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Abstract: Hepatocellular carcinoma (HCC) is the second most common cause of cancer-related death worldwide. 
The role of GSK-3β in cancer progression is considered critical. However, the prognostic value of total GSK-3β pro-
tein levels in HCC remains undetermined. In this study, the expression and biologic significance of total GSK-3β in 
HCC were evaluated at mRNA and protein levels. We showed that GSK-3β mRNA levels were significantly upregu-
lated in HCC tissues relative to the levels in the adjacent non-tumor tissues as recorded on the TCGA database (P 
< 0.001). Notably, GSK-3β protein levels were significantly downregulated in HCC tissues relative to those in the 
adjacent non-tumor tissues by immunohistochemistry (P < 0.001). We found that GSK-3β was negatively associated 
with the American Joint Committee on Cancer (AJCC) stage (P = 0.030) and positively correlated with good progno-
sis for HCC patients (P = 0.036). The data further indicated that GSK3β expression tended to be an independent 
prognostic marker for HCC after surgical resection (HR = 1.658, 95% CI 0.945-2.909, P = 0.078) and can potentially 
serve as a biomarker for the clinical diagnosis and prognosis of HCC.

Keywords: GSK3β, bioinformatic analysis, hepatocellular carcinoma, prognosis, immunohistochemistry

Introduction

Hepatocellular carcinoma (HCC) is currently the 
second most common cause of cancer-related 
death worldwide [1] and the third leading cause 
of cancer deaths among both men and women 
in China [2]. Although several strategies have 
been applied for the management of HCC, 
unsatisfactory clinical outcomes emphasize 
the need for novel indicators of survival and 
reliable therapeutic targets.

Numerous studies on GSK-3β in various can-
cers have been conducted, and most of them 
focus on the phosphorylated form of GSK-3β. 
Two phosphorylation sites were identified in 
GSK-3β, which is activated by phosphoryla- 
tion at Tyr-216 and inactivated by phospho- 
rylation at Ser-9. Accumulating evidence sug-
gests that pGSK-3β (ser9) regulates Wnt sig- 
naling and is responsible for HCC progres- 
sion [3-5]. Total GSK-3β has received increas- 
ed interest from the research community in 
recent years. Although some reports demon-

strated no relationship between total GSK- 
3β and pGSK-3β (ser9) levels [6, 7], other stud-
ies indeed suggested a negative correla- 
tion between total GSK-3β and pGSK-3β (ser9) 
levels [8, 9], indicating a potential progno- 
stic value of total GSK-3β in HCC patients. 
However, the role of total GSK-3β protein levels 
in HCC is yet to be investigated and remains 
unclear.

In the present study, we investigated the ex- 
pression and biologic significance of GSK-3β in 
HCC at the mRNA and protein levels. Bioin- 
formatics analysis suggested an upregulation 
of GSK-3β mRNA levels in HCC tissues; regard-
less, GSK-3β was found to be significantly 
decreased in HCC tissues relative to that in 
peritumoral tissues at the protein level. We also 
demonstrated that GSK-3β protein levels were 
negatively associated with the American Joint 
Committee on Cancer (AJCC) stage and were 
confirmed as a good prognostic factor for 
patients with HCC. 
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Materials and methods

Bioinformatics analysis 

RNA-seq data on liver hepatocellular carci- 
noma (LIHC) and stomach adenocarcino- 
ma (STAD) were downloaded from the Cancer 
Genome Atlas (TCGA) Web site (http://can-
cergenome.nih.gov/). The data included 424 
patients with HCC. Among these patients, 50 
came with paired non-cancerous tissues, and 
407 had gastric cancer, 32 of which had paired 
non-cancerous tissues. 

Patients and tissues

Overall, 93 HCC and 87 non-tumor subjects 
with available clinical information and paraffin-

the slides were incubated with secondary anti-
body for 30 min and counterstained using 3, 
3’-diaminobenzidine and hematoxylin.

Evaluation of immunohistochemical staining

The IHC sections were scored by 2 experienc- 
ed pathologists who were blinded to the clini- 
copathological data. Immunohistochemical st- 
aining was scored according to the intensity 
and the percentage of positively-stained cells. 
Staining intensity was estimated on a scale of 0 
to 4, as follows: 0 (no staining), 1 (weakly posi-
tive staining), 2 (moderately positive staining), 
and 3 (strong staining). The percentages of 
cells were scored as 0 (0%), 1 (≤ 25%), 2 (26%-
50%), 3 (51%-75%), and 4 (76%-100%). The 

Table 1. Correlations between GSK3β expression and the clin-
icopathologic features of hepatocellular carcinoma patients

Characteristic Total
GSK3β expression

P value
Low, n (%) High, n (%) 

Age (years)
    ≤ Median 49 39 (79.6%) 10 (20.4%) 0.828
    > Median 43 35 (81.4%) 8 (18.6%)
Gender
    Male 83 67 (80.7%) 16 (19.3%) 0.956
    Female 10 8 (80.0%) 2 (20.0%)
AJCC stage
    I-II 43 31 (72.1%) 12 (27.9%) 0.030 
    III-IV 42 38 (90.5%) 4 (9.5%)
T classification
    T1-T2 43 31 (72.1%) 12 (27.9%) 0.030 
    T3-T4 42 38 (90.5%) 4 (9.5%)
N classification
    N0 83 67 (80.7%) 16 (19.3%) 0.810 
    N1 1 1 (100.0%) 0 (0.0%)
Distant metastasis
    No 84 67 (79.8%) 17 (20.2%) 0.800 
    Yes 1 1 (100.0%) 0 (0.0%)
Hepatic cirrhosis
    No 52 45 (86.5%) 7 (13.5%) 0.105
    Yes 41 30 (73.2%) 11 (26.8%)
Edmondson-Steiner grade
    I-II 61 47 (77.0%) 14 (23.0%) 0.226
    III-IV 32 28 (87.5%) 4 (12.5%)
Tumor number
    Single 24 21 (87.5%) 3 (12.5%) 0.325
    Multiple 45 35 (77.8%) 10 (22.2%)
Tumor size (cm)
    ≤ 5 42 31 (73.8%) 11 (26.2%) 0.142
    >5 50 43 (80.4%) 7 (19.6%)

embedded blocks participated in 
this study. All patients had und- 
ergone surgical resection as ini- 
tial treatment. Cancer and adja-
cent non-cancerous tissues were 
collected from the patients dur- 
ing surgery. Each patient had  
been pathologically diagnosed 
with HCC. The protocols were 
approved by the Ethical Commit- 
tee and Institutional Review Board 
of Traditional Chinese Medicine-
Integrated Hospital of Southern 
Medical University, and written 
informed consent was obtained 
from each patient. All clinicopatho-
logical information was retrospec-
tively collected from the medical 
records of the patients. The study 
was performed in accordance with 
the approved protocols. 

Immunohistochemistry (IHC) 

Tissue sections (4 μm thick) were 
dewaxed in xylene and rehydrated 
in an alcohol bath solution. Heat-
induced antigen retrieval was per-
formed by incubating the slides in 
0.01 M citrate buffer S (pH 6.0). 
The slides were then blocked in  
3% hydrogen peroxide for 10 min 
to inhibit endogenous peroxidase 
activity. Subsequently, the slides 
were incubated for 60 min at room 
temperature, with primary antibod-
ies for GSK3β (1:100, Proteintech, 
USA, 22104-1-AP). After rinsing 
with phosphate-buffered saline, 
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final staining scores were calculated by multi-
plying the 2 scores. 

characteristics of 93 patients with HCC are 
listed in Table 1.

Figure 1. GSK-3β is downregulated in HCC tissues and confers good progno-
sis for HCC patients. A. Representative images of GSK-3β staining in HCC. B. 
Representative images of GSK-3β staining in paired cancerous tissues and 
non-cancerous tissues. 

Figure 2. The bioinformatics analysis of GSK-3β expression in HCC and gas-
tric cancer tissues, and peritumoral tissues. A. The comparison of GSK-3β 
expression between HCC tissues and non-cancerous tissues. B. Comparison 
of GSK-3β expression between gastric tissues and non-cancerous tissues. C. 
Kaplan-Meier survival analysis based on GSK-3β expression.

Statistical analysis

All data were analyzed with 
SPSS ver. 21.0 (SPSS Inc., 
USA). For comparison, diff- 
erential expression analysis 
was performed using the 
Wilcoxon rank sum test. Re- 
lationships between gene 
expression and clinicopatho-
logical characteristics were 
investigated using the Chi-
square test and Fisher’s ex- 
act test. Log-rank tests were 
performed on Kaplan-Meier 
survival curves to elucidate 
any significant correlation be- 
tween gene expression and 
overall patient survival. Uni- 
variate and multivariate sur-
vival analyses were conduct-
ed using the Cox proportional-
hazards regression model. 
The hazard ratio (HR) and cor-
responding 95% confidence 
intervals (95% CI) were calcu-
lated for each factor. All tests 
were 2-sided and considered 
statistically significant when P 
< 0.05.

Results

Clinicopathological charac-
teristics

The median age of 93 patients 
with HCC was 54 y (range: 
25-73 y). Follow-up ranged 
from 4 y to 6.7 y. According to 
the criteria set by the AJCC 
Cancer Staging Manual, 8th 
Edition, 12 patients with HCC 
were in stage I, 31 in stage II, 
40 in stage III, and only 2 in 
stage IV. The available medi-
cal records of 93 patients 
showed that only 1 patient 
had lymph node metastasis, 
and 1 case had distant metas-
tasis. The clinicopathological 

Table 2. GSK3β expression in HCC tissues and adjacent non-tumor 
tissues

Group Cases (n)
GSK3β expression

P value
Low High 

Hepatocellular carcinoma 93 75 (80.6%) 18 (19.4%) < 0.001
Para-carcinoma tissue 87 28 (32.3%) 59 (67.8%)
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Bioinformatics analysis and immunohisto-
chemistry of GSK3β in HCC and non-cancer-
ous tissues

To explore the role of GSK3β in HCC, we initially 
investigated its mRNA expression in HCC on 
the basis of the TCGA LIHC dataset. RNA-seq 
data from HCC tissues and para-carcinoma  
tissues showed that GSK3β expression in  
HCC tissues was significantly elevated relative 
to that in matched non-tumor tissues (P < 

0.001, Figure 1A). We then detected GSK3β 
expression in 93 HCC tissues and 87 adja- 
cent non-tumor tissues by immunohistochem-
istry. The analysis indicated that patients ex- 
hibited different GSK3β levels, as determin- 
ed by the strength of staining from weak to 
strong (Figure 2A). Notably, GSK3β protein  
levels were significantly downregulated in  
HCC samples relative to those in matched 
para-carcinoma tissues (P < 0.001, Table 2; 
Figure 2B).

Table 3. Univariate and multivariate survival analysis of clinicpathologic variables of hepatocellular 
carcinoma patients

Clinical parameters
Overall survival

Univariate analysis Multivariate analysis
HR 95% CI P value HR 95% CI P value

GSK3β expression 1.743 (1.037-2.932) 0.036 1.658 (0.945-2.909) 0.078 
    Low  
    High
Age (years) 1.260 (0.751-2.113) 0.382 
    ≤ Median
    > Median
Gender 1.393 (0.626-3.097) 0.416 
    Male
    Female
AJCC stage 0.340 (0.192-0.602) < 0.001 0.399 (0.189-0.840) 0.016 
    I-II
    III-IV
T classification 0.340 (0.192-0.602) < 0.001
    T1-T2
    T3-T4
N classification 0.121 (0.004-3.930) 0.235 
    N0
    N1
Distant metastasis 0.000 (0.000-0.000) < 0.001
    No
    Yes
Hepatic cirrhosis 0.858 (0.508-1.450) 0.568 
    No
    Yes
Edmondson-Steiner grade 0.784 (0.451-1.363) 0.388 
    I-II
    III-IV
Tumor number 1.796 (0.912-3.540) 0.101 
    Single
    Multiple
Tumor size (cm) 0.490 (0.289-0.831) 0.008 0.861 (0.411-1.805) 0.693
    ≤ 5
    > 5
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Correlations between GSK3β expression and 
the clinicopathological characteristics of pa-
tients with HCC

The correlations between the GSK3β levels  
and the clinicopathological features of pa- 
tients with HCC are presented in Table 1. High 
GSK3β expression was negatively correlated 
with AJCC staging (I-II vs. III-IV) and T classifica-
tion (T1-2 vs. T3-4) (P = 0.030, Table 1); how-
ever, no relationship was found between GSK3β 
expression and other parameters, such as age, 
gender, N classification, distant metastasis, 
hepatic cirrhosis, Edmondson-Steiner grade, 
number of tumors, and size of tumors. 

High GSK3β as an indicator of good prognosis 
in HCC tissues

The relationship between GSK3β levels and the 
overall survival of patients with HCC was 
elucidated by survival analysis. As shown in 
Figure 2C, high GSK3β expression correlated 
with good prognosis in patients with HCC (medi-
an survival 50.5 months vs. 28 months) (Log-
rank, P = 0.036). Moreover, univariate Cox pro-
portional-hazard analysis was performed to 
evaluate the potential value of GSK3β in the 
prediction of HCC prognosis. High GSK3β 
expression, AJCC staging (I-II), T classification 
(T1-2), absence of distant metastasis, and 
small tumor size (≤ 5 cm in diameter) conferred 
longer overall survival time in patients with HCC 
(Table 3). 

Subsequently, multivariate Cox proportional-
hazard analysis was conducted to investigate 
meaningful parameters identified by univariate 
Cox analysis. T classification was consistent 
with the AJCC stage; only 1 patient had lymph 
node metastasis, and 1 case had distant 
metastasis; thus, we included the characteris-
tics of GSK3β expression, AJCC stage, and 
tumor size in the multivariate Cox analysis for 
patients with HCC. As summarized in Table 3, 
only the AJCC stage (HR = 0.424, 95% CI 0.206-
0.873, P = 0.020) was an independent prog-
nostic factor for patients with HCC. However, 
GSK3β expression tended to be an indepen-
dent prognostic marker for patients with HCC 
(HR = 1.658, 95% CI 0.945-2.909, P = 0.078).

Discussion

GSK3β participates in the regulation of tumori-
genesis and cancer progression and may func-

tion as a “tumor suppressor” or “tumor promot-
er” for certain types of tumors [10]. In the 
present study, GSK3β expression and its bio-
logic significance in HCC were investigated. 
GSK-3β mRNA levels were upregulated; howev-
er, GSK3β protein levels in HCC were downregu-
lated. High GSK3β expression, which was nega-
tively correlated with the AJCC stage, was 
indicative of good prognosis for patients with 
HCC. Moreover, we showed that GSK3β expres-
sion tended to be an independent prognostic 
marker for patients with HCC.

GSK3β is a multifunctional serine/threonine 
kinase and serves as a critical mediator in gly-
cogen metabolism and signaling pathways 
involved in the regulation of cell fate, cell mo- 
bility, survival, proliferation, and protein synthe-
sis [11]. The role of GSK3β in the development 
and progression of cancer remains inconclu-
sive. STAT3 and β-catenin signaling pathways 
contribute to cancer progression, and down-
regulation of STAT3 or β-catenin may increase 
GSK-3β expression, indicating a tumor sup-
pressor role for GSK-3β in HCC [12]. In HCC 
xenografted nude mice, increased GSK-3β 
expression downregulated the nuclear and 
cytosolic β-catenin levels by facilitating the  
proteosomal degradation of β-catenin [8]. In 
addition, GSK-3β knockdown enhanced cell 
survival and proliferation in HCC [13], increas- 
ed cisplatin resistance via activation of Wnt/β-
catenin signaling in lung cancer [14], and 
resulted in radioresistance of pancreatic can-
cer [15]. Moreover, the repressive function of 
GSK-3β in rRNA biogenesis, Wnt, and TGF-β 
pathways supported its role as a tumor sup-
pressor [16, 17]. However, GSK-3β knockdown 
inhibited tumor growth and angiogenesis in 
pancreatic cancer [18], reduced cell prolifera-
tion and survival in non-small cell lung cancer 
[19], activated p53-dependent apoptosis in 
colorectal cancer [20], promoted hydrogen per-
oxide-induced cell death in HCC cells [21], and 
enhanced chemosensitivity in cervical carcino-
ma [22]. In addition, GSK-3β overexpression 
contributed to chemoresistance in ovarian car-
cinoma [23], related to aggressive clinicopatho-
logical features in prostate cancer [24], and 
conferred poor prognosis in endometrial carci-
noma [25]. Given these findings, we found that 
although the role of GSK3β in cancer progres-
sion remains inconclusive, in most cases, GSK-
3β seems to be a tumor suppressor in HCC. 
Consistently, in the present study, we deter-
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mined that GSK-3β functions as a negative 
regulator of HCC progression. GSK-3β mRNA 
levels were increased in HCC and stomach can-
cer tissues relative to those in non-tumor tis-
sues, according to the TCGA database (Figure 
1). Interestingly, GSK-3β protein levels were 
decreased in HCC and gastric cancer [26] tis-
sues relative to those in non-tumor tissues. In 
the current study, we consider that post-tran-
scriptional modification of GSK3β may partly 
explain the obtained results. We also demon-
strated that high GSK3β expression was nega-
tively correlated with the AJCC stage, and the 
findings might partly explain its role in HCC. The 
previous study suggested that reduced expres-
sion of GSK-3β was associated with good clini-
copathological prognostic markers at the 
mRNA level in HCC [27]; however, low GSK3β 
protein level was identified as a poor prognostic 
factor for HCC in the study. Similarly, reduced 
GSK3β confers poor prognosis in squamous 
cell carcinoma of the tongue and malignant  
glioma [28, 29]. Although further analysis 
revealed that GSK3β expression tended to be 
an independent prognostic marker for patients 
with HCC, we believe that significant results 
could be obtained by increasing the sample 
volume.

In addition, the locations of GSK3β also have 
distinct functions. Nuclear GSK3β was corre-
lated with shorter overall survival in colon carci-
noma [30]; conversely, another study suggest-
ed that GSK3β formed a complex with β-catenin 
in the nucleus to inhibit the canonical Wnt sig-
naling pathway [31]. In human bladder cancer, 
nuclear accumulation of GSK-3β was also iden-
tified as a novel prognostic marker contributing 
to urothelial cancer cell proliferation and sur-
vival [32]. By contrast, we demonstrated in the 
present study that GSK-3β is mainly located in 
the cytoplasm of HCC cells.

In conclusion, our results aid in supporting a 
tumor suppressor role of GSK-3β in HCC. We 
also show that GSK-3β can potentially serve  
as a biomarker for the clinical diagnosis and 
prognosis of HCC. Lastly, the targeted inhibition 
of GSK-3β might be an alternative strategy for 
the treatment of HCC. 
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