rently, PH is defined by a mean pulmonary artery pres-
sure of over 20 mmHg measured by supine right heart 

catheterization at rest. Meanwhile, the 6th World Sympo-
sium on PH also proposes that patients with mean pul-
monary artery pressure of >20 mmHg are at increased 
risk of hospitalization and mortality compared with those 
with mean pulmonary artery pressure of 20 mmHg or 
lower.2,3 Because of the prevalence and severity of PH 
and the challenges of obtaining an early and accurate 

D
ow

nloaded from
 http://ahajournals.org by on July 17, 2024

https://www.ahajournals.org/journal/hyp
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.124.22801
https://orcid.org/0000-0001-5259-7054
https://orcid.org/0000-0002-4829-3258
https://orcid.org/0000-0002-8946-8448
https://orcid.org/0000-0003-2650-5747
https://orcid.org/0000-0002-1528-1517
https://orcid.org/0000-0003-3508-8834
https://orcid.org/0000-0002-7535-6453
https://www.ahajournals.org/doi/suppl/10.1161/HYPERTENSIONAHA.124.22801
http://crossmark.crossref.org/dialog/?doi=10.1161%2FHYPERTENSIONAHA.124.22801&domain=pdf&date_stamp=2024-06-04


Wang et al Ythdf2 in PASMCs Promotes Pulmonary Hypertension

Original





 A
rticle




1786    August 2024� Hypertension. 2024;81:1785–1798. DOI: 10.1161/HYPERTENSIONAHA.124.22801

diagnosis, there is an unmet need for a greater number 
of effective targets for early diagnosis and precision 
therapy of PH.

PH is a chronic vascular disorder characterized by irre-
versible vascular remodeling of all layers of the pulmonary 
vascular wall. Past research has shown that multiple types 
of vascular cells exhibit a hyperproliferative phenotype in 
PH patients as well as in animal models.4,5 Among these, 
the excessive proliferation of vascular smooth muscle 
cells (SMCs) is one of the key underlying mechanisms 
driving pulmonary vascular remodeling (PVR).6 Patholog-
ical vascular remodeling in PH contributes to a sustained 
increase in pulmonary vascular resistance, primarily and 

subsequently leading to increased pulmonary artery 
pressure. Ultimately, patients with PH are suffered from 
heart failure and even death. Despite significant progress 
in the therapeutic approach to PH, there remains a lack 
of effective/selective antiproliferative approaches to tar-
get the hyperproliferative phenotype of pulmonary artery 
smooth muscle cells (PASMCs).7 As a result, the prog-
nosis of PH patients remains poor, and there remains an 
urgent need to improve our understanding of the under-
lying mechanisms and functionally significant pathways 
involved in PVR of PH.

RNA N6-methyladenosine (m6A) modification plays 
a significant role in various pathological and physiologi-
cal processes. This modification, which is reversible and 
dynamic, is mediated by m6A writers and erasers. The 
fate of m6A-modified RNAs is predominantly determined 
by various m6A readers. Among these readers, Ythdf1 
(YTH N6-methyladenosine RNA binding protein 1) and 
Ythdf3 have been shown to cooperatively enhance protein 
expression by promoting the translation of m6A-modified 
transcripts, while Ythdf2 primarily facilitates the degra-
dation of m6A-tagged mRNAs.8 Abnormal expression of 
m6A modulators (m6A writers, erasers, and readers) has 
also been confirmed to be tightly associated with the 
proliferation of PASMCs.4,9,10 Interestingly, we previously 
showed that Ythdf1 is involved in regulating PASMC 
hyperproliferation.4 However, we found that only a small 
proportion of m6A-modified mRNAs in PH lungs was rec-
ognized by Ythdf1, suggesting other m6A readers might 
have important roles in PH.4 In our recent study, we have 
demonstrated that Ythdf2 in alveolar macrophages con-
tributes to the progression of PH and facilitates vascular 

NOVELTY AND RELEVANCE

What Is New?
Herein, we provide evidence that increased protein 
expression of Ythdf2 (YTH N6-methyladenosine RNA 
binding protein 2) in pulmonary artery smooth muscle 
cells (PASMCs) of pulmonary hypertension (PH) ani-
mal models and patients with PH is associated with 
PH development.
Loss of Ythdf2 expression in smooth muscle cells 
ameliorates PASMC proliferation in vivo and in vitro, 
right ventricular hypertrophy, vascular remodeling, and 
PH development.
In contrast to its conventional role in degrading 
N6-methyladenosine (m6A) mRNAs, we found that 
Ythdf2 stabilized Myadm to repress p21 expression 
and increase the proliferation of PASMCs.

What Is Relevant?
Our previous studies have identified roles for the m6A 
readers Ythdf1 and Ythdf2 in PASMCs and in alveo-
lar macrophages, respectively, in the development of 
PH. However, the impact of Ythdf2 on RNA degrada-
tion and translation is complex, and the mechanisms 
downstream of Ythdf2 that drive functional changes in 
PASMCs to promote PH remain incompletely defined. 
This study represents a significant advancement in our 
understanding of the mechanisms by which m6A RNA 
methylation influences the pathogenesis of PH.

Clinical/Pathophysiological Implications?
This study suggests that Ythdf2 promotes PASMC 
proliferation and vascular remodeling through the 
m6A/Myadm/p21 axis and that therapeutically target-
ing Ythdf2 in PASMCs may have utility in the clinical 
approach for patients with PH.

Nonstandard Abbreviations and Acronyms

HPASMC	 human pulmonary artery smooth muscle 
cell

m6A	 N6-methyladenosine
mPASMC	 mouse pulmonary artery smooth muscle 

cell
PASMC	 pulmonary artery smooth muscle cell
PCNA	 proliferating cell nuclear antigen
PDGF	 platelet-derived growth factor
PH	 pulmonary hypertension
PVR	 pulmonary vascular remodeling
SMC	 smooth muscle cell
Su/Hx	 SU5416/hypoxia
Ythdf2	 YTH N6-methyladenosine RNA binding 

protein 2
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inflammation, oxidative stress, and alternative activation 
of macrophages through degrading Hmox1 mRNA.9 In 
addition to alveolar macrophages, we also found higher 
levels of expression of Ythdf2 in all 3 layers of pulmonary 
blood vessels in PH patients and PH animal models, but 
the highest levels were seen in the medial layer. Moreover, 
macrophage Ythdf2 was found to be important in the early 
stage of PH development, while the elevated expression 
of Ythdf2 in PH-PASMCs may play a crucial role through-
out PH pathogenesis. Another study has found that the 
METTL14-driven m6A modification of GRAP mRNA pro-
motes the proliferation of PASMCs and the development 
of PH, a process that is likely regulated by Ythdf2.10 Nev-
ertheless, the functional role of Ythdf2 in SMCs, in context 
with the excessive proliferation of PASMCs in PH, as well 
as the underlying mechanisms, remain undefined.

The dysregulation of the cell cycle has been estab-
lished as a significant contributor to the development 
of PH. Ythdf2 can bind and degrade multiple cell cycle-
related mRNAs and consequently play a role in the patho-
physiology of various diseases.11,12 However, it remains 
obscure whether Ythdf2 can modulate PASMC hyperpro-
liferation through the regulation of cell cycle genes. With 
advances in RNA research technology and an increased 
focus on m6A modification, the intricate mechanisms by 
which m6A effectors regulate various physiological and 
pathological processes have been gradually elucidated. 
On this basis, Ythdf2 has been shown to play a role in 
facilitating the translation or stability of the m6A-modified 
mRNAs.13,14 Additionally, studies have indicated that the 
fate of Ythdf2-regulated m6A-modified transcripts may 
differ across various cell types.15 These findings indicate 
that greater investigation is necessary to better under-
stand the regulatory mechanisms of Ythdf2 that contrib-
ute to hyperproliferative PASMCs.

In the current study, we have comprehensively 
assessed the expression patterns and the underlying 
molecular mechanisms by which Ythdf2 contributes 
to PASMC proliferation, vascular remodeling, and PH. 
Increased expression of Ythdf2 protein was found in 
PASMCs of patients with PH and animal models of PH, 
as well as in platelet-derived growth factor (PDGF)–
treated PASMCs. For the first time, SMC-specific 
Ythdf2-deficient mice were utilized for exploring the 
potential function and downstream mechanism of Ythdf2 
in PASMCs and in PH. Genetic ablation of Ythdf2 in 
PASMCs improved cardiac dysfunction, alleviated PVR, 
and mitigated the proliferation of PASMCs both in vivo 
and in vitro. Mechanically, we elucidated that Ythdf2 
binds to and stabilizes Myadm mRNA in a noncanoni-
cal function of m6A methylation. Together, our results 
suggest that Ythdf2 promotes PASMC proliferation and 
vascular remodeling through an m6A/Myadm/p21 axis, 
which may provide a potential and effective therapeutic 
target against the excessive proliferation of PASMCs in 
the pathogenesis of PH.

METHODS
All supporting data are available within the article and its online 
Supplementary Files.

Animals
The Animal Core Facility of Nanjing Medical University 
approved the present protocol for all animal experiments in 
this study (IACUC-2001008, 2004007). The Ythdf2floxed mice 
used in this study have been described in detail in our previ-
ous study.9 To generate smooth muscle cell–specific Ythdf2-
deficient mice, we crossed Ythdf2floxed mice with SM22αCre mice 
to generate Ythdf2SM22α Cre mice. Adult male Sprague-Dawley 
rats and C57BL/6 mice were purchased from the Animal Core 
Facility of Nanjing Medical University. All procedures and analy-
ses were performed in a blinded manner.

Statistical Analyses
Data were presented as mean±SE, and the in vitro data 
are analyzed with at least 3 separate experimental repeats. 
Curve fitting was completed using GraphPad Prism 5.0 soft-
ware. Statistical significance was assessed using an unpaired 
2-tailed Student’s t test and a 1-way ANOVA with a Tukey post 
hoc test wherever appropriate. A value of P<0.05 was defined 
as statistically significant. Randomization and blind analyses 
were used whenever possible.

RESULTS
Ythdf2 Is Significantly Upregulated in 
PASMCs of Patients With Pulmonary Arterial 
Hypertension (PAH) and Animal Models of PH
To investigate the role of Ythdf2 in PH-PASMCs, we first 
examined YTHDF2 expression in lung slices of PAH 
patients and healthy controls. Immunohistochemical 
staining showed that YTHDF2 is widely distributed in all 
layers of small PAs in patients with PAH, especially in 
the vascular middle layer (Figure S1A). As shown in Fig-
ure 1A through 1D, immunofluorescence staining also 
revealed that Ythdf2 is robustly enriched in PASMCs of 
lung sections from patients with PAH, monocrotaline or 
SU5416/hypoxia (Su/Hx)-induced PH rats, as well as 
Su/Hx-induced PH mice. Similarly, significant increases 
in Ythdf2 protein levels were observed in PAs (Figure 1E) 
and PASMCs (Figure 1F) obtained from monocrotaline 
or Su/Hx-induced PH rats and Su/Hx-induced PH mice. 
These data indicate that the upregulation of Ythdf2 in 
PASMCs is probably involved in the pathophysiological 
process of PH.

YTHDF2 Protein Expression Is Increased 
Through Changes in Translation in PDGF-
Treated PASMCs
PASMC proliferation is a central event in the pathogen-
esis of vascular remodeling and PH. PDGF is a powerful 
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Figure 1. Increased Ythdf2 expression in PASMCs is associated with PH.
A through D, Representative immunofluorescence of Ythdf2 (red) and α-SMA (green) in pulmonary arteries (PAs) of human (A), rat (B and C), 
and mouse (D), nuclei were counterstained with DAPI (blue), scale bars=20 µm. E, Representative immunoblots and relative densitometric 
analysis of Ythdf2 protein expression in PAs of rat PH (MCT and Su/Hx) models and mouse PH model (Su/Hx) normalized to β-actin, n=3 to 8 
per group. F, Representative immunoblots and relative densitometric analysis of Ythdf2 protein expression in primary cultured PASMCs of rat 
PH (MCT and Su/Hx) models and mouse PH model (Su/Hx) normalized to β-actin; the experiments were done using primary cells isolated from 
3 to 4 different male animals in each group. For bar graphs, data are shown as mean±SE; P values were determined by an unpaired 2-tailed 
Student’s t test; *P<0.05, **P<0.01, and ***P<0.001. MCT indicates monocrotaline; α-SMA, α-smooth muscle actin; NRX, normoxia; Su/Hx, 
SU5416/hypoxia; PAH, pulmonary arterial hypertension; PA, pulmonary arteries; PASMCs, pulmonary artery smooth muscle cells; RPASMCs, 
rat pulmonary artery smooth muscle cells; mPASMCs, mouse pulmonary artery smooth muscle cells; and Ythdf2, YTH N6-methyladenosine 
RNA binding protein 2.

D
ow

nloaded from
 http://ahajournals.org by on July 17, 2024



Original Article

Hypertension. 2024;81:1785–1798. DOI: 10.1161/HYPERTENSIONAHA.124.22801� August 2024    1789

Ythdf2 in PASMCs Promotes Pulmonary HypertensionWang et al

Figure 2. YTHDF2 deficiency inhibits PDGF-induced proliferation of HPASMCs.
A, Representative immunoblots and relative densitometric analysis of YTHDF2 protein expression in HPASMCs with or without PDGF treatment. 
B, Representative immunofluorescence and quantitation of YTHDF2 (red) in HPASMCs (at least 15 randomly chosen fields were evaluated) 
exposed to PDGF treatment (20 ng/mL) for 24 h, nuclei were counterstained with DAPI (blue), scale bars=20 µm. C, HPASMCs proliferation 
analysis was conducted by EdU assay. Left, Representative fluorescence microscopic images of EdU-positive cells (green) (Continued )

D
ow

nloaded from
 http://ahajournals.org by on July 17, 2024



Wang et al Ythdf2 in PASMCs Promotes Pulmonary Hypertension

Original





 A
rticle




1790    August 2024� Hypertension. 2024;81:1785–1798. DOI: 10.1161/HYPERTENSIONAHA.124.22801

mitogen and is well known to stimulate a high level of 
proliferation in PASMCs.16 Western blot analysis and 
immunofluorescence staining analysis showed that ele-
vated Ythdf2 protein expression is observed in rat pul-
monary artery smooth muscle cells, mPASMCs (mouse 
pulmonary artery smooth muscle cells), and HPASMCs 
(human pulmonary artery smooth muscle cells) in 
response to PDGF treatment (Figure 2A and 2B; Figure 
S2A). Interestingly, the mRNA level of Ythdf2 in PASMCs 
treated with PDGF was found to be comparable to those 
in the control group (Figure S3A). To further investigate 
the discord between the protein and mRNA levels of 
Ythdf2, an inhibitor of protein synthesis (cycloheximide) 
was used to assess the protein stability and translation 
efficiency of Ythdf2 in PASMCs with or without PDGF 
treatment. The findings revealed that the rates of degra-
dation of Ythdf2 protein were consistent between con-
trol PASMCs and those exposed to PDGF (Figure S3B), 
suggesting that PDGF-induced Ythdf2 expression was 
not influenced by protein stability. Nevertheless, PDGF 
treatment resulted in a further increase in Ythdf2 protein 
expression in PASMCs compared with the control group 
in the presence of MG-132 (Figure S3C). These findings 
collectively support the hypothesis that PDGF treatment 
enhances the translational efficiency of Ythdf2 protein 
in PASMCs.

YTHDF2 Deficiency Ameliorates the 
Proliferation of PDGF-Treated HPASMCs
Excessive proliferation of PASMCs and hypertrophic 
inward remodeling is a major driver of increased PVR 
in the pathogenesis of PH. Here, silencing YTHDF2 in 
HPASMCs with siRNA significantly abolished PDGF-
induced proliferation of HPASMCs, as determined by the 
5-ethynyl-2-deoxyuridine assay (Figure 2C) and the Cell 
Counting Kit-8 assay (Figure 2D). Consistently, PDGF 
significantly increased PCNA (proliferating cell nuclear 
antigen) protein levels, whereas YTHDF2 silencing sig-
nificantly reduced the expression of PCNA in HPASMCs 
(Figure 2E and 2F).

Genetic Deletion of Ythdf2 in SMCs Confers 
Protection in the Su/Hx Model of PH
To determine the function relevance of PASMC Ythdf2 
in the development of PH, we next generated mice with 

Ythdf2 deficiency in SMCs by breeding Ythdf2floxed mice 
with SM22αCre transgenic mice (Figure S4A). Compared 
with PASMCs in Ythdf2floxed (wild-type) mice, decreased 
Ythdf2 expression was observed in PASMCs of 
Ythdf2SM22α Cre (cKO) mice both in vitro and in vivo (Figure 
S4B and S4C). To further clarify the function of Ythdf2 
in PASMCs during PH pathogenesis, both Ythdf2floxed 
and Ythdf2SM22α Cre mice were subjected to Su/Hx treat-
ment for 4 weeks to induce PH. As shown in Figure 3A 
and 3B, Ythdf2 deficiency attenuated the increase in 
right ventricular systolic pressure and Fulton index (right 
ventricle/[left ventricle+septum]) in Su/Hx mice. Echo-
cardiography also showed that Ythdf2 deficiency sig-
nificantly improved the pulmonary artery velocity time 
integral as well as the ratio of pulmonary artery accelera-
tion time to ejection time caused by Su/Hx treatment 
(Figure 3C). H&E and immunofluorescence staining 
showed that Ythdf2 deficiency in SMCs attenuates the 
occlusion and muscularization of PAs in Su/Hx-induced 
PH mice (Figure 3D). Furthermore, we observed fewer 
proliferating PASMCs in the PAs of Ythdf2SM22α Cre mice 
as compared with the PAs of Ythdf2floxed mice in Su/Hx-
treated groups (Figure 3E). In parallel, the expression of 
Pcna protein was decreased in the lungs of Ythdf2SM22α Cre 
mice relative to Ythdf2floxed mice in Su/Hx-treated groups 
(Figure S5A). In summary, these results support the 
hypothesis that SMC Ythdf2 contributes to the develop-
ment of PH in mice.

Ythdf2 Promotes the Proliferation of Primary 
mPASMCs
Next, we investigated the effect of Ythdf2 on cell pro-
liferation in mPASMCs isolated from Ythdf2floxed and 
Ythdf2SM22α Cre mice. Both Cell Counting Kit-8 and 5- 
ethynyl-2-deoxyuridine assays showed that loss of 
Ythdf2 in mPASMCs significantly reduced cell prolifera-
tion in the absence or presence of PDGF (Figure 4A 
and 4B). Western blot analysis showed that the expres-
sion level of Pcna protein was lower in PASMCs isolated 
from Ythdf2SM22α Cre mice as compared with Ythdf2floxed 
mice (Figure 4C). Moreover, our data also demonstrated 
that overexpression of Ythdf2 enhanced cell viability 
(Figure 4D) and cell proliferation (Figure 4E) in primary 
mPASMCs. Meanwhile, Pcna protein expression level 
was also significantly increased in Ythdf2-overexpressing 
mPASMCs as compared with control cells (Figure 4F).

Figure 2 Continued.  and nuclei were counterstained with DAPI (blue), scale bars=200 µm. Right, Quantitative measurement of EdU 
incorporation into HPASMCs, at least 15 randomly chosen fields were evaluated. D, Cell viability in HPASMCs was measured by the cell 
counting kit-8 assay. E and F, YTHDF2 and PCNA protein levels were measured by Western blot, β-actin was used as a loading control. 
For C through F, HPASMCs were transfected with YTHDF2 siRNA (50 nmol/L) using RNAiMax for 48 h before PDGF treated for 24 h. 
For A through F, the experiments were done using cell lines isolated from 3 different males, and the results are representative of 3 separate 
experiments. For bar graphs, data are shown as mean±SE; P values were determined by 1-way ANOVA with Tukey post hoc test; *P<0.05, 
**P<0.01, and ***P<0.001. EdU indicates 5-ethynyl-2-deoxyuridine; HPASMCs, human pulmonary artery smooth muscle cells; NC, negative 
control; PCNA, proliferating cell nuclear antigen; PDGF, platelet-derived growth factor; si-1, siRNA-1; si-2, siRNA-2; and YTHDF2, YTH N6-
methyladenosine RNA binding protein 2.
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Figure 3. SMC-specific Ythdf2 deletion confers protection against experimental PH in Su/Hx-induced PH mouse model.
SMC-specific Ythdf2 knockout mice were generated by crossing noninducible SM22αCre transgenic mice (C57BL/6 background) with 
Ythdf2floxed mice. A through C, RVSP (A), the ratio of RV to LV wall plus septum (S; RV/[LV+S]; B), the velocity time integral (VTI), and the 
ratio of pulmonary artery accelerate time to ejection time (PAT/PET; C) in Ythdf2floxed (WT) mice and Ythdf2SM22α Cre (cKO) mice after 4 weeks of 
normoxia or Su/Hx treatment. D, H&E staining and α-SMA (green) immunofluorescent staining of the pulmonary vascular vessels, (Continued )
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Myadm Is a Target of m6A Modification and 
Ythdf2 in PASMCs in PH
To determine the mechanisms by which Ythdf2 functions 
in PASMCs in the PH pathogenesis, we interrogated the 
downstream targets of Ythdf2 using proteomic analy-
sis. The differentially expressed proteins in mPASMCs 
from Ythdf2floxed versus Ythdf2SM22α Cre mice were visu-
alized as a volcano plot (Figure 5A). Previous studies 
have shown that Ythdf2 induces target mRNA degra-
dation by recruiting the mRNA degradation system and 
thus should universally inhibit the protein expression of 
the corresponding targets.10,17 Interestingly, our results 
showed that 29 proteins were significantly upregulated, 
whereas 98 proteins were significantly downregulated in 
mPASMCs from Ythdf2SM22α Cre mice as compared with 
Ythdf2floxed mice. Gene set enrichment analysis was con-
ducted on these differentially expressed proteins, reveal-
ing a noteworthy enrichment in the pathway associated 
with negative regulation of smooth muscle cell prolif-
eration (Figure S6A). This finding suggests a negative 
association between the loss of Ythdf2 expression and 
PASMC proliferation. Among the identified proteins, 
Myadm was chosen as a focal point for this study due 
to its significant role in promoting PASMC proliferation 
in PH.18–20 Previous research has demonstrated that 
Myadm facilitates PASMC proliferation by suppressing 
the expression of the cell cycle kinase inhibitor p21.19 
Here, as shown in Figure 5B, the protein expression level 
of Myadm was lower in PASMCs from Ythdf2SM22α Cre mice 
versus PASMCs from Ythdf2floxed mice in the absence or 
presence of PDGF, followed by a significant increase in 
the expression level of p21 (Figure 5C). Correspond-
ingly, upregulation of Ythdf2 increased the protein level 
of Myadm and decreased the protein level of p21 in 
mPASMCs (Figure S7A). In addition, downregulation of 
Myadm expression and upregulation of p21 expression 
were also detected in PAs of Ythdf2SM22α Cre mice com-
pared with Ythdf2floxed mice under PH conditions in vivo 
(Figure S8A and S8B).

Notably, analysis of m6A RNA immunoprecipita-
tion sequencing and Ythdf2 RNA immunoprecipitation 
sequencing of mPASMCs data sets revealed that there 
are 2 good fits between the m6A peaks and the Ythdf2-
binding peaks in the 5ʹ untranslated region (peak 1) 
and coding sequence region (peak 2) of Myadm mRNA 
(Figure 5D). Further study confirmed that m6A-modified 

Myadm mRNA in the coding sequence region (peak 2) 
rather than in the 5ʹ untranslated region (peak 1) was 
significantly increased in PDGF-treated mPASMCs as 
compared with controls (Figure 5E). Ythdf2 RNA immu-
noprecipitation analysis also revealed significantly higher 
enrichment of Myadm in the Ythdf2 immunoprecipitated 
fragment in mPASMCs with PDGF treatment (Fig-
ure 5E). Moreover, reduced MYADM protein levels and 
increased P21 protein levels were observed in YTHDF2-
silenced HPASMCs with or without PDGF treatment as 
compared with controls (Figure 5F). Collectively, these 
data support the hypothesis that Myadm expression is 
regulated by Ythdf2 in an m6A-dependent manner in 
PASMCs, which influences p21 expression.

Ythdf2 Promotes PASMCs Proliferation in PH by 
Stabilizing Myadm Transcripts
Recently, Ythdf2 was reported to stabilize mRNA tran-
scripts in an m6A-dependent manner that is distinct from 
its typical role in degrading mRNAs.21 To further explore 
the mechanisms underlying the ability of Ythdf2 to regulate 
Myadm protein expression, we next examined the mRNA 
expression level of Myadm in PASMCs with or without 
Ythdf2. Results showed that Myadm mRNA was signifi-
cantly downregulated in mPASMCs from Ythdf2SM22α Cre 
mice compared with those from Ythdf2floxed mice and that 
Ythdf2-overexpression enhanced the mRNA expression 
level of Myadm in mPASMCs (Figure 6A). These results 
indicate that Ythdf2 regulates Myadm expression at the 
RNA level. RNA stability in mPASMCs was investigated 
by suppressing new RNA synthesis with actinomycin D. 
Real-time quantitative polymerase chain reaction analy-
sis revealed that the stability of Myadm mRNA was mark-
edly reduced in mPASMCs lacking Ythdf2 (Figure 6B), 
which further supports the positive role of Ythdf2 in regu-
lating Myadm mRNA stability. To confirm the role of m6A 
modification in this process, Mettl3-overexpression was 
used to enhance the m6A levels. We found that Mettl3- 
overexpression in mPASMCs increased both the mRNA 
and protein levels of Myadm and, correspondingly, 
decreased the expression of p21, while Ythdf2 deficiency 
diminished these effects (Figure 6C and 6D; Figure S9A). 
In addition, HPASMCs with YTHDF2 inhibition also dis-
played similar results (Figure S10A through S10D). To 
determine whether Ythdf2 regulates PASMC proliferation 

Figure 3 Continued.  quantification of medial wall thickness index (each point represents the area ratios of >20 vessels per animal), and 
proportion of non, partially, or fully muscularized pulmonary arteries are shown (40–60 intra-acinar vessels were evaluated for each animal), 
scale bars=20 µm. E, Immunofluorescence staining of lung samples from WT and cKO mice for α-SMA (green) and PCNA (red) after 4 weeks 
of normoxia or Su/Hx treatment, and Pcna+ cells were quantified in each pulmonary artery (>20 vessels per animal were evaluated), scale 
bars=20 µm. For A through E, n=8 to 10 per group. For bar graphs, data are shown as mean±SE; P values were determined by 1-way ANOVA 
with Tukey post hoc test; *P<0.05, ***P<0.001 vs WT (NRX) group; #P<0.05, ###P<0.001 vs WT (Su/Hx) group. cKO indicates Ythdf2SM22α Cre;  
CSA, cross-sectional area; H&E, hematoxylin and eosin; LV, left ventricle; NRX, normoxia; Pcna, proliferating cell nuclear antigen;  
PH, pulmonary hypertension; RVSP, right ventricular systolic pressure; α-SMA, α-smooth muscle actin; Su/Hx, SU5416/hypoxia; SMC, smooth 
muscle cell; WT, Ythdf2floxed; and Ythdf2, YTH N6-methyladenosine RNA binding protein 2.
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through the Ythdf2/Myadm/p21 pathway, we next 
evaluated whether Myadm silencing could diminish the 
excessive proliferation of PASMCs triggered by Ythdf2-
overexpression. In Ythdf2-overexpressing mPASMCs, the 
increased cell viability, cell proliferation, and Pcna protein 
expression, as well as the decreased p21 protein expres-
sion, were reversed by Myadm silencing (Figure 6E and 
6F; Figure S9B). Together, these findings indicate that 

Ythdf2 promotes PASMC proliferation, at least in part, 
through the Ythdf2/Myadm/p21 pathway (Figure S11).

DISCUSSION
The m6A modification of RNA has been intricately linked 
to PASMC proliferation and the development of PH. This 
has been demonstrated in global Ythdf1 knockout mice, 

Figure 4. Ythdf2 regulates the proliferation of primary mPASMCs.
Primary mPASMCs were generated from Ythdf2floxed (WT) or Ythdf2SM22α Cre (cKO) mice. A and B, The cell viability and proliferation were 
determined by cell counting kit-8 (A) and EdU assays (B) in mPASMCs from WT and cKO mice with or without PDGF treatment. C, Ythdf2 
and Pcna protein levels in mPASMCs from WT and cKO mice with or without PDGF treatment were measured by Western blot, β-actin was 
used as a loading control. D and E, Cell counting kit-8 (D) and EdU assays (E) were conducted in Ythdf2-overexpression adenovirus (Ythdf2-
OE) or control virus (Vector)-infected mPASMCs. F, Ythdf2 and Pcna protein levels in mPASMCs transduced with Ythdf2-overexpression 
adenovirus or control virus were measured by Western blot, β-actin was used as a loading control. For A through F, the experiments were done 
using primary cells isolated from 3 different male animals in each group, and the results are representative of 3 separate experiments. For the 
quantitation of EdU-positive cells in B and E, at least 15 randomly chosen fields were evaluated. For bar graphs, data are shown as mean±SE; 
P values were determined by unpaired 2-tailed Student’s t test or 1-way ANOVA with Tukey post hoc test; $P<0.05, $$$P<0.001, *P<0.05, 
**P<0.01, and ***P<0.001 vs WT (Con) group or Vector group. #P<0.05, ##P<0.01 vs WT (PDGF) group. cKO indicates Ythdf2SM22α Cre; EdU, 
5-ethynyl-2-deoxyuridine; mPASMCs, mouse pulmonary artery smooth muscle cells; Pcna, proliferating cell nuclear antigen; PDGF, platelet-
derived growth factor; WT, Ythdf2floxed; and Ythdf2, YTH N6-methyladenosine RNA binding protein 2.
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Figure 5. Myadm mRNA is modified by m6A and mediated by the m6A reader Ythdf2 in primary mPASMCs.
A, The volcano plot showing the differentially expressed proteins in mPASMCs of WT and cKO mice after 24 h of PDGF treatment, n=4 per 
group (significance cutoff P<0.05). B and C, Immunoblotting of Myadm and p21 in mPASMCs of WT and cKO mice with or without PDGF 
treatment. D, IGV analysis for potential m6A-modified peaks and Ythdf2 binding sites of Myadm mRNA in PDGF-treated mPASMCs. E, Top, 
MeRIP-qPCR was applied to detect the m6A enrichment of Myadm mRNA in mPASMCs with or without PDGF treatment. Bottom, RIP 
analysis of Ythdf2 protein binding to Myadm mRNA in mPASMCs with or without PDGF treatment. F, Protein levels of MYADM and P21 in 
HPASMCs were measured by Western blot, and β-actin was used as a loading control. HPASMCs were transfected with YTHDF2 siRNA (50 
nmol/L) using RNAiMax for 48 h before being treated with PDGF for 24 h. For B through F, the experiments were done using cells isolated 
from 3 different individuals in each group, and the results are representative of 3 separate experiments. For bar graphs, data are shown as 
mean±SE; P values were determined by 1-way ANOVA with Tukey post hoc test; $$P<0.01, $$$P<0.001, *P<0.05, **P<0.01 and ***P<0.001 
vs WT (Con) group. #P<0.05 vs WT (PDGF) group. cKO indicates Ythdf2SM22α Cre; HPASMCs, human pulmonary artery smooth muscle cells; 
m6A, N6-methyladenosine; mPASMCs, mouse pulmonary artery smooth muscle cells; NC, negative control; PDGF, platelet-derived growth 
factor; si-1, siRNA-1; si-2, siRNA-2; WT, Ythdf2floxed; and Ythdf2, YTH N6-methyladenosine RNA binding protein 2.
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Figure 6. Ythdf2 promotes the proliferation of primary mPASMCs by stabilizing Myadm mRNA in an m6A-dependent manner.
A, Left, The mRNA levels of Myadm in mPASMCs from WT and cKO mice with or without PDGF treatment were detected by RT-qPCR 
analysis. Right, The mRNA levels of Myadm in Ythdf2-overexpression adenovirus-infected mPASMCs were detected by RT-qPCR analysis.  
B, RT-qPCR analysis of the decay rate of Myadm mRNA at the indicated times after Actinomycin D treatment in mPASMCs from WT and cKO 
mice under PDGF exposure. C and D, The mRNA level of Myadm (C) as well as the protein levels of Mettl3, Myadm, (Continued )
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which have reduced PASMC proliferation and PVR fol-
lowing Su/Hx.4 However, given the multifaceted roles of 
Ythdf1 in inflammation, epithelial-mesenchymal transi-
tion, and stem cell self-renewal, it is important to acknowl-
edge the limitations of using global Ythdf1 knockout 
mice in our previous study.22 Therefore, in this investiga-
tion, SMCs-specific Ythdf2 knockout mice were used to 
assess the distinct functions of Ythdf2 in the prolifera-
tion of PASMCs and the pathogenesis of PH, thereby 
eliminating the potential influences of Ythdf2 in other 
cell types during the progression of PH. The findings of 
our study provide novel perspectives on the roles of m6A 
modification in the cellular and molecular regulatory pro-
cesses of PVR in PH and will aid in the identification 
of novel therapeutic targets to improve pharmaceutical 
interventions for PH.

Increased PVR is one of the major pathological 
changes during the progression of PH, and the excessive 
proliferation of PASMCs is a key mechanism of patho-
logical PVR. Irreversible vascular remodeling, accompa-
nied by chronic vasoconstriction, ultimately leads to heart 
failure and death in PH patients.23 Although both clinical 
and basic science studies have recognized that PASMC 
proliferation is the most significant pathological feature 
in the pathogenesis of PH, a more detailed understand-
ing of the underlying regulatory mechanisms and signal-
ing pathways is needed. Indeed, the prognosis of PH 
patients remains poor due to the unmet clinical needs for 
targeting hyperproliferative PASMCs.

Impaired regulation of the cell cycle plays a major role 
in the development of various proliferative diseases. Cell 
cycle inhibition has been demonstrated to be therapeu-
tically beneficial in PH animals.24,25 M6A RNA methyla-
tion can modulate multiple cell cycle-related proteins via 
different m6A readers. Ythdf2 has been reported to pro-
mote mitotic entry and be regulated by cell cycle media-
tors.26 Moreover, Ythdf2 can enhance the degradation 
of CDKN1B and KDM1A mRNA and subsequently con-
tribute to the progression of several cancers.11,12 PDGF 
promotes PASMC proliferation by driving mitogenic sig-
naling and has been frequently used as a PH stimulus. In 
our study, PDGF treatment increased the expression of 
Ythdf2 protein in PASMCs from humans, mice, and rats. 
Inhibition of Ythdf2 in PASMCs by knockdown or knock-
out approaches significantly alleviated the proliferation 

of PASMCs induced by PDGF treatment and decreased 
the protein expression of Pcna while increasing that of 
p21. Our findings are supported by other studies show-
ing increased protein levels of Ythdf2 in hypoxia-treated 
PASMCs.10 Accordingly, these results indicate that 
upregulation of Ythdf2 is critically associated with the 
proliferation of PASMCs in PH.

In its most widely appreciated role as an m6A 
reader, Ythdf2 transports m6A-modified transcripts to 
the processing body in the cytoplasm where they are 
degraded.27,28 However, a growing number of studies 
have revealed contradictory functions of Ythdf2, such 
as the ability to promote m6A mRNA translation and 
stabilize m6A-modified transcripts.13,14,21,29 Because of 
these seemingly contradictory effects on RNA expres-
sion, we utilized proteomic analysis to screen potential 
targets of Ythdf2 in the proliferating PASMCs instead of 
transcriptomic analysis. Interestingly, the loss of Ythdf2 
expression in mPASMCs resulted in the upregulation 
of 29 proteins and the downregulation of 98 proteins, 
indicating that the biology of Ythdf2 is considerably 
more complex than just the degradation of m6A-tagged 
mRNAs. Further studies also indicate that Ythdf2 has 
a positive effect on m6A RNA preservation by stabiliz-
ing the Myadm transcript, supporting a similarly nonca-
nonical function of Ythdf2. These data suggest that the 
regulatory mechanisms of Ythdf2 in hyperproliferative 
PASMCs differ from those in hypoxia-treated alveolar 
macrophages in PH, indicating that m6A modification 
and the fate of m6A-modified transcripts are modulated 
in a cell-type–specific manner.

More recently, integrative network analysis has been 
used to identify cell-specific trans-regulators of the m6A 
modification.15 The temporal and spatial dynamics of the 
m6A modification may account for the diverse functions 
of Ythdf2 in various cells, tissues, and diseases. In the 
future, large-scale m6A sequencing or single-cell imag-
ing of m6A-modified RNAs is expected to provide novel 
insights into the different mechanisms through which 
m6A selectively functions in certain physiological and 
pathological processes.

Although used as a myeloid-differentiated marker, 
Myadm is not confined to roles in the hematopoietic 
system. It has a close association with various cardio-
pulmonary diseases, including asthma, hypertension, 

Figure 6 Continued.  and p21 (D) were detected in mPASMCs from WT and cKO mice infected with a Mettl3-overexpression lentivirus or 
control virus (Vector). E and F, mPASMCs were transduced with a Ythdf2-overexpression adenovirus (Ythdf2-OE) for 24 h with or without 
Myadm siRNA transfection for another 48 h before cell viability and proliferation were determined by cell counting kit-8 assay, EdU assay 
(E), and the Western blot analysis of Myadm, Pcna, and p21 (F). For E, scale bars=200 µm. For A through F, the experiments were done 
using primary cells isolated from 3 different male animals in each group, and the results are representative of 3 separate experiments. For 
the quantitation of EdU-positive cells in E, at least 15 randomly chosen fields were evaluated. For bar graphs, data are shown as mean±SE; 
P values were determined by unpaired 2-tailed Student’s t test or 1-way ANOVA with Tukey post hoc test; $$$P<0.001, *P<0.05, **P<0.01 
and ***P<0.001 vs WT (Con) group or Vector group. #P<0.05, ##P<0.01 and ###P<0.001 vs M3-OE group or Df2-OE group. ActD indicates 
actinomycin D; cKO, Ythdf2SM22α Cre, Df2-OE, Ythdf2-overexpression; EdU, 5-ethynyl-2-deoxyuridine; M3-OE, Mettl3-overexpression; My-si, 
Myadm siRNA; mPASMCs, mouse pulmonary artery smooth muscle cells; PDGF, platelet-derived growth factor; RT-qPCR, real-time quantitative 
polymerase chain reaction; WT, Ythdf2floxed; and Ythdf2, YTH N6-methyladenosine RNA binding protein 2.
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and PH.20,30,31 Targeting Myadm has been confirmed 
to improve hypoxia-induced PH and mitigate the det-
rimental effects on the cardiac-cerebral development 
of offspring from maternal PH in rats.18,20 Furthermore, 
overexpression of Myadm in PASMCs can promote the 
expression of cell cycle-related proteins, such as PCNA, 
Cyclin D1, and CDK2, while concurrently inhibiting the 
cell cycle kinase inhibitor p21 by promoting Klf4 nuclear 
export, all of which provides a basis for the excessive 
proliferation of PASMCs in PH.19 In this study, Myadm 
was identified as a target gene of Ythdf2 based on mul-
tiomics sequencing analysis and its biological functions 
in PASMC proliferation. Ythdf2 deficiency in PASMCs 
significantly inhibited the expression of Myadm and 
reciprocally upregulated the expression of p21. Over-
expression of Ythdf2 increased Myadm mRNA stability, 
whereas Ythdf2 inhibition failed to extend the lifespan 
of Myadm mRNA. These data provide the first evidence 
that Myadm mRNA is modified by m6A and stabi-
lized by Ythdf2 in an m6A-dependent manner and that 
Myadm silencing blocks the pro-proliferative effects of 
Ythdf2 overexpression in PASMCs. However, knockout 
of Ythdf2 in Mettl3-overexpressing PASMCs could not 
entirely eliminate the expression of Myadm, suggesting 
that Myadm may also be regulated by other m6A readers 
in PASMCs. These results suggest that during the devel-
opment of PH, increases in m6A labeling facilitate the 
recruitment of Ythdf2 to Myadm mRNA, thereby enhanc-
ing Myadm mRNA stability and protein expression and 
driving the m6A/Myadm/p21 signaling pathway, which 
increases PASMCs proliferation and subsequently vas-
cular remodeling.

In our prior investigation, we confirmed that molecular 
triggers of PH can bolster the stability of the Ythdf1 pro-
tein, leading to elevated expression in PASMCs.4 Nota-
bly, the mRNA and protein levels of Ythdf2 in PASMCs 
treated with PDGF also exhibited a divergent correlation. 
Subsequent analysis revealed that PDGF enhanced the 
translational efficacy of Ythdf2 protein in PASMCs, a 
mechanism distinct from that governing Ythdf1 regula-
tion. Several studies have suggested that m6A modula-
tors may be influenced by different posttranslational 
modifications, impacting their expression, function, and 
activity.32,33 However, the precise mechanisms governing 
the posttranslational modifications of m6A readers, such 
as Ythdf1 and Ythdf2, in the context of PH, remain to be 
fully elucidated.

To date, a few studies have reported on the associa-
tion between PASMCs, Ythdf2, and PH. However, the 
specific mechanisms and clinical significance of Ythdf2 
in hyperproliferative PASMCs remain unclear. Our study 
demonstrates that Ythdf2 promotes PASMC prolifera-
tion and vascular remodeling through stabilizing Myadm 
mRNA in an m6A-dependent manner both in vivo and 
in vitro. Meanwhile, increased expression of Ythdf2 is 
also observed in PAH patients, PH animal models, and 

PDGF-treated PASMCs. Additionally, our study is the 
first to show a functional role for SMC Ythdf2 in PH 
pathogenesis using a novel SMC-specific knockout 
mouse. Genetic ablation of Ythdf2 alleviated the hemo-
dynamic parameters and vascular remodeling in Su/Hx-
induced PH mice. Moreover, the increased proliferation 
of PASMC resulting from Ythdf2 overexpression was 
significantly reduced by subsequent Myadm knockdown. 
Overall, this study identifies a novel, PASMC-specific role 
for Ythdf2 in the development of PH, and interventions 
targeting this pathway might be of value in the therapeu-
tic approach to PH.

PERSPECTIVES
Our previous studies have demonstrated that m6A read-
ers have important but poorly defined roles in the devel-
opment of PH. This study focused on the role of Ythdf2 
in PASMCs, and our results showed that Ythdf2 critically 
contributes to PASMC proliferation and PH development 
by stabilizing Myadm mRNA in an m6A-dependent man-
ner. These novel results shed light on a deeper under-
standing of m6A RNA methylation and its role in PH 
pathogenesis and provide a promising therapeutic target 
to improve the treatment of PH.
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