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Abstract

Objective
Ellagic acid (EA) as a multi-target bioactive compound has been reported to improve diabetes-related
complications, including diabetic nephropathy (DN). Herein, we plan to investigate the molecular
mechanism underlying EA-mediated renal protection in diabetic mice.

Methods
Streptozotocin (STZ; 35 mg/kg successive injection for 5 times) was applied to establish DN model in
mice. Normal or diabetic mice were administrated by EA (100 mg/kg/day) by intragastric administration
for 8 weeks. In vitro diabetic cell model, podocytes and renal tubular epithelial cells (RTECs) were exposed
to normal glucose (NG; 5 mM) or high glucose (HG; 30 mM).

Results
Our results demonstrated that EA treatment prevented HG-induced podocyte and RTEC apoptosis and
growth inhibition by inhibiting NF-κB/miR-150-3p to activate BCL2 in vitro. In vivo diabetic model of mice,
EA administration improved renal �ltration function, tubular and glomerular injury, and interstitial �brosis.
More importantly, supplementation of EA also suppressed NF-κB/miR-150-3p activation and accelerated
BCL2 expression in the kidney of diabetic mice. In another experiment, miR-150-3p antagomir as a
potential gene therapeutic choice has been validated to rescue hyperglycemia-induced renal dysfunction
in mouse model. Taken together, in vitro and in vivo experimental measurements corroborate that EA
modulates NF-κB/miR-150-3p/BCL2 cascade signaling to attenuate renal damage in diabetic models.

Conclusion
Our �ndings revealed that EA modulated the suppression of NF-κB/miR-150-3p to activate BCL2 that
contributed to prevent hyperglycemia-induced renal dysfunction. In addition, synthetic miR-150-3p
antagomir or inhibitors could alleviate tubular injury and interstitial �brosis, and prevent HG-induced
podocyte and RTEC apoptosis.

Introduction
Podocyte and renal tubule epithelial cell apoptosis have frequently been reported in diabetic nephropathy
(DN) and contribute to glomerular dysfunction and tubular atrophy that are the most prominent
characteristics of kidney damage to deteriorate renal reabsorption and �ltration [1–3]. Therefore, the
prevention of podocyte and tubule epithelial cell apoptosis may present prospective therapeutic
strategies for preventing diabetic kidney diseases.
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Ellagic acid (EA), as a dimeric derivative of gallic acid, is the major hydrolysate of ellagitannins and is
extensively excavated in natural nutriments [4]. At present, EA is recognized as a multi-target bioactive
compound to improve health problems, including cardiovascular diseases, dyslipidemia, obesity,
neurodegenerative disorders and cancers [4–8]. In addition, EA exhibits potential protective action
towards diabetes-related complications, including DN [9–11]. Mechanically, EA mediates multiple
signaling pathways, such as nuclear factor-kappa B (NF-κB), in�ammatory signaling and non-coding
RNA-modulated keap1/Nrf2 system [9, 10, 12].

microRNAs (miRs) are belonged to non-coding RNAs and are implicated in numerous physio-pathological
progression [13–15]. miRs are responsible for the post-transcriptional repression of protein translation by
binding with the 3’-untranslated regions (3’-UTRs) of target genes [14]. Increasing studies corroborate that
abnormal miRs (miR-15b-5p, miR-133b, miR-200 and miR-320a) attribute to hyperglycemia-induced renal
injury [16–19], suggesting that miR-related therapeutic drugs may become imperative therapeutic options
for DN. Previous studies have indicated that EA modulates miR-223, miR-140-3p to attenuate insulin
resistance and acute myocardial infarction [12, 20]. Herein, we aim to determine whether EA-regulated
miR-150-3p is involved in HG-induced podocyte and renal epithelial cell apoptosis and hyperglycemia-
induced renal injury.

Material And Methods
Animal model. C57BL/6J mice (6–8 week-old; 20 ± 2g; n = 48) were obtained from Shanghai SLAC
Laboratory Animal Co., Ltd., Shanghai, China. After one week of adaptive feeding, streptozotocin (STZ; 35
mg/kg successive injection for 5 times within one week) was used to establish a mouse model with
diabetes mellitus. Normal and STZ-injected diabetic mice were classi�ed into four groups (n = 6 in each
group) as follows: (1) Control (Con) group with normal saline (0.9%); (2) Con + EA group with EA (100
mg/kg/day; Sigma-Aldrich) treatment; (3) STZ group with normal saline (0.9%); (4) STZ + EA group with
EA (100 mg/kg/day) treatment. In another experiment, mice were classi�ed into four groups (n = 6 in each
group) as follows: (1) Con group; (2) STZ group; (3) STZ + anti-Con; (4) STZ + anti-miR-150-3p (miR-150-
3p antagomir; 20 nM/0.1 mL; once/two weeks for 8 weeks by tail-vein injection). miR-150-3p antagomir
and anti-Con were synthesized by Guangzhou RiBo Biotech Co., Ltd., Guangzhou, China. Animal feeding,
anesthesia, sacri�ce and specimen collection were performed according to ARRIVE guidelines 2.0 [21].
The animal experiment was approved by the Ethics Committee of the Lihuili Hospital.

Cell culture. Mouse podocyte and renal tubular epithelial cell (RTEC) were obtained from ATCC and
cultured with DMEM/F-12 medium (Gibco) with 10% fetal bovine, 95% air, 5% CO2 at 37 ℃. EA (0–30 µM)
was dissolved in 10% dimethyl sulfoxide to stimulate normal or HG (30 mM)-treated podocytes and
RTECs.

Cell transfection. miR-150-3p mimics (5’-CUGGUACAGGCCUGGGGGAUAG-3’) and inhibitors (5’-
CUAUCCCCCAGGCCUGUACCAG-3’) were synthesized by RiBo Biotech (Guangzhou, China) and
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transfected into podocytes and RTECs using Lipofectamine 2000 (Invitrogen), according to the
manufacturer’s protocols.

Cell counting kit 8 (CCK8). After podocytes or RTECs were treated with EA, HG or miR-150-3p inhibitors,
cell viability was evaluated by CCK8 kits (Dojindo, Japan) according to the manufacturer’s instructions.
The absorbance was measured at 450 nm with a SpectraMax M5 ELISA plate reader (Molecular Devices,
LLC, Sunnyvale, CA, USA).

TUNEL assay. Cell apoptosis detection TUNEL kit (Roche) was used to analyze apoptotic cells with
TUNEL positive staining (red staining) with �uorescence microscopy according to the manufacturer’s
instructions.

Luciferase reporter assay. Podocytes or RTECs (1x105), containing BCL2 wild-type (WT) or mutant-type
(Mut) 3'-UTR (Sangon Biotech, Shanghai, China), were transfected with miR-150-3p mimics or miR-Con,
and then luciferase activity was evaluated with a dual-luciferase reporter assay kit (Beyotime, Haimen,
China).

Western blot. Standard immunoblotting was performed as described previously [22]. NF-κB/p65 (Cell
Signaling Technology; cat. no: #59674), B cell leukemia/lymphoma 2 (BCL2) (Abcam; cat. no: ab117115),
�bronectin 1 (FN1) (Santa Cruz Biotech; cat. no: sc-59826) and nephrin (Abcam; cat. no: ab216692)
primary antibodies were used to incubate protein membrane. Histone (Cell Signaling Technology; cat.no:
#9715) and β-actin (Abcam; cat. no: ab179467). signals were used as an internal reference. Protein
bands were obtained using an ECL chemiluminescence kit (Santa Cruz Biotech, Santa Cruz, CA, USA) with
Bio-Rad Gel Imaging System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Quantitative data were
analyzed using Quantity One® software version 4.5 (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

RT-qPCR. Standard RT-qPCR procedures were performed as described previously [23]. The PCR primers
were listed as follows: forward 5’- CTGGTACAGGCCTGGGGGATAG-3’ and reverse 5’-
TGGTGTCGTGGAGTCG-3’ for miR-150-3p; forward 5’-CTCGCTTCGGCAGCACA-3’ and reverse 5’-
AACGCTTCACGAATTTGCGT-3’ for U6; forward 5’-AGCAGTCGGTACAACTTAAAGG-3’ and reverse 5’-
ACTCGACAACAATACAGACCAC-3’ for kidney injury molecule 1 (KIM1); forward 5’-
TGGCCCTGAGTGTCATGTG − 3’ and reverse 5’-CTCTTGTAGCTCATAGATGGTGC-3’ for neutrophil
gelatinase-associated lipocalin (NGAL); forward 5’-ATGGGAGCTAAGGAAGCCACA-3’ and reverse 5’-
CCACACCACAGCTTAACTGTC-3’ for nephrin; forward 5’-ATGTGGACCCCTCCTGATAGT-3’ and reverse 5’-
GCCCAGTGATTTCAGCAAAGG-3’ for FN1; forward 5’-GCTCCTCTTAGGGGCCACT-3’ and reverse 5’-
ATTGGGGACCCTTAGGCCAT-3’ for collagen, type I, alpha 1 (Col1a1); forward 5’-
CTGTAACATGGAAACTGGGGAAA-3’ and reverse 5’-CCATAGCTGAACTGAAAACCACC-3’ for collagen, type
III, alpha 1 (Col3a1); forward 5’-GAAATGCCACCTTTTGACAGTG-3’ and reverse 5’-
TGGATGCTCTCATCAGGACAG-3’ for interleukin 1 beta (IL-1β); forward 5’-CTGCAAGAGACTTCCATCCAG-3’
and reverse 5’-AGTGGTATAGACAGGTCTGTTGG-3’ for IL6; forward 5’-TAAAAACCTGGATCGGAACCAAA-3’
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and reverse 5’-GCATTAGCTTCAGATTTACGGGT-3’ for monocyte chemotactic protein 1 (MCP1); forward 5’-
AGGTCGGTGTGAACGGATTTG-3’ and reverse 5’-GGGGTCGTTGATGGCAACA-3’ for GAPDH.

Biomarker in serum, urine and tissues. Tumor necrosis factor-α (TNF-α), IL-1β, IL-6 (Elabscience
Biotechnology Co.,Ltd., Wuhan, China), blood urea nitrogen (BUN), serum creatinine (Cr) and urinary total
protein (BIOSINO, Beijing, China), urinary KIM1 and NGAL (Elabscience Biotechnology Co.,Ltd., Wuhan,
China) were measured according to the manufacturer’s instructions. Alanine aminotransferase (ALT) and
aspartate aminotransferase (AST; Nanjing Jiancheng Bioengineering Institue, Nanjing, China) were
measured using enzyme-linked immunosorbent assays according to the manufacturer’s instructions.

Histologic examination. Hematein & eosin (H&E) staining, periodic acid-schiff staining and Masson’s
Trichrome staining, and the scoring of tubular, glomerular injury and interstitial �brosis were performed as
described previously [24].

Statistical analysis. Data were expressed as mean and standard deviation. Statistical analysis was
performed with the GraphPad Prism 7.0 (GraphPad Software, Inc., La Jolla, CA, USA). Inter-group
comparisons were calculated using a one-way analysis of variance. P value of less than 0.05 was
indicated a signi�cant difference.

Results
EA attenuates in�ammatory response apoptosis in HG-stimulated RTECs and podocytes.

To determine whether EA protects against HG-induced RTEC and podocyte dysfunction, the cytotoxicity of
EA was investigated in RTECs and podocytes exposure to HG (30 mM) for 24 h. As shown in Figure 1A,
EA had no obvious inhibitory effect on cell viability when the concentration of EA less than 30 μM.
Compared with NG (5 mM) group, cell viability was signi�cantly inhibited by approximately 40% in the HG
group. However, HG-induced growth inhibition of RTECs and podocytes was rescued by EA treatment
(Figure 1A). In�ammatory cytokines, including TNF-α, IL-1β and IL-6, levels were signi�cantly increased by
HG stimulation; however, EA treatment sharply down-regulated HG-evoked in�ammatory response in
RTECs and podocytes (Figure 1B and 1C). We also found that EA treatment reduced the proportion of
apoptotic cells in HG-stimulated RTECs and podocytes (Figure 1D).

 

EA mediates the NF-κB/miR-150-3p axis in HG-induced RTEC and podocyte apoptosis.

EA has been highlighted as a NF-κB inhibitor to alleviate multiple pathological processes, including DN
[9]. Moreover, NF-κB can modulate miR-150-3p expression in several diseases [25, 26]. Herein, we
hypothesized that EA-mediated NF-κB/miR-150-3p might be implicated in HG-induced RTEC and
podocyte apoptosis. As shown in Figure 2A, 2B and 2C, both nuclear NF-κB protein and miR-150-3p
expression levels were signi�cantly elevated in HG-stimulated RTECs and podocytes compared with those
cells treated with NG. However, EA treatment inhibited HG-activated NF-κB and miR-150-3p in RTECs and
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podocytes. To further investigate the roles of miR-150-3p in HG-induced RTEC and podocyte apoptosis,
miR-150-3p inhibitors were transfected into RTECs and podocytes to silence the expression of miR-150-
3p. As shown in Figure 2D, transfection of miR-150-3p inhibitors signi�cantly declined miR-150-3p
expression in RTECs and podocytes compared with the control group. After transfection with miR-150-3p
inhibitors into HG-stimulated RTECs and podocytes, our �ndings suggested that HG-induced apoptosis
(Figure 2E) and growth inhibition (Figure 2F) were rescued by the inhibition of miR-150-3p expression.

 

BCL2 expression can be regulated by miR-150-3p and EA

In our study, based on online bioinformatics analysis and luciferase assays, our �ndings suggested that
BCL2 is a direct target of miR-150-3p, re�ecting that transfection with miR-150-3p mimics into BCL2 3’-
UTR-WT podocytes and RTECs signi�cantly reduced luciferase activity, but the luciferase activity had no
obvious change in BCL2 3’-UTR-Mut cells (Figure 3A). In addition, overexpression or silencing of miR-150-
3p signi�cantly repressed or up-regulated the protein expression of BCL2 in podocytes and RTECs,
respectively (Figure 3B). In vitro experimental measurements revealed that HG led to a signi�cant
reduction of BCL2 protein expression in podocytes and RTECs, while EA treatment reversed HG-induced
BCL2 inhibition (Figure 3C and 3D). These �ndings indicate that EA-evoked BCL2 activation may be
associated with the inhibition of the NF-κB/miR-150-3p axis in vitro.

 

EA has no effect on body weight and FBG in diabetic mice.

To further investigate the role of EA on renoprotective action, we performed a pharmacological
experiment in diabetic mice with or without EA administration. Physiological parameters, body weight
and FBG, exhibited that a signi�cant decrease in body weight and an increase in FBG were observed in
the experimental period after STZ injection (Figure 4A and 4B). However, EA administration for 8 weeks
had no obvious effect on body weight and FBG in diabetic mice (Figure 4A and 4B).

 

EA mitigates renal injury in diabetic mice.

To explore the renal protective activity of EA on hyperglycemia-induced renal dysfunction, STZ mice were
administrated with or without EA for 8 weeks. BUN and serum Cr (Figure 5A), mRNA expression of KIM1
and NGAL (Figure 5B), urinary KIM1 and NGAL (Figure 5C), and urinary total protein (Figure 5D) were
signi�cantly elevated in diabetic mice compared with those of normal mice. Podocyte injury marker
nephrin mRNA expression was sharply reduced in the kidney of diabetic mice (Figure 5E). Intriguingly,
administration of diabetic mice with EA for 8 weeks markedly improved these pathological parameters.
Histologic examination by PAS staining and H&E staining exhibited that tubular atrophy (Figure 5F) and
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glomerular pyknosis (Figure 5G) were presented in diabetic mice. Histologic scoring indicated that tubular
and glomerular injury were signi�cantly attenuated in diabetic mice with EA treatment (Figure 5F and 5G).

 

EA alleviates interstitial �brosis in diabetic mice.

As shown in Figure 6A, there was strong collagen deposition with blue staining in STZ-treated mice.
However, the density of blue staining was obviously reduced in diabetic mice with EA administration
(Figure 6A). Semiquantitative scoring validated that hyperglycemia-induced interstitial �brosis in diabetic
mice was dramatically mitigated by EA administration (Figure 6B). As shown in Figure 6C, 6D and 6E, up-
regulation of �brosis markers FN1, Col1a1 and Col3a1 mRNA expression levels in diabetic mice were
signi�cantly reversed by EA administration.

 

EA mediates NF-κB/miR-150-3p/BCL2 activity in diabetic mice.

EA-mediated the activation of BCL2 via inhibiting NF-κB/miR-150-3p axis has been observed in HG-
stimulated podocytes and RTECs. Next, we further explore the effect of EA on NF-κB/miR-150-3p/BCL2
activity in the kidney of STZ-treated mice. We also found that hyperglycemia facilitated nuclear NF-κB
protein and miR-150-3p expression and inhibited BCL2 protein expression in the kidney. However,
hyperglycemia-induced up-regulation of NF-κB protein (Figure 7A) and miR-150-3p (Figure 7B) and down-
regulation of BCL2 (Figure 7C) were reversed by EA treatment. In addition, hyperglycemia-induced up-
regulation of pro-in�ammatory cytokines and mediators, IL-1β (Figure 7D), IL-6 (Figure 7E) and MCP1
(Figure 7F), was strikingly reduced by EA administration.

 

The effect of miR-150-3p antagomir in kidney, heart and liver of diabetic mice.

To further investigate the role of miR-150-3p in the pathogenesis of DN, diabetic mice were treated by the
injection of miR-150-3p antagomir. Compared with diabetic mice, miR-150-3p expression in the kidney,
heart and liver was signi�cantly reduced after received with anti-miR-150-3p treatment (Figure 8A).
Histologic examination exhibited that anti-miR-150-3p administration markedly improved hyperglycemia-
induced tubular and glomerular injury (Figure 8B). However, both STZ and anti-miR-150-3p treatment had
no obvious detrimental effect on the morphology of heart and liver (Figure 8B) and serum ALT and AST
(Figure 8C), suggesting that anti-miR-150-3p treatment had no obvious in�uence on cardiac and hepatic
functions. Collectively, anti-miR-150-3p treatment ensures medication safety in vivo experiments.

 

Anti-miR-150-3p treatment mitigates renal injury in diabetic mice.



Page 8/22

To explore the function of miR-150-3p antagomir, diabetic mice were received miR-150-3p antagomir
treatment by tail intravenous injection biweekly for 8 weeks. As shown in Figure 9A, 9B and 9C,
hyperglycemia-induced the up-regulation of renal injury marker, BUN, serum Cr and 24h urinary total
protein, was decreased by anti-miR-150-3p injection. Histologic examination revealed that hyperglycemia-
induced tubular injury (Figure 9D) and interstitial �brosis (Figure 9E) were dramatically alleviated by anti-
miR-150-3p injection. As shown in Figure 9F, �brotic biomarker FN1 protein expression was signi�cantly
reduced in the kidney of diabetic mice after anti-miR-150-3p injection. Both nephrin (Figure 9G) and BCL2
(Figure 9H) protein expression was signi�cantly increased in the kidney of diabetic mice after anti-miR-
150-3p injection. Based on in vitro and in vivo �ndings, our study deducted that EA performs a renal
protective activity, at least partly, by mediating the NF-κB/miR-150-3p/BCL2 signaling axis (Figure 10).

Discussion
In alternative therapeutic schedules for DN, EA administration displays diversiform protective effects,
including the reduction of proteinuria and podocyte loss, the improvement of oxidative stress and
in�ammatory response in a diabetic animal model [9–11]. In our study, we further investigate the
molecular mechanism underlying EA-mediated renal protection in diabetic mice. Our results
demonstrated that EA treatment prevented HG-induced podocyte and RTEC apoptosis and growth
inhibition by inhibiting NF-κB/miR-150-3p to activate BCL2 in vitro. In vivo diabetic model of mice, EA
administration improved renal �ltration function, tubular and glomerular injury, and interstitial �brosis.
More importantly, supplementation of EA also suppressed NF-κB/miR-150-3p activation and accelerated
BCL2 expression in the kidney of diabetic mice. In another experiment, miR-150-3p antagomir as a
potential gene therapeutic choice has been validated to rescue hyperglycemia-induced renal dysfunction
in a mouse model. Taken together, in vitro and in vivo experimental measurements corroborate that EA
modulates NF-κB/miR-150-3p/BCL2 cascade signaling to attenuate renal damage in diabetic models.

NF-κB is the most predominant transcription factor responsible for the transcription of in�ammatory
cytokines [27]. Accumulative studies indicate that over-activation of nuclear NF-κB is closely connected
with hyperglycemia- or high fat-induced sterile in�ammatory response in the progression of renal damage
[9, 28, 29]. Overexpression of NF-κB is also implicated in various animal models with acute or chronic
kidney diseases [30–32]. For example, NF-κB is a central molecule to activate in�ammatory response in
lipopolysaccharide-induced acute renal damage [30, 31]. Activation of NF-κB/p38-MAPK signaling
pathway attributes to renal in�ammation in high-fat diet/STZ-induced diabetes in mice [32]. These
conclusions manifest that NF-κB represents a valuable therapeutic target to rescue renal injuries. EA has
been reported as NF-κB inhibitor to reduce the secretion of pro-in�ammatory cytokines and improve renal
morphological damage in type II diabetic rats [9]. In the mouse model of STZ-induced DN, the
concentration of EA more than 50 mg/kg signi�cantly inhibits hyperglycemia-induced the up-regulation
of NF-κB protein levels in the kidney [10]. Consistent with previous �ndings [9, 10], our study indicated
that HG-induced the up-regulation of nuclear NF-κB/p65 was counteracted by EA (30 µM) treatment. In
our mouse model of STZ-induced DN, a signi�cant increase in nuclear NF-κB/p65 was also observed in
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the kidney, while EA (100 mg/kg) treatment dramatically inhibited nuclear NF-κB/p65 and its downstream
targets.

Up-regulation of miR-150-3p has been reported in the serum and urinary exosomal of patients with DN
[33, 34], suggesting that miR-150-3p may contribute to the pathogenesis of DN and serve as a therapeutic
target. In vitro cell experiments, our results found that miR-150-3p was up-regulated in podocytes and
RTECs in response to HG stimulation. Moreover, knockdown of miR-150-3p prevented HG-induced
podocyte and RTEC apoptosis. Furthermore, the elevation of miR-150-3p was also exhibited in the kidney
of diabetic mice. To determine whether inhibition of miR-150-3p protected against hyperglycemia-induced
renal dysfunction, miR-150-3p antagomir was applied in STZ-treated mice. After anti-miR-150-3p
treatment for 8 weeks, renal function, tubular injury and interstitial �brosis were obviously improved in
diabetic mice. These �ndings provide a theoretical basis to treat DN by inhibiting miR-150-3p.

The previous study exhibits that over-activation of NF-κB accelerates miR-150-3p expression to inhibit
osteogenesis [26]. In addition, cyclophosphamide induces lung injury in rats by promoting NF-κB-
mediated up-regulation of miR-150-3p [25]. These �ndings indicate that the NF-κB/miR-150-3p signaling
axis may be associated with tissue injury. Intriguingly, both NF-κB and miR-150-3p were increased in HG-
stimulated podocytes and RTECs and kidneys of STZ-treated mice. EA administration neutralized HG- or
hyperglycemia-induced the up-regulation of NF-κB and miR-150-3p in vitro and in vivo experimental
models. Our �nding indicated that the NF-κB/miR-150-3p signaling axis might be a potential target of EA
to prevent renal injuries.

BCL2 is an apoptosis-related protein, and the disruption of the expression of BCL2 in�uences organic
lesions [35]. miR-mediated post-transcriptional repression of BCL2 contributes to podocyte apoptosis in
diabetic circumstances [36]. Our study revealed that BCL2 is a direct target of miR-150-3p, and
overexpression of miR-150-3p signi�cantly repressed BCL2 protein expression. Inhibition of miR-150-3p
reversed hyperglycemia-induced the down-regulation of BCL2 protein. Moreover, silencing of miR-150-3p
attenuated HG-induced podocyte and RTEC apoptosis, suggesting that interception of miR-150-3p-
mediated BCL2 repression may be a novel approach to improve renal injuries.

In conclusion, our �ndings revealed that EA modulated the suppression of NF-κB/miR-150-3p to activate
BCL2 that contributed to prevent hyperglycemia-induced renal dysfunction. In addition, synthetic miR-
150-3p antagomir or inhibitors could alleviate tubular injury and interstitial �brosis, and prevent HG-
induced podocyte and RTEC apoptosis. These �ndings showed that miR-150-3p antagomir might provide
a prospective therapeutic strategy for the treatment of DN.
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Figure 1

EA attenuates in�ammatory response apoptosis in HG-stimulated RTECs and podocytes. The effect of
NG, HG and EA on podocyte and RTEC growth in vitro was evaluated by CCK8 assays after 24 h treatment
(A). Proin�ammatory cytokines, TNF-α, IL-1β and IL-6, were detected by ELISA assays in HG-stimulated
podocytes (B) and RTECs (C) with or without EA treatment for 24 h. After HG-stimulated podocytes and
RTECs with or without EA treatment for 24 h, TUNEL positive staining cells were analyzed using TUNEL
staining (D). * P < 0.05 vs NG group; # P < 0.05 vs HG group. n = 3 in each group.
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Figure 2

EA mediates the NF-κB/miR-150-3p axis in HG-induced RTEC and podocyte apoptosis. After HG-
stimulated podocytes and RTECs with or without EA treatment for 24 h, NF-κB/p65 protein expression in
the nucleus was measured using western blot (A and B); miR-150-3p expression was detected by RT-qPCR
(C). After transfection with miR-Con or miR-150-3p inhibitors into podocytes and RTECs for 24 h, miR-150-
3p expression was detected by RT-qPCR (D). After transfection with miR-Con or miR-150-3p inhibitors into
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HG-exposed podocytes and RTECs for 24 h, apoptosis rate and cell viability were evaluated by TUNEL
staining (E) and CCK8 assays (F), respectively. * P < 0.05 vs NG group; # P < 0.05 vs HG group. n = 3 in
each group.

Figure 3

BCL2 expression can be regulated by miR-150-3p and EA. Binding sites between miR-150-3p and BCL2
were predicted by on-line bioinformatics algorithm, TargetScan; and luciferase assays were performed to
investigate a direct association between miR-150-3p and BCL2 (A). After transfection with miR-Con, miR-
150-3p mimics or inhibitors into podocytes and RTECs for 24 h, BCL2 protein expression was measured
using western blot (B). After podocytes and RTECs exposure to HG with or without EA treatment for 24 h,
BCL2 protein expression was measured using western blot (C and D). * P < 0.05 vs NG or miR-Con group;
# P < 0.05 vs HG group. n = 3 in each group.
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Figure 4

EA has no effect on body weight and FBG in diabetic mice. Body weight (A) and FBG (B) were recorded
every two weeks after EA treatment in the experimental period for 8 weeks. *** P < 0.001 represents STZ
or STZ+EA treatment group vs Con group.
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Figure 5

EA mitigates renal injury in diabetic mice. After normal or diabetic mice were administrated by EA (100
mg/kg/day) for 8 weeks, BUN and serum Cr (A), KIM1 and NGAL mRNA (B), urinary KIM1 and NGAL (C),
urinary total protein (D) and renal nephrin mRNA expression (E) were used to evaluate renal injuries in
diabetic mice. Tubular (F) and glomerular (G) injury score were evaluated by PAS and H&E staining. * P <
0.05 vs Con group; # P < 0.05 vs STZ group. n = 6 in each group.
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Figure 6

EA alleviates interstitial �brosis in diabetic mice. After normal or diabetic mice was administrated by EA
(100 mg/kg/day) for 8 weeks, renal interstitial �brosis (A) and score (B) were evaluated by Masson’s
Trichrome staining. mRNA expression of FN1 (C), Col1a1 (D) and Col3a1 (E) was measured by RT-qPCR. *
P < 0.05 vs Con group; # P < 0.05 vs STZ group. n = 6 in each group.
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Figure 7

EA mediates NF-κB/miR-150-3p/BCL2 activity in diabetic mice. After normal or diabetic mice were
administrated by EA (100 mg/kg/day) for 8 weeks, NF-κB/p65 protein (A), miR-150-3p (B) and BCL2 (C)
protein levels were measured in the kidney. Pro-in�ammatory cytokines and mediators, IL-1β (D), IL-6 (E)
and MCP1 (F) mRNA expression in the kidney were measured using RT-qPCR. * P < 0.05 vs Con group; # P
< 0.05 vs STZ group. n = 6 in each group.
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Figure 8

The effect of miR-150-3p antagomir in kidney, heart and liver of diabetic mice. After diabetic mice were
treated with miR-150-3p antagomir (anti-miR-150-3p; 20 nM/0.1 mL; once/two weeks) for 8 weeks, miR-
150-3p expression in kidney, heart and liver was measured using RT-qPCR (A). H&E staining was used to
evaluate histologic damage (B). Serum ALT and AST were measured using ELISA kits (C). * P < 0.05 vs
Con group; # P < 0.05 vs STZ group. n = 6 in each group.
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Figure 9

Anti-miR-150-3p treatment mitigates renal injury in diabetic mice. After diabetic mice were treated with
miR-150-3p antagomir (anti-miR-150-3p; 20 nM/0.1 mL; once/two weeks) for 8 weeks, BUN (A), serum Cr
(B) and urinary total protein (C) were used to evaluate renal injuries in diabetic mice. Renal tubular injury
(D) and interstitial �brosis (E) were evaluated using PAS and Masson’s Trichrome staining, respectively.
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FN1 (F), nephrin (G) and BCL2 (H) protein expression in the kidney were measured using western blot. * P
< 0.05 vs Con group; # P < 0.05 vs STZ group. n = 6 in each group.

Figure 10

Schematic representation of EA modulated the suppression of NF-κB/miR-150-3p to activate BCL2 that
contributed to prevent HG- or hyperglycemia-induced renal dysfunction.


