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Abstract

Background Podocyte injury causes proteinuria and accelerates glomerular sclerosis during diabetic kidney disease
(DKD). Disruptor of telomeric silencing 1-like (DOT1L), an evolutionarily conserved histone methyltransferase, has
been reported in preventing kidney fibrosis in chronic kidney disease models. However, whether DOT1L exerts
beneficial effects in diabetes induced podocyte injury and the underlying molecular mechanisms need further
exploration.

Methods The expression of DOT1L was confirmed by Western blotting in MPC-5 cells and cortex of kidney from db/
db mice, as well as immunofluorescence staining in human renal biopsy samples. The effect of DOT1L on podocyte
injury was obtained using MPC-5 cells and db/db mice. The potential target genes regulated by DOT1L was measured
by RNA-sequencing. Then, a series of molecular biological experiments was performed to investigate the regulation
of PLCL1T by DOTI1L in MCP-5 cells and db/db mice. Lipid accumulation was assessed by UPLC-MS/MS analysis and Oil
Red O staining.

Results DOT1L expression was significantly declined in high glucose (HG)-treated MPC-5 cells, podocyte regions
of kidney tissues from db/db mice and human renal biopsy samples. Subsequent investigations revealed that
upregulation of DOT1L ameliorated HG-induced cell apoptosis in MPC-5 cells as well as primary podocytes.
Furthermore, podocyte-specific DOT1L overexpression inhibited diabetic podocyte injury in db/db mice.
Mechanistically, we revealed that DOT1L upregulated phospholipase C-like 1 (PLCL1) expression by mediating
H3K79me?2 at its promoter and PLCL1 silencing suppressed the protective role of DOT1L on podocyte injury.
Moreover, DOTTL improved diabetes induced abnormal fatty acid metabolism in podocytes and PLCLT knockdown
reversed its protective effects.
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Conclusions Taken together, our results indicate that DOT1L protects podocyte injury via PLCL1-mediated fatty acid
metabolism and provides new insights into the therapeutic target of DKD.

Keywords DOT1L, Diabetic kidney disease, Podocyte injury, PLCL1, Fatty acid metabolism

Background

Diabetic kidney disease (DKD), the leading cause of
chronic renal disease (CKD) and end-stage renal disease
(ESRD), is among the worst microvascular complications
of diabetes [1, 2]. The prevalence of DKD has increased
considerably, which parallels the growing trend of diabe-
tes worldwide [3, 4]. It is predicted that the prevalence
of diabetes will grow to 642 million in 2040, and 30-40%
of them may finally develop DKD, imposing a huge bur-
den on morbidity, mortality, and health expenditure [5].
However, no specific approach has been established yet
for DKD treatment. Although current DKD treatment
include tightly serum glucose and lipid levels control,
renin-angiotensin system (RAS) inhibition, as well as
sodium-glucose co-transporter 2 inhibitors (SGLT2is)
and mineralocorticoid receptor antagonist (MRA) utili-
zation, the progression of DKD cannot be entirely halted
[6-9]. Thus, the specific targets and new therapies on
DKD are urgently needed.

Podocyte, a kind of highly differentiated epithelial cell
type, is an essential component of the glomerular filtra-
tion barrier [10]. Podocyte injury has been considered
as a critical event for the onset and progression of DKD
[11, 12]. Diabetic podocytes are vulnerable to stressors
that cause foot process effacement, podocyte apopto-
sis, and glomerular sclerosis. An impaired glomerular
filtration barrier attributed to podocyte injury causes
elevated albumin excretion [13]. A considerable num-
ber of patients suffering from DKD develop albuminuria
before abnormal serum kidney function indicators [14].
However, the specific and effective therapeutic options
to prevent podocyte damage are still absent [13, 15]. The
mechanisms of podocyte injury in DKD must be clarified
urgently to identify potential therapeutic targets.

Disruptor of telomeric silencing 1-like (DOTIL) is
an evolutionarily conserved histone methyltransfer-
ase specific for lysine 79 of histone H3 (H3K79) [16,
17]. DOTI1L catalyzes mono-, di- and trimethylation of
H3K79 (H3K79mel, H3K79me2, and H3K79me3) to
regulate transcription elongation, telomere silencing and
the DNA repair response [18—20]. Previous studies have
uncovered a critical role for DOT1L in driving the patho-
genesis of mixed lineage leukemia (MLL)-rearranged
leukemia by associating MLL fusion proteins [21-23].
Moreover, recent studies have demonstrated that DOT1L
is also involved in solid tumors like neuroblastoma,
colorectal cancer, breast cancer, ovarian cancer and pros-
tate cancer [24-28]. Furthermore, DOTI1L participates
in kidney organogenesis and regulates fibrotic pathways

in different renal disease models [29-32]. However, the
role of DOT1L in podocyte injury under DKD is yet to be
delineated.

In this study, we explored the pivotal role and underly-
ing mechanism of DOTIL in preventing podocyte injury
under DKD. Our results revealed decreased DOTI1L
expression in subjects and mice with DKD and podocytes
treated with HG. Furthermore, DOT1L overexpression
ameliorated podocyte injury under diabetic conditions
in vitro and in vivo. We identified phospholipase C-like
1 (PLCL1) as the downstream target, which was regu-
lated by DOT1L to alleviate podocyte lipid metabolism
and resist damage. These results indicate the pivotal role
of DOTIL in protecting podocyte function and provide
new insights for DKD treatment by targeting DOT1L.

Materials and methods

Human renal biopsy samples

Renal biopsies have been developed as a routine clinical
investigation for diagnosing various kidney diseases. The
renal biopsy samples were obtained from the Depart-
ment of Nephrology, The Second Affiliated Hospital of
Zhejiang University School of Medicine. Normal control
samples were obtained from paracarcinoma tissues of
individuals who underwent tumor nephrectomies with-
out diabetes or other kidney disease. The investigations
were performed following the principles of the Decla-
ration of Helsinki and approved by the Research Ethics
Committee of The Second Affiliated Hospital of Zhe-
jiang University School of Medicine (2023—-1098), and
informed consent was acquired from the subjects.

Cell Culture and treatments
The conditionally immortalized murine podocyte cell line
(MPC-5) was a kind gift from Prof. Chun Zhang (Depart-
ment of Nephrology, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technol-
ogy, China). MPC-5 cells were cultured in Roswell Park
Memorial Institute 1640 medium (RPMI 1640; Gibco,
Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Grand Island, NY, USA), 10
U/mL recombinant interferon-y (IFN-y; Sigma-Aldrich,
St. Louis, USA) and 1% penicillin and streptomycin
(Gibco, Grand Island, NY, USA) at 33 °C with 5% CO,
for proliferation. While reaching appropriate confluence,
MPC-5 cells were cultured at 37 °C in 5% CO, without
IEN-y for 14 days to induce differentiation.

We isolated primary podocytes from C57BL/6]
mice (GemPharmatech Company, Jiangsu, China) as
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previously described [33]. Briefly, mice were perfused
with 8x10’ Dynabeads (Thermo Fisher Scientific,
Waltham, MA, USA) diluted in 40 mL phosphate-buft-
ered saline (PBS) to harvest the glomeruli. The glomeruli
were then filtered through a 100 pm cell strainer (Sigma-
Aldrich, St. Louis, USA) and plated on type 1 collagen-
coated plates (Thermo Fisher Scientific, Waltham, MA,
USA) at 37 °C. Purity was detected by immunofluores-
cence staining of podocyte-specific markers (Nephrin
and Synaptopodin).

We exposed differentiated MPC-5 cells or primary
podocytes to high glucose (HG, 30 mmol/L, Sigma-
Aldrich, St. Louis, United States USA) for a certain time
to induce cellular injury. At the same time, the medium
contained normal glucose (NG, 5.6 mmol/L) as a con-
trol. Simultaneously, we used MPC-5 cells treated with
NG plus mannitol (MA, 24.4 mmol/L, Sigma-Aldrich, St.
Louis, United States USA) to eliminate osmotic pressure
effects.

To determine whether PPARa play a vital role in
PLCL1-mediated fatty acid metabolism, GW6471 (10
umol/L, MCE, Shanghai, China) was conducted to treat
MPC-5 cells.

Gene overexpression and RNA interference of podocyte
Lentivirus expressing DOTI1L were obtained from
Genepharma (Shanghai, China) and transfected into
MPC-5 cells and primary podocytes to overexpress
DOT1L. Short interfering RNA (siRNA) sequence target-
ing PLCL1 were obtained from Genepharma (Shanghai,
China) and delivered into MPC-5 cells by Lipofectamine
2000 (Invitrogen, Carlsbad, CA) following the manufac-
turer’s protocol.

Cell viability measurement

Approximately 1x10* MPC-5 cells were seeded into
96-well plates with 100 pL medium per well. Then,
MPC-5 cells transfected by lentivirus or delivered by
siRNA were cultivated in NG or HG medium for 48 h.
We performed a cell viability assay with the Cell Count-
ing Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) according
to the manufacturer’s protocol.

Flow cytometry

MPC-5 cells (approximately 1x10° cells/well) at 12-well
plates were transfected with corresponding lentivirus and
siRNA, then cultivated in NG or HG medium for 48 h.
Subsequently, cell apoptosis was detected by the Annexin
V-FITC/ (PI) Apoptosis Detection Kit (BD, USA) follow-
ing the manufacturer’s protocol. FITC- and PI-stained
cells were assessed using a CytoFlex flow cytometer
(Beckman Coulter, USA). The cell apoptosis data were
analyzed by Flowjo software (version 10, Tree Star, USA).
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mRNA library construction and sequencing

Total RNA was isolated and purified using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) following the manufac-
turer’s procedure. The RNA amount and purity of each
sample was quantified using NanoDrop ND-1000 (Nano-
Drop, Wilmington, DE, USA). The RNA integrity was
assessed by Bioanalyzer 2100 (Agilent, CA, USA) with
RIN number>7.0, and confirmed by electrophoresis with
denaturing agarose gel. Poly (A) RNA is purified from
1 ug total RNA using Dynabeads Oligo (dT)25-61005
(Thermo Fisher, CA, USA) using two rounds of purifica-
tion. Then the poly(A) RNA was fragmented into small
pieces using Magnesium RNA Fragmentation Module
(NEB, Cat No. 6150, USA) under 94°C 5—-7 min. Then
the cleaved RNA fragments were reverse-transcribed to
create the cDNA by SuperScript™ II Reverse Transcrip-
tase (Invitrogen, Cat No. 1896649, USA), which were
next used to synthesise U-labeled second-stranded DNAs
with E. coli DNA polymerase I (NEB, Cat No.m0209,
USA), RNase H (NEB, Cat No.m0297, USA) and dUTP
Solution (Thermo Fisher, Cat No. R0133, USA). An
A-base is then added to the blunt ends of each strand,
preparing them for ligation to the indexed adapters.
Each adapter contains a T-base overhang for ligating
the adapter to the A-tailed fragmented DNA. Single- or
dual-index adapters are ligated to the fragments, and size
selection was performed with AMPureXP beads. After
the heat-labile UDG enzyme (NEB, Cat No. m0280, USA)
treatment of the U-labeled second-stranded DNAs, the
ligated products are amplified with PCR by the follow-
ing conditions: initial denaturation at 95°C for 3 min; 8
cycles of denaturation at 98°C for 15 s, annealing at 60°C
for 15 s, and extension at 72°C for 30 s; and then final
extension at 72°C for 5 min. The average insert size for
the final cDNA library was 300+50 bp. At last, we per-
formed the 2x150 bp paired-end sequencing (PE150)
on an Illumina Novaseq™ 6000 (LC-Bio Technology CO.,
Ltd., Hangzhou, China) following the vendor’s recom-
mended protocol.

Sequence and primary analysis

Cutadapt software was used to remove the reads that
contained adaptor contamination. And after removed
the low-quality bases and undetermined bases, we used
HISAT2 software to map reads to the genome. The
mapped reads of each sample were assembled using
StringTie with default parameters. Then, all transcrip-
tomes from all samples were merged to reconstruct a
comprehensive transcriptome using gffcompare soft-
ware. After the final transcriptome was generated, String-
Tie and ballgown were used to estimate the expression
levels of all transcripts and perform expression level
for mRNAs by calculating FPKM. The differentially
expressed mRNAs were selected with fold change>2 or
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fold change<0.5 and adjusted P value<0.05, and then
analysis GO enrichment and KEGG enrichment to the
differentially expressed mRNAs.

Chromatin immunoprecipitation (ChIP)

The ChIP assay was performed as described previously
[34]. Briefly, cells were crosslinked with 1% formalde-
hyde, then quenched using 125 mM glycine, washed with
cold PBS, and collected in a tube. Samples were lysed
with 10 mM Hepes, 1.5 mM MgCl,, 10 mM KCI, and
0.4% NP-40 containing a 1x protein inhibitor cocktail.
Then, after centrifuging the samples, the supernatant was
discarded. The precipitate was resuspended with 50 mM
Tris HCI (pH 7.4), 2.5 mM EDTA, 0.2% Triton X-100, and
0.5% SDS to lyse the nucleus. The Crosslinked chroma-
tin was fragmented by ultrasound treatment. Chromatin
was immunoprecipitated with H3K79me2 antibody (Cell
Signaling Technology, Cat No. 5427 S, 1:50) or respective
IgG antibody (Abcam, Cat No. ab171870, 1:100). Next,
immunoprecipitated DNA was extracted and detected
by a quantitative PCR using the input samples as the
internal control. The primer sequences of Plcll, Dppa2
and Hecw?2 used for quantitative PCR were presented in
Supplementary Table 1. To identify the specific regions
where H3K79me2 enriched, the PlclI promoter region
(ranged from —3000 to 3000 bp) was separated into six
parts (1000 bp per part) to cover the promoter area by
one set of primers, which were presented in Supplemen-
tary Table 2.

Animal studies

All animal study protocols were approved by the Zhejiang
Chinese Medical University’s Animal Care Committee
(20211206-04). Six-week-old male db/db (C57BLKS/J-
lepr™/lepr™®) and their littermate db/m mice were bought
from GemPharmatech Company (Jiangsu, China).
Mice (3-5 per cage) were housed at 23+1 °C on a 12-h
light/12-h dark cycle with free access to food and water.
Mice were allocated using the random number method,
and investigators were blinded to allocated animals when
assessing the experimental outcomes. Animals were
acclimatized for two weeks before experimentation.

To induce DOT1L overexpression in glomeruli, AAV9-
Nphs1-DOT1L were generated by Genepharma (Shang-
hai, China). The mice were randomly divided into three
groups: (i) db/m mice+AAV9-Nphs1-NC (db/m+NC);
(ii) db/db mice+AAV9-Nphs1-NC (db/db+NC); (iii) db/
db mice+AAV9-Nphs1-DOTI1L (db/db+DOTI1L). For
knocking down PLCL1 in vivo, AAV9-Nphsl-shPLCL1
were obtained from Genepharma (Shanghai, China). To
testify whether PLCL1 was involved in DOT1L-mediated
protective effect, mice were randomly divided into four
groups: (i) db/m mice+AAV9-Nphs1-NC (db/m+NC);
(i) db/db mice+AAV9I-Nphsl-NC (db/db+NC); (iii)
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db/db mice+AAV9-Nphsl-DOTI1L (db/db+DOTI1L);
(iv) db/db mice+AAV9-Nphsl-DOT1L+AAV9-Nphsl-
shPLCL1 (db/db+DOT1L+shPLCL1). Each mouse
received AAV9-Nphs1-DOTI1L (5% 10! vector genomes)
with or without AAV9-Nphsl-shPLCL1 (5x10'! vec-
tor genomes) treatment by tail-vein injection at eight
weeks. At 12 and 16 weeks, each group of mice received
the same dose of AAV9 again. The body weight and blood
glucose were monitored every two weeks. At 20 weeks,
24-h urine samples, serum samples and kidney tissues
were harvested for further study.

Biochemical analysis of serum and urine samples

Blood urea nitrogen (BUN), serum creatinine and 24-h
urinary protein were detected using an automatic bio-
chemical analyzer (Hitachi, Tokyo, Japan).

Western blotting

We extracted total protein lysates of cultured MPC-5
cells or renal tissues using the RIPA buffer containing
protease and phosphatase inhibitors (Solarbio, Beijing,
China). Moreover, total protein concentrations were
estimated using the Enhanced BCA Protein Assay Kit
(Beyotime, Shanghai, China). Then, equal amounts of
total protein were subjected to electrophoresis and trans-
ferred onto polyvinylidene difluoride membranes (Milli-
pore, MA, USA). Membranes were blocked in 5% bovine
serum albumin (BSA) for 1 h at room temperature. Pri-
mary antibodies used as following: H3K79me1(Cell Sig-
naling Technology, Cat No. 12522 S, 1:1000), H3K79me2
(Cell Signaling Technology, Cat No. 5427T, 1:1000),
H3K79me3 (Cell Signaling Technology, Cat No. 74073 S,
1:1000), histone H3 (Cell Signaling Technology, Cat
No. 4499 S, 1:1000), DOT1L (Abcam, Cat No. ab64077,
1:2000), Nephrin (Abcam, Cat No. ab216341, 1:1000),
Caspase-3 (Cell Signaling Technology, Cat No. 9662 S,
1:1000), PLCL1 (Novus Biologicals, Cat No. NBP2-
94627, 1:500), Hecw2 (GeneTex, Cat No. GTX33989,
1:500), Dppa2 (Abcam, Cat No. ab91318, 1:1000), FASN
(Abcam, Cat No. ab128870, 1:1000), ACC1 (Abcam, Cat
No. ab45174, 1:1000), SCD1 (Cell Signaling Technol-
ogy, Cat No. 2794 S, 1:1000), CPT1a (Abcam, Cat No.
ab 128568, 1:1000), PPARa (ABclonal, Cat No. A25296,
1:1000), B-actin (Abways, Cat No. AB0035, 1:2000). The
immunoreactive bands were then detected with corre-
sponding horseradish peroxidase-conjugated second-
ary antibodies (Yeasen, Shanghai, China) and visualized
using enhanced chemiluminescent reagents (Cyanagen,
Bologna, Italy). The protein ladders purchased from Cof-
fit (Cat No. LBP6510-10) and Thermo Scientific (Cat No.
26625) were used in this study. Image acquisition was
performed using AMERSHAM ImageQuant 800. The
band densitometry was quantified using ImageJ software
(version 1.52a, NIH, USA).
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Immunofluorescence staining

Kidney-frozen Sect. (8 pm thick) or cell samples were
fixed with 4% paraformaldehyde (PFA) for 15 min and
permeabilized using 0.2% Triton X-100 for 10 min at
room temperature. After blocking with 5% donkey serum
for 30 min at 37 °C, specimens were incubated overnight
at 4 °C with primary antibodies: Desmin (Abcam, Cat
No. ab32362, 1:200), Nephrin (R&D Systems, Cat No.
AF3159, 1:00), Synaptopodin (Synaptic Systems, Cat No.
163004, 1:200). For immunofluorescent double-staining,
sections were incubated overnight at 4 °C with both Syn-
aptopodin (Synaptic Systems, Cat No. 163004, 1:200)
and Cleaved Caspase-3 (Cell Signaling Technology, Cat
No. 9664 S, 1:200) or Adipophilin (Proteintech, Cat
No0.15294-1-AP, 1:200). These slides were treated with
corresponding Alexa Fluor labeled secondary antibod-
ies (Abcam) at room temperature for 1 h after washing.
The images were captured by a fluorescence microscope
(Zeiss, Oberkochen, Germany) or confocal microscope
(Fluoview FV1000, Olympus, Japan). The fluorescence
intensity was quantified using Image]J software (version
1.52a, NIH, USA). Image Pro Plus software (version 6.0,
Bethesda, MD) was used to analyze colocalization and
quantified as the Pearson correlation coefficient.

Immunohistochemistry

Renal biopsy kidney tissues were fixed in 4% PFA,
embedded in paraffin and sectioned at 4 pm thickness.
Deparaffinized and rehydrated sections were blocked
with 5% BSA for 30 min at room temperature and incu-
bated overnight at 4 °C with the primary antibodies for
H3K79me2 (Abcam, Cat No. ab3594, 1:100). Sections
were washed with PBS to remove excessive staining
and incubated with horseradish peroxidase-conjugated
secondary antibody (Yeasen, Shanghai, China). Posi-
tive staining was visualized by a DAB developing sys-
tem (Beyotime, Shanghai, China). Finally, sections were
counterstained with hematoxylin and observed by light
microscopy (Nikon, Tokyo, Japan).

Morphological examination

Mouse kidney tissues were fixed in 4% PFA, embedded
in paraffin and cross-sectioned (4 pm) for morphological
examination. Paraffin sections were stained with peri-
odic-acid-schiff (PAS) using standard procedures. Images
were taken with a light microscope (Nikon, Tokyo,
Japan).

Mesangial area was quantified per glomerulus area
using Image] software (version 1.52a, NIH, USA) [35].
Glomerular damage index (GDI) was scored semi-quan-
titatively as previously described [36, 37]. Briefly, at least
20 glomeruli per mouse were measured and classified
from O to 4 based on the percentage of damaged glomer-
ular area occupying the respective glomerulus: 0, 0%; 1,
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<25%; 2, 25 to 50%; 3, 50 to 75%; and 4, >75%. GDI was
calculated as the following formula: (n1x0) + (n2x1) +
(n3%x2) + (n4x3) + (n5x4)/N, whereby nl to n5 repre-
sented the numbers of glomeruli with respective scores
of 0—4 and N=n1+n2+n3+n4+n5.

Quantitative real-time reverse transcription PCR (RT-qPCR)
Total RNA was isolated from MPC-5 cells by TRIzol
reagent (Invitrogen, Carlsbad, CA) and 1 pg of total RNA
was reversed transcribed into ¢cDNA using the Prime-
Script RT reagent Kit (Takara, Japan). Quantitative
real-time PCR was performed using the SYBR green fluo-
rescent dye mix (Yeasen, Shanghai, China). B-actin was
used as the normalization control. Relative mRNA levels
were calculated using the 2-22Ct method and sequences
of primers used for qPCR were listed in Supplementary
Table 3.

UPLC-MS/MS analysis

MPC-5 cell samples from different groups were collected
for lipidomic analysis. Cells pellets containing at least
1x10° cells per sample were subjected to liquid extrac-
tion. UPLC-MS/MS analysis was performed at DURN-
RAIN (Hangzhou, China).

Oil Red O staining and Nile red staining

For Oil Red O staining, frozen sections of the kidney
(8 um thick) were dried at room temperature for 10 min.
MPC-5 cells were cultured on coverslips and fixed with
4% PFA for 20 min. The frozen sections or coverslips
were washed with PBS and soaked into 60% isopropanol
thrice and then stained with 0.3% Oil Red O dye solution
(Sigma-Aldrich, St. Louis, USA) for 10 min, and excessive
staining was removed by washing with 60% isopropanol.
The frozen sections or coverslips were counterstained in
hematoxylin for 1 min. Then, washed sections or cover-
slips were photographed under a microscope (Nikon,
Tokyo, Japan).

For Nile red staining, MPC-5 cells cultured on round
coverslips were fixed with 4% PFA, rinsed with PBS and
stained with 0.05 mg/mL Nile red solution for 10 min.
Then, cell nuclei were counterstained with DAPI. Images
were acquired by a confocal microscope (Fluoview
FV1000, Olympus, Japan).

Statistical analysis

We performed 2-tailed Student’s ¢ test, 1-way ANOVA
with Dunnett’s post hoc test, and 2-way ANOVA with
Bonferroni’s post hoc test to assess statistical signifi-
cance using GraphPad Prism 7 (San Diego, CA, USA).
The results are presented as the mean+SEM. All experi-
ments were repeated at least in triplicate, and represen-
tative experiments are shown. P<0.05 was statistically
significant.
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Results

DOT1L expression was downregulated in HG-treated
podocytes, rodent diabetic kidney tissues and human

renal biopsy samples

We first examined DOT1L protein levels in HG-induced
MPC-5 cells. Western blotting analysis showed that the
protein level of DOTIL expression was significantly
downregulated after HG treatment in a time depen-
dent manner. Mannitol was added in the medium for
48 h as the osmotic pressure control for HG, which did
not affect DOT1L expression (Fig. 1A). Previous studies
reported that DOT1L was a specific methyltransferase
of H3K79 [16]; thus, we tested H3K79mel/2/3 levels in
HG-induced MPC-5 cells. As expected, H3K79me1/2/3
levels were significantly decreased in HG-treated MPC-5
cells (Fig. 1B). Additionally, DOTIL expression and
H3K79mel/2/3 levels were significantly decreased in the
renal cortex of db/db mice compared with db/m mice
(Fig. 1C and D). Of note, both in vivo and in vitro experi-
ments showed a more pronounced decrease for the
H3K79me2 compared with H3K79mel/3 (Fig. 1B and
D). Immunofluorescence co-staining revealed that the
DOTIL expressions were declined in podocyte regions
of db/db mice and renal biopsy samples obtained from
subjects with DKD (Fig. 1E-G). Moreover, H3K79me2
was decreased in glomeruli of DKD patients as evidenced
by immunohistochemical staining (Fig. S1A). These find-
ings indicate that the expression of DOTIL is decreased
greatly in podocyte under diabetic conditions.

DOT1L protected against HG-induced podocyte injury

To evaluate the role of DOTIL in the progression of
diabetes induced podocyte injury, DOT1L was over-
expressed in MPC-5 cells by lentivirus transfection and
the transfection efficiency was confirmed by Western
blotting (Fig. 2A). Meanwhile, HG treatment caused
podocyte injury indicated by the suppressed expression
of podocyte marker Nephrin, which was recovered by
DOTIL overexpression (Fig. 2B). Consistently, we also
detected the expression of Desmin, a classic podocyte
injury marker, by immunofluorescence staining. DOT1L
overexpression significantly diminished the upregulated
expression of Desmin after HG treatment (Fig. 2C).
Hyperglycemia has been reported to restrain cell viability
and induce podocyte apoptosis [38]. In our present study,
we observed that DOTI1L overexpression significantly
improved cell viability and ameliorated podocyte apopto-
sis (Fig. 2D and E).

Subsequently, in order to further examined the pro-
tective role of DOTI1L in the podocytes, we extracted
the primary podocytes from mouse glomeruli which
were confirmed by podocyte-specific markers for Neph-
rin and Synaptopodin (Fig. S2A). Consistent with the
results in MPC-5 cells, HG stimulation inhibited DOT1L
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expression in primary podocytes and DOTIL over-
expression reversed HG-induced decline of Nephrin
expression and prevented podocyte apoptosis (Fig. S2B—
F). Overall, these data suggest the protective effects of
DOTIL in preventing HG-induced podocyte injury.

Podocyte-specific DOT1L overexpression ameliorated
podocyte injury of db/db mice

Then we embarked on investigating whether increased
DOTIL expression in podocyte could attenuate dia-
betic podocyte injury in vivo. DOT1L overexpression
was induced by tail-vein injection of AAV9 expressing
DOTIL driving by Nphsl (the podocyte specific pro-
motor) monthly. Western blotting analysis showed that
DOTIL was overexpressed successfully in the renal cor-
tex of db/db mice (Fig. 3A). Furthermore, glomeruli were
isolated to assess the expression of DOTI1L (Fig. 3B).
Compared to db/db mice injected with control AAV9,
the mRNA level of DOT1L was increased significantly
in the glomeruli of DOT1L overexpressing-AAV9 trans-
fected db/db mice, as well as the expression of DOT1L
in glomeruli as evidenced by immunofluorescence stain-
ing (Fig. 3C and D). DOTIL overexpression did not
affect the blood glucose and body weight in db/db mice
(Fig. S3A and B). Of note, serum creatinine, serum BUN
and 24-h urinary protein was decreased after DOT1L
overexpression (Fig. 3E). PAS staining revealed that db/
db mice exhibited obvious glomerular hypertrophy and
mesangial expansion and scored higher glomerular dam-
age index (GDI) compared with the db/m mice, which
was reversed by DOT1L overexpression (Fig. 3F and G).
Subsequently, podocyte injury was examined. Podocyte
number reflected by WT1 immunohistochemical stain-
ing revealed that DOT1L overexpression ameliorated
podocyte loss in db/db mice (Fig. 3H). Meanwhile, the
loss of Nephrin in glomeruli of db/db mice was alleviated
by DOT1L overexpression (Fig. 3I). Correspondingly, the
protein level of Nephrin was reinstated in db/db mice
after DOT1L overexpressing-AAV9 transfection, in com-
parison to db/db mice treated with the control AAV9
(Fig. 3]). Moreover, the colocalized signal of Cleaved Cas-
pase-3 with the marker of the podocyte (Synaptopodin)
was enhanced in db/db mice, while DOT1L overexpress-
ing reversed these effects (Fig. 3K). Above data suggest
that DOLT1 protects against diabetes induced renal
function deterioration and podocyte injury in vivo.

DOT1L upregulated PLCL1 expression by mediating
H3K79me?2 at its promoter

RNA-sequencing was performed to unravel the genes
regulated by DOTIL overexpression following HG
treatment in MPC-5 cells. A total of 556 differentially
expressed genes were identified between NG+ Vec and
HG+ Vec group, and 559 differentially expressed genes
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Fig. 1 DOTI1L expression was down-regulated in HG-treated podocytes, rodent diabetic kidney tissues and human renal biopsy samples. A Represen-
tative Western blotting and quantification of DOT1L in MPC-5 cells treated with high glucose (HG, 30 mmol/L) in a time-dependent manner (n=3 per
group). B Representative Western blotting and quantification of H3K79me1/2/3 in MPC-5 cells treated with HG in a time-dependent manner (n=3 per
group). C Representative Western blotting and quantification of DOT1L in the renal cortex of db/m and db/db mice (n=6 per group). D Representative
Western blotting and quantification of H3K79me1/2/3 in the renal cortex of db/m and db/db mice (n=6 per group). E Representative immunofluores-
cence co-staining images between Synaptopodin (red) and DOTIL (green) in kidney tissues of mice (n=5 per group). Scale bar, 25 uM. F Representa-
tive immunofluorescence co-staining images between Synaptopodin (red) and DOT1L (green) in renal biopsy samples obtained from subjects with or
without DKD (n=4 per group). Scale bar, 50 pM. G The summarized colocalization coefficient for E and F. Data are presented as the mean + SEM. *P < 0.05,
**P<0.01
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Fig. 2 DOTIL overexpression ameliorated HG-induced podocyte injury in vitro.A Representative Western blotting and quantification of DOT1L in MPC-5
cells with or without DOT1L overexpression (n=3 per group). B Representative Western blotting and quantification of Nephrin in MPC-5 cells treated
with DOT1L-lentivirus and HG stimulation (n=3 per group). C Representative immunofluorescence staining of Desmin in MPC-5 cells under different
treatment approaches (n=3 per group). Scale bar, 25 um. D Cell Viability of MPC-5 cells under different treatment approaches (n=3 per group). E Level
of apoptosis of MPC-5 under different treatment approaches detected by flow cytometry (n=3 per group). F Representative Western blotting and
quantification of Cleaved Caspase-3 in MPC-5 cells under different treatment approaches (n=3 per group). Data are presented as mean + SEM. *P < 0.05,

**P<0.01. cle-Caspase-3: Cleaved Caspase-3

were identified between HG+Vec and HG+DOTIL
group (Fig. S4A and B). Previous studies have reported
that DOTIL is enriched in actively transcribing genes
and promotes target gene expression [16]. Thus, we
hypothesized that DOT1L overexpression upregulated
genes associated with defense of podocyte injury. We
focused on genes which were downregulated in HG-
treated podocytes, while upregulated after DOTI1L

overexpression, and sixteen overlapped genes were
finally filtered (Fig. S4C). As shown in Fig. 4A, Plcli,
Dppa2 and Hecw?2 were the most significant genes. Then
we confirmed by Western blotting that HG treatment
decreased PLCL1, Dppa2 and Hecw2 protein levels,
however, DOT1L overexpression only reversed PLCL1
expression (Fig. 4B and C). It has been reported that
DOTIL regulates gene expression by augmenting H3K79
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Fig. 3 DOTI1L overexpression ameliorated diabetes induced podocyte injury in db/db mice. A Representative Western blotting and quantification of
DOT1L in renal cortex of mice at 20 weeks from different groups (n=>5 per group). B Isolated glomeruli captured by microscopy. Scale bar, 50 um (left),
25 um (right). CThe relative mRNA level of Dot 1/in isolated glomeruli (n=5 per group). D Representative immunofluorescence staining images of DOT1L
(green). (n=5 per group). Scale bar, 20 um. E Serum creatinine, BUN and 24-h urinary protein of mice from different groups (n=5 per group). F Representa-
tive images of morphological changes from periodic acid-Schiff (PAS) staining (n=5 per group). Scale bar, 20 um. G Quantification of the percentage of
mesangial matrix area and glomerular damage index (GDI) (n=5 per group). H Representative photomicrographs and quantification of WT1 showed the
number of podocytes in each glomerular. (=5 per group). Scale bar, 20 um. | Representative immunofluorescence staining of Nephrin and the quan-
titative analysis in the kidney from different groups (n=5 per group). Scale bar, 20 um. J Representative Western blotting and quantification of Nephrin
in renal cortex of mice from different groups (n=5 per group). K Representative immunofluorescence co-staining (yellow) between Synaptopodin (red)
and Cle-Caspase-3 (green) and the summarized colocalization coefficient (n=5 per group). Scale bar, 20 um. Data are presented as mean + SEM. *P < 0.05,
**P<0.01. cle-Caspase-3: Cleaved Caspase-3. db/m+NC: db/m mice +AAV9-Nphs1-NC, db/db + NC: db/db mice + AAV9-Nphs1-NC, db/db + DOT1L: db/db
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Fig. 4 DOT1L upregulated PLCL1 expression by mediating H3K79me2 at its promoter. A Heatmap of 16 overlapped genes among three groups (n=3
per group). B, C Representative Western blotting and quantification of PLCL1, Hecw2 and Dppa2 in MPC-5 cells from different groups (n=3 per group). D
ChIP-gPCR analysis of H3K9me?2 levels at the promoters of Plc/T in MPC-5 cells from different groups (n=3 per group). E ChIP-gPCR analysis of H3K9me2
levels at various promoter regions of Plc/1 in MPC-5 cells from different groups (n=3 per group). Data are presented as mean +SEM. *P<0.05, **P <0.01.

ns: not significantly different

methylation at gene promoters [17]; thus, we proceeded
to investigate whether DOTI1L could directly regulate
promoter methylation levels on Plcll, Dppa2 and Hecw?2.
ChIP analysis revealed that HG treatment repressed

H3K79me2 levels in the Plcll promoter regions, which
was reversed by DOT1L overexpression (Fig. 4D). How-
ever, HG treatment with or without DOT1L overexpres-
sion did not significantly affect H3K79me2 levels in the



Hu et al. Cell Communication and Signaling (2024) 22:519

Dppa2 and Hecw2 promoter regions (Fig. S4D). Fur-
thermore, we divided the Plc/I promoter region into six
parts (1000 bp per part) and confirmed that H3K79me2
was regulated by DOT1L in the specific regions (-2000
to -1000 bp, 0-1000 bp) at the PlclI promoters (Fig. 4E).
Taken together, these data indicate that DOT1L regulates
Plcll expression through augmenting H3K79me2 at its
promoters.

DOT1L attenuated podocyte injury under diabetic
conditions in PLCL1 dependent way

Then, we testified the indispensable role of PLCL1 in
DOT1L-preserved protective effects on podocytes.
MPC-5 cells were transfected with PLCL1-siRNA
(siPLCL1) to knockdown the PLCL1 and the transfection
efficiency was validated by Western blotting (Fig. 5A).
Subsequently, we demonstrated the effects of DOT1L
overexpression combined with PLCL1 knockdown on
podocyte injury after HG treatment. In line with prior
findings, DOTIL overexpression restored Nephrin
expression, upregulated cell viability, alleviated apop-
totic rate, attenuated Cleaved Caspase-3 production in
HG-treated podocytes, however, PLCL1 knockdown
suppressed the protective role of DOT1L on podocyte
injury (Fig. 5B—E). These results above-mentioned sug-
gest that DOT1L prevents HG-induced podocytes injury
by upregulating PLCL1.

Next, we further confirmed that DOT1L ameliorated
diabetic podocyte injury by promoting PLCL1 expres-
sion in db/db mice. DOT1L overexpression and PLCL1
depletion were performed in the podocytes of db/db
mice through tail-vein injection of AAV9 conducted
with Nphsl promotor. Western blotting analysis showed
that DOT1L was overexpressed and PLCL1 was knock-
down successfully in the renal cortex of db/db mice
(Fig. 6A). Then glomeruli were isolated and RT-qPCR
was performed to further verified the transfection effi-
ciency. mRNA analysis revealed that DOT1L levels were
increased and PLCL1 levels were decreased significantly
in the glomeruli of AAV9 transfected mice (Fig. 6B). Of
note, DOTI1L overexpression combined with PLCL1
knockdown did not affect the blood glucose and body
weight in db/db mice (Fig. S5A and B). DOT1L overex-
pression significantly decreased serum creatinine, serum
BUN and 24-h urinary protein, which was reversed
after PLCL1 inhibition (Fig. 6C). Moreover, PAS stain-
ing revealed that the attenuation of glomerular mesan-
gial expansion induced by DOTI1L overexpression was
blunted after PLCL1 knockdown (Fig. 6D and E). Podo-
cyte damage revealed by Nephrin and podocyte num-
ber reflected by WT1 in db/db mice were recovered by
DOTIL overexpression, which was blunted after PLCL1
knockdown (Fig. 6F and G). Moreover, immunofluo-
rescence staining showed that DOTI1L overexpression
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diminished diabetes induced elevation of Cleaved Cas-
pase-3 expression in podocytes, which was abrogated
after silencing PLCL1 (Fig. 6H). Overall, these data sub-
stantiate the assertion that DOT1L ameliorates podocyte
injury by upregulating PLCL1 expression.

DOT1L attenuated podocytes injury under diabetic
conditions mainly through promoting PLCL1-mediated
fatty acid metabolism
Previous studies have demonstrated that abnormal lipid
accumulation is a crucial pathological process for podo-
cyte injury under diabetic conditions [39-41]. Intrigu-
ingly, PLCL1 has been found to be involved in lipid
metabolism and decrease the amount of lipid droplets
[42, 43]. To confirm whether DOTI1L regulated lipid
metabolism by upregulating PLCL1 expression, we eval-
uated the effects of DOT1L overexpression combined
with PLCL1 knockdown on podocyte lipid accumulation
under HG stimuli. As shown by Oil Red O staining and
Nile Red staining, HG treatment resulted in remarkable
lipid accumulation in MPC-5 cells. DOT1L overexpres-
sion reduced lipid droplets in HG-treated MPC-5 cells,
which was abrogated after PLCL1 silencing (Fig. 7A).
Then we performed ultra performance liquid chromatog-
raphy tandem mass spectrometry (UPLC-MS/MS)-based
lipidomic analysis, and the results demonstrated that the
main species of lipid deposition were fatty acids (FA) and
triglyceride (TG), but not phosphatidylcholines (PC) and
cholesterol esters (CE), indicating that DOT1L primarily
regulated fatty acid metabolism through PLCL1 in podo-
cytes (Fig. 7B and C, Fig. S6A and B). Fatty acid metabo-
lism homeostasis was regulated by de novo synthesis,
fatty acid uptake and oxidation processes [44]. Therefore,
we evaluated the expression of key genes involved in
these processes. Our results revealed that DOT1L over-
expression restored the upregulated mRNA levels of fatty
acid synthesis genes and the reduced fatty acid oxidation
genes induced by HG stimuli, which was obviously elimi-
nated by PLCL1 knockdown. However, DOT1L over-
expression or PLCL1 knockdown did not significantly
affect fatty acid uptake-related gene expression (Fig. 7D).
Consistent results were obtained from Western blotting
analyses (Fig. 7E). To further determine whether PPAR«
played a vital role in PLCL1-mediated fatty acid metabo-
lism, GW6471 (specific PPAR« inhibitor) was conducted
to treat MPC-5 cells. The mRNA analysis revealed that
PLCL1 knockdown decreased the mRNA level of Cptla
in MPC-5 cells treated with vehicle, while this effect
was blunted by inhibition of PPARa. Moreover, PLCL1
knockdown did not significantly affect the expression of
fatty acid uptake related genes both in vehicle groups and
GW6471 groups (Fig. S6C).

To clarify the role of DOTIL in podocyte fatty acid
metabolism in vivo, we overexpressed DOTIL and
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Fig. 5 DOT1L ameliorated the podocyte injury after HG treatment through PLCL1 in vitro.A Representative Western blotting and quantification of PLCL1
in MPC-5 cells after siPLCL1 transfection (n=3 per group). B Representative Western blotting and quantification of Nephrin in MPC-5 with DOT1L-lentivirus
and siPLCL1 transfection under HG stimulation (n=3 per group). C Level of apoptosis of MPC-5 under different treatment approaches detected by flow
cytometry (n=3 per group). D Cell Viability of MPC-5 cells under different treatment approaches (n=3 per group). E Representative Western blotting and
quantification of Cleaved Caspase-3 in MPC-5 cells under different treatment approaches (n=3 per group). Data are presented as mean + SEM.*P <0.05,

**P<0.01. cle-Caspase-3: Cleaved Caspase-3

knockdown PLCL1 simultaneously in podocyte of db/
db mice. In DOTI1L overexpression db/db mice, fewer
lipid droplets were observed in glomeruli as assessed by
Oil Red O staining, and in podocytes as assessed by co-
staining of Adipophilin, a specific lipid droplet marker,
with Synaptopodin, while PLCL1 silencing diminished

this protective role of DOT1L (Fig. 8A). Further, DOT1L
overexpression decreased the expression levels of lipo-
genic enzymes such as fatty acid synthetase (FASN),
acetyl-CoA carboxylase 1 (ACC1), and stearoyl-CoA
desaturase 1 (SCD1) in renal cortex of db/db mice; more-
over, carnitine palmitoyl transferase 1 A (CPT1la) and
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Fig. 6 DOTI1L attenuated podocyte injury under diabetic conditions in PLCL1 dependent way in db/db mice. A Representative Western blotting and
quantification of DOT1L and PLCL1 in renal cortex of mice from different groups at 20 weeks (n=5 per groups). B The relative mRNA level of Dot1/ and
Plcl1 in isolated glomeruli (n=5 per groups). C Serum creatinine, BUN and 24-h urinary protein of mice from different groups (n=5 per group). D Repre-
sentative images of morphological changes from periodic acid-Schiff (PAS) staining (n=5 per group). Scale bar, 20 um. E Quantification of the percentage
of mesangial matrix area and glomerular damage index (GDI) (n=5 per group). F Representative immunofluorescence staining of Nephrin and the quan-
titative analysis in mice from different groups (n=5 per group). Scale bar, 20 um. G Representative photomicrographs and quantification of WT1 showed
the number of podocytes in each glomerular. (=5 per group). Scale bar, 20 um. H Representative immunofluorescence co-staining (yellow) between
Synaptopodin (red) and Cle-Caspase-3 (green) and the summarized colocalization coefficient (n=5 per group). Scale bar, 20 um. Data are presented as
mean + SEM. *P<0.05, **P < 0.01. cle-Caspase-3: Cleaved Caspase-3. db/m +NC: db/m mice + AAV9-Nphs1-NC, db/db+NC: db/db mice + AAV9-Nphs1-NC,

db/db+DOT1L: db/db mice + AAV9-Nphs1-DOTIL, db/db+DOT1L+shPLCL1: db/db mice + AAV9-Nphs1-DOT 1L+ AAV9-Nphs1-shPLCL1

peroxisome proliferator-activated receptor-a (PPARa)
expression were restored by DOTIL overexpression.
However, by silencing PLCL1, these protective effects
were blunted (Fig. 8B and C). Overall, the above results
suggest that DOT1L suppresses lipogenesis and stimu-
lates fatty acid oxidation by regulating PLCL1 in diabe-
tes-induced podocytes.

Discussion

In the present study, we demonstrated DOT1L as a novel
therapeutic target in diabetes-induced podocyte injury.
First, DOT1L expression was significantly reduced in
HG-treated podocytes, renal cortex of db/db mice, and
renal biopsy samples in DKD. Next, in vitro and in vivo
studies elucidated that DOT1L overexpression prevented
podocyte injury in HG-cultured podocytes and diabetic
mice. Mechanistically, RNA-sequencing analysis revealed
that PLCL1 was the downstream target of DOTIL.
Moreover, DOT1L induced the upregulation of PLCL1
to attenuate the podocyte injury by improving fatty acid
metabolism in vitro and in vivo (Fig. 9).

DOTIL has been widely explored and regarded as a
new therapeutic target in MLL and other solid tumors
by modulating H3K79 methylation [22, 45]. Moreover,
previous studies have revealed that DOT1L also acts as
a regulator in kidney diseases [30, 32]. We found that
DOT1L was down-regulated in HG-treated MPC-5 cells.
Meanwhile, DOT1L expression was decreased in podo-
cyte regions of db/db mice and renal biopsy samples
obtained from diabetic subjects. Since podocyte injury
is a critical event during DKD, this study investigates
the role of DOTI1L in diabetes induced podocyte injury,
which remains largely unknown yet.

Zhang et al. observed that DOTI1L deficiency promotes
glomerular sclerosis and interstitial fibrosis in mice with
diabetic kidneys [30], suggesting a possible benefit of
DOTIL in DKD. To testify whether DOT1L was directly
involved in the pathogenesis of podocyte injury under
diabetic conditions, we overexpressed DOT1L in MPC-5
cells and in podocytes of db/db mice. Here, we demon-
strated that DOT1L overexpression attenuated diabe-
tes-induced podocyte injury in vivo and in vitro. Ample
evidence has indicated that diabetic deleterious stimuli
cause podocyte apoptosis. The anti-apoptotic effect of

DOTI1L has been reported in some other studies. For
instance, DOT1L-KO spermatids exhibited higher apop-
tosis rates because DOTI1L deficiency downregulated
anti-apoptotic genes, including Bcl6, Jak3 and Tsc22d3
[46, 47]. Contrarily, the opposite effect of DOT1L was
verified in other studies [48]. This discrepancy may
be attributed to the distinct mechanism of DOTI1L in
diverse disease models. Our study revealed that apop-
tosis was increased in HG-induced MPC-5 cells and
podocytes in db/db mice, whereas DOT1L overexpres-
sion reversed it. These beneficial effects of DOT1L may
be exerted through its modulation of pathways related to
apoptosis, which needs further exploration.

To identify the downstream target of DOT1L, RNA
sequencing was performed. We employed Western
blotting analysis to reveal PLCL1 as DOT1L’s lead tar-
get candidate protein. Previous studies have reported
that DOTIL is enriched in actively transcribing genes
and promotes gene expression by catalyzing H3K79
methylation of the promotor [49, 50]. By ChIP analy-
sis, we observed that DOTI1L significantly augmented
H3K79me2 levels in specific regions of the Plcll1 pro-
moter, indicating that DOTI1L directly induced Plcll
expression by epigenetic modification. Moreover,
DOTIL overexpression alleviated podocyte injury and
apoptosis under diabetic conditions, while PLCL1 deple-
tion abrogated these beneficial effects of DOT1L in vitro
and in vivo. Above all, these data suggest that PLCL1 is
an unexplored downstream target mediating the pro-
tective role of DOT1L in podocytes. However, whether
DOTIL would regulate other histone methyltransferases
responding to catalyze other residues of histones to pro-
mote Plcll transcription in podocytes is warranted to
systemically examine in further study.

Increasing data suggests that podocyte lipid metabo-
lism disorder is the main cause of proteinuric kidney
disorders, including DKD [39, 40]. DKD patients may
benefit from reducing podocyte lipid accumulation,
which restores renal function and damage. PLCL1 is a
protein homologous to the PLC family and always acts
as scaffolding protein involved in numerous pathologic
and physiologic processes [51, 52]. Intriguingly, it has
been reported that PLCL1 is closely associated with lipid
metabolism [42]. Thus, we investigated whether DOT1L
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Fig. 7 DOTIL attenuated HG-induced podocytes injury mainly through promoting PLCL1-mediated fatty acid metabolism. A Representative images of
lipid deposition detected by Oil Red O staining and Nile Red staining and quantification in MPC-5 cells from different groups (n=3 per group). Scale bar,
black: 50 pm; white: 20 um. B, C UPLC-MS/MS analysis of MPC-5 cells in different groups. lon chromatograms and quantifications of total lipid content by
analysis of AUC of FA (B), and TG (C) in MPC-5 cells (n=3 per group). D Relative mRNA levels of key lipogenic genes (Fasn, ACCT, and Scd1), essential fatty
acid uptake genes (Cd36, Fatp4 and Fabp3), and two crucial oxidation enzymes (Ppara and Cpt1a) in MPC-5 cells from different groups (n=3 per group).
E Representative Western blotting and quantification of FASN, ACC1, SCD1, CPT1a, and PPARa in MPC-5 cells from different groups (n=3 per group). Data
are presented as mean +SEM. *P < 0.05, **P <0.01. ns: not significantly different. FA: fatty acid, TG: triglyceride

could regulate podocyte lipid metabolism in PLCL1- effect, showing that PLCL1 was crucial to podocyte lipid
dependent way. In our study, DOT1L overexpression metabolism homeostasis mediated by DOT1L. This ben-
inhibited lipid deposition in podocytes under diabetic eficial effect of DOT1L was further confirmed by lipido-
conditions and PLCLI silencing blunted this protective  mic analysis and we found that the main species of lipid
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regulated by DOT1L/PLCL1 was fatty acid. And we can
get some supported information for our results from a
recent research. PLCL1 overexpression promotes lipid
browning and fatty acid metabolism to repress renal
cell carcinoma progression [43]. Disturbance of fatty
acid metabolism contributes to podocyte injury caused
by diabetes, including apoptosis, fibrosis and so on [53,
54]. Fatty acid metabolism mainly includes the processes
of synthesis, uptake and oxidation [44], therefore we
assessed the expression of key genes involved in these
processes. Our research showed that DOTI1L inhibited
fatty acid synthesis and promoted oxidation in podo-
cytes. We found that PLCL1 increased the expression
of PPARa, a typical regulator for fatty acid uptake genes
(such as CD36 and FATP), while CD36 and FATP expres-
sion were not affected significantly by PLCL1 silencing,
which seemed somewhat contradictory. GW6471 treat-
ment diminished the regulated effecting of PLCL1 on
CPT1a, while demonstrating no obvious effect to fatty
acid uptake related genes in podocytes with or without
PLCL1 knockdown. These data suggest that PLCL1 regu-
lates CPT1a through PPARa, while the process of fatty
acid uptake in podocytes may be regulated by alternative
pathways besides the PLCL1-PPARa pathway. Though
PPARa is a well-known regulator of fatty acid metabo-
lism and regulates the expression of CD36 and FATP,

other transcription factors such as PPARy also partici-
pates in maintaining the expression of CD36 and FATP,
which may compensate for changes in PPAR«a levels
through alternative pathways [55-58]. Moreover, activa-
tion of AMPK promotes the expression of PPAR«a while
decreased the expression of CD36 and FATP in adipose
tissues [59]. Taken together, it could be a possibility that
PLCL1 regulates the activity of PPARy or AMPK and
offset the effects of PPARa up-regulation on CD36 and
FATP after DOT1L overexpression. Further exploration
is warranted to elucidate the exact detailed mechanism of
how PLCLI regulates fatty acid metabolism.

Noteworthily, few studies have been conducted on
DOTIL involved in lipid metabolism, and the possible
role of PLCL1 in diabetes-induced podocyte injury is
currently unknown. Taken together, we extended our
knowledge of the biological functions of DOTIL in
podocyte injury.

Although this study explores the novel biological func-
tions of DOT1L in podocyte injury, as stated above, there
are still several limitations worthy of attention. Firstly,
further efforts are required to delineate the potential
mechanisms by which DOTI1L expression is inhibited
in podocytes under diabetic conditions. Secondly, while
our experiments highlight the activation of PLCL1 in the
regulation of podocyte fatty acid metabolism, we cannot
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Fig. 9 A model of the molecular mechanism by which DOT1L promotes PLCL1 expression to ameliorate podocyte injury under diabetic conditions.

Image created with bioRender.com, with permission

exclude other regulators that may also be involved in
this process. Thirdly, in this study we explore the protec-
tive role of DOT1L in a PLCL1 dependent way only by
the knockdown strategy. Since there are no agonists or
inhibitors of PLCL1 in the market at present, we can-
not verify our results by pharmacological strategy, which
deserves further investigation in the future. Finally, the
exact detailed mechanism of how PLCLI regulates fatty
acid metabolism and other potential beneficial effects of
PLCL1 in podocytes need further exploration.

Conclusions

Overall, this study shows that DOT1L protects podo-
cytes from diabetic damage through PLCL1 by modulat-
ing fatty acid metabolism. Our study opens up potential
therapeutic avenues for treating podocyte injury in DKD
by targeting DOT1L.
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