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Abstract: The effect of sericin in high glucose (HG)-induced podocyte injury and the mechanisms involving Snail
and miR-30a-5p were investigated. Bioinformatics and dual-luciferase reporter assay evaluated the relationship of
Snail with miR-31a-5p. Podocyte injury mouse induced by HG were randomly divided into control (5.5mmol/L D-
glucose), HG (30mmol/L D-glucose), HG + Sericin (30mmol/L D-glucose+600ug/ml sericin), miR-30a-5p
inhibitor NC (sericin+30mmol/L D-glucose+miR-30a-5p inhibitor negative control) and miR-30a-5p inhibitor
groups (sericin+30mmol/L D-glucose+miR-30a-5p inhibitor). The migration ability of podocytes was detected by
Transwell assay. The expressions of Snail, podocin, E-cadherin, FSP-1, ZO-1, a-SMA, Desmin, and miR-30a-5p
were assessed with RT-qPCR and Western blot. Snail was one direct target of miR-30a-5p. HG group had
significantly larger number of migrated podocytes and higher levels of Snail, FSP-1, a-SMA and Desmin, but
significantly lower levels of podocin, ZO-1 and E-cadherin than control and HG + Sericin group. These effects of
sericin were reversed by miR-30a-5p inhibitor, as evidenced by increased podocyte migration and increased
expressions of Snail, a-SMA, FSP-1 and Desmin, whereas decreased expressions of podocin, ZO-1 and E-
cadherin. Sericin may protect podocytes from damage caused by HG via up-regulating epithelial phenotype
markers, down-regulating mesenchymal phenotype markers, and reducing migration of podocytes. The mechanism
may be through targeting miR-30a-5p and its target Snail.

Keywords: Sericin, diabetic nephropathy, podocytes, epithelial-mesenchymal transdifferentiation, miR-30a-5p.

INTRODUCTION

Diabetic nephropathy (DN) is the foremost reason of
chronic kidney injury. Glomerular podocytes are the
main target cells of kidney injury in the DN early stage
(Meng et al., 2022). Under the induction of high
glucose (HQG), a series of alterations occur in podocytes,
such as epithelial mesenchymal transition (EMT), cell
hypertrophy, and apoptosis (Cui, 2019; Jia et al., 2023).
Among them, EMT of podocytes has been confirmed
to be an important pathophysiological mechanism for
the occurrence and progression of DN (Jin et al., 2020;
Shi et al., 2020; Wu et al., 2019).

In addition to many classical signaling pathways,
epigenetic regulations such as non-coding RNAs,
chromatin remodeling, and DNA methylation are also
involved in the pathogenesis of DN (Gu ef al., 2020).
MicroRNAs (miRNAs) can regulate the expression of
more than 60% of protein-encoding genes, and
abnormal changes in their expression profiles can lead
to the occurrence of many diseases (Yarahmadi et al.,
2021), including kidney disease (Zhang et al., 2021).
MiR-30a-5p is differentially expressed in the plasma
and urine of patients with nephrotic syndrome (Wan et

*Corresponding author: e-mail: 313804850(@qq.com

al, 2021). The miR-30a-5p is widely and stably
expressed in podocytes, and can regulate the
physiological and pathological functions of podocytes
(Yuan et al., 2022). HG-induced renal tubular epithelial
cell injury has down-regulated miR-30a-5p (Wang et
al., 2021) and this injury can be improved by miR-30a-
5p overexpression (Wang et al., 2021). EMT is one of
the important forms of podocyte injury in DN (Qin et
al, 2023; Zhang et al, 2020c). MiR-30a-5p
overexpression can suppress the nuclear transport of
NFATc3 in activated T lymphocytes, and can delay
EMT during podocyte injury by lowering the NFATc3
level (Peng et al., 2015). In addition, the zinc finger
transcription factor Snail is also a key regulator of
podocyte EMT (Liu & Liu, 2022). Whether miR-30a-
5p can participate in podocyte EMT by targeting Snail
remains to be further explored.

Sericin has high biocompatibility and biodegradability
(Muhammad Tahir et al., 2020). We previously found
that sericin could improve kidney damage in diabetic
rats (Zhang et al, 2020a). However, the role and
mechanism of sericin on podocyte damage induced by
HG has not been fully elucidated.

Herein, we explored the role of sericin on HG-induced
podocyte injury. The immortalized mouse podocytes
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were used to establish a model of HG-induced
podocyte injury. The mechanisms involving Snailand
miR-30a-5p were further analyzed and discussed. Our
findings may facilitate further understanding the
pathogenesis of DN.

MATERIALS AND METHODS

Cell culture

MPC-5 (Guangzhou Jennio Biotech Co., Ltd, China)
were cultured in PRMI-1640 medium with IFN-y at
33°C. When the cell confluence reached 50%, IFN-y
was removed from the medium, and cells were cultured
at 37°C. Podocyte morphology was observed using an
inverted microscope.

Indirect immunofluorescence

Podocyte maturation was identified by indirect
immunofluorescence. In detail, cells were seeded on
the coverslips. On the 3rd and 14th days of culture,
cells were fixed and permeabilized. After blocking with
goat serum (cat# C2530-0500; Shanghai XP Biomed
Ltd., China), cells were probed with 1:100 diluted
rabbit anti-Nephrin antibody (cat# DF7501; Affinity
Biosciences, USA) at 4°C overnight. Following
washing, incubation with 1:100 diluted DyLight™488
fluorescently labeled goat anti-rabbit IgG (cat#611-
141-002; Rockland, USA) was performed. DAPI
stained the cell nuclei.

Prediction of miR-30a-5p target genes

The TargetScanHuman (http://www.targetscan.org/),
miRBase (http:/www.mirbas e.org/), and miRDB
(http://mirdb.org/) predicted miR-30a-5p target genes.

Dual-luciferase reporter assay

The pmir-Glo/wild-type Snail plasmids, pmir-
Glo/mutated Snail plasmids and negative control (NC)
plasmids as well as mmu-miR-30a-5p mimics (sense
strand UGUAAACAU CCUCGACUGGAAG,
antisense  strand: UCCAGUCGAGGAUGUUUAC
AUU) and mmu-miR-30a-5p mimics NC (sense strand
UUGUACUACACAAAAAGUACUG, antisense
strand: GUACUUUUGUGUAGUACAAUU) were
constructed. According to different treatments, 293T
cells were grouped. The reaction intensity of Renilla
luciferase was detected with E1910 dual-luciferase
reporter gene detection kit (Promega, Wisconsin,
Madison, USA).

Determination of the optimal concentration of miR-
30a-5p inhibitor

Mature podocytes were treated miR-30a-5p inhibitor
(OnM, 100nM, 150nM and 200nM; Guangzhou Ruibo
Biotechnology Co., Ltd., China). We determined the

optimal concentration of miR-30a-5p inhibitor via
detecting miR-30a-5p with RT-qPCR and Snail protein
with Western blot. Fluorescence was observed under an
inverted fluorescent microscope to evaluate the
transfection efficacy.

Podocyte grouping

Mature podocytes in control group were intervened
with 5.5mmol/L D-glucose while those in HG group
were cultured with 30mmol/L D-glucose for 48h.
HG+Sericin group was intervened with 600pg/ml
sericin (Sigma, USA) and 30mmol/L D-glucose for
48h. The miR-30a-5p inhibitor NC group was first
stimulated for 4h with miR-30a-5p inhibitor NC
(150nM) and then with 30mmol/L D-glucose and
600pg/ml sericin for 48h. The miR-30a-5p inhibitor
group was first treated for 4h with miR-30a-5p
inhibitor (150nM) and then with D-glucose (30mmol/L)
and sericin (600pg/ml) for 48h.

Transwell assay

Podocytes in each group were cultured in the upper
chamber (3x10° cells/well, 200pl per well). Meanwhile,
the lower chamber was dealed with 20% FBS-
containing RPMI-1640 medium (600ul) for 48h. Then
0.1% crystal violet was used for staining. Cells were
counted under three random fields (100x).

Western blot

After separation, proteins were transferred to PVDF
membranes. After 2h of blocking, overnight
incubations with anti-Snail (1:1000) (Cat#: ER1706-
22; Hangzhou Huaan Biotechnology Co., Ltd., China),
podocin (1:200) (Santa Cruz, USA; Cat#: sc-518088),
E-cadherin (1:500) (Hangzhou Huaan; Cat#: 0407-25),
Z0-1 (1:1000) (GeneTex; Cat#: GTX108613), FSP-1
(1:1000) (Abcam; Cat#: ab197896), a-SMA (1:500)
(Hangzhou Huaan; Cat#: ET1607-43), Desmin (1:1000)
(Hangzhou Huaan; Cat#: ET1606-30) and a-tubulin
(1:1000) (Hangzhou Huaan; Cat#: ER130905) were
performed. After washing, 1h incubation with the
secondary antibody (Sino Biological Inc.; Beijing,
China; Cat#: SSA021) was conducted. The protein
bands were visualized.

Real-time quantitative PCR (RT-qPCR)

Total RNAs or miRNAs were extracted and then
reversed to cDNA. Using the cDNA as the template,
RT-gPCR was performed on Mx3000P/Mx3005P real-
time PCR instrument (Agilent, USA). table 1 listed the
primer sequences. The primers of Snail and fS-actin
were synthesized by Guangzhou Funeng Gene Co., Ltd
(China). U6 and miR-30a-5p were from Tiangen
Biochemical Technology (Beijing) Co., Ltd. (China).
Other primers were provided by Invitrogen (Carlsbad, CA,
USA). The internal references were p-actin and U6.
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Fig. 1: Morphology of podocytes at different culture temperatures.
A:33°C (x100). B: 37°C on the 7th day (x100). C. 37°C on the 14th day (x200).
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Day 14

Data are presented as mean + SD and were compared with
one-way ANOVA and LSD-t test. SPSS 22.0 analyzed
data. P<0.05 suggests significant difference.

RESULTS

Morphology of podocytes at different culture
temperatures

The morphology of podocytes was observed. At 33°C (fig.
1A), the actively growing dedifferentiated podocytes were
of medium volume, polygonal shape, and without
protrusions. The cells rapidly grew to a confluent state,
showing a paving stone-like appearance. At 37°C (fig. 1B
and 1C), the cell body and nucleus of the podocytes were
significantly larger than those in the proliferative state,
and there were obvious branch-like protrusions extending
from the cell body.

Localized expression of Nephrin protein in podocytes

Nephrin protein expression in podocytes was evaluated
with immunofluorescence (fig. 2). On the 3rd day,
Nephrin protein in podocytes was distributed in the

Nephrin

Fig. 2: Localization and expression of Nephrin protein in podocytes.
Nephrin protein expression and distribution at 37°C on the 3rd day and on the 14™ day.

STATISTICAL ANALYSIS

Mearge

perinuclear area and cytoplasm. On the 14th day, Nephrin
protein in podocytes was distributed in the perinuclear
area and cell membrane. This indicates the maturation of
podocytes on day 14.

Results of dual luciferase reporter assay

Bioinformatics analysis revealed that one target gene of
miR-30a-5p was Snail. Their binding sequence was
TGTTTACA (fig. 3A). The Snail-3'-UTR-WT+miR-30a-
S5p mimics group had significantly lower luciferase
activity than other groups (P<0.05) (fig. 3B).

Results of network meta-analysis

Determination of the optimal concentration of miR-30a-
Sp inhibitor

After miR-30a-5p inhibitor treatment, the level of miR-
30a-5p and Snail protein was assessed with real-time
quantitative PCR and Western blot. The miR-30a-5p
level in podocytes in the 100nM and 150nM groups
was significantly decreased (fig. 4A), while Snail
protein was evidently elevated (fig. 4B) (P<0.05),
compared to the OnM group. Snail and miR-30a-5p
were not significantly changed in the 200nM group
(P>0.05).
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MicroRNA and Target Gene Description:

miRNA Name mmu-miR-302-5p mMiRNA Sequence UGUAAACAUCCUCGACUGGAAG
Previous Name mmu-miR-30a-5p;mmu-miR-30a

Target Score 90 Seed Location 630

NCBI Gene ID 20613 GenBank Accession NM 011427

Gene Symbol Snail 3' UTR Length 743

Gene Description snail family zinc finger 1

3' UTR Sequence

1 ccctgetace tcccecatcet cgetggeate tteecggage tcacccteet cetcactgece
61 aggactcctt ccagccttgg tccggggace tgtggegtee atgtctggac ctggttectg
121 cttggectete ttggtggeect ttgeccgeagg tggetgatgg agtgectttg tacccgecca
181 gagcctccta ccectecagta ttcatgaggt gtagectcetg gacacagetg cttcegageca
241 tagaactaaa gccaacccac tggetgggaa gettgaacce cgetcagggg accccacttc
301 cctacctcece tcaaggacce ttcaggecac cttotttgag gtacaacaga ctatgcaata
361 gttcccctee cccccaccee gtccagetgt aaccatgect cagcagggtg gttactggac
421 acatgtccag gtgcccctgg gectgggeaa ctgtttcage cceccgececee atttgtoctg
481 gtgacacctgz tttcacagca gtttaactgt ctcagaaggg accatgaata atggccatca
541 cttgttaggg gccaagtggg gtgcttcage ctggecaatg tgtcectocccag aactattttg
601 gggcccaaca ggtggecceg ggagaaagat gtttacattt taaaggtatt tatattgtaa
661 gcageatttt gtatagttaa tatgtacagt ttattgatat tcaataaaat ggttaattta

721 tatactaaaa aaaaaaaaaa aaa
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Fig. 3: Results of dual luciferase reporter assay.
A: Bioinformatics analysis of the targets of miR-30a-5p. B: Relative luciferase activity of each group. Compared with Snail-3’-UTR-
WT+miR-30a-5p mimics group, aP<0.05.
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Fig. 4: Determination of optimal concentration of miR-30a-5p inhibitor.

Podocytes were transfected with 0, 100, 150, and 200nm of miR-30a-5p. A: Expression of miR-30a-5p in podocytes in each group
evaluated by real-time quantitative PCR. Compared with 0nM group: aP<0.05; compared with 100nM group: bP<0.05. B: Expression
of Snail protein in podocytes in each group measured by Western blot. Compared with 0nM group: aP <0.05; compared with 100nM
group: bP<0.05. C: Transfection efficacy of 150nM miR-30a-5p inhibitor at 4h. Magnification: x4; x10.

The miR-30a-5p was significantly decreased, whereas
the Snail was significantly increased (P<0.05) in the
150nM group than in the 100nM group. Therefore, the
optimal concentration of miR-30a-5p inhibitor to
transfect podocytes was determined to be 150nM. At
4h after transfection, the podocytes were counted (fig.
4C). The transfection efficiency was about 85%.

Effect of sericin on migration of podocytes

Transwell assay found that compared with control, the
HG group had significantly increased number of
migrated podocytes (P<0.05) (fig. 5A and 5B).

The HG+Sericin group had significantly lower number
of migrated podocytes than HG group (P<0.05). The

miR-30a-5p inhibitor significantly inhibited the effect
of sericin, as evidenced by significantly higher
migrated podocytes in the miR-30a-5p inhibitor group
than in the HG+Sericin group (P<0.05) (fig. SA and
5B).

Effect of sericin on Snail

As shown in fig. 6A and 6B, the HG group had
significantly increased expressions of Snail protein
and mRNA than the control group (P<0.05). However,
in comparison to the HG group, Snail protein and
mRNA in HG+Sericin group was lower (P<0.05). The
miR-30a-5p inhibitor group had up-regulated Snail
than HG+Sericin group (P<0.05).
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Control HG group HG+Sericin

bc

Number of migrated podocytes

Fig. 5: Transwell assay results.

The migration of podocytes was evaluated with Transwell assay. A: Representative images of migrated cells in control group, HG
group, HG+Sericin group, miR-30a-5p inhibitor NC group and miR-30a-5p inhibitor group. B: Number of migrated podocytes in each
group. Compared with control group: aP <0.05; compared with HG group: bP<0.05; Compared with miR-30a-5p inhibitor group,
cP<0.05.
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Fig. 6: Effect of sericin on protein and mRNA expression of Snail.

A: The expression of Snail protein in podocytes in each group. B: The expression of Snail mRNA in podocytes in each group.
Compared with control group, aP<0.05; compared with HG group, bP<0.05; compared with miR-30a-5p inhibitor group, cP<0.05.
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Fig. 7: Effect of sericin on protein and mRNA expression of podocin, E-cadherin and ZO-1.

A: Expression of podocin, E-cadherin and ZO-1 proteins in podocytes in each group. B: Expression of podocin, E-cadherin and ZO-1
mRNAs in podocytes in each group. Compared with control group: aP<0.05; compared with HG group: bP<0.05; compared with miR-
30a-5p inhibitor group: cP<0.05.
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Fig. 8: Effect of sericin on protein and mRNA expression of interstitial phenotype markers FSP-1, a-SMA and
Desmin.

A: Expression of FSP-1, a-SMA and Desmin proteins in podocytes in each group. B: Expression of FSP-1, a-SMA and Desmin
mRNAs in podocytes in each group. Compared with control group: aP<0.05; compared with HG group: bP<0.05; compared with miR-
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Effect of sericin on podocin, E-cadherin and ZO-1

Comparing to the control group, the HG group had
significantly decreased protein and mRNA expressions
of podocin, ZO-1, and E-cadherin (P<0.05) (fig. 7A
and 7B). HG+Sericin group had significantly higher

Effect of sericin on FSP-1, a-SMA and Desmin

As shown in fig. 8A and 8B, HG group had
significantly higher levels of FSP-1, a-SMA and
Desmin than control group (P<0.05). In comparison to
the HG group, their levels reduced significantly in HG
+Sericin group (P<0.05). Interestingly, these changes
were reversed in miR-30a-5p inhibitor group (P<0.05).

DISCUSSION

Sericin has the functions of improving immunity,
promoting cell proliferation, resisting oxidation,
protecting liver, and inhibiting bacterial infection (Li et
al., 2023; Zhang et al., 2020d; Zhao et al., 2020; Zhu,
2022). Furthermore, sericin is non-immunogenic and
has no toxic side effects (Tariq et al, 2021). Our
previous study found that sericin effectively reduced
blood glucose and protected kidney damage induced by
diabetes (Zhang et al, 2020a). However, the
underlying mechanism is unclear.

Podocytes are important for the glomerular filtration
barrier, and their damage is an important factor leading
to proteinuria (Eftekhari ez al., 2020). In diabetes, high
blood glucose, metabolic disturbances, oxidative stress
damage and inflammation can all lead to podocyte
damage, thereby disrupting the glomerular filtration
barrier and aggravating diabetic kidney damage (Kang
et al., 2023). Therefore, alleviating podocyte damage is
crucial for DN treatment. Therefore, we investigated
the mechanism of sericin in protecting podocytes by
using mouse podocyte model with HG-induced injury.

Podocyte EMT and DN

Initially, podocyte apoptosis is considered as the main
cause of podocyte loss (Chen et al, 2020b).
Subsequent studies have shown that in addition to
apoptosis, the podocyte EMT can also mediate
podocyte loss (Warren et al., 2019; Wu et al, 2022;
Zhang et al, 2020b). Podocyte EMT, as an
intermediate state between apoptosis, can be triggered
by high blood glucose and oxidative stress, and, is
closely associated with proteinuria and basement
membrane thickening during DN (Chen et al., 2020a;
Kang et al, 2020). During EMT, the epithelial
characteristics are lost and the expression of epithelial
phenotype proteins is down-regulated. Meanwhile,
they acquire the mesenchymal characteristics of
migration and invasion, accompanied with up-

podocin, E-cadherin, and ZO-1 levels than HG group.
This effect was reversed by miR-30a-5p inhibitor
(P<0.05). Their levels reduced significantly in miR-
30a-5p inhibitor group than in HG+Sericin group
(P<0.05) (fig. 7A and 7B).

regulated expression of mesenchymal phenotype
proteins (such as FSP-1, Desmin, etc.). The EMT of
podocytes can enhance the migration ability of
podocytes and impair the barrier function of the
filtration membrane (Chen et al, 2016; Yu et al,
2021). Here, we demonstrated that in HG group, the
levels of podocin, E-cadherin and ZO-1 in damaged
podocytes were significantly reduced, while Desmin,
a-SMA and FSP-1 significantly increased. The
migration capability of podocyte significantly elevated.
These results confirmed that there was EMT in HG-
induced podocytes and the migration ability of
podocytes was enhanced.

miR-30a-5p, Snail and EMT

We observed that Snail increased significantly and
miR-30a-5p decreased significantly under HG
condition, suggesting that podocyte injury during DN
is possibly due to miR-30a-5p and Snail.

Some studies have found that various miRNAs are
abnormally expressed in DN, such as the miR-30
family (Long et al., 2020), miR-638 (Han et al., 2020),
miR-16-5p (Song & Lv, 2021), miR-124 (Petrica et al.,
2020), etc. Among the miR-30 family, miR-30a-5p is
mainly expressed in glomerular podocytes (Chen,
2019), which is critical for the regulation of podocyte
EMT (Wu et al,, 2014). Snail is involved in EMT by
regulating erythrocyte membrane protein band 4.1-like
protein 3 (Yuan et al, 2020), IncRNA PCGEMI
(Zhang et al, 2019) and miR-30b-5p (Wang et al,
2017).

Snail targeted miR-30a, and miR-30a-5p negatively
regulated Snail. miR-30a-5p inhibitor elevated Snail,
FSP-1, Desmin and a-SMA expressions, reduced
podocin, E-cadherin and ZO-1 expressions, and,
enhanced the migration ability. Therefore, inhibiting
miR-30a-5p may boost the podocyte EMT and
podocyte shedding by up-regulating Snail.

The possible mechanism of sericin in protecting
podocyte injury

The previous work of our group has shown that sericin
could significantly reduce blood glucose and had
protective effect on kidney damage in diabetes (Chen
et al., 2010). The underlying mechanism was explored
herein.
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We revealed that in podocytes, 600upg/ml sericin
significantly up-regulated miR-30a-5p, podocin, ZO-1,
and E-cadherin but significantly down-regulated
Desmin, Snail, a-SMA, and FSP-1. Additionally, the
podocyte migration ability was significantly weakened.
Interestingly, these effects of sericin were reversed by
further treatment with miR-30a-5p inhibitor. Thereby,
we suppose that sericin may protect podocytes from
HG-induced injury by up-regulating miR-30a-5p and
inhibiting Snail, thereby affecting the EMT
progression and migration capacity of podocytes.

CONCLUSION

In summary, sericin may exert protective effect on
podocytes with HG-induced injury. The mechanism
may be through up-regulating miR-30a-5p and
suppressing Snail, thereby delaying the EMT and
migration ability of podocytes. However, the specific
signaling pathway underlying this effect still needs to
be further explored. Our data may deepen the
understanding of DN pathogenesis, and may facilitate
DN treatment.

ACKNOWLEDGMENTS

This work 1is sponsored by the Natural Science
Foundation of Hebei Province (H2013406096) and the
National Natural Science Foundation of China
(81441133).

REFERENCES

Chen HY, Ao Y, Zhu YN and Wang H (2020a). Podocyte
epithelial-mesenchymal transdifferentiation and
glomerular disease. J. Clin. Nephrol., 20(5): 425-430.

Chen T (2019). Clinical Study on Urinary Exosomal
miRNA as a Novel Molecular Marker in Children with
Idiopathic Nephrotic Syndrome. Southern Medical
University.

Chen W, Zhao S, Zhou X and Cheng F (2020Db).
Pathogenesis research progress of diabetic kidney
disease. Med. Recapitulate, 26(21): 4302-4307.

Chen X, Du X, Liu W, Chen W, Li H, Peng F, Chen Y and
Long H (2016). High glucose induces podocyte
epithelial-mesenchymal transition and cell migration
through NF-xB pathway. Chin. J. Nephrol. Dial.
Transplant, 25(2): 140-145.

Chen Z, Song C, Fu X, Fu W and Xue J (2010). Effects of
sericin pretreatment on the expression of ECM
associated protein in the kidney of diabetic
nephropathy rats. J. China Med. Univ., 39(2): 112-115.

Cui F (2019). Study on epithelial interstitial
transdifferentiation of podocytes. Med. Inf., 32(22): 21-
23.

Donghui Liu et al.

Eftekhari A, Vahed SZ, Kavetskyy T, Rameshrad M,
Jafari S, Chodari L, Hosseiniyan SM, Derakhshankhah
H, Ahmadian E and Ardalan (2020). Cell junction
proteins: Crossing the glomerular filtration barrier in
diabetic nephropathy. Int. J. Biol. Macromol., 148(1):
475-482.

Gu YY, Lu FH, Huang XR, Zhang L, Mao W, Yu XQ, Liu
XS and Lan HY (2020). Non-coding RNAs as
biomarkers and therapeutic targets for diabetic kidney
disease. Front. Pharmacol., 11(5): 583528.

Han Q, Zhu W, Wang X, Li M, Yang G, He Y and Zhang
X (2020). Research progress of miR-638 in diabetic
nephropathy. Mil. Med. J. South China, 34(8): 591-593.

Jia S, Zhong Q, Si R, Fan X, Yan W and Liu G (2023).
Study of Compound Shelong Capsules on inhibiting
Bax/Caspase-3 signaling pathway and reducing
apoptosis in renal tissues of rats with membranous
nephropathy. China Med. Her., 20(1): 13-18+28.

Jin J, Wang Y, Zhao L, Zou W, Tan M and He Q (2020).
Exosomal miRNA-215-5p derived from adipose-
derived stem cells attenuates epithelial-mesenchymal
transition of podocytes by inhibiting ZEB2. Biomed.
Res. Int., 2: 2685305.

Kang MK, Kim SI, Oh SY, Na W and Kang YH (2020).
Tangeretin  ameliorates glucose-induced podocyte
injury through blocking epithelial to mesenchymal
transition caused by oxidative stress and hypoxia. Int. J.
Mol. Sci., 21(22): 8577.

Kang W, Tang Q, Yan J, Su Z and Liang F (2023).
Research progress on mechanism of podocyte injury in
diabetic nephropathy. Acta Med. Univ. Sci. Technol.
Huazhong, 52(2): 270-275.

Li YF, Ren XT, Luo X, Xe QS, Shi DS and Li XP (2023).
Effect of sericin on semen cryopreservation of
Mediterranean buffalo. Chin. Vet. Sci., 53(4): 532-536.

Liu M and Liu T (2022). G2/M cell cycle arrest and renal
interstitial fibrosis. Chin. J. Nephrol. Dial. Transplant,
31(3): 261-265.

Long B, Wan Y, Zhang S and Lv L (2020). LncRNA XIST
protects podocyte from high glucose-induced -cell
injury in diabetic nephropathy by sponging miR-30 and
regulating AVEN expression. Arch. Physiol. Biochem.,
129(3): 610-617.

Meng D, Wu L, Li Z, Ma X, Zhao S, Zhao D and Qin G
(2022). LncRNA TUGI ameliorates diabetic
nephropathy via inhibition of PU.1/RTNI1 signaling
pathway. J. Leukoc. Biol., 111(3): 553-562.

Tahir MH, Saleem F, Ali S, Ain QU, Fazal A, Summer M,
Mushtaq R, Zahid MT, Liaqat I and Murtaza G (2020).
Synthesis of sericin-conjugated silver nanoparticles and
their potential antimicrobial activity. J. Basic
Microbiol., 60(5): 458-467.

Peng R, Zhou L, Zhou Y, Zhao Y, Li Q, Ni D, Hu Y, Long
Y, Liu J, Lyu Z, Mao Z, Yuan Y, Huang L, Zhao H, Li
G and Zhou Q (2015). MiR-30a inhibits the epithelial--
mesenchymal transition of podocytes through
downregulation of NFATc3. Int. J. Mol. Sci., 16(10):

Pak. J. Pharm. Sci., Vol.36, No.5, September 2023, pp.1457-1466

1465



Sericin suppresses high glucose-induced EMT in mouse podocytes via miR-30a-5p and its target Snail

24032-24047.

Petrica L, Pusztai AM, Vlad M, Vlad A, Gadalean F,
Dumitrascu V, Vlad D, Velciov S, Gluhovschi C, Bob F,
Ursoniu S, Petrica M, Matusz P, Cretu O, Radu D,
Milas O, Secara A, Simulescu A, Popescu R and Jianu
DC (2020). MiRNA expression is associated with
clinical variables related to vascular remodeling in the
kidney and the brain in type 2 diabetes mellitus patients.
Endocr. Res., 45(2): 119-130.

Qin H, Zhu S, Dong W and Sun S (2023). The role of
macrophages in podocyte apoptosis in diabetes
nephropathy. Chem. Life, 43(3): 383-388.

Shi Y, Gao Y, Wang T, Wang X, He J, Xu J, Wu B and Li
Y (2020). Ginsenoside Rgl alleviates podocyte EMT
passage by regulating AKT/GSK3 beta/beta-catenin
pathway by restoring autophagic activity. Evid. Based
Complement. Alternat. Med., 2: 1903627.

Song X and Lv W (2021). MiR-16-5p downregulates the
effect of ACE on the proliferation and apoptosis of
renal tubular epithelial cells induced by high glucose.
Chin. J. Gerontol., 41: 2021,1908-1913.

Tarig M, Tahir HM, Butt SA, Ali S, Ahmad AB, Raza C,
Summer M, Hassan A and Nadeem J (2021). Silk
derived formulations for accelerated wound healing in
diabetic mice. PeerJ., 9(8): e10232.

Wan J, Chen H, Xi J and Guo Y (2021). Study on serum
miR-30a-5p as a new molecular marker for primary
nephrotic syndrome. Mod. Pract. Med., 33(8): 998-999,
1015.

Wang DY, Lu CC and Fan GX (2021). Effects of aucubin
on renal tubular epithelial cell injury induced by high
glucose by regulating expression of miR-30a-5p. Chin.
J. Immunol., 37(4): 415-420.

Wang Y, Wang X and Wang N (2017). The role of miR-
30b/Snail in EMT of DN renal tubular epithelial cells.
Chin. J. Integr. Tradit. Chin. West Med. Nephrol., 18(4):
288-291, 377-378.

Warren AM, Knudsen ST and Cooper ME (2019).
Diabetic nephropathy: an insight into molecular
mechanisms and emerging therapies. Expert Opin. Ther.
Targets, 23(7): 579-591.

Wu H, Yang L, Tang L and Wei W (2022). Berberine
inhibits JAK2/STAT3 signaling pathway to alleviate
high glucose induced podocyte EMT and apoptosis.
Acta Univ. Med. Anhui., 57(8): 1189-1194.

Wu J, Zheng C, Fan Y, Zeng C, Chen Z, Qin W, Zhang C,
Zhang W, Wang X, Zhu X, Zhang M, Zen K and Liu Z
(2014). Downregulation of microRNA-30 facilitates
podocyte injury and is prevented by glucocorticoids. J.
Am. Soc. Nephrol., 25(1): 92-104.

Wu W, Liu BH, Wan YG, Sun W, Liu YL, Wang WW,
Fang QJ, Tu Y, Yee HY, Yuan CC and Wan ZY (2019).
[Triptolide inhibits NLRP3 inflammasome activation

and ameliorates podocyte epithelial-mesenchymal
transition induced by high glucose. China J. Chin.
Mater. Med., 44(24): 5457-5464.

Yarahmadi A, Shahrokhi SZ, Mostafavi-Pour Z and
Azarpira N (2021). MicroRNAs in diabetic
nephropathy: From molecular mechanisms to new
therapeutic targets of treatment. Biochem. Pharmacol.,
189(21): 114301.

Yu Q, Hu J, Lin J, Liu B and Jia L (2021). TRIMS5S8
participates in LPS-induced podocytes injury by
inhibiting WNT/B-catenin signaling pathway. Immunol.
J., 37(6): 497-504.

Yuan J, Shen X, Zhang Z, Ding H and Zhang X (2022).
Effect of miRNA on renal podocyte injury. J. Baotou.
Med. Coll, 38(12): 86-90.

Yuan X, Piao L, Wang L, Han X, Tong L, Shao S, Xu X,
Zhuang M and Liu Z (2020). Erythrocyte membrane
protein band 4.1-like 3 inhibits osteosarcoma cell
invasion through regulation of Snail-induced
epithelial-to-mesenchymal transition. Aging (Albany
NY), 13(2): 1947-1961.

Zhang J, Jin HY, Wu Y, Zheng ZC, Guo S, Wang Y, Yang
D, Meng XY, Xu X and Zhao Y (2019). Hypoxia-
induced LncRNA PCGEMI1 promotes invasion and
metastasis of gastric cancer through regulating SNAII.
Clin. Transl. Oncol., 21(9): 1142-1151.

Zhang L, Li DZ and Chen ZH (2020a). Effects of sericin
on oxidative stress injury and PI3K/Akt signaling
pathway in kidney of type 2 diabetic rats. Chin. J.
Gerontol., 40(4): 831-834.

Zhang L, Wen Z, Han L, Zheng Y, Wei Y, Wang X, Wang
Q, Fang X, Zhao L and Tong X (2020b). Research
progress on the pathological mechanisms of podocytes
in diabetic nephropathy. J. Diabetes Res., 1: 1-15.

Zhang L, Wen Z, Han L, Zheng Y, Wei Y, Wang X, Wang
Q, Fang X, Zhao L and Tong X (2020c). Research
progress on the pathological mechanisms of podocytes
in diabetic nephropathy. J. Diabetes Res., 3: 7504798.

Zhang X, Li S and Zhang A (2021). Advances of
regulating mitochondrial function by microRNA in
kidney diseases. Chin. J. Nephrol., 37(5): 448-454.

Zhang Y, Li H, Liu X, Zhao F, Wu X, Zhao X, Yang T and
Yang X (2020d). Pharmacological and clinical research
progress of Chinese medicine cocoon shell. Shanghai J.
Tradit. Chin. Med., 54(4): 102-105.

Zhao L, Zhu Y, Xie Y and Wenming C (2020).
Antioxidation of silk sericin protein and its hydrolysis.
Jiangxi Chem. Ind., 1(3): 108-111.

Zhu D (2022). Preparation and characterization of
silkworm sericin active scaffold. Jiangsu University
of Science and Technology. Zhenjiang, China. 1-62.

1466

Pak. J. Pharm. Sci., Vol.36, No.5, September 2023, pp.1457-1466



