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Abstract: Our recent study observed that the expression of Musashi-2 (MSI2), a member of the Musashi family, 
was up-regulated in hepatitis B virus (HBV) related hepatocellular carcinoma parenchymal cells. Using quantitative 
PCR, tissue microarray (TMA) and immunohistochemical staining, we evaluated MSI2 mRNA and protein levels in 
tumor tissues from patients with different stages of hepatocellular carcinoma with paired adjacent noncancerous 
sample sets. The following techniques were used to further investigate MSI2 function and its potential molecular 
mechanism: RNAi, wound healing assay, Transwell assay, quantitative PCR and western blot analysis. Immunohis-
tochemical detection of MSI2 on a TMA containing 106 paired specimens showed that increased cytoplasmic and 
nuclear MSI2 staining was significantly associated with tumor size, tumor differentiation, recurrence, TNM stage, 
vessel invasion and Ki-67 proliferative index. Patients with MSI2-positive tumors had a significantly higher disease 
recurrence rate and poorer survival than patients with MSI2-negative tumors after radical surgery. Based on univari-
ate analysis, MSI2 expression showed an unfavorable influence on both disease-free survival and overall survival. 
Multivariate analysis revealed that higher MSI2 expression, together with tumor size, tumor differentiation, tumor 
thrombus, and Ki-67 expression were independent predictors of overall survival. With MSI2 knockdown, hepatoma 
cell migration and invasion were inhibited and the expression of β-catenin, T cell factor (TCF) and lymphoid enhancer 
factor (LEF) were dysregulated. Thus, we propose that MSI2 may predict unfavorable outcomes in hepatitis B virus 
related hepatocellular carcinoma and promote cancer progression via the Wnt/β-catenin signaling pathway.
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Introduction

Human hepatocellular carcinoma (HCC) is  
highly malignant and is the second cause of 
cancer-related death in China [1]. The 5-year 
survival rates of HBV-related HCC range from 
15% to 26% after diagnosis [2]. The clinical effi-
cacy of the current therapies and available tar-
geted therapies for HCC are limited [3]. The 
long-term prognosis of HCC remains poor, pri-
marily because of its frequent recurrence 
caused by multi-centric carcinogenesis and 
intrahepatic metastasis [4]. Although various 
genetic and epigenetic changes leading to HCC 
have been revealed, the molecular mecha-
nisms underlying tumorigenesis are not fully 
elucidated [5]. 

Several signaling pathways have been found  
to be dysregulated in HCC. Among them,  
dysregulation of the Wnt/β-catenin pathway, 
which plays an important role in normal  
liver development [6], is by far the most  
complex to treat [7, 8]. However, its aberrant 
activation is involved in carcinogenesis of  
primary HCC [9, 10]. The nuclear β-catenin/T 
cell factor (TCF)/Lymphoid enhancer factor 
(LEF) transcription complex is the most im- 
portant complex involved in the Wnt/β- 
catenin pathway, also called as the canonical 
Wnt signaling pathway [11, 12]. Therefore,  
over expression and/or under expression of  
any marker in this pathway may be early mo- 
lecular events during hepatocarcinogenesis 
[13].
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MSI2 is preferentially expressed in the hemato-
poietic system, which affects asymmetric cell 

division, stem cell function and cell 
fate determination in various somatic 
tissues [14]. Recently, MSI2 has been 
shown to play an important role in 
hematopoietic malignancies, being 
associated with a worse clinical prog-
nosis in acute myeloid leukemia (AML) 
[15]. Similarly, upregulation of MSI2 
has been demonstrated to correlate 
with a higher risk of CML relapse [16]. 
Further, MSI2 expression is deregulat-
ed during tumorigenesis in different 
adult tissues [14], including glioblasto-
ma [17], esophageal [17], colon [18], 
pulmonary [19], breast [20], gastric 
[21], liver [7], and bladder [22] can-
cers. Interestingly, MSI2 has been 
reported to be involved in several sig-
naling pathways, such as Numb/notch 
signaling [23], MAPK signaling [24], 
and the EMT process [7]. Thus, the rel-
evant mechanisms of MSI2 remain 
obscure.

Data obtained from the present clinical 
analysis suggest that MSI2 might pre-
dict an unfavorable outcome in hepati-
tis B virus related hepatocellular carci-
noma and promote cancer progression 
via the Wnt/β-catenin signaling path-
way. The present study evaluated MSI2 
mRNA and protein levels in tumor tis-
sues from patients with different stag-
es of hepatocellular carcinoma with 
paired adjacent noncancerous sample 
sets. Applying RNAi, wound healing 
assay, Transwell assay, quantitative 
PCR and western blot analysis, we fur-
ther investigated MSI2 function and its 
potential molecular mechanisms.

Materials and methods

Tissue specimens

All patient-derived specimens were col-
lected and archived under protocols 
approved by the institutional review 
boards of Shandong University affiliat-
ed Shandong Provincial Qianfoshan 
Hospital Medical Center. Formalin-
fixed, paraffin-embedded (FFPE) sam-
ples for immunohistochemistry were 

Table 1. Correlation between MSI2 expression and clinico-
pathologic characteristics in 106 HCC patients

Variables n
MSI2 protein 

expression (n) P value
Negative Positive

Age (years)a

    ≤ 50 38 16 22 0.836
    > 50 68 26 42
Gendera

    Male 94 36 58 0.535
    Female 12 6 6
HBV infection
    No 0 Undetermined
    Yes 106 38 68
Cirrhosis
    No 0 Undetermined
    Yes 106 38 68
Tumor size (cm)a

    ≤ 5 46 24 22 0.028*

    > 5 60 18 42
Tumor capsulea

    No 52 20 32 0.845
    Yes 54 22 32
Tumor differentiationa

    High/moderate 80 37 43 0.020*

    Low 26 5 21
Tumor thrombusa

    No 82 36 46 0.105
    Yes 24 6 18
Recurrencea

    No 52 28 24 0.005*

    Yes 54 14 40
TNM stageb

    I♀ 84 30 54 0.027*

    II 10 10 0
    III 12 2 10
AFP (ng/ml)b

    ≤ 20 2 2 0 0.126
    > 20 104 36 68
vessel invasionb

    No 84 38 46 0.027*

    Yes 22 4 18
Ki-67 expression
    Negative 31 26 5 < 0.001*

    Positive 75 16 59
P values are based on aχ2 test; bFisher’s exact test; *Significant differ-
ence; ♀I+II~III.

obtained from 106 patients with primary HBV-
related HCC who had undergone radical hepa-
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tectomy at the above referred Hospital 
Hepatobiliary Cancer Center between January 
2005 and December 2007.The diagnosis was 
confirmed by at least 2 pathologists. Our 
patient population comprised 94 men and 12 
women with a mean age of 54 years old (range, 
38-72 years old) at the time of operation. Our 
tissue microarray (TMA) is comprised of prima-
ry HCC tissue paired with adjacent noncancer-
ous tissues. Detailed patient demographic 
information is presented in Table 1. All patients 
provided informed consent according to a pro-
tocol approved by the Institutional Review 
Board of Shandong University affiliated 
Shandong Provincial Qianfoshan Hospital.

Follow-up after surgery

The 106 patients who underwent a hepatecto-
my were subjected to close clinical observa-
tions; including chest/abdominal/pelvic com-
puted tomographic (CT) imaging or abdominal 
color Doppler ultrasound, AFP level, and blood 
testing at 2- to 3-month intervals. Follow-up 
was in accord with the National Comprehensive 
Cancer Network (NCCN) Practice Guidelines for 
HCC. Disease-free survival (DFS) was defined 
as the interval from the initial surgery to clini-
cally or radiologically proven recurrence/metas-
tasis and tumor-related death, while overall 
survival (OS) rates was defined as survival from 
the initial surgery to tumor-related death. The 
end date of the follow-up study for conducting 
the analysis was December 2012.

TMA construction

For TMA construction, formalin-fixed, paraffin-
embedded samples containing primary tumors 
and paired adjacent noncancerous tissues 
were used. All of the 106 specimens were 
retrieved from the archives in the Department 
of pathology of our Hospital. Representative 
areas of tissue were established by microscop-
ic review of H&E stained slides and 2.0 mm 
diameter cores were punched from the paraffin 
blocks. Two cores from each of primary cancer 
and adjacent normal tissue at a distance of at 
least 2 cm from the tumor were arrayed. TMAs 
were created using a Tissue Microarrayer 
(Beecher Instruments, Sun Prairie, WI, USA). All 
specimens were examined by at least two 
pathologists to prevent bias. 

Immunohistochemistry

MSI2 and Ki-67 expression were detected on 
the TMAs following citrate buffer (pH 6.0) anti-
gen retrieval using standard methodology and 
a primary antibody against MSI2 (1:80 dilution, 
Abcam, USA) or Ki-67 (1:50 dilution, Dako 
Cytomation, Copenhagen, Denmark).Tissue 
sections were counterstained with Mayer’s 
Hematoxylin. Positive staining was scored by 
two independent investigators without the 
knowledge of patient outcomes (double-blind) 
according to the stained area. The evaluation 
was based on the staining intensity and extent 
of staining as previously described [25]. The 

Figure 1. Immunohistochemical staining of Musashi-2(MSI2) expression in normal tissue and hepatocellular car-
cinoma. (A, B) Negative MSI2 expression in normal hepatic tissue (A) and primary tumor tissue (B). (D, E) Positive 
MSI2 staining in normal hepatic tissue (D) and poorly differentiated tumor tissue (E). Strongly Positive MSI-2 stain-
ing in nucleus (C) and cytoplasm (F) of poorly differentiated tumors. Original magnification × 400.
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Table 2. The sense primer and antisense primer 
used to amplify the MSI2, β-catenin, LEF-1 and 
TCF-4 gene in Quantitative Real-time PCR were 
shown

Gene name
Sense primer

Size (bp)
Antisense primer

MSI2 5’TTCGCAGACCCAGCAAGTG 3’ 154
5’TCGCAGATAACCCGCCTAC 3’

β-catenin 5’GGTTTCCCATTGGTTCAC 3’ 246
5’CATAAATCCCGCCTAACG 3’

LEF-1 5’CTCTGTCTTTCCTGCTGTTG 3’ 215
5’CTAAATCGCCTTCCTCTTCG 3’

TCF-4 5’CAGTCTTCCTCCGATGTC 3’ 115
5’CCCGCTTCCTCTATTTGC 3’

bp base pair; LEF-1 Lymphoid enhancer factor-1; TCF-4 T cell 
transcription factor-4.

specimens were divided into negative and posi-
tive groups according to their overall scores. 
Representative images are shown for MSI2 
staining in the nuclear and cytoplasmic com-
partments as the literature depicted [15] 
(Figure 1). Ki-67 index was scored as previously 
described [26]. 

RNA extraction, reverse transcription PCR and 
quantitative real-time PCR

Total RNA was extracted according to the man-
ufacturer’s instructions (TRIzol, Invitrogen, 
USA). First-strand cDNA was synthesized from 
1 µg of total RNA according to the manufactur-
er’s instructions (Promega, USA). 20 ng of cDNA 
was used as a template for the specific PCR 
reactions. The sense primer and antisense 
primer used to amplify the MSI2, β-catenin, 
LEF-1, and TCF-4 gene were shown in Table 2. 
Quantitative PCR was performed using a 
Mastercycler ep Realplex (Eppendorf) using the 
IQTM SYBR Green Supermix Kit (BIO-RAD) 
according to the manufacturer’s protocol. The 
cycling conditions were as follows: 95°C for 10 
min, and then 40 cycles of 95°C for 15 s, 60°C 
for 45 s, and 60°C for 15 s, with a final exten-
sion at 60°C for 1 min. PCR products were sep-
arated on 1.5% agarose gels and then visual-
ized using an ultraviolet imaging system (FuRi 
Co., Shanghai, China). GAPDH was used as the 
internal control for all samples, and the relative 
quantification was given by the Ct values, 
MSI2ΔCt [ΔCt = Ct (MSI2) - Ct (GAPDH)] values 
were calculated for each group.

Cell culture, reagents 

The SMMC-7721 and Hep3B human HCC  
cell lines (Center of Shanghai Institutes for 
Biological Sciences, Type Culture Collection of 
Chinese Academy of Sciences) were cultured at 
37°C, high humidity, and 5% CO2 in RPMI 1640 
medium (Hyclone) supplemented with 10% FBS 
(Gibco), 1% streptomycin and penicillin. 

Si-RNA transfection

A short interfering RNA (si-RNA) targeting MS- 
I2 sequence (5’-AGATAGCCTTAGAGACTATTT-3’) 
was synthesized. A scrambled si-RNA (5’- 
CCAGCAAGTGTAGATAAAGTA-3’) with no homol-
ogy with the mammalian mRNA sequences was 
used as a negative control. Cells were trans-
fected with si-RNA using LipofectamineTM2000 
(Invitrogen) according to the manufacturer’s 
instructions. HCC SMMC-7721 and Hep3B 
mock-group cells were mock-transfected with 
OligofectamineTM2000 alone.

Tumor cell wound healing assay

Cells were seeded into 24-well tissue culture 
plates at a density that reached 70% to 80% 
confluence as a monolayer after 24 h of growth. 
The monolayer was scratched with a pipette tip 
across the center to create a cross in each well. 
The well was washed twice with medium to 
remove the detached cells. The cells were 
grown for additional 48 h in fresh medium. Four 

Figure 2. Real-time PCR analysis of MSI2 mRNA ex-
pression in 10 paired hepatocellular carcinoma sam-
ples and adjacent noncancerous tissues. For each 
sample, the relative MSI2 mRNA level was normal-
ized using GAPDH expression. Data are presented 
as the median (line) ΔCt value with boxed 25th and 
75th percentiles. The data range is represented by 
the upper and lower bars. *P < 0.01.
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different views of each well were documented 
and the cell migration ability was represented 
by the gap distance quantitatively evaluated 
using WCIF ImageJ software. Each experiment 
was performed in triplicate.

Tumor cell invasion assay

The invasion assay was conducted in a modi-
fied 24-well Boyden chamber using an uncoat-
ed membrane and a membrane coated with 
Matrigel (BD Biosciences, San Jose, CA, USA). 
Briefly, cells (6 × 104) prepared in serum-free 
medium (500 mL) were loaded in the upper 
well, and medium supplemented with 10% fetal 
bovine serum was placed in the lower wells as 
a chemo-attractant stimulus. The noninvasive 
cells on the upper chamber of the filter were 
removed with a cotton swab after 24-h incuba-
tion. Cells that migrated to the bottom surface 
of the filter were fixed, stained, and counted 
under a microscope in 4 different randomly 
selected fields at a × 200 magnification.

Protein isolation and western blot analysis

Total cytoplasmic protein was extracted using a 
Protein Extraction Kit (JRDUN. Biotech, 
Shanghai, China).For Western blot studies, 
denatured proteins from either cancer or non-
cancerous tissues or cells were subjected to 
SDS–PAGE, transferred to PVDF membranes, 
and incubated at 4°C overnight with rabbit anti-
MSI2 antibody (1:800; Abcam, USA), rabbit 
anti-β-catenin antibody (1:1000; CST, USA), 
rabbit anti-LEF-1 antibody (1:30000; Abcam), 
mouse monoclonal anti-TCF-4 antibody 
(1:1000; Millipore, USA) and mouse monoclo-
nal anti-GAPDH antibody (1:1500; Fermentas, 
USA). After washing in Tris buffered saline with 
0.05% Tween 20 (TBS-Tween), blots were incu-
bated with horseradish peroxidase-conjugated 
antibody. Finally, blots were developed using 
the enhanced Chemiluminescence system 
(ECL Plus, Amersham Pharmacia Biotech, UK).

Statistical analysis

Chi-square and Fisher exact tests were used to 
determine the statistical significance of the dif-
ferences between experimental groups. Corre- 
lation between MSI2 and Ki-67 proliferative 
index was performed using Kappa correlation 
coefficient (k). Multiple group comparisons 
were achieved by one-way analysis of variance 
followed by the Bonferroni post-hoc test. When 
a significant difference was apparent between 
groups, multiple comparisons of means were 
performed using the Bonferroni procedure with 
type I error adjustment. The Kaplan–Meier sur-
vival rate curve was used to analyze HCC 
patients’ cumulative survival rates. A Cox pro-
portional hazards regression model was used 
to calculate univariate and multivariate hazard 
ratios for the study variables. All analyses were 
performed with the SPSS 15.0 software (SPSS 
Inc., Chicago, IL, USA).A value of P < 0.05 was 
considered statistically significant.

Results

MSI2 expression in human HBV-related HCC

We first examined MSI2 expression in tumor 
tissues compared with paired adjacent non-
cancerous tissues in 10 patient samples using 
qRT-PCR. Our data showed a significant upregu-
lation of MSI2 expression level in HCC tissues 
compared with the corresponding noncancer-
ous tissues (Figure 2).

To further ascertain the clinicopathologic sig-
nificance of MSI2 expression, immunohisto-
chemistry was performed to detect the expres-
sion of MSI2 in a tissue array containing 106 
cases of primary HBV-related HCC paired with 
adjacent noncancerous tissues. As shown in 
Figure 1, MSI2 protein was localized to the 
nucleus and cytoplasm of the cancer cells, with 
minimal staining in the normal tissue. MSI2 
was significantly up-regulated in 60.4% (64 of 
106) of primary HBV-related HCC lesions, 
whereas weakly positive staining was only 
found in 30.2% (32 of 106) of cases when com-
pared with adjacent noncancerous tissues. Immuno- 
histochemical staining of MSI2 was mostly 
found in the nucleus of HCC cells which was in 
71.9% (46 of 64) positive cases (Figure 1), with 
much more than that staining in cytoplasm and 
total cancer cells suggesting a possible nuclear 
translocation role of MSI2 involved in the dif-
ferentiation and is a typical of HCC.

Table 3. The correlation between MSI2 and Ki-
67 proliferative index in 106 HBV-related HCC 
samples

Ki-67 expression
MSI2 expression

P value k
Positive Negative

Positive 55 20 < 0.001 0.401
Negative 9 22
k Kappa’s correlation coefficient.
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There was a significant association between 
MSI2 immunoreactivity and clinicopathologic 
variables among the HBV-related HCC patients 
(Table 1). MSI2 expression demonstrated a 
positive correlation with tumor size (P = 0.028), 
tumor differentiation (P = 0.020), TNM stage (P 
= 0.027) and vessel invasion (P = 0.027).
Additionally, there was a significant difference 
between the MSI2-positive and MSI2-negative 
groups and the number of patients who devel-
oped early recurrence from primary HCC after 
radical hepatectomy. More patients with MSI2-
positive tumors subsequently developed recur-
rence than did those with MSI2-negative 
tumors (P = 0.005) (MSI2-positive, 40 of 54 
patients [74.1%]; MSI2-negative, 24 of 52 
[46.2%]). In order to disclose the relationship 
between MSI2 and HCC cell proliferation, we 
used the Kappa’s correlation coefficient to 
determine the correlation between MSI2 and 
Ki-67 proliferative index and showed a signifi-
cant correlation between MSI2 expression and 
the presence of Ki-67 (κ = 0.401, P < 0.001, 
Table 3).

High MSI2 expression predicts unfavorable 
clinical outcome in HBV-related HCC

The 5-year OS rate of the 106 patients with pri-
mary HBV-related HCC was 60.4% (64/106), 

with 42 deaths observed during the follow-up 
period. The 5-year DFS rate was 71.7% 
(76/106), with 30 events observed during 
follow-up.

We used Kaplan–Meier analysis to show that 
the expression of MSI2 was significantly corre-
lated with disease-free survival and overall sur-
vival in HBV-related HCC patients (log-rank test, 
P = 0.002 vs. P < 0.001, Figure 3). Using uni-
variate analysis, it was demonstrated that 
patients whose focal HCC were MSI2-positive 
had a significantly lower 5-year DFS than those 
with MSI2-negative tumors (59.4 vs. 90.5%; HR 
3.62; 95% CI (1.47-8.90), Figure 3A, Table 4). 
The 5-year OS was also significantly lower in 
patients with MSI2-positive tumors than in 
those with MSI2-negative tumors (43.8 vs. 
85.7%; HR 3.79; 95% CI (1.75-8.22), Figure 3B, 
Table 5). In addition, Ki-67 (P < 0.05), tumor 
size (P < 0.05) and tumor differentiation (P < 
0.001) were associated with OS and DFS 
(Tables 3, 4).

Multivariate analysis was performed using the 
Cox proportional hazards model for all signifi-
cant variables in the univariate analysis. The 
results from the multivariate analysis showed 
that Ki-67 (P = 0.026), tumor size (P = 0.023), 
tumor thrombus (P = 0.046) and tumor differ-

Figure 3. Disease-free survival (DFS) and overall survival (OS) rates were estimated by the Kaplan–Meier method. 
Both the (A) DFS rate and (B) OS rate of patients with MSI2 positive primary tumors was significantly lower than that 
of patients with MSI2 negative primary tumors (log-rank test, A: P = 0.002, B: P < 0.001).
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entiation (P = 0.001) were independent prog-
nostic factors for DFS (Table 4). Moreover, on 
Cox proportional hazard analyses of OS, MSI2 
(P = 0.034), Ki67 (P = 0.008), tumor size (P = 
0.031), tumor thrombus (P = 0.030), and tumor 
differentiation (P < 0.001) emerged as signifi-
cant independent prognostic factors to predict 
patients’ clinical outcome (Table 5).

MSI2 knockdown inhibited tumor cell migra-
tion and invasion

There was no significant difference in MSI2 
expression at the mRNA level between SMMC-
7721 and Hep3B cell lines (Figure 6). The 
SMMC-7721 cell line was selected as the 
human HCC cell line in the following assay as 
the literature described [7]. The effect of MSI2 
knockdown on migration potency in SMMC-
7721 cells was assayed using a wound healing 

test to relatively reflect the migration distance 
by the gap width. The MSI2 si-RNA group exhib-
ited a significantly reduced migratory ability 
compared with the control group (P < 0.001, 
Figure 4A, 4C). We also assessed the effect of 
MSI2 depletion on tumor invasion using the 
Transwell assay and demonstrated that disrup-
tion of endogenous MSI2 expression inhibits 
the invasive potential of MSI2 si-RNA HCC cells 
compared with the control group (P < 0.001, 
Figure 4B, 4D). All the above experiments were 
performed with Hep3B cell line.

MSI2 knockdown decreases the mRNA and 
protein levels of β-catenin and relative genes 
of the Wnt/β-catenin signaling pathway

In our study, we first examined the β-catenin 
and LEF-1/TCF-4 protein levels in SMMC-7721 

Table 4. Univariate and multivariate analysis of disease-free survival after surgery of 106 HCC pa-
tients

Variables
Univariate analysis Multivariate analysis

HR CI (95%) P value HR CI (95%) P value
Tumor size (cm) 2.35 1.09-5.02 0.028* 3.20 1.17-8.70 0.023*
Tumor capsule 1.13 0.55-2.32 0.735 1.84 0.81-4.19 0.144
Tumor differentiation 4.49 2.18-9.24 < 0.001* 4.07 1.84-9.02 0.001*
Tumor thrombus 1.23 0.55-2.76 0.618 3.18 1.02-9.94 0.046*
Recurrence 0.76 0.35-1.62 0.471 0.92 0.38-2.24 0.855
TNM stage 1.49 0.66-3.34 0.338 2.58 0.93-7.15 0.070
AFP (ng/ml) 0.05 0-1845.26 0.573 - - 0.981
vessel invasion 2.08 0.97-4.45 0.059 0.51 0.14-1.83 0.303
MSI2 expression 3.62 1.47-8.90 0.005* 2.54 0.98-6.59 0.056
Ki-67 expression 4.68 1.42-15.47 0.011* 5.02 1.21-20.78 0.026*
HR, hazard ratio; CI, confidence interval; *P < 0.05 indicates a significant association between variables.

Table 5. Univariate and multivariate analysis of overall survival after surgery of 106 HCC patients

Variables
Univariate analysis Multivariate analysis

HR CI (95%) P value HR CI (95%) P value
Tumor size (cm) 2.29 1.21-4.36 0.011* 2.33 1.08-5.03 0.031*
Tumor capsule 1.15 0.63-2.11 0.653 1.73 0.89-3.35 0.106
Tumor differentiation 3.22 1.74-5.94 < 0.001* 3.39 1.72-6.67 < 0.001*
Tumor thrombus 1.41 0.72-2.76 0.314 2.95 1.11-7.82 0.030*
Recurrence 1.43 0.78-2.62 0.247 1.45 0.71-2.96 0.311
TNM stage 1.34 0.66-2.73 0.422 2.37 0.96-5.83 0.061
AFP (ng/ml) 0.048 0-372.73 0.506 - - 0.983
vessel invasion 1.83 0.94-3.58 0.077 0.65 0.22-1.95 0.441
MSI2 expression 3.79 1.75-8.22 0.001* 2.44 1.07-5.58 0.034*
Ki-67 expression 3.94 1.55-10.04 0.004* 4.36 1.47-12.9 0.008*
HR, hazard ratio; CI, confidence interval; *Significant difference.
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and Hep3B cell lines with MSI2 knockdown by 
western blot. As a result, the protein levels of 

β-catenin and LEF-1/TCF-4 were decreased in 
the above cell lines, and their expression levels 

Figure 4. MSI2 inhibition suppresses the migration and invasive ability of hepatocellular carcinoma cells by wound 
healing assay (A) and Transwell assay (B). (A) After scratches were made, SMMC-7721 cells were allowed to prolifer-
ate for another 24 h and 48 h in the absence or presence of different concentrations of MSI2. (B) Representative 
images show invasion of SMMC-7721 cells through Transwells with Matrigel. Magnification, × 200. Columns C and 
D represent the mean of three individual experiments performed in triplicate; error bars represent SD, ΔP < 0.001, 
vs. control group.
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had significant differences compared with the 
control group (Figure 5A-D).

Since MSI2 knockdown repressed β-catenin 
and LEF-1/TCF-4 protein levels, we decided to 
examine if MSI2 played a similar role at a tran-
scriptional level. For this purpose, the mRNA 
levels of β-catenin and its downstream target 
genes were examined by qRT-PCR after trans-
fection of MSI2 si-RNA. As expected, the mRNA 
expression of β-catenin and LEF-1/TCF-4 was 

verified to be down-regulated. Corresponding to 
the β-catenin gene, two downstream genes of 
the Wnt/β-catenin signaling pathway, LEF-1 
and TCF-4 were also decreased at the post-
transcriptional level compared with the control 
group (Figure 5E-H). 

Discussion

In this study, we examined the expression of 
MSI2 in a panel of HBV-related HCC tissue sam-
ples and cells and found that MSI2 is highly 
expressed in the majority of cancer tissues at 
both the protein level and mRNA level. We fur-
ther investigated the role of MSI2 in HCC can-
cer development using RNAi in HCC cancer cell 
lines. We found that knockdown of MSI2 inhib-
ited HCC cell migration and invasion. The above 
data suggests that MSI2 may contribute to the 
progression of HCC carcinogenesis.

MSI2 has recently been shown to be critical in 
HSC proliferation and differentiation, with 
upregulation of mRNA leading to increased pro-
liferation of undifferentiated cells in cell culture 
[27]. Consistently, we found that MSI2 was 
expressed at higher levels in low differentiated 
HCC tissues in comparison with high/moderate 
differentiated tissues with significant correla-
tion. Furthermore, MSI2 was predominantly 
observed to be expressed in the nucleus, indi-
cating that it might mediate transcriptional con-

Figure 5. Effect of MSI2 knockdown on Wnt/β-catenin signaling pathway of SMMC-7721 cells. SMMC-7721 cells 
were treated with MSI2 si-RNA, control si-RNA and Oligofectamine alone (mock) for 48 h, following which cells were 
harvested for analysis of MSI2, β-catenin,LEF-1, and TCF-4 at mRNA (E-H) and protein (A-D) level. Relative quantifi-
cation of mRNA is presented as mean values ± SD relative to control transfectants of 3 independent experiments 
(*P < 0.01).

Figure 6. Real-time PCR analysis of MSI2 mRNA ex-
pression in HCC cell lines SMMC-7721 and Hep3B. 
The relative MSI2 mRNA level was normalized using 
GAPDH expression. The data range is represented by 
the upper and lower bars (P > 0.05).
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trol and tumor development. Our data also 
showed a significant association between 
tumor MSI2 expression and the Ki-67 index. 
Taken together, these findings indicate that 
MSI2 performs as an oncogenic factor with 
potential cancer progression in HCC. 

To date, valid prognostic biomarkers for HBV-
related HCC have not been established [28]. In 
the present study, patients with high tumor 
MSI2 expression had an increased risk of tumor 
recurrence and shorter survival. To further 
define increased MSI2 expression as an inde-
pendent factor influencing tumor prognosis, a 
multivariate Cox regression analysis was per-
formed. As a result, no significant difference 
was found in DFS (P = 0.056) between the neg-
ative and positive MSI2 expression groups of 
patients. These results are in contrast to recent 
published studies [7], which may need to be 
explained by future research with an expanded 
sample set. However, significant differences in 
OS were detected in HCC patients with MSI2 
dysregulation. These data indicate that MSI2 
expression levels may be useful in stratifying 
HBV-related HCC patients for novel therapeutic 
strategies together with other potential 
biomarkers.

Migration and invasive capacity of cells are two 
of the most important features of malignant 
cell behavior [29]. Intriguingly, down-regulation 
of MSI2 significantly inhibited HCC cell migra-
tion and invasion by MSI2 knockdown. 
Consistent with our present data, Lu He [7] et 
al found that knockdown of MSI2 significantly 
reduced the invasive abilities of two indepen-
dent HCC cell knockdown clones. Taken togeth-
er, our results in combination with the findings 
from others, suggests that MSI2 plays an 
important role in HCC progression by promoting 
cell migration and invasion.

The mechanism by which MSI2 contributes to 
tumorigenesis is not well understood. MSI2 
proteins are RNA-binding proteins that bind to 
mRNAs and inhibit transcription [30]. Based on 
the previous study of the literature, deregula-
tion of the Wnt/β-catenin pathway is an early 
event in hepatocarcinogenesis and has been 
associated with an aggressive HCC phenotype, 
since it is implicated both in cell survival, prolif-
eration, migration and invasion [13]. Thus, com-
ponent proteins identified in this pathway are 
potential candidates for pharmacological inter-

vention. The β-catenin protein is the crucial 
molecule in the Wnt/β-catenin pathway which 
can translocate to the nucleus where it serves 
as a transcription activator to form a transcrip-
tional complex with the TCF-4/LEF-1 proteins 
followed by the activation of target genes that 
up regulate cell-proliferation, migration, inva-
sion, cell cycle progression and metastasis 
[31]. As expected, in the present study, 
β-catenin and TCF-4/LEF-1 expression are both 
significantly down-regulated with MSI2 knock-
down in SMMC-7721 and Hep3B tumor cell 
lines. To date, there has been no report about 
the mechanism of the Wnt/β-catenin signaling 
pathway correlating with MSI2. Based on these 
data, we speculated that the binding ligand 
molecule may exist among the Wnt/β-catenin 
pathway proteins, deducing that a similar RNA 
binding mechanism is induced by MSI2. 
Certainly, further studies are needed to investi-
gate the target genes and elucidate the exact 
mechanism. However, we present the first 
report that MSI2 expression might promote 
HCC progression via the Wnt/β-catenin path- 
way.

In conclusion, this is the first study to highlight 
the clinical significance and underlying molecu-
lar mechanism of MSI2 in HBV-related HCC. We 
propose that MSI2 could serve as a biomarker 
to predict prognosis in HBV-related HCC 
patients who underwent curative hepatectomy. 
Our study preliminarily unveils that MSI2 pro-
motes the migration and invasion of HCC cells 
via the Wnt/β-catenin signaling pathway. Our 
results also reveal a novel regulatory effect of 
MSI2 on β-catenin and TCF-4/LEF-1. These 
results may open up new possibilities for future 
therapeutic interventions. However, these pre-
liminary findings need to be verified in a larger, 
prospective, and controlled clinical study.
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