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A B S T R A C T   

Diabetic retinopathy is one of the microvascular complications in diabetic patients and the leading cause of 
blindness worldwide. The levels of METTL3, lncRNA SNHG7, KHSRP, MKL1, endothelial and mesenchymal 
markers were determined by RT-qPCR or western blot assays in vitro and in vivo. H&E staining was used to 
observe the retinal structure in a mouse model of DR. The expression levels of METTL3 and SNHG7 were 
significantly downregulated in DR patients, DR mice and high glucose-induced HRMECs cells. Notably, METTL3 
installed the m6A modification and enhanced the stability of SNHG7. Besides, METTL3 inhibited HRMECs 
EndoMT by promoting the expression of SNHG7. Additionally, SNHG7 was found to weaken MKL1 mRNA sta
bility by binding to the RNA-binding protein KHSRP. Furthermore, we verified that METTL3 regulated EndoMT 
in DR through the SNHG7/MKL1 axis. We conclude that METTL3 regulates endothelial-mesenchymal transition 
in DR via the SNHG7/KHSRP/MKL1 axis, providing a new target for DR treatment.   

1. Introduction 

Diabetic retinopathy (DR) is one of the most serious microvascular 
complications of diabetes [1]. Despite advances in diagnosis and treat
ment, the prevalence of DR is increasing due to the high incidence of 
diabetes [2]. In severe cases, retinal hemorrhages, vitreous hemorrhage, 
and retinal detachment can occur, which can lead to permanent blind
ness in patients with DR [3]. Numerous studies have shown that hy
perglycemia is the most common underlying factor leading to DR [4]. In 
addition, hyperglycemia impairs endothelial cell functions [5] and 
contributes to endothelial-mesenchymal transition (EndoMT) [6]. Dur
ing the EndoMT process, injured endothelial cells lose the expression of 
cellular adhesion proteins (e.g., VE-Cadherin and CD31) and induce the 
expression of myofibroblast differentiation markers (e.g., SM-22 and 
FSP1) [7], as well as transcriptional factors (e.g., TWIST) [8]. Therefore, 
in-depth studies of the mechanism by which the EndoMT process is 
involved in DR are of great significance for the treatment of DR. 

N6-methyladenosine (m6A) methylation is the most prevalent RNA 
modifications, and is associated with the development of multiple 

diseases, including diabetes [9]. The m6A RNA modification mediates 
its effect through its writer, reader, and eraser proteins, such as 
Methyltransferase-like 3 (METTL3), and is a possible candidate for 
controlling DR progression and pathogenesis [10]. METTL3 is an 
“writer” of m6A modification and is essential for the regulation of m6A 
methylation [11]. Recent data indicated that glucose regulated 
METTL3-mediated m6A modifications in Type2 diabetes [12] and dia
betic cataract [13]. Overexpression of METTL3 has been reported to 
alleviate the pyrolysis of retinal epithelial cells induced by high glucose 
[14]. Nevertheless, the function of METTL3 and its potential mechanism 
in EndoMT of DR remain unclear. 

m6A can regulate the expression of long non-coding RNAs (lncRNAs) 
[15]. LncRNAs are composed of >200 nucleotides, acting as important 
genetic modulators [16]. Accumulating evidence indicates that 
numerous lncRNAs are involved in DR progression, such as lncRNA 
MEG3 and lncRNA H19 [17,18]. Small nucleolar RNA host gene 7 
(SNHG7) is a crucial lncRNA that is located at chromosome 9q34.3 [19]. 
It has been shown that SNHG7 was downregulated in human retinal 
microvascular endothelial cells induced by high glucose, and its 
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overexpression impaired the cell EndoMT [20]. In our preliminary 
study, we used the bioinformatics tool RMBase and found that SNHG7 
has a potential m6A modification site, and the METTL3 motif is GGAC. 
However, whether METTL3 modifies SNHG7 expression in the process 
of DR needs further experimental verification. 

Recent studies have shown that lncRNAs often regulate the stability 
of target mRNAs and participate in the disease process by interacting 
with RNA-binding proteins [21]. There is evidence that the expression of 
RNA-binding protein KH-type splicing regulatory protein (KHSRP) is 
downregulated in diabetes models [22]. Megakaryocytic leukemia 1 
(MKL1) is a transcription modulator involved in the pathogenesis of 
human diseases [23]. Recently, it has been reported that MKL1 was 
highly expressed in retinal epithelial cells induced by high glucose, and 
MKL1 could promote EndoMT by activating TWIST1 [8,24]. In our 
study, bioinformatics tool StarBase predicted that SNHG7, MKL1 and 
KHSRP have potential binding relationships, suggesting that SNHG7 
may affect the stability of MKL1 mRNA by interacting with KHSRP. 

Therefore, this study aimed to explore the role of METTL3 in DR. We 
speculate that the m6A transferase METTL3 controls the EndoMT of DR 

via the lncRNA SNHG7/KHSRP/MKL1 signaling axis. Our present study 
may imply a novel therapeutic target for the treatment of DR. 

2. Results 

2.1. METTL3 and SNHG7 were downregulated in DR 

The present study first measured the expression of METTL3 and 
SNHG7 in vitreous humor samples from patients with DR or non- 
diabetic eye diseases by RT-qPCR. We found that the levels of 
METTL3 and SNHG7 were decreased obviously in DR patients compared 
to normal controls (Fig. 1A and B). Next, we constructed a mouse DR 
model. H&E staining showed that the retinal structure of mice in the 
sham group was clear and arranged in an orderly manner with normal 
morphology. In contrast, in DR mice, the retinal endothelium was 
markedly swollen, with disorganized cell distribution and localized 
dilation of blood vessels (Fig. 1C). We also discovered that METTL3 and 
SNHG7 were dramatically downregulated in the mouse model of DR 
compared with the control group (Fig. 1D and E). In addition, human 

Fig. 1. Expression of METTL3 and SNHG7 in DR. (A, B) RT-qPCR was used to determine the expression of METTL3 and SNHG7 in vitreous humor samples from 
patients with DR or non-diabetic eye diseases (non-DR). (C) H&E staining was conducted to detect the retinal structures and thickness of ganglion cell layer (GCL) of 
DR mice and Sham mice. Scale bar, 100 μm, 50 μm. (D, E) The levels of METTL3 and SNHG7 in DR mice and Sham mice were analyzed by RT-qPCR or Western blot. 
(F, G) HRMECs were treated with normal glucose (NG, 5.5 mM), high glucose (HG, 25 mM) or hyperosmotic glucose (OSM, 35 mM). METTL3 and SNHG7 expression 
levels in cells were examined by RT-qPCR or Western blot. Data are the means ± SD of triplicate experiments. **P < 0.01, ***P < 0.001. 
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retinal microvascular endothelial cells (HRMECs) were treated with 
normal glucose (NG), high glucose (HG) or hyperosmotic glucose 
(OSM). The results of RT-qPCR and Western blot revealed that METTL3 
and SNHG7 were extremely low in high glucose-induced HRMECs 
compared with the NG and OSM groups (Fig. 1F and G). Collectively, 
these data suggest that METTL3 and SNHG7 are lowly expressed in DR, 
and there may be a regulatory relationship between METTL3 and 
SNHG7. 

2.2. METTL3 installed the m6A modification and increased the stability of 
SNHG7 

To further evaluate the relationship between METTL3 and SNHG7, 
we used RMBase (http://rna.sysu.edu.cn/rmbase/m6Amod.php) for 
bioinformatic analysis. As illustrated in Fig. 2A, SNHG7 has a potential 
m6A modification site, and the METTL3 motif is GGAC. Furthermore, we 
determined METTL3 expression in HRMECs with pcDNA3.1- METTL3 
and found that METTL3 overexpression had a dramatic effect on 
METTL3 level (Fig. 2B). Besides, overexpression of METTL3 greatly 
increased m6A level in HG-induced HRMECs (Fig. 2C). Importantly, 
MTTL3 upregulation obviously promoted SNHG7 m6A modification and 
enhanced the stability of SNHG7 RNA in both HRMECs and 293T cells 
(Fig. 2D and E). Meanwhile, overexpression of METTL3 significantly 
induced the expression of SNHG7 in cells stimulated by HG (Fig. 2F). 
Thus, the above results reveal that METTL3 installs the m6A modifica
tion and induces the stability of SNHG7. 

2.3. METTL3 inhibited HRMECs EndoMT by upregulating SNHG7 
expression 

To study the biological functions of METTL3 in DR development, we 
transfected pcDNA3.1-METTL3 and sh-SNHG7 into HRMECs, and 

stimulated cells with HG. With SNHG7 silencing, the SNHG7 level was 
obviously decreased compared to the control (Fig. 3A). Meanwhile, HG 
resulted in a significant decrease of SNHG7, VE-Cadherin (VE-CAD) and 
CD31, as well as a significant increase of FSP1, SM22 and TWIST1, 
which were all reversed by the overexpression of METTL3. However, 
suppression of SNHG7 could partially overturn the effects of METTL3 
(Fig. 3B-D). Moreover, immunofluorescence for VE-CAD and SM22 
showed the same trend as the above results (Fig. 3E). Taken together, 
these findings indicate that METTL3 represses EndoMT in HRMECs by 
upregulating SNHG7 expression. 

2.4. SNHG7 interacted with RNA-binding protein KHSRP and increased 
its expression 

We further explored the molecular mechanism by which SNHG7 
regulates DR and identified that SNHG7 was distributed in both the 
nucleus and cytoplasm of HRMECs, mainly in the nucleus (Fig. 4A and 
B). Meanwhile, RNA-binding protein KHSRP was predicted to be a 
downstream target of SNHG7 by the bioinformatics tool StarBase (https 
://starbase.sysu.edu.cn/). RNA pull-down and RIP assays further veri
fied the binding of SNHG7 to KHSRP in both HRMECs and 293T cells 
(Fig. 4C and D). Moreover, the level of SNHG7 was greatly elevated in 
HRMECs with pcDNA3.1-SNHG7 (Fig. 4E). Additionally, KHSRP 
expression was obviously increased in HRMECs with SNHG7 over
expression, compared to the control group. When SNHG7 was inhibited, 
the expression of KHSRP was suppressed (Fig. 4F and G). Collectively, 
the above findings demonstrate that SNHG7 increases KHSRP expression 
by directly targeting it. 

Fig. 2. METTL3 installed the m6A modification and increased the stability of SNHG7. (A) Prediction of the m6A modification site of SNHG7 by bioinformatics tool 
RMBase. (B) HRMECs were transfected with pcDNA3.1-METTL3 or negative control. The transfection level was detected by RT-qPCR. (C) The m6A levels were 
measured in different groups. (D) HRMECs or 293T cells were transfected with pcDNA3.1-METTL3 or negative control. RIP-qPCR demonstrated that SNHG7 had m6A 
modification in cells overexpressing MTTL3. (E) Cells were treated with 5 μg/mL actinomycin D for 0, 3, 6 h respectively. RT-qPCR was conducted to analyze the 
stability of SNHG7. (F) The expression of SNHG7 was determined by RT-qPCR. Data are the means ± SD of triplicate experiments. *P < 0.05, **P < 0.01, ***P 
< 0.001. 
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Fig. 3. METTL3 inhibited HRMECs EndoMT by upregulating SNHG7 expression. HRMECs were transfected with pcDNA3.1-METTL3 and sh-SNHG7, and stimulated 
with HG. (A, B) The expression of SNHG7 was tested by RT-qPCR. (C, D) The levels of EndoMT markers (VE-CAD, CD31, FSP1, SM22, TWIST1) were measured by RT- 
qPCR and Western blot. (E) Immunofluorescence analysis of VE-CAD and SM22 expression in HRMECs. Scale bar: 50 μm. Data are the means ± SD of triplicate 
experiments. *P < 0.05, **P < 0.01, ***P < 0.001. 
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2.5. SNHG7 attenuated the stability of MKL1 mRNA by binding to 
KHSRP 

The bioinformatics tool StarBase also predicted that KHSRP has a 
binding site to MKL1. RT-qPCR analysis demonstrated that KHSRP was 
decreased, while MKL1 expression was increased in vitreous humor 
samples from DR patients compared with that in normal subjects 
(Fig. 5A). Moreover, RNA pull-down and RIP assays revealed that 
KHSRP and MKL1 have a binding relationship (Fig. 5B and C). When we 
transfected HRMECs with pcDNA3.1-KHSRP or sh-KHSRP, the effects of 

KHSRP overexpression and knockdown were significant (Fig. 5D). 
Additionally, SNHG7 and KHSRP negatively regulated the expression of 
MKL1 (Fig. 5E and F). Besides, the stability of MKL1 RNA was obviously 
impaired by overexpression of SNHG7 and KHSRP in both HRMECs and 
293T cells (Fig. 5G). Hence, these results indicate that SNHG7 attenuates 
the stability of MKL1 mRNA through KHSRP. 

Fig. 4. SNHG7 increased KHSRP expression by directly targeting it. (A, B) Subcellular fractionation assay and RNA FISH assay was performed to detect the 
expression and location of SNHG7 in HRMECs. (C) RNA pull down assay was utilized to verify the binding of SNHG7 to KHSRP. (D) RIP assay revealed the rela
tionship between SNHG7 and KHSRP. (E) RT-qPCR analysis of SNHG7 level. (F, G) The expression of KHSRP was determined by RT-qPCR and Western blot. Data are 
the means ± SD of triplicate experiments. *P < 0.05, **P < 0.01. 
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Fig. 5. SNHG7 attenuated the stability of MKL1 mRNA by binding to KHSRP. (A) RT-qPCR analysis of KHSRP and MKL1 in vitreous humor samples of DR patients. 
(B) RNA pull down assay identified the binding of MKL1 to KHSRP. (C) RIP assay verified the relationship between KHSRP and MKL1. (D–F) The expression of 
KHSRP or MKL1 was tested by RT-qPCR and Western blot in each group. (G) Cells were treated with 5 μg/mL actinomycin D for 0, 3, 6 h respectively. RT-qPCR was 
used to detect the stability of MKL1. Data are the means ± SD of triplicate experiments. *P < 0.05, **P < 0.01, ***P < 0.001. 
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Fig. 6. Knockdown of METTL3 or SNHG7 reversed the effect of MKL1 silencing on EndoMT of HRMECs. (A, B) HRMECs were transfected with sh-MKL1 or negative 
control. MKL1 level was measured by RT-qPCR or Western blot. (C, D) HRMECs were transfected with sh-MKL1, sh-METTL3, sh-SNHG7 or negative control, and 
treated with HG. The levels of EndoMT markers (VE-CAD, CD31, FSP1, SM22, TWIST1) were assessed by RT-qPCR and Western blot. (E) Double immunofluorescence 
staining of HRMECs using antibodies against VE-CAD (red) and SM22 (green). Scale bar: 50 μm. Data are the means ± SD of triplicate experiments. *P < 0.05. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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2.6. Knockdown of METTL3 or SNHG7 reversed the effect of MKL1 
silencing on EndoMT of HRMECs 

We further investigated the effects of MKL1 on EndoMT in HRMECs. 
There was a decrease of MKL1 expression in cells with MKL1 silencing, 
compared to the control cells (Fig. 6A and B). It was found that HG 
remarkably reduced the expression of VE-CAD and CD31, and induced 
the level of FSP1, SM22 and TWIST1, whereas knockdown of MKL1 
greatly suppressed the effects of HG on the expression of these EndoMT 
markers. Nevertheless, METTL3 or SNHG7 silencing could partially 

reverse these effects of sh-MKL1 (Fig. 6C and D). Meanwhile, the results 
of double immunofluorescence staining showed low expression of VE- 
CAD (red) and high expression of SM22 (green) in HG-treated cells, 
whereas such effects were lost by transfection of sh-MKL1 in HG-treated 
cells. However, these effects were restored by co-transfection of sh- 
MKL1 with sh-METTL3 or sh-SNHG7 in HG-treated cells (Fig. 6E). 
Altogether, these findings demonstrate that knockdown of METTL3 or 
SNHG7 reverses the effect of MKL1 silencing on EndoMT of HRMECs. 

Fig. 7. METTL3 regulated EndoMT in DR mice through the SNHG7/MKL1 axis. DR mice were treated with pcDNA3.1-METTL3, sh-SNHG7 and pcDNA3.1-MKL1. (A) 
The retinal structures and thickness of ganglion cell layer (GCL) of DR mice and Sham mice were detected by H&E staining. Scale bar: 100 μm, 50 μm. (B) RT-qPCR 
analysis of METTL3, SNHG7 and MKL1 expression in DR mice and Sham mice. (C, D) The levels of EndoMT markers (VE-CAD, CD31, FSP1, SM22, TWIST1) were 
measured by RT-qPCR and Western blot. Data are the means ± SD of triplicate experiments. *P < 0.05. 
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2.7. METTL3 regulated EndoMT in DR mice through the SNHG7/MKL1 
axis 

To illustrate whether METTL3 could alleviate DR progression in vivo, 
we treated DR mice by injecting lentivirus expressing pcDNA3.1- 
METTL3, sh-SNHG7, pcDNA3.1-MKL1 or control vectors through vit
reous chamber of mice. The retinal morphological changes were 
detected by H&E staining. As shown in Fig. 7A, the retinal structure was 
disrupted in DR mice and was remarkably improved by METTL3 over
expression, whereas SNHG7 silencing or MKL1 overexpression partially 
abolished the effect of METTL3 upregulation on retinal structure. As 
expected, in DR mice, METTL3 and SNHG7 was downregulated, while 
MKL1 was upregulated compared with the Sham mice. Knockdown of 
SNHG7 or overexpression of MKL1 could partially reverse the regulation 
of MLK1 expression by METTL3 overexpression (Fig. 7B). In addition, 
compared to the Sham mice, VE-CAD and CD31 levels were reduced, 
whereas FSP1, SM22 and TWIST1 levels were elevated in DR mice, and 
this change was repressed by overexpressed METTL3. Conversely, 
SNHG7 silencing or MKL1 overexpression could partially overturn the 
expression of EndoMT-related molecules regulated by METTL3 (Fig. 7C 
and D). Taken together, these results indicate that METTL3 controls 
EndoMT in DR mice via the SNHG7/MKL1 signaling pathway. 

3. Discussion 

Diabetic retinopathy (DR) is one of the more serious complications of 
diabetes and a common blinding eye disease [25]. In recent years, with 
the increase of diabetic patients and the extension of human lifespan, the 
visual impairment caused by DR has gradually increased [26]. Endo
thelial cells undergoing EndoMT contribute to the loss of vision in DR 
patients [20,27]. Therefore, identifying the molecular mechanisms un
derlying EndoMT in DR is very important for its earlier detection and 
treatment. In this study, we demonstrated that m6A transferase METTL3 
could regulate EndoMT in DR via the lncRNA SNHG7/KHSRP/MKL1 
axis. 

Methylation of m6A, the most common RNA methylation, is thought 
to be critical in a range of biological processes [28]. Accumulated evi
dence indicates that m6A RNA modification plays an important regula
tory role in DR [10]. As a major writer of m6A methylation, METTL3 can 
affect tumor formation by regulating m6A modification [29]. Xu et al. 
reported that METTL3 attenuated high glucose-induced pyroptosis in 
RPE cells via the miR-25-3p/PTEN/Akt axis [14]. Furthermore, METTL3 
mediated-m6A modification is closely associated with the development 
of type 2 diabetes [12]. Besides, METTL3 can modulate various bio
logical processes via interacting with lncRNAs [30,31]. In accordance 
with these previous researches, our study revealed that METTL3 and 
lncRNA SNHG7 were low expressed in the vitreous humor samples of DR 
patients and DR mice, as well as high glucose-induced HRMECs. In 
addition, overexpression of METTL3 repressed EndoMT in HG induced- 
HRMECs through inducing the stability and expression of SNHG7. 
Similarly, Cao et al. demonstrated that SNHG7 suppressed EndMT and 
tube formation in HRMECs via the miR-34a-5p/XBP1 axis [20]. Thus, 
our results indicated that METTL3 might participate in the regulation of 
DR development. Recently, METTL3 has been demonstrated to be an 
angiogenic regulator. For example, Yao et al. reported that METTL3 
promoted endothelial cell viability, proliferation, migration by regu
lating Wnt signaling through the m6A modification of target genes [32]. 
Jiang et al. found that METTL3 accelerated bone regeneration by 
enhancing endothelial progenitor cell angiogenesis via the PI3K/AKT 
pathway [33]. Therefore, further study is needed to determine whether 
METTL3 can induce angiogenesis during DR. 

The literature suggests that lncRNA and RNA-binding proteins can 
form complexes to regulate downstream gene expression [34]. KHSRP is 
a novel RNA-binding protein implicated in cell differentiation and dis
ease [35]. Gou et al. showed that lncRNA AB074169 impaired cell 
proliferation through KHSRP in papillary thyroid carcinoma [36]. 

Similar to previous studies, we found that SNHG7 was associated with 
KHSRP and promoted its expression. Further bioinformatics revealed 
that MKL1 could also be a target of KHSRP. MKL1 is aberrantly 
expressed in various diseases, including diabetes [37]. Deletion of MKL1 
in mice could alleviate diabetic nephropathy [38]. Our study illustrated 
that KHSRP was downregulated, while MKL1 expression was upregu
lated in vitreous humor samples from DR patients. We further confirmed 
that KHSRP and MKL1 had a binding relationship by RNA pull-down and 
RIP assays. Subsequently, we identified that SNHG7 and KHSRP over
expression obviously reduced the stability of MKL1 mRNA in both 
HRMECs and 293T cells. Taken together, the above results revealed that 
SNHG7 attenuated the stability of MKL1 mRNA by binding to KHSRP. 

Functional assays further demonstrated that MKL1 downregulation 
greatly suppressed EndoMT in HG-induced HRMECs. On the other hand, 
knockdown of METTL3 or SNHG7 reversed the effect of MKL1 silencing 
on EndoMT of HRMECs. Similarly, in vivo experiments revealed that 
METTL3 controlled EndoMT through the SNHG7/MKL1 axis in DR mice. 
These data confirmed the previous reports that MKL1 served a key role 
in EndoMT by activating TWIST1 [8] and SNHG7 inhibited EndoMT in 
DR [20]. More importantly, our results suggested that METTL3 modu
lated the progression of DR via the SNHG7/MKL1 signaling pathway. 

4. Materials and methods 

4.1. Clinical specimens 

Human vitreous humor samples from patients with DR (n = 12) or 
non-diabetic eye diseases (non-DR, n = 12) were obtained from in
dividuals who underwent plana vitrectomy at Affiliated Hospital 2 of 
Nantong University, the first people's hospital of Nantong from 
September 2017 to October 2019. All experiments were conducted with 
the approval of the Clinical Research Ethics Committee of Affiliated 
Hospital 2 of Nantong University, the first people's hospital of Nantong. 
Written informed consent was provided by the patients. 

4.2. Animal models establishment 

Male C57/BL6J mice (8–10 weeks old, 200–220 g weight) were 
purchased from Shanghai Laboratory Animal Center (Shanghai, China). 
Mice were maintained in a Specific-pathogen-free lab with temperature 
(22–23 ◦C), humidity (55–60%) and a 12 h light (7:00)/dark (19:00) 
cycle. Streptozotocin (STZ) was dissolved in 0.1 M citrate acid buffer 
(pH 4.0, Sigma, St. Louis, MO, USA). Diabetes was induced by intra
peritoneal injection of 50 mg/kg STZ for 5 consecutive days. Normal 
control mice were administered sodium citrate buffer. Seven days later, 
the blood from the tail vein was used for the measurement of glucose 
level. Mice diabetes model was considered to be successful when the 
blood glucose was >16 mmol/L and maintained for over one week. 
Lentivirus expressing pcDNA3.1-METTL3, sh-SNHG7, pcDNA3.1-MKL1 
and negative control oligonucleotides were obtained from Gene
Pharma (Shanghai, China). At one week following the induction of 
diabetes, mice were randomly grouped. The corresponding lentivirus 
were injected into the vitreous cavity of each group of mice [39]. After 4 
weeks, the mice were euthanised by isoflurane and retinal tissues were 
stored in liquid nitrogen. All protocols of animal experiments were 
carried out according to the Guide for the Care and Use of Laboratory 
Animals of the Chinese National Institutes of Health. The current study 
was approved by the Animal Ethics Committee of Affiliated Hospital 2 of 
Nantong University, the first people's hospital of Nantong. 

4.3. Cell culture and treatment 

Human retinal microvascular endothelial cells (HRMECs) were pro
vided by the PriCells Biotechnological Co., Ltd. (Wuhan, China) and 
293T cells were obtained from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). Cells were cultured in Dulbecco's modified 
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Eagle's medium (DMEM, Invitrogen, Carlsbad, CA, USA) with 10% fetal 
bovine serum (Invitrogen), penicillin (100 U/mL) and streptomycin 
(100 U/mL) at 37 ◦C under 5% CO2. 

4.4. Cell transfection 

After 24 h of incubation with serum-free DMEM, HRMECs were 
treated with normal glucose (NG, 5.5 mM), high glucose (HG, 25 mM) or 
hyperosmotic glucose (OSM, 35 mM). The short hairpin RNA for 
METTL3, SNHG7, KHSRP, MKL1 and the scrambled controls were 
designed and synthesized by GenePharma (Shanghai, China). The cDNA 
fragments for METTL3, KHSRP and MKL1, and the sequence of SNHG7 
were amplified and cloned into pcDNA3.1 vectors, which were con
structed by GenePharma (Shanghai, China). Transfection was performed 
using Lipofectamine 2000 reagent (Invitrogen) in HRMECs as described 
previously [40]. Briefly, cells were seeded at 7.5 × 105 cells/mL to 
achieve 90% confluence. 100 μM of each construct was used to transfect 
the cells for 4 h and subsequently recovered in full medium overnight. 
The following morning, cells were serum starved for 24 h and were then 
treated with glucose as above for 48 h. The transfection efficiency of 
knockdown constructs was confirmed using RT-qPCR. All knockdown 
constructs demonstrated similar knockdown activity (65–75%) when 
compared to scrambled controls. Each experiment was performed with 
three or more replicates. 

4.5. m6A quantification 

The extracted RNA was purified and quantified. Total RNA was then 
subjected to a Dynabeads mRNA Purification Kit (Thermo Fisher Sci
entific, Waltham, MA, USA) for mRNA purification. Later, the mRNA 
(200 ng/sample) was used for m6A quantification using a EpiQuik m6A 
Methylation Quantification kit (Colorimetric, ab185912, Epigentek, 
Farmingdale, NY, USA) according to the manufacturer's protocol. The 
m6A level was detected by reading the absorbance at 450 nm. 

4.6. Total RNA extraction, reverse transcription and real-time 
quantitative PCR 

Trizol reagent (Invitrogen) was applied for isolating total RNA. RNA 
was reversely transcribed into cDNA using a PrimeScript™ RT Reagent 
Kit (Takara, Kyoto, Japan). The relative gene expression levels were 
determined using the SYBR Green PCR Kit (Takara) on an Applied Bio
systems 7500 Real-Time PCR System (Applied Biosystems, Foster City, 
CA, USA). The primer sequences are listed as follows: METTL3 F: 5′- 
AGATGGGGTAGAAAGCCTCCT-3′, R: 5′-TGGTCAGCATAGGTTACAA
GAGT-3′; SNHG7 F: 5′-AGGCTGGCTGGAATAAAGGT-3′, R: 5′-TAT
GAAAAGGGAGGCGTGGT-3′; KHSRP F: 5′-GCAGCAGGCTCAAT 
GAATCG-3′, R: 5′-GTGAGACACAGAACAGGCGA-3′; MKL1 F: 5′- 
CCCAAAGGTAGCAGACAGTTC-3′, R: 5′-GAGTGGGTGATATGGAGGT 
GG-3′; VE-Cadherin F: 5′-ATCGGTTGTTCAATGCGTCC-3′, R: 5′- 
CCTTCAGGATTTGGTACATGACA-3′; CD31 F: 5′-ATTGCTCTGGTCACT 
TCTCC-3′, R: 5′-CAGGCCCCATTGTTCCC-3′; TWIST1 F: 5′-TCGGA
CAAGCTGAGCAAGAT-3′, R: 5′-CCAGACGGAGAAGGCGTAG-3′. GAPDH 
was utilized as an internal control. We used the standard 2-ΔΔCt method 
to determine the relative gene expression. 

4.7. RNA stability 

Cells (2 × 104/well) were plated in 12-well plates. After overnight 
incubation, cells were treated with 5 μg/mL actinomycin D (A9415, 
Sigma) for 0, 3, 6 h respectively. Cells were then collected and total RNA 
was isolated. RT-qPCR was used to determine the expression of SNHG7 
and MKL1. 

4.8. Western blot 

Prepared cells or tissues were added with RIPA lysis buffer to extract 
total protein. A total of 20 μg protein lysates were separated by 10% 
SDS-PAGE gels, transferred to PVDF membranes (Millipore, Boston, MA, 
USA), and blocked with 5% non-fat milk in TBST for 1 h. The membranes 
were then incubated with following primary antibodies at 4 ◦C over
night: METTL3 (1:1000, Abcam, Cambridge, MA, USA), KHSRP (1:500, 
Abcam), MKL1 (1:1000, Santa Cruz), VE-Cadherin (1:1000, Abcam), 
CD31 (1:200, Abcam), FSP1 (1:1000, Sigma), SM22 (1:1000, Thermo 
Fisher Scientific), TWIST1 (1:1000, Cell Signaling Technology, Danvers, 
MA, USA). Subsequently, the membranes were rinsed by TBST and 
incubated with horseradish peroxidase-conjugated secondary antibody 
(1:1000, Cell Signaling Technology) for 1 h at room temperature and 
developed using ECL system (GE Healthcare, UK). β-actin was utilized as 
an internal loading control. The density of the bands was quantified 
using the ImageJ software (National Institutes of Health, USA). 

4.9. Immunofluorescence 

The transfected cells were fixed with 4% paraformaldehyde (Sigma) 
for 20 min. Next, cells were permeabilized with 0.2% Triton X-100 in 
PBS (Sigma) for 5 min. After blocking with blocking buffer containing 
10% normal goat serum for 30 min, cells were probed by anti-VE- 
Cadherin antibody (1:50, Abcam, Cambridge, MA, USA) or anti-SM22 
antibody (1:50, Abcam, Cambridge, MA, USA) at 4 ◦C overnight, 
following by incubation with FITC labeled IgG secondary antibody for 1 
h at room temperature. Cells were then incubated with DAPI for 5 min 
and washed with PBS. Images were visualized with a fluorescence mi
croscope (Olympus). 

4.10. Subcellular fractionation assay 

The PARIS Kit (Thermo Fisher Scientific, USA) was used to detect the 
cellular localization of SNHG7 in nucleus and cytoplasm according to 
the manufacturer's protocol. Briefly, HRMECs were resuspended using 
cell fractionation buffer and then centrifuged. The cell disruption buffer 
was used to preserve nuclear precipitation and supernatant for RNA 
extraction. The expression of SNHG7 was measured by real-time PCR. 
GAPDH and U6 transcripts were utilized as internal markers. 

4.11. Fluorescence in situ hybridization (FISH) 

In order to test the expression and localization of SNHG7, HRMECs 
were fixed with 4% paraformaldehyde for 20 min at room temperature 
and permeablized using 0.5% Triton X-100 for 5 min. Cells were then 
blocked with pre-hybridization solution for 30 min at 37 ◦C. FISH 
analysis was performed using fluorescence labeled SNHG7 probe 
(Ribobio, Guangzhou, China) overnight at 37 ◦C. After washing, nuclei 
were stained with DAPI. Subsequently, images were visualized with a 
fluorescence microscope (Leica). 

4.12. RNA pull-down assay 

RNA pull-down analysis was performed using the Pierce™ Magnetic 
RNA-Protein Pull-Down Kit (Thermo Fisher Scientific, USA). In brief, 
biotinylated SNHG7 or MKL1 was transfected into HRMECs and 293T 
cells. The cells were then incubated with streptavidin agarose beads 
(Invitrogen) for 2 h, followed by eluted with biotin elution buffer. The 
pulled down KHSRP RNA was detected by RT-qPCR. 

4.13. RNA immunoprecipitation assay 

RNA immunoprecipitation (RIP) assay was conducted with the 
Magna RIP™ RNA-Binding Protein Immunoprecipitation Kit (Millipore). 
In brief, HRMECs or 293T cells were collected and lysed in RNA lysis 
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buffer containing protease and RNase inhibitors. A portion of the cell 
lysis was isolated as the input. The other portion was incubated with 
magnetic beads conjugated with anti-KHSRP antibody (Cell Signaling 
Technology) at 4 ◦C overnight. Anti-IgG (Cell Signaling Technology) was 
utilized as a normal control and anti-SNRNP70 (Cell Signaling Tech
nology) was used as a positive control. The samples were then digested 
with proteinase K to extract RNA. Subsequently, the expression levels of 
SNHG7 and MKL1 were determined by RT-qPCR. 

4.14. Hematoxylin and eosin (H&E) staining 

The retina tissues of mice were fixed in 4% paraformaldehyde 
(Sigma) and made into paraffin sections (5-μm-thick). Paraffin slices 
were then dewaxed with xylene and rehydrated in a descending series of 
alcohol. Next, the sections were stained by hematoxylin for 5min and 
eosin solution for 3min. After dehydration with graded ethanol and 
permeabilization with xylene, ganglion cell layer (GCL) was observed 
with a microscope (Olympus, Tokyo, Japan). For analysis of GCL 
thickness, at least three randomly chosen fields per section were 
included. 

4.15. Statistical analysis 

Graphpad Prism 7 (Graphpad, La Jolla, CA, USA) was executed to 
analyze all data. Data were presented as mean ± standard deviation 
(SD). Student's t-test was used to assess statistical differences between 
two groups. The differences among multiple groups were tested using 
one-way analysis of variance (ANOVA). All experiments were performed 
three times. P values <0.05 were considered statistically significant. 

5. Conclusions 

In summary, our data identified a novel role for METTL3 in regu
lating EndoMT in DR. We found that METTL3 and SNHG7 were down
regulated in DR. Besides, METTL3 modulated m6A methylation on 
SNHG7 mRNA, thereafter, weakening the stability of MKL1 mRNA by 
binding to KHSRP. In addition, METTL3 regulated EndoMT in DR via the 
SNHG7/MKL1 axis. A schematic diagram of this regulatory process is 
outlined in Fig. 8. Our study provides novel biomarkers for DR treatment 
in clinic. 
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Fig. 8. The molecular mechanism by which METTL3 regulates EndoMT of DR. METTL3 and SNHG7 are downregulated in DR. METTL3 installs the m6A modification 
and upregulates the stability of SNHG7. SNHG7 weakens the stability of MKL1 mRNA by binding to KHSRP. In turn, METTL3 overexpression leads to an increase in 
endothelial markers and a reduction in mesenchymal markers, leading to the prevention of EndoMT in DR via the SNHG7/MKL1 axis. 
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