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Abstract

Background: Diabetic nephropathy (DN), the most common microvascular complication in patients with diabetes,
induces kidney failure. Previous research showed that endothelial-to-mesenchymal transition (EndMT) of human
glomerular endothelial cells (HGECs) is involved in the progression of DN. Moreover, SET domain-containing protein
8 (SETD8), ETS-domain containing protein (ELK1) and BTB and CNC homology 1 (bach1) all participate in endothelial
injury. In this study, we hypothesize that the SETD8/ELK1/bach1 functional axis is involved in mediating EndMT in
diabetic nephropathy.

Methods: Immunohistochemistry, Western blotting and gPCR were performed to determine the protein and mRNA
levels of genes in HGECs and the kidney tissues of participants and rats. Immunofluorescence, Co-IP and GST pull-
down assays were performed to verify the direct interaction between SETD8 and ELK1. ChIP and dual-luciferase assays
were performed to determine the transcriptional regulation of bach1 and Snail. AVW-SETDS injection in rat kidney was
used to verify the potential protective effect of SETD8 on DN.

Results: Our current study showed that hyperglycaemia triggered EndMT by increasing Snail expression both in vitro
and in vivo. Moreover, high glucose increased bach1 expression in HGECs, positively regulating Snail and EndMT.

As a transcription factor, ELKT was augmented and participated in hyperglycaemia-induced EndMT via modulation

of bach1 expression. Moreover, ELK1 was found to associate with SETD8. Furthermore, SETD8 negatively regulated
EndMT by cooperating with bach1 to regulate Snail transcription. Furthermore, histone H4-Lys-20 monomethylation
(H4K20me1), which is downstream of SETD8, was accompanied by ELK1 localization at the same promoter region of
bach1. ELK1 overexpression enhanced bach1 promoter activity, which disappeared after specific binding site deletion.
Mutual inhibition between ELK1 and SETD8 was found in HGECs. In vivo, SETD8 overexpression decreased ELK1 and
bach1 expression, as well as EndMT. Moreover, SETD8 overexpression improved the renal function of rats with DN.

Conclusions: SETDS8 cooperates with ELK1 to regulate bach1 transcription, thus participating in the progression of
DN. In addition, SETD8 interacts with bach1 to modulate Snail transcription, thus inducing EndMT in DN. SETDS8 plays

*Correspondence: meng_zhipeng@126.com; zhu_mm@126.com

! Department of Anesthesiology, Fudan University Shanghai Cancer
Center; Department of Oncology, Shanghai Medical College, Fudan
University, Shanghai 200032, China

2 Department of Anaesthesiology, Huzhou Hospital Affiliated

to Zhejiang University, Affiliated Central Hospital of HuZhou University,
Huzhou 313000, Zhejiang, China

Full list of author information is available at the end of the article

©The Author(s) 2022. 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/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-4951-1421
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12967-022-03352-4&domain=pdf

Li et al. Journal of Translational Medicine (2022) 20:147

Page 2 of 18

a core role in the SETD8/ELK1/bach1 functional axis, which participates in hyperglycaemia-mediated EndMT in DN,

and SETD8 may be a potential therapeutic target for DN.

Trial registration ChiCTR, ChiCTR2000029425. 2020/1/31, http://www.chictr.org.cn/showproj.aspx?proj=48548
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Introduction

Diabetic nephropathy (DN), which is regarded as the
common and primary microvascular complication of dia-
betes mellitus, has been proven to induce terminal-stage
renal diseases [1, 2]. Glycated haemoglobin (HbAlc), as
an indicator of long-term glycaemic control, has been
proposed as a screening target for diabetic nephropathy
and is also a glycaemic marker in patients with gestational
diabetes mellitus and advanced chronic kidney disease
[3-6]. In addition to HbAlc, the clinical manifestations
of diabetic nephropathy include a gradual increase in uri-
nary albumin and a decrease in the glomerular filtration
rate [7, 8]. Currently, if DN develops into renal failure,
the patient’s treatment costs and mortality will increase
exponentially, and few effective treatment approaches
for DN are available [9, 10]. Therefore, the search for the
underlying mechanism of DN has practical value.

A recent report found that endothelial-to-mesenchy-
mal transition (EndMT) occurs in glomerular endothe-
lial cells, which is important for the progression of DN
[11, 12]. EndMT occurs in the glomerular endothelium of
patients with DN, as shown by a decrease in CD31 but an
increase in a-SMA expression [13]. In EndMT, endothe-
lial cells develop mesenchymal characteristics, replacing
the endothelial phenotype [14], which is a specific type of
epithelial-mesenchymal transition (EMT). Its representa-
tive genes include Snail, a-SMA, vimentin and CD31.
Among these genes, Snail is a critical transcriptional
regulator of EndMT [15]. Thus, EMT modulators may
be involved in the regulation of EndMT by changing the
expression of Snail [16].

Previous reports revealed that Bric-a-brac/Tramtrack/
Broad (BTB) and cap’n'collar (CNC) homology 1 (bachl)
impairs angiogenesis and mediates oxidative stress in
vascular endothelial cells [17, 18]. In addition, bachl
participates in EMT in cancer cells [19]. However, the
mechanism by which bachl participates in hyperglycae-
mia-mediated EndMT has not yet been studied.

Moreover, some studies have demonstrated that ETS
domain-containing protein (ELK1), a member of the
E26 transformation-specific (ETS) oncogene family, is
involved in the modulation of cell proliferation, apopto-
sis, differentiation and tumorigenesis [20—25]. Moreover,
ELK1 was reported to participate in oxidized low-den-
sity lipoprotein-induced endothelial cell apoptosis [24].

ELK1 plays an important role in transforming growth
factor-beta-induced EndMT [26, 27]. However, the role
of ELK1 in hyperglycaemia-induced EndMT is unclear.

In addition to the above, SETDS, as the sole nucle-
osome-specific methyltransferase, can regulate the
monomethylation of histone H4 lysine 20 (H4K20mel)
[28]. Our previous studies demonstrated that suppres-
sion of SETDS8 aggravates high glucose-induced vascu-
lar endothelial injury [29-31]. In addition, SETD8 was
reported to mediate EMT [32]. At present, no research
has shown that SETDS8 participates in high glucose-
induced EndMT.

The present study showed that SETDS8 interacts with
bachl to regulate the transcription of Snail, leading to the
occurrence of EndMT, which is involved in the progres-
sion of DN. In addition, SETD8 cooperates with ELK1
to regulate the transcription of bachl by affecting his-
tone methylation at the promoter region of bachl. Thus,
SETDS plays a key role in the progression of DN, and can
be employed as the new target in the treatment of DN.

Methods

Subjects

This experiment was approved by the Ethics Committee
of Huzhou Central Hospital (licence number: 20191209-
01) and followed the Declaration of Helsinki. The present
study recruited thirty patients with DN and type 2 diabe-
tes. Additionally, thirty diagnosed renal cancer patients
with normal renal function served as controls. All the
participants signed informed consent forms. Exclusive
criteria include advanced liver disease, renal failure,
stroke, and other cardiovascular diseases.

Rat model of DN

Under the provisions of the Guide for the Care and Use
of Laboratory Animals of Fudan University Shanghai
Cancer Center and the Guide for the Care and Use of
Laboratory Animals published by the US NIH (2011),
male SD rats weighing 300-400 g were employed. The
animals were kept in a temperature-controlled environ-
ment (22 °C to 25 °C) and maintained in a 12-h light/
dark cycle. All rats underwent unilateral nephrectomy
(Unx) under isoflurane anaesthesia (3—-4% induction,
1.5-2.5% maintenance, 100% oxygen) and were sent back
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to the care facility for 9 weeks. Three weeks after Unx,
the rats that received a single intraperitoneal injection of
citrate buffer (0.1 M, pH 4.5) were defined as the control
group (con). Rats treated with a high-sugar and high-fat
diet for 9 weeks after Unx and intraperitoneal injection
of streptozotocin (STZ, 50 mg/kg) 3 weeks after Unx
were defined as the DN group (n=10) [33]. To clarify
the protective effect of SETD8 overexpression in DN, we
injected the rats with DN with AVV-SETDS8 or control
vectors into the contralateral kidney at the time of Unx.
The rats were defined as the DN-AVV group (n=10) and
DN-AVV-SETD8 group (n=10) accordingly [34, 35].

Immunohistochemistry (IHC)

Tissue slides were deparaffinized and then stored in
methanol containing 3% hydrogen peroxide. After the
background was blocked, the slides were incubated with
anti-SETD8 (dilution 1:200, ProteinTech, Wuhan, China),
anti-ELK1 (dilution 1:200, ProteinTech), anti-bach1 (dilu-
tion 1:200, ProteinTech, anti-Snail (dilution 1:200, Pro-
teinTech,), anti-vimentin (dilution 1:200, ProteinTech),
anti-a-SMA (dilution 1:200, ProteinTech), and anti-CD31
(dilution 1:200, Abcam, Cambridge, UK) antibodies at
4. °C overnight. The next day, the slides were cultured with
secondary antibodies at 37 °C. Finally, a DAB Detection
Kit (GeneTech, Shanghai, China) was applied to stain the
slides, and haematoxylin was used for counterstaining.

Cell culture and intervention

HGECs were procured from Procell (Wuhan, China)
and incubated with 5 mM glucose and 10% foetal bovine
serum in an incubator at 37 °C in a humidified 5% carbon
dioxide atmosphere. Cells were cultivated in high glucose
(25 mM) DMEM for 3 days for the high glucose treat-
ment. The apoptosis control used glucose (5 mM) mixed
with mannitol (20 mM).

Western blot

The samples were extracted from different cell groups and
boiled with loading buffer for 10 min. The proteins were
separated by 8-10% SDS-PAGE. The PVDF membranes
were cultured with primary antibodies at 4 °C overnight.
The primary antibodies were antibodies against B-actin
(Dilution 1:2000, ProteinTech), SETDS8, ELK1, bachl,
Snail, vimentin, a-SMA, CD31 and H4K20mel (Dilu-
tion 1:1000, Abcam). The next day, the membranes were
cultured with the secondary antibodies. After that, the
membranes were detected by the ECL system.
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Quantitative real-time PCR (qPCR)

Hieff UNICON® qPCR TagMan Probe Master Mix
(Yeasen, Shanghai, China) was used to perform quanti-
tative qPCR to determine the target genes. The primer
sequences are shown in Additional file 1: Table S1. The
relative gene expression was calculated by the 2~ AACT
method. Data are shown as the fold change relative to the
control group. In addition, the ratio of the control group
was set as 1.

Coimmunoprecipitation (Co-IP)

Cell protein lysates were isolated with lysis buffer,
which was mixed with primary antibodies against
bachl, SETDS8, ELK1 and IgG at 4 °C overnight for
endogenous IP. The next day, the lysates were incu-
bated with 50 pL of protein Dynabeads (Thermo,
MA, USA) for 6 h at 4 °C. Furthermore, the beads
were washed with RIPA 3 times to remove impurities.
Finally, 20 pL of IP lysates was added to 2x loading
buffer and boiled together. The results were analysed
by Western blots.

Immunofluorescence assay

After HGECs were seeded onto glass slides, the cells
were fixed with 4% paraformaldehyde for 10 min. The
cells were incubated with anti-SETD8 and anti-ELK1
antibodies at 4 °C overnight. Then, they were sequen-
tially incubated with fluorescent secondary antibod-
ies for 1 h at 37 °C. Next, DAPI (Yeasen) was used to
stain nuclei. Finally, a confocal fluorescence microscope
(Leica) was employed to capture images.

GST pulldown assay

We purchased His-SETD8 (ProteinTech) and GST-
ELK1 (ProteinTech) fusion proteins for the experiment.
The fusion proteins were mixed for 12 h at 4 °C in GST
binding buffer. Anti-His or anti-GST beads were added
and incubated with the fusion protein for an additional
4 h. The beads were washed three times, and the pro-
teins were detected by western blotting.

siRNA treatments

In the experiment, HGECs were transfected with siRNA
against ELK1 and bachl using Lipofectamine 3000. ELK1
siRNA (Biotend) sequences were as follows: siRNA-a,
5-GGUACUACUAUGACAAGAAATAT-3’ and siRNA-b,
5-GCAGCUGCUGAGAGAGCAAdTAT-3". The bachl
siRNA sequences were as follows: siRNA-a, 5-CAGACA
UAUGAGUCCAUGUATAT-3" and siRNA-b, 5-CAGCAA
UUUAACAGCUUGAJTAT-3'.
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Table 1 Various indicators of participants and rats in the control (con) and diabetic nephropathy (DN) groups

Human

Variables Con DN P-value
Male (%) 50 50 0

Age (years) 513+82 526490 0.83
BMI (kg/m?) 225+£1.1 23.0£33 0.35
SBP (mmHg) 10744£163 14494216 <0.0001
DBP (mmHg) 61.2+88 7924+126 <0.0001
HbA1C (%) 52+17 74+0.7 0.0146
FBS (mmol/L) 43+1.1 95408 <0.0001
CREA (umol/L) 79.6£26.7 227.8+956 <0.0001
ALB (g/L) 46.6+£94 306+54 0.0049
CCr (mL/min) 95.6+£8.7 549+£30.1 <0.0001
24 h UTP (mg) 9824101 34949418838 <0.0001
UA (umol/L) 18734287 404.8+83.3 <0.0001
TP (g/L) 65.0£4.7 52.1£48 0.0008
Rats

Variables Con DM P-value
Weight (g) 356.9+£27.8 533.0+£411 <0.0001
Weight of kidney (g) 16+0.2 27407 0.0001
FBS (mmol/L) 53408 116£18 <0.0001
CREA (umol/L) 50411 116£1.0 <0.0001
UREA (umol/L) 6.7+0.6 115£14 <0.0001
UMP (mg/L) 115.8+13.0 171.5+£11.0 <0.0001

Data are presented as the means =+ standard deviation, *p <0.05, n =30 per human group, n= 10 per rat group. Statistical analysis was carried out by a Student’s t test

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HbATc glycated hemoglobin, FBS fasting blood sugar, CREA creatinine, ALB albumin,
CCr creatnine clearance, 24 h UTP uric total protein, UA uric acid, TP total protein, UMP urine micro-protein

Short hairpin RNA (shRNA) and mutant SETD8

SETD8 shRNAs and mutant SETD8%*%*S plasmid [27]
were transfected into HGECs. The sequences of shRNA
were as follows: shRNA-a, 5'-CAACAGAATCGCAAA
CTTA-3" and shRNA-b, 5-CAACAGAATCGCAAA
CTTA-3'.

Chromatin immunoprecipitation (ChIP) assay

The ChIP assay kit (Millipore, MA, USA) was used in
the study. Briefly, cells (1 x 10”) were settled with 1%
formaldehyde. Then, glycine (2.5 M) was added to stop

the crosslinking reaction. Chromatin was subjected
to ten ultrasounds. After centrifugation, the superna-
tant was incubated with anti-bachl, anti-ELK or anti-
H4K20mel antibodies and IgG at 4 °C. Agarose beads
were applied to connect with immunoprecipitants.
Furthermore, DNA-protein crosslinking was reversed
by using a water bath at 65 °C for 6 h. The enriched
sequences of the purified DNA were analysed by PCR.
The bachl oligonucleotide primer sequences were for-
ward 5-ACTGGCTCAAGGTGGAAGGA-3, and
reverse 5-CAGGCTGCCTCAGTTCATGG-3'. The

(See figure on next page.)

Fig. 1 Development of EndMT and increased expression of bach1 in DN. a Representative images of HE staining of renal biopsy specimens from
the DN group and the control group. The result conveyed that the basement membrane of glomerular capillaries thickened, and mesangium
proliferated, thereby forming the nodular sclerosis (n = 30/group, scale bar: 50 um). b Representative images of Masson's trichrome staining of
renal biopsy specimens from the DN group and the control group. Masson trichrome staining exhibited a blue colour in DN patient samples,
representing collagen deposition and interstitial fibrosis (n = 30/group, scale bar: 50 um). ¢-g The IHC results of different genes in renal biopsy
specimens of the DN group and the control group. Among them, the expression of Snail, vimentin, a-SMA and bach1 was up-regulated, and the
expression of CD31 was down-regulated. (n =30/group, scale bar: 50 um)
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Fig. 2 Bach1 is required for EndMT in HGECs under hyperglycaemic conditions. a Western blot results of genes in different cell groups. b—f mRNA
expression of genes in different cell groups (n = 5/group). g Western blot results of genes in different cell groups. h-I mRNA expression of genes
in different cell groups (n=5/group). m ChIP results showed that bach1 accumulated at the Snail promoter region. (Data are presented as the
mean =+ standard deviation, *p <0.05, **p < 0.01, **p < 0.001, ****p <0.0001, statistical analysis was carried out by one-way ANOVA.)
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Snail oligonucleotide primer sequences were forward
5-TAAATTGACACGGGACGGGG-3, and reverse
5-CTGGTTCTAGCTGGAGAGCG-3'. Furthermore,
a re-ChIP assay was performed to verify whether SET8
and ELK1 occupied the same binding site on the bachl
promoter region. The chromatin from the beads was
eluted by 10 mM DTT after the standard ChIP pro-
cedure. The eluent was then diluted with sonication
buffer before undergoing the ChIP process again.

Dual-luciferase assay

The Dual-luciferase Assay Kit was employed to measure
the impact of ELK1 on the bachl promoter. The bachl
promoter was amplified from genomic DNA of HGECs
and ligated into the pGL3-Basic vector. Moreover, the
deleted promoter site was constructed for comparison.
Then, pGL3-DAPK3 and pGL3-DAPK3P¢ were trans-
fected into HGECs. The relative luciferase activity was
used to evaluate the influence of ELK1 on bachl pro-
moter activity.

Statistical analysis

In this study, the sample size of the in vivo experiment
was 10, the sample size of the in vitro experiment was 5,
and statistical significance was obtained.

The data from separate experiments were analysed by
GraphPad Prism 8 Project software. The comparison
of means of two groups was performed by two-tailed
unpaired t tests. We used a one-way ANOVA test to
compare the means of more than 2 groups. p<0.05 was
considered statistically significant, and the data were
plotted using GraphPad Prism 8.

Results

Development of EndMT and increased expression of bach1
in DN

The clinical information of the participants and rats is
shown in Table 1. It has been reported that EndMT of
glomerular endothelial cells participates in DN [11, 12].
The HE staining of patient samples is shown in Fig. 1la.
The result conveyed that the basement membrane of
glomerular capillaries thickened, and mesangium pro-
liferated, thereby forming the nodular sclerosis. Masson
trichrome staining exhibited a blue colour in DN patient
samples, representing collagen deposition and inter-
stitial fibrosis (Fig. 1b). As the key regulator of EndMT,
Snail expression was upregulated in the patients with
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DN (Fig. 1c). Next, we detected EndMT genes in the DN
group and the control group. Compared to that of the
controls, the expression of CD31 was suppressed in glo-
merular endothelial cells of the patients with DN, while
vimentin and a-SMA expression increased (Fig. 1d—f).
Similarly, representative images of EndMT were also
found in the rats with DN (Additional file 2: Fig. Sla—
f). According to previous reports, bachl is involved in
EMT in cancer cells [19]. Similarly, we found that the
bachl expression level was increased in the glomerular
endothelium in DN (Fig. 1g, Additional file 2: Fig. S1g).
Moreover, Western blot and qPCR results indicated that
the levels of bachl, Snail, vimentin and a-SMA in the
kidneys of the rats with DN were higher than those in
the kidneys of the controls (Additional file 3: Fig. S2a—d,
f), while the levels of CD31 were lower (Additional file 3:
Fig. S2a, e).

Bach1 is required for EndMT in HGECs

under hyperglycaemic conditions

HGECs were used to explore whether bachl modulates
EndMT in DN. Cells were cultured in normal glucose
for three days or high glucose for three days to further
confirm that EndMT was induced under hyperglycae-
mic conditions and to determine the role of bachl.
The results showed that a high glucose environment
suppressed CD31 expression while increasing Snail,
vimentin and a-SMA expression in HGECs (Fig. 2a—
e). Mannitol treatment had no effect on these trends.
According to previous research, bachl participates in
EMT in cancer cells [19]. Therefore, we investigated
bachl expression in HGECs. The results indicated that
hyperglycaemia increased both the protein (Fig. 2a) and
mRNA levels (Fig. 2f) of bachl in HGECs. In this study,
two independent siRNAs targeting bachl were used to
further explore whether bachl is involved in EndMT
induced by high glucose in HGECs, and the effects of si-
bachl were confirmed (Fig. 2g, h). Our data revealed that
si-bachl reversed CD31 suppression and decreased the
levels of Snail, vimentin and a-SMA under hyperglycae-
mic conditions (Fig. 2g, i-1). This finding indicated that
bachl promoted EndMT in high glucose-treated HGECs.
Moreover, the association between bachl and SETD8 was
determined by Co-IP (Additional file 3: Fig. S2g). Further
experiments also demonstrated that SETD8 knockout
in HGECs enhanced the expression of Snail to promote

(See figure on next page.)

Fig. 3 ELK1 participated in EndMT by augmenting bach1 expression in high glucose-cultured HGECs. a Western blot results of ELK1 in different
cell groups. b mRNA expression of ELK1 in different cell groups (n =5/group). ¢ Western blot results of genes in different cell groups. d—i mRNA
expression of genes in different cell groups (n = 5/group). j Western blot results of genes in different cell groups. k—p mRNA expression of genes in
different cell groups (n=5/group, data are presented as the mean = standard deviation, *p <0.05, **p <0.01, ***p <0.001, ****p <0.0001, statistical

analysis was carried out by one-way ANOVA)
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EndMT progression (Additional file 3: Fig. S2h-m).
Moreover, bachl was accompanied by SETD8 binding to
the promoter region of Snail, which may directly regulate
the transcriptional activity of Snail (Fig. 2m; Additional
file 3: Fig. S2n, o). These data may indicate that bachl
interacted with SETDS8 to alter Snail expression, thereby
inducing EndMT in high glucose-cultured HGECs.

ELK1 participated in EndMT by augmenting bach1
expression in high glucose-cultured HGECs

As an important transcription factor, ELK1 expression was
increased under high-glucose conditions (Fig. 3a, b; Addi-
tional file 4: Fig. S3a—d). This result suggested that ELK1 may
also be involved in the regulation of EndMT in DN.

To explore the function of ELK1 on hyperglycaemia-
induced bachl and EndMT, we verified its effects by increas-
ing and inhibiting the expression level of ELK1. Western
blotting (Fig. 3c) and qPCR (Fig. 3d) demonstrated the effect
of si-ELK1. In addition, si-ELK1 reversed bachl expression
and neutralized EndMT in high glucose-cultured HGECs
(Fig. 3¢, e—i). In addition to the findings above, our present
study showed that ELK1 overexpression had the same effect
as the hyperglycaemia treatment (Fig. 3j—p). To determine
whether the effect of ELK1 overexpression was due to aug-
mentation of bachl expression, we silenced bachl in the
ELK1-overexpressing HGECs. The data proved that bachl
silencing reversed the EndMT caused by ELK1 overexpres-
sion in HGECs (Fig. 3j—p). The results showed that ELK1
overexpression promoted bachl expression, thereby induc-
ing EndMT in the HG-cultured HGECs.

ELK1 is related to SETD8

To clarify the internal mechanism by which ELK1 regu-
lates bachl expression and EndMT in HGECs, we used
bioinformatics to predict the proteins associated with
ELK1. There are various kinds of proteins directly or
indirectly associated with ELK1, including SETD8 (Addi-
tional file 5: Fig. S4a). The enrichment analysis of GO
pathways showed the three main parts, which are shown
in Additional file 5: Fig. S4b. The terms included histone
methyltransferase activity. Our previous research cor-
roborated that SETD8 suppression aggravates vascu-
lar endothelial injury under hyperglycaemia [29-31]. In
addition, SETD8 mediates the occurrence of EMT. More-
over, the Co-IP results (Fig. 4a) verified the cooperation
between ELK1 and SETDS8 in the HGECs. The direct
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interaction between ELK1 and SETD8 was confirmed
by a GST pulldown assay (Fig. 4b). Immunofluorescence
analysis confirmed that SETD8 and ELK1 were colocal-
ized in GECs (Fig. 4c), and high glucose clearly medi-
ated ELK1 nuclear translocation (Fig. 4c). Furthermore,
our data revealed that hyperglycaemia inhibited SETD8
(Fig. 4d, e) levels in HGECs. Consistently, H4K20mel, a
downstream target of SETDS8, was also inhibited under
hyperglycaemic conditions (Fig. 4d). This trend of SETD8
was also confirmed in the rats with DN and patients
(Additional file 5: Fig. S4c—f).

Suppression of SETD8 regulated hyperglycaemia-induced
EndMT by enhancing bach1 expression in HGECs

To confirm the effect of SETDS8 on bach1 expression and
EndMT in high glucose-cultured HGECs, we used both
loss of function and gain of function experiments. The
overexpression of SETD8 was determined by western
blotting (Fig. 5a) and qPCR (Fig. 5b). The data demon-
strated that SETD8 overexpression reversed hyperglycae-
mia-induced bachl expression (Fig. 5a, c). Additionally,
SETD8 overexpression neutralized the reduction in
CD31 (Fig. 5a, g) and the increase in Snail, vimentin and
a-SMA (Fig. 5a, d—f) expression in HGECs in a high-glu-
cose environment.

Moreover, the efficacy of sh-SETD8 was verified
(Additional file 6: Fig. S5a, b). The effect of sh-SETD8
on bachl expression and EndMT was similar to that of
high glucose treatment (Additional file 6: Fig. S5a, c-g).
To determine whether the effect of sh-SETD8 was due to
increased expression of bachl, we silenced bachl based
on the inhibition of SETDS8. The results indicated that
bachl silencing neutralized SETD8 silencing-induced
EndMT in HGECs (Fig. 5h—n). All of these data revealed
that SETD8 suppression enhanced bachl expression
in hyperglycaemic HGECs and is thus involved in the
EndMT of DN.

The transcriptional activity of bach1 is jointly regulated

by ELK1 and SETD8 in HGECs

Next, to determine whether ELK1 and SETDS8 target
bachl, we determined the genome-wide distribution of
ELK1 and H4K20mel in HGECs through ChIP analysis.
The results showed that both ELK1 and H4K20mel tar-
geted the promoter of bachl (Fig. 6a). The putative bind-
ing site of ELK1 is presented in Fig. 6b, c. Additionally,

(See figure on next page.)

Fig. 5 Suppression of SETD8 regulated hyperglycaemia-induced EndMT by enhancing bach1 expression in HGECs. a Western blot results of genes
in different cell groups. b-g mMRNA expression of genes in different cell groups (n=>5/group). h Western blot results of genes in different cell groups.
i—n mMRNA expression of genes in different cell groups (n=5/group, data are presented as the mean = standard deviation, *p <0.05, **p <0.01,

**¥p <0.001, ****p <0.0001, statistical analysis was carried out by one-way ANOVA)
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Fig. 6d shows that overexpression of ELK1 enhanced
bachl promoter activity, which could be reversed by
deletion of the binding site. In the present study, re-ChIP
was adopted to clarify whether the chromatin interac-
tion between SETD8 and ELK1 was located at the same
promoter region of bachl (Fig. 6e). Moreover, we found
increased occupation of ELK1 on the bachl promoter
region when SETD8 was silenced (Fig. 6f). In addition,
SETD8R?*G (one SETD8 mutant) had no influence on
bachl transcription (Fig. 6g—i). These data indicated
that ELK1 cooperated with SETD8 to affect the activ-
ity of the bachl promoter region in the high glucose-
treated HGECs. Moreover, SETD8-related H4K20mel
is essential for modulating bachl expression in HGECs.
Furthermore, overexpression of ELK1 decreased SETD8
expression (Fig. 6j—1). Consistently, sh-SETD8 augmented
ELK1 expression in HGECs (Fig. 6m—o). Hence, these
data indicated that ELK1 inhibits SETD8 in HGECs and
vice versa.

Overexpression of SETD8 ameliorated the pathological
process in rats with DN

To verify the protective effect of SETD8 overexpres-
sion in vivo, we used AVV-SETDS8 in the experiments.
The efficiency of AVV-SETD8 was tested by fluores-
cence microscopy, western blotting and qPCR (Addi-
tional file 7: Fig. S6a; Fig. 7a, b, i). Our data indicated
that SETDS8 overexpression decreased hyperglycaemia-
induced ELK1 and bachl expression, as well as EndMT
in the kidneys (Fig. 7a, c—k; Additional file 7: Fig. S6b—e),
and improved renal dysfunction in rats (Additional file 8:
Fig. S7a—f). In conclusion, our study showed that SETDS8
not only directly regulates the transcription of Snail but
also associates with ELK1 to regulate bachl expression,
thus mediating EndMT in glomerular endothelial cells of
patients and rats with DN (Fig. 8).

Discussion

The novel findings of this research demonstrated that
hyperglycaemia, by augmenting bachl expression, par-
ticipated in EndMT of glomerular endothelial cells.
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Moreover, SETDS8 interacted with bachl to regulate
the transcriptional activity of Snail, which regulated the
occurrence of EndMT. In addition, a high glucose envi-
ronment enhanced ELK1 levels and restrained SETD8
expression. Meanwhile, SETD8 cooperated with ELK1
and occupied the bachl promoter region at the same site,
thereby regulating the transcription of bachl, thus medi-
ating EndMT in hyperglycaemia-cultured HGECs.

EMT is a sophisticated cell phenotype reprogramming
process that participates in organ injury [36]. Previous
reports demonstrated that EMT plays a vital role in renal
interstitial myofibroblasts, thus underpinning the pro-
gression of renal fibrosis [37]. Moreover, studies have
found that EndMT is involved in the progression of DN
[11, 12]. Similarly, our representative images of HE and
Masson staining exhibited collagen deposition and fibro-
sis. Moreover, IHC staining illustrated that CD31 expres-
sion was suppressed, while Snail, vimentin and a-SMA
levels were increased in the glomerular endothelial cells
of DN. These data were in agreement with EndMT in
kidney-aggravated DN [13]. Importantly, among these
genes, Snail is the key regulator of EndMT in endothe-
lial cells [38]. To determine whether EndMT in DN was
due to a high glucose environment, we employed high
glucose-cultured HGECs. The changes in the levels of
Snail, CD31, vimentin and a-SMA confirmed that hyper-
glycaemia induced EndMT, and the result coincided with
our previous study [39]. In addition, bachl was verified
to participate in EMT in cancer cells [19]. It was deduced
that EMT and EndMT share cooperative modulators
[16]. We next investigated whether bachl was involved
in regulating EndMT in hyperglycaemic HGECs. Bachl
levels were confirmed to be higher in DN. High glucose
treatment increased bachl expression and EndMT in
HGECs, while inhibition of bachl expression reversed
these trends. ChIP assays suggested that bachl can accu-
mulate in the Snail promoter region. These data showed
that upregulated bachl expression is required for high
glucose-mediated EndMT by regulating Snail in HGECs.
Our previous studies indicated that SETD8 participates
in hyperglycaemia-mediated increases in endothelial

(See figure on next page.)

Fig. 6 The transcriptional activity of bach1 is jointly regulated by ELK1 and SETD8 in HGECs. a ELK1 and H4K20me1 accumulated at the bach1
promoter region. b Schematic diagram of the bach1 promoter region containing an E-box and the conserved ELK1 binding site. ¢, d Bach1
promoter activity was determined by luciferase reporter assays after treatment. e ELK1 and SETDS, as well as K4K20me1, were located on the
same promoter region of bach1 in HGECs. f The binding of ELK1 to the promoter region of bach1 was regulated by SETD8 in HGECs. g Western
blot results of genes in different cell groups. h, i MRNA expression of genes in different cell groups (n=5/group). j Western blot results of genes in
different cell groups. k, | mRNA expression of genes in different cell groups (n =5/group). m Western blot results of genes in different cell groups.
n, o MRNA expression of genes in different cell groups (n=5/group, data are presented as the mean = standard deviation, *p <0.05, **p <0.01,
**¥p <0.001, ****p <0.0001, statistical analysis was carried out by one-way ANOVA)
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adhesion molecule expression [40], proinflammatory
enzymes, proinflammatory cytokine production [29],
and antioxidant imbalance [30], thus mediating vascu-
lar endothelial injury [29-31, 40]. In this study, our data
indicated that SETD8 could regulate the expression of
Snail. Co-IP indicated that SETDS interacted with bachl
in HGECs. The ChIP assay confirmed that not only bach1
but also SETD8 occupied the Snail promoter. This find-
ing indicated that SETD8 cooperated with bachl to regu-
late Snail expression, thus participating in EndMT in DN.

ELK1 was reported to modulate cell proliferation,
apoptosis, differentiation, and tumorigenesis [20-23, 25].
In addition, ELK1 mediates oxidized low-density lipo-
protein-induced endothelial cell apoptosis [24]. Moreo-
ver, upregulated ELK1 expression has been confirmed to
mediate cell death [20, 41]. Furthermore, ELK1 is acti-
vated by hypoxia in vascular endothelial cells [21, 42] and
is involved in transforming growth factor-beta-induced
EndMT [26, 27]. In this study, we found that high glu-
cose augmented ELK1 expression in HGECs. Then,
we investigated whether ELK1 regulated EndMT via
modulation of bachl in HGECs. We demonstrated that
si-ELK1 reversed the upregulation of bachl expression
and EndMT under hyperglycaemic conditions. Moreo-
ver, overexpression of ELK1 aggravated bach1 levels and
EndMT, which was neutralized by si-bachl. All these
results indicated that ELK1 orchestrated EndMT in HG-
cultured HGECs by augmenting bach1 expression.

To date, few reports have described the regulation of
EndMT by SETD8. Indeed, it was reported that SETD8
participates in EMT by modulating TWIST [43] and
cooperating with zinc finger E-box-binding homeobox 1
[32]. As a specific form of EMT, EndMT and EMT may
possess shared modulators [16]. The present study con-
firmed that SETDS8 overexpression neutralized high
glucose-mediated upregulation of bachl expression and
EndMT in HGECs. Moreover, sh-SETD8 upregulated
bachl expression and mediated EndMT in HGECs:,
resulting in the same effect as high glucose treatment.
Furthermore, si-bachl neutralized sh-SETD8-mediated
EndMT. Downstream of SETDS8, H4K20mel accumu-
lates at the bachl promoter region. All these findings
indicated that high glucose-induced downregulation of
SETD8 expression caused EndMT in HGECs by upregu-
lating bach1 expression.
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Previous reports have shown that epigenetic modifica-
tions can modulate the transcriptional activity of ELK1
[44, 45]. In this study, ELK1 was found to associate with
SETDS, which is the sole nucleosome-specific methyl-
transferase. The results of the luciferase assay illustrated
that upregulated ELK1 expression augmented bachl pro-
moter activity. Moreover, our data showed that SETD8
and ELK1 were located at the same promoter region of
bachl by the re-ChIP assay. Moreover, the occupancy of
ELK1 on the bachl promoter region was augmented in
cells in which SETDS8 was silenced. These data indicated
that the transcriptional activity of ELK1 in DN was mod-
ulated by SETD8. Furthermore, SETD8 overexpression
inhibited HG-induced bachl expression, and the SETD8
mutant did not function. Our results indicated that
SETD8-modulated H4K20mel participates in the modu-
lation of bachl levels.

To further confirm the crucial and protective role
of SETD8 in DN, we performed SETD8 overexpres-
sion experiments in vivo. Our data illustrated that the
increase in ELK1 and bachl expression and EndMT, as
well as the decline in renal function, were reversed by
SETDS8 overexpression in in vivo experiments. Thus, the
SETD8/ELK1/bachl axis may be a potential therapeutic
target for blocking the occurrence and development of
EndMT in DN.

There are some limitations in our study. First, HGECs
were employed in our experiment; our results need to
be verified in other basic endothelial cells. Second, how
SETDS and bachl regulate Snail in high glucose-treated
HGECs should be further investigated. Third, safe and
effective SETD8 agonists that can be used in humans
need to be further explored.

Conclusion

In summary, our data indicated that during the develop-
ment of DN, the expression of SETD8 was reduced, while
the levels of ELK1 and bachl were upregulated, thereby
inducing EndMT in DN. Our data indicated that upregu-
lation of bachl expression played a key role in high glu-
cose-induced EndMT in HGECs. Furthermore, SETD8
not only regulated the transcription of Snail directly but
also cooperated with ELK1 to modulate bachl expres-
sion, thus inducing hyperglycaemia-induced EndMT in
DN.

(See figure on next page.)

Fig. 7 Overexpression of SETD8 ameliorated the pathological process in rats with DN. a Western blot results of genes in different rat groups.

b-h mRNA expression of genes in different rat groups. (n =5/group). i-k Immunostaining of different genes in the kidneys of rats with the
corresponding treatments. Hyperglycaemia-induced upregulation of ELKT and bach1 can be reversed by AVV-SETD8 overexpression (n=10/
group). (Data are presented as the mean = standard deviation, *p <0.05, **p <0.01, ***p <0.001, ***p < 0.0001, statistical analysis was carried out by

one-way ANOVA))
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Fig. 8 Schematic representation of the working model. SETD8 cooperates with ELK1 to regulate bach1 transcription, thus participating in the
progression of DN. In addition, SETD8 interacts with bach1 to modulate Snail transcription, thus inducing EndMT in DN
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Additional file 1: Table S1. Primers used for the real-time RT-PCR analysis.

Additional file 2: Figure S1. Development of EndMT and increased
expression of bach1 in DN. a Representative images of HE staining of DN

rats and the control group (n=10/group, scale bar: 20 um). b Representa-
tive images of Masson'’s trichrome staining of DN rats and the control
group (n=10/group, scale bar: 20 um). c-g The IHC results of different
genes in renal biopsy specimen of DN rats and the control group (n= 10/
group, scale bar: 20 um).

Additional file 3: Figure S2. Bach1 is required for EndMT in HGECs under
hyperglycaemic conditions. a Western blot results of genes in different rat
groups. b—f mRNA expression of genes in different rat groups (n=5/group).
g The result of Co-IP verified the connection between bach1 and SETD8. h
Western blot results of genes in different cell groups. i-m mRNA expression
of genes in different cell groups (n=>5/group). n SETD8 gathered at the
Snail promoter region. o SETD8 and bach located at the same promoter
region of Snail in HGECs. (Data are presented as the means + standard
deviation, *p<0.05, *p <0.01, **p < 0.001, ****p <0.0001, statistical analysis
was carried out by a oneway ANOVA test).
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Additional file 4: Figure S3. ELK1 participated in EndMT by augmenting
bach1 expression in high glucose-cultured HGECs. a Immunostaining of
ELK1 in the DN patients and the control group (n=10/group, scale bar:

50 um). b Western blot result of ELK1 in different rat groups. ¢ mRNA expres-
sion of ELK1 in different rat groups (n = 5/group). d Immunostaining of

ELKT in the DN rats and the control group (n=10/group, scale bar: 20 um).
(Data are presented as the means =+ standard deviation, *p <0.05, **p < 0.01,
¥ <0.001, ***p < 0.0001, statistical analysis was carried out by a oneway
ANOVA test).

Additional file 5: Figure S4. ELK1 is related to SETD8. a ELK1 indirectly
interacted with SETD8 (https://inbio-discover.intomics.com/map.html#
search). b The enriched gene ontology (GO) terms (p < 0.05). The vertical axis
in the graph represents the number of significant proteins. The horizon-

tal axes represent the enriched GO terms. (BP: biological processes; MF:
molecular functions; CC: cellular components). ¢ Immunostaining of SETD8
in the DN patients and the control group (n = 10/group, scale bar: 50 pm).
d Western blot result of SETD8 in different rat groups. @ mRNA expression
of STED8 in different rat groups (n =5/group). f Immunostaining of SETD8
in the DN rats and the control group (n = 10/group, scale bar: 20 pm). (Data
are presented as the means = standard deviation, *p <0.05, **p <0.01,
***p<0.001, ****p <0.0001, statistical analysis was carried out by a oneway
ANOVA test).

Additional file 6: Figure S5. Suppression of SETD8 regulated hyper-
glycaemia-induced EndMT by enhancing bach1 expression in HGECs. a
Western blot results of genes in different cell groups. b—g mRNA expression
of genes in different cell groups. (n=>5/group, data are presented as the
means =+ standard deviation, *p <0.05, **p < 0.01, **p <0.001, ****p <0.0001,
statistical analysis was carried out by a oneway ANOVA test).

Additional file 7: Figure S6. Overexpression of SETD8 ameliorated the
pathological process in rats with DN. a Overexpression of AVV-con, AVV-
SETDS in rat kidney were confirmed by immunofluorescence assay. b-e
Immunostaining of different genes in kidney of rats with corresponding
treatments (n = 10/group, data are presented as the means =+ standard
deviation,*p <0.05, **p < 0.01, **p < 0.001, ****p < 0.0001, statistical analy-
sis was carried out by a one-way ANOVA test).

Additional file 8: Figure S7. Renal dysfunction in DN rats was improved
by SETD8 overexpression. a Weight of rats in different groups. b Kidney
weight of rats in different groups. ¢ Fasting blood sugar (FBS) of rats

in different groups. d Urine microprotein (UMP) of rats in different
groups. e Creatinine (CREA) of rats in different groups. f Urine creatinine
(UREA) of rats in different groups. (n = 10/group, data are presented

as the means = standard deviation, *p <0.05, **p <0.01, ***p < 0.001,
***%p <0.0001, statistical analysis was carried out by a one-way ANOVA
test).

Acknowledgements
Not applicable.

Authors’ contributions

Conceived/designed work (MZ, ZM). Acquired/analysed/interpreted data (MZ,
XL). Drafted manuscript (MZ, XL). Provided essential research tools/samples
(XL). Reviewed manuscript (XL, LL, WH, FW, TH, ZM, MZ). All authors read and
approved the final manuscript.

Funding

This work was supported by the National Science Foundation of China (No.
81871590) and the Novel Coronavirus Emergency Key Public Welfare Project of
Huzhou City (2020GZT02).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Page 17 of 18

Declarations

Ethics approval and consent to participate

This experiment was approved by the Ethics Committee of Huzhou Central
Hospital (licence number: 20191209-01) and followed the Declaration of Hel-
sinki. All the participants signed informed consent forms. Under the provisions
of the Guide for the Care and Use of Laboratory Animals of Fudan University
Shanghai Cancer Center and the Guide for the Care and Use of Laboratory
Animals published by the US NIH (2011), male SD rats weighing 300-400 g
were employed.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Department of Anesthesiology, Fudan University Shanghai Cancer Center;
Department of Oncology, Shanghai Medical College, Fudan University,
Shanghai 200032, China. >Department of Anaesthesiology, Huzhou Hospital
Affiliated to Zhejiang University, Affiliated Central Hospital of HuZhou
University, Huzhou 313000, Zhejiang, China. 3Departmem of Anesthesiology,
Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200080, People’s Republic of China.

Received: 17 December 2021 Accepted: 16 March 2022
Published online: 29 March 2022

References

1. Packham DK, Alves TP, Dwyer JP, Atkins R, Zeeuw D, Cooper M, et al. Relative
incidence of ESRD versus cardiovascular mortality in proteinuric type 2
diabetes and nephropathy: results from the DIAMETRIC (Diabetes Mellitus
Treatment for Renal Insufficiency Consortium) database. Am J Kidney Dis.
2012;59(1):75-83.

2. Tomino Y, Gohda T.The prevalence and management of diabetic nephropa-
thy in Asia. Kidney Dis. 2015;1(1):52-60.

3. Bellia G, Zaninotto M, Cosma C, Agnello L, Bivona G, Marinova M, et al. Clini-
cal usefulness of glycated albumin in the diagnosis of diabetes: results from
an Italian study. Clin Biochem. 2018;54:68-72.

4. GiglioRV, Lo Sasso B, Agnello L, Bivona G, Maniscalco R, Ligi D, et al. Recent
updates and advances in the use of glycated albumin for the diagnosis and
monitoring of diabetes and renal, cerebro- and cardio-metabolic diseases. J
Clin Med. 2020,9(11):3634.

5. Agnello L, Lo Sasso B, Scazzone C, Giglio RV, Gambino CM, Bivona G, et al.
Preliminary reference intervals of glycated albumin in healthy Caucasian
pregnant women. Clin Chim Acta. 2021;519:227-30.

6. Bellia C, Cosma C, Lo Sasso B, Bivona G, Agnello L, Zaninotto M, Ciaccio M.
Glycated albumin as a glycaemic marker in patients with advanced chronic
kidney disease and anaemia: a preliminary report. Scand J Clin Lab Invest.
2019;79(5):293-7.

7. BoerIH, Rue TC, Hall YN, Heagerty PJ, Weiss NS, Himmelfarb J. Temporal
trends in the prevalence of diabetic kidney disease in the United States.
JAMA. 2011;305(24):2532-9.

8. NgKP Jain P, Gill PS, Heer G, Townend JN, Freemantle N, et al. Results and
lessons from the spironolactone to prevent cardiovascular events in early
stage chronic kidney disease (STOP-CKD) randomized controlled trial. BMJ
Open. 2016,6(2): e010519.

9. Alves PT, Lewis J. Racial differences in chronic kidney disease (CKD) and
end-stage renal disease (ESRD) in the United States: a social and economic
dilemma. Clin Nephrol. 2010;74(Suppl. 1):572-7.

10. Xue R, Gui D, Zheng L, Zhai R, Wang F, Wang N. Mechanistic insight and
management of diabetic nephropathy: recent progress and future perspec-
tive. J Diabetes Res. 2017,2017:1839809.

11. LiJ,Qu X, Yao J, Caruana G, Ricardo SD, Yamamoto Y, et al. Blockade of
endothelialmesenchymal transition by a Smad3 inhibitor delays the early


https://inbio-discover.intomics.com/map.html#search
https://inbio-discover.intomics.com/map.html#search

Li et al. Journal of Translational Medicine

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

(2022) 20:147

development of streptozotocin-induced diabetic nephropathy. Diabetes.
2010;,59(10):2612-24.

Kanasaki K, Shi S, Kanasaki M, He J, Nagai T, Nakamura Y, et al. Linagliptin-
mediated DPP-4 inhibition ameliorates kidney fibrosis in streptozotocin-
induced diabetic mice by inhibiting endothelial-to-mesenchymal transition
in a therapeutic regimen. Diabetes. 2014;63(6):2120-31.

Peng H, LiY, Wang C, Zhang J, Chen Y, Chen W, et al. ROCK1 induces
endothelial-to-mesenchymal transition in glomeruli to aggravate albuminu-
ria in diabetic nephropathy. Sci Rep. 2016;6:20304.

Liang X, Duan N,Wang Y, Shu S, Xiang X, Guo T, et al. Advanced oxidation
protein products induce endothelial-to-mesenchymal transition in human
renal glomerular endothelial cells through induction of endoplasmic reticu-
lum stress. J Diabetes Complicat. 2016;30(4):573-9.

Song S, Zhang R, Cao W, Fang G, Yu Y, Wan Y, et al. Foxm1 is a critical driver
of TGF-beta-induced EndMT in endothelial cells through Smad2/3 and
binds to the Snail promoter. J Cell Physiol. 2019;234(6):9052-64.

. Saito A. EMT and EndMT: regulated in similar ways? J Biochem.

2013;153(6):493-5.

. Frey RS, Ushio-Fukai M, Malik AB. NADPH oxidase-dependent signaling

in endothelial cells: role in physiology and pathophysiology. Antioxid
Redox Signal. 2009;11(4):791-810.

. Wang X, Liu J, Jiang L, Wei X, Niu C, Wang R, et al. Bach1 induces

endothelial cell apoptosis and cell-cycle arrest through ROS genera-
tion. Oxid Med Cell Longev. 2016,2016:6234043.

. Han W, Zhang Y, Niu C, Guo J, Li J, Wei X, et al. BTB and CNC homol-

ogy 1 (Bach1) promotes human ovarian cancer cell metastasis by
HMGA2-mediated epithelial-mesenchymal transition. Cancer Lett.
2019;445:45-56.

Olianas MC, Dedoni S, Onali P. The GABAB positive allosteric modula-
tors CGP7930 and GS39783 stimulate ERK1/2 signalling in cells lacking
functional GABAB receptors. Eur J Pharmacol. 2017;794:135-46.
Mizushima T, Tirador KA, Miyamoto H. Androgen receptor activation:

a prospective therapeutic target for bladder cancer? Expert Opin Ther
Targets. 2017;21(3):249-57.

Henson E, Chen Y, Gibson S. EGFR family members'regulation of
autophagy is at a crossroads of cell survival and death in cancer. Cancers.
2017,9:27.

Xu P, Lin W, Liu F, Tartakoff A, Tao T, et al. Competitive regulation of IPO4
transcription by ELK1 and GABP. Gene. 2017;613:30-8.

Qin B, ShuY, Xiao L, LuT, Lin 'Y, Yang H, et al. MicroRNA-150 targets ELK1
and modulates the apoptosis induced by ox-LDL in endothelial cells. Mol
Cell Biochem. 2017;429(1-2):45-58.

Zhao J, Ou B, Han D, Wang P, Zong Y, Zhu C, et al. Tumor-derived CXCL5
promotes human colorectal cancer metastasis through activation of the
ERK/EIk-1/Snail and AKT/GSK3beta/beta-catenin pathways. Mol Cancer.
2017;16(1):70.

Akatsu Y, Takahashi N, Yoshimatsu Y, Kimuro S, Muramatsu T, Katsura

A, et al. Fibroblast growth factor signals regulate transforming growth
factor-beta-induced endothelial-to-myofibroblast transition of tumor
endothelial cells via Elk1. Mol Oncol. 2019;13(8):1706-24.

Suzuki HI, Katsura A, Mihira H, Horie M, Saito A, Miyazono K, et al. Regula-
tion of TGF-beta-mediated endothelial-mesenchymal transition by
microRNA-27. J Biochem. 2017;161(5):417-20.

Beck DB, Oda H, Shen SS, Reinberg D. PR-Set7 and H4K20me1: at the
crossroads of genome integrity, cell cycle, chromosome condensation,
and transcription. Genes Dev. 2012,26(4):325-37.

Qi J,Wu Q, Cheng Q, Chen X, Zhu M, Miao C. High glucose induces
endothelial COX2 and iNOS expression via inhibition of monomethyl-
transferase SETD8 expression. J Diabetes Res. 2020;2020:2308520.

Chen X, Qi J,Wu Q, Jiang H, Wang J, Chen W, et al. High glucose inhibits
vascular endothelial Keap1/Nrf2/ARE signal pathway via downregulation
of monomethyltransferase SET8 expression. Acta Biochim Biophys Sin.
2020;52(5):506-16.

Wang J, Shen X, Liu J, Chen W, Wu F, Wu W, et al. High glucose mediates
NLRP3 inflammasome activation via upregulation of ELF3 expression. Cell
Death Dis. 2020;11(5):383.

Hou L, Li Q YuY, Li M, Zhang D. SET8 induces epithelial-mesenchymal
transition and enhances prostate cancer cell metastasis by cooperating
with ZEB1. Mol Med Rep. 2016;13(2):1681-8.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 18 of 18

Dusabimana T, Kim SR, Park EJ, Je J, Jeong K, Yun SP, et al. P2Y2R
contributes to the development of diabetic nephropathy by inhibiting
autophagy response. Mol Metab. 2020;42: 101089.

Zhang F, Wang K, Zhang S, Li J, Fan R, Chen X, et al. Accelerated FASTK
mRNA degradation induced by oxidative stress is responsible for the
destroyed myocardial mitochondrial gene expression and respiratory
function in alcoholic cardiomyopathy. Redox Biol. 2021;38: 101778.
Wang P, Luo ML, Song E, Zhou Z, Ma T, Wang J, et al. Long noncoding
RNA Inc-TSI inhibits renal fibrogenesis by negatively regulating the
TGF-B/Smad3 pathway. Sci Transl Med. 2018;10(462): eaat2039.

Duan SB, Liu GL, Wang YH, Zhang JJ, et al. Epithelial-to-mesenchymal
transdifferentiation of renal tubular epithelial cell mediated by oxidative
stress and intervention effect of probucol in diabetic nephropathy rats.
Ren Fail. 2012;34(10):1244-51.

Stasi A, Intini A, Divella C, Franzin R, Montemurno E, Grandaliano G, et al.
Emerging role of lipopolysaccharide binding protein in sepsis-induced
acute kidney injury. Nephrol Dial Transplant. 2017;32(1):24-31.

SuQ, SunY,Ye Z Yang H, Li L. Oxidized low density lipoprotein induces
endothelial-to-mesenchymal transition by stabilizing Snail in human
aortic endothelial cells. Biomed Pharmacother. 2018;106:1720-6.

Yu CH, Suriguga, Gong M, Liu WJ, Cui NX, Wang Y, et al. High glucose
induced endothelial to mesenchymal transition in human umbilical vein
endothelial cell. Exp Mol Pathol. 2017;102(3):377-83.

Shen X, Chen X, Wang J, Liu J, Wang Z, Hua Q, et al. SET8 suppression
mediates high glucose-induced vascular endothelial inflammation via
the upregulation of PTEN. Exp Mol Med. 2020;52(10):1715-29.

Knoll B. Serum response factor mediated gene activity in physiological
and pathological processes of neuronal motility. Front Mol Neurosci.
2011;4:49.

Roland I, Minet E, Ernest |, Pascal T, Michel G, Remacle J, et al. Identifica-
tion of hypoxia-responsive messengers expressed in human microvas-
cular endothelial cells using differential display RT-PCR. Eur J Biochem.
2000;267(12):3567-74.

Yang F, Sun L, Li Q Han X, Lei L, Zhang H, et al. SET8 promotes epithelial-
mesenchymal transition and confers TWIST dual transcriptional activities.
EMBO J.2012;31(1):110-23.

Yildirim F, Ng CW, Kappes V, Ehrenberger T, Rigby SK, StivanelloV, et al.
Early epigenomic and transcriptional changes reveal Elk-1 transcription
factor as a therapeutic target in Huntington’s disease. Proc Natl Acad Sci
USA. 2019;116(49):24840-51.

Su X, Teng J,Jin G, Li J, Zhao Z, Cao X, et al. ELK1-induced upregulation of
long non-coding RNA MIR100HG predicts poor prognosis and promotes
the progression of osteosarcoma by epigenetically silencing LATST and
LATS2. Biomed Pharmacother. 2019;109:788-97.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	The SETD8ELK1bach1 complex regulates hyperglycaemia-mediated EndMT in diabetic nephropathy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Subjects
	Rat model of DN
	Immunohistochemistry (IHC)
	Cell culture and intervention
	Western blot
	Quantitative real-time PCR (qPCR)
	Coimmunoprecipitation (Co-IP)
	Immunofluorescence assay
	GST pulldown assay
	siRNA treatments
	Short hairpin RNA (shRNA) and mutant SETD8
	Chromatin immunoprecipitation (ChIP) assay
	Dual-luciferase assay
	Statistical analysis

	Results
	Development of EndMT and increased expression of bach1 in DN
	Bach1 is required for EndMT in HGECs under hyperglycaemic conditions
	ELK1 participated in EndMT by augmenting bach1 expression in high glucose-cultured HGECs
	ELK1 is related to SETD8
	Suppression of SETD8 regulated hyperglycaemia-induced EndMT by enhancing bach1 expression in HGECs
	The transcriptional activity of bach1 is jointly regulated by ELK1 and SETD8 in HGECs
	Overexpression of SETD8 ameliorated the pathological process in rats with DN

	Discussion
	Conclusion
	Acknowledgements
	References




