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Abstract. Structural maintenance of chromosome 4 (SMC4) 
is associated with tumorigenesis. The present study aimed 
at detecting SMC4 expression in primary liver cancer and 
its association with clinicopathological patient data. A total 
of 72 primary liver cancer tissues and 6 liver cell lines were 
assessed for expression of SMC4 mRNA and protein with 
qRT-PCR, western blotting and immunohistochemistry, 
respectively. SMC4 siRNAs were constructed to knockdown 
SMC4 expression, and phenotypic changes of hepatocellular 
carcinoma (HCC) cells were analyzed using flow cytometry 
and cell viability assays. The data showed that SMC4 mRNA 
and protein were highly expressed in HCC tissues compared to 
the normal tissues. Immunohistochemical analysis revealed that 
52 of 72 (72.2%) paraffin-embedded primary liver cancer tissues 
displayed strong cytoplasmic staining of SMC4 protein, whereas 
only 6 (8.3%) normal liver tissues showed immunostaining of 
SMC4. Statistical analysis showed that SMC4 expression was 
significantly associated with tumor size, de-differentiation, 
advanced stages and vascular invasion of the primary liver 
cancers. Moreover, knockdown of SMC4 expression reduced 
HCC cell proliferation. These data demonstrated that expres-
sion of SMC4 protein may be useful for the early detection and 
prediction of primary liver cancer progression.

Introduction

Hepatocellular carcinoma (HCC) is one of the major global 
health problems. It accounts for 80-90% of primary liver 
cancers, is the fifth most common malignancy (1,2), and the 
third most common cause of cancer-related death in the world 
(3,4). The prognosis of primary liver cancer is very poor, as 

evident by the fact that the number of annual deaths (~600,000) 
is almost equal to the number of new cases diagnosed annually. 
The median survival rates were 80% (range 63-97%) at 1 year, 
70% (34-78%) at 3 years and 50% (17-69%) at 5 years (5). To 
date, surgical resection is still the best option for treatment 
and cure of HCC. After resection, the 5-year survival rate of 
HCC reaches to ~50% with the early disease, although these 
patients will have a high recurrence rate (6). However, only 
<15% of the patients are eligible for surgery (7) because most 
are diagnosed at the advanced stages of the disease when the 
tumor has invaded and metastasized to other organs in the body. 
Most recently, other therapy choices have become available for 
treating or curing the primary liver cancer, such as liver trans-
plantation (8), radiofrequency (9), chemoembolization (10), and 
gene and immune therapy (11); however, each treatment option 
has its own advantages and limitations. Thus, the early detec-
tion of primary liver cancer remains an important approach for 
prolonging the survival of patients (12), while cancer prevention 
may offer another possibility for reducing primary liver cancer 
incidence.

To this end, a number of biomarkers have been discovered 
during the past three decades, such as α-fetoprotein [AFP; (13)], 
Des-γ-carboxy prothrombin (14), α-l-fucosidase (15,16), and 
glypican-3 [GPC-3; (17,18)]. Using these biomarkers, primary 
liver cancer can be diagnosed early. However, their sensitivity 
and specificity are still limited (e.g., the sensitivity of AFP 
for detecting early stage primary liver cancer is only between 
30 and 60%) (19-22). Although a combination of AFP with other 
biomarkers is able to improve early detection of primary liver 
cancer, the diagnostic accuracy for primary liver cancer is still 
low, especially with tumors <3 cm in size (22-26). Therefore, 
their utility has been questioned, and many experts in the field 
consider them to be ‘obsolete’ (27). Thus, more reliable and 
useful biomarkers are urgently needed.

Our study focused on structural maintenance of chromo-
some 4 (SMC4) protein, which is a core subunit of condensin I 
and II, large protein complexes, involved in chromosome 
condensation. Previous studies have shown that SMC4 is a 
chromosomal ATPase that is highly conserved from bacteria to 
human, and plays a fundamental role in many aspects of higher-
order chromosome organization and dynamics (28). Indeed, a 
previous study demonstrated that SMC4 protein might be useful 
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in early detection of ovarian cancer (29), while another study 
showed that SMC4 regulated expression of the P53 pathway 
gene in breast cancer cells, which may be related to the changes 
in chromosome stability (30). However, the role and function 
of SMC4 in primary liver cancer remain unknown, this study 
aimed to determine expression of SMC4 mRNA and protein for 
association with clinicopathological feature of the primary liver 
cancer and then to investigate the role of SMC4 in primary liver 
cancer.

Materials and methods

Cell lines and culture. Human hepatocellular carcinoma 
Bel-7405, smmc-7721, and H7402 cell lines and human normal 
liver HL-7702, OSG-7701, and BH-HC1142 cell lines were 
purchased from Chinese Academy of Sciences (Shanghai, 
China). The normal cells HL-7702,OSG-7701, BH-HC1142 were 
used as controls. Cells were all grown in Dulbecco's modified 
Eagle's medium (DMEM; Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (Cyclone, Logan 
City, UT, USA) in a humidified incubator with 5% CO2 at 37˚C.

Patients and tumor tissues. A total of 72 tissue samples from 
patients with primary liver cancer were obtained from Daping 
Hospital and Research Institute of Surgery, The Third Military 
Medical University between September 2009 and December 
2010. The corresponding normal liver tissues were also 
collected from these patients and used as controls. These tissue 
specimens were immediately snap-frozen and kept at -80˚C 
until use. The patients were pathologically confirmed with 
primary liver cancer and no patients received chemotherapy or 
radiotherapy before surgery. This study was approved by the 
Ethics Committee of Daping Hospital and Research Institute 
of Surgery, the Third Military Medical University, Chongqing, 
China (no. ChiCTR-DDT-11001845), and all patients consented 
to participate in the study.

RNA isolation and real-time reverse transcription-PCR. Total 
RNA was isolated from the tissues and cells using a TRIzol 
reagent (Invitrogen) according to the manufacturer's instruc-
tions. The isolated RNA was then pretreated with RNase-free 
DNase at 37˚C for 30 min and then subjected to reverse tran-
scription into cDNA by incubating 2 mg RNA, 1 ml oligo(dT), 
and 11 ml DEPC-treated H2O at 70˚C for 5 min, followed by 
addition of 4 ml 5X reaction buffer, 2 ml dNTP mixture, 0.5 ml 
ribonuclease inhibitor, and 1 ml RevertAid™ M-MulV reverse 
transcriptase. The reaction was incubated at 42˚C for 60 min. 
For PCR amplification of SMC4 cDNA, SMC4 primers were 
first designed using the Primer Express software, version 2.0 
(Applied Biosystems) and synthesized by GenePharma Co. 
(Shanghai, China) (Table I). PCR mixtures were then denatured 
at 95˚C for 5 min, followed by 40 cycles of 94˚C for 20 sec, 61˚C 
for 20 sec, and 72˚C for 20 sec, and a final extension at 72˚C 
for 5 min. Data were normalized to the geometric mean of the 
house-keeping gene, β-actin (Sangon Biotech, Shanghai, China) 
and expressed as the control.

Protein extraction and western blot analysis. For extraction of 
total cellular proteins from the tissues and cells, the samples were 
lysed and clarified by centrifugation in a RIPA buffer (Beyotime, 

Shanghai, China). Next, 50 µg of protein extracts were separated 
on 8% SDS-PAGE gels and electrophoretically transferred to 
nitrocellulose membranes at 100 V for 90 min. The membranes 
were then blotted for 1-2 h with the following antibodies and 
dilutions: the goat anti-SMC4 polyclonal antibody at a dilution 
of 1:200 (Santa Cruz Biotechnologies, Santa Cruz, CA, USA), an 
anti-goat secondary antibody at a dilution of 1:400 (Santa Cruz 
Biotechnologies). The nitrocellulose membranes were incubated 
with ECL western blotting detection reagents from Beyotime 
and exposed to X-ray film to detect the positive protein band. 
β-actin (Santa Cruz Biotechnologies) was used as the control.

Immunohistochemistry. Immunohistochemical staining was 
performed to detect expression of SMC4 protein in primary 
liver cancer tissue specimens. Briefly, deparaffinized 5-µm 
paraffin sections were baked at 65˚C for 30 min, submerged in 
the ethylenediaminetetraacetic acid (EDTA) antigenic retrieval 
buffer, and microwaved for antigenic retrieval. After blocking 
non-specific binding with 20% normal serum in PBS for 1 h, 
the sections were incubated with the goat anti-SMC4 polyclonal 
antibody at a 1:200 dilution (Santa Cruz Biotechnologies) over-
night at 4˚C. The next day, the sections were washed three times 
with PBS and then incubated with anti-goat secondary antibody 
at a 1:400 dilution (Santa Cruz Biotechnologies), followed by 
further incubation with a streptavidin-horseradish peroxidase 
complex (Beyotime) for 30 min in the dark. Next, the sections 
were developed for color using DAB Plus as a chromogen. To 
quantify SMC4 protein expression, we used IHC score systems 
described previously (31). The intensity of SMC4 immunoreac-
tion was scored as: 0, negative; 1, weak; 2, moderate; and 3, 
strong. The percentage of tumor cell stained were scored as 
0, negative; 1, <10% tumor cells stained; 2, 10-50% tumor 
cells stained; and 3, >50% tumor cells stained. The staining 
intensity and percentage of staining were then multiplied to 
produce a SMC4 staining index, and the data ranged from 0 
to 9. The expression levels of SMC4 were graded accorded to 
the following scoring criteria: grade 0 (score 0); grade 1 (scores 
1-3); grade 2 (scores 4-6); and grade 3 (scores 7-9). Specimens 
with grade 1 were considered low expression, whereas grades 2 
and 3 were defined as high expression.

Construction of SMC4 siRNA and transfection. To knockdown 
SMC4 expression, we first designed and synthesized 3 pairs of 
siRNA fragments and one pair of a negative control (Table II). 
We then chose a cell line with high SMC4 expression, H-7402, 
for SMC4 siRNA transfection. H-7402 cells were grown and 
SMC4 siRNA plus Lipofectamine 2000 were added to each 
well of cell cultures, and then kept in a 5% CO2, 37˚C incubator 
for 72 h. Next, real-time reverse transcription-PCR and western 
blotting were performed to analyze the reduced SMC4 expres-
sion before any other experiments were done.

Cell viability MTT assay. Cells were plated into a 96-well culture 
plate and kept in a 5% CO2, 37˚C incubator for 24 h. The next day, 
50 µl of 1X MTT was added to each cell culture well, incubated 
for 4 h at 37˚C, followed by addition of 150 µl of dimethyl sulf-
oxide (DMSO). The optical density (OD) values of cell cultures 
were measured at a wavelength of 570 nm using an enzyme-
labeled instrument. Cell survival rate was then calculated as % = 
(ODsample - ODblank)/ (ODcontrol - ODblank) x 100%.
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Statistical analysis. All statistical analyses were carried out using 
the SPSS 13.0 statistical software package (SPSS, Chicago, IL). 
The t-test was used to analyze the difference in SMC4 expres-
sion between normal and cancer tissues. The Mann-Whitney 
U test was performed to analyze the association between SMC4 
expression and the clinicopathological data from the patients. 
P<0.05 was considered statistically significant.

Results

Expression of SMC4 protein in hepatocellular carcinoma cell 
lines. In this study, we first detected expression of SMC4 mRNA 

and protein in HCC cell lines using qRT-PCR and western blot 
analyses, respectively, and found that SMC4 mRNA was highly 
expressed in HCC cell lines (i.e., Bel-7405, smmc-7721, and 
H7402) compared to normal cells (i.e., HL-7702, OSG-7701, and 
BH-HC1142; Fig. 1A). Similarly, the western blot data showed 
high expression of SMC4 in HCC cell lines (Fig. 1B).

Overexpression of SMC4 mRNA and protein in primary liver 
cancer tissues. Next, we detect SMC4 expression in primary 
liver cancer tissue samples using qRT-PCR and western blot-
ting. The primary liver cancer tissues showed significantly 
higher levels of SMC4 mRNA than that of the paired normal 
liver tissues (Fig. 2A). Western blot analysis also showed that 
SMC4 protein was highly expressed in primary liver cancer 
tissues, whereas it was weakly detected in normal liver tissues 
(Fig. 2B). Furthermore, we performed immunohistochemistry, 
and the data shown in Fig. 2C revealed that strong SMC4 immu-
noreactions were detected in 52 (72.2%) primary liver cancer 
tissue samples, weak immunoreactions detected in 16 (22.2%) 
cases, and only 4 (5.9%) cases with negative immunoreactions. 
In contrast, paired normal liver tissues only showed 6 (8.3%) 
positive cases. The difference in SMC4 protein expressions 
between normal and cancer tissues was statistically significant 
(P=0.000 by Student's t-test).

Next, we associated SMC4 expression with clinicopatho-
logical data from primary liver cancer patients. The data are 
shown in Table III. We found a statistically significant association 
between SMC4 protein expression with tumor size (P=0.027), 
tumor differentiation (P=0.025), TNM stage (P=0.001), and 
vascular invasion (P=0.002); however, there was no association 
between SMC4 expression and the age and sex of patients 

Table I. Primer sequences used qRT-PCR.

	 Forward primer	 Reverse primer

SMC4	 5'-GAGAAAATTCTGGGACCTTT-3'	 5'-TCTGAATGTCCTTGTGTTCA-3'
β-actin	 5'-CATTAAGGAGAAGCTGTGCT-3'	 5'-GTTGAAGGTAGTTTCGTGGA-3'

Table II. The sequences of SMC4 siRNA and negative control 
siRNA.

	 DNA sequences

Homo-2217	 5'-GCCCAAGAAUGUGUAAACUTT-3'
	 5'-AGUUUACACAUUCUUGGGCTT-3'

Homo-830	 5'-GGCCUGCAGAGAUAAUACUTT-3'
	 5'-AGUAUUAUCUCUGCAGGCCTT-3'

Homo-1051	 5'-GGCUAAAUGAACCUAUUAATT-3'
	 5'-UUAAUAGGUUCAUUUAGCCTT-3'

Negative	 5'-UUC UCC GAA CGU GUC AGG UTT-3'
	 5'-ACG UGA CAC GUU CGG AGA ATT-3'

Figure 1. Analysis of SMC4 expression in hepatocellular carcinoma cell lines by real-time reverse transcription-PCR (A) and western blotting (B). (A) Expression 
of SMC4 mRNA in hepatocellular carcinoma cell lines (Bel-7405, smmc-7721, and H-7402) and human liver cell lines (HL-7702, OSG-7701, and BH-HC1142). 
(B) Expression of SMC4 protein in human liver cell lines (BH-HC1142, OSG-7701 and HL-7702) and hepatocellular carcinoma cell lines (Bel-7405, smmc-7721, 
and H-7402).
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with primary liver cancer (P>0.05) or tumor type (P=0.170), 
indicating that SMC4 expression might associate with the poor 
survival of the patients with primary liver cancer.

Effects of SMC4 knockdown in HCC cells. Next, we designed 
SMC4 siRNAs and knocked down SMC4 expression in HCC 
H-7402 cell line. qRT-PCR and western blot data showed that 

Figure 2. Analysis of SMC4 expression in hepatocellular carcinoma tissues (T) and normal liver tissues (N). (A) Real-time reverse transcription-PCR. (B) Western 
blotting. (C) Immunohistochemistry. Magnification x400.

Figure 3. Effect of SMC4 siRNA on SMC4 mRNA and protein expression in a hepatocellular carcinoma cell line. (A) qRT-PCR; (B) Western blotting (N1, N2, 
N3, N4 and N5 were normal, negative, Homo-1051, Homo-2217 and Homo-830 respectively).
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three siRNA fragments were all able to knockdown SMC4 
expression in HCCH-7402 cells compared to the negative 
control and parental cells (Fig. 3). We then chose Homo-830 
SMC4 siRNA, the most effective fragment to knockdown 
SMC4 expression in H-7402 cells and found that SMC4 siRNA 
transfection was able to reduce tumor cell viability. The survival 
rates of negative control siRNA and SMC4 siRNA were 95.6 
and 89.9%, 97.1 and 84.2%, 95.7 and 70.6%, respectively, at 24, 
48, and 72 h (Fig. 4). These data indicate that knockdown of 
SMC4 expression reduced HCC cell proliferation.

Discussion

In this study, we first detected SMC4 expression in HCC cell 
lines and cancer tissue specimens and found that expression 
of SMC4 mRNA and protein was upregulated in HCC tissues. 
Expression of SMC4 protein was significantly associated with 
tumor size, differentiation, TNM stage, and vascular invasion 
of primary liver cancer. Furthermore, SMC4 expression was 
associated with poor prognosis of patients with primary liver 
cancer. Next we investigated the effects of SMC4 knockdown 
in an HCC cell line and found that three SMC siRNA frag-
ments were all able to knockdown SMC4 protein expression, 
and that use of one the best SMC4 siRNA fragment was able to 
reduce HCC cell viability. This study indicates the usefulness of 
using SMC4 protein as a tumor marker in the early detection of 
primary liver cancer, although further investigation is needed to 
verify the present data.

In the present study, we detected SMC4 expression in 
primary liver cancer tissue samples and found that 52 of 72 
(72.2%) paraffin-embedded cancer tissues displayed strong 
cytoplasm staining of SMC4 protein, but only 6 (8.3%) cases 
had immunostaining in normal liver tissues. The difference was 
statistically significant, indicating the potential use of SMC4 
protein as biomarker for detecting early primary liver cancer in 
the clinic. Furthermore, we also associated SMC4 expression 
with clinicopathological data from the patients, and found a 
significant association between SMC4 expression with tumor 
size, differentiation, TNM stage, and vascular invasion, indi-
cating that overexpression of SMC4 protein is associated with 
a poor prognosis of the primary liver cancer patients. These 
findings provide evidence indicating that increased SMC4 
expression is associated with development and progression of 
primary liver cancer, and thus could be used as an independent 
predictor for prognosis in patients. Our data are novel and have 
not been previously reported. This study provides the first link 
between alterations in SMC4 expression and primary liver 
cancer. Further studies are needed to determine the underlying 
mechanisms responsible for alterations in SMC4 expression in 
primary liver cancer, and the possible role of SMC4 in liver 
carcinogenesis.

We also investigated the effects of SMC4 knockdown in 
HCC. Our data showed that three SMC4 siRNA fragment were 
all able to significantly reduce SMC4 protein expression, and 
the Homo-830 siRNA was able to reduce HCC cell viability. 
These findings provide evidence that SMC4 has an obvious 
growth-promoting effect on HCC cells. Future studies will be 
needed to further investigate the role of SMC4 alterations in 
primary liver cancer, and the underlying molecular mecha-
nisms.

Table III. Association between SMC4 expression and clinico-
pathological data.

	 SMC4 expression	 ----------------------------------------------
		  Strong (%)	 Weak (%)	 P-value
		  (n=52)	 (n=20)

Gender
	 Male	 41 (75.9)	 13 (24.1)	 0.228
	 Female	 11 (61.1)	   7 (38.9)	

Age (years)
	 <45	 14 (60.1)	   9 (39.1)	 0.143
	 ≥45	 38 (77.6)	 11 (22.4)	

Tumor size (cm)			 
	 <5	 10 (52.6)	   9 (47.4)	 0.027
	 ≥5	 42 (79.2)	 11 (20.8)	

Tumor type			 
	 Cholangiocellular 	 13 (56.5)	 10 (43.5)	 0.170
	 carcinoma 
	 Hepatocellular	 34 (82.9)	   7 (17.1)	
	 carcinoma
	 Mixed type	   5 (62.5)	   3 (37.5)	

Cell differentiationa

	 I+II	   8    (50)	   8     (50)	 0.025
	 III+IV	 44 (78.6)	 12 (21.4)	

TNM stageb

	 I+II	   7 (41.2)	 10 (58.8)	 0.001
	 III+IV	 45 (81.8)	 10 (18.2)	

Vascular invasion
	 Negative	 18 (54.5)	 15 (45.4)	 0.002
	 Positive	 34 (87.2)	   5 (12.8)

aTumor cell differentiation was classified by The Edmondson-Steiner 
grade. bAccording to 2002 TNM Classification of Malignant Tumors 
by the International Union Against Cancer.

Figure 4. Effects of SMC4 knockdown in regulation of hepatocellular carci-
noma cell viability. The survival rates of hepatocellular carcinoma cells at 24, 
48 and 72 h after SMC4 siRNA transfection were assessed by using MTT assay.
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Indeed, SMC4 gene encodes a structural maintenance of 
chromosomes protein, is a subunit of condensin, and plays 
a central role in chromosome assembly and segregation in 
eukaryotic cells (32). During synchronous progression from 
G1 into S phase, SMC4 protein is required for normal S phase 
progression (33). SMC4 has been reported to play an important 
role in DNA replication and recombination in breast cancer (34). 
Altered SMC4 expression could affect chromosomal stability, 
and increase DNA double strand breaks and unique chromo-
somal rearrangements in breast epithelial cells (30).

In this study, we were for the first time able to evaluate SMC4 
overexpression in primary liver cancer tissue specimens and to 
associate the expression with tumor size, differentiation, TNM 
stage, and vascular invasion in primary liver cancer tissues. 
Our data demonstrated that altered expression of SMC4 protein 
could be a novel tumor marker in the early detection of primary 
liver cancer and in predicting primary liver cancer progression. 
However, there are limitations to our present study, such as 
lack of Kaplan-Meier analysis of survival data and lack of data 
showing the mechanism responsible for SMC4 overexpression. 
Future study will investigate the role of SMC4 in HCC growth, 
invasion, and apoptosis.
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