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ABSTRACT
Context: The potential hepatotoxicity of Polygoni Multiflori Radix (PMR) has attracted much attention, but
the specific mechanism of inducing hepatotoxicity is still unclear due to the complexity of its
components.
Objective: This study investigated the specific mechanism by which 2,3,5,40-tetrahydroxy-stilbene-2-O-b-D-
glucoside (TSG) regulates hepatotoxicity.
Materials and methods: The toxic effects of TSG (10, 100, 1000lg/mL) on WRL-68 cells were examined
using MTT, flow cytometry, and LDH assay after 24 h of incubation. Untreated cells served as the control.
Gene and protein expression levels were determined by quantitative real-time PCR and Western blot,
respectively. Immunofluorescence analysis was conducted to investigate the expression of light chain 3
(LC3). Luciferase activity assay was used to assess the targeted regulation of RUNX1 by miR-122.
Results: The half maximal inhibitory concentration (IC50) of TSG in WRL-68 cells was calculated as
1198.62lg/mL. TSG (1000lg/mL) inhibited cell viability and LDH activity and promoted WRL-68 cell
apoptosis by inducing autophagy. Subsequent findings showed that TSG induced autophagy and pro-
moted apoptosis in WRL-68 cells by downregulating the levels of p-PI3K, p-Akt, and p-mTOR proteins,
while RUNX1 overexpression rescued this inhibition. Additionally, the effect of TSG on hepatocyte apop-
tosis was reversed by miR-122 knockdown. Furthermore, bioinformatics and dual luciferase reporter assay
results indicated that miR-122 targeted RUNX1.
Discussion and conclusions: Our data demonstrate for the first time that TSG regulates hepatotoxicity,
possibly by upregulating miR-122 and inhibiting the RUNX1-mediated PI3K/Akt/mTOR pathway to pro-
mote autophagy and induce hepatocyte apoptosis. Further in vivo research is necessary to verify our
conclusion.
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Introduction

Polygoni Multiflori Radix (PMR), which is derived from the roots
of Polygonum multiflorum Thunb. (Polygonaceae), functions in
detoxification, tonifying the liver and kidney, replenishing blood,
etc. (Li, Wang, et al. 2017; Ruan et al. 2019). Although PMR has
been widely applied in medical research, health care, and beauty
products, reports on hepatotoxicity caused by PMR and related
preparations have increased in recent years, and its safety has
attracted wide attention (Lin et al. 2015). In addition, due to the
complexity of its composition and function, the specific mechan-
ism by which PMR causes hepatotoxicity is unclear.

The chemical composition of PMR is relatively complex,
mainly containing stilbene, lecithin, anthraquinones, etc. Stilbene
includes 2,3,5,40-tetrahydroxy-stilbene-2-O-b-D-glucoside (TSG)
(Ruan et al. 2019). TSG is the main active chemical constituent
of PMR, which has therapeutic effects on the nervous, cardiovas-
cular, digestive, endocrine, and respiratory systems (Xia et al.

2018). Recently, a great number of studies have shown that TSG
may induce hepatocyte damage and cause liver damage (Xing
et al. 2019). For example, TSG causes liver damage by inhibiting
the mRNA expression of the cytochrome P450 enzyme CYP1A2,
resulting in liver metabolic dysfunction (Hansen et al. 2019). In
addition, studies also found that TSG does not cause abnormal-
ities in related indicators of liver function, but it significantly
damages the epithelial cells of the bile duct and interferes with
liver cell function (Bommaya et al. 2011). Nevertheless, the spe-
cific mechanism by which TSG induces hepatotoxicity is unclear.

Autophagy, known as type II programmed cell death,
degrades excess protein aggregates and dysfunctional organelles
through lysosomes. Moderate autophagy maintains the stability
of the internal environment, while excessive autophagy leads to
cell death (Gross and Graef 2020). A key regulator of autophagy
is the kinase target of rapamycin, which is a receptor for intra-
cellular amino acids, ATP, and hormones. Rapamycin induces
autophagy by inhibiting the mammalian TOR (mTOR) pathway
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(Zhang, Cai, et al. 2019). In recent years, the function of autoph-
agy in drug-induced hepatotoxicity and other liver diseases has
been reported. For example, FGF21 plays a protective role in
acetaminophen-induced hepatotoxicity by activating autophagy
in mice (Zhang et al. 2018). Glycine coumarin relieves alcohol-
induced hepatotoxicity by inducing autophagy (Song et al. 2015).
In addition, a study on the key pathway that mediates autophagy
showed that the PI3K/Akt/mTOR pathway regulates aconitine-
induced hepatocyte autophagy (Yang et al. 2019). At present,
TSG-induced hepatotoxicity has been confirmed (Li, Wang, et al.
2017; Ruan et al. 2019). However, the specific mechanism of its
induction of hepatotoxicity has not been reported. In particular,
it is unclear whether TSG induces hepatocyte toxicity by modu-
lating the PI3K/Akt/mTOR pathway.

MiRNA-122 (miR-122), which is a liver-specific conserved
miRNA, regulates the metabolic homeostasis of hepatocytes and
the replication process of hepatovirus and maintains balance in
the liver (Chowdhary et al. 2017). Findings have shown that
miR-122 is an early biomarker of liver cancer cells for the diag-
nosis and evaluation of early liver cancer (Amr et al. 2017). In
addition, recent studies indicate that miR-122 may serve as a
biomarker for drug-induced hepatocellular toxicity (Howell
et al. 2017).

In this paper, we investigated the hepatotoxic effects of TSG
with a focus on cell viability, cell apoptosis, and autophagy and
dissected the potential molecular mechanisms responsible for the
cytotoxic effects of TSG on hepatocytes. This study may provide
a theoretical basis for the mechanism of TSG in hepatotoxicity.

Materials and methods

Cell culture and drug treatment

Hepatocyte WRL-68 cells were obtained from Cell Resource
Center, Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences (Shanghai, P.R. China). Cells were cultured
in DMEM-modified medium (Thermo Fisher Scientific,
Waltham, MA, USA), which was supplemented with 10% FBS
and 1% penicillin-streptomycin solution (Solarbio, Beijing, P.R.
China), and cells were cultured at 37 �C in a humidified incuba-
tor containing 5% CO2. TSG was purchased from Nanjing
Jingzhu Bio-technology Co., Ltd., (Nanjing, China). After treat-
ment of WRL-68 cells with 10, 100, or 1000 lg/mL TSG, the
effects of TSG on WRL-68 cytotoxicity, autophagy, and apoptosis
were analysed by MTT assay, LDH assay, flow cytometry, etc. 3-
MA and the PI3K inhibitor LY294002 were purchased from
Sigma (St. Louis, MO, USA; assay >98%).

Plasmid vector construction and cell transfection

MiR-122 mimics, inhibitor and their respective negative controls
(NC) with random sequences (denoted as mimics NC and
inhibitor NC) were synthesized by RiboBio (Guangzhou, P.R.
China). The full-length RUNX1 sequence was amplified and
ligated into the pcDNA3.1 plasmid (OriGene Technologies, Inc.),
and the recombinant plasmid was referred to as RUNX1. All
plasmids were transfected by using Lipofectamine 2000 (Thermo
Fisher Scientific, Waltham, MA, USA) according to the manufac-
turer’s instructions in cells cultured in 6-well plates before the
experiment. Cultured cells were collected for analysis following
48 h of transfection.

MTT assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Sigma, St. Louis, MO, USA) assay was performed to
evaluate cell viability. In detail, 1� 105 WRL-68 cells were seeded
in 96-well plates and incubated with 20 lL MTT reagent (5mg/
mL) for 4 h at 37 �C. After removing the medium, 150 lL of
dimethyl sulfoxide (DMSO, Sigma, St. Louis, MO, USA) was
added. A microplate reader (Bio-Rad Laboratories, Hercules, CA,
USA) was used to evaluate cell viability at 570 nm absorbance.

Cytotoxicity assay

After treatment with a certain concentration of TSG, the WRL-
68 cell culture medium supernatant was harvested. According to
the operating instructions, LDH levels were measured using an
LDH cytotoxicity detection kit (Roche, Basel, Switzerland). The
absorbance of the samples was measured using a microplate
reader at a wavelength of 490 nm. Each sample was run in
triplicate.

Flow cytometry analysis

The Annexin V-FITC/PI Apoptosis Detection Kit (Beyotime,
Nanjing, P.R. China) was used for apoptosis analysis according
to the manufacturer’s instructions. In detail, the 12-well cell cul-
ture plate was centrifuged at 1000 g for 5min after the induction
of apoptosis. The medium was aspirated, and the cells were
washed twice with 1�PBS for 5min each time. Then, the cells
were resuspended in 500 lL of binding buffer, and 5lL of FITC-
conjugated antibody and 5lL of propidium iodide (PI) were
added, followed by incubation for 15min on ice in the dark.
Finally, apoptosis was evaluated by flow cytometry (BD
FACSCalibur; BD Biosciences) based on cell binding to
Annexin V.

Immunofluorescence

Immunofluorescence was performed as described with a minor
modification (Cui et al. 2019). In detail, 1� 105 WRL-68 cells
were seeded in 12-well plates for transfection. Cells were washed
with 1�PBS and fixed for 15min in 4% formaldehyde. Then,
Triton-X 100 was added to increase membrane permeability.
After washing and blocking, WRL-68 cells were incubated with
anti-LC3 antibody (Cell Signalling Technology, Danvers, MA,
USA) overnight at 4 �C. After washing again, the cells were incu-
bated with a secondary antibody for 1 h. Then, the cells were
counterstained with DAPI, sealed with cover glass, and finally
observed with a confocal fluorescence microscope (LSM880,
Zeiss, Germany).

RNA extraction and qRT-PCR

TRIzol reagent (Invitrogen, Waltham, MA, USA) was used to
extract total RNA from WRL-68 cells, and total RNA was reverse
transcribed into complementary DNA (cDNA). Then qRT-PCR
was performed by using SYBR Green PCR Master Mix (Takara,
Dalian, P.R. China). For mRNA expression levels, b-actin served
as a control; for miRNA expression, U6 served as a control. The
2�DDCt method was used to calculate the relative expression.
This experiment was repeated three more times. The primers
used in this assay are displayed in Table 1.
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Western blot

Western blotting was performed as previously described (Dong
et al. 2017). Proteins were extracted from WRL-68 cells based on
the provided instructions of the protein extraction kit (Beyotime,
Nanjing, China). The protein samples were subjected to 10%
SDS-PAGE and transferred to a PVDF membrane (PVDF,
Millipore, Billerica, MA, USA). Then, the PVDF membrane was
placed in 4% milk and incubated with the following primary
antibodies (Abcam, Cambridge, UK): anti-LC3B (ab51520;
1:3000, detects LC3I and LC3II), anti-Beclin-1 (ab217179;
1:1000), anti-p62 (ab56416; 1:1000), anti-Bax (ab32503; 1:1000),
anti-Bcl-2 (ab59348; 1:500), anti-cleaved caspase-3 (ab2302;
1:1000), anti-cleaved caspase-9 (ab2324; 1:1000) and anti-b-actin
(ab8227; 1:5000) at 4 �C overnight. On the next day, the PVDF
membrane was washed and incubated with a secondary antibody
(Abcam, Cambridge, UK, 1:1000) for 1 h at room temperature.
Finally, PierceVR ECL (Pierce, Rockford, IL, USA) Substrate A
and B solutions were mixed in a 1:1 ratio and evenly distributed
onto the PVDF membrane. The signals were visualized by Tanon
5200. Total protein levels were determined via ImageJ software
(Media Cybernetics, Rockville, MD, USA) with b-actin as a nor-
malization control.

Luciferase activity assay

The dual-luciferase reporter assay was conducted as previously
described (Fu et al. 2019), with a slight modification. The wild-
type or mutant (mut) RUNX1 sequence was amplified and
cloned into the psi-CHECK2 reporter vector (Promega, Madison,
WI, USA). A total of 2� 104 293 T cells (ATCC, Manassas, VA,
USA) were plated into 24-well plates and were subsequently co-
transfected with the wild-type or mut RUNX1 30-UTR vector
and miR-122 mimics or NC mimics by using LipofectamineVR

2000 (Invitrogen, Waltham, MA, USA) at 37 �C for 48 h.
According to the manufacturer’s protocol, the Dual-Luciferase
Reporter Assay System (Promega, Madison, WI, USA) was used
to detect the firefly luciferase activity of 293 T cells.

Statistical analysis

Data are presented as the mean± SD of three independent
experiments. Statistical analysis was performed using GraphPad
Prism version 5.0 software (GraphPad Software, San Diego, CA).
Differences between groups were analysed with Student’s t-test
or one-way ANOVA followed by Tukey’s post hoc test for mul-
tiple comparisons. Differences were considered to be statistically
significant at a p-value <0.05.

Results

TSG induces apoptosis and promotes autophagy in WRL-68
cells

TSG is an active ingredient extracted from the Chinese herbal
medicine Polygonum multiflorum (Xia et al. 2018). Studies have
shown that TSG induces hepatotoxicity and causes liver damage
(Li, Niu, et al. 2017). To investigate the effect of TSG on hep-
atocyte WRL-68 cells, the cells were treated with 10, 100, or
1000 lg/mL TSG for 48 h, and the effects of TSG on biofunc-
tions of WRL-68 cells were evaluated by MTT assay, LDH
assay, etc. The MTT assay indicated that 10 and 100 lg/mL
TSG had no effect on WRL-68 cell viability. However, 1000lg/
mL TSG inhibited the viability of WRL-68 cells compared with
the control (Figure 1(A)). Similarly, TSG at 10 and 100 lg/mL
had no effect on the LDH activity of WRL-68 cells, but TSG at
1000 lg/mL increased the LDH activity of WRL-68 cells (Figure
1(B)). As shown in Figure 1(C), 1000 lg/mL TSG significantly
promoted WRL-68 cell apoptosis compared with the control. In
addition, immunofluorescence and Western blot analysis
showed that TSG suppressed anti-apoptotic protein Bcl-2
expression but promoted cleaved-caspase 3, Bax, and cleaved-
caspase 9 protein expression (Figure 1(D)). Accordingly, the
autophagy-associated protein LC3 was significantly upregulated
by TSG (Figure 1(E,F)). Based on these results, we conclude
that TSG induces apoptosis and promotes autophagy in WRL-
68 cells.

TSG promotes apoptosis by inducing autophagy in WRL-68
cells

3-Methyladenine (3-MA) is an autophagy inhibitor that partici-
pates in the regulation of autophagy (Huang et al. 2019). To fur-
ther investigate whether TSG promotes apoptosis by inducing
autophagy in WRL-68 cells, WRL-68 cells were treated with
1000 lg/mL TSG and treated with 5mM 3-MA for 1 h.
Immunofluorescence and Western blot analysis indicated that
the autophagy inhibitor 3-MA rescued WRL-68 cell autophagy
induced by TSG (Figure 2(A,B)). As shown in Figure 2(C), 3-
MA increased WRL-68 cell viability inhibited by TSG. In add-
ition, the LDH activity assay showed that 3-MA inhibited LDH
activity in WRL-68 cells induced by TSG (Figure 2(D)).
Similarly, 3-MA inhibited WRL-68 cell apoptosis induced by
TSG (Figure 2(E)). Moreover, 3-MA promoted the expression of
the anti-apoptotic protein Bcl-2 and inhibited Bax, cleaved-cas-
pase 3, and cleaved-caspase 9 protein expression (Figure 2(F)).
Based on these data, we suggest that TSG promotes apoptosis by
inducing autophagy in WRL-68 cells.

TSG induces autophagy and promotes apoptosis in WRL-68
cells by regulating the PI3K/Akt/mTOR pathway

RUNX1 is involved in the regulation of the cell cycle and plays
a vital role in tumour progression (Liu et al. 2020). To investi-
gate whether RUNX1 regulated the apoptosis and autophagy of
WRL-68 cells induced by TSG, Western blotting and qRT-PCR
were performed to detect RUNX1 expression following 1000lg/
mL TSG treatment. The results indicated that RUNX1 expres-
sion was downregulated following treatment with TSG com-
pared with the control (Figure 3(A)). Analysis of key proteins
in the PI3K/Akt/mTOR pathway showed that TSG downregu-
lated the expression of p-PI3K, p-Akt, and p-mTOR proteins,

Table 1. Primer sequences for quantitative real-time PCR.

Genes Primer sequence (50–30)
miR-122 Forward: ACACTCCAGCTGGGAACGCCATTATCACAC

Reverse: GTGCAGGGTCCGAGGT
RUNX1 Forward: CCGAGAACCTCGAAGACATC

Reverse: GATGGTTGGATCTGCCTTGT
U6 Forward: CTCGCTTCGGCAGCACA

Reverse: AACGCTTCACGAATTTGCGT
b-actin Forward: CCAGGTGGTCTCCTCTGA

Reverse: GCTGTAGCCAAATCGTTGT
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while overexpression of RUNX1 rescued this inhibition. In add-
ition, LY294002, a PI3K inhibitor, reversed the effect of overex-
pressed RUNX1 (Figure 3(B)). As shown in Figure 3(C),
RUNX1 overexpression rescued WRL-68 cell autophagy induced
by TSG, while LY294002 restored the autophagy effect. In add-
ition, MTT assay indicated that overexpression of RUNX1
increased the viability of WRL-68 cells inhibited by TSG, while
LY294002 attenuated this effect (Figure 3(D)). Similarly, overex-
pression of RUNX1 inhibited LDH activity in WRL-68 cells
induced by TSG, while the effect was attenuated by LY294002
(Figure 3(E)). In terms of apoptosis, overexpression of RUNX1
inhibited TSG-induced apoptosis of WRL-68 cells, while
LY294002 attenuated the inhibitory effect (Figure 3(F)).
Consistently, overexpression of RUNX1 rescued the inhibitory
effect of TSG on the anti-apoptosis protein Bcl-2 and attenu-
ated the pro-apoptotic effect of TSG on the apoptosis-related
proteins Bax, cleaved-caspase 3, and cleaved-caspase 9, while
the above effect was attenuated by LY294002 (Figure 3(G)).
Based on these results, we propose that TSG induces autophagy
and promotes apoptosis in WRL-68 cells by regulating the
PI3K/Akt/mTOR pathway.

TSG induces autophagy and promotes apoptosis in WRL-68
cells by upregulating miR-122 expression

MiR-122 participates in the regulation of hepatocyte autophagy
and apoptosis (Wei et al. 2019). To investigate the interaction
between TSG, miR-122 and WRL-68 cell biological functions,
miR-122 was inhibited in WRL-68 cells treated with TSG, and
the autophagy and apoptosis of WRL-68 cells were detected by
qRT-PCR, Western blot, etc. First, the effect of miR-122 on cell
viability was evaluated by MTT assay. The results showed that
knockdown of miR-122 inhibited WRL-68 cell viability, indicat-
ing that miR-122 inhibitor have a toxic effect on cells (Figure
S1). Then qRT-PCR analysis results showed that TSG inhibited
miR-122 expression (Figure 4(A)). Inhibition of miR-122 rescued
WRL-68 cell autophagy induced by TSG but restored the dysre-
gulation of autophagy-associated proteins induced by TSG
(Figure 4(B,C)). In addition, the MTT assay showed that miR-
122 inhibition increased WRL-68 cell viability inhibited by TSG
(Figure 4(D)). As shown in Figure 4(E), inhibition of miR-122
suppressed the LHD activity of WRL-68 cells induced by TSG.
Similarly, inhibition of miR-122 inhibited the apoptosis of WRL-
68 cells induced by TSG (Figure 4(F)). Similarly, inhibition of

Figure 1. TSG induced apoptosis and promoted autophagy in WRL-68 cells. WRL-68 cells were treated with 10, 100 or 1000lg/mL TSG, and untreated cells served as
a control. Then, an MTT assay was performed to determine the effect of TSG on cell viability (A); LDH kits were used to detect LDH activity in WRL-68 cells (B); and
cell apoptosis was evaluated by flow cytometry (C). WRL-68 cells were treated with 1000lg/mL TSG, and untreated cells served as a control. Then, apoptosis-related
protein expression was detected by Western blot (D); immunofluorescence was performed to detect LC3 protein expression and distribution (E; scale bar, 50lm); and
autophagy-related protein expression was detected by Western blot (F). Comparisons were performed using paired t-test or one-way ANOVA. � p< 0.05, �� p< 0.01.
Error bars represent SD. Data represent three independent experiments.
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miR-122 restored the dysregulation of apoptosis-associated pro-
teins induced by TSG. Based on these results, we conclude that
TSG induces autophagy and promotes apoptosis in WRL-68 cells
by upregulating miR-122 expression.

MiR-122 targets the regulation of RUNX1

MiR-122 participates in tumour progression in the liver by regu-
lating target proteins (Amr et al. 2017; Cao and Yin 2019). To
investigate the interaction between miR-122 and RUNX1,
StarBase software was used to predict the potential target genes
of miR-122. The findings indicated that the 30-UTR of RUNX1
harboured a binding site of miR-122 (Figure 5(A)). To verify the
binding of miR-122 and RUNX1, a dual luciferase reporter assay

was performed. The data suggested that luciferase activity was
clearly decreased after co-transfection of miR-122 mimics and
the wild-type RUNX1 vector but was not altered after co-trans-
fection of miR-122 mimics and the mutant RUNX1 vector
(Figure 5(B)). In addition, qRT-PCR and Western blot analyses
indicated that miR-122 overexpression inhibited RUNX1 expres-
sion in WRL-68 cells (Figure 5(C,D)). Therefore, we confirmed
that miR-122 directly binds to RUNX1 and subsequently regu-
lates its expression.

Discussion

Obtained from the roots of Polygonum multiflorum, PMR nour-
ishes blood, kidneys, and liver and prevents hair from turning

Figure 2. TSG promoted apoptosis by inducing autophagy in WRL-68 cells. WRL-68 cells were treated with 1000lg/mL TSG and 5mM 3-MA, and untreated cells
served as a control. Then, immunofluorescence was carried out to detect the effect of 3-MA on cell autophagy induced by TSG (A; scale bar, 50lm); autophagy-
related protein expression was measured by Western blot (B); MTT assay was carried out to determine the cell viability (C); LDH kits were used to detect LDH activity
of WRL-68 cells (D); flow cytometry was performed to detect cell apoptosis (E); and Western blotting was performed to measure apoptosis-related protein expression
(F). Comparisons were performed using paired t-test or one-way ANOVA. �p< 0.05, ��p< 0.01, ��� p< 0.001. Error bars represent SD. Data represent three independ-
ent experiments.
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Figure 3. TSG induced autophagy and promoted apoptosis in WRL-68 cells by regulating the PI3K/Akt/mTOR pathway. WRL-68 cells were treated with 1000lg/mL
TSG, and untreated cells served as a control. Then, mRNA and protein expression of RUNX1 was detected by qRT-PCR and Western blot (A). WRL-68 cells were trans-
fected with the RUNX1-overexpressing plasmid for 48 h and then treated with 1000lg/mL TSG following LY294002. Then, p-PI3K, p-Akt, and p-mTOR protein expres-
sion was detected by Western blot (B); Western blotting was carried out to measure autophagy-related protein expression (C); MTT assay was performed to determine
cell viability (D); LDH kits were used to detect LDH activity of WRL-68 cells (E); cell apoptosis was evaluated by flow cytometry (F); and Western blotting was per-
formed to detect apoptosis-related protein expression (G). Comparisons were performed using paired t-test or one-way ANOVA. �p< 0.05, ��p< 0.01, ���p< 0.001.
Error bars represent SD. Data represent three independent experiments.
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grey (Ma et al. 2015). TSG is a highly enriched styrene glycoside
in PMR that has lipid and antioxidant activity. Studies have
shown that TSG causes numerous toxic effects, such as

nephrotoxicity, genotoxicity and hepatotoxicity (Li et al. 2013).
In this paper, our findings indicate that TSG induces hepatocyte
apoptosis and promotes autophagy.

Figure 4. TSG induced autophagy and promoted apoptosis in WRL-68 cells by upregulating miR-122 expression. The miR-122 inhibitor was transfected into WRL-68
cells before treatment with 1000lg/mL TSG. Then, qRT-PCR was performed to detect miR-122 expression (A); immunofluorescence was carried out to detect the influ-
ence of miR-122 on cell autophagy induced by TSG (B; scale bar, 50lm); Western blotting was carried out to measure autophagy-related protein expression (C); MTT
assay was performed to determine cell viability (D); LDH kits were used to detect LDH activity of WRL-68 cells (E); cell apoptosis was evaluated by flow cytometry (F);
and Western blot was used to measure apoptosis-related protein expression (G). Comparisons were performed using paired t-test or one-way ANOVA. �p< 0.05,��p< 0.01, ���p< 0.001. Error bars represent SD. Data represent three independent experiments.
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Autophagy, as a regulatory mechanism of cell adaptation to
survival, plays an important role in cellular metabolism (Gross
and Graef 2020). To date, the role of autophagy in drug-induced
hepatotoxicity and in other liver diseases has been reported. For
example, in liver damage caused by ischemia-reperfusion, auto-
phagosomes formed in liver cells are sites for eliminating inef-
fective intracellular components and protect liver cell damage
caused by ischemia-reperfusion (Zhang, Liu, et al. 2019). On the
other hand, concanavalin A activates autophagy and ruptures the
lysosomal membrane by immunologically related GTPase, result-
ing in acute hepatitis (Tan et al. 2008). Our findings show that
TSG promotes hepatocyte apoptosis by inducing autophagy,
resulting in hepatotoxicity.

The PI3K/Akt/mTOR pathway is one of the vital pathways
for autophagy regulation, and its regulatory function has been
reported in chondrocytes, renal tubular epithelial cells and blad-
der cancer cells (Yan et al. 2019). Studies have shown that a
great number of drugs induce autophagy by downregulating the
PI3K/Akt/mTOR pathway. For example, with the increase in the
concentration of acutine, p-PI3K, p-Akt and p-mTOR levels are
significantly reduced, and autophagy is enhanced (Yang et al.
2019). In this study, our findings indicate that TSG induces
autophagy and promotes hepatocyte apoptosis by inhibiting the
PI3K/Akt/mTOR pathway.

As a liver-specific miRNA, miR-122 plays a vital role in regu-
lating hepatocyte growth and proliferation, differentiation and
regulation (Amr et al. 2017). Recently, findings have shown that
miR-122 is related to various liver diseases, such as alcoholic
liver disease, drug-induced liver damage (DILI), and chronic
hepatitis C (Lu et al. 2019). In addition, studies indicate that the
miR-122 expression level in serum serves as a prognostic bio-
marker for DILI (Brandenburger et al. 2018). In this paper, our
findings indicate that under induction with TSG, miR-122
expression is upregulated in hepatocytes. In addition, upregulated
miR-122 induces autophagy and promotes hepatocyte apoptosis.
Thus, we suggest that TSG may promote autophagy and induce

hepatocyte apoptosis by upregulating miR-122. Moreover, our
data show that TSG inhibits the PI3K/Akt/mTOR pathway by
downregulating RUNX1 expression, thereby inducing autophagy
and promoting hepatocyte apoptosis, and RUNX1 is negatively
regulated by miR-122. Thus, we propose that TSG regulates hep-
atotoxicity, possibly by upregulating miR-122 and inhibiting the
RUNX1-mediated PI3K/Akt/mTOR pathway to promote autoph-
agy and induce hepatocyte apoptosis.

Conclusions

The results indicate that regulation of the RUNX1-mediated
PI3K/Akt/mTOR pathway might play a vital role in TSG-induced
apoptosis of WRL-68 cells, which has implications for the hep-
atotoxicity of TSG. More in vivo studies are needed to confirm
the findings of this study.
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t-test or one-way ANOVA. �p< 0.05, ��p< 0.01. Error bars represent SD. Data represent three independent experiments.
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