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Eicosapentaenoic acid reduces infl ammation and apoptosis by  
SREBP1/TLR4/MYD88
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ABSTRACT
AIM: Podocytes dysfunction including the cell integrity, apoptosis and infl ammation plays crucial role in 
diabetic nephropathy. Current exploration evaluated the protective role of   eicosapentaenoic acid (EPA) in high 
glucose-treated podocytes and the underlying mechanisms. 
METHOD: MPC5 cell were stimulated by high glucose or treated by EPA of different concentrations. CCK8 
assay was utilized to assess  MPC5 cell viability, fl ow cytometry analyzed cell apoptosis.
RESULTS: Data showed that EPA prominently alleviated the high glucose-induced apoptosis and 
infl ammation. Besides, the disruption of the podocytes structure certifying by podocin and synaptopodin 
induced by hyperglycemia was hindered by EPA administration. In addition, overexpression of the sterol 
regulatory element-binding protein-1 (SREBP-1) reversed the protective effects of EPA in high glucose-treated 
podocytes. EPA inhibits the SREBP-1/TLR4/MYD88 signaling in high glucose treated cells. 
CONCLUSIONS: This study suggests that EPA protects against podocytes dysfunction by regulating 
SREBP-1 and these fi ndings provide a better understanding for diabetic nephropathy and a novel therapeutic 
strategy (Fig. 7, Ref. 24). Text in PDF www.elis.sk
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Introduction
    
Diabetic   nephropathy ( DN) is one of the most common com-

plications of diabetes. The classical management by angioten-
sin-converting enzyme inhibitors and ARB, angiotensin receptor 
blocker in diabetes therapy is still connected with residual risk of 
DN (1). Thus, it is urgent for researchers to exploit new therapeu-
tic options for DN therapy.

The clinical features of DN are the increasing levels of albumin-
uria and the  reduction of   glomerular fi ltration rate (GFR) (2, 3). The 
glomerular endothelium,  the basement membrane and podocyte 
maintain the integrity of the   glomerular fi ltration barrier, the func-
tion of which is correlated with the pathophysiology of DN (4, 5). 
Recently, targeting glomerular hyperfi ltration, infl ammation, and 
fi brosis are considered novel therapeutic strategies (1). Dysfunc-
tion of podocytes leads to  albuminuria, glomerular hypertrophy 
and glomerular basement membrane thickness and fi nally   chronic 
renal failure (6). The podocytes injury mainly includes extra cel-

lular matrix dysfunction, abnormal gene expression (e.g. nephrin, 
podocin, and cadherin), aberrant actin cytoskeleton and podocytes 
apoptosis. Infl ammation, as well as oxidative stress and fi brosis 
are key regulators for initiation of DN (7). Inhibition of infl am-
matory, apoptosis, and regulation of actin cytoskeleton in podo-
cytes effectively improve the DN by repairing the podocyte (8). 

  Eicosapentaenoic Acid (EPA) is a major component of fatty 
acids that has been studied to prevent and treat diabetic kidney 
disease (9, 10); however, the underlying mechanism remains 
obscure in DN. There is only one research indicating that the 
fatty acid induces apoptosis in podocytes, whereas ω-3 polyun-
saturated FFA reduces it (11). In current study, we also evaluated 
the effects of EPA on podocytes injury under high glucose treat-
ment. A previous investigation showed that n-3 polyunsaturated 
fatty acid inhibits the sterol regulatory element-binding protein-1 
(SREBP-1) to reduce albuminuria and renal dysfunction in a type 
II diabetic mice model (12). Thus, we supposed that EPA might 
regulate podocyte injury mediated by SREBP-1 and subsequently 
molecular signaling. 

Materials and methods

Reagent and assay kit
Eicosapentaenoic Acid, 10417-94-4, Sigma, Merck. Cell 

counting assay kit-8 (CCK-8), ; The following antibodies were 
used for the western blots: p  odocin (ab50339, 1:1000), synaptopo-
din (ab224491, 1:1000), Bax (ab32503), Bcl-2 (ab182858, 1:1000), 
cleaved-caspase3 (ab2302, 1:1000), caspase3 (ab13847, 1:1000), 
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SREBP1 (ab55993, 1:1000), MYD88 (ab2064, 1:1000), TLR4 
(ab13556, 1:1000), GAPDH (ab181602, 1:1000), HRP-conjugated 
goat anti-rabbit IgG (ab205718, 1:10000); EPA was dissolved in 
99 % isopropanol to prepare mother liquor, and diluted into serum 
free Dulbecco’s modifi ed Eagle’s medium (DMEM; Gibco); C  M-
H2DCFDA (General oxidative stress indicator), C6827, Invitrogen; 
Cell Apoptosis Kit with Annexin V Alexa Fluor 488 & Propidium 
Iodide (PI), V13245, Invitrogen; Mouse IL-6 Quantikine ELISA 
kit, M6000B, R&D systems; Mouse IL-1 beta/IL-1F2 Quantikine 
ELISA Kit, MLB00C, R&D systems; Mouse TNF-alpha Quanti-
kine Elisa Kit, MTA00B, R&D systems.

Cell culture
The mouse podocyte cell line, M  PC5 cells, was purchased 

from BioVector NTCC Inc. (China) and was culured in RPMI-
1640 medium (Gibco, Thermo Fisher Scientifi c) with 10 % fetal 
bovine serum (FBS; Gibco, Thermo Fisher Scientifi c), 100 U/ml 
penicillin (Gibco, Thermo Fisher Scientifi c), 100 μg/ml streptomy-
cin (Gibco, T  hermo Fisher Scientifi c) and 
50 U/ml i nterferon gamma (Gibco, Thermo 
Fisher Scientifi c) at 37 °C. After the cells 
were incubated without interferon gamma 
for 14 days, the cells were differentiated. 
Cells were incubated with 25 mmol/l of 
high glucose (HG). We confi rmed that the 
podocytes were differentiated mature by 
expression of podocin and synaptopodin 
by western blots. 

CCK-8
Cell viability was measured using the 

CCK-8 assay. Cells were seeded in 5×103 
cells/well in 96-well plate. After treatment, 
100 μl per well detection solution was incu-
bated with cells at 37 °C for 4 h. The Vario-
skan Lux multi-function microplate instru-
ment (Thermo Fisher Scientifi c) was used 
to detect the absorbance value at 450 nm.

Western blots analysis
The proteins from the treated cells 

were extracted by PrepSEQ lysis buffer 
(Applied Biosystems). The samples were 
seperated by gel electrophoresis using 10 
% Sodium dodecyl sulfate-polyacrylamide. 
Subsequently, the gels were transferred to 
PVDF membranes. 5 % (m/v, in TBST) 
nonfat milk was used to block the mem-
branes for 2 h. Primary antibodies were in-
cubated at 4 °C overnight and subsequently 
incubated with HRP-conjugated anti-rabbit 
antibodies at room temperature for 2 h. The 
immuno-blots were detected by ECL plus 
Western Bloting substrate (Pierce, Thermo 
Fisher Scientifi c). 

Cell apoptosis analysis
Treated cells were collected and centrifuged at 1000g for 5 min 

at 4 °C. The apoptotic cells were assessed by using Cell Ap optosis 
Kit with Annexin V Alexa Fluor 488 & Propidium Iodide (PI) ac-
cording to manual instructions. FACScan fl ow cytometer (Becton) 
was used to measure the cell apoptosis.

Reactive oxygen species (ROS) analysis
The alteration of ROS levels was assessed by using CM-H2D-

CFDA probe. Cells were plated with concentration of 5×103 cells/
well in 96-well plates. The cell culture medium was incubated with 
the probe for 30 min at 37 °C. Fluorescence was evaluated on a 
Varioskan Lux multi-function microplate instrument.

Infl ammatory factors analysis
After cells treatment, the cells were lysed by ultrasonic frag-

mentation. The supernatant was determined by ELISA assay kit 
according to manufacture’s instructions.

Fig. 1. EPA regulated podocytes dysfunction. (A) Differentiated MPC5 cells were treated with 
EPA (1, 10, 25, 50, 100, 200 μM) for 48 h (* p < 0.05 vs control). The cell viability was detect-
ed by CCK-8. (B) Differentiated MPC5 cells were co-treated with high glucose (25 mmol/l, 
DMEM) and EPA (1, 10, 50,   100 μM) and cell viability was determined by CCK-8 (*** p < 
0.001 vs control; # p < 0.05, ## p < 0.01 vs HG). (C) Differentiated MPC5 cells were treated 
with high glucose and EPA (1, 50, 100 μM). The expression of podocin and synaptopodin 
was evaluated by western blots (*** p < 0.001 vs control; ## p < 0.01, ### p < 0.001 vs HG).
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Fig. 2. EPA impeded high glucose induced apoptosis. Differentiated MPC5 cells were treated with high glucose (25 mmol/l, DMEM) or EPA 
(10, 50, 100 μM) for 48 h. (A) Flow cytometry was used to investigate the apoptosis. (B) The expression of Bax, Bcl-2, cleaved-caspase3 and 
caspase3 was detected by western blots. *** p < 0.001 vs control; # p < 0.05, ### p < 0.001 vs HG.
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Statistical analysis
Data are presented as mean ± SD. The differences in present 

experiments were analyzed by using one-way ANOVA, followed 
by Tukey’s multiple test among groups. A p value less than 0.05 
was considered as signifi cant difference.

Results

EPA improves podocytes function destroyed by high glucose. 
We fi rst evaluated the cytotoxicity of EPA on MPC5 cells, and 

found that EPA does not inhibit cell viability until treated with over 
200 μM (Fig. 1A). Subsequently, the results showed that EPA dra-
matically reversed the low cell viablity induced by high glucose 
(Fig. 1B). To explore the dysfunction of the podocytes, we used 
podocin and s  ynaptopodin as a marker to study its regulation in 
podocytes. Management with high glucose in podocytes decreased 
the expression of podocin and synaptopodin, which was prevented 
by EPA therapy (Fig. 1C). 

EPA reduced high glucose induced apoptosis
Further, results showed that EPA reduced the high glucose in-

duced cell death by alleviating the cell apoptosis (Fig. 2A). Of the 
EPA, high glucose induced apoptosis, as was assessed by Bax-2, 
cleaved-caspase 3, and Bcl-2, after 48 h of stimulation in a concen-
tration dependent manner up to 100 μM (Fig. 2B). EPA prominently 
reduced the expression of pro-apoptotic proteins including Bax-2 

and cleaved-caspase 3, and enhanced anti-
apoptotic protein Bcl-2 expression.

EPA reduced ROS generation and infl am-
mation in high glucose-treated podocytes

In cultured MPC5 cells, high glucose 
incresed the production of ROS, as evi-
denced by using a CM-H2DCFDA probe, 
whereas EPA treatment dramatically hin-
dered it (Fig. 3A). Furthermore, EPA treat-
ment inhibited the high glucose induced 
expression of TNF-α, IL-1β,  and IL-6 (Fig. 
3B‒3D). EPA regulates the SREBP1/TLR4/
MYD88   signaling in high glucose-treat-
ed podocytes. Recent reports show that 
SREBP1 participates in the TLR4-mediated 
infl ammation (13). EPA inhibited SREBP1 
expression in high glucose treated MPC5 
cells (Fig. 4A). Also, high glucose treat-
ment enhanced the TLR4 and downstream 
MYD88 expression, and EPA inhibited the 
high glucose induced upregulaion of TLR4 
and MYD88 (Fig. 4A). To further study 
the role of SREBP1, SREBP1 was overex-
pressed in MPC5 cells (Fig. 4B). Inbition 
of TLR4/MYD88 by EPA was activated 
by overexpression of SREBP1 (Fig. 5A). 
Overexpression of SREBP1 inhibited the 
effect of EPA on cell viability increased by 

high glucose (Fig. 5B). Moreover, SREBP1 upregulation reduced 
the podocin and synaptopodin expression in high glucose treated 
cells (Fig. 5C‒5D). Upregulation of SREBP1 inhibited the EPA 
effects on apoptosis and expression of Bax, cleaved-caspase3 and 
Bcl-2 (Fig. 6). In addition, EPA inhibited the high glucose induced 
ROS generation, secretion of TNF-α, IL-1β, and IL-6, which was 
inhibited by overexpression of SREBP1 (Fig. 7). 

Discussion

The main fi ndings of the current study are that there is a dra-
matical increase in apoptosis, infl ammation and oxidative stress 
in the podocytes induced by high glucose, which was suppressed 
by treatment of EPA and mediated by SREBP1/TLR4/MYD88 
signaling. Recently, dysfunction of podocytes is identifi ed as the 
pathogenesis of DN, might participate in the early stages of this 
disease (14, 15). The cytoskeletal pro tein (synaptopodin) and 
the slit diaphragm (podocin) are performed to the functional and 
structural integrity of podocytes (16). High glucose-induced low 
expression of podocin and synaptopodin was dramatically en-
hanced by EPA administration, which may indicate that EPA can 
affect the function of podocyte. 

EPA decreased mitochondrial-mediated apoptosis in podo-
cytes in in vitro model. During DN, mitochondrial functions in 
podocytes are usually destroyed and principally the production of 
ROSis promoted (17). Some researches indicated that elevation 

A B

C D

Fig. 3. EPA reduced the generation of ROS and pro-infl ammatory factors. Differentiated 
MPC5 cells were treated with high glucose (25 mmol/l, DMEM) or EPA (10, 50, 100 μM) for 
48 h. (A) The generation of ROS was detected by CM-H2DCFDA in different groups. The 
production of TNF-α (B), IL-1β (C), and IL-6 (D) was regulated by ELISA assay kit. *** p < 
0.001 vs control; ## p < 0.01, ### p < 0.001 vs HG.
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of ROS inhibited cell apoptosis by suppressing the expression of 
Bcl-2, a anti-apoptotic biomarker (18, 19). In the present study, 
we also found that ROS production is accompanied with loss of 
Bcl-2 and an increase of cleaved-caspase3 and Bax induced by 
high glucose in podocytes and their alteration reversed by EPA. 
The data revealed that EPA might regulate the mitochondria me-
diated apoptosis in high glucose treated podocytes. 

In the present investigation, we found for the fi rst time that 
EPA inhibited the expression of SREBP-1, thereby reducing apop-
tosis and infl ammation mediated by SREBP-1 in high glucose-
treated podocytes. SREBP-1 has been reported to correlate with 
some renal diseases, such as glomerular fi brosis, chronic renal 
failure, and diabetic nephropathy (20‒22). N-3 polyunsaturated 

fatty acid reduced albuminuria and renal 
dysfunction in a type II diabetic mice model 
by inhibiting SREBP-1 (12). In addition, we 
demonstrated that EPA hindered the TLR4/
MYD88 signaling evoked by high glucose, 
the effects of which could be reversed by 
overexpression of SREBP-1. TLR4 knock-
out increased the podocytes and podocin 
expression in renal tissues of the mice with 
STZ administration. TLR4/MYD88 signal-
ing has been well understood in regulation 
of infl ammation24. Similarly, inhibition of 
SREBP-1 by EPA also inhibited the expres-
sion of podocin and TLR4, subsequently 
reduced apoptosis and infl ammation in high 
glucose-treated podocytes, indicating that 
EPA inhibited the podocytes dysfunction 
by regulation of SREBP-1.

Conclusion

EPA ameliorates the high glucose in-
duced apoptosis and infl ammation in podo-
cytes by suppressing SREBP-1. Therefore, 
the protective role of EPA on diabetic ne-
phropathy might be mediated by regula-
tion of podocytes dysfunction. This basic 
research provides a strong theoretical basis 
for clinical research. 
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control; # p < 0.05, ## p < 0.01, ### p < 0.001 vs HG.
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Fig. 7. EPA inhibits high glucose induced ROS generation and infl ammation by alleviating 
SREBP1 expression. (A) The generation of ROS was detected by CM-H2DCFDA in different 
groups. The production of TNF-α (B), IL-1β (C), and IL-6 (D) was regulated by ELISA assay 
kit. *** p < 0.001 vs control; # p < 0.05, ### p < 0.001 vs HG.


