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Background: Emodin, a major component of Polygonum multiflorum (PM), has been
reported to exert both protective and toxic effects in several cell types. However, the effects
and underlying mechanisms of action of emodin in hepatic cells are still obscure.
Methods: The present study used the normal human liver cell line L02 to investigate the
effects and mechanisms of emodin in hepatic cells. After treatment with emodin, L02 cells
were examined for viability, apoptosis and autophagy with the Cell Counting Kit-8 (CCK-8),
annexin V/PerCP staining and GFP-LC3 plasmid transfection. The expression of proteins
including cleaved caspase-3, LC3B-I/11, p-PI3K, PI3K, p-AKT, AKT, p-mTOR, mTOR and
actin was examined by using Western blot.

Results: Emodin significantly inhibited the viability of and induced apoptosis in L02 cells in
a dose- and time-dependent manner. In addition, emodin increased the number of GFP-LC3
puncta in LO2 cells and upregulated the expression of LC3B-II compared to those in control
cells. Furthermore, emodin significantly decreased the expression of p-PI3K, p-AKT and p-
mTOR in a dose-dependent manner compared to that in control cells without altering the
expression of PI3K, AKT and mTOR. Notably, cotreatment with emodin and 3-methylade-
nine (3-MA) or rapamycin significantly increased and decreased the apoptosis rate of L02
cells, respectively, compared to that of cells treated with emodin alone.

Conclusion: In conclusion, emodin exhibited cytotoxicity in the L02 human hepatic cell
line by promoting apoptosis, and it also induced autophagy through the suppression of the
PI3K/AKT/mTOR signalling pathway. The autophagy could play a protective role following
emodin treatment.

Keywords: Polygonum multiflorum, emodin, hepatoprotective, apoptosis, hepatotoxic,
autophagy, PI3K, AKT, mTOR

Introduction

Polygonum multiflorum is a traditional Chinese herb that has been widely used as an
anti-ageing treatment in China for centuries, but it has recently been reported to cause
liver injury.'* Anthraquinones, stilbenes and tannins are thought to be the major active
components of PM.?> Emodin is an anthraquinone derivative (Figure 1A) isolated from
PM. Emodin exhibits a variety of therapeutic effects, such as anti-tumour,*
antioxidant,” anti-inflammatory,® and anti-virus activities.” Despite its various biologi-
cal properties, both protective activities and toxic effects were reported with emodin
treatment in vitro and in vivo.®® Thus, for its safe clinical use, the underlying mechan-
ism of action of emodin in hepatic cells still needs to be elucidated.
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Figure | Emodin suppressed the proliferation of L02 cells. (A) The chemical structure of emodin. (B and C) L02 cells were treated with different concentrations of emodin
for 24 h or with emodin (160 uM) for different time intervals. Cell viability was determined by CCK-8 assay. Data are presented as the means + SDs for 3 independent
experiments. *P<0.05 compared with the control group; **P<0.01 compared with the control group. (D) Representative photos depict the morphology of L02 cells exposed

to various concentrations of emodin for 24 h. Scale bars: 100 pm.

Macroautophagy (hereafter, autophagy) is a catabolic
process that degrades cytoplasmic components within the
lysosome and provides additional nutrients and energy to
the cell.' In addition, autophagy plays an essential role in
quality control by selectively degrading long-lived pro-
teins and organelles. Because of its anti-stress properties,
autophagy is commonly thought to be an essential cyto-
protective response to several stresses, including starva-
tion, hypoxia and pathogen invasion. Conversely, it has
also been reported that excessive autophagy in cells may
promote caspase- and apoptosis-independent cell death."’
The dynamic process of autophagy is tightly regulated. At
the initiation of autophagy, most signal pathways converge
to the same mammalian target, rapamycin complex 1
(mTORCI1, a complex containing TOR, raptor, GBL/
mLST8, PRAS40 and DEPTOR), especially mTOR.'*!?
MTOR is a serine/threonine protein kinase belonging to
the phosphatidylinositol kinase-related kinase family. The
activity of mTOR is suppressed under nutrient starvation,
which induces autophagy. The phosphatidylinositol 3-
kinase (PI3K)/AKT pathway is a pathway upstream of
mTOR that plays a central role in cell survival and pro-
liferation. Previous studies showed that emodin exerted a
pro-apoptotic effect on K562 cells by suppressing the
PI3K/AKT signalling pathway.'* Controversially, emodin
attenuated autophagy in mouse C2C12 myoblasts through
the phosphorylation of AKT.'> These results pose the

questions of whether emodin had a role in autophagic
activity in hepatic cells and what the mechanism of emo-
din treatment in hepatocytes was.

In this study, we investigated the effects and molecular
mechanisms of emodin on L02 hepatic cells and sought to
understand the hepatoprotective activities and hepatotoxic
effects of emodin treatment. Our data demonstrated that
emodin can inhibit LO2 cell proliferation, trigger cell
apoptosis, and induce autophagy in LO2 cells through the
PI3BK/AKT/mTOR pathway. These results provide evi-
dence for the rational use of emodin in the future.

Materials and methods

Cell lines and reagents

L02 cells were purchased from the Cell Bank of the Chinese
Academy of Sciences and maintained in RPMI 1640 medium
(Gibco, 31800022) supplemented with 10% foetal bovine
serum (FBS; Gibco, 10100147), 1.5 g/ NaHCOj5 (Gibco,
25080094), and 0.11 g/L sodium pyruvate (Gibco,
11360070) in 5% CO, at 37°C. Emodin (E7881), 3-methyla-
denine (M9281) and rapamycin (V900930) were purchased
from Sigma-Aldrich Chemical. The antibodies used were as
follows: anti-cleaved caspase-3 (#9664), anti-LC3B-I/II
(#3868), anti-phospho-AKT(Thr308) (#13038), anti-AKT
(#4691), anti-phospho-mTOR(Ser2448) (#5536), anti-mTOR
(#2983), and anti-actin (#8457), which were purchased from
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Cell Signalling Technology. Anti-phospho-PI3K(Tyr485) (sc-
130211) and anti-PI3K (sc-365404) were purchased from
Santa Cruz Biotechnology. Horseradish peroxidase-conju-
(4741506,
4741806) were purchased from Kirkegaard and Perry

gated species-specific secondary antibodies

Laboratories.

Cell viability (CCK-8) assay

Cells were seeded in 96-well plates at a density of 5,000
cells per well for 24 h, and 5 identical wells were prepared
for each group. After the indicated treatments, the cells
were treated with 10 ul of Cell Counting Kit-8 reagent
(CCK-8) (Beyotime, C0038) for 1 h. The absorption
values (optical density (OD)) were measured by a micro-
plate reader at 450 nm. Cell viabilities were normalized to
the control group according to the following formula: cell
viability (%) = (ODpjank = ODexperiment)/ODplank X100%.

Cell morphology

To view the cell morphology, L02 cells were seeded in 6-
well plates at a density of 5x10* cells per well for 24 h and
treated with various concentrations of emodin for 24 h.
The morphology of the L02 cells was observed under a
light microscope (Diaphot 300, Nikon).

GFP-LC3 plasmid transfection and

confocal microscopy

A total of 2x10* cells were plated on coverslips for 24 h.
GFP-LC3 plasmid transfection was performed using
Lipofectamine 3000 transfection reagent (Invitrogen,
L3000) according to the manufacturer’s protocol.
Plasmids encoding GFP-LC3 (Addgene, #22405) were a
gift from Jayanta Debnath. After a 48 h incubation, the
medium containing the transfection mixture was replaced
with fresh complete medium and the cells were treated
with emodin (80 uM) for 12 h or were not treated with
emodin before being viewed by using a laser scanning
confocal microscope (Zeiss, Germany). All images were
analysed by Image] software (MD, USA).

Flow cytometry

After the cells were treated as indicated, the apoptosis
rates were determined by flow cytometry using an
Detection Kit PerCP-eFluor
(eBioscience, 88-8008-74) according to the manufac-

Annexin V Apoptosis

turer’s instructions.

Western blots

The cells were treated as indicated, harvested and then
washed twice with ice-cold PBS for total protein extrac-
tion. The protein concentration was determined using an
Enhanced BCA Protein Assay Kit
Biotechnology, P0O011, China). Equal amounts of protein
were separated by 10% SDS-PAGE and subsequently
transferred onto polyvinylidene difluoride (PVDF) mem-

(Beyotime

branes. The membranes were blocked with 5% skim milk
in TBST buffer (20 mM Tris-HCI, pH 7.4, 150 mM NaCl,
and 0.1% Tween 20).Then, the membranes were incubated
with primary antibodies at 4 °C overnight. After that, the
membranes were washed 3 times with TBST buffer and
incubated with the secondary antibodies at room tempera-
ture for 2 h. After the membranes were washed with TBST
buffer 3 times, bands were observed and analysed with a
charge-coupled device (CCD) system (Kodak, Image
Station 2000 MM, Japan).

Statistical analysis

Statistical analyses were performed with SAS. Data
were normalized to the control and analysed with one-
sample #-tests. Statistical significance was indicated as
follows: 0.01< *P<0.05; **P<0.01.

Results

Emodin suppressed the proliferation of
LO2 cells

To observe the inhibitory effects of emodin on hepatic
cells, we first performed CCK-8 assays to investigate the
effects of emodin on LO2 cell growth. As shown in
Figure 1B and C, emodin decreased the viability of L02
cells in a dose- and time-dependent manner. To directly
observe alterations to L02 cells with emodin treatment,
we viewed cells under an optical microscope with a
camera. As shown in Figure 1D, the untreated LO2 cells
grew well, and the cellular structures were clear. After
treatment with emodin for 24 h, we found increased
cellular shrinkage and decreased cell density in a dose-
dependent manner.

Emodin induced apoptosis in LO2 cells

through the activation of caspase-3

To examine the inhibitory effects of emodin on LO2 cells,
we assessed the effects of emodin on apoptosis in L02
cells by using an annexin V/PerCP staining assay. Cells
treated with emodin exhibited increased apoptosis in a
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Figure 2 Emodin induced apoptosis in L02 cells through activating caspase-3. (A and B) L02 cells were treated with different concentrations of emodin for 24 h or with
160 pM emodin for different time intervals. Cell apoptosis was detected by flow cytometry using annexin V/PerCP staining. Representative flow cytometric images and
statistical data are showed, and the data are presented as means + SDs for 3 independent experiments. *P<0.05 compared with the control group; **P<0.0| compared with
the control group. (C and D) Cells were treated as in (A) and (B), respectively, and then subjected to Western blot analysis to determine the expression of c-caspase-3.
Actin was used as a loading control. (E) The intensities of c-caspase-3 in (C) and (D) normalized to actin were statistically analysed and represented as the mean * SD for 3
independent experiments. *P<0.05 compared with the control group; **P<0.0l compared with the control group. (F) The intensities of c-caspase-3 in (D) normalized to
actin were statistically analysed and represented as the mean * SD for 3 independent experiments. *P<0.05 compared with the control group; **P<0.01 compared with the
control group.

dose- and time-dependent manner (Figure 2A and B). In  (c-caspase-3) was increased in a dose- and time-dependent

addition to the increase in apoptosis, following emodin  manner compared to that observed without emodin treat-

treatment, the expression of cleavage/activation caspase-3  ment (Figure 2C—F). These results indicated that emodin
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could induce apoptosis in LO2 cells by activating cas-
pase-3.

Emodin induced autophagic alterations in
LO2 cells

Whether emodin plays a role in the autophagic activity of
L02 cells remains unclear. Because the conversion of
LC3B-I to LC3B-II is commonly used to evaluate
autophagy,'® we first detected LC3B-I/II levels in LO2

cells using Western blotting. As shown in Figure 3A-D,
emodin treatment unexpectedly led to an increase in the
expression of LC3B-II in a dose- and time-dependent man-
ner, except for 160 pM emodin treatment for 24 h, and the
expression of LC3B-I was largely unchanged compared to
that in the untreated cells. Furthermore, L02 cells expres-
sing GFP-LC3 were detected under a confocal laser scan-
ning microscope used to observe autophagosomes. The
treatment of cells with emodin (80 uM) for 12 h resulted
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Figure 3 Emodin induced autophagic alterations in L02 cells. (A and B) Cells were treated with different concentrations of emodin for 24 h or with emodin (160 pM) for
different time intervals. The expression of LC3B-I/ll was analysed by Western blot. (C and D) The intensities of LC3B-Il in (A and B) normalized to actin were statistically
analysed and represented as the mean * SD for 3 independent experiments. *P<0.05 compared with the control group; **P<0.01 compared with the control group. (E) GFP-
LC3 expression in LO2 cells treated with or without emodin (80 uM) for 12 h. GFP-LC3 puncta were examined using confocal microscopy; scale bars: 10 pm. (F) The
average number of GFP-LC3 puncta per cell in (E) was quantitated from 3 independent experiments. Data are presented as the mean * SD for 3 independent experiments.
Thirty cells were analysed per treatment condition. **P<0.0l compared with the control group.
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in a significant increase in GFP-LC3 puncta formation
compared to that in untreated cells, which indicated the
accumulation of autophagosomes (Figure 3E and F).

Emodin inhibited the PI3K/AKT/mTOR
pathway

To further understand the mechanism of emodin in autop-
hagy, the levels of p-PI3K, PI3K, p-AKT, AKT, p-mTOR and
mTOR were detected. Western blot analysis showed that
emodin treatment resulted in a dose-dependent decrease in
the expression of p-PI3K, p-AKT and p-mTOR in LO2 cells
compared to that observed in cells without emodin treatment;
however, the level of p-mTOR was marginally elevated with
10 uM emodin treatment compared to that observed in cells
without emodin treatment (Figure 4A and B). In addition,
changes in the expression levels of PI3K, AKT and mTOR
were not observed (Figure 4A and B). These results sug-
gested that emodin might induce autophagy through the
suppression of the PI3K/AKT/mTOR pathway.

Emodin-induced autophagy played a

protective role in LO2 cells

Autophagy has been reported to be both a protective and a
lethal process in cells, so we investigated the role of
emodin-induced autophagy by using 3-MA, an autophagy
inhibitor that targets the initiation of autophagy.'’
Cotreatment of L02 cells with emodin and 3-MA signifi-
cantly reduced the expression of LC3B-II and cell viability
compared with those in cells treated with emodin alone
(Figure SA—C). In addition, the apoptosis rates were sig-
nificantly increased with emodin and 3-MA treatment

A

Emodin (uM)

0 10 20 40 80 160
p-PI3K|-~-—
Piok [ —————
Akt

p-mTOR
mTOR
Actin

Relative level of proteins/Actin (%) U3

compared with those after treatment with emodin alone
(Figure 5D). The L02 cells were largely shrinkage with
apoptotic morphologies under cotreatment with emodin
and 3-MA (Figure 5E). Moreover, cotreatment of L02
cells with rapamycin (an autophagy inducer that targets
mTOR) and emodin significantly increased the expression
of LC3B-II and cell viability compared with those after
treatment with emodin alone (Figure SF—H) and markedly
attenuated apoptosis compared with the apoptosis rates
following treatment with emodin alone (Figure 5I). The
LO02 cells exhibited reduced shrinkage with rapamycin and
emodin cotreatment than with emodin alone (Figure 5J).
These data suggested that emodin-induced autophagy had
a protective role in L0O2 cells.

Discussion

In recent years, the role of traditional Chinese herbs in the
treatment of multiple diseases has drawn much attention from
scientists because of their high efficiencies and low toxicities.
Emodin, an anthraquinone derivative isolated from Polygonum
multiflorum, has gained increasing attention as a therapeutic
agent. Leukaemia, cervical cancer, lung cancer, colorectal
cancer and hepatocellular carcinoma cells were reported to be
targets of emodin, with less toxicity for non-tumour cells
reported in previous studies.'®** Recently, the hepatotoxicity
of emodin was reported to be ~30 uM.** Consistent with this
report, we found that emodin at concentrations above 20 pM
had an obvious cytotoxic effect on the hepatic cell line L02 by
promoting cell apoptosis. In addition to its anti-tumour activ-
ities, emodin protected against diabetic cardiomyopathy by
regulating the AKT/GSK-3p signalling pathway,”* and it was
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Figure 4 Emodin inhibited the PI3K/AKT/mTOR pathway. (A) LO2 cells were treated with different concentrations of emodin for 24 h. The expression of p-PI3K(Tyr485),
PI3K, p-AKT (Thr308), AKT, p-mTOR (Ser2448) and mTOR were analysed by Western blot. (B) The intensities of p-PI3K, p-AKT and p-mTOR in (A) normalized to actin
were statistically analysed and represented as the mean + SD for 3 independent experiments. *P<0.05 compared with the control group; **P<0.0l compared with the

control group.
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Figure 5 Emodin-induced autophagy played a protective role in LO2 cells. (A) Cells were treated with or without emodin (40 uM) in the absence or presence of 3-MA (5 mM) for
24 h. The expression of LC3B-I/Il was analysed by Western blot. (B) The intensities of LC3B-Il in (A) normalized to actin were statistically analysed and represented as the
mean * SD for 3 independent experiments. **P<0.01. (C) Cell viability in (A) was determined by CCK-8 assay. Data are presented as the means + SDs for 3 independent
experiments. **P<0.01. (D) Cell apoptosis in (A) was detected by flow cytometry using annexin V/PerCP staining. Data are presented as the means + SDs for 3 independent
experiments. (E) Representative photos depicting the morphology of L02 cells treated in (A) Scale bars: 100 pm. (F) Cells were treated with or without emodin (40 pM) in the
absence or presence of rapamycin (Rapa; |00 nM) for 24 h. The expression of LC3B-I/Il was analysed by Western blot. (G) The intensities of LC3B-Il in (F) normalized to actin were
statistically analysed and are represented as the mean + SD for 3 independent experiments. **P<0.01. (H) Cell viability in (F) was determined by CCK-8 assay. Data are presented as
the means + SDs for 3 independent experiments. **P<0.01. (1) Cell apoptosis in (F) was detected by flow cytometry using annexin V/PerCP staining. Data are presented as the
means * SDs for 3 independent experiments. (J) Representative photos depicting the morphology of L02 cells treated in (F). Scale bars: 100 pm.
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also reported that emodin protected against cisplatin-induced
apoptosis in rat renal tubular cells by activating autophagy
through the modulation of the AMPK/mTOR pathway.*
Consistent with these reports, we also found that emodin
could induce autophagy in the L02 hepatic cell line with the
following evidence: (a) emodin treatment significantly upre-
gulated the expression of LC3B-II in a dose- and time-depen-
dent manner compared to that observed without emodin
treatment and resulted in the significant accumulation of autop-
hagosomes in L02 cells; (b) emodin caused the significant
downregulation of the expression of p-PI3K, p-AKT and p-
mTOR without any obvious changes in the expression of PI3K,
AKT and mTOR in a dose-dependent manner compared to that
observed without emodin treatment; and (c) the cotreatment of
cells with emodin and 3-MA reduced the expression of LC3B-
I, and the combinational treatment of cells with emodin
(40 uM, a non-saturating concentration that induces autop-
hagy) and rapamycin enhanced the expression of LC3B-II
compared to that observed following treatment with emodin
alone.

Autophagy is commonly considered an anti-apoptotic pro-
cess that maintains the health of mammalian cells, probably by
eliminating damaged organelles such as mitochondria,*® the
endoplasmic reticulum,”” and part of the nucleus.” In addi-
tion, autophagy is also thought to be a kind of programmed
cell death with excessive engulfment and degradation of the
cytoplasm, although the mechanism of this is still largely
unclear, and this classification is still controversial.®’ In the
present study, both the autophagy inhibitor 3-MA and the
autophagy inducer rapamycin were recruited to understand
the role of emodin-induced autophagy in hepatocytes. The
combination of emodin with 3-MA significantly promoted
apoptosis in L0O2 cells compared to that observed in cells
treated with emodin alone. Furthermore, emodin and rapamy-
cin cotreatment markedly attenuated apoptosis in L0O2 cells
compared with that observed following emodin treatment
alone. These results suggested that emodin-induced autophagy
has a protective role against cellular apoptosis, especially in at
low/medium dose (10-80 uM). Notably, with a high dose
(160 uM) of emodin, the expression of LC3B-II was reduced
compared to that observed with 80 pM emodin treatment. This
could partly be due to the caspase-mediated cleavage of
essential autophagy proteins, which produced conditions in
which autophagy could not cope with cellular stresses.*
Additionally, the protective effect of emodin-induced autop-
hagy in hepatic cells could be reinforced by rapamycin, illus-
trating that mTOR might be a potential therapeutic target for
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Figure 6 Summary of the current study. At low/medium concentrations, emodin-
induced autophagy hinders apoptosis and maintains LO2 cell viability, while high
concentrations of emodin induces a marginal autophagy which hardly cope apop-
tosis and leads cell death. Arrows and black words part represent activation of
target molecules or stimulation of production, and blunt lines and grey words part
indicate target inhibition.

liver protection in the future. More attention needs to be paid
to emodin for its future clinical usage because, although emo-
din showed hepatoprotective effects in some reports, it exerted
hepatotoxic effects in a dose- and time-dependent manner in
our present study.

In summary, we demonstrated that emodin induced
L02 cell apoptosis through upregulating the expression
of cleaved caspase-3 and induced LO2 cells autophagy
through attenuating the phosphorylation of PI3K, AKT
and mTOR. Autophagy could play a protective role
against cell apoptosis in hepatocytes (Figure 6). These
findings improved the understanding of the hepatopro-
tective activities and hepatotoxic effects of emodin
treatment.

Abbreviation list

3-MA, 3-methyladenine; AMPK, adenosine 5'-monopho-
sphate (AMP)-activated protein kinase; DEPTOR, DEP
domain-containing mTOR-interacting protein; GFP, green
fluorescent protein; LC3, microtubule-associated protein
1A/1B-light chain 3; PRAS40, proline-rich AKT substrate
of 40 kDa; SDS-PAGE, sodium dodecyl sulfate-polyacry-
lamide gel electrophoresis.
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