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Abstract

The aim of this study is to assess the cytoprotection and potential molecular mechanisms of procyanidin B, (PCB,)
on hydrogen peroxide (H,0,)-induced oxidative damage in MCF-7 cells. The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay was performed to determine the viability of MCF-7 cell exposure to H,0, or PCB,.
We measured the antioxidant properties of PCB, by determining the activities of SOD, GSH-Px, LDH and MDA levels,
and evaluated apoptosis and intracellular reactive oxygen species (ROS) levels. The related proteins expression levels
were monitored by Western blot. MCF-7 cells induced with H,O, had a remarkable decrease in cell viability that was
suppressed when it was interfered with PCB, (0.1-10.0 uM). PCB, interference memorably and dose-dependently
inhibited H,0,-induced LDH leakage, ROS and MDA overproduction, while PCB, markedly increased H,O,-induced
the activities of SOD and GSH-Px. Eventually, H,O, prominently down-regulated the ratio of Bcl-2/Bax and the rela-
tive proteins expression levels of Nrf2, GCLC, NQO1 and HO-1, and up-regulated the relative proteins expression
levels of cytochrome ¢, caspase-3 and Keap1. However, the relative expression levels of these proteins were reversed
in PCB,-interfered MCF-7 cells. This study implied that protective effect of PCB, on H,O,-induced oxidative damage
in MCF-7 cells might be related to inhibition of mitochondria-dependent apoptosis, activation of Keap1/Nrf2/HO-1
signaling pathway and improvement of the antioxidant enzymes activities.
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Introduction

Oxidative damage is caused by excessive generation of
reactive oxygen species (ROS) in terms of hydroxyl radi-
cals, singlet oxygen and superoxide anions [1]. Grow-
ing researches have confirmed that oxidative damage is
correlated with the pathological development of cancer,
atherosclerosis, diabetes, neurological diseases and other
diseases [2, 3]. Moreover, oxidative damage leads to the
disorder the balance between oxidation and antioxidant
defense system, destruction DNA, protein and lipid func-
tions [4]. Breast cancer is a common clinical malignant
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tumor, which is a serious threat to women’s health.
Increasing evidences have implicated oxidative damage
and inflammation in the etiology of breast diseases [5].
Moreover, previous researches have indicated that anti-
oxidants prevented or delayed ROS-triggered apopto-
sis might be a reasonable way to treat a variety of breast
related diseases [6, 7]. Among all kinds of antioxidants,
natural substances usually obtained by chromatographic
separation technology from natural plants showed mer-
its than synthetic chemicals because synthetic chemicals
have acute by-effects though strong radical scavenging
abilities [8]. Besides, natural antioxidants can prevent the
body injury through removing excessive ROS, decreasing
MDA and enhancing activities of antioxidant enzymes
[9]. Presently, substantial researches had been concen-
trated on hunting for natural active ingredients with
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breast protective potential, which could scavenge excess
free radicals and prevent cell oxidative damage.

Procyanidins, as a natural flavonoid compound and
typical antioxidant, are widely found in vegetables, fruits
and green plants. Procyanidins are composed of mono-
mers (mainly catechins, epicatechins, etc.), oligomeric
procyanidins (two, three, four polymerized monomers)
and highly polymerized procyanidins (more than pen-
tamers) [10]. One of the main procyanidins, dimers pro-
cyanidins B, [epicatechin-(4b-8)-epicatechin] (PCB,)
(Fig. 1) have attracted great interest in nutrition and
medicine owing to its anti-aging, anti-oxidative, anti-
inflammation and vascular relaxation and so on [11].
Recently, many researches have authenticated that PCB,
could regulate the redox state of cells and the protect of
antioxidant enzymes in colon cells against oxidative dam-
age and exogenous substances [12, 13]. Ildefonso et al.
found that PCB, protected Caco-2 cells from oxidative
damage by activation pathways of JNK and ERKs-p38-
MAPK, respectively [14, 15]. PCB, can be a potential
drug for the treatment of breast related diseases. Never-
theless, up to date, there is not enough information about
the effect of PCB, on breast cells (MCF-7 cells), and the
underlying molecular mechanism of the protective effect
of PCB, on hydrogen peroxide (H,0,)-induced oxidative
damage remains to be elucidated.

Therefore, the aim of this paper explored the protec-
tive effects of PCB, on H,0O,-induced oxidative damage
and cells apoptosis of breast cells (MCEF-7 cells). Further,
we investigated the potential molecular mechanisms
involved in this process.

Materials and methods

Materials

PCB, was from Sichuan Vicky Biotechnology Co., Ltd
(Chengdu, China). The DMEM medium, dimethyl sul-
foxide (DMSO), penicillin, streptomycin and H,O, were
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Fig. 1 Chemical structure of PCB,
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provided from Beijing Shengmu Biotechnology Co., Ltd
(Beijing, China). MCEF-7 cell was purchased from Con-
corde Cell Bank (Beijing, China). Trypsin digestive fluid
and DCFH-DA were afforded from Beijing Fubo Biotech-
nology Co., Ltd (Beijing, China) and GIBCO-BRL (Grand
Island, NY), respectively. The test kits of SOD, GSH-Px,
MDA, LDH and bicinchoninic acid (BCA) protein were
offered from Nanjing Jiancheng Bioengineering Research
Institute Co., Ltd (Nanjing, China). The anti-Nrf2, anti-
HO-1, anti-Keapl, anti-GCLC, anti-NQO1, anti-Bax,
anti-Bcl-2, anti-cytochrome ¢, anti-caspase-3 and anti-
GADPH were obtained from Shenzhen Zike Biotechnol-
ogy Co., Ltd (1:1000 dilution; Shenzhen, China).

Cell culture

DMEM medium, including 10% fetal bovine serum
(FBS) and 100 IU/mL penicillin and 100 pg/mL strepto-
mycin, was used to culture MCEF-7 cells at 37 °C in 5%
CO, atmosphere incubator with media replenished every
1 day. The MCEF-7 cells were cultured in the culture
plate, and the experiment was carried out when the cells
entered the logarithmic growth period.

Establishment of MCF-7 cells injury model

The MCE-7 cells (5x 10% cells/mL) were inoculated in
96-well plates at 37 °C in a humidified 5% CO, incuba-
tor for 12 h. The medium was subsequently replaced
with different final concentrations (0, 25, 50, 100, 200,
300, 400 pM) of H,O, diluted with the DMEM medium
for 0, 1, 2, 3, 4, 5 h, and each group has 6 parallel wells.
After treatment H,O,, each well was added to 10 pL
MTT (5 mg/mL) and cultured 4 h. The culture medium
was removed, and then added to 150 uL. DMSO in each
well to dissolve the formed blue formazan crystals. The
absorption value of each well was determined at 490 nm
by a WD-2102b automatic enzyme labeling instrument
(Linyi Yingjia Scientific Instrument Co., Ltd, China). Cell
viability is calculated by using the Eq. (1) [16]. The opti-
mal conditions of the oxidative damage model were H,O,
concentration and stimulation time when the MCF-7 cell
viability was about 50%.

Absorbance of sample group

Cell viability% = x 100%

(1)

Absorbance of control group

Determination of the dosage range of PCB,

MCE-7 cells were seeded in 96 well-plates at the cell con-
centrations of 5 x 10° cells/mL in a humidified incubator
for 12 h, then intervened with PCB, (0, 0.1, 1.0, 10.0, 20.0,
40.0 pM) for 24 h. Simultaneously, we utilized a phase
contrast microscope to detect MCF-7 cells morphol-
ogy. Following the experimental steps are described in
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establishment of MCF-7 cells injury model. Cell viability
is calculated via the Eq. (1).

Effect of PCB, on cell viability in H,0,-induced MCF-7 cells
The viability of MCE-7 cells was determined by MTT
assay as previously reported [17]. Briefly, MCE-7 cells
were placed in 96-well plates (5 x 10% cells/mL) and cul-
tured for 12 h at 37 °C in 5% CO, incubator, then treated
with 300 uM H,O, for 4 h, followed by exposure to 0, 0.1,
1.0, 10.0 uM PCB, (According to the cytotoxic results of
PCB,) for another 24 h. The next experimental steps are
showed in establishment of MCF-7 cells injury model.
Cell viability is calculated by using the Eq. (1).

Hoechst 33342 staining

The laser scanning confocal microscope (Olympus,
Japan) was performed to observe apoptosis morphology
of MCE-7 cells via Hoechst 33342 staining as previously
described [18]. MCF-7 cells at density of 3 x 10* cells/mL
were grown in 6-well plates and cultured 12 h at 37 °C
in 5% CO, incubator. After treatment, MCF-7 cells were
stained with Hoechst 33342 (1 mL/well) for 20 min, and
then fixed with 4% formaldehyde for 10 min. Finally, we
utilized the FV3000 laser scanning confocal microscope
to observe morphological changes of the nuclear chro-
matin at 620 nm.

Determination of ROS production

The effect of PCB, on H,0,-induced ROS production in
MCE-7 cells was monitored by the DCFH-DA. Briefly,
MCE-7 cells were cultured in 6-well plates with a density
of 3 x10* cells/mL and incubated overnight. Cells were
induced by H,O, (300 uM) for 4 h, and then pretreated
with different concentrations (0, 0.1, 1.0, 10.0 puM) of
PCB, for another 24 h. DCFH-DA (5 uM, 30 min) as a
probe was employed to detect ROS indicator. After
DCFH-DA incubation, MCF-7 cells were collected and
determined by a flow cytometry (Thermo Fisher Scien-
tific Co., Ltd, China).

Measurement of antioxidant parameters

MCE-7 cells (3 x 10* cells/mL) were seeded in 6-well
plates and cultured for 12 h. The cells were stimulated
with 300 pM H,O, for 4 h, following the cells were
exposed to 0, 0.1, 1.0, 10.0 uM PCB, for 24 h. The MCF-7
cells were then washed with PBS and centrifuged (6000 r,
15 min) at 4 °C. The supernatant was used to determine
antioxidant parameters. The activities of SOD and GSH-
Px, LDH leakage and MDA levels were detected by com-
mercial assay kits according to their instructions.
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Apoptosis detection by flow cytometry

MCE-7 cells apoptosis were measured by the flow cytom-
etry (Thermo Fisher Scientific Co., Ltd, China), as pre-
viously described [19]. Simply, the treated-MCEF-7 cells
were collected and washed three times with cold PBS,
then slowly re-suspended in Annexin V binding buffer,
which were incubated with Annexin V-FITC and PI in
dark for 10 min, respectively. After incubation, cells were
collected and measured using the flow cytometry.

Western blot analysis

MCE-7 cells were grown in 6-well plates with a density
of 3 x 10* cells/mL and cultured for 12 h. The cells were
treated with 300 uM H,O, for 4 h, and then the cells were
intervened to 0, 0.1, 1.0, 10.0 uM PCB, for 24 h. Subse-
quently, the cells were homogenized and dissolved in
RIPA buffer of radioimmunoprecipitation test to obtain
protein extracts in the presence of protease inhibitor. The
BCA protein determination kit was used to determine
protein concentration. Samples were loaded onto micro
protein TGXTM prefabricated electrophoretic gels. The
obtained proteins through separation were transferred to
the PVDF membranes. The nonspecific sites were sealed
with 5% skimmed milk powders in PBST for 60 min, and
then the blots were incubated with anti-Nrf2, anti-HO-1,
anti-Keapl, anti-GCLC, anti-NQO1, anti-Bax, anti-
Bcl-2, anti-cytochrome c, anti-caspase-3, anti-GADPH
and anti-B-action (1:1000 dilution, Shenzhen, China) in
PBST 24 h at 4 °C. GAPDH and B-action were performed
to confirm equal loading of protein in each lane, respec-
tively. The protein expression was determined by West-
ern blot analysis.

Statistical analysis

All experimental results are shown as the mean £ SD. The
one-way analysis of variance (ANOVA) was employed
to analyze statistical differences between the groups.
p<0.05 represents the experimental results with statisti-
cal significance. Origin 9.0 software (OriginLab, USA) is
used for drawing in this paper.

Results

Concentration and time-dependent viability losses

in MCF-7 cells exposed to H,0,

First, the viability in MCE-7 cells exposed to H,0, were
measured by MTT assay. MCF-7 cells viability dramati-
cally diminished with H,O, from 25 to 400 uM (p <0.05).
The pre-treatment with H,0O, showed (63.01 +3.27) % in
200 uM, (51.35+1.24) % in 300 pM and (30.58 £0.86) %
in 400 pM (Fig. 2a). The results indicated that H,O,
resulted in remarkable damage to MCF-7 cells in a dose-
dependent manner. Figure 2b showed that 300 uM H,0,
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Fig. 2 Cell viability determined by MTT assay. a Cells were incubated with the increasing concentrations of H,0, (0-400 uM) for 4 h; b MCF-7 cells
were treated with 300 uM of H,O, for the times indicated. Values are described as the mean 4+ SD, n=6. *p <0.05 compared with untreated control
MCF-7 cells

treatment for 1-5 h markedly reduced MCEF-7 cell viabil-
ity in a time-response dependent manner (p <0.05). Pre-
vious studies have shown that the corresponding H,O,
concentration and treatment time were regarded as the
best conditions for oxidative damage when the cell viabil-
ity was about 50% [20]. Based on the above results, we
chose to use a 4 h exposure of 300 uM H,O, for subse-
quent experiments.

Determination of the dosage range of PCB,

Cytotoxicity of PCB, (0.1-40.0 uM) on MCE-7 cells was
determined by MTT assay. PCB, did not show any prom-
inent cytotoxic effect when the concentrations of PCB,
were in the range of 0.1 to 10.0 uM (Fig. 3a). Meanwhile,
there were no prominent change in cell number and mor-
phology (Fig. 3b). Subsequently, the cytotoxicity of PCB,
to MCE-7 cells increased significantly with the increase
of PCB, concentration (p<0.05). Simultaneously, the

number of cells decreased significantly when the PCB,
concentration was in the range of 20.0-40.0 uM. Conse-
quently, 0.1-10.0 uM of PCB, were employed for latter
experiments.

The effect of PCB, on cell viability in H,0,-induced MCF-7
cells

Cell viability is the most direct index to reflect the degree
of cell damage caused by the external environment. H,0,,
a considerable active oxygen molecule with relatively sta-
ble properties, is often used as a model drug for oxida-
tive injury in vitro. As shown in Fig. 4, the cell viability of
the oxidative damage model group constructed by H,O,
decreased significantly compared to the control group
(p<0.05), indicating that the oxidative damage model
was successfully developed. Nevertheless, the application
of PCB, (0.1-10.0 uM) treated dose-dependent increase
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Fig. 3 Effects of PCB, on the cell viability (a) and (b) photomicrographs from phase-contrast microscopy
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in cell viability when compared with H,O, alone treated
group.

The effect of PCB, on H,0,-induced ROS production

in MCF-7 cells

The production of endogenous ROS causes cell damage.
Hence, we investigated the ability of PCB, to inhibit the
production of ROS by DCFH-DA as a fluorescent probe.
As illustrated in Fig. 5, the ROS levels were prominently
increased in MCEF-7 cells after H,0O, induction compared
to the vehicle-treated group. However, the increased ROS
levels caused by H,O, induction was attenuated in the
MCE-7 cells pre-treated with PCB,. The results hinted
that PCB, could inhibit the generation of ROS in MCE-7
cells.
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Fig. 5 Effect of PCB, on the intracellular ROS levels in H,0,-induced MCF-7 cells. a The fluorescent intensities; b Analysis of statistical results of flow
cytometry detection. Values are showed as the mean # SD, n=3. *p<0.05 compared to the vehicle-treated group, *p <0.05 compared to the H,0,
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The effects of PCB, on the activities of SOD, GSH-Px, LDH

leakage and the MDA levels in H,0,-induced MCF-7 cells

It is well known that cellular antioxidant systems, includ-
ing mainly SOD and GSH-Px, can enhance the ability
of cells to deal with oxidative damage caused by H,O,.
LDH is a critical indicator of cell membrane integrity.
Furthermore, MDA is acted as a biomarker of oxidative
stress. To clarify whether the protective effect of PCB,
on H,0O,-triggered MCE-7 cells is owing to antioxidant
properties, the activities of SOD and GSH-Px, LDH leak-
age and MDA levels were determined by commercial
kits. As shown in Fig. 6, the activities of SOD and GSH-
Px were dramatically decreased in 300 uM H,O, treated
group than that the vehicle-treated group (p<0.05),
while the LDH leakage and MDA levels were substan-
tially increased in 300 uM H,O, when compared to the
vehicle-treated group. Conversely, intervention with the
increasing concentrations of PCB, (0.1, 1.0, 10.0 pM)
markedly improved the activities of SOD and GSH-Px
as well as attenuated the LDH leakage and MDA levels
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in H,0,-induced MCE-7 cells (p<0.05). These results
indicated that the protective effect of PCB, on oxidative
damage induced by H,0, was due to an improvement in
the cellular antioxidant systems.

The effect of PCB, on apoptosis of MCF-7 cells

To elucidate the inhibitory effect of PCB, on
H,0,-treated MCF-7 cell apoptosis, flow cytometry
analysis was conducted in this study. Meanwhile, the
Hoechst 33342 assay was employed to further expli-
cate the protection of PCB, against H,O,-treated cyto-
toxicity and MCF-7 cell nuclear changes. As shown in
Fig. 7a, the untreated control MCF-7 cell nuclei was
shown dimly blue, and H,O,-triggered MCE-7 cells
memorably increased fluorescence intensity of cell nuclei.
While the effect of nuclear fluorescence was sharply
reversed in H,0,-induced MCF-7 cells pre-treated with
PCB, (p<0.05). As illustrated in Fig. 7c, we found that
H,0,-treated MCE-7 cells markedly increased apop-
tosis rate (p<0.05). Conversely, intervention with the
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various concentrations of PCB, (0.1-10.0 uM) inhibited
dramatically MCE-7 cells apoptosis rate in a concentra-
tion-dependent manner (p<0.05). The results of flow
cytometry were similar to those of fluorescence micros-
copy. The results suggested that PCB, protected MCF-7
cells by suppressing H,O,-induced cell apoptosis.

The effect of PCB, on the expression levels of related
apoptotic protein induced by H,0,

Based on the above results, we have confirmed that
PCB, could protect MCEF-7 cells from oxidative damage.
We performed further study to investigate its poten-
tial mechanism. The ratio of Bcl-2/Bax plays a critical
role in the process of apoptosis. Therefore, the ratio of
Bcl-2/Bax was detected by Western blot. H,O, down-
regulated dramatically Bcl-2/Bax ratio compared to
the control group (Fig. 8b). Nevertheless, the groups of

intervention with PCB, (0.1, 1.0, 10.0 uM) substantially
up-regulated the ratio of Bcl-2/Bax as when compared
with H,0,-mediated MCEF-7 cells group (p <0.05).

Cytochrome c and caspase-3 are biomarkers of oxi-
dative damage-induced cell death through mitochon-
drial-dependent apoptotic pathway [21]. The relative
expression levels of these apoptosis related proteins
were evaluate by Western blot. H,O, simulation MCF-7
cells markedly increased the relative proteins expres-
sion levels of cytochrome c and caspase-3 compared to
the control group. Conversely, MCF-7 cells treated with
PCB, (0.1-10.0 pM) prominently suppressed the rela-
tive proteins expression levels of cytochrome c and cas-
pase-3 (p<0.05) (Fig. 8¢, d), which illustrated that PCB,
was able to suppress mitochondrial-dependent apopto-
sis caused by H,0,,.
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The effect of PCB, on Keap1/Nrf2/HO-1 pathway related
proteins induced by H,0,

To determine whether the Keapl/Nrf2/HO-1 pathway is
triggered by H,0,-induced oxidative damage in MCEF-7
cells, Western blot was conducted to examine the rela-
tive proteins expression levels of Keapl, Nrf2, GCLC,
NQO1 and HO-1 in MCF-7 cells after the treatment
with H,0, or PCB,. Nrf2, as a considerable regulatory
transcription factor upstream of antioxidant defense sys-
tem, regulates the transcription expression of hundreds
of antioxidant and detoxification related proteins [22].
Keapl is a vital negative regulator of Nrf2 that regulates
the relative expression levels of antioxidant proteins
and phase II detoxification enzyme by interacting with
antioxidant response elements [23]. As seen Fig. 9c¢, the
relative protein expression levels of Keapl was sharply
increased in H,O,-induced MCEF-7 cells (p<0.05). This
increase in expression was conspicuously diminished by
treating it with the increase concentration of PCB, (0.1—
10.0 uM). The expression of downstream representative

antioxidant proteins (GCLC, NQO1 and HO-1) regu-
lated by Nrf2 was further detected. We found that H,O,
exposure notably decreased the relative expression levels
of these antioxidant proteins compared to the control
group (p<0.05). Conversely, MCEF-7 cells treated with
PCB, (0.1-10.0 pM) prominently increased relative pro-
teins expression levels of Nrf2, GCLC, NQO1 and HO-1
(p<0.05). Our findings suggested that PCB, protected
MCE-7 cells against oxidative damage through induction
of the Keap1/Nrf2/HO-1 pathway.

Discussion

In this present study, we utilized MCEF-7 cells as a model
to explore the protective properties of PCB, against oxi-
dative damage. MCF-7 cells were initially treated with
H,0, (300 uM) for 4 h, and then intervented with dif-
ferent concentrations of PCB, for 24 h. We found that
(1) PCB, evidently inhibited the production of ROS
in MCF-7 cells; (2) PCB, suppressed substantially
H,0,-triggered MCE-7 cells apoptosis as authenticated
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through experiments (MTT, Hoechst 33342 staining and
flow cytometry); (3) Intervention of MCF-7 cells with
PCB, (0.1-10.0 puM) could dramatically enhance the
activities of SOD and GSH-Px, while the LDH leakage
and MDA levels substantially decreased in H,0,-induced
MCEF-7 cells; (4) PCB, markedly up-regulated the ratio
of Bcl-2/Bax and significantly down-regulated the
cytochrome c and caspase-3 relative proteins expression
levels, indicating that PCB, was able to inhibit mitochon-
dria-dependent apoptosis caused by H,O,; (5) PCB, led
to the down-regulated Keapl relative protein expression
levels, and the up-regulated the expression levels of Nrf2,
GCLC, NQO1 and HO-1 relative proteins in MCF-7
cells, suggesting that PCB, protected MCEF-7 cells from
oxidative damage via activation of the Keap1/Nrf2/HO-1
pathway.

H,0,, as an important active oxygen molecule with
relatively stable properties, is often used as a model drug
for oxidative injury in vitro. Thus, we chose H,O, to
establish the MCEF-7 cells oxidative damage model in this
study. The results found that treatment of MCF-7 cells
with H,O, concentration from 25 to 400 uM resulted in
conspicuous decrease MCEF-7 cells viability (Fig. 2a). The
viability of MCEF-7 cells decreased to (51.04+2.03) %
when MCE-7 cells were treated with 300 uM H,O, for
4 h (Fig. 2b). Previous studies have shown that the opti-
mal conditions of oxidative damage model were the

concentration of H,O, and the stimulation time when
the cell viability was about 50% [20]. Hence, we chose to
use a 4 h exposure of 300 uM H,0O, for follow-up experi-
ments. The MTT assay was initially used to determine
the toxicity of PCB, in MCEF-7 cells. Results indicated
that PCB, (from 0.1 to 10.0 uM) was non-toxic in MCF-7
cells (Fig. 3a). Furthermore, those results showed a dose-
dependent protective effect of PCB, against H,O, treated
loss of MCEF-7 cells viability (Fig. 4). Moreover, accord-
ing to the analysis results of flow cytometry, it can be
seen that the apoptosis rate of MCF-7 cells increased
from (6.90+0.83) % to (50.64+£2.11) % after exposure
to 300 uM H,0, for 4 h (Fig. 7c). This result illustrated
that the programmed cell death of MCEF-7 cells caused by
H,0, treatment [24, 25]. However, a remarkable decrease
in the number of apoptotic MCF-7 cells was observed
when MCE-7 cells were treated with PCB, (0.1-10.0 uM).
Taken together, these results implied that PCB, protected
against H,O,-mediated MCF-7 cells apoptosis.

ROS is one of the vital factors in the formation and
development of various diseases. Cell oxidative dam-
age can produce excessive ROS, which damages human
endothelial function as well as promotes cell death and
apoptosis [26]. Meanwhile, ROS and MAD levels are the
most typical indicators of oxidative damage [27]. Accord-
ingly, we utilized the fluorescent probe and MAD kit to
determine the production of ROS and MAD levels in
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MCE-7 cells, respectively. These results presented that
the H,0, treated MCE-7 cells, resulting in overproduc-
tion of intracellular ROS and MAD. Yet intervention with
PCB, observably suppressed the production of intracel-
lular ROS and MAD when compared with H,O, treated
group (Figs. 5b, 6d). This hinted that the ability of PCB,
to restrain the generation of ROS and MAD might be
related to its anti-apoptotic activities. Moreover, antioxi-
dant enzyme defense system plays an indispensable role
in scavenging ROS and preventing cell from oxidative
damage. Increasing studies have indicated that the over-
expression of SOD and GSH-Px could provide cytopro-
tective effects against ROS in HepG2 cells, HUVECs and
BRL-3A cells [28-30]. The oxidative damage induced by
H,0, decreased memorably the activities of SOD and
GSH-Px (Fig. 6a, 6b), while ROS levels increased mark-
edly. This phenomenon could be efficiently reversed by
intervention with PCB,. These results suggested that
PCB, diminished the oxidative damage via improving
antioxidant enzymes activities in H,0,-mediated MCF-7
cells. LDH is a critical indicator of cell membrane integ-
rity. Cells will release LDH into the culture medium dur-
ing the oxidative damage process [31]. Thus, the LDH
leakage in the culture medium can reflect the degree of
cell death or damage. LDH leakage was notably increased
in H,0, induced MCEF-7 cells when compared with con-
trol group. Nevertheless, 0.1-10.0 pM PCB, treatment
remarkably decreased LDH leakage when compared with
H,0, alone treated group (Fig. 6¢).

A series of apoptosis related proteins in terms of Bax,
Bcl-2 and caspase-3 are major regulators of cell death
and cell survival [32]. In this paper, we conducted if PCB,
could restrain the apoptotic signalling pathway through
H,0,-induced. The experimental results illustrated that
H,0O, decreased markedly the Bcl-2/Bax ratio compare to
the control group. However, the H,0,-induced effect was
significantly and dose-dependently suppressed by pre-
treatment of PCB, (Fig. 8b). Increasing events have con-
firmed that ROS enhanced cytosolic caspases activity by
activating Bax and cytochrome c dissociation from mito-
chondrial inner membrane [33, 34]. Bcl-2 family pro-
teins, including anti-apoptosis (Bcl-2) and pro-apoptosis
(Bax) members, play a critical role in the early stages of
the apoptotic pathway [35]. Results demonstrated that
H,0O, up-regulated pro-apoptotic (Bax) and cytochrome
¢, and down-regulated anti-apoptotic (Bcl-2) in MCF-7
cells, and these effects were suppressed by intervention
with PCB,. In conclusion, PCB, initially regulated Bcl-2
and Bax proteins. This, in turn, might regulate mitochon-
drial membrane permeability and released cytochrome c,
following-up restrained caspase-3 activation.

Nrf2 is a highly conserved basic leucine zipper tran-
scription factor, which is mainly expressed in intestine,
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lung, liver and kidney [36]. It is considered to be a criti-
cal transcription factor regulating cells against foreign
bodies and oxidative damage [37]. Keapl is an important
negative regulator of Nrf2 in vivo. Under normal physi-
ological conditions, the most of Nrf2 is chelated with
Keapl in the cytoplasm, which makes Nrf2 unable to
enter the nucleus to play its biological activity [38]. When
the body is subjected to oxidative stress, the cysteine
residues of Keapl is modified to change the conforma-
tion of Keapl, resulting in decoupling of Keapl and
Nrf2. Following the activated Nrf2 is transferred into
the nucleus and specifically combined with the antioxi-
dant responsive elements (ARE). A series of downstream
antioxidant enzymes proteins (GCLC, NQO1 and HO-1)
are expressed to enhance the antioxidant activity of the
body to resist the damage caused by oxidative stress [39,
40]. A hesperetin, as a polyphenol compound, is found
in citrus that can memorably augment the antioxidant
HO-1 by the up-regulation Nrf2 and decrease the sta-
bility of Keapl [41]. A large number of researches have
indicated that natural polyphenol antioxidant could pro-
tect cells from oxidative damage through p38 and Keapl/
Nrf2-dependent signaling pathway [42, 43]. The mecha-
nism of antioxidant action for PCB, might be related to
the activation of Keapl/Nrf2/HO-1 signaling pathway.
To further determine the underlying mechanism, the
effect of PCB, on the relative proteins expression levels
of Keap1, Nrf2, GCLC, NQO1 and HO-1 in MCEF-7 cells
was investigated via Western blot. The results suggested
that PCB, (0.1-10.0 uM) could remarkably increase rela-
tive proteins expression levels of Nrf2, GCLC, NQO1
and HO-1 (Fig. 9b, 9d—f), and decreased the relative pro-
tein expression levels of Keapl (Fig. 9¢). In a word, our
findings hinted that PCB, protected MCE-7 cells from
H,O,-triggered oxidative damage, which might be related
to activation of Keap1/Nrf2/HO-1 signaling pathway, and
enhancement of the activities of antioxidant enzymes.

Funding
This study was funded by National Science and technology support of China
(20161850240). We sincerely appreciate the project’s support for this paper.

Authors’ contributions

HKX conceived and designed research, and revised manuscript. JQT and PCL
conducted experiments. QL and JTT analyzed data. JQT wrote the manuscript.
All authors read and approved the manuscript.

Availability of data and materials
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Academy for Advanced Interdisciplinary Studies, Peking University, No.

5 Yiheyuan Road, Haidian District, Beijing 100871, China. % Key Laboratory

of Particle & Radiation Imaging, Ministry of Education, Department of Engi-
neering Physics, Tsinghua University, No. 30 Shuangging Road, Haidian District,



Tan et al. Appl Biol Chem (2020) 63:58

Beijing 100084, China. > College of Food Science and Technology, Jilin Agricul-
tural University, No. 2888 Xincheng Street, Changchun 130118, Jilin, China.

Received: 14 July 2020 Accepted: 12 September 2020
Published online: 21 September 2020

References

1. HuangW,Yan Z, Li D, MaY, Zhou J, Sui Z (2018) Antioxidant and
anti-inflammatory effects of blueberry anthocyanins on high glucose-
induced human retinal capillary endothelial cells. Oxid Med Cell Longev
2018:1-10

2. Herndndez-Corroto E, Marina ML, Garcfa MC (2018) Multiple protective
effect of peptides released from Olea europaea and Prunus persica seeds
against oxidative damage and cancer cell proliferation. Food Res Int
106:458-467

3. ChangC, Shen C Kang C, SherY, Sheu H, Chang C (2014) Taurine protects
HK-2 cells from oxidized LDL-induced cytotoxicity via the ROS-mediated
mitochondrial and p53-related apoptotic pathways. Toxicol Appl Pharma-
col 279(3):351-363

4. MarcilV, Lavoie JC, Emonnot L, Seidman E, Levy E (2011) Analysis of the
effects of iron and vitamin C co-supplementation on oxidative damage,
antioxidant response and inflammation in THP-1 macrophages. Clin
Biochem 44(10-11):873-883

5. Vincent AM, Russell JW, Phillip L, Feldman EL (2004) Oxidative stress in the
pathogenesis of diabetic neuropathy. Endocr Rev 25(4):612-628

6. LiaoW, LaiT, Chen L, Fu J, Sreenivasan ST, Yu Z, Ren J (2016) Synthesis and
characterization of a walnut peptides-zinc complex and its antiprolifera-
tive activity against human breast carcinoma cells through the induction
of apoptosis. J Agric Food Chem 64(7):1509-1519

7. Abd-Ellatef G-EF, Ahmed OM, Abdel-Reheim ES, AbdelHamid ZA (2017)
Ulva lactuca polysaccharides prevent Wistar rat breast carcinogenesis
through the augmentation of apoptosis, enhancement of antioxidant
defense system, and suppression of inflammation. Breast Cancer Targets
Ther 9:67-83

8. Carocho M, Ferreira ICFR (2013) A review on antioxidants, prooxidants
and related controversy: natural and synthetic compounds, screening
and analysis methodologies and future perspectives. Food Chem Toxicol
51:15-25

9. WeiY,Tang X, Zhou Y, Liu B, Shen L, Long C, Lin T, He D, Wu S, Wei G
(2018) DEHP exposure destroys blood-testis barrier (BTB) integrity of
immature testes through excessive ROS-mediated autophagy. Genes Dis
5(3):263-274

10. Teixeira N, Azevedo J, Mateus N, De Freitas V (2016) Proanthocyanidin
screening by LC-ESI-MS of Portuguese red wines made with teinturier
grapes. Food Chem 190:300-307

11. Prasanna G, Jing P (2018) Cyanidin-3-O-glucoside functions like chemical
chaperone and attenuates the glycation mediated amyloid formation in
albumin. Arch Biochem Biophys 643:50-56

12. lldefonso RR, Maria NM, Ramos S, Bravo L, Goya L (2011) Comparative
effects of dietary flavanols on antioxidant defences and their response to
oxidant-induced stress on Caco, cells. Eur J Nutr 50(5):313-322

13. Cho ES, Lee KW, Lee HJ (2008) Cocoa procyanidins protect PC12 cells
from hydrogen-peroxide-induced apoptosis by inhibiting activation of
p38 MAPK and JNK. Mutat Res 640(1-2):123-130

14. Rodriguez-Ramiro |, Ramos S, Bravo L, Goya L, Martin MA (2011) Procya-
nidin B2 and a cocoa polyphenolic extract inhibit acrylamide-induced
apoptosis in human Caco-2 cells by preventing oxidative stress and
activation of JNK pathway. J Nutr Biochem 22(12):1186-1194

15. Rodriguez-Ramiro |, Ramos S, Bravo L, Goya L, Martin MA (2012) Procya-
nidin B2 induces Nrf2 translocation and glutathione S-transferase P1
expression via ERKs and p38-MAPK pathways and protect human colonic
cells against oxidative stress. Eur J Nutr 51(7):881-892

16. Zhang, Lv X, Hu Z, Ye X, Liu Q (2017) Protection of Mcc950 against high-
glucose-induced human retinal endothelial cell dysfunction. Cell Death
Dis 8(7):2941

17. Wang X, Ding X, Yuan Y, Zheng L, Cao Y, Zhu Z, Zhang G, ChaiY, Chen X,
Hong Z (2018) Comprehensive two-dimensional APTES-decorated MCF7-
cell membrane chromatographic system for characterizing potential

20.

AR

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Page 11 of 12

anti-breast-cancer components from Yuanhu-Baizhi herbal medicine pair.
JFood Drug Anal 26(2):823-833

Tran TH, Nguyen AN, Kim JO, Yong CS, Nguyen CN (2016) Enhancing
activity of artesunate against breast cancer cells via induced-apoptosis
pathway by loading into lipid carriers. Artif Cells Nanomed Biotechnol
44(8):1979-1987

Reis FS, Sousa D, Barros L, Martins A, Morales P, Ferreira ICFR, Vasconcelos
MH (2016) Leccinum vulpinum Watling induces DNA damage, decreases
cell proliferation and induces apoptosis on the human MCF-7 breast
cancer cell line. Food Chem Toxicol 90:45-54

Shoji H, Oguchi S, Shinohara K, Shimizu T, Yamashiro Y (2007) Effects

of iron-unsaturated human lactoferrin on hydrogen peroxide-induced
oxidative damage in intestinal epithelial cells. Pediatr Res 61(1):89-92
Xiang F,Ma S, LvY, Zhang D, Song H, Huang Y (2019) Tumor necrosis
factor receptor-associated protein 1 regulates hypoxia-induced apoptosis
through a mitochondria-dependent pathway mediated by cytochrome ¢
oxidase subunit Il. Burns Trauma 7:16

Bellezza |, Giambanco |, Minelli A (1865) Donato R (2018) Nrf2-Keap1
signaling in oxidative and reductive stress. Biochim Biophys Acta Mol Cell
Res 5:721-733

Shah SZA, Zhao D, Hussain T, Sabir N, Mangi MH, Yang L (2018) p62-
Keap1-NRF2-ARE pathway: a contentious player for selective targeting
of autophagy, oxidative stress and mitochondrial dysfunction in prion
diseases. Front Mol Neurosci 11:310

Piao MJ, Kang KA, Zhang R, Ko D, Wang Z, You H, Kim H, Kim J, Kang S,
Hyun J (2008) Hyperoside prevents oxidative damage induced by hydro-
gen peroxide in lung fibroblast cells via an antioxidant effect. Biochim
Biophys Acta 1780(12):1448-1457

Kich DM, Bitencourt S, Caye B, Faleiro D, Alves C, Silva J (2017) Lympho-
cyte genotoxicity and protective effect of Calyptranthes tricona (Myrta-
ceae) against H,O,-induced cell death in MCF-7 cells. Mol Cell Biochem
424(1-2):35-43

Klaunig JE, Wang Z, Pu X, Zhou S (2011) Oxidative stress and oxida-

tive damage in chemical carcinogenesis. Toxicol Appl Pharmacol
254(2):86-99

Hong H, Liu GQ (2004) Protection against hydrogen peroxide-induced
cytotoxicity in PC12 cells by scutellarin. Life Sci 74(24):2959-2973
Subramaniam SR, Ellis EM (2011) Esculetin-induced protection of human
hepatoma HepG2 cells against hydrogen peroxide is associated with the
Nrf2-dependent induction of the NAD(P)H: quinone oxidoreductase 1
gene. Toxicol Appl Pharmacol 250(2):130-136

Kwok HH, Ng WY, Yang MSM, Mak NK, Wong RNS, Yue PYK (2010) The
ginsenoside protopanaxatriol protects endothelial cells from hydrogen
peroxide-induced cell injury and cell death by modulating intracellular
redox status. Free Radic Biol Med 48(3):437-445

Yuan L, Ren X, Wu Y, Wang J, Xiao H, Liu X (2013) Isoorientin protects
BRL-3A rat liver cell against hydrogen peroxide-induced apoptosis by
inhibiting mitochondrial dysfunction, inactivating MAPKs, activating Akt
and scavenging ROS and NO. Biomed Aging Pathol 3(3):153-159

Jun Z, Ibrahim MM, Dezheng G, Bo Y, Qiong W, Yuan Z (2015) UCP2
protects against amyloid beta toxicity and oxidative stress in primary
neuronal culture. Biomed Pharmacother 74:211-214

Potukuchi A, Addepally U, Sindhu K, Manchala R (2018) Increased total
DNA damage and oxidative stress in brain are associated with decreased
longevity in high sucrose diet fed WNIN/Gr-Ob obese rats. Nutr Neurosci
21(9):648-656

Wu D, Liang M, Dang H, Fang F, Xu F, Liu C (2018) Hydrogen protects
against hyperoxia-induced apoptosis in type Il alveolar epithelial cells via
activation of PI3K/Akt/Foxo3a signaling pathway. Biochem Biophys Res
Commun 495(2):1620-1627

Timén-Gomez A, Nyvltova E, Abriata LA (2018) Mitochondrial
cytochrome c oxidase biogenesis: recent developments. Semin Cell Dev
Biol 76:163-178

Madungwe NB, Yansheng F, Mihaela L, Nathalie T, Li L, Ferdinand K (2018)
Mitochondrial inner membrane protein (mitofilin) knockdown induces
cell death by apoptosis via an AIF-PARP-dependent mechanism and cell
cycle arrest. Am J Physiol Cell Physiol 315(1):.C28-C43

Itoh K, Tong KI, Yamamoto M (2004) Molecular mechanism activating
Nrf2-Keap1 pathway in regulation of adaptive response to electrophiles.
Free Radic Biol Med 36(10):1208-1213



Tan et al. Appl Biol Chem (2020) 63:58

37.

38.

39.

40.

41.

Cheng X, Ku C-H, Siow RCM (2013) Regulation of the Nrf2 antioxidant
pathway by microRNAs: new players in micromanaging redox homeosta-
sis. Free Radic Biol Med 64:4-11

Khan H, Cino EA, Brickenden A, Fan J, Yang D, Choy W (2013) Fuzzy
complex formation between the intrinsically disordered prothymosin a
and the Kelch domain of Keap1 involved in the oxidative stress response.
J Mol Biol 425(6):1011-1027

Gorrini C, Harris IS, Mak TW (2013) Modulation of oxidative stress as an
anticancer strategy. Nat Rev Drug Discov 12(12):931-947

Shukla K, Pal PB, Sonowal H, Srivastava S, Ramana K (2017) Aldose
reductase inhibitor protects against hyperglycemic stress by activating
Nrf2-dependent antioxidant proteins. J Diabetes Res 2017:1-9

Zhu C, Dong Y, Liu H, Ren H, Cui Z (2017) Hesperetin protects against
H,0,-triggered oxidative damage via upregulation of the Keap1-Nrf2/
HO-1 signal pathway in ARPE-19 cells. Biomed Pharmacother 88:124-133

Page 12 of 12

42. Xia X, Xiang X, Huang F, Zheng M, Cong R, Han L, Zhang Z (2018) Dietary
polyphenol canolol from rapeseed oil attenuates oxidative stress-induced
cell damage through the modulation of the p38 signaling pathway. RSC
Adv. 8(43):24338-24345

43. ChenL, Li K, Liu Q, Quiles J, Filosa R, Kamal MA, Teng H (2019) Protec-
tive effects of raspberry on the oxidative damage in HepG2 cells
through Keap1/Nrf2-dependent signaling pathway. Food Chem Toxicol
133:110781

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Protective effect of procyanidin B2 on hydrogen peroxide (H2O2)-induced oxidative damage in MCF-7 cells
	Abstract 
	Introduction
	Materials and methods
	Materials
	Cell culture
	Establishment of MCF-7 cells injury model
	Determination of the dosage range of PCB2
	Effect of PCB2 on cell viability in H2O2-induced MCF-7 cells
	Hoechst 33342 staining
	Determination of ROS production
	Measurement of antioxidant parameters
	Apoptosis detection by flow cytometry
	Western blot analysis
	Statistical analysis

	Results
	Concentration and time-dependent viability losses in MCF-7 cells exposed to H2O2
	Determination of the dosage range of PCB2
	The effect of PCB2 on cell viability in H2O2-induced MCF-7 cells
	The effect of PCB2 on H2O2-induced ROS production in MCF-7 cells
	The effects of PCB2 on the activities of SOD, GSH-Px, LDH leakage and the MDA levels in H2O2-induced MCF-7 cells
	The effect of PCB2 on apoptosis of MCF-7 cells
	The effect of PCB2 on the expression levels of related apoptotic protein induced by H2O2
	The effect of PCB2 on Keap1Nrf2HO-1 pathway related proteins induced by H2O2

	Discussion
	Acknowledgements
	References




