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Abstract
Structural maintenance of chromosomes protein 1A (SMC1A) has been implicated in the
development of a variety of cancer types. However, its role in hepatocellular carcinoma remains
unknown. In this study, we found that phosphorylated SMC1A was highly expressed in HepG2 and
Bel7402 cells when compared with other cancer cell lines. Furthermore, SMC1A knockdown
dramatically reduced HepG2 and Bel7402 cell proliferation and migration. Re-expressing
phosphomimetic mutants S957DS966D significantly enhanced the proliferation and migration of
SMC1A knockdown HepG2 and Bel7402 cells. In addition, phosphorylated SMC1A promotes
hepatocellular carcinoma cells growth in vivo. Importantly, the expression of phosphorylated
SMC1A was significantly higher in human hepatocellular carcinomacells when compared to
peri-tumor benign hepatocytes, and its overexpression was significantly associated with worse
prognostic outcomes. These observations suggest that phosphorylation of SMC1A is a vital event in
tumorigenesis and disease progression in hepatocellular carcinoma thus necessitating further
investigation.
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Introduction
Hepatocellular carcinoma (HCC) is the sixth
most common cancer in the world and the third most
frequent cause of cancer mortality in the Asia-Pacific
region [1, 2]. Early diagnosis of HCC remains a
challenging task as the screening tests in high-risk
patients (i.e., cirrhosis) are not feasible in individuals
with impaired liver function. Despite the recent
progress in early detection and therapeutic modalities
such as liver transplantation and chemoembolization,
patients with HCC who are symptomatic at
presentation still have dismal outcomes, with a
survival rate of 0-10% [2]. Therefore, it is essential to
further investigate the molecular mechanisms of HCC
progression to identify novel therapeutic targets,

especially in chemo-resistant HCC.
Structural maintenance of chromosomes protein
1A (SMC1A), member of the SMC superfamily and
core component of the cohesin complex essential for
sister chromatid cohesion [3-5] , plays an important
role in chromosome dynamics [6-8], cell cycle
regulation [8, 9], double-strand break (DSB) repair
[10-12], genomic stability maintenance [13] and
tumorigenesis [14]. There has been growing evidence
that SMC1A is up-regulated and/or mutated in
various tumor types. SMC1A mutations have been
identified in human colorectal cancers and their
precursor lesions [15, 16]. Furthermore, SMC1A
promotes metastasis of colon cancer [17];
http://www.ijbs.com
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overexpression of the molecule is associated with a
worse prognosis in patients with advanced disease
[3]. In addition, increased SMC1A protein expression
has been found in triple-negative breast cancer cells
[18], U-25l human glioblastoma cell line and glioma
tissue [19, 20]. In keeping with these observations,
down-regulation of SMC1A expression generally
inhibits cell proliferation, cell cycle progression and
cell migration [4]. Conversely, low expression of
SMC1A is reported associated with a poor prognosis
in patients with acute myeloid leukemia [21].
Moreover, SMC1A is phosphorylated on Serine
957 and 966 by protein kinase ataxia-telangiectasia
mutated (ATM) following ionizing radiation [5, 22],
an event thought to be a downstream effector of
ATM-NBSI-BRCA pathway that affects cell survival
and chromosomal stability maintenance after DNA
damage [23]. Thus, SMC1A phosphorylation may
play an important role in cancer progression.
However, the significance of the molecule in
hepatocellular carcinogenesis, remains unclear.
In this study, we sought to explore the potential
oncogenic role of SMC1A in HCC. Our findings
suggest that phosphorylation of SMC1A plays an
important role in carcinogenesis and progression of
HCC thus may provide a potential therapeutic target
in this highly malignant disease in the pursuit of
precision medicine.

Results
SMC1A knockdown inhibits proliferation and
migration of hepatocellular carcinoma cells
Given that the significance of SMC1A phosphorylation in hepatocellular carcinogenesis remains
unclear, we used two cell lines HepG2 and Bel7402 to
explore the potential oncogenic role of SMC1A in
HCC. And we carried out lentivirus-mediated shRNA
knockdown of SMC1A in HepG2 and Bel7402 cells. As
shown in Figure 1A, efficient SMC1A knockdown was
established successfully (shSMC1) when compared to
scrambled shRNA (NC)-transfected cells.
Colorimetric assay for cell viability utilizing Cell
Counting Kit-8 (CCK-8) was performed to assess the
effect of SMC1A silencing on HepG2 and Bel7402 cell
proliferation. As shown in Figure 1B, reduced SMC1A
expression markedly inhibited the growth of HepG2
and Bel7402 cells. The proliferation of HepG2 and
Bel7402 cells in shSMC1A group was respectively
reduced by 42% and 23% when compared to the
control group (P ＜ 0.001). In keeping with this
observation, growth-regulated protein proliferating
cell nuclear antigen (PCNA) was used as a marker of
proliferating which is involved in DNA replication,
DNA repair and cell cycle control [24] . We found that
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the expression level of proliferating cell nuclear
antigen (PCNA) was significantly lower in SMC1A
knockdown cells (Figure 1C).
We next examined the role of SMC1A in
migration of HepG2 and Bel7402 cells by transwell
migration assay. To that end, SMC1A silencing
respectively resulted in a 3.5-fold decrease in HepG2
cells and 1.95-fold decrease in Bel7402 cells in
migration efficiency (P<0.001, Figure 1D). In line with
this observation, the expression of migration-related
protein matrix metallo peptidase 9 (MMP9) was
significantly lower in SMC1A knockdown cells
(Figure 1E). Thus, the findings suggest that SMC1A is
essential in HepG2 and Bel7402 cell proliferation and
migration.

Phosphorylation of SMC1A promotes
proliferation and viability in hepatocellular
carcinoma cells
Phosphorylation of SMC1A on serine 957 and/or
966 plays an important role in cell survival and
chromosomal stability in the ATM-NBSI-BRCA
pathway after DNA damage [23]. However, whether
SMC1 phosphorylation has an impact on the
proliferation and survival of HCC cells remains
unknown. We next mutated serine 957 and 966
phosphorylation sites simultaneously to artificially
induce phosphomimetic mutants (S957DS966D) in an
effort to elucidate the role of SMC1A phosphorylation
in HepG2 and Bel7402 cells. A flag-tagged wild type
or S957DS966D mutants SMC1A were transiently
re-expressed into HepG2 and Bel7402 cells knocking
down endogenous SMC1A (Figure 2A). Semiquantitative analysis of the western blot analysis
respectively revealed a 1.3-fold and 1.9-fold increase
in PCNA expression in HepG2 and Bel7402 cells
expressing S957DS966D mutants when compared to
those expressing wild type SMC1A (Figure 2B).
The effect of SMC1A phosphorylation on HepG2
and Bel7402 cell viability was examined by CCK-8
assay. As shown in Figure 2C, cells expressing
S957DS966D mutants demonstrated a significantly
higher proliferation rate when compared to those
expressing wild type SMC1A in HepG2 cell (increased
by 67%; P＜0.001) and in Bel7402 cell (increased by
44.2%; P ＜ 0.001). We next examined the effect of
doxorubicin, a cytotoxic agent, on the viability of
HepG2 and Bel7402 cells. As illustrated in Figure 2D,
cells expressing S957DS966D mutants exhibited
significantly higher viability when compared to those
expressing wild type SMC1A in all tested
concentrations of doxorubicin (P＜0.001). Thus, the
findings have demonstrated that phosphorylation of
SMC1A in serine957 and 966 is essential for
proliferation and survival in HepG2 and Bel7402 cells.
http://www.ijbs.com
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Figure 1. Silencing of SMC1A reduces HepG2 and Bel7402 cell proliferation and migration. (A) Interference efficiency of SMC1A by shRNA or negative control (NC;
scrambled shRNA) in HepG2 and Bel7402 cells by western blot analysis. The effect of SMC1A knockdown on HepG2 and Bel7402 cell proliferation was performed
using Cell Counting Kit-8, ***P< 0.001 (B) and PCNA protein level expression,***P<0.001, *P<0.05 (C). Transwell assay, ***P<0.001 (D) and expression of MMP9
protein level, **P<0.01, *P<0.05 (E) were used to detect the migration of SMC1A knockdown in HepG2 and Bel7402 cells. Scale bar 50 μm. Data were expressed
as means ± SD.
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(Figure 3B). Thus, phosphorylation of SMC1A
accelerates HepG2 and Bel7402 cell migration.

Figure 2. SMC1A phosphorylation promotes HepG2 and Bel7402 cell
proliferation and viability. (A) The flag-tagged wild-type or S957DS966D
mutants SMC1A plasmid was transiently transfected into HepG2 and Bel7402
cells knocking down endogenous SMC1A. Effect of SMC1A phosphorylation on
HepG2 and Bel7402 cell proliferation was determined by CCK8 assay,
***P<0.001 (B) and PCNA protein expression, **P<0.01 (C). SMC1A
(S957DS966D) mutant promoted HepG2 and Bel7402 cell viability in response
to the increased doses of Doxorubicin treatment, *P<0.05, **P<0.01,
***P<0.001 (D). Data were expressed as means ± SD. WT, wild-type.

Phosphorylation of SMC1A induces migration
of hepatocellular carcinoma cells
We next asked if SMC1A phosphorylation has a
role in cell migration. To that end, expressing
S957DS966D dramatically increased the expression of
MMP9 by 36% in HepG2 cell and 51.8% in Bel7402 cell
when compared to the wild type (Figure 3A). At
testing to the function, S957DS966D expressing
HepG2 and Bel7402 cells displayed a significantly
higher cell migration rate when compared to the wild
type SMC1A expressing cells by transwell assay

Figure 3. SMC1A phosphorylation increases HepG2 and Bel7402 cell
migration. SMC1A (S957DS966D) mutant significantly promoted HepG2 and
Bel7402 cell migration by MMP9 protein level expression, ***P<0.001, **P<0.01
(A) and transwell assay, *P<0.05; ***P<0.001 (B). Scale bar, 20 μm. Data were
expressed as means ± SD. WT, wild-type.

Phosphorylated SMC1A promotes
hepatocellular carcinoma cells growth in vivo
To explore the great significance of phosphorylated SMC1A in HCC in vivo, we injected HepG2
stable cell lines with SMC1 knockdown and
reexpression of wild type or S957DS966D mutant
SMC1 into nude mice subcutaneously and analyzed
the tumor growth. The S957DS966D mutant SMC1 of
HepG2 cells demonstrated larger tumor size than the
wild type SMC1-expressing cells (Figure 4A). In
addition, Figure 4B showed that cells expressing
S957DS966D mutant have the greater tumor growth
rate than those expressing wild type SMC1A in
HepG2 cell. Furthermore, compared with wild type
SMC1-expressing cells, the S957DS966D mutant
SMC1-expression HepG2 cells also have greater
tumor weight (Figure 4C and D). Collectively, our
http://www.ijbs.com
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Figure 4. (A) Xenograft was performed using HepG2 stable cell lines with SMC1 knockdown and reexpression of wild type or S957DS966D mutant SMC1. Mice
were sacrificed and photographed at day 32. (B) The tumor size was measured every 4 days and tumor volume was analyzed. (C) SMC1 S957DS966D mutant
promotes xenograft tumor growth. At 32 days after injection, tumors were removed and photographed. (D) The tumor weight was calculated on day 32. Data are
presented as mean ± SD (n=5). *P < 0.05 versus control.

data suggested that phosphorylated
promoted HCC tumor growth in vivo.

SMC1A

Table 1. Relationship of SMC1A phosphorylation expression and
clinicopathological parameters in liver cancer patients (n = 78)
SMC1A phosphorylation immunostaining
Characteristic
Gender (N)
Male
Female
Age (years)
Grade
Ⅰ-Ⅱ
Ⅲ
Clinical stages
Ⅰ-Ⅱ
Ⅲ-Ⅳ
Lymph node metasis
N0
N1
Distant metasis
M0
M1
Cirrhosis
No
Yes

Low (0-4)
N (28)

High (5-9)
N (50)

26 (92.9%)
2 (7.1%)
51.64 ± 9.56

44 (88.0%)
6 (12.0%)
54.76 ± 10.65

22 (78.6%)
6 (21.4%)

32 (64.0%)
18 (36.0%)

18 (64.3%)
10 (35.7%)

20 (40.0%)
30 (60.0%)

28 (100.0%)
0 (0.0%)

49 (98.0%)
1 (0%)

28 (100.0%)
0 (0.0%)

49 (98.0%)
1 (0%)

15 (53.6%)
13 (46.4%)

33 (66.0%)
17 (34.0%)

P
0.477

0.190
0.168

0.040
0.322

0.322

0.295

Phosphorylated SMC1A is highly expressed in
human hepatocellular carcinoma tissue and is
associated with survival outcomes
To further elucidate the role of SMC1A
phosphorylation in vivo, expression of phosphorylated SMC1A protein was examined in tissue
specimens from 78 HCC patients. The relationship
between SMC1A phosphorylation expression and
clinicpathological parameters of these patients were
analysed. Table 1 showed that there was no
significant difference between SMC1A phosphorylation expression and gender, age, grade and cirrhosis
(P>0.05). However, based on the histopathological
TNM staging, patients with higher SMC1A
phosphorylation expression were positively relation
to those with clinical stage Ⅲ and Ⅳ disease (P＜0.05)
(Table 1). Semiquantitative immunohistochemical
analysis revealed a 2.5-fold higher level of
phosphorylated SMC1A in HCC cells when compared
to the peri-tumoral benign hepatocytes (Figure 5A;
mean score 5.91 vs. 2.65, P ＜ 0.001). Furthermore,
expression level of phosphorylated SMC1A was
significantly higher in advanced HCC (stage Ⅲ-Ⅳ)
http://www.ijbs.com
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Figure 5. SMC1 phosphorylation expression is correlated with poor prognosis in human HCC. (A) The expression level of SMC1 phosphorylation protein in HCC
(n = 78) and paired peritumoral liver tissue (n = 78) was detected by immunohistochemical staining (top). Scale bars, 20 μm. Scores indicated SMC1 phosphorylation
levels by a 20-point quantification scale (bottom), ***P<0.001. (B) Top, immunohistochemical staining of SMC1 phosphorylation was displayed in clinical HCC at
different clinical stages. Scale bars, 20 μm. Bottom, column plot analysis of the SMC1 phosphorylation expression in HCC samples at different clinical stages, *P<0.05.
(C) Kaplan-Meier survival curve showed that high SMC1 phosphorylation expression (score 5-10, n = 78) was associated with poorer overall survival compared to low
SMC1 phosphorylation expression (score 0-4, n = 78), *P<0.05. Data were expressed as means ± SD. SMC1-P, SMC1 phosphorylation; WT, wild-type.

when compared to early-staged disease (stageⅠ-Ⅱ;
Figure 5B). Moreover, a high phosphorylated SMC1A
expression (score ≥ 5) was associated with a
significantly worse overall survival when compared
to those with a low expression level (score < 5; Figure
4C). Thus, the collective findings suggest that
phosphorylation of SMC1A is a vital event in
tumorigenesis and disease progression in HCC.

Discussion
As a key structural maintenance of chromosomes
protein, SMC1 is involved in variety of biological
processes, including the regulation of chromosome
dynamics [6-8], cell cycle progression [8, 9], DNA

double strand break repair [10-12], and genomic
stability maintenance [13, 14]. Four core subunits of
cohesin are known in budding yeast, two subunits of
the structural maintenance of chromosomes (SMC)
family, Smc1 and Smc3, and two sister chromatid
cohesion (SCC) proteins, Scc1 and Scc3[25, 26]. After
S-phase, it is vital that the products of DNA
replication, the sister chromatids, are handled as a
unit; they must be held together by cohesion. During
mitosis, the bipolar attachment of sister chromatids to
the mitotic spindle determines their segregation
pattern, and correct spindle attachment is, therefore,
crucial for equal distribution of the genome.

http://www.ijbs.com
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There has been growing evidence that the
molecule plays an important role in tumorigenesis.
SMC1A mutation and/or up-regulation have been
identified in human colorectal carcinoma and several
other tumor types [14]. Furthermore, overexpression
of the protein has been found in advanced diseases
and associated with a poor prognosis [21]. On the
contrary, the expression of SMC1A is reversely
correlated with the clinical outcomes in acute myeloid
leukemia [21]. Thus, the data thus far suggest that
SMC1A might play a dual role in tumorigenesis
and progression, acting as a promoter in solid tumors
and an inhibitor in hematologic malignancies.
The significance of SMC1A in hepatocellular
carcinogenesis has not been previously studied. Given
that phosphorylation of SMC1A is a crucial event in
its regulation of the diverse biological processes, DNA
damage repair, and tumorigenesis [14, 23], we first
examined the expression of phosphorylated SMC1A
in a number of human carcinoma cell lines, including
HepG2, Bel7402, A549, Hela and H1299. The observation of the highest expression of phosphorylated
SMC1A found in HepG2 and Bel7402, human HCC
cell lines, suggests a potential role of this molecule in
the initiation and progression in HCC. In keeping
with this proposition, SMC1A silencing downregulated
PCNA
and
MMP9,
respectively,
and effectively inhibited the proliferation and
migration of HepG2 and Bel7402 cells. In addition,
our results also showed phosphorylated SMC1A
promotes hepatocellular carcinoma cells growth in
vivo.
SMC1A is known to exert its biologic function in
chromosomal stability after DNA damage via
phosphorylation of SMC1A on serine 957 and 966 [14,
23]. Therefore, S957DS966D, simultaneous phosphomimetic mutants, was generated to further explore
the carcinogenic role of SMC1A phosphorylation. To
that end, re-expression of S957DS966D into the
SMC1A knockdown HepG2 and Bel7402 cells resulted
in a significantly higher proliferation rate, significantly higher cell viability/cytotoxic drug resistance,
and a significantly increased cell migration rate when
compared to the cells expressing wild type SMC1A.
These findings have further confirmed the essential
role of SMC1A phosphorylation on serine 957 and 966
in regulating the proliferation, survival and migration
of HCC cells.
The utmost principal observations in this study
are the significantly higher expression of
phosphorylated SMC1A in human HCC cells when
compared to peri-tumoral benign hepatocytes, and
the significantly increased expression of the protein in
advanced HCC when compared to early-staged
diseases. Attesting to its function as a prognostic
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factor, a higher phosphorylated SMC1A expression
was associated with significantly worse survival
outcomes when compared to those with a lower
expression level.
In summary, these observations indicate that
SMC1A is essential in the development and
progression of HCC. The mechanisms by which
SMC1A promotes HCC cell proliferation, survival
and migration may occur, at least in part, via
suppression of PCNA and MMP9, proliferation- and
migration-related proteins, respectively. The data
also suggests SMC1A to be a prognostic marker for
HCC. Thus, the collective findings imply that
inhibition of SMC1A may serve as a promising
therapeutic target, especially for advanced HCC, thus
necessitating further investigation in the pursuit of
precision medicine.

Materials and methods
Cell culture
Human embryonic kidney (HEK-293T) cell and
HepG2 and Bel7402 cells were acquired from the
American Type Culture Collection (ATCC, USA).
HEK-293T cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM). HepG2 and Bel7402 cells
were maintained in RPMI (Roswell Park Memorial
Institute) 1640 medium. All mediums were supplemented with 10% fetal bovine serum (FBS; GE Healthcare HyClone, USA) and streptomycin (100 μg/ml)
and penicillin (100 units/ml). All cells were cultured
in a humidified incubator at 37 °C with 5% (v/v) CO2.

Plasmid constructions and transfections

SMC1A was cloned to pCDNA3.1-flag/HA
vector. The point mutation plasmids of SMC1A were
constructed with the Quickchange Site-Directed
Mutagenesis Kit (Stratagene, CA, USA). The plasmids
were identified by sequencing and transfected into
HepG2 and Bel7402 cells using lipofectamine 2000
regent (Thermo Fisher Scientific, USA) according to
the instruction. The experiments were carried out 24 h
or 48 h after transfection.

Lentiviral Production
The lentiviral vector (GV248) carrying shRNA
targeting human SMC1A was obtained from
GeneChem (shSMC1A, 5’-CGGGACTGTATTCAGT
ATA-3’; shCont, 5’-TTCTCCGAACGTGTCACGT-3’).
Lentivirus was produced in HEK-293T cells using the
shRNA-expression GV248 vector with packaging
plasmids pHelper1.0 and pHelper2.0, which were
co-transfected into HEK-293T cells by lipofectamine
2000 (Thermo Fisher Scientific, USA) according to the
manufacturer's instructions. The mediums with
lentiviral particles were separately harvested at 24 h,
http://www.ijbs.com
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48 h and 72 h after transfection. To deposit lentiviral
particles, the medium supplemented with 5 ×
PEG-itTM Solution (System Biosciences, USA) was
incubated at 4°C for 24 h. The lentiviral particles were
then collected by centrifugation at 1500 × g for 30 min
and dissolved in Phosphate Buffer Saline (PBS).
HepG2 and Bel7402 cells were seeded into 6-well
plates at the concentration of 5 × 104 cell/well.
Lentiviral particles with shSMC1A or Negative
Control (NC) were added into HepG2 cells after 12 h
of incubation. Then, after 24 h of infection, the
medium with lentivirus particles was replaced with
refresh growth medium. Stable cell lines were selected
out in 5 μg/mL puromycin for 4 days.

In vivo xenograft tumor growth
For the xenograft tumor growth assay, HepG2
stable cell lines with SMC1 knockdown and
reexpression of wild type or S957DS966D mutant
SMC1 (1×106) were injected subcutaneously into the
right flank of 6-week-old male BALB/C nude mice
(N=5). Tumors were cultivated for 32 days and the
tumor volume was measured every 4 days. All animal
experiments were approved by the Committee of
China Medical University.
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Cell Migration assay
Cell migration abilities were proceeded by
transwell determined by transwell (Corning Life
Sciences, MA, USA) migration assay. 3 × 104 cells were
seeded into the upper chamber of 24-well plate with
8.0 µm pore polycarbonate filter membrane. The top
chamber was added with serum-free RPIM 1640
medium, while the medium of lower chamber was
supplemented with 10% FBS in order to produce a
chemoattractant effect. After culturing the cells at 37
°C overnight, the non-migrating cells were removed
with cotton buds and the lower cells were fixed with
ice-methanol and stained with giemsa dye overnight.
The number of migrating cells was the average value
of total 5 random fields cells.

HCC Specimens
The tissue microarrays of HCC and
corresponding adjacent liver tissue were purchased
from Shanghai Outdo Biotech Company, China (Cat.
No. HLiv-H180Sur-10). SMC1A phosphorylation
expression was indentified in 78 cases with detailed
patient clinical stage and survival information.

Immunohistochemical (IHC) analysis

Proteins were loaded and separated on 10%
Sodium Dodecyl Sulfate (SDS) polyacrylamide gel
electrophoresis and transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, USA). The
membranes were blocked in TBS/T buffer (pH 7.5, 20
mM Tris-HCl, 150 mM Nacl, 0.1% Tween-20) with 5%
Bull Serum Albumin (BSA) at room temperature for 1
h. Then the membranes were incubated with rabbit
anti-SMC1 (ab21583, Abcam), rabbit anti-SMC1
(phospho S966) (ab1276, Abcam), rabbit anti-PCNA
(10205-2-AP, Proteintech), rabbit anti-MMP9 (103752-AP, Proteintech) or mouse anti-flag (A00187-100,
Genscript) at 4 °C overnight. The secondary antibody
with horseradish peroxidase (HRP)-conjugated were
incubated for 1 h at room temperature. The signals
were developed with (Tanon, China).

The
paraffin-embedded
sections
were
deparaffinized with xylene and rehydrated in dH2O.
The further immunohistochemistry staining steps
were proceeded with UltraSensitiveTM SP (Mouse/
Rabbit) IHC Kit (KIT-9720, MXB Biotechnologies,
China). Antigen retrieval was carried out with high
pressure heating in citrate buffer (pH 6.0) for 2 min.
Sections were incubated with rabbit anti-SMC1
(phospho S966) (ab1276, Abcam) overnight at 4 °C.
Finally, the staining results were observed by DAB kit
(DAB-0031, MXB Biotechnologies, China). Nuclear
immunoreactivity was semiquantitated by evaluating
the percentage of positive-staining tumor cells over
total tumor cells. The intensity of SMC1
phosphorylation expression was scored by using 5%
increments (0%, 5%, 10%, 15%…, 100%; 10% = score of
1). The scores were evaluated by two persons and
mean values were analyzed statistically.

Cell proliferation assay

Statistical analysis

Western Blotting Analysis

Cell Counting Kit-8 (CCK8) (CK04, Dojindo)
assays were performed to evaluate cell proliferation
ability. Cells were seeded into 96-well plates at a
density of 3 × 103 cells/well. Subsequently, the
medium was replaced with 90 μl basic RPIM 1640
medium and 10 μl CCK8. After incubation at 37 °C for
2 h, the absorbance of each well at 450 nm was
measured by Absorbance Reader (TECAN,
Switzerland).

Descriptive statistics were calculated for all the
variables, including continuous variables (reported as
mean values and standard deviations) and categorical
variables (reported as numbers and percentages).
Participators were divide into two different groups
according to SMC1A phosphorylation immunostaining as Low (0-4) and High (5-9). The differences
between groups were evaluated using t test for
continuous data and Chi-square test for categorical
data. Kaplan-Meier survival analysis was used to
http://www.ijbs.com
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assess the association of SMC1A phosphorylation
expression and HCC prognosis. All the statistical
analyses were performed using SPSS version 22.0
software (SPSS Inc, Chicago IL, USA) and p-values
less than 0.05 were considered statistically significant.
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