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Abstract: Objectives: Liver cancer stem cells (LCSCs) are regarded as the frequent cause of hepatocellular carci-
noma (HCC) relapse and therapeutic resistance. The epithelial cell adhesion molecule (EpCAM) is one of the key bio-
markers for LCSCs. EpCAM+ cells from HCC have been reported to display cancer stem cell-like (CSC-like) properties. 
Therefore, we aimed to verify the effect of MASM, a novel derivative of matrine, on CSC-like properties of EpCAM+ 
HCC cells. Methods: EpCAM+ cells were isolated from Hep3B and Huh7 cells using the magnetic-activated cell sort-
ing. The capacity for self-renewal and proliferation of EpCAM+ HCC cells was determined by the sphere-formation 
and cell counting kit 8 assays. After these cell populations were exposed to increasing concentrations of MASM, 
sphere formation, cell proliferation, apoptosis, resistance to chemotherapy and colony formation were evaluated, 
respectively. Moreover, the stemness-associated gene expression and underlying mechanisms were evaluated by 
quantitative real-time polymerase chain reaction and sphere-forming assay. Results: MASM significantly inhibited 
proliferation without inducing apoptosis, down-regulated the expression of stemness-related genes, decreased the 
percentage of EpCAM+ HCC cells and up-regulated mature hepatocyte-related genes. Moreover, MASM suppressed 
the formation and reduced the size of not only primary spheroids but also subsequent spheroids. Additionally, our 
results showed that MASM inhibited the AKT/GSK3β/β-catenin signaling pathway. Conclusion: MASM treatment is 
effective against EpCAM+ cells and may be considered as a novel drug candidate in HCC therapy.

Keywords: Matrine derivative, hepatocellular carcinoma, cancer stem cells, AKT/GSK3β/β-catenin signaling 

Introduction

Hepatocellular carcinoma (HCC) is the third 
most prevalent type of cancer worldwide. 
Despite the use of aggressive surgical resec-
tion and chemotherapy, the overall five-year 
mortality of advanced HCC patients with recur-
rent tumors still remains unsatisfactory [1-5]. 
Hence, it is imperative to establish unique 
treatment approaches for HCC.

Cancer stem cells (CSCs) play an important role 
in the recurrence and metastasis of HCC [6-9]. 
The epithelial cell adhesion molecule (EpCAM) 
has been used as a CSC marker in HCC [10, 
11]. High expression of EpCAM in HCC cells 
were significantly correlated with a poor prog-
nosis [12, 13]. Moreover, EpCAM+ HCC cells 
exhibited CSC-like properties such as self-
renewal, differentiation, tumorigenesis and che- 
moresistance [14-16]. Thus, liver cancer cells 
expressing CSC marker EpCAM might be recog-
nized as a therapeutic target for HCC [17].

Matrine, a primary active alkaloid of the Chine- 
se herbaceous drug Sophora flavescens Ait, 
has anti-inflammation, antivirus and anti-can-
cer features [18-22]. However, the potency of 
sophora alkaloids is restricted owing to their 
reasonably reduced actions and limited half-
lives [23]. To enhance their curative impacts, 
we have semi-manufactured a number of sec-
ondary matrines by transforming the carbonyl 
oxygen atom with a sulfur atom and inserting 
different amino groups to the keto-beta loca-
tion. MASM ((6aS, 10S, 11aR, 11bR, 11cS)-
10-methylamino-dodecahydro-3a, 7a-diazaben- 
zo (de) anthracene-8-thione; Figure 1A) is one 
of the unique matrine derivatives with devel-
oped pharmacological actions compared with 
matrine and sophocarpine [24]. We have previ-
ously shown that MASM suppressed HCC cells, 
sphere cells and HCC xenograft growth via 
decreasing the AKT/GSK3β/β-catenin signaling 
pathway. In this study, we examined MASM for 
its effect on EpCAM+ HCC cells, as well as the 
associated mechanisms. 
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Materials and methods

Cell lines and reagents

The human HCC cell lines Hep3B and Huh7 
were generously donated by the Department of 
Gastroenterology, Shanghai Changzheng Hos- 
pital, Naval Medical University. In a 37°C medi-
um with 5% CO2, the cells were maintained in 

Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with 10% fetal bovine serum 
(ThermoFisher Scientific, MA, USA), 1% peni- 
cillin and streptomycin (Beyotime, Shanghai, 
China).

Michael addition was employed to create 
MASM maleate (> 98% purity), and the proce-
dures were as described in a previous report 

Figure 1. EpCAM+ Hep3B and Huh7 cells exhibit CSC-like properties. A. Chemical structure of MASM. B. Purity of the 
sorted EpCAM+ and EpCAM- cells from Hep3B and Huh7 was analyzed by flow cytometry. C. Representative image 
of spheres formed by EpCAM+ and EpCAM- cells isolated from Hep3B and Huh7 (scale bar = 200 μm). D. Isolated 
EpCAM+ and EpCAM- cells were immunostained with antibodies against EpCAM and counterstained with hoechst. 
Fluorescence images were captured with fluorescence microscope. Hoechst dye (blue) is for nuclear acid (nuclear) 
staining. Scale bar = 50 µm. E. Representative images of the plates including colonies obtained from EpCAM+ 
and EpCAM- cells. Colony experiments were performed in triplicate (mean ± SD). *P < 0.05 vs. EpCAM- cells. F. 
Sphere-forming efficiency of isolated EpCAM+ and EpCAM- cells cultured in serum-free conditions for 3-4 weeks, and 
spheres with diameter > 50 µm were counted. *P < 0.05 vs. EpCAM- cells.
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[24]. AKT inhibitor MK2206 and GSK3β inhibi-
tor CHIR99021 were purchased from Selleck 
Chemicals (Shanghai, China).

Isolation of EpCAM+ and EpCAM- HCC cells

EpCAM antibodies combined with magnetic 
beads (Miltenyi Biotec, North Rhine-Westphalia, 
Germany) were mixed with individual cells. A 
magnetic column (Miltenyi Biotec, North Rhine-
Westphalia, Germany) was employed to isolate 
the EpCAM+ cells. Flow cytometry was employed 
to examine the isolated cells.

Spheroids formation assay

After cell isolating, EpCAM+ cells were placed in 
24-well ultralow dishes (Corning, NY, USA) and 
cultivated in DMEM/F-12 supplemented with 
recombinant human basic fibroblast growth 
factor, recombinant human epidermal growth 
factor, B27 (1 ×), ITS (1 ×) and L-glutamine (1 ×; 
Invitrogen, CA, USA). Sphere cells were trypsin-
ized and resuspended at 1 × 103 cells in ultra-
low adherent 96-well plates (Corning, NY, USA), 
then subjected to different doses of MASM  
for one week. The second and third passages 
of the cells were cultured for 7 days without 
MASM. Under a phase contrast microscope, 
spheroids with diameters more than 50 μm 
were identified and captured on camera (Oly- 
mpus, Tokyo, Japan).

Cell proliferation and colony formation assay

Isolated cells were placed in 96-well plates and 
exposed for 3 days to MASM at various doses 
(0-40 μmol/L). A cell counting kit 8 (CCK-8, 
Beyotime, Shanghai, China) was employed to 
measure cell proliferation. EpCAM+ or EpCAM- 
were cultured at 1 × 103 cells per well in 6-well 
plates for the colony formation experiment, and 
the cells were cultivated for 17 days to three 
weeks. Every three days, the culture media was 
replaced. Crystal violet (Beyotime, Shanghai, 
China) was employed to dye the colonies before 
being imaged.

Anti-EpCAM-PE antibody was kept with the cells 
in PBS including 1% bovine serum albumin. 
Isotype-matched mouse anti-IgG1-PE (Miltenyi 
Biotec, North Rhine-Westphalia, Germany) was 
used for controls. Samples were analyzed with 
a FACSCalibur flow cytometer (BD Biosciences, 
San Jose, CA, USA).

Immunofluorescence

Cells were stained with rabbit anti-EpCAM as 
primary antibody. FITC-conjugated anti-rabbit 
IgG was used as secondary antibody (Miltenyi 
Biotec, North Rhine-Westphalia, Germany). Th- 
en, cells were counterstained with Hoechst 
33358 (Beyotime, Shanghai, China) and photo-
graphed under a phase contrast microscope 
(Olympus, Tokyo, Japan).

Apoptosis 

The treated cells were resuspended in 0.5 mL 
(1 × 106 cells/mL) PBS, rinsed once more, and 
colored using the Annexin V-FITC and propidium 
iodide (PI) double-labeled flow cytometry kit 
(KeyGen, Nanjing, China). Cells were examined 
by a FACSCalibur flow cytometer.

Ammonia metabolism

Isolated cells were placed in 24-well plates and 
subjected to MASM for one week. Using the 
Ammonium Assay Kit (Hayward, CA, USA), am- 
monia concentration of the media was mea-
sured at 340 nm by using a microplate reader 
(BioTek Instruments, GA, USA).

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) 

EpCAM+ cells were treated with MASM for the 
indicated times. Total RNA was extracted using 
the RNAfast200 kit (Fastagen Biotech Com- 
pany, Shanghai, China). Then, 1 μg of RNA was 
transformed in cDNA using the PrimeScript RT 
reagent Kit (Takara, Dalian, China), and the PCR 
amplification was performed in triplicate on a 
StepOnePlusTM realtime PCR system (Applied 
Biosystems, USA) using the SYBR Premix Ex 
TaqTM PCR Kit (Takara, Dalian, China). The 
primer sequences for the genes are listed in 
Table 1.

Statistical analysis

All data were represented as the mean ± stan-
dard deviation (SD) and obtained from at le- 
ast three independent experiments. Student’s 
t-tests were used to assess statistical differ-
ences between two groups. The significance  
of differences among multiple groups was  
analyzed using two-way analysis of variance  
followed by Bonferroni’s post hoc test via 
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GraphPad Prism 8.0.1 software (GraphPad 
Software, La Jolla, CA, USA). P < 0.05 was con-
sidered as the minimum level of significance.

Results

Isolation and characterization of EpCAM+ cells 
in HCC

EpCAM+ and EpCAM- subpopulations were sep-
arated from Hep3B and Huh7 cells using mag-
netic-activated cell sorting, and a purity of 
99.11% was found in sorted EpCAM+ Hep3B 
cells, and 91.53% in EpCAM+ Huh7 cells (Figure 
1B). In a serum-free environment, the EpCAM+ 
population proliferated as floating spheroids, 
whereas most of the EpCAM- population died 
(Figure 1C). Spheroids obtained from EpCAM+ 
fraction were positive for EpCAM (Figure 1D). 
The colony formation assay showed that 
EpCAM+ cells from Hep3B and Huh7 cells were 
able to induce more and bigger colonies than 
EpCAM- cells (Figure 1E). Furthermore, EpCAM+ 
cells displayed higher spheroid-forming effi-
ciency in spheroid-forming assays in compari-
son with the EpCAM- cells (Figure 1F). 

CSCs have been reported to be more resistant 
to chemotherapy than other tumor cells [25]. 
We tested whether EpCAM+ and EpCAM- cells 
have different sensitivity to the therapeutic 
agents, doxorubicin (DOX) and 5-fluorouracil 

(5-FU). Isolated EpCAM+ and EpCAM- cells were 
subjected to different concentrations of DOX 
(0, 1, 2, and 5 µM) and 5-FU (0, 50, 100, and 
200 µM) for 72 hours, and our data demon-
strated that EpCAM+ cells were more resistant 
to DOX and 5-FU than EpCAM- cells (Figure 2A, 
2B). 

Impacts of MASM on cell proliferation and 
apoptosis in EpCAM+ and EpCAM- cells

We compared the impact of MASM on the via-
bility of isolated EpCAM+ and EpCAM- cells. The 
results revealed that MASM preferentially inhib-
ited the EpCAM+ cells as compared with the 
EpCAM- cells (Figure 3A). To determine whe- 
ther the inhibition of cell viability was through 
the induction of apoptosis in sorted cells, 
EpCAM+ and EpCAM- cells were detected with 
Annexin V-FITC and PI double staining. The 
results showed that MASM induced apoptosis 
of the EpCAM- cells in a dose-dependent man-
ner, while it had a mild effect on the EpCAM+ 
cells (Figure 3B). 

Effects of MASM on CSC-like properties of 
EpCAM+ HCC cells

We performed sphere formation assays to 
investigate the effect of MASM on the self-
renewing capacity of EpCAM+ HCC cells. The 
results showed that MASM decreased the num-
bers and dimensions of primary spheroids 
(Figure 4A, 4B). Furthermore, the number of 
spherical colonies significantly decreased wh- 
en MASM-treated primary spheroids were cul-
tured for the subsequent two passages in the 
absence of drug (Figure 4C). In EpCAM+ cells, 
MASM reduced the expression of stem cell bio-
markers and raised the expression of the liver 
cell biomarkers CK18, ALB and AFP (Figure 4D, 
4E). We further assessed the ammonia concen-
tration of the differentiated cells to see wheth-
er the induced cells possess liver cell functions. 
The outcomes demonstrated that after being 
exposed to MASM for 7 days, the ammonia con-
centration was reduced in the supernatant of 
cultures of EpCAM+ cells in a dose-dependent 
way (Figure 4F). 

MASM suppresses the AKT/GSK3β/β-catenin 
pathway in EpCAM+ cells

In HCC cells, MASM inhibited the AKT/GSK3β/
β-catenin pathway, as we had previously report-
ed. To investigate if the inhibition of the AKT/

Table 1. Sequence of primers
Gene Sequence
β-actin F: 5’-ACCCACACTGTGCCCATCTATG-3’

R: 5’-AGAGTACTTGCGCTCAGGAGGA-3’
EpCAM F: 5’-GCTCTGAGCGAGTGAGAACCT-3’

R: 5’-GACCAGGATCCAGATCCAGTTG-3’
CD133 F: 5’-ACATGAAAAGACCTGGGGG-3’

R: 5’-GATCTGGTGTCCCAGCATG-3’
Oct3/4 F: 5’-CGACCATCTGCCGCTTTGAG-3’

R: 5’-CCCCCTGTCCCCCATTCCTA-3’
CK18 F: 5’-TCAACTTCCTCAGGCAGCTATATG-3’

R: 5’-TGCTTCTGCTGGCTTAATG-3’
CK19 F: 5’-CGAAGCCAATATGAGGTC-3’

R: 5’-CGGTTCAATTCTTCAGTCC-3’
CK8 F: 5’-TCAACTTCCTCAGGCAGCTATATG-3’

R: 5’-GGTTGGCAATATCCTCGTACTGT-3’
AFP F: 5’-TACGTCCCTCCACCATTTC-3’

R: 5’-ATCCTGGTCTTTGCAGCACT-3’
ALB F: 5’-AGCCTAAGGCAGCTTGACTT-3’

R: 5’-CTCGATGAACTTCGGGATGA-3’
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GSK3β/β-catenin pathway contributed to the 
inhibitory actions of MASM on EpCAM+ cells, we 
treated EpCAM+ cells with series concentra-
tions of MASM and specific AKT inhibitor MK- 
2206 (0.5 μM) or GSK3β inhibitor CHIR99021 
(2.5 μM). The results showed that treatment 
with MK2206 resulted in slight inhibition of cell 
proliferation and spheroid formation, and co-
treatment of EpCAM+ cells with MASM and 
MK2206 resulted in a greater inhibition than 
that observed with MASM alone (Figure 5A, 
5B). In contrast, CHIR99021 increased cell pro-
liferation and spheroid formation, and antago-
nized effects of MASM on inhibiting the growth 
and spheroid formation of EpCAM+ cells.

Discussion

CSCs are one driving force of liver tumorigene-
sis and malignancy, and the therapies for HCC 
require the excision of CSCs [26]. Our earlier 
research has shown that MASM suppresses 
HCC cells, sphere cells and HCC xenograft 

growth via inhibiting the AKT/GSK3β/β-catenin 
signaling pathway [17]. However, the impact of 
MASM on CSCs is not yet understood.

In this study, we successfully isolated EpCAM+ 
cells from Hep3B and Huh7. EpCAM+ cells had 
significantly higher colony-formation ability and 
stronger proliferative capacity in vitro than 
EpCAM- cells. In addition, EpCAM+ cells were 
more resistant to cytotoxic chemotherapy su- 
ch as DOX and 5-FU, in comparison with the 
EpCAM- population. These findings suggest 
that EpCAM+ cells possess CSC-like properties. 
Using these CSC-like cells, we found that MASM 
treatment significantly inhibited the prolifera-
tion of EpCAM+ cells, whereas it did not signifi-
cantly induce the apoptosis of EpCAM+ cells as 
assessed by FACS. In addition, MASM caused 
an obvious reduction not only for primary spher-
oids, but also for spheroids in the subsequent 
two passages without MASM. RT-PCR analysis 
showed that treatment of MASM reduced the 
expressions of stemness genes CD133, EpCAM 

Figure 2. Chemoresistance of EpCAM+ cells. (A, B) Isolated EpCAM+ and EpCAM- cells were treated with 0, 1, 2, and 
5 µM of DOX (A) or 0, 50, 100, and 200 µM of 5-FU (B) for 72 hours. Cell viability was determined by CCK-8 (white 
bar, EpCAM+ cells; black bar, EpCAM- cells). Data presented as mean ± SD were derived from 3 independent trials 
with triplicate wells per situation. *P < 0.05 vs. EpCAM+ cells.
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Figure 3. Effect of MASM on the proliferation and apoptosis of EpCAM+ and EpCAM- cells. A. EpCAM+ and EpCAM- 
cells were isolated from Hep3B and Huh7, and after being exposed to different doses of MASM (0, 2, 10, 20, and 
40 μmol/L) for 72 hours, cell viability was determined by CCK-8. The results presented as the mean ± SD were from 
3 independent experiments. *P < 0.05 vs. control cells, #P < 0.05 vs. EpCAM+ cells. B. Different doses of MASM (0, 
2, 10, and 20 μmol/L) were added into the 6-well culture plates and incubated for 72 hours. Apoptotic cells were 
determined by flow cytometry. Graph of percentages of apoptotic cells are shown. n = 3. Mean ± SD. *P < 0.05 vs. 
control.
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Figure 4. MASM inhibits CSC-like properties of EpCAM+ cells in vitro. A. MASM suppressed primary spheroid forma-
tion. n = 3. Mean ± SD. B. MASM decreased the dimensions of main spheroids (Scale bar = 100 µm). C. MASM-
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and Oct3/4, demonstrating that MASM affect-
ed the stemness of EpCAM+ cells. To further 
study the hepatocyte differentiation potential 
of isolated EpCAM+ cells, we evaluated the 
gene expression of hepatocytic and cholangio-
cytic biomarkers using RT-PCR. MASM elevated 
the expression of the liver-related genes (CK18, 
ALB, and AFP) in a dose-dependent manner. 
However, isolated EpCAM+ cells were express-
ing CK-19, an indicator for bile epithelial cells, 
at low levels after treatment of MASM, demon-
strating that MASM induces CSC-like cells to 
differentiate into hepatocytes. Hepatocyte dif-
ferentiation was further examined by functional 

tests using ammonia metabolism analysis, a 
typical test for the detection of hepatocyte 
function [27, 28]. Our data showed that the 
MASM-treated EpCAM+ cells not only expressed 
hepatocyte-specific biomarkers but also pos-
sessed the features of functional hepatocytes. 
In summary, the MASM-induced reduction of 
CSC-like properties was related to the inhibi-
tion of self-regeneration and the support of dif-
ferentiation from CSC-like cells to functional 
hepatocytes.

Wnt/β-catenin signaling is one of the important 
pathways thought to be involved in CSCs self-

treated spheroids exhibited reduced self-generation abilities. In the lack of MASM, MASM-treated primary spheroids 
created less spheroids in the subsequent two pathways compared with the control-treated primary spheroids. n = 
3. Mean ± SD. *P < 0.05 vs. untreated EpCAM+ Hep3B cells, #P < 0.05 vs. untreated EpCAM+ Huh7 cells. D, E. 
qRT-PCR analysis were used to determine the effect of MASM on the expressions of stem cell markers (EpCAM, 
CD133, and Oct3/4) and hepatocyte markers (CK18, ALB, and AFP). The mRNA levels were normalized to β-actin 
and relative to the control. n = 3. Mean ± SD. *P < 0.05 vs. control. F. Ammonia concentration of EpCAM+ cells was 
decreased by MASM in a concentration-dependent manner. n = 3. Mean ± SD. *P < 0.05 vs. control.

Figure 5. MASM suppresses the AKT/GSK3β/β-catenin pathway in vitro. A. Proliferation of EpCAM+ cells treated with 
MASM, MASM and MK2206 (0.5 μM), or MASM and CHIR99021 (2.5 μM). n = 3. B. Spheroid formation of EpCAM+ 
cells treated with MASM, MASM and MK2206 (0.5 μM), or MASM and CHIR99021 (2.5 μM). n = 3.
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renewal [29]. A previous study showed that 
stimulation of Wnt-β-catenin signaling could 
induce EpCAM expression [30]. Our preliminary 
results showed that MASM inhibited hepatoma 
cell proliferation, led to cell death and growth 
arrest, inhibited sphere cells and suppressed 
the AKT/GSK3β/β-catenin signaling pathways 
[17]. Recently, our group has reported that 
WM130, another matrine analog, substantially 
suppressed CSC-like cells, and this impact may 
be through the reduction of the AKT/GSK3β/β-
catenin pathway [31]. Thus, we speculated that 
the inhibition of MASM on CSC-like cells may be 
correlated with the suppression of the AKT/
GSK3β/β-catenin pathway. Data presented in 
this study showed that MK2206 suppressed, 
whereas CHIR99021 elevated EpCAM+ cell pro-
liferation and spheroid production. Notably, co-
treatment of EpCAM+ cells with MASM and 
MK2206 had an additive impact, while CHIR- 
99021 antagonized MASM’s impact. These 
findings revealed that the suppression impact 
of MASM on CSC-like cells was modulated by 
suppressing the AKT/GSK3β/β-catenin signal-
ing pathway. 

Conclusions

In conclusion, our data revealed that MASM 
suppressed the self-renewal of EpCAM+ cells 
and promoted the differentiation from CSC-like 
cells to hepatocytes. These effects were ac- 
companied with the down-regulation of the 
AKT/GSK3β/β-catenin pathway. The findings 
may shed light on the potential clinical utility of 
MASM in treating HCC.
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