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Abstract: Diabetic nephropathy (DN) is one of the most
important microvascular complications of diabetes. The
role of epigenetic regulation in DN has attracted much
attention recently. This research was performed to explore
the role of FTO in the DN progression. The renal tissues of
DN patients were collected and the podocytes were stimu-
lated with high glucose (HG) to establish the DN model in
vitro. Western blot along with reverse transcription quan-
titative polymerase chain reaction assays was performed
to analyze the mRNA as well as protein expressions.
Immunohistochemistry and immunofluorescence were
carried out to measure the FTO and DACT1 levels. The
interaction between FTO/IGF2BP1 and DACT1 was verified
by double luciferase reports and RNA-binding protein
immunoprecipitation assays. FTO was declined, and
DACT1 was enhanced in the HG-treated podocytes as well
as renal tissues of DN patients. Overexpressed FTO
declined the mRNA levels of MCP-1, IL-6, TNF-a, and the
apoptosis rate of HG-treated podocytes. The N6-methylade-
nosine (m6A) levels, mRNA expression, and stability of FTO
were depleted after FTO overexpression. DACT1 overex-
pression reversed the function of oe-FTO in podocytes sti-
mulated with HG. Furthermore, IGF2BP1 knockdown
declined the mRNA expression as well as the stability of
FTO. In conclusion, FTO-medicated m6A modification of
DACT1 was dependent on IGF2BP1 in DN progression.

Keywords: diabetic nephropathy, FTO, DACT1, IGF2BP1

* Corresponding author: Ping Zheng, Department of Nutrition, Tianjin
Third Central Hospital, No. 83, Jintang Road, Hedong District, Tianjin,
300170, China, e-mail: drzhengping@outlook.com

Xuanwen Li: Department of Nutrition, Tianjin Beichen Traditional
Chinese Medicine Hospital, Tianjin, China

Qing Huang, Shinong Gu: College of Environment and Public Health,
Xiamen Huaxia University, Xiamen, Fujian, China

1 Introduction

Diabetic nephropathy (DN) is a leading microvascular com-
plication of diabetes mellitus, characterized by chronic
kidney disease that can progress to end-stage renal disease
(renal failure) [1]. In addition, DN causes a variety of car-
diovascular diseases, which greatly affect the survival and
prognosis of patients [2]. The primary renal manifestations
of DN include glomerular dysfunction, glomerulosclerosis,
and impaired glomerular filtration [3]. Emerging evidence
suggests that abnormalities in podocyte function and struc-
ture serve as reliable indicators of DN progression, offering
potential biomarkers for early detection and intervention
[4]. Podocytes, also known as visceral epithelial cells of the
renal capsule, are critical components of the glomerular
filtration barrier [5,6]. They play an essential role in main-
taining the integrity of this barrier and regulating glomer-
ular filtration. Damage to podocytes and mesangial cells
compromises the filtration barrier, leading to dysregulated
glomerular filtration and exacerbating the progression of
DN [7]. Clinical studies have confirmed that podocyte
injury results in persistent proteinuria and a decline in
the glomerular filtration rate in patients with DN [8]. Con-
sequently, targeting podocyte injury represents a pro-
mising therapeutic strategy to mitigate DN progression.
The role of epigenetic regulation in DN has garnered
significant attention in recent years [9]. Epigenetic modifi-
cations, which include DNA methylation, RNA modifica-
tions, and protein modifications, operate at both the
genomic and transcriptomic levels to influence post-tran-
scriptional gene regulation [10]. Among the 160 known
RNA modifications, N6-methyladenosine (m6A) is the
most prevalent in vivo [11]. The biological effects of m6A
modification mainly involve m6A methylase, m6A
demethylase, and methylated reading protein [12]. One
key player in m6A demethylation is the fat mass and obe-
sity-associated protein (FTO), which primarily localizes to
the cell nucleus [13]. FTO has been implicated in the devel-
opment of diabetes-related diseases [14]. In patients with
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diabetes, a high-fat diet increases FTO expression, leading
to reduced m6A methylation levels. This promotes the
expression of genes involved in lipid metabolism, thereby
elevating serum glucose levels and exacerbating the patho-
logical progression of diabetes [15]. However, the potential
mechanism of FTO in DN remains unclear.

Dapper homolog 1 (DACT1), located on chromosome
14g23 1 region, is a recently identified tumor suppressor
gene that exhibits downregulation in various types of
malignant tumors [16-18]. The protein encoded by DACT1
plays a critical role in regulating cell proliferation, differ-
entiation, and apoptosis [19]. Beyond its involvement in
cancer, DACT1 has been implicated in other diseases,
including human muscle disorders [20] and type 2 diabetes
mellitus [21]. Recent studies have highlighted the impor-
tance of epigenetic modifications, particularly m6A methy-
lation, in the regulation of gene expression. Lv et al. [22]
demonstrated that FTO decreased the mRNA expression
and stability of DACT1 by regulating the m6A methylation
levels in osteosarcoma. Therefore, we speculated that FTO
may also play the same regulatory role on DACT1 in DN.
This research was carried out to analyze the specific
mechanism of FTO in DN patients and high glucose (HG)-
treated podocytes.

2 Materials and methods

2.1 Tissues collection

Renal tissues from ten DN patients were collected at
Tianjin Beichen Traditional Chinese Medicine Hospital.
Additionally, the ten renal tissue samples were obtained
from the healthy portions of nephrectomy specimens
removed during surgery for renal cell carcinoma.
Collected tissues were immediately snap-frozen in liquid
nitrogen and stored at —-80°C for subsequent experiments.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations
and institutional policies and in accordance with the tenets
of the Helsinki Declaration and has been approved by the
Ethics Committee of Tianjin Beichen Traditional Chinese
Medicine Hospital.
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2.2 Immunohistochemistry staining

Renal tissues embedded in paraffin were cut into 4-um-thick
slices and then deparaffinized and rehydrated through
graded alcohols. The slices were then washed twice in phos-
phate-buffered saline (PBS) for 10 min. After that, the slices
were treated with primary antibodies against FTO (Abcam,
Cambridge, MA, USA) and DACT1 (Abcam). After washing,
the slices were further incubated with the anti-mouse IgG
H&L (HRP) secondary antibody (Abcam) at 37°C for 30 min.
For visualization, the slices were stained with 3,3-diamino-
benzidine working solution for 3min and then counter-
stained with hematoxylin. Finally, the slices were dehydrated,
cleared, and observed under a microscope.

2.3 Cell culture and treatment

Conditionally immortalized human podocytes were kindly
provided by Professor Min Jiang of Southeast University.
The podocyte cells were maintained in RPMI 1640
(Invitrogen, CA, USA) supplemented with 10% FBS (37°C
and 5% CO,). For DN model establishment, the podocyte
cells were stimulated with 35 mmol/L HG for 12 h.

The FTO overexpression vector (oe-FTO), DACT1 overex-
pression vector (oe-DACT1), and short hairpin RNAs (sh-
IGF2BP1, IGF2BP2, IGF2BP3, YTHDF1, YTHDF2, and YTHDC1),
and negative controls (oe-NC and sh-NC) were purchased
from Genscript (Nanjing, China). Lipofectin3000 (Invitrogen)
was applied for the promotion of the transfection efficacy of
these cells.

2.4 qRT-PCR

RNAs were obtained using TRIzol (Beyotime, Shanghai,
China). Then, the reverse transcription was performed
according to the instructions of the RT Master Mix for
quantitative real-time PCR (qPCR) II (MedChemExpress,
Monmouth Junction, NJ, USA). SYBR Green qPCR Master
Mix (MedChemExpress) was utilized to measure the target
gene expressions on a CFX384 real-time polymerase chain
reaction (PCR) system (Bio-Rad, Hercules, CA, USA). GAPDH
was selected as the control, and the primer sequence is
shown as follows: METTL3, forward primer: 5-TTGTCTCCA
ACCTTCCGTAGT-3, reverse primer: 5-CCAGATCAGAGAGG
TGGTGTAG-3; WTAP, forward primer: 5-CTTCCCAAGAAG
GTTCGATTGA-3, reverse primer: 5-TCAGACTCTCTTAGGCC
AGTTAC-3; METTL14, forward primer: 5-GAACACAGAGCT
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TAAATCCCCA-3, reverse primer: 5-“TGTCAGCTAAACCTACA
TCCCTG-3; FTO, forward primer: 5-ACTTGGCTCCCTTATCT
GACC-3, reverse primer: 5-TGTGCAGTGTGAGAAAGGCTT-
3’; DACT1, forward primer: 5-TTGAACTGTTTGAGGCGAA
GAG-3, reverse primer: 5-ACTGAACACCGAGTTAGAGG
AAT-3; MCP-1, forward primer: 5-CAGCCAGATGCAATCAA
TGCC-3, reverse primer: 5“TGGAATCCTGAACCCACTTCT-3;
IL-6, forward primer: 5-AGGAAGGGCCGTCTATCAATC-3,
reverse primer: 5-CACTGTCACTTCGTGGAACTG-3; TNF-a,
forward primer: 5-CGGCTACCTAGTCTACGCC-3, reverse
primer: 5-AAGTCGCCGCCAATGTTGA-3'. The Reaction pro-
cedure was as follows: predenaturation at 95°C for 30s;
PCR was carried out at 95°C for 15s and 60°C for 30 s for
40 cycles. The 27**“T method was used to analyze the data.
Furthermore, the cells were treated with actinomycin D for
2, 4, 6, 8h. After that, the mRNA levels of DACT1 were
detected with reverse transcription quantitative poly-
merase chain reaction (RT-qPCR), respectively.

2.5 Lactate dehydrogenase (LDH) release

The LDH release from cells was quantified using the LDH
Cytotoxicity Assay Kit (Abcam, USA) according to the man-
ufacturer’s instructions. The assay measures the activity of
LDH released into the culture supernatant as an indicator
of cell membrane integrity and cytotoxicity.

2.6 Cell viability determination

To assess the viability of podocytes, a Cell Counting Kit-8 (CCK-
8) assay was employed. Podocytes were seeded in 96-well
plates at a density of 5 x 10® cells per well and allowed to
adhere overnight. Following treatment with designated com-
pounds or under experimental conditions, cells were incu-
bated with 10 uL of CCK-8 solution (Dojindo Molecular
Technologies, Japan) per 100 pL of culture medium for 2h
at 37°C in a humidified atmosphere containing 5% CO,.
Absorbance was measured at 450 nm using a microplate
reader (BioTek Instruments, USA). Untreated cells served as
controls, and each condition was tested in triplicate. Viability
was expressed as a percentage relative to control cells.

2.7 Terminal deoxynucleotide transferase-
mediated dUTP nick end labeling (TUNEL)
assay

The apoptotic condition of podocytes was detected by using a
TUNEL cell death detection kit (Roche, Basel, Switzerland). In
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brief, podocytes were fixed with paraformaldehyde, first per-
meating them with 0.1% Triton X-100 for 2min and then
adding the TUNEL reaction mixture and incubating for 1h
to stain the apoptotic cells. All nuclei were stained with DAPL
The three random fields were observed in each sample under
the microscope. Red fluorescence was observed at 620 nm
and blue fluorescence was observed at 460 nm. Apoptosis
index = number of cells stained by TUNEL/total number of
cells.

2.8 Western blot

Total protein extraction was completed with RIPA buffer
(Thermo Fisher Scientific), and the protein quantification
was carried out obeying the protocols of the BCA assay
(Pierce, USA). Equivalent samples (50 pg/well) were
detached on 10% SDS-PAGE, followed by transferring to
PVDF membranes (Millipore, USA), and blocked with 5%
skim milk. Next, the membranes were treated with pri-
mary antibodies (METTL3, 1:1,000; WTAP, 1:500;
METTL14, 1:800; FTO, 1:1,200; ALKBHS5, 1:600; DACT],
1:2,000; B-Actin, 1:4,000; Abcam, USA) on shaking table
overnight at 4°C. After washing the membranes the next
day, the membranes were incubated with the corre-
sponding secondary antibody for 1h. Finally, ECL lumines-
cent solution (Beyotime) was added for reaction for 2 min.
A Bio-Rad exposure instrument was used for chemilumi-
nescence exposure. The results were analyzed by image lab
program and fB-actin was used as control.

2.9 Cell apoptosis determination

The density of podocytes was adjusted to 2.5 x 10°/mL,
transferred into six-well plates, and cultured for 72 h. The
cells were then washed and resuspended with a binding
buffer. Next, cells were treated with 5 uL Annexin V-FITC
along with 10 pL PI in the dark for 10 min, respectively.
Finally, the apoptosis rate was analyzed by flow cytometry.

2.10 M6A methylation level determination

The m6A methylation content in the total RNA of the cells
was measured using the M6A Quantification Kit (Amy]Jet,
Wuhan, China). All operations shall be carried out in strict
accordance with the requirements of the kit.
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2.11 RNA methylation immunoprecipitation
(MeRIP) assay

The Magna-MeRIP kit (A&D Technology Co., Ltd., Beijing,
China) was used to detect the m6A methylation level of
DACT1. Briefly, the cells were treated with magnetic beads
and divided into the IgG group and the m6A group. Then,
the cells were cultured with the corresponding anti-m6A.
One hour later, the magnetic bead/antibody mixture was
treated with cell lysate for 12 h at 4°C. Fragmented RNA was
incubated with anti-m6A magnetic beads in an IP buffer at
4°C for 2h. After washing, RNA was eluted and purified,
and mRNA expression was measured using qPCR.

2.12 Luciferase reporter assay

The wild-type (WT) and mutant (MUT) sequences of DACT1
were inserted into the Pmir-GLO vector. The podocytes
were co-transfected with WT or MUT vectors and oe-FTO
or sh-IGF3BP1 using Lipofectamine 3000 for 48 h. In con-
formity with the manual of the Dual-Luciferase Reporter
Assay Kit (Promega, USA), luciferase activity was examined
after 48 h.

2.13 RNA-binding protein
immunoprecipitation (RIP) assay

The relationship between FTO/IGF2BP1 and DACT1 was
evaluated by a RIP kit (Geneseed, Guangzhou, China).
Briefly, cells were lysed using a lysis buffer with protease
inhibitor and RNase inhibitor for 10 min on ice. The super-
natant was collected by centrifuging at 14,000 x g for
10 min. The supernatant (100 uL) was used as the Input
group, and 900 uL supernatant was pre-treated with pro-
tein A + G beads at 4°C for 10 min. In addition, protein A + G
beads (200 pL) were incubated with IgG or FTO/IGF2BP1
antibodies at 4°C for 2h. The antibody-bead sample was
incubated with the supernatant at 4°C for 12h. After
washing, RNA was extracted and the expression of DACT1
was measured by qPCR.

2.14 Immunofluorescence

When the cells in each group grew to 80%, the culture
medium was discarded. Then, the cells were washed with
PBS twice and fixed with 4% paraformaldehyde for 10 min.
Next, the cells were permeated with 0.3% Triton-100 for
10 min. After blocking, the cells were incubated with

DE GRUYTER

primary antibody (DACT1) at 37°C for 1.5h. After PBS rin-
sing, the cells were added with the corresponding sec-
ondary antibody and incubated at 37°C for 45 min. The cells
were treated with DAPI and sealed with nail polish. The
cells were observed and photographed under a fluores-
cence microscope.

2.15 Statistical analysis

The GraphPad Prism 8.0 software was used for data ana-
lysis. Each experiment was conducted independently three
times. Data are shown as mean + standard deviation. The
significance was analyzed using an unpaired t-test between
two groups and a one-way analysis of variance among
multiple groups. P < 0.05 was statistical significance.

3 Results

3.1 FTO was increased in the HG-stimulated
podocytes and renal tissues

To investigate the role of m6A methylation in DN, we estab-
lished a DN model using podocytes stimulated with HG.
Our results demonstrated that the total m6A methylation
content was significantly increased in HG-treated podo-
cytes compared to control cells (Figure 1a). Next, we ana-
lyzed the expression levels of genes involved in m6A
methylation modification using RT-qPCR. We observed a
marked reduction in FTO mRNA levels in HG-stimulated
podocytes, while the expression levels of other m6A-
related genes remained unchanged (Figure 1b). Consistent
with these findings, Western blot analysis revealed a sig-
nificant decrease in FTO protein levels in HG-treated podo-
cytes (Figure 1c). To further validate these observations, we
collected renal tissues from 10 DN patients and 10 healthy
individuals whose tissues were removed during nephrectomy
for renal cell carcinoma. Compared to healthy renal tissues,
FTO expression was significantly reduced in the renal tissues
of DN patients, as determined by both Western blot (Figure
1d) and immunohistochemistry (Figure 1e).

3.2 Overexpressed FTO alleviated the injury
of HG-stimulated podocytes

Given the significant reduction in FTO expression observed
in DN, we hypothesized that enhancing FTO expression
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might alleviate the progression of DN. To test this hypoth-
esis, we overexpressed FTO in a DN cell model to analyze
its effects on cellular inflammatory responses and apop-
tosis levels. FTO was successfully overexpressed in podo-
cytes, as evidenced by a substantial increase in FTO mRNA
levels compared to control cells (Figure 2a). After HG sti-
mulation, the LDH release (Figure 2b), mRNA expressions
of MCP-1 (Figure 2c), IL-6 (Figure 2d), TNF-a (Figure 2e),
apoptosis rate (Figure 2f and g), and TUNEL-positive cells
(Figure 2h) were prominently elevated. The significant
upregulation of MCP-1, IL-6, and TNF-a in the cells meant
that HG has caused an inflammatory response in podo-
cytes, which also explained the increase in apoptosis levels
of podocytes may be caused by an inflammatory response.
However, FTO overexpression prominently depleted the
MCP-1 (Figure 2c), IL-6 (Figure 2d), TNF-a (Figure 2e) levels,
and apoptosis rate (Figure 2f and g), as well as TUNEL-
positive cells (Figure 2h). In addition, we obtained the
podocytes from the renal tissues of DN patients and over-
expressed FTO in the cells 2-fold. We found that FTO over-
expression also significantly increased the cell viability
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and decreased the MCP-1, IL-6, TNF-a levels, apoptosis
rate, and TUNEL-positive cells in the HG-treated podocytes
(Figure S1).

3.3 DACT1 was elevated in the HG-stimulated
podocytes and renal tissues

As described in the introduction, DACT1 was significantly
increased in diabetes. In the progression of osteosarcoma,
the expression of DACT1 is regulated by the FTO-mediated
m6A methylation modification. Therefore, we continued to
analyze the correlation between DACT1 expression and
FTO in DN. Compared with healthy renal tissues, DACT1
levels were markedly elevated in the renal tissues of DN
patients (Figure 3a). Importantly, a negative correlation
was observed between DACT1 and FTO expression in these
tissues (Figure 3b), suggesting an inverse regulatory rela-
tionship between the two proteins. This finding was
further supported by immunohistochemistry, which
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(n=3). (b and c) The levels of m6A-related genes were determined with RT-qPCR and Western blot (n = 3). (d) FTO was elevated in the renal tissues of
DN patients (n = 10). (e) The immunohistochemistry staining of FTO in the renal tissues of DN patients (n = 10). **P < 0.01.



6 —— Xuanwen Liet al.

DE GRUYTER

@ § 8 (b) 1507 (c) 60 W
"T, *%k
) —_ —_
53 3 2
X = > 100 s o 40
<2 = 8
. o) s}
zp* - 8
BL = 50- I 20- -
> © 2 S g
®
K
x o 0- 0-
ec, <0 NG HG NG HG NG HG NG HG
& oé‘ 0e-NC  0e-FTO 0e-NC  0e-FTO
@ 5 4 € 5 4 . M 5 5
2w 3] 2 — 34 o 7 47
[ [N} g3
< S =3
<z( E 2 i <z( :9' 2 it Z E g
= - -
o 05 O
2% 1 z -1 > 1
® ® ®
° ° °
14 0- 14 0- 14 0-
NG HG NG HG NG HG NG HG NG HG NG HG
oe-NC oe-FTO oe-NC oe-FTO oe-NC oe-FTO
(@) NG+oe-NC HG+oe-NC NG+oe-FTO HG+oe-FTO
10 10 10 104—
10 4 103— 10 o 103—
E H H E
; 1074 ; 1024 ; 1024 ; 1074
101— 101— 101— 101—
kL T T {5 i ! T 100 - T T T, 10 T T T T T T 100 T T T T T
100 101 102 103 10 10 101 10: 103 10 100 101 102 103 10 10lJ 101 10: 103 10
FL2-H:: Annexin V PE FL2-H:: Annexin V PE FL2-H:: Annexin V PE FL2-H:: Annexin V PE
(h) (i)
25 NG+oe-NC HG+oe-NC NG+oe-FTO HG+oe-FTO 25— "
*% §
® 20- o 2
2 S 8
©
i 15_ .g ##
k) 1 2
8 101 g g
& = 4
S g = w
. 2
) [~
0- [
NG HG NG HG = NG HG NG HG
oe-NC oe-FTO oe-NC oe-FTO
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demonstrated high levels of DACT1 in the renal tissues of
DN patients (Figure 3c). In the HG-stimulated podocytes,
the mRNA (Figure 3d) and protein levels (Figure 3e) of
DACT1 were prominently elevated.

3.4 Overexpressed FTO declined the m6A
methylation modification of DACT1

Given our finding that the expression of FTO and DACT1 in
DN exhibits a negative correlation, we proceeded to inves-
tigate the m6A methylation modification mechanism of
DACT1 by FTO, to clarify how FTO regulates the expression
of DACT1. The SRAMP database (http://www.cuilab.cn/
sramp) results showed that there were multiple methyla-
tion binding sites of DACT1 (Figure 4a). After FTO overex-
pression, the m6A methylation levels of DACT1 were sig-
nificantly declined (Figure 4b). The luciferase activity of
WT-DACT1 was significantly declined after FTO overex-
pression (Figure 4c). The RIP assay demonstrated that the
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FTO could bind to DACT1 mRNA (Figure 4d). The luciferase
reporter and RIP assay results indicated that the interac-
tion between FTO and DACT1 occurs at the m6A methyla-
tion modification site of DACT1. After FTO overexpression,
the mRNA expression (Figure 4e) as well as stability (Figure
4f) of DACT1 were prominently declined. The protein levels
of DACT1 were also declined after FTO overexpression
(Figure 4g), the results of immunofluorescence showed
the same results (Figure 4h).

3.5 Overexpressed DACT1 reversed the
function of FTO in the HG-treated
podocytes

Having understood the regulatory role of FTO in the m6A
methylation modification and expression of DACT1, we
subsequently carried out rescue experiments to demon-
strate whether, in the DN cell model, FTO participates in
the regulation of cellular inflammation and apoptosis by
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Figure 3: DACT1 was elevated in the HG-stimulated podocytes and renal tissues. (a) DACT1 was elevated in the renal tissues of DN patients (n = 10). (b)
DACT1 was negatively correlated with FTO (n = 10). (c) The immunohistochemistry staining of DACT1 in the renal tissues of DN patients (n = 10). (d and
e) The levels of DACT1 were determined with RT-gPCR and Western blot (n = 3). **P < 0.01.
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downregulating the expression of DACT1. The DACT1 trans-
fected podocytes showed a high mRNA expression of
DACT1 (Figure 5a). In the HG stimulated and FTO trans-
fected podocytes, after DACT1 transfection, the LDH release
(Figure 5b), mRNA expression of MCP-1 (Figure 5c), IL-6
(Figure 5d), TNF-a (Figure 5e), apoptosis rate (Figure 5f
and g), and TUNEL-positive cells (Figure 5h) were promi-
nently elevated.
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3.6 IGF2BP1 was the m6A methylation
modification recognition reader of
DACT1

The final regulation of gene expression by m6A methylation
modification depends on the reader’s recognition of m6A
methylation modification. Finally, we further explored which
reader could recognize the m6A methylation-modified reader
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Figure 4: Overexpressed FTO declined the m6A methylation and mRNA levels of DACT1. (a) The m6A methylation sites of DACT1 were predicted using
the SRAMP database. (b) After FTO overexpression, the m6A methylation levels of DACT1 were prominently declined. (c) The luciferase activity of WT-
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DE GRUYTER

-]
1

(a)

of DACT1 (folds)
T 9

N
1

Relative mRNA expression

o
|

(d)

Relative mRNA expression

(9)

NG+oe-NC

+ + +

FL1-H: 7-AAD

T T T
2
10”7 10:i
FL2-H:: Annexin V PE

*%

- - N
o 3] o
1 1 1

L]

Apoptosis rate (%)
(3, ]
1

0_

HG =
oe-NC + +
oe-FTO - -
oe-DACT1 - - -

+ + +

+ o+

+

+ 4+

FL1-H: 7-AAD

150+

(b)

100

a
o
1

Cell viability (%)

0

FTO alleviated the diabetic nephropathy progression

##
*

1

2]
o
]

(c)

D
i

LDH release (%)
)
o
1

HG

oe-NC
oe-FTO
oe-DACT1

(e)

4-

of IL-6 (folds)
Yy 9

-
1

Relative mRNA expression

HG+oe-NC

+

FL2-H: Annexin V PE

2
107 103

+

+
+ + o+

*k

+ + o+

T 0

+ HG
- oe-NC
+ oe-FTO
+ oe-DACT1

5_

(f)

of TNF-a (folds)
ye %

-
1

Relative mRNA expression

HG+oe-NC+oe-FTO

FL1-H: 7-AAD

FL1-H: 7-AAD

..+._}

-_ 9

+ + +
+ + -
- + +
- - +
*k

&&

##

+ + +
+ + -
- + +
- - +

HG+oe-FTO+oe-DACT1

T e T
5

107 103 10

FL2-H:: Annexin V PE

TUNEL positive cells(%)

N
T

N
o
1

-
[3,]
1

-
o
1

[3,]
1

o
1

T S T
° 10 10”7 103 10

FL2-H:: Annexin V PE

+ + +
+ + +

+ +

- - +

Figure 5: Overexpressed DACT1 neutralized the role of FTO in the HG-stimulated podocytes. (a) Validation of transfection efficiency of oe-DACT1. (b)
The cell viability was detected by CCK-8 assay. (c) The LDH release was assessed with a kit. (d-f) The mRNA levels of MCP-1, IL-6, and TNF-a were tested
with RT-gPCR. (g and h) Flow cytometry was performed to detect the cell apoptosis. (i) TUNEL staining was conducted to detect the cell death (n = 3).
**p < 0.01 vs 0e-NC group, *P < 0.01 vs HG + 0e-NC group, *P < 0.01 vs HG + 0e-NC + oe-FTO group.



10 —— Xuanwen Li et al.

of DCT1. After sh-RNAs’ transfection, the expressions of m6A
methylation modification readers (IGF2BP1, IGF2BP2,
IGF2BP3, YTHDF]1, YTHDF2 and YTHDC1) were prominently
declined (Figure 6a). Additionally, IGF2BP1 knockdown
decreased the DACTI1 levels (Figure 6b). Besides, sh-IGF2BP1
prominently depleted the mRNA stability of DACT1 (Figure
6c). The luciferase activity of WT-DACT1 was prominently
depleted after IGF2BP1 knockdown (Figure 6d). The RIP assay
demonstrated that the IGF2BP1 could bind to DACT1 mRNA
(Figure 6e). Furthermore, sh-FTO prominently declined the
FTO levels in the podocytes (Figure 6f). Finally, we confirmed
that IGF2BP1 knockdown reversed the effects of sh-FTO on the
expression levels of DACT1 (Figure 6g).

4 Discussion

In this study, we demonstrated that FTO epigenetically
inhibits DACT1 expression through an m6A-IGF2BP1-depen-
dent mechanism. Moreover, we confirmed that FTO
expression is significantly downregulated in podocytes sti-
mulated by HG and in the kidneys of DN patients. FTO
overexpression alleviated the injury of HG-stimulated
podocytes.

Recent studies have increasingly highlighted the cri-
tical role of m6A methylation in RNA metabolism, influen-
cing various cellular processes such as mRNA stability,
splicing, and translation [23,24]. As the first identified
m6A demethylase, FTO plays a pivotal role in removing
m6A modifications from target RNAs, thereby regulating
their expression and function [25]. FTO belongs to the
AlkB family of non-heme iron(m)-dependent and a-ketoglu-
tarate-dependent dioxygenases, which are known to mod-
ulate various biological processes, including body mass
and obesity development [26]. Previous research has
shown that inhibition of FTO can prevent obesity and
lead to growth retardation, underscoring its importance
in metabolic regulation. Moreover, emerging evidence
indicates that FTO exerts regulatory effects on mRNA
expression in diverse pathological contexts. For instance,
Niu et al. [27] demonstrated that FTO reduces the m6A
methylation levels of BNIP3, accelerating its degradation
and promoting breast cancer development. Shen et al. [28]
found that FTO suppresses hypoxia/reoxygenation-induced
apoptosis in myocardial cells by modulating the m6A
methylation of Mhrt, suggesting its potential as a thera-
peutic target for heart failure. In DN progressions, Taira
et al. [29] confirmed the dramatic relationship between
rs56094641 in FTO and susceptibility to DN patients in
Japan through genome-wide association studies. However,

DE GRUYTER

the specific mechanisms underlying FTO’s role in DN
remain largely unexplored. In this research, we found
that FTO was declined in the HG-stimulated podocytes
and renal tissues of DN patients. FOT overexpression alle-
viated the injury, including LDH and inflammatory factors
(MCP-1, IL-6, as well as TNF-a) release, induced by HG in the
podocytes. These results indicated that increasing the FTO
levels might be a promising therapeutic method for DN.
While numerous studies have demonstrated that FTO
can promote the progression of obesity [30] and diabetes
[31]. For the opposite phenomenon observed in this study,
FTO expression was reduced in DN patients. We speculate
that the downregulation of FTO observed in DN samples
relative to normal (NOR) controls may be a consequence of
chronic hyperglycemia and oxidative stress, which are
hallmark features of diabetes. These conditions can lead
to alterations in epigenetic modifiers as part of a compen-
satory response or due to impaired cellular homeostasis.
While upregulation of FTO has been reported in some con-
texts related to diabetes, such as obesity, it is not univer-
sally observed across all diabetic complications. Therefore,
the decrease in FTO expression in DN could reflect a spe-
cific aspect of this complication’s pathophysiology.
DACTY, recently identified as a tumor suppressor gene,
has been demonstrated to be regulated by FTO through the
m6A methylation modification [22]. Shi et al. [32] demon-
strated that DACT1 overexpression depressed cell metas-
tasis and accelerated cell death in cervical cancer. Similar
antitumor effects of DACT1 have been reported in other
malignancies, including breast cancer [33], lung cancer
[34], gastric cancer [35], and so on. In the context of DN,
the role of DACT1 has not been extensively studied. In our
research, we found that DACT1 was overexpressed in the
HG-stimulated podocytes and renal tissues of DN patients.
Through the Double Luciferase Report and RIP experiment,
we demonstrated the existence of interaction between FTO
and DACT1. SRAMP database confirmed that multiple m6A
methylation-modified sites existed on DACT1 mRNA. Mean-
while, we found that FTO overexpression depleted the m6A
methylation levels of DACT1 and exacerbated the degrada-
tion of DACT1. Rescue experiments further illustrated that
DACT1 overexpression reversed the role of FTO in HG-
treated podocytes. All these findings suggested that FTO
participated in the DN progression by modulating the
m6A methylation levels of DACT1. As reported by Lv
et al. [22], they also demonstrated that FTO decreased the
mRNA expression and stability of DACT1 by regulating the
m6A methylation levels in osteosarcoma. In this study, we
have demonstrated for the first time that FTO regulates
DACT1 modification in the context of DN, extending our
understanding of the FTO/DACT1 signaling axis beyond
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its previously established role in tumors. In the future, we
can continue to explore the role of this signaling axis in
other diseases, to verify the universality of the FTO/DACT1
signaling axis and provide a solid theoretical basis for the
development of clinical molecular targeted drugs.

The stability of target genes during m6A methylation
modification is critically influenced by the recognition of
m6A marks by “reader” proteins [36]. These readers play a
pivotal role in regulating the expression of target genes,
thereby participating in the progression of various dis-
eases [37]. IGF2BP1, as a new family of m6A readers, has
been confirmed to enhance the mRNA stability of target
genes [38]. As an m6A reader, IGF2BP1 acts as an oncogenic
factor in various cancer cells by stabilizing the expression
of methylated mRNAs associated with oncogenic genes
[39,40]. In addition, Huang et al. [41] demonstrated that
IGF2BP1 promotes mRNA stability in an m6A-dependent
manner, preferentially recognizing m6A methylation sites
on mRNA. This selective recognition ultimately regulates
the expression levels of related genes, underscoring the
importance of IGF2BP1 in the post-transcriptional regula-
tion of gene expression. In this study, through knockouting
the expressions of readers, we found that IGF2BP1 knock-
down declined the DACT1 expressions. The double luci-
ferase report and RIP experiment confirmed the existence
of interaction between IGF2BP1 and DACT1. Further experi-
ments indicated that IGF2BP1 knockdown decreased the
stability of DACT1 and neutralized the sh-FTO effects on
DACT1 levels. Understanding the molecular mechanisms
by which FTO regulates m6A methylation levels and inter-
acts with IGF2BP1 provides a foundation for developing
therapies that modulate these interactions rather than
directly altering FTO expression. This approach could offer
a safer alternative with reduced side effects.

However, there were still some limitations in this
study. For RNA stability determination of DACT1, using
only actinomycin D is not enough, and pulse tracking
experiments are needed to further prove this. However,
due to limited conditions, this will be the focus of our
future research. On the other hand, the concern about
the knockdown of DACT1 being potentially oncogenic is
valid. However, it is important to note that the knockdown
was performed in an in vitro model of DN, not in a cancer
setting. The implications of DACT1 knockdown in DN need
to be carefully evaluated in more specific models to ensure
safety. Furthermore, any potential therapeutic strategy
involving DACT1 would require extensive preclinical
testing to assess both efficacy and safety. Exploring small
molecules or RNA-based therapies that can selectively
interfere with the DACT1-IGF2BP1 interaction might offer
a safer alternative compared to direct knockdown.

DE GRUYTER

To sum up, our study unveiled that low levels of FTO
were a key factor for DN progression. Mechanistically, FTO
overexpression inhibited the inflammatory reaction
and cell death in the HG-stimulated podocytes by
down-regulating the DACT1 levels. FTO-medicated m6A
methylation modification of DACT1 was dependent on
IGF2BP1.
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