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Abstract: Background: An evolutionarily conserved gene, the Salt-inducible kinase 1 (SIK1), functions to control 
mammalian life span and regulates human cells proliferation. However, the role of SIK1 in hepatocellular carcinoma 
(HCC) remains unclear. This study was aimed at investigating the expression pattern and clinicopathological signifi-
cance of SIK1 in patients with HCC. Methods: The mRNA and protein expression levels of SIK1 were analyzed in 
eight HCC lines and eight paired HCC tumors by real-time PCR, Western blotting and immunohistochemical staining. 
Statistical analysis was used to evaluate the clinicopathological significance of SIK1 expression. Short hairpin RNA 
interfering approach was employed to suppress endogenous SIK1 expression in HCC cells to determine its role in 
proliferation. Results: SIK1 expression in liver cancer cell lines and tissues was significantly silenced at both the 
mRNA and protein levels compared with that in normal cells and adjacent non-tumorous liver tissues (ANT). SIK1 
expression was strongly associated with HBsAg, AFP, tumor size, number of tumors, tumor encapsulation, vascular 
invasion, one year recurrence and five year recurrence. HCC patients with low SIK1 expression displayed a shorter 
overall survival and a higher recurrence rate than those with high SIK1 expression (P<0.05, respectively). Addition-
ally, stable high-expression of SIK1 in HCC cells suppressed cell proliferation in vitro. Similarly, an in vivo assay 
showed that SIK1 up-regulation in hepatocellular carcinoma cells inhibited remarkably tumor proliferation potential 
in tumor size and weight. Conclusions: SIK1 protein may serve as a candidate prognostic marker and a novel thera-
peutic target for HCC and play an important role in inhibit proliferation and enhanced progression of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most frequent malignant cancers worldwide. 
Despite the advanced modalities that are com-
monly applied in HCC patients, such as hepatic 
resection, liver transplantation, transcatheter 
arterial chemoembolization and ablation thera-
py, the prognosis of HCC remains extremely 
low. The 5-year survival rate is less than 30% in 
HCC patients after surgical resection [1]. 
However, the molecular mechanisms underly-
ing the malignance in HCC still remain unclear. 
Hence, it is of great significance to identify 
effective early markers and therapeutic targets 
for HCC. The newly discovered protein, Salt-
inducible kinase 1 (SIK1) , also known as SNF- 

1LK or MSK, is a serine that belongs to the 
energysensing AMPK family of kinases [2], and 
a part of a self-regulatory circuit to modulate 
insulin secretion from pancreatic β-cells by con-
trolling cAMP concentration [3]. SIK1 plays 
animportant role in histone modification and 
G2/M cell cycle regulation. It is a 783 amino 
acid protein that contains one UBA domainthat 
uses magnesium as a cofactor to catalyze the 
ATP-dependent phosphorylation of target pro-
teins and is thought to be important for the 
early stages of skeletal muscle growth and 
myocardial cell differentiation. Interestingly, 
studies have shown that decreased levels of 
SIK1 are associated with poor outcome in many 
cancers [4-6]. In addition, SIK1 up-regulation 
has been associated with a tumor suppressor 
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function. Furthermore, SIK1 play a key role as 
gluconeogenic suppressors downstream of 
LKB1 in the liver [7]. Intriguingly, SIK1 has been 
identified as a key modulator of apoptosis and 
transformation in cancer cells, and controls 
growth of transplanted cancer cells via modula-
tion of the tumor suppressor p53 [4]. However, 
there has been seldom study to investigate the 
protein expression level of SIK1 in HCC [8]. Our 
aim was to find out that SIK1 was a potential 
biomarker and treatment for HCC, thus provid-
ing a better understanding of the molecular 
pathophysiology and better methods for detec-
tion, diagnosis, and therapy of HCC.

Materials and methods

Samples and patients

The current retrospective study enrolled 239 
patients diagnosed with primary HCC who 
under went surgical resection at Department of 
Hepatobiliary Surgery, Zhujiang Hospital of 
Southern Medical University and Department 
of Hepatobiliary Surgery, Guangdong Province 
Traditional Chinese Medical Hospitalfrom Ja- 
nuary 2006 to January 2016. The mean patient 
agewas 49.23±15.16 (range 24-69). Eight pai- 
red samples of HCC tissues and their parallel-
adjacent non-tumorousliver tissues (ANT) were 
collected for RT-PCR and western-blot analysis.
All the paraffin-embedded tissues and fresh 
tissues were obtained with the consent of each 
patient for research purposes. The Institutional 
Ethical Board (IRB) of the Zhujiang Hospital of 
Southern Medical University and Guangdong 
Province Traditional Chinese Medical Hospital 
approved the protocol. 

Cell lines

The human HCC cell lines Hep3B, PLC/PRF/5, 
HepG2, HLE, HLF, BEL7402, Huh7, SMMC7721, 
SK-Hep1, SNU423 and human hepatic cell line 
(Chang and L02) were obtained from the 
American Type Tissue Culture Collection (ATCC, 
Rockville, Maryland) and the Type Culture 
Collection of the Chinese Academy of Sciences 
(Shanghai, China). HepG2.2.15, a human hepa-
toma cell line transfected with the human hep-
atitis B virus was kindly provided by Dr. Li Sun 
(Songyang Calypte Biomedical Corporation, 
Guangzhou, China) [9]. Cells were cultured at 
37°C in 5% CO2 in Dulbecco’s modified Eagle 
medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) and 1% antibiotics in a 
humidified incubator. 

Vectors, retroviral infection and groups

The plasmids pAAVEGFP expressing green fluo-
rescent protein and pcDNA3.1-SIK1-flag were 
used in this study [10]. Human SIK1 cDNA was 
amplified by RT-PCR using rSIK1 F (5’-AGGA- 
CCAAGGGGTTCGCCCGGCTCAACAAGATCAAAG 
GA’) and r SIK1 R (5’-TTCCTGGGACTGAACGC 
GAGGGCGTCGCTGGCCCGTCAGGTG-3’) primer 
pairs. The PCR products were digested and 
cloned in-frame with a FLAG tag coding se- 
quence at the N terminus into pcDNA3.1. The 
ultrapure plasmid DNAs (pDNAs) were prepared 
from Escherichia coli according to the manu-
facturer’s instructions of EndoFree Plasmid 
Giga Kits (QIAGEN, CA, USA). Retroviral produc-
tion and infection were performed in accor-
dance with the method of the literature report-
ed. The stable HCC cell lines, including Hep3B 
and PLC/PRF/5, were selected for 10 days with 
0.5 μg/ml G418 3 d after infection [11, 12]. 
Cells were divided into 6 groups as Hep3B 
cellsinfected with SIK1-pDNA (HS group), Hep- 
3B cells infected with vector (HV group), PLC/
PRF/5 cells infected with SIK1-pDNA (PS group), 
PLC/PRF/5 cells infected with vector (PV group), 
Hep3B cells non infected (HN group) and PLC/
PRF/5 cells non infected (PN group).

Real-time PCR (RT-PCR) and Western blotting

Total RNA from cultured cells and fresh tissues 
were extracted using Trizol reagent (Invitrogen, 
Carlsbad, CA, USA) according to the manufac-
turer’s instructions. The extracted RNA was 
pretreated with RNase-free DNase, and RNA 
from each sample was used for cDNA synthe-
sis, primed with random hexamers. For the PCR 
amplification of SIK1 cDNA, an initial amplifica-
tion step using SIK1-specific primers was per-
formed with denaturation at 93°C for 8 min, 
followed by 33 denaturation cycles at 93°C for 
45 s, primer annealing at 53°C for 23 s and a 
primer extension phase at 70°C for 28 s. Upon 
the completion of the cycling steps, a final 
extension step at 70°C for 6 min was per-
formed before the reaction mixture was stored 
at 4°C. RT-PCR was then employed to quantify 
the increasing amounts of SIK1 mRNA in HCC 
cell lines relative to the hepatocyte cells (Chang 
and L02) and in each of the primary HCC tis-
sues relative to the parallel ANT. Each sample 
was tested in triplicate. Expression data were 
normalized to the geometric mean of the ex- 
pression level of the most commonly used ref-
erence geneβ-actin used to control the variabil-
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ity in expression levels. Primer Express v2.0 
software (AppliedBio systems) designed the pri- 
mers. The SIK1 primer sequences were 5’- 
TTCCGGCAGCAGCTAGCGGCAAACGCGAGGACC 
AAG-3’ and 5’-CTAAGGAAAAACGCGGCGACCGC 
GGGGTTCCTGGGACTG-3’. Primers for GAPDH 
were 5’-CTACAATGAGCTGCGTGTGG-3’ and 5’- 
AAGGAAGGCTGGAAGAGTGC-3’.

Cells at 70 to 80% confluence were washed 
three times with ice-cold phosphate-buffered 
saline (PBS) and lysed on ice in radio immuno-
precipitation assay buffer (RIPA; Cell Signaling 
Technology, Danvers, MA, USA) containing a 
complete protease inhibitor cocktail (Roche 
Applied Sciences, Mannheim, Germany). Fresh 
tissue samples were ground to a powder in liq-
uid nitrogen and lysed using SDS-PAGE sample 
buffer. Equal protein samples (30 μg) were sep-
arated on SDS polyacrylamide gels and trans-
ferred to PVDF membranes (Immobilon P, 
Millipore, Bedford, MA, USA). Membranes were 
blocked with fat-free milk in Tris-buffered saline 
containing 0.1% Tween-20 for 1 h at 20°C. 
Membranes were incubated with anti-SIK1 
antibody (OriGene Technologies, Inc, MA, USA) 
overnight at 4°C and then with horseradish 
peroxidase-conjugated IgG. The ECL primeW-
estern blotting detection reagent (Amersham) 
was used todetect SIK1 expression, according 
to the manufacturer’s instructions. β-actin (Ori- 
Gene Technologies, Inc, MA, USA) was used as 
a loading control [13]. Each assay was repeat-
ed three times.

IHC analysis

IHC analysis was used to study altered protein 
expression in 239 human HCC tissues. Briefly, 
5 μm-thick paraffin sections of the HCC tissue 
from the patient were baked at 65°C for 0.5 h 
and then deparaffinized with xylene and rehy-
drated. Submerging the sections into EDTA anti-
genic retrieval buffer and then microwaving 
were used for antigen retrieval. The samples 
were then treated with 3% hydrogen peroxide in 
methanol to quench endogenous peroxidase 
activity, followed by incubation with 1% bovine 
serum albumin to block nonspecific binding. 
Sections were then incubated with anti-SIK1 
antibody (OriGene Technologies, Inc, MA, USA) 
overnight at 4°C. Normal goat serum was used 
as a negative control. After washing, the tissue 
sections were then incubated with a biotinylat-
ed secondary antibody, followed by further 
incubation with streptavidin-horseradish per-

oxidase complex. The tissue sections were 
immersed in 3-amino-9-ethyl carbazole and 
counterstained with 10% Mayer’s hematoxylin, 
dehydrated and mounted in Crystal Mount. 
Three pathologist who were blinded to the his-
topathological features and clinicopathologic-
data of the patients evaluated the dyeing effect 
of immunostaining of formalin-fixed, paraffin em- 
bedded sections independently. The scores 
given by the two independent pathologist were 
averaged and were based on both the intensity 
of staining and the proportion of positively 
stained cells. The intensity of staining was 
graded according to the following criteria: 0 (no 
staining), 1 (weak staining = light yellow), 2 (mo- 
derate staining = yellow brown) and 3 (strong 
staining = brown). The proportion of cells was 
scored as follows: 1 (<10% positive cells), 2 
(10%-50% positive cells), 3 (50%-75% positive 
cells) and 4 (>75% positive cells). The staining 
index was calculated as the product of the pro-
portion of positive cells timesthe staining inten-
sity score (range from 0 to 12) [14, 15]. Cutoff 
values for SIK1 were chosen on the basis of a 
measure of heterogeneity using the log-rank 
test with respect to overall survival time (OS). 
An optimal cutoff value was identified as fol-
lows: A staining index score of >2 was used to 
define tumors with high SIK1 expression group 
and ≤2 indicated low SIK1 expression group.

CCK8 viability assay

The viability of the cells was assessed by CCK8 
assay. A total of 1×103 cells per well were plat-
ed in 96-well with triplicate wells for each trans-
fection, and incubated for 20 h in 110 ml cul-
ture media. 10 μL of CCK8 (Dojindo, Kumamoto, 
Japan) was added to the cells, and the viability 
of the cells was measured at 490 nm using an 
enzyme-linked immunosorbent assay reader 
(BioTek, Winooski, VT, USA) according to the 
manufacturer’s instructions. The experiment 
was performed for three independently times 
for each cell line.

Anchorage-independent growth ability assay 

400 cells were trypsinized and suspended in 2 
ml complete medium plus 0.3% agar (Sigma). 
The agar-cell mixture was plated on top of a 
bottom layer with 1% complete medium agar 
mixture. After 14 days, viable colonies that con-
tained 60 cells were counted. The experiment 
was performed for three independently times 
for each cell line.
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Colony formation assay

Cells were plated in 6-well plated (5 × 102 cells) 
and cultured for 14 days. The colonies were 
stained with 5 mL 0.05% (w/v) crystal violet in 
dH2O for 30 minutes. Colonies were counted 
and results were shown as the fold change 
compared to vector control cells. The experi-
ment was performed for three independently 
times for each cell line.

SNU423, HepG2.2.15 in comparison with those 
in the normal liver cell lineChang and L02 
(Figure 1). RT-PCR analysis revealed that the 
mRNA expression level of SIK1 was also low 
expressed in HCC tissues compared with that 
in the matched normal ANTsamples (Figure 
2A). Moreover, Comparative analysis showed 
SIK1 protein levels were differentially down-
regulated in all eight HCC samples compared 
with the parallel normal ANTsamples (Figure 

Figure 1. Down-regulated SIK1 expression in HCC cell lines. Western blot-
ting (A, B) and RT-PCR (C) examined the expression of SIK1 protein and 
mRNA in HCC cell lines (Hep3B, PLC/PRF/5, HepG2, HLE, HLF, BEL7402, 
Huh7, SMMC7721, SK-Hep1, SNU423, HepG2.2.15) and Human hepatocyte 
cells (Chang and L02). Expression levels were normalized against β-actin, 
respectively. Error bars represent the standard deviation of the mean (SD) 
calculated from three parallel experiments. *P<0.05.

Xenografted tumor model

Female BALB/c nude mice (6 
weeks of age, 18~20 g) were 
purchased from Guangdong 
Provincial Experimental Ani- 
mal Center (Guangdong, Ch- 
ina). All experimental proce-
dures were approved by the 
Institutional Animal Care and 
Use Committee of Southern 
Medical University. The nude 
mice were randomly divided 
into 4 groups (n=12 per gro- 
up). The stable cells (1×106) 
including SIK1 or vector, He- 
p3B and PLC/PRF/5 cells 
were injected subcutaneous-
ly into the dorsal right flank 
of 4 groups of nude mice, 
respectively. Tumors were 
examined every 3 days; le- 
ngth and width measure-
ments were obtained with 
calipers, and tumor volumes 
were calculated using the 
equation (L×W2)/2. On day 
30, animals were killed; tu- 
mors were harvested and 
weighed [15]. 

Results

Elevated expression of SIK1 
in HCC cells and tissues at 
both mRNA and proteinlev-
els

The expression levels of SIK1 
mRNA and protein were 
markedly down-regulated in 
multiple HCCcell lines, inclu- 
ding Hep3B, PLC/PRF/5, Hep- 
G2, HLE, HLF, BEL7402, Hu- 
h7, SMMC7721, SK-Hep1, 
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2B, 2C). SIK1 down-regulation in these clinical 
samples was further verified by IHC analysis 

(Figure 2D, 2E). As shown in Figure 2D and 2E, 
SIK1 was poorly expressed in HCC tissues. In 

Figure 2. Down-regulated SIK1 expression in primary HCC tissues. A. Average T/ANT ratios of SIK1 mRNA expres-
sion in paired liver cancer (T) and adjacent noncancerous tissues (ANT) were quantified using RT-PCR and normal-
ized against β-actin. B. Average T/ANT ratios of SIK1 protein expression in paired liver cancer (T) and adjacent 
noncancerous tissues (ANT) were quantified using western bolt. C. Western blotting of SIK1 protein expression in 
eight pairs of matched HCC tissues (T) and adjacent nontumor liver tissues (ANT). D. Immunohistochemical assay 
of SIK1 protein expression in eight pairs of HCC tissues (T) and adjacent nontumor liver tissues (ANT). E. Average T/
ANT IOD ratios of SIK1 protein expression in paired liver cancer (T) and adjacent noncancerous tissues (ANT) were 
quantified using immunohistochemical assay. F. Kaplan-Meier curves with univariate analyses (log-rank) for HCC 
patients with low SIK1 expression versus high SIK1 expression. Error bars represent the standard deviation of the 
mean (SD) calculated from three parallel experiments. *P<0.05.
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contrast, high signals were detected in the 
paired adjacent noncancerous tissues. Taken 
together, our results indicated SIK1 was down-
regulated in HCC.

SIK1 expression and the clinicopathological 
characteristics of HCC

To confirm the prognostic significance of SIK1 
silencing for the early diagnosis and prediction 
of outcome in HCC, we analyzed the correlation 
between expression of SIK1 and clinicopatho-
logical and survival parameters. Immunohis- 
tochemistry analysis revealed that SIK1 was 
significantly reduced in HCC cells. Statistical 
analysis revealed SIK1 levels were weakly 
expressed in 52.72% (126/239) of patients 

with HCC and was strongly associated with 
HBsAg, AFP, tumor size, number of tumors, 
tumor encapsulation, vascular invasion, one 
year recurrence and five year recurrence (P< 
0.05, Table 1). However, there was no apparent 
relationship between SIK1 expression and 
other clinicopathological parameters age, Ed- 
monson grade, liver cirrhosis and surgical mar-
gin (P>0.05, Table 1). The relationship between 
the clinicopathological features of HCC and 
SIK1 expression is summarized in Table 1. 
Kaplan-Meier analysis and the log-rank test 
were used to calculate the effect of low SIK1 
expression on survival. The log-rank test 
showed that the survival time was significantly 
different between the low and high SIK1 expres-
sion groups. Moreover, Kaplan-Meier survival 

Table 1. Clinicopathological characteristics of patient samples and expression of SIK1 in liver cancer 
and correlation between SIK1 expression and clinicopathological characteristics of cervical cancer 
patients (n=239)

Characteristics Total  
(n=239)

SIK1
Chi-square 

test
Fisher’s 

exact testNo or Low  
expression

P-value High  
expression

126 (52.72%) 113 (47.28%) P-value P-value

Gender
Male 159 85 (53.46) 74 (46.54) 44.42 0.19
Female 80 41 (51.25) 39 (48.75)

Age (years)
<50 87 43 (49.43) 44 (50.57) 53.55 0.09
≥50 152 83 (54.61) 69 (45.39)

HBsAg
Negative 28 7 (25) 21 (75) 28.24 0.00
Positive 211 119 (56.4) 92 (43.6)

AFP
<200 ng/ml 65 29 (44.62) 36 (55.38) 46.79 0.01
≥200 ng/ml 174 97 (55.75) 77 (44.25)

Edmonson grade
I-II 178 93 (52.25) 85 (47.75) 31.81 0.20
III-IV 61 33 (54.1) 28 (45.9)

Tumor size
<5 cm 101 62 (61.39) 39 (38.61) 47.38 0.00
≥5 cm 138 64 (46.38) 74 (53.62)

Number of tumors
Single 127 72 (56.69) 55 (43.31) 35.38 0.02
Multiple 112 54 (48.21) 58 (51.79)

Liver cirrhosis
No 73 43 (58.9) 30 (41.1) 45.95 0.02
Yes 166 83 (50) 83 (50)

Tumor encapsulation
No 88 52 (59.09) 36 (40.91) 57.47 0.01
Yes 151 74 (49.01) 77 (50.99)

Surgical margin
<1 cm 145 73 (50.34) 72 (49.66) 23.55 0.06
≥1 cm 94 53 (56.38) 41 (43.62)

Vascular invasion
No 137 62 (45.26) 75 (54.74) 35.05 0.00
Yes 102 64 (62.75) 38 (37.25)

One year Recurrence
No 143 81 (56.64) 62 (43.36) 67.18 0.01
Yes 96 45 (46.88) 51 (53.13)

Five year Recurrence
No 74 46 (62.16) 28 (37.84) 55.96 0.00
Yes 165 80 (48.48) 85 (51.52)
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curves and the log-rank test survival analysis 
showed the overall survival of patients with low 
levels of SIK1 was significantly poorer than 
patients with high levels of SIK1. The cumula-
tive 5-year survival rate was 43.7% (95% CI 
37.1-52.0%) in the high SIK1 group, whereas it 
was only 19.2% (95% CI 18.6-24.1%) in the low 
SIK1 group (P<0.05, Figure 2F). Thus, low ex- 
pression of SIK1 may be a useful maker for pre-
dicting the overall survival of HCC patients. 
Collectively, these data demonstrated low 
expression of SIK1 was linked to the clinical 
progression of HCC and might represent a valu-
able prognostic marker for HCC.

SIK1 promotes HCC proliferationin vitro

Since SIK1 protein waslower expressed in Hep- 
3B and PLC/PRF/5 cells, we infected Hep3B 

independent growth ability, as indicated by 
reduction in colony number and colony size on 
soft agar (P<0.05, Figure 3C). Moreover, in con-
sistence with these results, colony formation 
were dramatically inhibited by the raise of SIK1 
expression, where the proliferation rate of SIK1 
enhanced HS and PS groups cells were signifi-
cantly lower than the corresponding cells 
(Figure 3D).

SIK1 promotes the tumorigenicity of HCC in 
vivo

On the foundation of the results in vitroassays, 
the biologic role of SIK1 in HCC progression 
was further examined using an in vivo nude 
mice subcutaneous transplantation tumor mo- 
del to determine whether SIK1 expression 
could depress the tumorigenicity of HCC in vivo. 

and PLC/PRF/5 cells with 
the pDNA that expressed 
endogenous SIK1 expres-
sion and empty vector alone 
stably. Then measured the 
effect of increase of SIK1 
on proliferation. Since the 
pDNA vector contained a 
G418 resistance gene, we 
created the stabled cell 
lines and first measured the 
expression of SIK1. As ex- 
pected, SIK1-pDNA effec-
tively enhanced the level of 
endogenous SIK1 protein in 
the SIK1 infected Hep3B 
cells (HS group) and PLC/
PRF/5 cells (PS group) (Fi- 
gure 3A). To investigate the 
inhibitory effect of SIK1 up-
regulation on cell prolife- 
ration, we assessed the  
cell proliferation rates with 
CCK8 assays (Figure 3B). 
The increase of SIK1 drasti-
cally reduced the prolifera-
tion rate of HS and PS group 
compared with the rate of 
the control cells (HV, HN, PV 
and PN groups) (P<0.05) 
(Figure 3B). In order to fur-
ther confirm the above-
mentioned results, increase 
of endogenous SIK1 in the 
stabled HS and PS groups 
also caused significant inhi-
bition of their anchorage-

Figure 3. SIK1 plays a key role in HCC cell proliferation in vitro. A. Western 
blotting analysis of SIK1 expression in the stabled Hep3B and PLC/PRF/5 cell 
lines. β-actin was used as a loading control. B. CCK8 assay indicated that the 
growth rate in groups of cells. The absorbance at day 1-5 was normalized to the 
absorbance at day 0 (100%). Each bar represents the mean ± SD of three in-
dependent experiments. *P < 0.05. C. Anchorage-independent growth assays 
of SIK1-enhanced cells (HS and PS group) and control cells (HV, HN, PV and PN 
groups). D. Colony formation assays show that growth rates are decreased in 
groups of cells. 
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As shown in Figure 4A, the tumors inHS and PS 
groups grew at a dramatically slower rate than 
that in HV, HN, PV and PN groups. Additionally, 
the tumorsin HS and PS groups were smaller, in 
both size and weight, than the control groups of 
tumors (Figure 4B). We further examined the 
expression of SIK1 protein in the subcutaneous 
tumor. Corresponding to the growth of the 
tumor, SIK1 protein expression effectively 
enhanced in the HS group and PS group than 
that in HV, HN, PV and PN groups (Figure 4C). 
Collectively, these results were consistent with 
the data in vitro and suggest that SIK1 plays a 
significant inhibition role in theproliferation of 
HCC in vitro and in vivo.

Discussion

Hepato cellular carcinoma (HCC) is one of the 
most malignant cancer worldwide [16]. Alth- 

HCC patients with exact prognostic and thera-
peutic value [28].

Our study revealed that SIK1 low expression 
might be an independent prognostic indicator 
of survival in HCC patients. A recapitulation of 
our results, we first detected the expression of 
SIK1 in 239 cases of clinical paraffin-embed-
ded HCC tissues, 11 HCC cell lines and 8 
matched clinical fresh HCC tissues. RT-PCR, 
western blot and IHC results showed that the 
negative signaling of SIK1 protein was observed 
in the HCC samples. Moreover, SIK1 was down-
regulatedin 11 HCC cell lines as well as in 8 
matched clinical fresh tissues at both the 
mRNA and proteinlevels. Furthermore, our 
study provided the first evidence that low 
expression level of SIK1 protein was correlated 
with recurrence and poor prognosisin HCC pa- 

Figure 4. Up-regulation of SIK1 repressed proliferation of HCC in nude mouse 
xenograft model. A. Subcutaneous tumor growth curve of each group of cells 
in nude mice (n = 12). Tumor volumes were measured on the indicated days. 
Each bar represents the mean ± SD of three independent experiments. *P < 
0.05. B. A representative picture of tumor harvestedfrom nude mice subcuta-
neously. C. Western blotting analysis of SIK1 protein expression in each group 
of tumor. β-actin was used as a loading control. 

ough numerous biomarkers 
have been found in past 
decades, the serological de- 
tection of HCC recurrence 
mainly relies on the tradition-
al biomarker AFP, functioning 
as a tool for risk assessment, 
diagnostic index, and prog-
nostic surveillance [17, 18]. 
But the positive predictive 
value of AFP is not satisfied 
[19, 20]. Furthermore, as the 
secreted proteins originated 
from HCC cells, AFP does not 
possess therapeutic value for 
HCC patients [21]. In recent 
decades, attempts to deter-
mine the molecular mecha-
nisms of human cancers ha- 
ve highlighted a few candi-
date biomarkers for early 
detection [22]. New biomark-
ers in hepato cellular carci-
noma, such as TBLR1, An- 
nexin A2, osteopontin, and 
MED23, have been identified 
and proved some clinical util-
ity [23-25]. Although early re- 
searches have explored the 
therapeutic potential of radio-
therapy, chemotherapy, and 
molecular targeted therapy, 
none of the researchers re- 
ported successful outcomes 
[26, 27]. So far, there are no 
promising biomarkers for 
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tient. Additionally, the IHC assay analysis 
showed that the expression level of SIK1 pro-
tein in histological sections was also signifi-
cantly correlated with HBsAg, AFP, tumor size, 
number of tumors, tumor encapsulation, vascu-
lar invasion, one year recurrence and five year 
recurrence of HCC patients. The treatment 
strategy of HCC is very limited, in our study, up-
regulation of SIK1 protein was found a potential 
targeted therapeutic strategy. In addition to 
indicating the clinical significance of SIK1, we 
also illustrated that up-regulation of SIK1 in 
HCC cells significantly suppressed tumor prolif-
eration in vitro and in vivo. The effective over 
expression of SIK1 proteinreduced HCC cells 
proliferation in vitro according to the results of 
CCK8 assays, anchorage-independent growth 
ability assays and colony formation assays, and 
then further inhibited tumorigenesis and tumor 
progression in vivo. According to these findings, 
we considered that SIK1 had the potential to 
act as a novel predictor and inhibitor for HCC.

Previous independent studies have demon-
strated that reduced levels of SIK1 are associ-
ated with poor outcome in cancers include 
HCC, gastric cancer and pancreatic cancer [8]. 
SIK1 belongs to the AMP-activated protein 
kinase (AMPK) family of kinases [29], all of 
which play crucial roles in regulating multiple 
signal pathways in cancer cells and controlling 
a series of cellular processes including cell pro-
liferation and cell apoptosis [30]. Interestingly, 
SIK1 was also reduced in gastric adenocarci-
noma, while SIK1 can significantly inhibits the 
gastric cancer cells, suggesting that SIK1 a 
promising target for cancer therapy with the 
diagnostic and prognostic significances in gas-
tric cancer [6, 31]. The significant suppression 
of the gastric cancer cell growth resulted from 
up-regulation of SIK1, the mechanism of which 
is associated with gastrin-induced phosphory-
lation of histone deacetylase 4 and enhances 
gastrin-induced transcription of c-fos and CRE-, 
SRE-, AP1- and NF-κB-driven luciferase reporter 
plasmids. Additionally, another report had pro-
vided the evidence that low expression of SIK1 
protein was correlated with poor prognosis of 
pancreatic cancer [32, 33]. Consistent with 
these reports, we found that SIK1 was signifi-
cantly down-regulated in HCC cell lines and tis-
sues compared with the Chang and L02 hepat-
ic cells and their matched adjacent normal 
tissues, respectively, and was strongly corre-
lated with number of tumors and recurrence in 

clinical samples of HCC. In addition, we demon-
strated that enhancing of SIK1 decreased the 
cell proliferation, tumorigenesis and tumor pro-
gression of HCC in vivo and in vitro. Moreover, 
we indicated that the expression of SIK1 has an 
important influence on the development of 
HCC. The tumor suppressor genic potential of 
SIK1 was not only correlated with recurrence 
and poor prognosis in HCC but also suggested 
by its ability to promote HCC cell proliferation 
and tumor growth in vitro and in vivo. All these 
findings indicate that low expression level of 
SIK1 was associated with the aggressive bio-
logical behavior of HCC cells and it might be a 
potential biomarker for HCC diagnosis and 
prognosis.

In conclusion, we have demonstrated an impor-
tant role for SIK1 protein in HCC, wherelow 
expression level of SIK1 was remarkably asso-
ciated with poor prognosis, promoted prolifera-
tion and enhanced progression of HCC. Future 
studies, which were already underway in our 
laboratory, should address thedetailed molecu-
lar mechanisms underlying the role of SIK1 in 
the proliferation and theexact relationship 
between SIK1 and HCC.
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