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Abstract
AIM: To determine the influence of Adriamycin (ADM) 
on the changes in Nanog, Oct4, Sox2, as well as, in 
ARID1 and Wnt5b expression in liver cancer stem cells.

METHODS: The MHCC97-L and HCCLM3 liver cancer 
cell lines were selected as the cell models in this study, 
and were routinely cultured. The 50% lethal dose 
(LD50) in the cell lines was detected by the MTT assay. 
Expression changes in liver cancer stem cell related 
genes (Nanog, Oct-4, Sox2, ARID1, and Wnt5b) were 
detected by western blot following treatment with ADM 
(LD50).

RESULTS: The LD50 of ADM in MHCC97-L cells was 
lower than that in HCCLM3 cells (0.4123 ± 0.0236 
μmol/L vs  0.5259 ± 0.0125 μmol/L, P  < 0.05). Wnt5b 
and Nanog were expressed in both MHCC97-L and HC-
CLM3 cells, while only Sox2 was expressed in HCCLM3 

cells. However, neither ARID1A nor Oct4 was detected 
in these two cell lines. Genes, related to the stem cells, 
showed different expression in liver cancer cells with 
different metastatic potential following treatment with 
ADM (LD50). Wnt5b protein increased gradually within 
4 h of ADM (LD50) treatment, while Nanog decreased 
(P  < 0.05). After 12 h, Wnt5b decreased gradually, 
while Nanog increased steadily (P  < 0.05). In addition, 
only Sox2 was expressed in HCCLM3 cells with high 
metastatic potential following ADM (LD50) treatment. 
The expression of Sox2 increased gradually with ADM 
(LD50) in HCCLM3 cells (P  < 0.05).

CONCLUSION: ADM increased the death rate of 
MHCC97-L and HCCLM3 cells, while the growth sup-
pressive effect of ADM was higher in MHCC97-L cells 
than in HCCLM3 cells.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study, comprehensively and systemati-
cally reports the gene expression of Nanog, Wnt5b, 
Oct4, and Sox2 and ARID1A, in two hepatoma cell 
lines. This was performed to explore the molecular 
mechanism of the recurrence and metastasis of hepa-
tocellular carcinoma, and to detect accurate markers 
and targets for stem cell-targeted therapeutic inter-
ventions. The results showed that Adriamycin (ADM) 
increased the death rate of MHCC97-L and HCCLM3 
cells, while the growth suppressive effect of ADM was 
higher in MHCC97-L cells than in HCCLM3 cells.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common liver cancers in adults, and is the fifth most 
common types of  cancer in the world. Liver cancer 
ranks third in all cancer-related deaths[1,2]. The incidence 
of  liver cancer in China accounts for 55% worldwide 
and mortality due to liver cancer is second to lung can-
cer[3,4]. Recurrence is the main cause of  high mortality in 
patients with HCC.

Liver cancer stem cells (CSCs) play an important 
role in cancer development, metastasis, recurrence, and 
multidrug resistance. However, markers for liver cancer 
stem cells have yet to be recognized. Thus, research on 
liver cancer stem cells has mainly focused on identifying 
markers. Currently, the expression of  Oct4, Sox2, and 
Nanog (the embryonic stem cell specific genes) has been 
detected in human hepatoma cell lines[5]. These findings 
have proved the role of  stem cells in cancer develop-
ment. Furthermore, a previous study[6] showed that the 
expression of  target factors, in the Wnt signaling path-
ways of  liver cancer stem cells, led to reduced metastasis 
and drug resistance. In addition, frequent ARID1A (AT-
rich interactive domain-containing protein 1A) mutations 
were discovered in ovarian cancer, bladder cancer, gastric 
cancer, and other tumors by a number of  researchers[7-10]. 
Hence, ARID1A may be expressed in hepatoma cells. To 
date, expression changes in some stem-cell related genes 
have been detected due to the effect of  an anti-cancer 
drug[11]. However, the numbers of  observed genes were 
limited. In order to study the mechanism of  these genes, 
more genes related to HCC were evaluated in this study 
in order to understand the full mechanism of  HCC. In 
this research, the hepatoma cell lines MHCC97-L and 
HCCLM3 were selected as the cell models in this study, 
as they share the same background, but have different 
metastatic potential. One of  the broad-spectrum anti-
cancer drugs, Adriamycin (ADM), was used in this study, 
and its effects on these cell lines, with different metastat-
ic potential, were observed. Furthermore, the 50% lethal 
dose (LD50) of  ADM in the cell lines was measured. 
Using the LD50 concentration of  ADM, the expression 
of  Nanog, Oct-4, Sox2, ARID1A and Wnt5b were de-
termined at different time intervals (0 h, 2 h, 4 h, 12 h, 
24 h, and 72 h) to analyze the molecular mechanism of  
recurrence and metastasis of  HCC, and to identify the 
accurate markers and targets for stem cell-targeted thera-
peutic interventions.

MATERIALS AND METHODS
Materials and reagents
The human hepatoma cell lines MHCC97-L and HC-
CLM3 (from BIOVOL Biological Technology Co., Ltd.), 
antibodies of  Nanog, Sox2, Oct4, ARID1A and Wnt5b 

(from Cell Signaling Technology Company), ADM and 
other reagents were purchased in China. DMEM me-
dium, fetal bovine serum (FBS) and the MTT kit were 
purchased from Invitrogen Company, United States. 
The equipment used included a laser scanning confo-
cal microscope (Olympus, Japan), inverted microscope 
(CKX41, Olympus, Japan), clean benches (SW-CJ-2FD, 
Suzhou Purification Equipment Co., Ltd.), CO2 incuba-
tor thermostat (Model 310, Thermo Company, United 
States), and an ultra-low temperature freezer (MDF-382E, 
SANYO Company, Japan).

Cell culture
The human hepatoma cell lines MHCC97-L and HC-
CLM3 were incubated with DMEM medium + 10% FBS 
+ 1% penicillin at 37 ℃ and 5% CO2. A small amount 
of  cell suspension was drawn to adjust the concentration 
to 103-104 cells/well, and each well contained 100 μL. 
ADM, at different concentrations, was added to the bot-
tom of  the well (96-well plate) containing the cells. Then, 
16-48 h later, the cells were observed under an inverted 
microscope, and 20 μL of  MTT solution (5 mg/mL, 0.5% 
MTT) was added. After 4 h incubation, the culture liquid 
was discarded, and 150 μL of  dimethyl sulfoxide was 
added. The plate was then placed on a shaker for 10 min 
to fully dissolve the crystals. Finally, absorption of  the 
cells, in each well, was evaluated using an ELISA meter at 
OD 490 nm. A null-balanced well (medium, MTT, methyl 
sulfoxide) and a control well (cells, the same concentra-
tion of  the drug dissolution medium, medium, MTT, 
methyl sulfoxide) were included.

Analysis of PAGE-SDS electrophoresis and Western blot
First, the extracted protein was denatured at 100 ℃ for 
8 min and then centrifuged at 12000 r/min for 5 min. 
Subsequently, the denatured protein was placed in the 
prepared polyacrylamide gel and electrophoresed with 
a voltage of  80 V for 2 h. When the indicator, bromo-
phenol blue, reached the bottom, the electrophoresis 
was terminated. The gel was then cut to an appropriate 
size and processed with a nitrocellulose filter membrane 
film. Subsequently, the transformation was performed at 
a current density of  1 mA/cm2 for 1.5 h. The film strip 
was then processed by immune blot and the standard 
protein band was stained as a control. Antibody Ⅰ of  
Nanog was a Nanog (D73G4) XP®sRabbit mAb, which 
was incubated at 4 ℃ overnight, and then, Ⅱ anti Dy-
Light 649 labeled Goat anti rabbit IgG (H + L) was in-
cubated for 2 h at room temperature. The colored liquid 
was then added and the band appeared. To terminate 
the reaction, double distilled water was added. To detect 
the expression of  Oct4, Sox2, ARID1A, and Wnt5b, 
corresponding antibodies were added, according to the 
method mentioned above.

Data processing
SPSS16.0 software was used for statistical analysis. The 
LD50 of  ADM was calculated using the regression 
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model. All results were expressed as mean ± SD. ANO-
VA was performed to compare multiple groups, while 
the SNK (Student-Newman-Keuls) test was performed 
for pair wise comparisons to determine if  the data were 
normally distributed and the homogeneity of  variance. P 
< 0.05 was considered statistically significant.

RESULTS
ADM inhibition of hepatocellular carcinoma cells
Growth inhibition of  the human hepatoma cell lines 
MHCC97-L and HCCLM3 by ADM was detected by 
MTT assay. The results showed that ADM inhibited 
both human hepatoma cell lines to different degrees. At 
higher concentrations, ADM showed a stronger effect 
(Figure 1). The calculated ADM LD50 for MHCC97-L 
cells (0.4123 ± 0.0236 μmol/L) and HCCLM3 cells 
(0.5259 ± 0.0125 μmol/L) (P < 0.05) was based on the 
inhibition rate and the corresponding ADM concentra-
tion, using a linear regression method.

Influence of ADM on stem cell-related gene expression 
in hepatoma cell lines with different metastatic potential
Influence of  ADM on the expression of  Nanog, 
Wnt5b, Oct4, Sox2, and ARID1A in the hepatoma cell 
line MHCC97-L with low metastatic potential: In the 
low-metastatic human hepatoma cell line, MHCC97-L, 
Wnt5b, and Nanog proteins were expressed and the 
changes were both time- and ADM concentration-
dependent. Within a short period (≤ 4 h), the longer 
the ADM (LD50) inhibition time, the higher the protein 
level of  Wnt5. However, 12 h later, Wnt5b protein lev-
els gradually decreased (Figure 2A). The expression of  
Nanog was the opposite to that of  Wnt5 (Figure 2B), 
and its expression curve was a parabola.

There was a statistically significant difference be-
tween the expression changes of  Wnt5b and Nanog in 
MHCC97-L cells (P < 0.05) (Table 1). However, Sox2, 
ARID1A, and Oct4 were not expressed in these cells.

Influence of  ADM on the expression of  Nanog, 
Wnt5b, Oct4, Sox2, and ARID1A in the hepatoma 
cell line HCCLM 3 with high metastatic potential: In 
the high-metastatic human hepatoma cell line HCCLM3, 
Wnt5b and Nanog proteins were significantly expressed 
and were associated with prolonged ADM inhibition of  
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Figure 1  Adriamycin growth inhibition curve for MHCC97-L and HCCLM3 
cells. Adriamycin (ADM) (at concentrations of 0, 0.005, 0.1, 0.35, 0.6, 1.3, 2.45, 
5 μmol/L) was added to MHCC97-L and HCCLM3 cells, and the cell death rate 
was calculated accordingly. The concentration and growth inhibition rates were 
taken as the X-axis and Y-axis, respectively. ADM LD50 for MHCC97-L cells 
was significantly lower than that for HCCLM3 cells (0.4123 ± 0.0236 μmol/L vs 
0.5259 ± 0.0125 μmol/L, P < 0.05).
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Figure 2  Wnt5b and Nanog expression in cell line MHCC97-L treated with 
Adriamycin. A: Wnt5b expression in cell line MHCC97-L treated with  Adriamy-
cin (ADM). The expression of Wnt5b was evaluated at different time intervals 
(0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was 
highest at 12 h. The relative gene expression was indicated by the Wnt5b 
protein band gray value or β-actin band gray value calculated using western 
blot. The relative expression curve was a normal distribution line; B: Nanog 
expression in cell line MHCC97-L treated with ADM. The expression of Nanog 
was measured at different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by 
western blot. The band gray value was lowest at 12 h, and highest at 72 h. The 
relative expression of the gene was indicated by the Nanog protein band gray 
value or β-actin band gray value calculated using western blot. The relative 
expression curve was a parabola.

Table 1  Comparison of expression changes in stem-cell genes 
in the hepatoma cell lines with different metastatic potential 
treated with Adriamycin (mean ± SD)

Group n Wnt5b Nanog Sox2

MHCC97-L 3 31.5 ± 1.2↑ 30.8 ± 0.2↓ -
HCCLM3 3 36.7 ± 2.1↑ 90.4 ± 0.8↓ 6.0 ± 2.3↑
t value 6.03 45.40 -
P value 0.04 0.00 -

A

B
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these cells. Both, the gene expression curve patterns, and 
the time-dependent acceleration and deceleration, were 
similar in cell line HCCLM 3 and MHCC97-L (Figure 
3A). Nanog expression level gradually decreased within 
the first 4 h and reversed after 12 h (Figure 3B). Howev-
er, the Sox2 protein expression level in cell line HCCLM3 
increased in a time-dependent manner (Figure 3C).

Relative expressions were calculated as mentioned 
above. There was a statistically significant difference 
between the expression changes of  Sox2, Wnt5b, and 
Nanog, caused by ADM in HCCLM3 cells (P < 0.05). 
However, ARID1A and Oct4 were not expressed in these 
cells.

Difference in expression changes of  stem-cell genes 

in the hepatoma cell lines with different metastatic 
potential following treatment with ADM: There 
was a difference between the expression changes of  
stem-cell genes in the hepatoma cell lines with different 
metastatic potential within 4 h following treatment with 
ADM (LD50). Interestingly, the expression changes of  
Wnt5 and Nanog in cell line MHCC97-L were smaller 
than those in cell line HCCLM 3, and the difference was 
statistically significant (P < 0.05).

DISCUSSION
To our knowledge, this may be the first study to report 
the gene expression of  Nanog, Wnt5b, Oct4 and Sox2, 
and ARID1A comprehensively and systematically in two 
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Figure 3  Wnt5b, Nanog and Sox2 expression in cell line HCCLM3 treated with Adriamycin. A: Wnt5b expression in cell line HCCLM3 treated with Adriamycin 
(ADM). The expression of Wnt5b was evaluated at different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was highest at 4 
h, and lower at both ends. The relative gene expression was indicated by the Wnt5b protein band gray value or β-actin band gray value calculated using western blot. 
The relative expression curve was a normal distribution line; B: Nanog expression in cell line HCCLM3 treated with ADM. The expression of Nanog was measured at 
different time intervals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value was lowest at 4 h and highest at 72 h. The relative gene expression 
was indicated by the Nanog protein band gray value or β-actin band gray value calculated using western blot. The relative expression curve was a parabola, but was 
more concave than that in MHCC97-L cells; C: Sox2 expression in cell line HCCLM3 treated with ADM. The expression of Nanog was measured at different time inter-
vals (0 h, 2 h, 4 h, 12 h, 24 h, and 72 h) by western blot. The band gray value increased with time and was highest at 72 h. The relative gene expression was indicated 
by the Nanog protein band gray value or β-actin band gray value calculated using western blot. The relative gene expression correlated positively with time.
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hepatoma cell lines. This was carried out to explore the 
molecular mechanism of  the recurrence and metastasis 
of  HCC, and to detect the accurate markers and targets 
for stem cell-targeted therapeutic interventions.

Study background
The concept of  CSCs was put forward by Reya in 2001. 
Due to their characteristics, they have a natural resistance 
to drugs, consequently, leading to tumor recurrence and 
metastasis after chemotherapy[12]. As a broad-spectrum 
anticancer drug, ADM, can induce apoptosis of  tumor 
cells by interfering with the transcription process[13]. 
However, most of  the traditional chemotherapy agents, 
including ADM, can only kill cells in the proliferating 
period. Therefore, it reduces the tumor volume or can 
cause complete remission, but cannot eradicate CSCs. 
This can lead to a series of  stress protective reactions 
thus the cells become resistant to drugs. This study eval-
uated the relationship between HCC recurrence, multi-
drug resistance, and CSCs by evaluating the influence of  
ADM on CSCs-related gene expression in hepatoma cell 
lines with different metastatic potential.

Study findings
ADM significantly inhibited the growth of  hepatoma 
cells with different metastatic potential. Moreover, the 
LD50 of  ADM in the hepatoma cell line with high 
metastatic potential was higher than that in the cell line 
with low metastatic potential. According to clinical find-
ings, when recurrence and metastasis occur at an early 
stage, HCC patients tend to show higher resistance to 
drugs. ADM at < 0.625 μmol/L showed stronger inhi-
bition of  the HCCLM3 cell line than the MHCC97-L 
cell line, without an apparent killing effect; and with 
increased concentration (> 1.25 μmol/L), the inhibitory 
action of  ADM increased. Consistently, the HCCLM3 
cell line with higher metastatic potential showed stronger 
resistance to drugs than the MHCC97-L cell line. While 
ADM inhibited cancer cell growth, it led to stimulation 
of  CSCs. Thus, the degree of  drug resistance increased. 
As demonstrated by Ma et al[14], cultured hepatoma cells 
treated with ADM and fluorouracil showed enhanced 
expression of  survival proteins in stem-cell related path-
ways; suggesting the possible correlation of  CSCs with 
drug resistance.

This study determined the expression of  Wnt5b, 
Nanog, Sox2, ARID1A and Oct4 at different time inter-
vals in two cell line models treated with ADM. Wnt5 was 
expressed in HCC cell lines MHCC97-L and HCCLM3. 
Wnt5 plays a critical role in embryonic development 
by regulating cell growth, differentiation, and develop-
ment[15]. Abnormal expression of  the Wnt signal was 
detected in more than 30% of  HCCs, which highlighted 
its role in carcinogenesis. Mutations in the Wnt signaling 
pathways can result in appropriate activation, which may 
be related to tumor occurrence and development[16]. Re-
search has shown that the expression of  Wnt5b in nor-

mal liver tissues was higher than that in adjacent cancer 
tissues and HCC tissue; and the expression in adjacent 
cancer tissues was highest[17]. In this study, the expres-
sion of  Wnt5 initially increased, then decreased in both 
cell lines following treatment with ADM (LD50). Also, 
the Wnt5 expression level in cell line HCCLM3 was 
lower than that in cell line MHCC97-L. Yuan et al[18] also 
observed similar findings. Thus, it can be speculated that 
Wnt5 was negatively related with the malignancy of  liver 
cancer cells.

Nanog was discovered in May, 2003. It plays a key 
role in stem-cell totipotency in the embryo. In addition, 
it is expressed in embryonic tumor cells and ESCs[19-22], 
but not in differentiated ESCs[23]. There are no reports 
on the expression of  Nanog in differentiated cells. 
Therefore, there should be at least some undifferentiated 
cells in HCC, as the expression of  Nanog was detected 
in both cell lines. In addition, the expression is thought 
to be related to the transformation of  somatic cells to 
cancer cells, as found by Lin[24] and Piestun[25]. In the 
present study of  two hepatoma cell models, Nanog ex-
pression decreased gradually in a short time period (T 
< 4 h) due to ADM (LD50), and later increased (T > 4 
h). Based on this phenomenon, Nanog is thought to be 
an important factor that could set the cell state during 
turbulent periods. Moreover, ADM can induce the trans-
formation of  hepatic cancer cells from differentiated to 
undifferentiated states. By keeping these undifferentiated 
cells in the stationary phase, ADM promoted tumor cells 
to avoid the killing effect of  chemotherapeutic drugs. In 
conclusion, the expression of  Nanog was related to tu-
mor recurrence or distant metastasis.

The expression patterns of  Sox2, ARID1A, and Oct4 
were also studied. Sox2 expression was found only in cell 
line HCCLM3 which has high metastatic potential, and 
both ARID1A and Oct4 were not expressed in these two 
cell models. Sox2 is a member of  the SOX family, which 
may be involved in a variety of  solid tumors[26-29]. The 
abnormal expression of  Sox2 in breast cancer[30], hypo-
pharyngeal squamous cell carcinoma[30], lung adenocar-
cinoma[31], ovarian cancer[32] and other diseases, has been 
detected in recent years. In this study, Sox2 expression 
was only detected in the HCC cell line HCCLM3 with 
high metastatic potential, and the level of  expression 
was time-dependent. Other studies have reported similar 
results[32-35]. It is suggested that the higher the expres-
sion of  Sox2, the higher the tumor malignancy; and high 
expression of  Sox2 may involve liver cell carcinogenesis. 
Sox2 expression level, and the invasion and metastasis 
of  HCC may be interrelated.

As an embryonic stem cell specific gene, Oct4 is 
mainly expressed in embryo and germ cell tumors. Al-
though, some researchers have detected its expression in 
the HCC cell line, Mahlava, it was not observed in this 
study. Further study is required to determine the rela-
tionship between Oct4 and the occurrence and develop-
ment of  HCC.
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Problems and prospects of the study
The correlation between Nanog and Wnt5b should be 
explored as both were expressed in the HCC cell lines, 
MHCC97-L and HCCLM3, at the same time, but their 
expression was negatively correlated. However, research 
on the interaction between these two factors would be 
very costly, both in time and funding. Further study will 
be initiated, when conditions permit.

In conclusion, ADM increased the death rate of  
MHCC97-L and HCCLM3 cells, while the suppressive 
effect of  ADM was higher in MHCC97-L cells than in 
HCCLM3 cells. In addition, a negative correlation be-
tween Wnt5b and the malignancy rate of  liver cancer 
stem cells was found. Also, Sox2 was expressed only 
in the cell line with high metastatic potential, and was 
combined with Nanog. Sox2 expression increased gradu-
ally, which indicates a potential relationship between the 
metastatic capability of  liver cancer and drug resistance.
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