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Abstract: Objective: To investigate the expression and clinical significance of Shh, Gli1, FAK, p-FAK and p-AKT in 
HCC. Methods: Immunohistochemistry was used to measure Shh, Gli1, FAK, p-FAK, and p-AKT expressions in 50 
cases of HCC and paracancerous tissues. The Shh, Gli1, and FAK mRNA levels were determined by qRT-PCR in 20 
HCCs. The correlations between the expressions of these target genes and the clinicopathological factors were 
analyzed in HCC. Results: The immunohistochemical results showed that the expressions of Shh, Gli1, FAK, p-FAK, 
and p-AKT in 50 HCC tissues were significantly higher than those of the paracancerous tissues (P < 0.05). Shh and 
p-FAK expressions were associated with portal vein invasion, capsular integrity, and distant metastasis (P < 0.05). 
Gli1, FAK, and p-AKT expressions were closely related to tumor diameter, tumor differentiation, portal vein invasion, 
capsular integrity, TNM stage and distant metastasis (P < 0.05). Shh was related to Gli1 and p-FAK (r = 0.67, 0.30; 
P = 0.00, 0.03), Gli1 was positively related to p-FAK and p-AKT (r = 0.52, 0.49; P = 0.00, 0.00), and there was a 
positive correlation between p-FAK and p-AKT (r = 0.36, P = 0.00). Furthermore, the Shh, Gli1, and FAK mRNA levels 
in the HCC tissues were significantly higher than those in the paracancerous tissues (P < 0.0001), and the high 
TNM stages (III and IV) or distant metastasis were significantly higher than those in the low TNM stages (I and II) (P 
< 0.05) or without distant metastasis (P < 0.05). Conclusion: In HCC, the Hh and PI3K-AKT signaling pathways are 
both abnormally activated, and Shh, Gli1, FAK, p-FAK and p-AKT can serve as indicators to predict the prognosis of 
liver cancer.
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Introduction

Primary liver cancer is one of the most common 
malignant tumors in the world, and it is respon-
sible for the fourth highest death rate among all 
tumors [1]. Hepatocellular carcinoma (HCC) is 
the most frequent type of the three histologic 
types of primary liver cancer, accounting for 
approximately 90% of primary liver cancer 
cases [2]. In recent years, with the continuous 
exploration of new molecular mechanisms in 
HCC, it was found that the occurrence of HCC is 
closely related to multiple signaling pathways, 
including the hedgehog (Hh) and phosphoinosit-
ide-3-kinase-protein kinase B (PI3K-AKT) sig-
naling pathways [3, 4]. The Hh signaling path-
way is a crucial pathway that controls the 
development and regulation in embryos with a 

high degree of conservatism. The aberrant acti-
vation of the Hh pathway leads to persistent 
injury, repair and regeneration in hepatocytes, 
which may eventually lead to the occurrence of 
liver cancer [5]. The PI3K-AKT signaling path-
way is another pivotal pathway in the study of 
survival signals, and its activation plays a major 
role in the growth, invasion, and metastasis of 
various tumor cells, including hepatoma cells 
[6]. There are several international studies 
describing how the Hh and PI3K-AKT signaling 
pathways are activated in liver cancer, but the 
nature of the crosstalk between them remains 
elusive.

In the present study, we measured the expres-
sions of the key molecules Shh and Gli1 in the 
Hh signaling pathway and the key molecule 
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p-AKT and its related molecules FAK, p-FAK 
and AKT in the PI3K-AKT signaling pathway. We 
investigated the correlation between the two 
pathways in the HCC tissues and provide exper-
imental data that may be utilized for the molec-
ular therapy of liver cancer.

Materials and methods

Patients and samples

A total of 50 HCC patients who had undergone 
hepatectomy without preoperative treatment in 
the Department of General Surgery of the First 
Affiliated Hospital of Gannan Medical University 
(Ganzhou, China) from July 2016 to July 2017 
were examined. The age of the patients, includ-
ing 42 males and 8 females, ranged from 22 to 
62 years, with an average age of 51 years. Liver 
cancer tissues and paired adjacent non-can-
cerous liver tissues not less than 2 cm away 
from the HCC were collected. All tumor speci-
mens were pathologically diagnosed as HCC by 
two pathologists and graded using the WHO 
grading system. The stages of liver cancer were 
divided into stages I, II, III and IV in accordance 
with the American Joint Committee on Cancer 
(AJCC) standards. According to the results of 
ultrasound or computed tomography (CT) scan-
ning, intraoperative exploration, the occurrence 
of vascular invasion and tumor satellite foci, 
the patients were divided into a distant meta-
static HCC group and a non-metastatic HCC 
group. All 50 tumor specimens were fixed in 
10% formalin immediately after being excised 
and then were paraffin-embedded for immuno-
histochemical staining. Among these 50 HCC 
patients, 20 tissue samples from them were 
rapidly cryopreserved with liquid nitrogen for 
the extraction of tissue RNA. This study was 
approved by the Ethics Committee of the First 
Affiliated Hospital of Gannan Medical University, 
and all patients agreed to sign an informed 
consent.

Tissue microarray construction

Representative tumor regions and their 
matched adjacent non-cancerous liver tissues 
were carefully selected using a microscope, 
and then the columnar microtissue specimens 
(0.8 × 0.8 × 4.0 mm) were obtained using a 
special sampler. Microtissue specimens were 
encapsulated with a semi-solid support and 
then fixed in a suitable mold at a certain dis-
tance (1 mm). Subsequently, they were embed-

ded in paraffin and serially sectioned at 5 μm 
thickness and finally attached to a glass slide 
to obtain a tissue microarray block. Each sam-
ple was arrayed in duplicate.

Immunohistochemical staining and scoring

The tissue microarray blocks were incubated at 
60°C for 1-2 h before they were deparaffinized 
and rehydrated. Antigen retrieval was per-
formed in a citrate buffer (pH 6.0) in a pressure 
cooker. Endogenous peroxidase activity was 
blocked by incubation with 3% hydrogen perox-
ide (H2O2) for 15 min at room temperature. The 
slides were then incubated with primary anti-
bodies overnight at 4°C as follows: anti-Shh 
(Solarbio, Beijing, 1:150 dilution), anti-Gli1 
(Solarbio, Beijing, 1:150 dilution), anti-FAK 
(Abcam, USA, 1:200 dilution), anti-p-FAK 
(Abcam, USA, 1:25 dilution) and anti-p-AKT 
(Abcam, USA, 1:150 dilution) antibodies. The 
negative control group was treated with phos-
phate-buffered saline (PBS) instead of a prima-
ry antibody. After incubation at 37°C for 30 min 
with secondary biotinylated rabbit antibody 
horseradish peroxidase (HRP, Sigma, USA, 
1:1000 dilution), the slides were developed 
with the 3,3-diaminobenzidine solution and 
then counterstained with hematoxylin.

The immunohistochemical staining intensities 
of the Shh, Gli1, FAK, p-FAK, and p-AKT expres-
sions were categorized as negative (-) or posi-
tive (+), which were determined by two indepen-
dent observers without any knowledge of the 
patients’ clinical characteristics.

Quantitative Real-Time PCR (qRT-PCR)

The mRNA expression levels in HCC tissues and 
paired adjacent normal liver tissues were deter-
mined by qRT-PCR. According to the manufac-
turer’s instructions, total RNA was extracted 
with TRIzol Reagent (Invitrogen, USA) and then 
cDNA was synthesized using the FastQuant RT 
Kit (with gDNase; TIANGEN, Beijing). qRT-PCR 
was performed on an ABI 7500 Real-time PCR 
system (Thermo, USA) using SuperReal Premix 
Plus (with SYBR Green; TIANGEN, Beijing). The 
optimal amplification conditions were as fol-
lows: 95°C denaturation for 15 min, and then 
40 cycles of 95°C for 10 s and 60°C for 30 s. 
The expressions of the target genes were nor-
malized to β-actin expression levels in each 
sample. The following primers used in the study 
were present: Shh: forward 5’-CGGGCAGAT- 
AGGAAGGTGAT-3’, Shh: reverse 5’-GGGCCATA- 
ATGAACCACGTC-3’, Gli1: forward 5’-CCTGGAT- 
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CGGATAGGTGGTC-3’, Gli1: reverse 5’-GGCCCT- 
TGAACCTCTGGACT-3’, FAK: forward 5’-CTAC- 
AGCCTTATGACGAAATGC-3’, FAK: reverse 5’- 
CTTCTCTTCCTCCAGGATTGTG-3’, β-actin: for- 
ward 5’-GTGGACATCCGCAAAGAC-3’, β-actin: 
reverse 5’-GAAAGGGTGTAACGCAACT-3’.

Statistical analysis

SPSS v.18.0 software was used for the statisti-
cal analysis. The measurement data were 
expressed as the mean ± standard deviation (x 
± s). A comparison between the data was per-
formed using a chi-square (χ2) test. The correla-
tion between each protein was obtained using 
the Spearman correlation analysis. P < 0.05 
was considered to indicate a significant differ-
ence between values.

Results

Immunohistochemical analysis of Shh, Gli1, 
FAK, p-FAK and p-AKT protein expression in 
HCC and nonmalignant tissues and correla-
tions between different proteins

Immunohistochemical staining showed that 
Shh was mainly localized in the cytoplasms 

cytoplasms and/or nuclei of the liver cancer 
cells (Figure 1C, 1D), and Gli1 positive expres-
sion was found in 29 cases (29/50) of liver can-
cer tissues, but 18 cases (18/50) were in the 
adjacent normal tissues. The positive expres-
sion of FAK was primarily localized in the cyto-
plasms (Figure 1E, 1F), with 26 cases (26/50) 
and 15 cases (15/50) in which the FAK were 
positively stained in both the HCC and paired 
adjacent normal tissues. 

The results of the immunohistochemistry also 
showed that p-FAK was prevailingly localized in 
the cytoplasms and cell membranes (Figure 
1G, 1H), and positive staining of p-FAK in the 
HCC and paraneoplastic tissues was found in 
20 cases (20/50) and 7 cases (7/50) respec-
tively. A positive expression of p-AKT was 
detected in the cytoplasms and plasma mem-
branes (Figure 1I, 1J), and there were 24 
(24/50) and 2 (2/50) cases in the HCC and 
adjacent normal tissues respectively. Taken 
together, the  statistical analysis revealed that 
positive expressions of Shh, Gli1, FAK, p-FAK, 
and p-AKT in the HCC tissues were significantly 
higher than they were in the paracancerous tis-
sues (P < 0.05, Table 1).

Figure 1. The distribution of Shh, Gli1, FAK, p-FAK, and p-AKT by immunohistochemistry (IHC) (400 ×). A, C, E, G 
and I represent the distribution of Shh, Gli1, FAK, p-FAK, and p-AKT in the HCC tissues, respectively; B, D, F, H and J 
represent the distribution of Shh, Gli1, FAK, p-FAK, and p-AKT in the paracancerous tissues, respectively.

Table 1. Positive protein expressions of Shh, Gli1, FAK, p-FAK, and p-AKT 
in HCC and adjacent normal tissues
Group Case Shh* Gli1* FAK* p-FAK* p-AKT*

HCC 50 31 (31/50) 29 (29/50) 26 (26/50) 20 (20/50) 24 (24/50)
Paracancer 50 17 (17/50) 18 (18/50) 15 (15/50) 7 (7/50) 2 (2/50)
Note: The HCC group is compared with the paired adjacent normal group, *P < 0.05; Shh, 
sonic hedgehog; Gli1, hedgehog transcription factor glioma-associated oncogene 1; FAK, 
focal adhesion kinase; p-FAK, phosphorylated focal adhesion kinase; p-AKT, phosphory-
lated protein kinase B; HCC, hepatocellular carcinoma.

and/or plasma mem-
branes of hepatoma 
cells (Figure 1A, 1B). 
Positive staining of Shh 
was detected in 31 
cases (31/50) of HCC 
tissues, and Shh was 
observed in 17 cases 
(17/50) of adjacent nor-
mal tissues. Gli1 was 
mainly located in the 
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A Spearman correlation analysis was per-
formed on the protein expression of Shh, Gli1, 
FAK, p-FAK, and p-AKT in the 50 cases of HCC 
tissues. The results indicated that Shh protein 
expression was positively correlated with Gli1 (r 
= 0.67, P = 0.00,) and p-FAK (r = 0.30, P = 0.03) 
protein expression, but there was no marked 
correlation between FAK (r = -0.09, P = 0.52) 
and p-AKT (r = -0.07, P = 0.61) protein expres-
sion. The Gli1 expression was positively corre-
lated with p-FAK (r = 0.52, P = 0.00) and p-AKT 
(r = 0.49, P = 0.00) protein expression, but it 
was not related to FAK (r = 0.08, P = 0.61) pro-

tein expression. Additionally, there was a signifi-
cant correlation between the p-FAK and p-AKT 
(r = 0.36, P = 0.00) protein expression.

Correlations of Shh, Gli1, FAK, p-FAK and 
p-AKT expression with the clinicopathological 
characteristics of HCC

As shown in Table 2, of the 50 HCC patients, 
the expressions of Shh, Gli1, FAK, p-FAK, and 
p-AKT had no significant correlation with gen-
der, age, HBV infection, or AFP. The expressions 
of Shh and p-FAK were not associated with 

Table 2. Correlations between the protein expression of Shh, Gli1, FAK, p-FAK, and p-AKT with the 
clinicopathological parameters of hepatocellular carcinoma

Group Case
Shh Gli1 FAK p-FAK p-AKT

+ P + P + P + P + P
Gender
    Male 43 25 0.23 26 0.64 25 0.08 16 0.56 22 0.48
    Female 7 6 3 1 4 2
Age
    ≤ 50 15 11 0.35 11 0.15 10 0.17 5 0.53 8 0.62
    > 50 35 20 18 16 15 16
Tumor diameter (cm)
    ≤ 3 13 6 0.20 2 0.00 3 0.15 4 0.43 2 0.01
    > 3 37 25 27 23 16 22
HBV infection
    - 6 2 0.27 2 0.39 3 0.92 5 0.06 4 0.59
    + 44 29 27 23 15 20
AFP (µg/L)
    ≤ 400 15 12 0.12 6 0.09 7 0.62 8 0.21 10 0.08
    > 400 35 19 23 19 12 14
Differentiation
    High 31 21 0.29 14 0.02 8 0.00 11 0.41 7 0.00
    Low 19 10 15 18 9 13
Cancer capsular integrity
    Intact 26 12 0.02 7 0.00 9 0.01 5 5 0.00
    Violated 24 19 22 17 15 0.00 19
Portal vein invasion
    - 30 12 0.00 14 0.04 10 0.00 8 0.02 6 0.00
    + 20 19 15 16 12 18
TNM stage
    I, II 33 17 0.03 15 0.01 13 0.01 22 0.18 10 0.00
    III, IV 17 14 14 13 8 14
Metastasis
    Absence 22 9 0.00 4 0.00 7 0.01 18 0.01 6 0.00
    Presence 28 22 25 19 12 18
Note: P < 0.05 was considered to indicate a significant difference between values. Shh, sonic hedgehog; Gli1, hedgehog 
transcription factor glioma-associated oncogene 1; FAK, focal adhesion kinase; p-FAK, phosphorylated focal adhesion kinase; 
p-AKT, phosphorylated protein kinase B; HBV, Hepatitis B virus; AFP, a-fetoprotein.
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tumor diameter or tumor differentiation (P > 
0.05) but had a positive association with the 
invasion of the portal vein, cancer capsular 
integrity, and distant metastasis (P < 0.05). In 
addition, the Gli1, FAK, and p-AKT overexpres-
sions correlated significantly with tumor diam-
eter, degree of tumor differentiation, invasion 
of the portal vein, cancer capsular integrity, 
TNM stage, and distant metastasis (P < 0.05). 
In the HCC tissues, with an increase in tumor 
diameter, the degree of tumor differentiation 
was worse; and with the invasion of the portal 
vein, invasion of the cancer capsule, increase 
of the TNM stage (III, IV) and distant tumor 
metastasis, the positive rate of each protein 
showed an elevated trend (P < 0.05).

Shh, Gli1, and FAK mRNA expressions in HCC 
and adjacent normal liver tissues

To further verify whether the Shh, Gli1 and FAK 
expressions in the HCC tissues were higher 
than the expressions in the paracancerous tis-
sues and to investigate whether the mRNA 
expression was correlated with the clinico- 
pathological parameters, we used qRT-PCR to 
detect their mRNA levels in 20 cases of HCC 
and paired adjacent non-tumor tissues, and 
the results showed that the mRNA expression 
levels of Shh, Gli1, and FAK in the HCC tissues 
were significantly higher than those in the adja-
cent normal tissues (P < 0.0001, Figure 2A, 
2D, 2G). Furthermore, their mRNA expressions 
in the HCC tissues with high TNM stages (III, IV) 
were significantly higher than the expressions 
with low TNM stages (I, II) (P < 0.05, Figure 2B, 
2E, 2H), and HCC patients with distant tumor 
metastases had higher mRNA expression lev-
els than those without distant metastasis (P < 
0.05, Figure 2C, 2F, 2I).

Discussion

Gli1, as one of the three nuclear transcription 
factors, has the most significant effect on the 
downstream target genes of the Hh signaling 
pathway [7, 8]. After blocking the entry of Gli1 
into the nucleus, the transcription of the target 
genes is inhibited [9]. Previous studies have 
shown that the expression of Gli1 in the nucle-
us plays a central role in the Hh signaling path-
way, so Gli1 is widely considered to be an  
indicator of its activation [10]. Therefore, an 
abnormal expression of Gli1 may reflect the 

activity of the whole pathway to a certain 
extent, which is closely related to the occur-
rence, invasion, and metastasis of tumors [11]. 
The expressions of the Hh signaling pathway’s 
key components in HCC have been previously 
reported [12-15], but their correlations with  
the clinicopathological factors, especially the 
malignant biological behavior factors, such as 
invasion and metastasis, remain controversial.

In the present study, the protein expression of 
Shh in HCC tissues was significantly higher 
than it was in the paracancerous tissues. Shh 
was associated with the invasion of the portal 
vein, the integrity of the tumor capsule, TNM 
grade and distant metastasis, but it was not 
related to the patients’ gender, ages, AFP val-
ues, or HBV infections. These results are simi-
lar to those of Lin Song’s et al. [16-18]. In addi-
tion, our results revealed that the protein 
expression of Gli1 in the HCC tissues was sig-
nificantly higher than it was in the adjacent nor-
mal liver tissues. In the HCC group, the expres-
sion of Gli1 was related to tumor diameter, 
differentiation, portal invasion, capsular integ-
rity, TNM stage, and distant metastasis. 
Similarly, there are some researchers who have 
demonstrated that the protein expression of 
Gli1 was closely related to tumor invasion, TNM 
stage, and distant metastasis, and the inva-
siveness was enhanced because of the overex-
pression of Gli1 [19, 20]. Furthermore, we 
detected the mRNA levels of Shh and Gli1 by 
qRT-PCR, and the results showed that the 
mRNA expression levels of Shh and Gli1 in the 
HCC tissues were significantly higher than 
those of the adjacent normal tissues, and they 
were also significantly higher in TNM stages III 
and IV as compared to the tissues with low 
TNM stages (I, II). According to Qiuran Xu’s et al. 
[21] study, the aberrant expression of Gli1 was 
due to the effect by Shh, thus activating the Hh 
signaling pathway, which indicated that there 
may be some correlations between them. 
Therefore, we used statistical methods to ana-
lyze the association between Shh and Gli1 and 
found that the positive protein expression of 
Gli1 was positively correlated with the protein 
expression of Shh.

The PI3K-AKT pathway is an important signal-
ing pathway in cells. It is abnormally expressed 
in a variety of human malignant tumors [22-24]. 
Phosphorylated AKT (p-AKT) is closely related 
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to cell movement, proliferation and apoptosis, 
so it is widely regarded as the core component 
in the PI3K-AKT signaling pathway and the most 
important downstream protein of PI3K. After 
inhibition of the PI3K-AKT pathway in a rat 
model, it was found that the expression level of 
p-AKT was down-regulated, and the invasive-
ness of the tumor cells was also weakened 
[25]. What’s more, some researchers have 
found that the expression level of p-AKT is sig-
nificantly related to the degree of colorectal 
cancer differentiation and TNM stage [26-28]. 

Similar to their results, our findings also implied 
that the expression of p-AKT in HCC was signifi-
cantly higher than it was in the paracancerous 
tissues. The expression of p-AKT in HCC is 
related to tumor diameter, tumor differentia-
tion, invasion of the portal vein, tumor capsular 
integrity and distant metastasis.

FAK is an upstream molecule in the PI3K-AKT 
pathway, which could greatly promote tumor 
migration and invasion after its phosphoryla-
tion [29]. We conducted an additional study on 

Figure 2. The mRNA expression levels of Shh, Gli1 and FAK in 20 HCC patients were determined by qRT-PCR. A, D 
and G represent the mRNA expression levels of Shh, Gli1, and FAK in HCC or in the adjacent normal liver tissues, 
respectively; B, E and H represent the mRNA expression levels of Shh, Gli1 and FAK in the HCC tissues with high (III, 
IV) or low (I, II) TNM stages, respectively; C, F and I represent the mRNA expression levels of Shh, Gli1, and FAK in 
HCC tissues with or without distant metastasis, respectively. The mRNA expression levels were normalized against 
β-actin.
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FAK and p-FAK, and the results revealed that 
the expression levels of FAK and p-FAK in HCC 
tissues were higher than those of the adjacent 
normal tissues and also indicated that the 
expressions of FAK and p-FAK were significant-
ly correlated with TNM stage, portal vein inva-
sion, tumor capsular integrity, and distant 
metastasis, which had been further verified by 
qRT-PCR. At present, it has been found that the 
abnormal expression of p-FAK amplified the 
extracellular survival signals and promoted 
tumor proliferation, migration, invasion, and 
metastasis [30-32]. Interestingly, our Spear- 
man correlation analysis showed that there 
were positive correlations between FAK, p-FAK, 
and p-AKT. Therefore, we have sufficient evi-
dence to speculate that FAK, p-FAK, and p-AKT 
may act as key molecules in the PI3K-AKT path-
way to jointly regulate the occurrence, develop-
ment, invasion, and metastasis of HCC.

The Hh signaling pathway component of Gli1 
could activate the PI3K-AKT pathway [25]. In 
our study, the expression of Shh, Gli1, FAK, 
p-FAK, and p-AKT were associated with portal 
vein invasion, tumor capsular integrity, and dis-
tant metastasis. These indicated that the Hh 
and PI3K-AKT pathways are both involved in 
malignant biological processes such as the 
invasion and metastasis of HCC. In addition, 
Lingyun Wei’s et al. [33] study revealed that the 
Hh and PI3K-AKT pathways are simultaneously 
activated in esophageal cancer which is similar 
to our findings.

In conclusion, the Hh and PI3K-AKT signaling 
pathways are generally activated in HCC; in par-
ticular, the positive correlation between Gli1 
and p-AKT indicates that there may be some 
connections between the two pathways, which 
are closely related to malignant biological 
behaviors such as the invasion and metastasis 
of liver cancer. This may be a potential molecu-
lar mechanism for the initiation and develop-
ment of HCC. An investigation of the expression 
of the two signaling pathway components in 
HCC tissues and the relationship between them 
was also conducted. It may provide important 
evidence for exploring the choice among treat-
ment strategies in HCC, and for targeting the 
development of new drugs that could jointly 
inhibit the Hh and PI3K-AKT pathways.
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