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Abstract
Background: Pulmonary hypertension (PH) is a complex pulmonary vascular disease characterized by an
imbalance in vasoconstrictor/vasodilator signaling within the pulmonary vasculature. Recent evidence
suggests that exposure to hypoxia early in life can cause alterations in the pulmonary vasculature and
lead to the development of PH. However, the long-term impact of postnatal hypoxia on lung development
and pulmonary function remains unknown. N6-methyladenosine (m6A) regulates gene expression and
governs many important biological processes. However, the function of m6A in the development of PH
remains poorly characterized. Thus, the purpose of this investigation was to test the two-fold hypothesis
that 1) postnatal exposure to hypoxia would alter lung development leading to PH in adult rats, and 2)
m6A modi�cation would change in rats exposed to hypoxia, suggesting it plays a role in the development
of PH.

Methods: Forty male Sprague-Dawley rats were exposed to a hypoxic environment (FiO2: 12%) within 24 h
after birth for 2 weeks. PH was de�ned as an increased right ventricular systolic pressure (RVSP) and
pathologic changes of pulmonary vasculature measured by α-SMA immunohistochemical staining.
Methylated RNA immunoprecipitation sequencing (MeRIP-seq) was performed to analyze m6A
modi�cation changes in lung tissue between 2 and 9 weeks following exposure to postnatal hypoxia.

Results: mean pulmonary arterial pressure, lung/body weight ratio, and the Fulton index was signi�cantly
greater in rats exposed to hypoxia when compared to control and the difference persisted into adulthood.
m6A methyltransferase and demethylase proteins were signi�cantly downregulated in postnatal hypoxia-
induced PH. Distinct m6A modi�cation peak-related genes differed between the two groups, and these
genes were associated with lung development.

Conclusions: Our results indicate postnatal hypoxia dysregulates lung development, leading to PH, and
may have a long-term effect on adult rat lung development via the alterations in pulmonary vasculature
function. METTL3, a m6A methyltransferase, was elevated in rats exposed to postnatal hypoxia in both
the postnatal period and in adulthood, suggesting that it contributes to the development of PH following
postnatal hypoxia. Our �ndings provide new insights into the impact of postnatal hypoxia and the role of
m6A in the development of pulmonary vascular pathophysiology.

Introduction
Pulmonary hypertension (PH) is a complex pathology regulated by a multitude of molecular pathways
and processes. Evidence suggests that postnatal environmental factors can negatively impact the
development and physiological status of the pulmonary vasculature 1–3. These alterations in pulmonary
maturation and function could result in the development of PH in adulthood, increase morbidity and
mortality, and signi�cantly reduce the quality of life of this population. Previous results from our
laboratory revealed that embryonic growth is related to PH and pulmonary vascular function, as
intrauterine growth retardation (IUGR) resulted in decreased pulmonary vascular growth 1 and
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extrauterine growth retardation (EUGR) was associated with varying degrees of pulmonary arterial
hypertension (PAH) later in life 1, 3. These results suggest that environmental factors in early life play a
critical role in developing PH and result in long-term rami�cations for pulmonary function.

As part of the epigenetic regulation in mammals, RNA modi�cations, similar to DNA and histone
modi�cations, play an essential role in various physiological and pathological processes 4, 5. More than
100 distinct modi�cations of RNA can occur 6, with N6-methyladenosine (m6A) being the most abundant
and prevalent chemical modi�cation made. This dynamic and reversible modi�cation is regulated by the
methyltransferase (methyltransferase like 3(METTL3), methyltransferase like 14 METTL14 , and wilms’
tumor 1-associating protein WTAP , called “writers”), demethylase (fat mass- and obesity- associated
protein FTO  and a-ketoglutarate-dependent dioxygenase alkB homolog 5 ALKBH5 , called “erasers”),
and RNA-binding proteins (e.g., the YTH domain-containing family YTH family , called “readers”) 7, 8.
Several investigations have demonstrated that m6A regulates mRNA stability 9, translation 10, nuclear
export 11, and decay 12 and participates in many biological processes 13–16. Of note, m6A levels change
during organ maturation and early life processes 17–19, and several investigations have suggested a
temporal progression of m6A modi�cation of different tissues and different stages of life 20, 21. Despite
these prospects, the dynamic m6A changes in lung or pulmonary vascular diseases remain to be
elucidated.

In addition to hypoxia-induced changes in pulmonary function, several investigations have shown that
epigenetic modi�cations, including DNA methylation and histone modi�cation, play a vital role in the
development of pulmonary diseases 22, 23. While many investigations have provided insight into the
epigenetic mechanisms of PH, few have focused on RNA modi�cations and their impacts on the
development of this disease 24. Recent investigations suggest that environmental factors in early life
could predispose individuals to PH via epigenetic mechanisms 25. However, whether RNA modi�cations
are associated with the development of PH following postnatal exposure to hypoxia remains unknown.

Considering the essential role of m6A in tissue structure and function throughout life and the potential for
postnatal exposure to hypoxia to alter lung development, the purpose of this investigation was to assess
the impact of postnatal exposure to hypoxia on long-term lung maturation, the development of PH, and
the role of m6A in these changes. We tested the two-fold hypothesis that 1) postnatal exposure to
hypoxia would alter lung development leading to PH in adult rats and 2) m6A modi�cations would be
altered in rats exposed to hypoxia. Using a postnatal hypoxia rat model, we assessed pulmonary arterial
pressure and evaluated pulmonary vasculature function. We also performed methylated RNA
immunoprecipitation sequencing (MeRIP-seq) to con�rm the potential role of m6A in pulmonary vascular
function following exposure to hypoxia.

Methods
Ethical approval and animal care
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Sprague-Dawley rats were purchased from the Slaccas Company (Shanghai, China) and bred in our
laboratory. The hypoxia model was established in a hypoxia chamber (Biospherix, USA). The pups
assigned to the hypoxia group (n = 24) were exposed to hypoxia (FiO2 11–12%) within 24 h after birth for
2 weeks before being returned to normoxic conditions. The control group (n = 16) lived under normoxic
conditions throughout their life. All animals were sacri�ced using 10% chloral hydrate at either 2 weeks or
9 weeks old. The right lung tissue was removed and then transferred to liquid nitrogen immediately. The
left lung was �xed in 10% formalin for at least 48 hours before being cut for slides.

Pulmonary arterial pressure assessment
Prior to euthanasia, right ventricular systolic pressure (RVSP) was measured in 2-week-old rats and mean
pulmonary arterial pressure (mPAP) in 9-week-old rats as described previously 26. Brie�y, in 2-week-old
anesthetized rats, tracheal intubation was performed, and the thorax was opened. A catheter was then
inserted into the right ventricle to measure the right ventricular pressure. For the measurement of mPAP (9
weeks), a PE50 catheter was inserted into the pulmonary artery via the jugular vein and the right heart to
measure pulmonary arterial pressures. RVSP or mPAP was recorded when the waveform was stable. The
Fulton index [RV / (LV + S)] was also used to determine the degree of cardiac remodeling, where RV
represents the weight of the right ventricle and (LV + S) represents the weight of the left ventricle plus
septum.

Hematoxylin-eosin staining (HE) and Immunohistochemical
staining (IHC)
Pulmonary pathological changes were analyzed by HE and IHC, as described in detail previously 3. The
para�n blocks were cut into sections of 5 µm thickness. The primary antibodies used in IHC were anti-α-
SMA (1:500, Servicebio, China).

Pulmonary vascular endothelial cells (PVECs) separation
Magnetic activated cell sorting (MACS) was used to separate PVECs from lung tissue. The required
reagents and consumables were purchased from Miltenyi (Germany), and the extraction steps were
performed according to the manufacturer’s instructions. Separated cells were frozen at − 80 °C for further
use.

Quantitative real-time PCR (qPCR)
Lung tissue total RNA was isolated using a Multisource RNA Miniprep kit (Axygen, USA). The total RNA
was reverse transcribed into cDNA using PrimeScript™ RT Master Mix (Perfect Real Time) Kit (Takara,
China). qPCR was performed using an ABI Prism 7500 instrument following the SYBR-Green reagent
protocol (Takara, China). Data were analyzed as fold change by the 2−ΔΔCt method. Primers used in this
study are listed below: β-actin forward: 5’-gccaaccgtgaaaagatg-3’, β-actin reverse: 5’-tgccagtggtacgaccag-
3’; Rras2 forward: 5’-gaccatggcttttgcttgct-3’, Rras2 reverse: 5’-tagcggggacattgaacgtg-3’; Ttll12 forward: 5’-
gcatccagagagttcgcaga-3’, Ttll12 reverse: 5’-gggtctcgggtgtaacacag-3’;
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Protein and western blot
Lung tissue was lysed in a RIPA buffer (Beyotime Biotechnology, China) with PMSF (Thermo Fisher, USA);
and a phosphatase inhibitor cocktail (Thermo Fisher, USA) was also added to the RIPA buffer when p-
eNOS was to be analyzed. The lysate was then centrifuged for 10 min at 12000 g, and the supernatant
was collected. An enhanced BCA protein assay kit (Beyotime Biotechnology, China) was used to measure
the protein concentration. A 10% SDS-PAGE gel was used for electrophoresis, and the electrotransfer
occurred for 90 min at 110 V with 0.45 µm PVDF membranes (Merck Millipore, USA). The membranes
were incubated with antibodies, and a chemiluminescence method was used for color development. The
G:BOX system (Syngene, USA) was used to generate gray-scale images. Image-Pro Plus software (Media
Cybernetics, USA) was used to quantify the amount of protein as gray value. The primary antibodies used
in the western blots were as follows: anti-METTL3 (1:1000, Abcam, UK), anti-METTL14 (1:2000, Cell
Signaling Technology, USA), anti-WTAP (1:1000, Cell Signaling Technology), anti-FTO (1:1000, Abcam),
anti-ALKBH5 (1:500, Proteintech, USA), anti-VEGF (1:200, Proteintech), anti-eNOS (1:1000, Cell Signaling
Technology), anti-p-eNOS (1:1000, Cell Signaling Technology), and anti-β-actin (1:5000, Sigma-Aldrich,
USA).

Total RNA m6A level detection
We used an EpiQuik™ m6A RNA Methylation Quanti�cation Kit (Colorimetric) (Epigentek, USA) to
determine the total m6A level in the lung tissue. The main procedure included three steps: RNA
combination, m6A RNA capturing, and absorbance detection. The total m6A level was calculated using
formulas provided in the kit.

Methylated RNA Immunoprecipitation sequencing (MeRIP-
seq)
MeRIP was based on the m6A-seq protocol 27. In brief, RNA samples were puri�ed and then fragmented
into 100 nt through chemical fragmentation. We then used anti-m6A antibodies to immunocapture m6A-
modi�ed RNA fragments. After elution with free m6A, library preparation and massively parallel
sequencing was performed.

MeRIP data analysis
Distributions of peaks and motifs were analyzed using MACS2 and HOMER software. Gene Ontology
(GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis
were applied to analyze differentially expressed genes (DEGs) related to m6A modi�cation. GO analysis
was used to classify DEG functions into biological process, molecular function, and cellular component.
KEGG analysis was performed to identify the pathways the DEGs were enriched in.

Statistical analysis
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All results were obtained from at least three biological replicates and shown as means ± standard error of
the mean (means ± SEM). GraphPad Prism 6.0 and SPSS 23.0 were used for statistical analyses. The
Student’s t-test was used to analyze the difference between independent samples. Comparisons were
considered statistically signi�cant when the P-value was < 0.05.

Results

Postnatal hypoxia dysregulates lung development and
leads to PH
Lung/body wet weight ratio increased after 2 weeks of exposure to hypoxia (hypoxia vs. control groups:
2.03 ± 0.05% vs. 1.25 ± 0.01%), suggesting that pulmonary edema occurred in the hypoxia group. RVSP
(23.47 ± 0.44 mmHg vs. 14.91 ± 0.88 mmHg) and RV/(LV + S) (36.78 ± 1.44% vs. 21.73 ± 1.24%) were
both signi�cantly increased, suggesting that postnatal hypoxia caused pulmonary hypertension and the
associated remodeling of cardiac tissue (Fig. 1A–C). The HE staining revealed underdeveloped
pulmonary alveoli following exposure to hypoxia (Fig. 1D&E). The mean alveolar number (MAN)
suggested that the development of alveoli in the hypoxia group was delayed when compared to controls.
α-SMA immunostaining indicated that the pulmonary arterial intima was thickened in the hypoxia group
(Fig. 1D&F). We also assessed the expression of endothelial nitric oxide synthase (eNOS) and vascular
endothelial growth factor (VEGF), which play essential roles in the development of PH (Fig. 1G). The two
proteins were both highly expressed in the lung tissue of the hypoxia group. Collectively, postnatal
hypoxia of newborn rats dysregulated lung development and led to PH.

Postnatal hypoxia decreased the expression of m6A related
proteins
To further explore m6A methylation after exposure to postnatal hypoxia, we determined the expression of
�ve m6A-related proteins in lung tissue. A decrease in the m6A methyltransferases METTL3 and
METTL14 was found (Fig. 2A, C&D). The demethylase proteins FTO and ALKBH5 were also decreased
following postnatal hypoxia (Fig. 2B, E&F), but the expression of WTAP was not different between groups
(data not shown). There was no clear impact of postnatal hypoxia on total m6A in the lung tissue
(Fig. 2G).

Postnatal hypoxia changed the m6A methylation in lung
tissue
MeRIP was then utilized to assess the speci�c m6A methylation changes following hypoxia. We identi�ed
9488 methylated poly(A) peaks in the control group and 9842 in the hypoxia group (Fig. 3A). By
comparing the m6A methylation peaks in the two groups, we found that 21 peaks were hyper-methylated,
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and 5 peaks were hypo-methylated in the hypoxia group (Fig. 3B). Then we performed GO analysis to
identify the possible functions of the genes related to these differential peaks. As shown in Fig. 3C, these
genes acted in many biological processes associated with organ morphogenesis and development. Data
showed three of them participated in lung development, respiratory tube development, and respiratory
system development.

Further veri�cation was done by qPCR as we tested four differential peak-related genes (Rras2, Ttll12,
Ccr3, and Ccr6) with known contributions to lung diseases. mRNA levels from two genes (Rras2 and
Ttll12) changed in coordination with their m6A modi�cation (Fig. 3D). In summary, m6A methylation
participates in the regulation of vascular-related gene expression following postnatal hypoxia.

The long-term effect of postnatal hypoxia on pulmonary
vascular in adult rat
To assess the in�uence of postnatal hypoxia on pulmonary function in adulthood, we measured the
lung/body wet weight ratio, RV/(LV + S), and mPAP in 9-week-old rats. We found that the lung/body wet
weight ratio, RV/(LV + S), and mPAP were signi�cantly higher in the hypoxia group than in the controls
(Fig. 4A–C). These results suggest that postnatal hypoxia-induced PH could continue to adulthood.

Western blot was used to assess eNOS and VEGF protein levels. VEGF and phosphorylated endothelial
nitric oxide synthase (p-eNOS) were lower in the hypoxia group than in the controls (Fig. 4D, G&H),
although there was no difference in eNOS protein expression between the two groups (Fig. 4D&E). Also,
the expression of eNOS in PVECs was lower in the hypoxia group than in the controls (Fig. 4D&F). These
results suggest that pulmonary vasculature dysfunction perpetuates in adult rats that have experienced
postnatal hypoxia.

The long-term effect of postnatal hypoxia on m6A
methylation in the adult rat
The expression of �ve m6A-related proteins during adulthood was measured in lung tissue from both
groups. METTL3 was lower in the hypoxia group than in the controls (Fig. 5A), but there were no
differences in the other four m6A-related proteins between the groups (data not shown).

Next, we performed MeRIP again to �nd the between-group speci�c m6A methylation changes. Although
there were only 7 peaks hyper-methylated and 13 peaks hypo-methylated in the adult rats who were
exposed to postnatal hypoxia (Fig. 5B), these differential peak-related genes were genes involved in the
regulation of Notch signal pathways and the activation of endothelial cells (Fig. 5C).

Discussion
The present investigation explored the acute and long-term impacts of postnatal hypoxia on pulmonary
vascular function and remodeling and the role of m6A in the development of PH. Consistent with our
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original hypothesis, postnatal exposure to hypoxia resulted in signi�cant remodeling of the pulmonary
vasculature, increased mPAP, and reduced levels of m6A-related proteins. The reduced METTL3
expression was sustained into adulthood. These results suggest that m6A modi�cation might be involved
in the PH pathological process initiated by postnatal exposure to hypoxia.

Based on many epidemiological reports, the Developmental Origins of Health and Disease (DOHaD)
theory suggests that exposure to adverse environmental factors (e.g., poor diet, stress, or infection) early
in life can increase the likelihood of chronic diseases in adulthood. Recent reports found that transient
hypoxemia during the perinatal period can increase pulmonary vasoconstriction during hypoxia exposure
in adulthood 28. Previous work from our laboratory showed that both IUGR and EUGR led to an
exacerbated response to hypoxia and the development of PH in adult rats1–3. The results from this
investigation are in agreement with the �ndings from previous studies, and therefore support the premise
that pulmonary vascular disease in adulthood is closely related to environmental factors in early life.

Postnatal exposure to hypoxia alters pulmonary vascular
function
PH is a progressive disease consisting of multi-factorial pathogeny, which results in right heart failure
with poor prognosis 29. It is well established that there is an interaction between hypoxia and PH, thus
underscoring the importance of understanding the complex interactions between hypoxia and the
development of pulmonary diseases. NO signaling pathways play a key role in hypoxic pulmonary
hypertension 30. In animal models of chronic hypoxia in adulthood, the expression of eNOS protein
increases after hypoxia. However, the expression of eNOS in neonatal rats after hypoxia is still unclear.
Chicoine et al. found that chronic hypoxia in neonatal rats led to a decreased expression of eNOS protein
31. Whereas Sheak et al. showed that the expression of eNOS protein in neonatal rats did not change after
hypoxia, but the expression of p-eNOS increased 32. In the present investigation, eNOS increased
following postnatal exposure to hypoxia but decreased in the adult rat. This change could suggest that
eNOS expression increased when PVECs were exposed to hypoxia. However, as PH progressed, PVECs
became dysfunctional even under a normoxic state and they produced less eNOS. Regulated by a variety
of molecules and pathways such as VEGF, the dysfunction of PVECs plays a key role in the development
of PH 33. VEGF promotes angiogenesis and the proliferation, migration, and differentiation of endothelial
cells by binding to the vascular endothelial growth factor receptor 2(VEGFR2)on the pulmonary vascular
endothelium 32. Consistent with previous investigations34, these results demonstrated a consistent
expression of VEGF and p-eNOS, which further suggests that VEGF is regulated by eNOS activity. VEGF
can also affect eNOS phosphorylation, which likely alters local NO bioavailability and vasodilator
signaling. These �ndings indicate that the mutual regulation between VEGF and p-eNOS is involved in the
regulation of adult pulmonary vascular function following postnatal hypoxia.

Potential role of m6A in the development of hypoxia-
induced PH
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Compelling evidence suggests that epigenetic modi�cation plays an essential role in the development of
PH 35. In our previous study, we discovered that the binding of histone acetylation and hypoxia-inducible
factor-1α (HIF-1α) to the endothelin-1(ET-1) gene promoter increased in PAH following IUGR 3. We also
demonstrated the epigenetic regulation of Notch1 in the pulmonary microvascular rarefaction following
EUGR 2. Another study found that nitric oxide synthase NOS  upregulation was associated with increased
H3 and H4 histone acetylation in the eNOS promoter in a neonatal rodent persistent pulmonary
hypertension of the newborn PPHN  model 25. However, the epigenetic regulation of these factors in
mammals and whether m6A mediates PH remains unknown. Since m6A is a common chemical
modi�cation of RNAs in mammals, it functions in various vital biological pathways such as
tumorigenesis 5, 36 and embryonic13, 37 and neuronal development 21, 38. Considerable attention has been
given to the essential role of m6A in embryonic development and spermatogenesis 15. Still, there is little
focus on the function of m6A in the lung or pulmonary vascular disease development.

We hypothesized that m6A also participates in PH following postnatal exposure to hypoxia. m6A
methyltransferase and demethylase proteins exhibited lower levels in the postnatal hypoxia group than in
the controls, while the total level of m6A in lung tissue was not affected by postnatal hypoxia. Among
m6A-related proteins, WTAP levels did not change. This might be related to the fact that WTAP has no
methyltransferase activity. Instead, it regulates m6A levels by combining with METTL3 / METTL14
complex 39. Future investigations should seek to identify other m6A-related proteins, which may help
identify the speci�c role that m6A plays in the pathogenesis of hypoxia-induced PH.

METTL3 expression was consistently lower in the hypoxia group than in the controls. METTL3
participates in the development of tumors and the development of early embryos by regulating m6A
modi�cation 40–42. In a recent investigation43, METTL3 expression was signi�cantly upregulated in
patients with lung adenocarcinoma. Cytological experiments have demonstrated that METTL3 affects
the growth, survival, and invasion of human lung cancer cells 43, which implies that METTL3 plays an
important role in the long-term effects on pulmonary vasculature function following postnatal exposure
to hypoxia.

The present investigation utilized MeRIP to analyze the speci�c m6A methylation changes following
exposure to hypoxia. We found 21 hyper-methylated and 5 hypo-methylated peaks in 2-week-old rats
exposed to hypoxia. In comparison, 7 peaks were hyper-methylated, and 13 peaks were hypo-methylated
in adult rats who had suffered from postnatal hypoxia. While these might not seem like a signi�cant
�nding, these differential peak-related genes are involved in many respiratory-related physiological
processes such as respiratory tube development, Notch signal pathways, and the activation of
endothelial cells. Thus, it is likely that m6A participates in the pathogenesis of PH. Interestingly, we found
that the tricho-rhino-phalangeal syndrome 1 (Trps1) gene was hypomethylated in both the 2-week-old and
9-week-old rats who were exposed to postnatal hypoxia. TRPS1, a member of the GATA transcription
factor family, is widely expressed in many tissues and organs and plays a critical role in mammalian
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development and differentiation 44, 45. TRPS1 is also highly expressed in lung cancer46 and is involved in
regulating epithelial-to-mesenchymal transition (EMT) during embryonic development47. While EMT plays
an important role in the occurrence and development of PH 48, it has not been reported whether Trps1 is
also involved in the regulation of PH pathogenesis. Our results suggest that Trps1 mRNA methylation can
regulate PH following postnatal hypoxia by affecting EMT in the newborn rat, and this effect can persist
into adulthood. Future investigations will identify the speci�c role(s) of EMT in the development of
hypoxia-induced PH.

Experimental considerations and future directions
While this investigation demonstrated that postnatal exposure to hypoxia impacts pulmonary vascular
function and development, it is unclear if this results in impaired functional capacity (i.e., exercise
tolerance) of these animals. Considering that pulmonary hypertension leads to reduced maximal oxygen
uptake and exercise capacity in humans 49, it is likely that the impaired pulmonary vascular function in
rats exposed to postnatal hypoxia studied herein would have reduced exercise capacity. Future
investigations into the interplay between postnatal hypoxia-induced PH and reduced exercise tolerance
may aid in the bench-to-bedside translation of our understanding of this disease and the associated
molecular mechanisms.

This investigation sheds light on the long-term effect of postnatal exposure to hypoxia on pulmonary
vascular functions and the role of m6A in regulating PH. These results suggest that m6A methylation is a
biomarker of epigenetic modi�cation of critical genes that regulate pulmonary arterial pressure and lung
development and, therefore, may be potential therapeutic targets. However, additional investigations are
required to delineate the speci�c regulatory mechanisms between m6A and PH and test the possibilities
of regulating m6A methylation to treat PH.

Conclusions
To summarize, this investigation demonstrated that postnatal hypoxia dysregulates long-term lung
development, leads to PH, and has a long-term effect on adult rat lung via persistent dysregulation of
pulmonary vascular function. Our data show that m6A modi�cation changes are associated with PH
following postnatal hypoxia and that some changes can persist into adulthood. These �ndings indicate
that m6A methylation might participates in the development of PH following postnatal hypoxia. Our
research offers a new perspective to explain the molecular mechanism of lung diseases and provides a
reference for future investigations into therapeutic development.

List Of Abbreviations
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ALKBH5 a-ketoglutarate-dependent dioxygenase alkB homolog 5

DEGs differentially expressed genes

DOHaD developmental origins of health and disease

EMT epithelial-to-mesenchymal transition

eNOS endothelial nitric oxide synthase

ET-1 endothelin-1

EUGR extrauterine growth retardation

FTO fat mass- and obesity- associated protein

GO analysis Gene Ontology analysis

HE hematoxylin-eosin staining

HIF-1α hypoxia-inducible factor-1α

IHC immunohistochemical staining

IUGR intrauterine growth retardation

KEGG analysis Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis

m6A N6-methyladenosine

MACS magnetic activated cell sorting

MAN mean alveolar number

MeRIP-seq methylated RNA immunoprecipitation sequencing

METTL14 methyltransferase like 14

METTL3 methyltransferase like 3

mPAP mean pulmonary arterial pressure

NOS nitric oxide synthase

PAH pulmonary arterial hypertension

p-eNOS phosphorylated endothelial nitric oxide synthase

PH pulmonary hypertension

PPHN persistent pulmonary hypertension of the newborn

PVECs pulmonary vascular endothelial cells

qPCR quantitative real-time PCR

RVSP right ventricular systolic pressure
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ALKBH5 a-ketoglutarate-dependent dioxygenase alkB homolog 5

VEGF vascular endothelial growth factor

VEGFR2 vascular endothelial growth factor receptor 2

WTAP wilms’ tumor 1-associating protein

YTH family YTH domain-containing family

α-SMA smooth muscle speci�c alpha-actin antibody
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Figure 1

Postnatal hypoxia resulted in PH. (A). Comparison of lung/body wet weight ratio after 2 weeks of
hypoxia. (B). Right ventricular hypertrophy index [RV/(LV + S)] differed between hypoxia and normoxia
rats. (C). Comparison of right ventricular pressure (RVP) in the two groups. (D). HE staining and
immunohistochemical staining of lung tissue. (E). Mean alveolar number (MAN) of the two groups. (F).
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The thickness of pulmonary arterial intima measured by α-SMA. (G). Expression of eNOS and VEGF in the
lung. *P < 0.05, ** P < 0.01 compared to the control group. N = 5–9.

Figure 2

The expression of m6A-related proteins after postnatal hypoxia. (A&B). Western blot images showing the
expression of m6A methyltransferase and demethylase proteins. (C–F). Quantitative analysis of the
western blot experiments. (G). The total RNA m6A level in the lung tissue. *P < 0.05, ** P < 0.01 compared
to the control group. N = 5–8.
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Figure 3

m6A methylation after 2 weeks hypoxia. (A). Numbers of m6A peaks shown as a Venn diagram. (B).
Distinct m6A peaks by peak comparison between the two groups. (C). GO analysis of the differential
methylated peaks after hypoxia. (D). mRNA levels of differential peak-related genes. *P < 0.05, ** P < 0.01
compared to the control group. N = 3–5.
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Figure 4

The long-term effect of postnatal hypoxia on pulmonary vascular in adult rat. (A). Comparison of
lung/body wet weight ratio in adult rats who had been exposed to postnatal hypoxia. (B). Right
ventricular hypertrophy index [RV / (LV + S)] differed between hypoxia and normoxia rats at 9 weeks old.
(C). Comparison of mean pulmonary arterial pressure (mPAP) between the groups. (D). Western blot
images of PAH-related proteins in the two groups. (E–H). Quantitative analysis of the Western blot
experiments. *P < 0.05, ** P < 0.01 compared to the control group. N = 6–7.
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Figure 5

m6A methylation following postnatal hypoxia in 9-week-old rats. (A). Expression of METTL3 in adult rats.
(B). Distinct m6A peaks by peak comparison between the two groups. (C). GO analysis of the differential
methylated peaks in adult rat after postnatal hypoxia. *P < 0.05, ** P < 0.01 compared to the control
group. N = 3–4.


