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Abstract: Hepatocellular carcinoma (HCC) is one of the most common and aggressive malignancies. The current
study is designed to explore the role of physcion, a major active ingredient in several traditional herbal medici-
nal plants, for the treatment of HCC. HCC cell lines, SMMC7721 and HepG2, were treated with physcion and its
apoptosis-inducing effect was examined. Both in vitro and in vivo results from the present study demonstrated that
physcion treatment resulted in apoptotic cell death in HCC cells via upregulation of miR-370. Furthermore, our
findings showed that the physcion modulated the level of miR-370 through AMPK/Sp1/DNMT1 signaling. Taken
together, these results showed that physcion exerts anti-tumor effect against HCC, which may be a potential agent

for the adjunct chemotherapy.
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Introduction

Hepatocellular carcinoma (HCC), one of the
most common and aggressive malignancies, is
the second most leading cause of cancer-relat-
ed deaths in males and the sixth in females
due to the intrahepatic metastases and high-
risk recurrence [1, 2]. Moreover, the incidence
and mortality of HCC have been increasing in
developing countries, such as China, in the last
decade [3]. According to the statistics, 355,595
new cases were diagnosed, and 322,416
patients with HCC deceased in China in 2011
[4]. Owing to the unsatisfactory therapeutic
benefits provided by mainstream treatment
such as surgical resection and chemotherapy,
the discovery of novel agents has become a
promising approach to improve the prognosis
of HCC patients.

MicroRNAs (miRNAs), a class of small non-cod-
ing RNAs with a length of 21-25 nucleotides,
play a major role in a variety physiological activ-
ities. These activities in the cells include prolif-
eration, development, apoptosis, and differen-
tiation through post-transcriptionally regulated

expression of their target genes’ mRNA [5].
Accumulating evidence has shown that the
aberrant upregulation or downregulation of
miRNAs correlates with the development and
prognosis of different human malignancies
including HCC [6]. For instance, aberrantly low
expression of miR-148b has been found to cor-
relate with poor outcome in HCC [7]. Sun et al.
reported that the elevated level of miR-522 pre-
dicts poor prognosis in patients with HCC [8]. In
HCC cells, miR-370 exhibits the potential to
suppress metastasis by inhibiting migration
and invasion [9]. Furthermore, another study by
Sun et al. also reported that increasing miR-370
expression promotes cell death of liver cancer
cells in vitro [10]. However, the underlying
mechanism through which miR-370 affects the
biological behavior of HCC cells is not entirely
understood.

Physcion, an active ingredient in medicinal
plant Radix et Rhizoma Rhei [11], has been
used as a laxative, hepatoprotective, anti-
inflammatory, and anti-microbial agent [11-14].
Recently, physcion has also been reported to
induce apoptosis [15-18], block cell cycle pro-
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gression [16], and suppress the metastatic
potential of cancer cells [19]. However, the role
of physcion in HCC has not been investigated.
In the present study, our results revealed that
physcion induces apoptosis in HCC cell lines by
upregulating miR-370. Moreover, we also dem-
onstrated that the physcion exerts a regulatory
effect on miR-370 by modulating the AMPK/
Spl/DNMT1 signaling.

Materials and methods
Cell lines and cultures

Human HCC cells SMMC7721 and HepG2 were
purchased from American Type Culture Colle-
ction (Manassas, VA, USA). The immortalized
liver cell line LO2 was obtained from Cell Re-
source Center of Shanghai Institutes for Bio-
logical Sciences, Chinese Academy of Sciences
(Shanghai, China). All cell lines were maintained
in RPMI-1640 medium (Invitrogen, Carlsbad,
CA, USA) containing 4 mM/L-glutamine, 3.7 g/L
sodium bicarbonate, 4.5 g/L glucose, and 10%
fetal bovine serum (FBS; HyClone, Logan, UT,
USA) in a 5% CO, humidified incubator at 37°C.

Quantitative real-time PCR (qRT-PCR)

TRIzol reagent (Thermo Fisher Scientific, Wal-
tham, MA, USA) was utilized to extract total
RNA from cultured cells. miR-370 expression
was quantified by real-time PCR using a TagMan
Probe (Applied Biosystems, Carlsbad, CA, USA)
according to the manufacturer’s instructions.
Briefly, cDNA was obtained by High Capacity
cDNA Archive Kit (Applied Biosystems, Foster
City, CA, USA) and gRT-PCR was performed
using a TagMan PCR kit and the ABI 7500
System (Thermo Fisher Scientific). The relative
expression of miR-370 in the cells and tissues
was normalized to that of U6. For mRNA expres-
sion of Spl and DNMT1, the specific primers
were obtained from Synbio Tech (Beijing, China)
and purchased from Sino Biological Inc.
(Beijing, China), respectively. The relative mRNA
expression of Sp1l and DNMT1 was normalized
to that of GADPH. PCR results were analyzed
using the comparative ACt method (ABPrism
software, Applied Biosystems, Foster City).

Cell viability test

CCK-8 assay was performed to determine the
cell viability (WST-8 Cell Counting Kit-8, Beyo-
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time, Shanghai, China) according to the manu-
facturer’s instructions. Briefly, cells at a density
of 1x10° cells/mL were seeded in culture plates
and maintained for 24 or 48 h. Next, the CCK-8
solution was added to the culture medium, and
the cells were incubated for an additional 1 h
before the viable cell count was determined by
measuring absorbance at 450 nm (Tecan
Group Ltd, Mannedorf, Switzerland).

Flow cytometry analysis

Cell apoptosis was evaluated by flow cytometry
using an FITC-Annexin V Apoptosis Kit (BD
Pharmingen, Franklin Lakes, NJ, USA) accord-
ing to the manufacturer’s instructions. Briefly,
the cells at a density of 1x10° cells/mL were
stained with annexin-V-FITC and propidium (PI)
for 15 min in the dark before analysis with a
flow cytometer (Beckman Coulter Inc., Miami,
FL, USA).

Hoechst staining

The cells were washed with PBS and fixed
before staining with 1 umol/L Hoechst 33258
(Sigma-Aldrich, St Louis, MO, USA) for 10 min
before the examination.

Caspase-3, caspase-8, and caspase-9 activity
analysis

Following treatment, the cells were collected
and lysed with lysis buffer. Next, an equivalent
of 50 pg extracted protein was analyzed using
specific colorimetric assay kit (Ray Biotech,
Guangzhou, China) to examine the activity of
caspase-3, caspase-8, and caspase-9.

Mitochondrial membrane potential (MMP)
analysis

The effect of physcion on MMP was examined
using fluorochrome dye JC-1 following the stan-
dard protocol. Briefly, HCC cells were incubated
with different concentrations of physcion for 48
h before cells were harvested and incubated
with JC-1. After staining, the excessive dye was
removed by gentle rinsing with PBS and ana-
lyzed by then flow cytometry to quantify MMP.

Spl and DNMT1 overexpression

Overexpressing plasmids for DNMT1 and Spl
were transfected using Lipofectamine 3000
reagent (Invitrogen, Grand Island, NY, USA),
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respectively. DNMT1 overexpressing plasmid
construct was purchased from Life Techno-
logies, Inc. (Rockville, MD, USA) and Sp1l over-
expressing vector were constructed by our
group as described previously [20]. 48 h post
transfection, the expression level of both pro-
teins was verified by Western blot.

Transfection of siRNAs targeting DNMT1 or
Splin HCC cells

The siRNA oligos targeting Spl and DNMT1
were obtained from Seebio Biotech (Shanghai,
China) and Santa Cruz Biotech (Santa Cruz, CA,
USA), respectively. siRNA sequence and one
scramble sequence as control were inserted
into the plasmid vector pGCsi-H1, independent-
ly. For transfection, the cells in logarithmic
growth phase were seeded in a 6-well plate and
transfected with the respective constructs fol-
lowing the manufacture’s protocol (Invitrogen).
The transfected cells were incubated for 48 h,
and the knockdown was verified by Western
blot.

miR-370 knockdown or overexpression

The lentiviral constructs miR-370 mimic and
miR-370 and miR-370 inhibitor were obtained
from Qiagen (Dusseldorf, Germany). Cells were
seeded into each well of a 96-well plate, incu-
bated overnight, and then transfected with
miR-370 mimic and miR-con, or miR-370 inhibi-
tor according to the manufacturer’s instruc-
tions. The transfection efficiency was confirmed
by gPCR analysis.

Western blotting analysis

Proteins were isolated from tissues by lysing
the frozen tissues in RIPA buffer (Sigma). Pro-
teins were extracted from cells by lysis buffer
(Beyotime) containing protease inhibitors (Sig-
ma). The protein concentration was measured
by the BCA protein assay kit (Beyotime). The
extracted total protein extracts were resolved
on SDS-PAGE and transferred electrophoreti-
cally to polyvinylidene difluoride membranes
(PVDF; Millipore, Billerica, MA, USA). The mem-
branes were probed with specific antibodies
following the standard protocol. The second
antibodies used in this study were goat anti-
rabbit 1gG-HRP, goat anti-mouse 1gG-HRP, and
donkey anti-goat IgG-HRP (Beyotime). The
immunoreactive signals were detected using a
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chemiluminescent substrate (KPL, Guildford,
UK) and the intensities were quantified using
BandScan software (Glyko, Novato, CA, USA).

Anti-tumor effect in xenograft animal model

Four-week-old male nude mice (BALB/c, nu/nu;
SPF laboratory animal center of the People’s
Hospital of Wuhai, Inner Mongolia, China) were
housed under pathogen-free conditions. All the
animal experiments were approved by the
People’s Hospital of Wuhai. A total of 5x10°
HepG2 cells were injected I.P. into the animals.
Tumor volumes were calculated as Y2 a%b (a
and b are the short and long tumor axes,
respectively). After euthanasia, the tumors
were harvested for further analysis. The prima-
ry tumors were excised and analyzed by HE and
TUNEL staining. Briefly, TUNEL detection analy-
sis of apoptotic cells in tumor tissue was per-
formed by the TUNEL Apoptosis Detection Kit
(Beyotime) as per the manufacturer’s direc-
tions. Three equal-sized fields were randomly
selected, and the mean number of green fluo-
rescence-positive cells was counted. The
expression of miR-370 was determined by qRT-
PCR, whereas the expression of Sp1, DNMT1,
p-AMPK, and t-AMPK was determined by
Western blot.

Statistical analysis

All statistical analyses were performed using
GraphPad Prism software (GraphPad Software
Inc., La Jolla, CA, USA). Data were presented as
mean * SD. Statistical comparisons were per-
formed by one-way ANOVA followed by Dunnett’s
t-test. The difference with a P-value <0.05 was
defined as statistically significant.

Results
Physcion reduces the viability of HCC cells

To investigate the anti-tumor effect of physcion,
both HCC cell lines were challenged with an
increasing dosage of physcion for 24 and 48 h.
At a dose of 5 yM, physcion treatment did not
cause any change in the cell viability in both cell
lines at both times points (24 and 48 h).
However, when the dose was increased to 10
UM, a slight decrease in the number of viable
cells was observed at 24 h, and a profound
reduction was noticed at 48 h, although the
sensitivity of both cell lines to physcion was dif-
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ferent (Figure 1A). In the case of 20 uM, the
cell viability of both cell lines was further
decreased.

Physcion induces apoptosis in mitochondria-
dependent pathway

In the subsequent experiments, we investigat-
ed the involvement of apoptosis induction in
the anti-tumor effect of physcion. As shown in
Figure 1B, flow cytometric analysis revealed
that physcion was able to increase the apop-
totic proportion in both cell lines. In addition,
the apoptosis-inducing effect of physcion was
also supported by Hoechst staining (Figure 1C).
Given the crucial role of caspase-3 in apopto-
sis, the effect of physcion on caspase-3 activity
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SMMC7721 HepG2

Figure 1. Physcion suppresses cell growth
and induces apoptosis in HCC cells. A. The
cell viability was measured by CCK-8 kit. B.
Apoptotic cell population was determined
by flow cytometry following treatment with
physcion for 48 hours. C. The morphological
change of apoptotic cells were examined by
Hochest staining following treatment with
physcion for 48 hours. **P<0.01.

was examined. As shown in Figure 2A and 2B,
physcion treatment led to a dose-dependent
increase caspase-3 activation. Moreover, the
effect of physcion on the release of two crucial
mediators in caspase-independent apoptosis
pathway, AIF and Endo G, from the mitochon-
dria to the cytosol was examined. As shown in
Figure 2C, even 20 uM physcion neither affect-
ed the mitochondrial nor the cytosolic level of
AIF and Endo G. The apoptosis in tumor cells is
known to occur via caspase-independent path-
way [21]; thus, a caspase inhibitor (Z-VAD-FMK)
was used to fully appreciate the apoptosis-
inducing effect of physcion. As shown in Figure
2D, ZVAD-FMK treatment significantly abol-
ished the apoptosis-inducing effect of physcion
in both HCC cell lines. Taken together, our re-
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Figure 2. Physcion induces apoptosis in caspase-dependent manner in HCC cells. HCC cells were treated with phy-
scion for 48 hours before assay were performed. A. Physcion treatment correlates with dose-dependent increase
in caspase-3 activity. B. Cleaved caspase-3 level is elevated in cells treated by physcion. C. AIF and Endo G are not
involved in the physcion-mediated apoptosis. D. Caspase inhibitor z-VAD-FMK significantly abrogates the apoptosis-
inducing effect of physcion in HCC cells. **P<0.01.
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Figure 3. Mitochondria mediate the physcion-inducing apoptosis in HCC cells. A. Physcion treatment results in dose-
pendent increase in caspase-9 activity while does not affect the activity of caspase-8. B. Cleaved caspase-9 level
is elevated in cells treated by physcion. C. Loss of mitochondrial membrane potential is observed in cells treated

with physcion. D. Release of cytochrome C from mitochondria to cytosol is found in cells treated with physcion.
**P<0.01.

sults excluded the possibility of physcion in-
ducing apoptosis by a caspase-independent

effect of physcion on MMP and release of cyto-
chrome C from mitochondria to cytosol con-

pathway.

Apoptosis may occur either through intrinsic or
extrinsic pathway [22], which is characterized
by the activation of caspase-8 and caspase-9,
respectively. Hence, the effect of physcion on
caspase-8 and caspase-9 activity was asse-
ssed by ELISA and Western blot. As shown in
Figure 3A and 3B, physcion treatment resulted
in dose-dependent changes in the activity of
caspase-9 in HCC cells. On the other hand, any
remarkable changes in the activity of capase-8
were triggered by physcion, irrespective of the
dose. Furthermore, the assessment of the
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firmed that physcion-induced apoptosis in a
mitochondria-dependent manner (Figure 3C
and 3D).

Upregulation of miR-370 mediates physcion-
induced apoptosis in HCC cells

The role of miR-370 in apoptosis of cancerous
cells has been documented previously [23, 24].
In the present study, we examined whether
miR-370 was involved in physcion-induced
apoptosis in HCC cells. As shown in Figure 4A,
physcion treatment resulted in a dose-depen-
dentincrease in the level of miR-370. To further

Am J Cancer Res 2016;6(12):2919-2931
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Figure 4. MiR-370 mediates the apoptosis-inducing effect of physcion in HCC cells. A. Physcion treatment is associ-
ated with increased miR-370 level. B. The expression of miR-370 is manipulated with miR-370 mimic and inhibitor.
C. Repressing miR-370 level by miR-370 inhibitor significantly decreases the apoptotic percentage of cells treated

with physcion. **P<0.01.

elucidate the role of miR-370 in physcion-
induced apoptosis, both HCC cell lines were
transfected with miR-370 mimic, miR-370 inhi-
bitor, or negative control (NC). As seen in Figure
4B, miR-370 mimic significantly increased the
expression of miR-370 while miR-370 inhibitor
transfection was associated with a marked
decreased in the level of miR-370. HCC cells
transfected with miR-370 mimic served as a
positive control and demonstrated the effect of
miR-370 on cell apoptosis, showing that the
upregulation of miR-370 was associated with a
significant increase in the apoptotic cell popu-
lation (Figure 4C). On the other hand, the miR-
370 inhibitor was found to significantly abolish
the physcion-induced apoptosis in both cell
lines. Collectively, our results suggested that
physcion induced apoptosis in HCC cells occurs
through the upregulation of miR-370.

Physcion regulates the expression of miR-370
through Sp1/DNMT1 signaling

It is well-established that epigenetic regulation
plays a critical role in the regulation of miRNAs
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[25]. DNMT1, one of the main enzymes respon-
sible for setting up and maintaining DNA meth-
ylation patterns in eukaryotic cells, has been
found to be involved in the regulation of miR-
NAs, including miR-370, in tumor cells [26, 27].
Therefore, we examined whether physcion
modulated the level of miR-370 through DN-
MT1. As observed in Figure 5A, physcion treat-
ment led to a decrease in both mRNA and pro-
tein level of DNMT1. Sp4, a transcription factor,
acts as an upstream signaling molecule to
modulate the expression of DNMT1 in response
to several naturally occurring factors [28, 29].
In the current study, we also found that phy-
scion suppresses the expression of Spl, sug-
gesting that it might regulate the level of
DNMT1 through Spl (Figure 5B). Moreover, our
results showed that physcion suppressed the
expression of Spl through the activation of
AMPK (Figure 5C and 5D), and AMPK/Sp1 sig-
naling was responsible for the downregulated
level of DNMT1 by physcion (Figure 5E). To con-
firm the involvement of AMPK/Sp1/DNMT1 in
the regulation of physcion on miR-370, the
expression of DNMT1 and Spl was manipulat-

Am J Cancer Res 2016;6(12):2919-2931
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Figure 5. Physcion modulates the level of miR-370 through AMPK/Sp1/DNMT1 signaling. A. Physcion represses the
expression of DNMT1 at both mRNA and protein level. B. Physcion dose-dependently suppresses the protein level of
Sp1l. C. Physcion activates AMPK in dose-dependent manner. D. Physcion suppresses Spl expression by activating
AMPK. E. AMPK/Sp1 signaling mediates the repressing effect of physcion on DNMT1. F. Physcion modulates miR-
370 level through AMPK/Sp1/DNMT1 signaling. G. AMPK/Sp1/DNMT1 signaling is involved in physcion-induced

apoptosis of HCC cells. **P<0.01.
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Figure 6. Physcion exerts anti-tumor effect in vivo. A. Physcion suppresses the tumor growth. B. Physcion induces
apoptosis in tumor tissues. C. Physcion increases the level of miR-370 in tumor tissue. D. In vivo results confirms
the involvement of AMPK/Sp1/DNMT1 signaling in the anti-tumor effect of physcion in xenograft model. **P<0.01.

ed using targeting shRNA or overexpressing
vector and AMPK inhibitor compound C and ac-
tivator AICAR. Our findings illustrated in Figure
5F clearly showed that physcion modulated the
level of miR-370 through AMPK/Sp1/DNMT1
signaling. Next, we examined the role of AMPK/
Sp1/DNMT1 signaling in physcion-induced
apoptosis of HCC cells. The findings in Figure
5G suggested that physcion induced the mito-
chondrial apoptosis by upregulating miR-370
through AMPK/Sp1/DNMT1 signaling.

Physcion suppresses the tumor growth in vivo
In order to substantiate the anti-tumor effect of

physcion in vivo, a xenograft animal model was
established by inoculating the nude mice with
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HepG2 cells. When the tumors reached a vol-
ume of about 100 mm?3, mice were adminis-
tered various dosages of physcion (40 mg and
20 mg/kg/day) by I.P. injection while mice in
the control group were injected with saline. As
shown in Figure 6A and 6B, physcion at both
20 and 40 mg/kg/day significantly suppressed
the tumor growth and induced apoptosis. Our
findings also revealed that the anti-tumor effect
of physcion was associated with a significantly
increased level of miR-370 (Figure 6C). In addi-
tion, a marked increase in AMPK phosphoryla-
tion and a prominent decrease in DNMT1 and
Spl expression in tumor tissues were also
observed (Figure 6D). Taken together, these
findings support our in vitro results that apopto-
sis induced by physcion correlated with miR-
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370 upregulation by modulating the AMPK/
Spl/DNMT1 signaling.

Discussion

As a natural anthraquinone derivative isolated
from a medicinal plant rhubarb and the marine-
derived fungus Microsporum sp., physcion was
firstly reported to exert a cytotoxic effect in
colon cancer and leukemia cells [30]. Since
then, the apoptosis-inducing effect of physcion
has been documented in human breast cancer
cells, cervical carcinoma cells, colon cancer
cells, and nasopharyngeal carcinoma cells [16-
18, 31]. Moreover, several molecule targets,
including EMMPRIN [18], 6-Phosphogluconate
dehydrogenase [32] and Spl [31], have been
identified. In the current study, the anti-tumor
effect of physcion was confirmed in HCC in vitro
and in vivo, and our results clearly demonstrat-
ed that physcion is a potent apoptosis-inducing
agent. Moreover, we also provided experimen-
tal evidence that physcion induces apoptosis
via mitochondrial pathway by targeting miR-
370, which is mediated by AMPK/Sp1/DNMT1
signaling.

miR-370 has been found to be aberrantly ex-
pressed in a variety of human malignancies;
however, contradictory results on the role of
miR-370 in the development and progression
of human malignancies have been proposed.
Clinical and pre-clinical evidence points out
that miR-370 could act either as an oncogene
or a tumor suppressor gene. For instance, aber-
rantly low expression of miR-370 has been
detected in both solid tumor and hematological
malignancies [33-35], suggesting that miR-370
functions as a tumor suppressor. The in vitro
study with cholangiocarcinoma cells also dem-
onstrated that transfection with miR-370 mimic
suppressed the cell growth [36]. Furthermore,
the refurbishment of miR-370 was found to be
able to resensitize the cancer cells towards
chemotherapy [37, 38]. Conversely, miR-370
has also been observed to act as an oncogenic
miRNA in cancer. The ectopic overexpression of
miR-370 in the Wilms tumor G401 cell line was
found to correlate with enhanced proliferation
rate, indicating the oncogenic role of miR-370
[39]. Moreover, miR-370 can promote cell gro-
wth in human prostate and gastric cancers by
directly regulating FOX01 [40, 41]. The associa-
tion between high miR-370 expression and
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poor outcome in breast cancer patients has
also been established [42]. In HCC cells, miR-
370 displayed the potential to suppress metas-
tasis by inhibiting migration and invasion [9]. A
recent study by Sun et al. reported that increas-
ing miR-370 expression promotes cell death of
liver cancer cells in vitro [10]. In agreement with
these previous studies, the present study
showed that miR-370 mediated the apoptosis-
inducing effect of physcion in HCC, further sup-
porting the role of miR-370 as a tumor suppres-
sor in HCC.

The epigenetic instability has been found to
play a major role in the development and pro-
gression of cancer [43], since the epigenetic
alterations in cancer lead to the silencing of
certain tumor suppressor genes through pro-
moter methylation [44]. In addition to proteins,
the epigenetic regulation also plays a pivotal
role in the regulation of miRNAs [25]. This phe-
nomenon renders DNA methyltransferases
(DNMTs), the catalyzing enzyme responsible for
transferring methylcytosine nucleotides to the
first five carbon atoms in DNA using S-methio-
nine as a methyl donor, as critical regulatory
effectors for miRNAs [45]. Among the DNMT
family, DNMT1 is most studied and has been
found to be involved in the tumorigenesis and
cancer progression [46]. In the case of HCC,
aberrantly increased expression of DNMT1 pro-
motes the malignant progression of HCCs and
correlates with both recurrence and poor out-
come in HCC patients [47]. DNMT1 has also
been reported to mediate the hypermethylation
of induced pl16-INK4A gene promoter by hepa-
titis B virus x protein (HBx) [48]. In the present
study, we showed that DNMT1 acted as an
upstream signaling molecule to modulate the
expression of miR-370 in HCC, highlighting that
DNMT1 may affect the biological activities of
HCC cells by modulating miRNAs and support-
ing the role of DNMT1 as a potential therapeu-
tic target of HCC.

Spl, one of the first transcription factors to be
identified in mammalian cells, plays a regulato-
ry role in cellular processes by modulating the
expression of various genes [49]. Since Spl is
known to bind to GC-rich motifs of several gene
promoters and induces growth of cancerous
cells [50], it has been considered as a promis-
ing target for cancer therapy [51]. Recent find-
ings of the presence of GC-rich motifs in the
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DNMT1 gene promoter suggested that DNMT1
could be a downstream target of Sp1 [52, 53],
and some natural compounds have been found
to regulate the expression of DNMt1 through
Spl [29, 54]. In line with the previous studies,
our findings also pointed out that physcion
modulated the expression of DNMT1 through
repressing Spl. Moreover, we also showed that
physcion suppressed the expression of Spl by
enhancing the phosphorylation of AMPK. A
recent study with nasopharyngeal carcinoma
cells demonstrated that physcion modulated
Spl expression by activating ROS/miR-27a sig-
naling [31]. Altogether, we may postulate that
more than one axis structure is responsible for
the regulatory effect of physcion on Sp1.

In summary, the current study revealed that
physcion induces apoptosis in HCC cell lines
by upregulating miR-370. Also, physcion exerts
a regulatory effect on miR-370 through the
modulation of AMPK/Spl/DNMT1 signaling
pathway.
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