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ABSTRACT

Objective: Activation of pancreatic stellate cells (PSCs) is detrimental to pancreas function
by promoting pancreatic fibrosis. Resveratrol is a natural and pharmacologically active
compound. This study is to investigate the effect of resveratrol on the bilogical behavior of
PSCs under high glucose condition. Methods: Isolated primary mouse PSCs were cultured
in low glucose (5.5mmol/L glucose, LG group) medium, high glucose (25mmol/L glucose,
HG group) medium and treated with resveratrol (25umol/L or 50umol/L). Cell proliferation
was examined using MTT assay. The expression of a-SMA and collagen I were determined
using Western blotting. Alpha-SMA expression was also determined using immuno-
-cytochemistry staining. IL-1, IL-6, and TNF-a mRNA levels and secretion levels in media
of PSCs were determined using qRT-PCR and ELISA respectively. Results: Cell
Proliferation, a-SMA and collagen I expression levels, IL-1, IL-6, and TNF-a mRNA levels
and secretion levels of PSCs were increased after high glucose treatment, compared with
low glucose treatment. They were significantly decreased in PSCs treated with both high
glucose and resveratrol, compared with high glucose treatment. Conclusion: Resveratrol
inhibited high glucose induced PSCs proliferation, activation, cytokine expression and
secretion in PSCs. Therefore, resveratrol can be potentially used in therapy of diseases such
as type 2 diabetes mellitus, pancreatitis and pancreatic cancer where PSCs is activated by
high glucose.
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Introduction

Pancreatic stellate cells (PSCs) are
located between pancreatic lobules and the
surrounding area of acinars and contribute to
4-7%  all

physiological condition. PSCs, characterized

pancreatic  cells  under
by the presence of vitamin A laden lipid
droplets, are essential for maintaining the
normal pancreatic architecture. Under the
pathological conditions, PSCs are activated
and can be transformed into myofibroblast
-like cell with perinuclear lipid droplets
disappear from the cytosol and expression of
the activation marker, alpha smooth muscle
actin. Activated PSC is the main source of
the accumulation of extracellular matrix
(ECM) protein, leading to pancreatic fibrosis
in chronic pancreatitis and pancreatic cancer

[1-4]

T2DM is a disease characterized by
hyperglycemia. Studies showed that PSCs
were proliferated and activated under
hyperglycemial®l. High glucose increased
oxidative stress in primary mouse PSCs,
thereby facilitating the activation of these
cells. This can be attenuated by antioxidant
treatment!').  High  glucose increases
extracellular matrix production in pancreatic
stellate cells by activating the
renin-angiotensin system(®. High glucose
activates mouse pancreatic stellate cells
and p38

mitogen-activated protein kinase pathway [].

through protein kinase C

High glucose aggravates the detrimental

effects of pancreatic stellate cells on

beta-cell function in T2DMIB1,

Resveratrol is a natural polyphenol. It
has been reported with a wvariety of
beneficial effects such as antioxidant,
anti-aging and anti-inflammatory bioacti-
-vities; thus often utilized as an active
substance in human and veterinary
studies has
Inhibits
ROS-Promoted Activation and Glycolysis
Stellate

miR-21141,

-resveratrol may serve as a therapeutic or

therapeutics!!®13,  Recent

shown that Resveratrol
of  Pancreatic Cells via
Suppression  of trans-

anti-fibrotic
PSC-relating

pathologies!!'. The effects of resveratrol

an adjuvant agent in

approaches and/or
on the biological properties of PSCs
deserve further investigation.

In this study, we investigate the effects
of resveratrol on proliferation, activation,
cytokine expression and secretion of
isolated primary PSCs treated with high
glucose. Our finding provided a clue to
use resveratrol in therapy of diseases such
as T2DM, pancreatitis and pancreatic
cancer where PSCs is activated by high

glucose.

Materials and methods
1.1 Isolation, culture, and verification of
primary mouse PSCs
Isolation, culture, and verification of
mouse PSCs was performed according to
the published method!"®!7! with modifi-

-cation. Briefly, adult male C57BL/6
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mouse (14 weeks old) was anaesthetized
with ether and sacrificed by. The mouse was
then executed by cervical vertebra
dislocation. After soaking in 75% ethanol
for 3 minutes, the mouse was dissected and
the pancreas was collected. The pancreatic
tissue was cut into 0.5mm3 in size and
digested using 5 ml of 2.5g/L trypsin
(Sigma-Aldrich) and 0.001%  DNase
(Sigma-Aldrich) for 10 min. F-12/DMEM
with FBS was added and the digestion was
centrifuged at 100g for 20 min. After
supernatant was discarded, the precipitate
was resuspended in F-12/DMEM medium
with10% fetal 500u/1

penicillin, and 500u/l streptomycin and

bovine serum,
cultured in a cell culture bottle or dish at
37°C with 5% COa.

The purity of the isolated cells was
examined by morphological observation
under a microscope at the second day after
isolation. Lipid droplets in PSCs were
assessed using Oil Red O staining and
fluorescence excited at 328nm. Activation of
PSCs was evaluated using immunofluo-
-rescence staining of a-SMA after 7 weeks
of culture. The cells were routinely
The 2-4

generation PSCs in the logarithmic growth

sub-cultured every 2-3 days.

phase were used in this study.

All experiments related to animal care and
all procedures were performed in
accordance with relevant guidelines and
regulations. This study was approved by the

Ethical Committee for Animal Experimenta-

-tion of Xiangyang No.l People’s
Hospital.
1.2 MTT assay

MTT assay was used to determined of
cell proliferation of PSCs. PSCs were
seeded into 96-well plates at a density 6.0
x103 cells/well, synchronized in medium
containing 1% serum for 12 hours, and
then cultured with low glucose medium
(5.5mmol/L glucose, LG) or high glucose
(25mmol/L  glucose, HGQG)

resveratrol  (25umol/l  or
50umol/l) or its vehicle control. Each
treatment had five replicates. After
treatment for 12, 24, 36, and 24 h,
MTT (5mg/ml) was added and incubated
for additional 4 h . Supernatant was then
discarded and 150l of dimethyl sulfoxide

was added to each well. The plate was

medium

containing

then read using a microplate reader at
492nm wavelength. The experiment was

repeated three times.

1.3 Quantitative reverse transcription-
-polymerase chain reaction
RT-qPCR was used to
relative  IL-1, IL-6, and
mRNA levels. After

glucose and resveratrol

determined the
TNF-a
treatment with
for 24 h, PSCs
were processed using a RNAfast 200
RNA was
extracted. Complementary DNA was

extraction kit and total

synthesized wusing a TakaRa
Quantitative RT-PCR

reaction was set up using 2ul of cDNA,

Ieverse

transcriptase Kkit.
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Iul of gene upstream and downstream
primers, 10ul of 2xSYBY Green PCR
Master mix and 6l of dd H>O.

The conditions for PCR reaction were as
follows: initial denaturation for 10 minutes
at 95 °C, followed by 35 cycles of 95 °C for
30 s and 60°C for 30 s, extension at 74°C for
30 min, and final extension at 74 °C for 10
min. Each treatment group had three
replicates. B-actin was used as the internal
reference. The relative mRNA levels of
target genes were calculated based on the
2AACT method.

The primers were been as follows:

B-actin up 5'-CTTCCAGCCTTCCTTC
CTGG-3' and down 5'-CTG TGTTGGCG
TACAGGTCT-3';

IL-1 up 5-ATAAGCCCACTCTACA
CCT-3' and down 5-ATTGGCCCTGA
AAGGAGAGA-3;

IL-6 up 5-ACGCTAGTCCTCCACG
AT-3' and down S5-GGTTGTTTAACA
TTGCCTTT-3"

TNF-a up 5'-GGATCTCAAAGACAA
CCAAC-3' and down 5-ACAGAGCA
ATGACTCCAAAG-3'.

1.4 Western blotting

Western blotting was used to determined
a-SMA protein levels. After treatment with
glucose and resveratrol  for 24 h, PSCs
were collected into RIPA cell lysis buffer. A
total of 20ug protein for each sample was
denatured in loading buffer at 70°C for 30
min and resolved by sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-

-PAGE). The
transferred to a PVDF membrane. The
membrane was blocked with 10%
skimmed milk powder in PBST (1:1000

dilution) at room temperature for 2 h and

resolved protein was

then incubated with primary antibody
(1:5000 dilution) for 4 h and secondary
antibody (1:5000 dilution) for 2 h. The
membrane was then washed with PBST
and developed using chemiluminescence
reagent.
1.5 Immunoflurescence assay
Immunoflurescence assay was used to
determine o-SMA expression in PSCs.
PSCs were seeded in 12-well plates at a
density of 1x10°cells/well and then
treated with desired chemicals for 24h.
Naive PSCs and treated PSCs were
washed with PBST, fixed with 4%
polyoxymethylene  for
treated with 0.5%Triton X-100 (PBS

preparation) for 20min. The cells were

15min, and

blocked using normal goat serum and then
incubated with anti-a-SMA antibody
(1:150 dilution) at 4°C overnight.

After wash with PBST, the cells were
incubated with secondary antibody
(1:500) at room temperature for 1 h in the
dark room thereafter. DAPI was added to
the wells after wash with PBST. The cells
were examined and recorded under a

fluorescence microscope.
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1.6 ELISA

ELISA was used to
-mine IL-1, IL-6, and TNF-a levels in the
media of PSCs culture. After

deter-

treatment
with glucose and resveratrol for 24h, media
of PSCs culture were collected. ELISA kit
was used to determine IL-1, IL-6, and
TNF-a levels in the media of PSCs culture.
1.7 Reagents

F-12/DMEM culture medium and fetal
bovine serum were purchased from
American Gibco Company. Resveratrol and
methyl thiazolyl tetrazolium (MTT) was
purchased from American Sigma-Aldrich
Company. Reverse transcriptase kits and
Real-time PCR kit were purchased from
Takara Biotechnology (Dalian) Co.Ltd.

Cell total RNA
(RNAFAST200) was

Shanghai Fastagen Biotechnology Co., Ltd.

extraction kit

purchased from

Protein extraction reagent (RIPA) was
purchased from Shanghai Shenneng Gaming
Biotechnology ~Company. Rabbit anti-
-collagen I and o-SMA antibodies were
purchased from Wuhan Proteintech Group,
Inc. Goat anti-rabbit IgG- HRP conjugate
was purchased from Beijing Zhongshan
Biolocal Technology Co. Ltd. DyLight 488
fluorophore antibody was purchased from
the US Earthox company. ELISA kit was
purchased from Shanghai Ren Jie
Biotechnology Co., Ltd. The DNA oilgo-
-nucleotides were designed and synthesized
by Shanghai Bioengineering Technology

Service Co., Ltd. Resveratrol was dissolved

in phosphate-buffered saline (PBS) at the
ratio 1 mol/L and stored in the refrigerator
at -20°C.
1.8 Statistical analysis

The data measured are expressed using
mean (; ) + standard deviation (s) and
data was analyzed using SPSS 18.0
statistical software.

Comparisons between groups were
performed using single factor variance
analysis and LSD-t testing. P < 0.05 was

considered statistically significant.
Results

1. Isolation, culture, and verification of
primary PSCs

We isolated and cultured PSCs which
was spindle- or star-shaped in the first day
(resting state PSCs) after isolation (Figure
1A). After cultured for 7 weeks, PSCs
were stained with Oil Red O and
immunocytochemistry of a-SMA. Oil Red
O staining showed that the cytoplasm was
rich in lipid droplets (Figure 1B).

The blue-green fluorescence of lipid
droplets excited at 328nm was visible in
cells under fluorescence
(Figure  1C).
staining showed the expression of a-SMA
in PSCs (Figure 1D).

These results suggested that the isolated

microscope

Immunocytochemistry

and cultured cells were PSCs and could be

activated.
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Figure 1: Isolation, culture, and verification of PSCs.

(A) Morphological examination of the cells at the second day after isolation under a
phase contrast microscope. The cells were stained with Oil red O (B) and examined for
fluorescence of intracellular lipid droplets excited at 328nm (C). After 7 weeks of
culture, the cells were stained by immunocytochemistry of a-SMA (D). The image

showed was taken at 200x.
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Figure 2: The effect of resveratrol on the proliferation of PSCs in high glucose.
PSCs were treated with indicated chemicals. The cell proliferation was determined using
MTT assay. * compared with the LG group, P<0.05. # compared with the HG group,
P<0.05.
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2. Resveratrol inhibited high glucose
induced PSCs proliferation

To examine the effect of resveratrol on
glucose induced PSCs proliferation, we
treated PSCs with low high glucose and
resveratrol and their respective controls and
performed MTT assay. The results showed
that proliferation of PSCs was significantly
increased after high glucose treatment in a
time dependent manner, compared with low
glucose treatment (Figure 2). The prolifera-
-tion of PSCs was significantly decreased
after high glucose and resveratrol treatment
in a time dependent and resveratrol
dose-dependent manner, compared with high
glucose treatment and low glucose treatment
(Figure 2).

The results suggested that resveratrol
inhibited high glucose induced PSCs
proliferation.

3. Resveratrol inhibits high glucose-induced

PSCs activation

To examine the effect of resveratrol on
glucose induced PSCs activation, we treated
PSCs with low high glucose and resveratrol
and their respective controls for 24h and
determined expression of Collagen I and
a-SMA using Western blotting and a-SMA
expression using immunocytochemistry
staining. The results showed that Collagen 1
and a-SMA protein levels in PSCs were
significantly increased after high glucose
treatment, compared with low glucose

treatment (Figure 3).

The Collagen I and o-SMA protein
levels were significantly decreased after
high glucose and resveratrol treatment,
compared with high glucose treatment
(Figure 3). Similar results of o-SMA
immunocytochemistry  staining  were
observed in PSCs after treatment with low
high glucose and resveratrol and their
respective controls (Figure 4).

The results suggested that resveratrol
inhibited high glucose induced PSCs
activation.

4. Resveratrol inhibited high glucose-
-induced cytokine expression and
secretion in PSCs
To examine the effect of resveratrol on

glucose induced cytokine expression in

PSCs, we treated PSCs with low high

glucose and resveratrol and their

respective controls for 24h and deter-

-mined IL-1, IL-6, TNF-a mRNA levels in

PSCs cells using quantitative RT-PCR and

IL-1, IL-6, TNF-a protein levels in the

media of PSCs cells using ELISA. The

results showed that IL-1, IL-6, TNF-a
mRNA levels in PSCs were significantly
increased after high glucose treatment,
compared with low glucose treatment
(Figure 5).

decreased after

They were significantly
high glucose and
resveratrol treatment, compared with high
glucose treatment (Figure 5). Similar
results of IL-1, IL-6, TNF-a protein levels

in the media of PSCs cells were observed
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Figure 3. The effect of resveratrol on Collagen I and a-SMA
levels of PSCs in high glucose.

PSCs were treated with indicated chemicals for 24 h. Collagen I and a-SMA levels were
determined using Western blotting.

* comparison between two groups, P<0.05.
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Figure 4. The effect of resveratrol on a-SMA levels of PSCs in high glucose.

PSCs were treated with indicated chemicals for 24 h. a-SMA levels were determined using

Immunofluorescence assay.

Copyright©2012-2020 Published by Hongkong Institute of Biologicals Standardization Limited.
All rights reserved.



August 2019 Volume8 Number3 ISSN: 2305-5154 (Print) 2306-6210 (Online) -43 -
. R HG
49 g 1 N BE3 HG+RES
[ — |

Relative mRNA expression
N

Figure 5. The effect of resveratrol on IL-1, IL-6 and TNF-o mRNA
levels of PSCs in high glucose.
PSCs were treated with indicated chemicals for 24 h. IL-1, IL-6 and TNF-a mRNA levels

were determined using qRT-PCR.

* comparison between two groups, P<0.05.

in PSCs after treatment with low high
glucose and resveratrol and their respective
controls (Figure 6). The results suggested
that resveratrol inhibited high glucose-
-induced cytokine expression and secretion
in PSCs.

Discussion

Primary cultures of human and rodent
PSCs are good in vitro model to study
biological behaviors of PSCs. In order to
investigate the effects of resveratrol on the
bilogical behavior of PSCs under high

glucose condition, we isolated primary PSCs

from mouse pancreas based on the
published methods!'®!7. We found that
there were lipid droplets in the cells as
examined by Oil Red O staining and
fluorescence, which is a hallmark of
resting PSCs. After 7 weeks of culture, the
PSCs were activated as indicated by
of o-SMA which is a

biomarker of PSC activation. Therefore,

expression

we have isolated highly pure PSCs. These
PSCs could be activated and used to
investigate the effects of resveratrol on

their activation .

Copyright©2012-2020 Published by Hongkong Institute of Biologicals Standardization Limited.
All rights reserved.



August 2019 Volume8 Number3

ISSN: 2305-5154 (Print) 2306-6210 (Online) - 44 -

E3 LG
Ed HG
89 E HG+RES
84 x* ) %
EEG- ~ *l_l
S = %
=.s_-LTJ
> =
g)‘).& 4
s P!
FE e
s 2 =
=3 % B
S &
0- oo

—
-
J
=

Figure 6: The effect of resveratrol on IL-1, IL-6 and TNF-a
protein levels of PSCs in high glucose.
PSCs were treated with indicated chemicals for 24 h. IL-1, IL-6 and TNF-a proteinlevels

were determined using ELISA.

* comparison between two groups, P<0.05.

Using isolated primary PSCs, we found
that high glucose induced PSCs proliferation
and activation. We determined the
expression of Collagen 1 and a-SMA to
evaluate PSCs activation because Collagen I
and a-SMA are biomarkers of activation of
PSCsl!%!7], These results are consistent with
previous studies that showed high glucose
induced PSCs

stresst!,

activation by increasing

oxidative activating the renin-

-angiotensin  system!®), through protein
kinase C and p38 mitogen-activated protein
kinase pathway!”). We also found that high

glucose induced cytokines IL-1, IL-6,

TNF-a expression and secretion in PSCs.
This is consistent with cytokines can be
induced in PSCs treated with galectin-3
via integrin signaling['® and by fibrinogen
through NF-kappaB, and ERK and p38
MAPK pathway[!”! . On the other side,
PSCs can be regulated by cytokines in
phagocytosist?l and activation!?'

Since T2DM is a disease characterized by
hypergly-
-cemia may also activate PSCs through

hyperglycemia, therefore,
inducing production of
IL-6, TNF-a, in addition to induction of
oxdative stress, NF-kappaB, and ERK and

cytokines IL-1,
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p38 MAPK pathway!>>¢ . This could be a
mechanism of that high glucose aggravates
the detrimental effects of pancreatic stellate
cells in T2DM.

PSCs

fibrosis, which leads to pancreatitis and

activation  causes pancreatic
pancreatic cancers. Studies have conducted
PSCs

inhibiting pancreatic fibrosis. It has been

to attenuate activation through
shown that Saikosaponin d ameliorates
pancreatic fibrosis by inhibiting autophagy
of pancreatic via PI3K/
Akt/mTOR pathway®. PTEN appears to

prevent PSCs from further activation and

stellate cells

promotes apoptosis through regulation of the
AKT and FAK/ERK pathways!?)l. Resvera-
-trol inhibits ROS-promoted activation of
PSCs via of miR-21014,

Trans-resveratrol may serve as a therapeutic

suppression

or an adjuvant agent in anti-fibrotic
approaches and/or PSC-relating pathologies
(151, Consistently, in the current study, we
found that resveratrol inhibited high glucose
induced PSCs

cytokine expression and secretion in PSCs.

proliferation, activation,
Therefore, resveratrol is likely a useful
compound that can potentially contribute to
ameliorating T2DM, pancreatitis and
pancreatic cancer where PSCs is activated
by high glucose.

In conclusion, our data supported that
resveratrol inhibited high glucose induced
PSCs proliferation, activation , cytokine
expression and secretion in PSCs. Therefore,

resveratrol can be potentially used in therapy

of diseases such as T2DM, pancreatitis
and pancreatic cancer where PSCs is

activated by high glucose.

Abbreviation

a-SMA: Alpha-smooth Muscle Actin

Akt: Protein Kinase B

ECM: Extracellular Matrix

ELISA: Enzyme-linked Immunosorbent
assay

ERK: Extracellular Regulated Protein
Kinases

HG: High Glucose

LG: Low Glucose

LSD: Least Significant Difference

MTT: Methyl Thiazolyl Tetrazolium

mTOR: Mammalian target of rapamycin

MAPK: Mitogen-activated Protein Kinase

Pathway

PBST: Phosphate-buffered Saline with
Tween 20

PI3K: Phosphatidylinositide 3-kinases

PSCs: Pancreatic Stellate Cells

Res: Resveratrol

ROS: Reactive Oxygen Species

RT-gPCR: Quantitative Reverse Transcrip
-tion-polymerase chain reaction

T2DM: Type 2 Diabetes Mellitus

TNF: Tumor Necrosis Factor
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