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PSAT1 is upregulated by METTL3 to attenuate @
high glucose-induced retinal pigment
epithelial cell apoptosis and oxidative stress

Xiaofeng Du', Yanting Wang' and Fan Gao?"

Abstract

Background Diabetic retinopathy (DR) is a major ocular complication of diabetes mellitus, and a significant cause

of visual impairment and blindness in adults. Phosphoserine aminotransferase 1 (PSAT1) is an enzyme participating

in serine synthesis, which might improve insulin signaling and insulin sensitivity. Furthermore, it has been reported
that the m6A methylation in mRNA controls gene expression under many physiological and pathological conditions.
Nevertheless, the influences of M6A methylation on PSAT1 expression and DR progression at the molecular level have
not been reported.

Methods High-glucose (HG) was used to treat human retinal pigment epithelial cells (ARPE-19) to construct a cell
injury model. PSAT1 and Methyltransferase-like 3 (METTL3) levels were detected by real-time quantitative polymerase
chain reaction (RT-gPCR). PSATT, B-cell lymphoma-2 (Bcl-2), Bcl-2 related X protein (Bax), and METTL3 protein levels
were examined by western blot assay. Cell viability and apoptosis were detected by Cell Counting Kit-8 (CCK-8) and
TUNEL assays. Reactive oxygen species (ROS), malondialdehyde (MDA), and Glutathione peroxidase (GSH-Px) levels
were examined using special assay kits. Interaction between METTL3 and PSAT1 was verified using methylated RNA
immunoprecipitation (MeRIP) and dual-luciferase reporter assay.

Results PSAT1 and METTL3 levels were decreased in DR patients and HG-treated ARPE-19 cells. Upregulation of
PSAT1 might attenuate HG-induced cell viability inhibition and apoptosis and oxidative stress promotion in ARPE-19
cells. Moreover, PSAT1 was identified as a downstream target of METTL3-mediated m6A modification. METTL3 might
improve the stability of PSATT mRNA via m6A methylation.

Conclusion METTL3 might mitigate HG-induced ARPE-19 cell damage partly by regulating the stability of PSAT1
mMRNA, providing a promising therapeutic target for DR.

Keywords Methyltransferase-like 3, Phosphoserine aminotransferase 1, High-glucose, Diabetic retinopathy, ARPE-19
cells

*Correspondence:

Fan Gao

gaofan870920@163.com

'Department of Ophthalmology, Henan Provincial Eye Hospital, Henan
Provincial People’s Hospital, Zhengzhou City, Henan 450003, China
“Department of Ophthalmology, Yan'an People’s Hospital, No. 16 Qilipu
Street, Baota District, Yan'an City, Shaanxi province 716000, China

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13000-024-01556-4&domain=pdf&date_stamp=2024-10-14

Du et al. Diagnostic Pathology (2024) 19:138

Introduction

As a chronic metabolic disorder characterized by sus-
tained hyperglycemia, diabetes mellitus is traditionally
classified as macro and microvascular complications
depending on the underlying pathophysiology [5].
Among them, diabetic retinopathy (DR) is the most fre-
quent microvascular complication of diabetes mellitus,
and is the primary cause of acquired blindness and visual
impairment, especially in the working-age adult popula-
tion Tan et al. 28; Teo et al. [29]. Clinically, non-prolif-
erative and proliferative have been considered the initial
and advanced stages of DR [22]. With prolonged retinal
ischemia and the release of vasoactive substances, non-
proliferative DR develops into proliferative DR, which
is characterized by the formation of new blood vessels
on the retina or the optic disk surface. These vessels are
leaky and fragile and cause poor retinal blood flow, which
progress to vitreous haemorrhages, eventually leading
to retinal detachment and retinal detachment [4, 19].
Accounting for approximately one-third of people diag-
nosed with diabetes mellitus, DR dramatically reduces
patients’ quality of life and generates a massive economic
burden [16] Téth et al. [27]. Thus, exploring the molecu-
lar mechanisms underlying DR is crucial for developing
effective pharmaceutical preparations.

There is an accumulating body of evidence indicating
that hyperglycaemia is the major instigator of the devel-
opment of DR [6, 15]. Currently, the exact mechanisms by
which hyperglycemia produces diabetes complications,
containing DR are fully understood. However, high blood
glucose levels are well known to have metabolic effects
mediating retina microvascular injury [23]. Hyperglyce-
mia-induced alterations in biochemical pathways might
contribute to impaired pericyte dysfunction and retinal
vascular complications, such as blood-retinal barrier and
pathological neovascularization, by generating oxidative
stress and inducing inflammatory intermediate [1, 21].
In addition, oxidative stress might produce a pro-inflam-
matory state that increases the synthesis of many chemo-
kines and cytokines, which promote DR development via
stimulating the growth of pre-retinal proliferative tissue
[8]. Herein, bioinformatics methods identified that Phos-
phoserine aminotransferase 1 (PSAT1) expression was
clearly downregulated in HG-human retinal pigment
epithelial (ARPE-19 cells) through detecting microarray
data in public databases. As an enzyme involved in serine
biosynthesis, PSAT1 has some vital metabolic functions,
including the regulation of blood glucose [40]. Further-
more, o-Ketoglutaric acid (a-KG), a byproduct of the
PSAT1-catalyzed reaction, has been reported to stimu-
late insulin secretion [20]. Beyond that, insulin sensitivity
is an important aspect of maintaining glucose homeosta-
sis [18]. Indeed, the upregulation of PSAT1 has been con-
firmed to enhance insulin signaling and insulin sensitivity
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in vitro and in vivo under normal conditions [36]. Yet, the
role and underlying mechanism of PSAT1 in DR are not
well understood.

In recent years, increasing studies have pointed toward
that N6-methyladenosine (m6A) RNA modifications
represent important regulators of gene expression and
pathogenesis Murakami et al. [17] Y. Yang et al. [34]. The
sixth N methylation of adenosine in RNA, m6A is the
most abundant transcription modification in eukary-
otic messenger RNA and controls RNA translocation,
translation, and stability [31]. As with other methylation
events, m6A is dynamically and reversibly regulated by
three groups of m6A-binding proteins [24]: the ‘writer
complex’ that installs m6A marks, including methyltrans-
ferase-like 14 (METTL14), METTL3, and Wilms tumor
1-associated protein (WTAP); the ‘erasers’ that remove
m6A marks, containing obesity-associated protein (FTO)
and alkylation repair homolog protein 5 (ALKBHS5); and
‘readers’ that recognize and bind to m6A modified tran-
scripts. Recent studies have shown the influences of m6A
RNA modification on many disease conditions, contain-
ing DR [13]. As a major RNA m6A methyltransferase,
METTL3 has been reported to install the m6A modi-
fication and improve the stability of SNHG7, thereby
repressing endothelial-mesenchymal transition in DR [3].
Furthermore, it has been reported that the upregulation
of METTL3 might mitigate HG-triggered retinal pigment
epithelium cell pyroptosis and apoptosis via regulating
the Akt signaling cascade [37]. Herein, a public predic-
tion server SRAMP presented that PSAT1 has the poten-
tial m6A sites. Moreover, PSAT1 was identified to be a
possible target gene of METTL3. Therefore, we aimed to
explore whether METTL3-guided m6A marked PSAT1
might be involved in the modulation of HG-induced
ARPE-19 cell injury during DR progress.

Materials and methods

Clinical samples and cell culture

In this research, 28 DR patients and 28 healthy volunteers
(normal controls) were recruited at the Henan Provincial
Eye Hospital, Henan Provincial People’s Hospital. Then,
peripheral blood samples were collected from all sub-
jects, and serum specimens were obtained by centrifu-
gation. Every participant signed the written informed
consent prior to enrolling in this study in accordance
with the Declaration of Helsinki, which was authorized
by the Ethics Committee of Henan Provincial Eye Hospi-
tal, Henan Provincial People’s Hospital.

Under an atmosphere of 37°C containing 5% CO,,
human retinal pigment epithelial cells (ARPE-19 cells,
CL-0026, Procell, Wuhan, China) were cultured in
DMEM/F12 medium plus 10% FBS and 1% P/S (CM-
0026, Procell). For treatment, ARPE-19 cells at 75% con-
fluency were first incubated in FBS-free DMEM/F12



Du et al. Diagnostic Pathology (2024) 19:138

medium for 24 h, which then switched to high-glucose
(HG, 50 mM D-glucose, Sigma-Aldrich, St. Louis, MO,
USA), normal glucose (NG, 5.5 mM D-glucose), or man-
nitol (MA) conditions for various time points (0, 24, 48 h,
and 72 h).

Real-time quantitative polymerase chain reaction
(RT-qPCR)

In this experiment, total RNAs from clinical samples and
ARPE-19 cells were extracted according to the Trizol
reagent (Invitrogen, Paisley Scotland, UK). After qualifi-
cation with the NanoDrop 2000 system, total RNAs were
reversely transcribed into cDNA using GoScript™ Reverse
Transcription System (Promega, Madison, W1, USA). On
the ABI 7500 fast PCR System (Applied Biosystems, Fos-
ter City, CA, USA), amplification reaction was carried
out based on SYBR Green PCR Kit (Takara). After nor-
malization to GAPDH, the results from each group were
subjected to the 272 method analysis. Primers used are
shown in Table 1.

Western blot assay

In brief, lysis of ARPE-19 cells was conducted in line
with RIPA Lysis buffer (Keygen, Nanjing, China). After
being clarified using centrifugation, the protein concen-
trations were determined with a BCA protein assay kit.
Subsequently, 50 pg of each protein sample was loaded
and separated on 10% SDS-PAGE gels, followed by trans-
fer to PVDF membranes (Invitrogen). After blocking, the
membranes were labeled at 4°C with primary antibod-
ies: PSAT1 (10501-1-AP, 1:5000; Proteintech, Wuhan,
China), METTL3 (ab195352, 1:1000; Abcam, Cambridge,
MA, USA), B-cell lymphoma-2 (Bcl-2, ab32124, 1:1000;
Abcam), Bcl-2 related X protein (Bax, ab32503, 1:1000;
Abcam), and GAPDH (60004-1-1g, 1:50000; Proteintech).
The next day, protein bands were analyzed using ECL
reagent (Solarbio) and Image ] software after 2 h of incu-
bation with secondary antibody.

Cell transfection

For PSAT1 or METTL3 overexpression system (OE-
PSAT1 or OE-METTL3), PSAT1 ¢cDNA (NM_058179.4)
or METTL3 ¢cDNA (NM_019852.5) were inserted into
pCDH puro lentiviral vector (System Biosciences, Moun-
tain View, CA, USA), respectively. pCDH puro lentiviral

Table 1 Primers sequences used for PCR

Name Primers for PCR (5’-3’)
METTL3 Forward TTGTCTCCAACCTTCCGTAGT
Reverse CCAGATCAGAGAGGTGGTGTAG
PSAT1 Forward AAAAACAATGGAGGTGCCGC
Reverse GGCTCCACTGGACAAACGTA
GAPDH Forward GGAGCGAGATCCCTCCAAAAT
Reverse GGCTGTTGTCATACTTCTCATGG
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empty vector was used as control (Vector). For PSAT1
or METTL3 knockdown system, the short hairpin RNAs
(shRNA) sequence of PSAT1 or METTL3 was subcloned
into pLKO.1 lentiviral vector (Addgene, Cambridge, Mas-
sachusetts, USA) to acquire sh-PSAT1 or sh-METTL3
lentivirus plasmid. pLKO.1 empty vector was applied as
sh-NC. Subsequently, these obtained lentivirus plasmids
were transfected into HEK293T cells (CL-0005, Procell)
with lentivirus package plasmid mixtures. After being
collected, cell supernatants were inferred into ARPE-
19 cells along with 8 pug/mL polybrene. Finally, 5 pg/mL
puromycin was added to select stably expressing cell
lines.

Counting kit (CCK-8) assay

In short, ARPE-19 cell viability was evaluated according
to the CCK-8 kit (KeyGEN). Generally, after treatment
with HG or NG at 37°C for 48 h, transfected cells were
harvested and cultured in 96-well plates at the density of
2x10% cells per well. At different time points, each well
was supplemented with CCK-8 solution for at least 4 h.
Finally, the absorbance at 450 nm was estimated based on
a microplate reader.

ROS detection

2;7’-dichlorofluorescin diacetate (DCFH-DA) (Sigma-
Aldrich) was utilized to measure ROS level in this assay.
After being harvested and rinsed using PBS, ARPE-19
cells were added with DCFH-DA for 30 min away from
light. At last, the fluorescence intensity was detected
using flow cytometry and analyzed using Flowjo_V10.

Measurement of MDA and GSH-Px

Concisely, ARPE-19 cells were harvested and lysed after
treatment and transfection. In cell extract, MDA content
and GSH-Px activity were assessed using their corre-
sponding commercial kits (S0131S, Beyotime; A005-1-2,
Jiancheng Biotech, Nanjing, China).

TUNEL assay

Treated ARPE-19 cell apoptosis was analyzed using a
TUNEL fluorescence kit (Beyotime, Shanghai, China).
Generally, 5x10* ARPE-19 cells in 6-well plates were
stained with 5 uM TUNEL for 2 h in the dark. Cell nuclei
were stained with DAPI (Beyotime) for 5 min. The final
count was displayed as the percentage of total cells mea-
sured through visualization under a fluorescent micro-
scope (Leica, Japan). Green fluorescence presented
TUNEL-positive cells, and blue fluorescence presented
the nucleus.

Methylated RNA immunoprecipitation (MeRIP)
This experiment was carried out with a Magna MeRIP
m6A kit (Millipore, Molsheim, France). Briefly, ARPE-19
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cells were transfected with sh-NC, sh-METTL3, Vec-
tor, or OE-METTLS3, followed by the extraction of total
RNAs using TRIzol (Invitrogen). Then, RNA fragmen-
tation buffer was applied to fragment RNA to approxi-
mately 300 bp, and one-tenth volume of fragmented RNA
was used as “Input” Meanwhile, anti-m6A (MABE1006,
Millipore) or anti-IgG (Millipore) antibody was bound to
the magnetic beads at 4°C overnight, which were incu-
bated with the rest fragmented RNA. After being eluted
and purified, targeted RNA was analyzed using RT-qPCR
assay and normalized to the input.

Dual-luciferase reporter assay

First of all, an online bioinformatics software SRAMP
predicted the m6A sites of PSAT1 mRNA and found
enriched m6A peaks along the PSAT1 sequence, which
was sub-cloned into pmirGLO vector (Promega, Madi-
son, WI, USA), termed wild-type (WT)-PSAT1 con-
structs. In parallel, m6A methylated site mutations of
PSAT1 were synthesized by Genscript (Nanjing, China)
and inserted into pmirGLO plasmid, generating mutant
(MUT)-PSAT1 constructs. Subsequently, these con-
structs were respectively transfected into ARPE-19 cells
along with sh-NC, sh-METTL3, Vector, or OE-METTL3,
followed by the analysis of the luciferase activity in
cell lysates based on dual-luciferase reporter assay kit
(Promega).

actinomycin D treatment

In brief, different groups of ARPE-19 cells in 6-well plates
were harvested at 0, 2, 4, and 8 h after treatment with
actinomycin D (2 mg/mL, Sigma-Aldrich). After being
extracted, RT-qPCR assay was performed to analyze the
stability of PSAT1 mRNA.

statistical analysis

In this research, the data were displayed as the
meanztstandard deviation (SD). Pearson correlation
analysis was used for expression association. The data
were analyzed using GraphPad Prism7 with Student’s
t-test for two groups and one-way ANOVA with Tukey’s
tests for multiple groups. Differences were considered
significant at P<0.05.

Results

Identification of PSAT1 expression in HG-induced ARPE-19
cells

Firstly, to screen out the candidate functional genes in
HG-induced ARPE-10 cells, we analyzed the overall gene
expression pattern in a microarray gene-profiling data
set (GSE233164) from the Gene Expression Omnibus
(GEO) (Fig. 1A). For further selection, we chose the top
10 differentially expressed up- and down-regulated genes
(Fig. 1B). In addition, a PPI network was established for
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the top 100 differentially expressed genes (DEGs) accord-
ing to the String database (Fig. 1C). Subsequently, the
top 10 hub genes selected in the CytoHubba plug-in
using the MCC algorithm and node degree contained
MTHED2, ASNS, PSAT1, CTH, CBS, PHGDH, SHMT2,
CHACI, ITGB4, and COL4A1 (Fig. 1D). Among them,
PSAT1 expression was clearly downregulated in HG-
treated ARPE-10 cells. Therefore, PSAT1 was selected for
this research.

PSAT1 expression was downregulated in DR patients and
HG-induced ARPE-19 cells

Furthermore, to check the functional role of PSAT1 on
DR, its expression pattern was first analyzed using RT-
qPCR assay. According to the data presented in Fig. 2A,
PSAT1 mRNA expression was significantly decreased in
the serum samples from patients with DR relative to the
serum samples from the control group. Furthermore, the
ARPE-19 cells were exposed to HG (50 mM) for O h, 24 h,
48 h, and 72 h based on previous research [39]. As shown
in Fig. 2B and C, PSAT1 expression was time-depend-
ently reduced in HG-induced ARPE-19 cells for 0-72 h.
In particular, the treatment time was more than or equal
to 48 h. Therefore, 48 h was selected for the subsequent
experiment. Beyond that, we further verified that PSAT1
mRNA level and protein level were lower expressed in
HG-induced ARPE-19 cells versus NG or MA-treated
cells (Fig. 2D and E). Together, these data suggested that
PSAT1 might participate in HG-triggered ARPE-19 cells.

Upregulation of PSAT1 might relieve HG-induced ARPE-19
cell damage

Next, in vitro gain-of-function analysis was conducted
to identify the biological role of PSAT1 in HG-induced
ARPE-19 cells. First of all, RT-qPCR and Western blot
experiments presented that PSAT1 content was remark-
ably increased in OE-PSAT1-transfected ARPE-19 cells
compared with the vector groups (Fig. 3A and B), indi-
cating that the overexpression efficiency of OE-PSAT1
is available for following assay. Functionally, HG treat-
ment might apparently reduce cell viability in ARPE-19
cells, while these effects were partly abolished by PSAT1
overexpression (Fig. 3C). Moreover, the oxidative stress
status of ARPE-19 cells was further analyzed by measur-
ing the general oxidative stress indicators (ROS, MDA,
and GSH) levels. Results exhibited that HG treatment-
triggered ROS and MDA level enhancement and GSH-
Px level reduction in ARPE-19 cells were effectively
overturned after OE-PSAT1 transfection (Fig. 3D and
F). Beyond that, TUNEL assay showed that the upregula-
tion of PSAT1 might partly abrogate the apoptotic effects
caused by HG treatment in ARPE-19 cells (Fig. 3G). Sim-
ilar to the TUNEL results, western blot analysis displayed
that HG-mediated Bcl-2 (anti-apoptosis marker) protein
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Fig. 1 PSAT1 expression in HG-induced ARPE-19 cells. (A) Volcano plot shows differentially expressed genes in ARPE-19 cells induced by HG. (B) Heat
map displaying the top 10 differentially expressed up- and down-regulated genes. (C) String Database Analysis of Protein-Protein Interaction Network
(PPI) for top 100 Differentially Expressed Genes. (D) Ten candidate hub genes were identified from the PPl network using Cytoscape software utilizing the

MCC algorithm of the plug-in CytoHubba

level decrease and Bax (pro-apoptosis marker) elevation
in ARPE-19 cells were greatly reversed after OE-PSAT1
introduction (Fig. 3H). In addition, our data confirmed
that ARPE-19 cell viability, ROS, MDA, GSH-Px, and
apoptosis did not differ between the HG group and
the HG+Vector group (Figure S1). Overall, the above-
mentioned data suggested that HG-evoked retinal pig-
ment epithelial cell injury might be attenuated by PSAT1
upregulation.

METTL3-mediated m6A methylation might improve the
mRNA stability of PSAT1 in ARPE-19 cells

Based on SRAMP (an online tool to predict m6A sites)
database analysis, the potential m6A sites in PSAT1
mRNA were found (Fig. 4A). Subsequently, RT-qPCR
and western blot results displayed that PSAT1 mRNA
level (Fig. 4B and C) and protein level (Fig. 4D and E)
were apparently blocked by METTL3 knockdown, and
obviously improved through METTL3 upregulation in
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ARPE-19 cells. Furthermore, MeRIP-qPCR analysis pre-
sented that the silencing of METTL3 might distinctly
decrease the m6A level of PSAT1 mRNA, whereas the
upregulation of METTL3 might markedly increase the
mo6A level of PSAT1 mRNA, and there was no significant
difference between them in the anti-IgG groups (Fig. 4F).
To further validate the essential role of m6A methyla-
tion in the regulation of PSAT1, we conducted a lucifer-
ase reporter assay in 293t cells. Data displayed that the
luciferase signal of METTL3 downregulation ARPE-19
cells with the wild-type reporter tended to decrease,
whereas transfection with the mutant reporter exhibited
no difference. On the contrary, transfecting the wild-type
reporter rather than the mutant reporter into METTL3-
overexpressing cells resulted in an increase in luciferase
activity (Fig. 4G). Besides, the actinomycin D experiment
showed that METTL3 silencing enhanced the degrada-
tion rate of PSAT1 mRNA, while upregulating METTL3
but not sh-METTL3 improved its stability (Fig. 4H). In
addition, RT-qPCR assay displayed that METTL3 level
was clearly downregulated in DR patients and positively
associated with PSAT1 expression (Fig. 4I and J). Beyond
that, we further verified that METTL3 content remark-
ably declined in HG-treated ARPE-19 cells compared
with NG or MA-treated cells (Fig. 4K and L). Collec-
tively, these data implied that METTLS3 is able to regulate
PSAT1 mRNA stability through m6A modification.

METTL3 overexpression might repress HG-evoked ARPE-19
cell damage via targeting PSAT1 in vitro

Additionally, to clarify whether PSAT1 might mediate
the functional role of METTL3 in HG-treated ARPE-19
cells, we carried out rescue experiments. At first, our data
showed that the expression level of PSAT1 was clearly
reduced in ARPE-19 cells after sh-PSAT1 introduction
(Fig. 5A and B), suggesting that the knockdown efficiency
of PSATT1 is successful. After that, CCK-8 assay presented
that the co-transfection of sh-PSAT1 might effectively
ameliorate METTL3 upregulation-mediated ARPE-19
cell viability increase under HG conditions (Fig. 5C).
Meanwhile, PSAT1 deficiency might significantly miti-
gate the inhibitory effect of METTL3 overexpression
on oxidative stress in HG-stimulated ARPE-19 cells, as
evidenced by higher ROS and MDA, and lower GSH-Px
(Fig. 5D and F). Apart from that, TUNEL assay displayed
that OE-METTL3-mediated cell repression was partially
weakened by PSAT1 absence in HG-treated ARPE-19
cells (Fig. 6A). In parallel, anti-apoptosis marker Bcl-2
was highly expressed and pro-apoptosis marker Bax was
lowly expressed with METTL3 overexpression, which
was clearly reversed by PSAT1 downregulation in HG-
treated ARPE-19 cells (Fig. 6B). All of these results sug-
gested that PSAT1 knockdown might partly overture the
protective effect of METTL3 upregulation on HG-trig-
gered ARPE-19 cell injury.
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Discussion occurred [12]. Thus, an effective screening prognostic
As a progressive asymptomatic microvascular complica-  marker or therapeutic target is necessary for DR patho-
tion of diabetes, DR can go undetected and unnoticed  genesis. In recent years, progression in the widespread
until irreversible retinal injury and even blindness have application of high-throughput RNA sequencing and
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microarrays has allowed transcriptomic researchers to
comprehensively verify the function and structure of
genes and discover disease-specific identification of bio-
markers [11, 30]. Analysis of mRNA molecules and the
genes themselves might uncover the functional role of
certain genes in human disease.

Herein, bioinformatics methods presented that PSAT1
was of particular interest in this study by detecting
microarray data in public databases. Furthermore, our
data validated that PSAT1 content was clearly downreg-
ulated in DR patients and HG-induced ARPE-19 cells,
for the first time. As a transaminase, PSAT1 has been
reported to play a vital role in linking metabolic pathways
(glycolysis) and amino acid biosynthesis pathways (ser-
ine) [33], participating in controlling blood glucose [40].

Meanwhile, the overexpression of PSAT1 might improve
insulin signaling and insulin sensitivity, which exerts a
critical aspect of maintaining glucose homeostasis [18,
36]. Beyond that, the knockdown of PSAT1 might boost
DNA damage and apoptosis [2, 35]. In addition, PSAT1
activation might protect tumor cells from oxidative dam-
age by GSH production [38]. It has been reported that
oxidative stress caused by diabetes might play an impor-
tant role in retinal neovascularization [14]. In the cur-
rent work, our data exhibited that PSAT1 overexpression
might clearly attenuate HG-evoked ARPE-19 cell apop-
tosis and oxidative stress. These observations provided
first-hand evidence that PSAT1 activation might exert a
protective effect for HG-induced ARPE-19 cell damage in
DR progression.
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Additionally, numerous laboratory works have discov-
ered that alteration in m6A modification of RNA might
partake in DR development and pathogenesis [13, 25].
Of note, recent literature has suggested that METTL3-
meditated m6A modification might govern pericyte
dysfunction during diabetes-triggered retinal vascular
complications [26]. Moreover, further study displayed
that the overexpression of METTL3 might relieve reti-
nal pigment epithelium cell pyroptosis and apoptosis by
induced HG through modulating Akt signaling cascade
[37]. Consistent with these reports, our data confirmed
that METTL3 expression was decreased in DR patients
and HG-treated ARPE-19 cells, and its upregulation
might weaken HG-induced ARPE-19 cell injury. Regard-
ing the molecular mechanism, METTL3 was a primary
RNA m6A methyltransferase that installed the m6A

modification and increased the stability of mRNA or
non-coding RNA [3, 10]. Herein, our work validated that
PSAT1 was a probable downstream target of METTL3-
mediated m6A modification in ARPE-19 cells. METTL3
absence might decrease PSAT1 mRNA stability and
protein expression in ARPE-19 cells. Then, to further
identify whether PSAT1 was the downstream target of
METTL3 to regulate HG-mediated ARPE-19 cell dam-
age, rescue assays were performed. As expected, the
knockdown of PSAT1 might partly reverse the protective
effects of METTL3 upregulation on HG-aroused ARPE-
19 cell apoptosis and oxidative stress.

Previous studies have indicated that METTL3 could
play different roles in the cell apoptosis of different dis-
eases [9, 10, 32], and we observed an inhibitory effect of
METTL3 on ARPE-19 cell apoptosis. One reason for this
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diversity might be that m6A modifications have diverse
decisions on RNA fate, which depends on the m6A
reader family YTHDFs [7]. Therefore, in-depth studies
are needed to explore whether the reader family YTHDFs
could dynamically and spatiotemporally regulate the deg-
radation of PSAT1 mRNA in ARPE-19 cells.

Conclusion

Taken together, these findings provided compelling evi-
dence that METTL3-mediated PSAT1 mRNA stabil-
ity increase might alleviate HG-triggered human retinal
pigment epithelial cell injury. This research revealed the
underlying mechanism of DR pathogenesis, and will
provide insight into the clinical discovery of potential
agentsfor DR treatment.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/513000-024-01556-4

[ Supplementary Material 1 J

Acknowledgements
None.

Author contributions

Xiaofeng Du designed and performed the research; Yanting Wang, Fan Gao
analyzed the data; Fan Gao revised the manuscript. All authors read and
approved the final manuscript.

Funding
None.

Data availability
No datasets were generated or analysed during the current study.


https://doi.org/10.1186/s13000-024-01556-4
https://doi.org/10.1186/s13000-024-01556-4

Du et al. Diagnostic Pathology

(2024) 19:138

Declarations

Ethics and consent to participate

Written informed consents were obtained from all participants and this study
was permitted by the Ethics Committee of Henan Provincial Eye Hospital,
Henan Provincial People’s Hospital.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 May 2024 / Accepted: 22 September 2024
Published online: 15 October 2024

References

1

2

Ahsan H. Diabetic retinopathy-biomolecules and multiple pathophysiology.

Diabetes Metab Syndr. 2015,9:51-4. https://doi.org/10.1016/j.dsx.2014.09.011.

Amelio |, Cutruzzold F, Antonov A, Agostini M, Melino G. Serine and glycine
metabolism in cancer. Trends Biochem Sci. 2014;39:191-8. https://doi.
0rg/10.1016/}ibs.2014.02.004.

Cao X, Song Y, Huang LL, Tian YJ, Wang XL, Hua LY. M(6)a transferase METTL3
regulates endothelial-mesenchymal transition in diabetic retinopathy via
INcRNA SNHG7/KHSRP/MKL1 axis. Genomics. 2022;114:110498. https://doi.
0rg/10.1016/j.ygen0.2022.110498.

Chaudhary S, Zaveri J, Becker N. Proliferative diabetic retinopathy (PDR). Dis
Mon. 2021;67:101140. https://doi.org/10.1016/j.disamonth.2021.101140.
Crasto W, Patel V, Davies MJ, Khunti K. Prevention of Microvascular complica-
tions of Diabetes. Endocrinol Metab Clin North Am. 2021;50:431-55. https://
doi.org/10.1016/j.ecl.2021.05.005.

Georgiou M, Prokopiou E. Diabetic retinopathy and the role of Omega-3
PUFAs: a narrative review. Exp Eye Res. 2023;231:109494. https://doi.
0rg/10.1016/j.exer.2023.109494.

He L, Li J,Wang X, Ying Y, Xie H, Yan H, Zheng X, Xie L. The dual role of
N6-methyladenosine modification of RNAs is involved in human cancers. J
Cell Mol Med. 2018;22:4630-9. https://doi.org/10.1111/jcmm.13804.
Homme RP, Singh M, Majumder A, George AK, Nair K, Sandhu HS, Tyagi

N, Lominadze D, Tyagi SC. Remodeling of Retinal Architecture in Diabetic
Retinopathy: disruption of ocular physiology and visual functions by inflam-

matory Gene products and Pyroptosis. Front Physiol. 2018;9:1268. https://doi.

0rg/10.3389/fphys.2018.01268.

Jia J,Yuan Y, He Y, Wasti B, Duan W, Chen Z, Li D, Sun W, Zeng Q, Ma L, Zhang
X, Liu'S, Zhang D, Liu L, Liu Q, Liang H, Wang G, Xiang X, Xiao B. Inhibition of
METTL3 alleviated LPS-induced alveolar epithelial cell apoptosis and acute
lung injury via restoring neprilysin expression. Life Sci. 2023;333:122148.
https://doi.org/10.1016/j1f5.2023.122148.

Jiang L, Liu X, Hu X, Gao L, Zeng H, Wang X, Huang Y, Zhu W, Wang J, Wen J,
Meng X, Wu Y. METTL3-mediated m(6)a modification of TIMP2 mRNA pro-
motes podocyte injury in diabetic nephropathy. Mol Ther. 2022;30:1721-40.
https://doi.org/10.1016/j.ymthe.2022.01.002.

Jovic D, Liang X, Zeng H, Lin L, Xu F, Luo Y. Single-cell RNA sequencing tech-
nologies and applications: a brief overview. Clin Transl Med. 2022;12:¢694.
https://doi.org/10.1002/ctm?2.694.

Kashim RM, Newton P, Ojo O. Diabetic Retinopathy Screening: A Systematic

Review on Patients'Non-Attendance. Int J Environ Res Public Health. 2018;15.

https://doi.org/10.3390/ijerph15010157.

Kumari N, Karmakar A, Ahamad Khan MM, Ganesan SK. The potential role of
m6A RNA methylation in diabetic retinopathy. Exp Eye Res. 2021;208:108616.
https://doi.org/10.1016/j.exer.2021.108616.

Liu K, Gao X, Hu C, GuiY, Gui S, Ni Q Tao L, Jiang Z. Capsaicin ameliorates
diabetic retinopathy by inhibiting poldip2-induced oxidative stress. Redox
Biol. 2022;56:102460. https://doi.org/10.1016/j.redox.2022.102460.

Lyssenko V, Vaag A. Genetics of diabetes-associated microvascular
complications. Diabetologia. 2023,;66:1601-13. https://doi.org/10.1007/
500125-023-05964-x.

Maniadakis N, Konstantakopoulou E. Cost effectiveness of treatments for
Diabetic Retinopathy: a systematic literature review. PharmacoEconomics.
2019;37:995-1010. https://doi.org/10.1007/540273-019-00800-w.

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Page 11 of 12

Murakami' S, Jaffrey SR. Hidden codes in mRNA: control of gene expres-

sion by m(6)a. Mol Cell. 2022;82:2236-51. https://doi.org/10.1016/j.
molcel.2022.05.029.

Norton L, Shannon C, Gastaldelli A, DeFronzo RA. Insulin: the master regula-
tor of glucose metabolism. Metabolism. 2022;129:155142. https://doi.
0rg/10.1016/j.metabol.2022.155142.

Perais J, Agarwal R, Evans JR, Loveman E, Colquitt JL, Owens D, Hogg RE,
Lawrenson JG, Takwoingi Y, Lois N. Prognostic factors for the development
and progression of proliferative diabetic retinopathy in people with diabetic
retinopathy. Cochrane Database Syst Rev. 2023;2:Cd013775. https://doi.
0rg/10.1002/14651858.CD013775.pub2.

Possemato R, Marks KM, Shaul YD, Pacold ME, Kim D, Birsoy K, Sethumadha-
van S, Woo HK, Jang HG, Jha AK, Chen WW, Barrett FG, Stransky N, Tsun ZY,
Cowley GS, Barretina J, Kalaany NY, Hsu PP, Ottina K, Chan AM, Yuan B, Gar-
raway LA, Root DE, Mino-Kenudson M, Brachtel EF, Driggers EM, Sabatini DM.
Functional genomics reveal that the serine synthesis pathway is essential in
breast cancer. Nature. 2011;476:346-50. https://doi.org/10.1038/nature10350.
Rangasamy S, McGuire PG, Das A. Diabetic retinopathy and inflammation:
novel therapeutic targets. Middle East Afr J Ophthalmol. 2012;19:52-9.
https://doi.org/10.4103/0974-9233.92116.

Rodriguez ML, Pérez S, Mena-Molla S, Desco MC, Ortega AL. (2019)
Oxidative Stress and Microvascular Alterations in Diabetic Retinopa-

thy: Future Therapies. Oxid Med Cell Longev 2019:4940825. https://doi.
0rg/10.1155/2019/4940825

Shafabakhsh R, Aghadavod E, Mobini M, Heidari-Soureshjani R, Asemi Z.
Association between microRNAs expression and signaling pathways of
inflammatory markers in diabetic retinopathy. J Cell Physiol. 2019,234:7781-7.
https://doi.org/10.1002/jcp.27685.

Shi H, Wei J, He C. Where, when, and how: context-dependent functions

of RNA methylation writers, readers, and Erasers. Mol Cell. 2019;74:640-50.
https://doi.org/10.1016/j.molcel.2019.04.025.

Sun J,Liu G, Chen R, Zhou J, Chen T, Cheng Y, Lou Q Wang H. PARP1 is
upregulated by Hyperglycemia Via N6-methyladenosine modification and
promotes Diabetic Retinopathy. Discov Med. 2022;34:115-29.

Suo L, Liu C, Zhang QY, Yao MD, Ma Y, Yao J, Jiang Q, Yan B. METTL3-mediated
N(6)-methyladenosine modification governs pericyte dysfunction during
diabetes-induced retinal vascular complication. Theranostics. 2022;12:277-
89. https://doi.org/10.7150/thno.63441.

Toth G, Nagy ZZ, Németh J. [Model-based economic burden of dia-

betic retinopathy in Hungary]. Orv Hetil. 2021;162:298-305. https://doi.
0rg/10.1556/650.2021.32031.

Tan TE, Wong TY. Diabetic retinopathy: looking forward to 2030. Front
Endocrinol (Lausanne). 2022;13:1077669. https://doi.org/10.3389/
fendo.2022.10776609.

Teo ZL, Tham YC, Yu M, Chee ML, Rim TH, Cheung N, Bikbov MM, Wang YX,
Tang Y, Lu Y, Wong IY, Ting DSW, Tan GSW, Jonas JB, Sabanayagam C, Wong
TY, Cheng CY. Global prevalence of Diabetic Retinopathy and Projection of
Burden through 2045: systematic review and Meta-analysis. Ophthalmology.
2021;128:1580-91. https://doi.org/10.1016/j.0phtha.2021.04.027.

Wang S, Sun ST, Zhang XY, Ding HR, Yuan Y, He JJ, Wang MS, Yang B, Li YB.
The evolution of single-cell RNA sequencing technology and application:
progress and perspectives. Int J Mol Sci. 2023;24. https://doi.org/10.3390/
ijms24032943.

Wang T, Kong S, Tao M, Ju S.The potential role of RNA N6-methyladenosine
in Cancer progression. Mol Cancer. 2020;19:88. https://doi.org/10.1186/
$12943-020-01204-7.

Xu QC, Tien YC, ShiYH, Chen S, Zhu YQ, Huang XT, Huang CS, Zhao W, Yin XY.
METTL3 promotes intrahepatic cholangiocarcinoma progression by regulat-
ing IFIT2 expression in an m(6)A-YTHDF2-dependent manner. Oncogene.
2022;41:1622-33. https://doi.org/10.1038/541388-022-02185-1.

Yang X, Li C, Chen Y. Phosphoserine aminotransferase 1: a metabolic enzyme
target of cancers. Curr Cancer Drug Targets. 2023;23:171-86. https//doi.org/1
0.2174/1568009622666220829105300.

Yang Y, Hsu PJ, Chen YS, Yang YG. Dynamic transcriptomic m(6)a decora-
tion: writers, erasers, readers and functions in RNA metabolism. Cell Res.
2018;28:616-24. https://doi.org/10.1038/541422-018-0040-8.

YangY,Wu J, Cai J, He Z,Yuan J, Zhu X, Li Y, Li M, Guan H. PSATT regulates
cyclin D1 degradation and sustains proliferation of non-small cell lung cancer
cells. Int J Cancer. 2015;136:E39-50. https://doi.org/10.1002/ijc.29150.

Yu J, Xiao F, Guo Y, Deng J, Liu B, Zhang Q, Li K, Wang C, Chen S, Guo F.
Hepatic Phosphoserine Aminotransferase 1 regulates insulin sensitivity


https://doi.org/10.1016/j.dsx.2014.09.011
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.tibs.2014.02.004
https://doi.org/10.1016/j.ygeno.2022.110498
https://doi.org/10.1016/j.ygeno.2022.110498
https://doi.org/10.1016/j.disamonth.2021.101140
https://doi.org/10.1016/j.ecl.2021.05.005
https://doi.org/10.1016/j.ecl.2021.05.005
https://doi.org/10.1016/j.exer.2023.109494
https://doi.org/10.1016/j.exer.2023.109494
https://doi.org/10.1111/jcmm.13804
https://doi.org/10.3389/fphys.2018.01268
https://doi.org/10.3389/fphys.2018.01268
https://doi.org/10.1016/j.lfs.2023.122148
https://doi.org/10.1016/j.ymthe.2022.01.002
https://doi.org/10.1002/ctm2.694
https://doi.org/10.3390/ijerph15010157
https://doi.org/10.1016/j.exer.2021.108616
https://doi.org/10.1016/j.redox.2022.102460
https://doi.org/10.1007/s00125-023-05964-x
https://doi.org/10.1007/s00125-023-05964-x
https://doi.org/10.1007/s40273-019-00800-w
https://doi.org/10.1016/j.molcel.2022.05.029
https://doi.org/10.1016/j.molcel.2022.05.029
https://doi.org/10.1016/j.metabol.2022.155142
https://doi.org/10.1016/j.metabol.2022.155142
https://doi.org/10.1002/14651858.CD013775.pub2
https://doi.org/10.1002/14651858.CD013775.pub2
https://doi.org/10.1038/nature10350
https://doi.org/10.4103/0974-9233.92116
https://doi.org/10.1155/2019/4940825
https://doi.org/10.1155/2019/4940825
https://doi.org/10.1002/jcp.27685
https://doi.org/10.1016/j.molcel.2019.04.025
https://doi.org/10.7150/thno.63441
https://doi.org/10.1556/650.2021.32031
https://doi.org/10.1556/650.2021.32031
https://doi.org/10.3389/fendo.2022.1077669
https://doi.org/10.3389/fendo.2022.1077669
https://doi.org/10.1016/j.ophtha.2021.04.027
https://doi.org/10.3390/ijms24032943
https://doi.org/10.3390/ijms24032943
https://doi.org/10.1186/s12943-020-01204-7
https://doi.org/10.1186/s12943-020-01204-7
https://doi.org/10.1038/s41388-022-02185-1
https://doi.org/10.2174/1568009622666220829105300
https://doi.org/10.2174/1568009622666220829105300
https://doi.org/10.1038/s41422-018-0040-8
https://doi.org/10.1002/ijc.29150

Du et al. Diagnostic Pathology

37

38

39

(2024) 19:138

in mice via Tribbles Homolog 3. Diabetes. 2015;64:1591-602. https://doi.
0rg/10.2337/db14-1368.

Zha X, Xi X, Fan X, Ma M, Zhang Y, Yang Y. Overexpression of METTL3 attenu-
ates high-glucose induced RPE cell pyroptosis by regulating miR-25-3p/
PTEN/Akt signaling cascade through DGCR8. Aging. 2020;12:8137-50.
https://doi.org/10.18632/aging.103130.

ZhangY, Li J, Dong X, Meng D, Zhi X, Yuan L, Yao L. PSAT1 regulated
oxidation-reduction balance affects the growth and prognosis of epithelial
ovarian Cancer. Onco Targets Ther. 2020;13:5443-53. https://doi.org/10.2147/
ott.s250066.

ZhangY, Xi X, MeiY, Zhao X, Zhou L, Ma M, Liu S, Zha X, Yang Y. High-glucose
induces retinal pigment epithelium mitochondrial pathways of apoptosis

40

Page 12 of 12

and inhibits mitophagy by regulating ROS/PINK1/Parkin signal pathway.
Biomed Pharmacother. 2019;111:1315-25. https://doi.org/10.1016/].
biopha.2019.01.034.

Zhu X, Qiu Z, Ouyang W, Miao J, Xiong P, Mao D, Feng K, Li M, Luo M, Xiao H,
Cao Y. Hepatic transcriptome and proteome analyses provide new insights
into the regulator mechanism of dietary avicularin in diabetic mice. Food Res
Int. 2019;125:108570. https://doi.org/10.1016/j.foodres.2019.108570.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.2337/db14-1368
https://doi.org/10.2337/db14-1368
https://doi.org/10.18632/aging.103130
https://doi.org/10.2147/ott.s250066
https://doi.org/10.2147/ott.s250066
https://doi.org/10.1016/j.biopha.2019.01.034
https://doi.org/10.1016/j.biopha.2019.01.034
https://doi.org/10.1016/j.foodres.2019.108570

	﻿PSAT1 is upregulated by METTL3 to attenuate high glucose-induced retinal pigment epithelial cell apoptosis and oxidative stress
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Clinical samples and cell culture
	﻿Real-time quantitative polymerase chain reaction (RT-qPCR)
	﻿Western blot assay
	﻿Cell transfection
	﻿Counting kit (CCK-8) assay
	﻿ROS detection
	﻿Measurement of MDA and GSH-Px
	﻿TUNEL assay
	﻿Methylated RNA immunoprecipitation (MeRIP)
	﻿Dual-luciferase reporter assay
	﻿actinomycin D treatment
	﻿statistical analysis

	﻿Results
	﻿Identification of PSAT1 expression in HG-induced ARPE-19 cells
	﻿PSAT1 expression was downregulated in DR patients and HG-induced ARPE-19 cells
	﻿Upregulation of PSAT1 might relieve HG-induced ARPE-19 cell damage
	﻿METTL3-mediated m6A methylation might improve the mRNA stability of PSAT1 in ARPE-19 cells
	﻿METTL3 overexpression might repress HG-evoked ARPE-19 cell damage via targeting PSAT1 in vitro

	﻿Discussion
	﻿Conclusion
	﻿References


