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Transgenerational inheritance of promoter methylation changes
in extrauterine growth restriction-induced pulmonary arterial
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Background: This study aimed to investigate the influence of extrauterine growth restriction (EUGR) on
pulmonary arterial pressure (PAP) and the transgenerational inheritance of promoter methylation changes in
pulmonary vascular endothelial cells (PVECs) of 2 consecutive generations under EUGR stress.

Methods: After modeling, PAP values of F1 and F2 pups were investigated at 9-week-old. The methyl-
DNA immune precipitation chip was used to analyze DNA methylation profiling. Differential enrichment
peaks (DEPs) and regions of interest (ROIs) were identified, based on which Gene Ontology (GO)
enrichment, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway, and reactome pathway
enrichments were analyzed.

Results: The F1 male rats in the EUGR group had significantly increased PAP levels compared to the
control group; however, this increase was not observed in female rats. Interestingly, in F2 female rats, the
EUGR group had decreased PAP. In the X chromosome of the F1 males, there were 16 differential ROI
genes in the F1 generation, while in F2 females, there were 86 differential ROI genes. Similarly, there were
105 DEPs in the F1 generation and 38 DEPs in the F2 generation. In combination with the 5 common
ROIs and 14 common DEPs, 18 genes were regarded as the key candidate genes associated with hereditable
PAP variation in the EUGR model. Enrichment analysis showed that synaptic and neurotransmitter relative
pathways might be involved in the process of EUGR-induced PAH development. Among common DEPs,
Smadl and Serpinel were also found in 102 PAH-associated genes in the MalaCards database.
Conclusions: Together, there is a transgenerational inheritance of promoter methylation changes in
the X chromosome in EUGR-induced PAP disorders, which involves the participation of synaptic and
neurotransmitter relative pathways. Also, attenuated methylation of Smadl and Serpinel in the promoter

region may be a partial driver of PAH in later life.
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Introduction

Extrauterine growth restriction (EUGR) can lead to
undernutrition and premature infants, and it is a significant
risk factor for a variety of lung or cardiovascular diseases.
Under EUGR stress, there are obstructive vascular
lesions of the distal pulmonary arteries, which may lead
to pulmonary arterial pressure (PAP) disorders, especially
pulmonary arterial hypertension (PAH). Although the
incidence of PAH is low, it is of high mortality. It is
associated with heterogeneous etiologies and distinct
molecular mechanisms, including abnormal migration and
proliferation of endothelial and smooth muscle cells (1).
Pulmonary artery smooth muscle cells (PASMCs) are known
model cells of PAH, and in these cells, MAPK signaling
pathway may play a pathogenic role (2). Moreover, chronic
hypoxia causes a metabolic disorder and the Warburg effect
in PASMCs (3). Features including stress to endothelial
cells and their corresponding apoptosis are noticed in PAH
individuals (4). As known studies and our pilot observation
have shown, pulmonary vascular endothelial cell (PVEC)
injury is one of the pathogeneses of PAH (e.g., decreased
Notchl in PVECs) (5-7).

Previously, we found that alterations in phenotype can
be transmitted to offspring. We reported that hypoxic
PAH induced by intrauterine growth restriction (IUGR)
was accompanied by epigenetic regulation of different
genes (8). Traditionally, PAH models can be induced by
monocrotaline (9), but EUGR- and IUGR-induced PAH
have not been well studied. Transgenerational inheritance
is used to describe the non-sequence-based effects that can
be transmitted to the next generation. Known mechanisms
include self-sustaining feedback loops, chromatin-based
mechanisms, noncoding and coding RNA, and other non-
epigenetic mechanisms. Recent epigenetic studies have
confirmed that the transgenerational effect can be found
in generations not exposed to the initial environment.
So far, DNA methylation is the best-studied chromatin-
based mechanism. Epigenetic modifications, especially
DNA methylation, are key genomic regulatory processes
in developmental origins. This postnatal stress can include
epigenetic modification of genes linking to pulmonary
vascular regulation in later life, and pulmonary vascular
changes can be passed on to the offspring. So far, very few
DNA-methylation studies have thoroughly characterized
the pathogenesis of PAH (10). Therefore, the effects of
EUGR on DNA methylation reprogramming have not been
elucidated. In particular, the common changes in DNA
methylation in the stressed generation and its offspring are

© Annals of Translational Medicine. All rights reserved.

Tang et al. Transgenerational inheritance of methylation changes in PAH

unknown.

In the present study, we established an EUGR rat
model and observed the PAH phenotype in 2 consecutive
generations. We noticed that the stressed pups and their
offspring had different phenotypes, and some promoter
methylation profiling in the PVECs can be transmitted.

We present the following article in accordance with the
ARRIVE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4715).

Methods
EUGR rat model

Pregnant Sprague-Dawley female rats were used to
establish the EUGR model. All animals were obtained
from Zhejiang University Laboratory Animal Center.
Experiments were performed under a project license
(zju201305-1-02-043) granted by The Affiliated Fuzhou
Children Hospital of Fujian Medical University, in
compliance with the institutional guidelines for the care
and use of animals. Healthy pregnant rats (weight 30-40 g)
were kept at 23 °C until giving birth. Within 12 h of birth,
pups were randomly assigned to 2 groups: 10 pups of the
control group were sent into a litter, and 20 pups of the
EUGR group were placed into a litter (with a 1:1 male-to-
female ratio). Pups were weighed every day until day 21.
If a pup in the EUGR litter weighted the control group’s
last 10th percentile, it was defined as a successful EUGR
individual. The PAP was measured until 9 weeks. Briefly, a
PESO catheter was inserted into the right atrium through
the right jugular vein. The catheter was finally sealed to
the right ventricle (an additional distance of 10 mm was left
in the pulmonary artery). The hemodynamic values were
automatically calculated by a physiological data acquisition
system (Acqknowledge4 MP150 Biopac System Inc.,
Goleta, CA, USA). Next, each rat’s lung was distended by
the infusion of phosphate buffered saline (PBS) into the
trachea. Afterwards, PVECs were isolated from fresh lungs.
The flow chart of this experiment is shown in Figure 1. The
pregnant female rats were regarded as FO generation, the
stressed generation was regarded F1, and the pups of F1
were regarded as F2. The F1 control female rats mated with
either F1 control males or F1 EUGR males.

Methyl-DNA immune precipitation chip

For each group, 3 independent samples were used for chip
analysis. According to the PAH phenotype, 3 F1 males in
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Figure 1 The flow chart of investigation on 2 generations and the phenotype changes. The F1 male rats but not female rats in the EUGR

group have significantly increased PAP versus the control group. In F2 female rats, the EUGR group has decreased PAP. *P<0.05; **P<0.01.

EUGR, extrauterine growth restriction; PAP, pulmonary arterial pressure.

the control group were compared with 3 F1 males in the
EUGR group, and 3 F2 females in the control group were
compared with 3 F2 females in the EUGR group. First,
PVECs were isolated by magnetic-activated cell sorting.
Fresh lungs were sliced and incubated with collagenase A.
The suspension was centrifuged and washed 3 times [by
PBS with 0.5% bovine serum albumin (BSA) and 2 mmol/L
ethylenediaminetetraacetic acid (EDTA)]. The final pellets
were resuspended as 107 cells per 100 mL. Cells were
incubated with phycoerythrin (PE)-labeled mouse anti-
rat CD31 antibody (PECAM-1, BD Pharmingen, San
Diego, CA, USA) for 15 min at 4 °C. After washing, anti-PE
MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany)
were added to the cell suspension, and they were inoculated
at 4 °C for 15 min. The PVECs linked to PECAM-1
antibodies were purified. According to the official protocol,
the genomic DNA of PVECs was extracted, and DNA
methylation status was determined using the MeDIP-chip
kit (CapitalBio, Beijing, China). Briefly, DNA samples were
digested into 200 to 1,000 bp fragments. The antibody
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against 5-methylcytidine (Abcam, Cambridge, MA, USA)
was used to label the methyl-DNA. In this study, we mainly
focused on the promoter methylation changes. Therefore,
the Plus-Ref-Seq Promoter Array (BD Pharmingen, USA)
kit was used, which covered 15,287 promoters. The RefSeq
genes were derived from the University of California Santa
Cruz (UCSC) refFlat files. The raw data of microarray dots
were analyzed using NimbleScan (version 2.5; Roche, Basel,
Switzerland). Ratios of Cy5/Cy3 signals were calculated
for high-quality hybridization dots. These ratios were
transformed to the normalized log2-ratios. The peak-
finding algorithm in the NimbleScan software was used for
peak detection.

Region of interest and differential envichment peak
analysis

Differentially methylated region of interest (ROI) in
promoter was compared between 2 groups using mean
log2-ratio across defined regions. The log2-ratio value
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of the control minus EUGR group was calculated as a
differential value of methylated ROIL. The difference
between the 2 groups was assessed, and the P value was
calculated using the Wilcoxon test. Differential enrichment
peaks (DEPs) were identified in the promoter which
contained all identified DEPs overlapping the promoter
region of the relevant transcript (from -3,880 to 970 bp).
The DEPs were calculated by the peak-score, namely the
average -logl0(P value) from probes within the peak. All
DEPs between groups were extracted. Additionally, given
the phenotype was changed in F1 male and F2 female
rats, it was reasonable to probe the inheritable promoter
methylation changes in chromosome X. The common ROIs
and DEPs in Fl-generation and F2-generation samples
were pooled for enrichment analysis.

Enrichment analysis

Gene Ontology (GO) functional enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment were analyzed based on differentially
methylated genes (in DEPs or ROIs). The enrichment P
value of the pathway ID was calculated based on Fisher’s
exact test. The WebGestalt tool (WEB-based Gene Set
Analysis Toolkit; http://www.webgestalt.org) was used to
perform GO, KEGG, and reactome pathway enrichments.

Statistical analysis

Statistical analyses were performed using R packages for
identifying DEPs or ROIs, as well as the WebGestalt tool
for enrichment analysis (and multiple hypothesis tests were
performed to adjust the P value calculation). The P values
less than 0.05 were considered statistically significant.

Results
Hereditable DEPs and ROIs in 2 generations

Since the healthy pregnant rats (weight 30-40 g) gave birth,
we observed the phenotype changes of 2 generations. As
shown in Figure I, the F1 male rats in the EUGR group
had significantly increased PAP compared to the control
group (P<0.05). However, this increase was not observed
in female rats. Interestingly, in F2 female rats, the EUGR
group had decreased PAP (P<0.01). Based on this finding,
it was reasonable to probe the inheritable promoter
methylation changes in Chromosome X. The methylation
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assay was performed on PVECs isolated from 9-week-
old male rats (n=3 in each group) of the F1 generation and
female rats of the F2 generation (n=3 in each group). In the
X chromosome of F1 males, there were 16 differential ROI
genes in the F1 generation (EUGR vs. Control), including
9 hypermethylation ROIs and 7 hypomethylation ROIs
(Figure 2A). In the X chromosome of F2 females, there were
86 differential ROI genes, including 60 hypermethylation
ROIs and 7 hypomethylation ROIs (Figure 2B). Between
the 16-ROI set of F1 generation and the 86-ROI set of
the F2 generation, 5 were found in common (Figure 2C).
Similarly, there were 105 DEPs in the F1 generation
(EUGR vs. Control) and 38 DEPs in the F2 generation
(EUGR vs. Control), between which there were 14 in
common (Figure 2D). Combined with the 5 common DOIs
and 14 common DEPs, they had a common gene (Ptges3/1)
and their union set had 18 genes, which were regarded as
the key candidate genes associated with hereditable PAP
variation in the EUGR model (Figure 2E). Besides Ptges3/1,
key candidates included Rbox2, Slc7a3, Slitrk2, Synl, Kcndl,
Tipyl2, Sts, Tuf9, Nafrapl, Usp26, Kenell, RGD1565983,
Tsx, RGD1562502, Bhlbb9, Bex2, and MGCI114520.
Theoretically, these genes may participate in the pathologic
process of PAH induced by EUGR.

Enrichment analysis

First, based on DEPs and ROIs in the X chromosome,
the 18 candidate genes were used for GO functional
enrichment, KEGG pathway enrichment, and reactome
pathway enrichment. As shown in Figure 34, for GO
enrichments, the covered genes were classified into 3
categories: biological process (BP) terms (red), cellular
component (CC) terms (blue), and molecular function
(MF) terms (green); however, no significantly enriched
GO terms were found. When using the raw P value for
screening, the following KEGG pathways were enriched:
basal transcription factors, arachidonic acid metabolism,
steroid hormone biosynthesis, herpes simplex infection,
and metabolic pathways (Figure 3B). Similarly, using
the raw P<0.05 as a threshold, the enriched reactome
pathways were as follows: phase 1-inactivation of fast
Na+ channels, aryl hydrocarbon receptor signaling, the
activation of arylsulfatases, HSF1 activation, serotonin
neurotransmitter release cycle, dopamine neurotransmitter
release cycle, attenuation phase, receptor-type tyrosine-
protein phosphatases, Ub-specific processing proteases,
and neuronal system (Figure 3C). The above pathways have
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Figure 2 Major findings of DNA methylation changes in the X chromosome of PVECs. (A) In the X chromosome of F1 males, there are 16
differential ROI genes in the F1 generation (EUGR ws. Control), including 9 hypermethylation ROIs and 7 hypomethylation ROIs; (B) in
the X chromosome of F2 females, there are 86 differential ROI genes, including 60 hypermethylation ROIs and 7 hypomethylation ROIs.
(C) Between the 16-ROI set of F1 generation and the 86-ROI set of F2 generation, there are 5 common ROIs. (D) there were 105 DEPs
in F1 generation and 38 DEPs in F2 generation, between which there are 14 common DEPs. (E) In combination with the 5 common DOIs

and 14 common DEPs, they had a common gene Prges3/1, and these 18 genes were regarded as the key candidate genes associated with
hereditable PAP variation in the EUGR model. PVECs, pulmonary vascular endothelial cells; ROIL, region of interest; EUGR, extrauterine

growth restriction; DEPs, differential enrichment peaks; PAP, pulmonary arterial pressure.
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seldom been investigated in PAH studies, and they can be
used as valuable targets.

However, when we more strictly used false discovery
rate (FDR) <0.05 as a standard, the above enrichments
based on the X-chromosome ROIs and DEPs were not
statistically significant. Therefore, we further observed
all common ROIs and DEPs between 2 generations,
which were not confined to the X chromosome. There

© Annals of Translational Medicine. All rights reserved.

were 114 common ROIs (genes) in all chromosomes.
The GO summary for the 3 categories is represented
in Figure 4A4. All enriched GO terms, KEGG pathways,
and reactome pathways are shown in Figure 4B (only 1
enriched KEGG pathway: RNA polymerase was found,
and no reactome pathway was found). Parallelly, there
were 485 common DEPs (genes) in all chromosomes.
In GO enrichments, a summary for 3 categories and
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the included genes are represented in Figure 5A.
Unlike the X-chromosome ROIs and DEPs or all ROIs,
we noticed several significantly enriched (FDR <0.05)
terms when using 485 common DEPs for enrichment
analysis. All the enriched terms were the BP category

© Annals of Translational Medicine. All rights reserved.

(Figure 5B), such as regulation of synaptic vesicle transport,
regulation of synaptic vesicle exocytosis, regulation of
neurotransmitter secretion, regulation of calcium ion-
dependent exocytosis, regulation of synaptic vesicle cycle,
synaptic vesicle exocytosis, calcium ion regulated exocytosis,
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and synaptic vesicle transport establishment of synaptic
vesicle localization. No other GO terms, KEGG pathways,
or reactome pathways were enriched. Together, synaptic
and neurotransmitter relative pathways may be involved
in the process of EUGR-induced PAH development. This
novel insight needs more evidence to confirm.

Finally, due to a lack of validation experiments using
the mRNA or protein expression, we checked the links
between the 114 common ROIs/485 common DEPs in
all chromosomes and PAH-associated genes. There were
102 PAH-associated genes acquired from the MalaCards
database (https://www.malacards.org/), and 2 common
factors were found between 485 DEPs and the 102 PAH-
associated genes: Smadl and Serpinel, which were both
hypomethylation factors. Based on this finding, a potential
mechanism of the EUGR-induced PAH development is
depicted in Figure 6. Under the EUGR stress, PVECs
have impaired methylation of Smadl and Serpinel, and
an increased expression of Smadl and Serpinel partially
triggers PAH in later life.
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Discussion

Early life stress such as physical abuse, trauma or neglect
during a critical period of development can elicit negative
long-lasting effects on health (11). Recently, it has
been known that nutritional disadvantages during the
early postnatal period may cause pulmonary vascular
consequences in later life. For example, we have noticed
that intrauterine growth retardation (IUGR) is associated
with the development of adult-onset diseases, including
pulmonary hypertension (12). The cblC defect tend to
appear during infancy or early childhood and it may
cause pulmonary hypertension in later life (13). Similarly,
maternal undernutrition can induce differential cardiac
gene expression in pulmonary hypertensive steers at high
elevation (14). However, the clear mechanism underlying the
development of pulmonary vascular driven by malnutrition
is unknown. Epigenetic changes might mediate the cellular
memory of early postpartum event. During PAH, the
pulmonary artery undergoes chronic remodeling induced
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by constant proliferation of pulmonary endothelial cells and
increased resistance to apoptosis which leads to an occlusion
of the artery and subsequent pulmonary hypertension. It is
not a surprise that chromatin remodeling has also been studied
in the context of PAH (15). For example, HDAC class I activity
was shown to increase during hypoxia induced but in vive
HDAC inhibition resulted in decreased pulmonary remodeling
during PAH (16). Histone methylation has been implicated
in PAH, where megakaryocytic leukemia 1 (MKLI) is
upregulated and leads to an increase in the recruitment of
the H3K4-specific complex components, ASH2 and WDRS
(17,18). It has been known that epigenetic regulation by
suv4-20h1 in cardiopulmonary progenitor cells is required
to prevent pulmonary hypertension (19). Similarly,
methylation and expression levels of the bmpr2 gene by
sin3a is a novel therapeutic mechanism in PAH (20). For the
first time, this study verified that epigenetic dysregulation
transmits susceptibility to PAH in the stressed generation
and the next generation. In particular, we discovered 18 key
candidate genes in chromosome X: Ptges3/1, Rhox2, Slc743,
Slitrk2, Synl, Kendl, Tspyl2, Sts, Taf9b, Ngfrapl, Usp26,
Kenell, RGDI565983, Tx, RGD1562502, BhIbb9, Bex2, and
MGC114520. The relationship of these potential targets
to PAH is yet to be explored. Enriched pathways such as
basal transcription factors and arachidonic acid metabolism,
and reactome pathways like Phase-1-inactivation of fast
Na+ channels, aryl hydrocarbon receptor signaling, and
activation of arylsulfatases may play essential roles. In all
chromosomes, synaptic and neurotransmitter-associated
biological processes are also important factors involved
in EUGR-induced PAP disorders. Besides, attenuated
methylation of Smadl and Serpinel in the promoter region
may be a partial driver of PAH in later life.

Firstly, we believe that the above key candidates can be
applied as potential targets in PAH research. However,
none of these genes have been fully explored. Among these
candidates, some interesting ones are worth surveying,
especially synaptic and neurotransmitter relative factors.
For example, the SLC743 gene encodes a member of the
solute carrier family 7, a sodium-independent cationic
amino acid transporter. It mediates the uptake of the
cationic amino acids (arginine, lysine, and ornithine) in
a sodium-independent manner. Upregulating Slc743,
which causes an increase in arginine uptake, is involved
in cancer cell adaptation to glutamine deprivation and
the progression of papillary thyroid carcinoma (21,22).
The SLITRK2? gene encodes an integral membrane
protein that contains 2 N-terminal leucine-rich repeats
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domains and contains C-terminal regions similar to
neurotrophic receptors. The encoded protein may play
a role in modulating neurite activity. It interacts directly
with PSD-95 via a non-canonical Src homology 3 domain-
binding motif that is associated with the SH3 domain of
PSD-95 (23). Besides, the hyperactivity behavior that
is modulated by S/itrk2 influences the excitatory and
inhibitory synapse formation on dopamine neurons (24).
The gene SYNI is a member of the Synapsin gene family
and is associated with the cytoplasmic surface of synaptic
vesicles. It serves as a substrate for several different protein
kinases, and phosphorylation may function in regulating
this protein in the nerve terminal (25,26). Mutations in this
gene are perhaps associated with X-linked disorders with
primary neuronal degeneration, such as Rett syndrome.
The epileptogenic SYNI mutant may trigger an imbalance
in release dynamics and short-term plasticity (27). This
highlights that synaptic and neurotransmitter associated
biological processes are essential factors involved in EUGR
induced PAP disorders.

The EUGR environment may cause changes in
nutritional factors [e.g., IGF2 (28)] and abnormal
environment signals (29), which are the potential driving
force of PAH. As we have mentioned above, Notch3 is
important in mediating the nutritional signals, and it was
found activated in smooth muscle cells, which promotes
EUGR-induced pulmonary hypertension (30). Also, EUGR
can promote the expression of inflammatory factors in the
local microenvironment and the systematical physiological
environment. The molecular mechanism may include IL-6,
TNF-a, IL-8, MCP-1, etc. (31,32). Previously, PAH was
known to be corrected with STAT3 (33), ALKS5 (34),
Gax (35), PDGF/PDGRR signaling (36,37), NF-kB
signaling (38), HIF-1a (8), Egr-1 (39), CD40 pathway (40),
galectin-3 (41), SMAD3 (42), and a variety of micro-RNAs
(43-46). At the epigenetic level, we have developed an
TUGR and reported that the nutrient restriction increased
the histone acetylation and HIF-1a binding levels in the
ET-1 gene promoter of PVEC in IUGR newborn rats, and
this alteration continues up to 6 weeks after birth (47,48).
Additionally, known epigenetic alterations associated with
PAH include BMPR, Endoglin, SMADs, Caveolin-1,
KCNK3, and so on (49). Histone deacetylation (as well as
histone deacetylase) plays a role in pulmonary artery smooth
muscle cell hyperproliferation (10). Recently, increasing data
have shed light on the epigenetic mechanisms underlying
PAH (50). In the field of DNA methylation and PAH, the
hypermethylation mechanisms in CpG islands mediated by
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DNMT1 and DNMT3B contribute to the downregulation
of SOD2 mRNA in PAH. These alterations may be able to
enhance the proliferation of the pulmonary artery smooth
muscle cells (PASMCs) in PAH (51).

However, very few studies have probed into the
intergenerational inheritance of promoter methylation
changes in PAP disorders induced by EUGR. In this study,
we observed significant phenotype changes in F1 males
and F2 females, which implied a pathway of epigenetic
transmission through the X chromosome in male sperm.
This finding is interesting and is consistent with some
novel studies about the transgenerational epigenetic
influences. Recently, different teams have paid attention
on how impacts to the epigenetic information of parents
affect offspring health (52). Human and animal studies
have shown non-genomic transmission of programming
effects of obesity or diabetes across generations, and the
current mechanisms underlying either maternal or paternal
influences on the metabolic status of offspring (53).
Moreover, there are known transgenerational epigenetic
influences of paternal environmental exposures on brain
function and predisposition to psychiatric disorders (54).
These changes can be mediated by germ cells in all
possibility. It has been accepted that ionizing radiation
may alter the epigenome of germ cells, leading to
transgenerational reproductive impairments (55). A three-
generation study reported that exposures to tobacco smoke
in men may cause lower lung function in future offspring,
and this is completed by epigenetic changes transmitted
through male germ cells (56). Our study may deepen the
understanding of epigenetic transmission through the
X chromosome in male sperm in the field of PAH and
undernutrition.

Nevertheless, a limitation of this study is that we only
investigated the relationship between DNA methylation
and endothelial dysfunction, and not with sperm of F1 male
model rats. In another work by our team, we established
an ITUGR model. Within ET-1 first intron, reduced DNA
methylation and enhanced tri-methylation of lysine 4 on
histone H3 were observed in PVECs and sperm of F1
generation of IUGR, with DNA demethylation in PVECs
of F2 generation (57). More similar studies are to be
conducted focusing on the transgenerational inheritance of
promoter EUGR-induced PAP disorders.

Finally, after screening, we proposed that attenuated
methylation of Smadl and Serpinel in the promoter
region may be a partial driver of PAH in later life. In
in the promoter region of the F1, the Peak-DM-Value
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of Smadl was 0.238 and that of Serpinel was 0.240.
SMADI1 promoter hypermethylation and lack of SMAD1
expression were mainly related to Hodgkin lymphoma
and bone morphogenetic protein signaling (58,59). And
Serpinel promoter hypermethylation is associated with
renal cell carcinoma, weight loss after laparoscopic sleeve
gastrectomy, and inflammatory in macrophages (60-62).
The attenuated methylation of Smadl and Serpinel in
PAH has been never noticed as far as we known, and it is
worth further research. However, a limitation of this study
is that no mRINA and protein verifications were performed
regarding the expression of SMAD1 and SERPINEI. In the
future, this verification can be a priority for explanation of
the detailed molecular mechanism of EUGR-induced PAH.

Conclusions

Together, there is transgenerational inheritance of promoter
methylation changes in the X chromosome in EUGR
induced PAP disorders. Besides, attenuated methylation of
Smadl and Serpinel in the promoter region may be a partial
driver of PAH in later life. Synaptic and neurotransmitter
relative pathways are closely involved in this process.
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