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Abstract. The aim of the present study was to analyze the 
mRNA and protein expression of glioma-associated onco-
gene  1 (Gli1) in hepatocellular carcinoma (HCC) and its 
correlation with sonic hedgehog (Shh), one of the ligands of 
hedgehog (Hh) signaling, and two epithelial-mesenchymal 
transition (EMT) markers, E-cadherin and S100a4. We also 
investigated the potential crosstalk between Hh signaling 
and EMT in HCC. Paired HCC and normal tumor-adjacent 
tissues were freshly collected from 30 primary HCC patients. 
Gli1 expression at both the mRNA and protein level was 
examined by reverse transcription-polymerase chain reaction 
and immunohistochemistry. The protein expression of Shh, 
E-cadherin and S100a4 was evaluated by immunohistochem-
istry to identify correlations with Gli1. The mRNA and protein 
expression of Gli1 was significantly up-regulated in the HCC 
tumor tissues compared to the normal tumor-adjacent tissues 
(P<0.01, respectively). Gli1 protein expression in HCC was 
closely correlated with liver cirrhosis (r=0.460, P=0.011<0.05), 
intrahepatic metastases (r=0.399, P=0.029<0.05), portal vein 
invasion (r=0.367, P=0.046<0.05), high Edmonson-Steiner 
classification (r=0.391, P=0.032<0.05) and advanced TNM 
stage (r=0.416, P=0.022<0.05). In HCC tissues, Gli1 protein 
expression was positively correlated with Shh (r=0.584, 
P=0.001<0.05) and S100a4 (r=0.49, P=0.006<0.05), and nega-
tively correlated with E-cadherin (r=-0.439, P=0.015<0.05). 
Gli1 was found to be up-regulated in HCC tissues and closely 
correlated with clinicopathological characteristics, indicating 
the enhanced metastatic potential of HCC. Furthermore, the 
increased expression of Gli1 in HCC cells may be attributed to 
Shh produced aberrantly by the cells themselves. Finally, Gli1 

may play an important role in HCC invasion and metastasis 
by inducing EMT. 

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the third leading cause of cancer-related death 
worldwide (1). Despite recent advances in the diagnosis and 
treatment of HCC, its mortality rate remains high, since HCC 
is associated with a high potential for vascular invasion and 
metastasis. Even after potentially curative hepatic resection, 
intrahepatic and extrahepatic metastases occur in more than 
50% of patients and, among these, intrahepatic metastases 
appear more frequently (2). The diagnosis and prevention of 
HCC metastases or recurrence as soon as possible is therefore 
critical for HCC therapy.

Metastasis is a complex process, and various factors are 
involved at each step (3). HCC metastasis is related to the 
ability of tumor cells to invade the capsule and portal vein. 
Epithelial-mesenchymal transition (EMT) is a key event in the 
cancer metastasis process, whereby epithelial cells (or cancer 
cells) switch from an apical-basolateral, polarized epithelial 
phenotype to a spindle-shaped, fibroblast-like mesenchymal 
phenotype (4). Owing to the dramatic changes, cancer cells 
undergoing EMT easily dissociate from epithelial tissue (or 
primary malignancy) and migrate to other organs. The key 
feature in the initiation and execution of EMT is the down-
regulation of epithelial markers such as E-cadherin (5), and 
the up-regulation of mesenchymal markers such as S100a4 
(6). Studies have confirmed that EMT frequently occurs in 
HCC and is involved in tumorigenesis and metastasis (7-9). 
Nevertheless, the mechanism underlying the initiation of EMT 
in HCC remains obscure.

The hedgehog (Hh) signaling pathway is critical during 
embryonic development and is involved in the patterning of 
the gastrointestinal tract, including the liver (10). However, 
this pathway did not appear to retain function in adult 
liver tissue due to the fact that mature hepatocytes lack Hh 
pathway activity (11). Recently, research on Hh signaling and 
HCC revealed that sonic hedgehog (Shh), a ligand of the Hh 
signaling pathway, is expressed aberrantly in HCC, meaning 
that Hh signaling may play a crucial role in the pathologic 
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progression of HCC. Notably, evidence indicates crosstalk 
between Hh signaling and EMT in gastric cancer, and Hh 
signaling regulates EMT during human biliary fibrosis; in 
addition, Shh is the pivotal ligand or inducer during both 
mechanisms. Glioma-associated oncogene 1 (Gli1) is the 
most important Hh signaling downstream transcription factor 
and regulates the transcription of numerous target genes, 
including the EMT regulators SIP1, ZEB2 and ZFHX1B (12). 
In light of the above findings, we hypothesized that there may 
be aberrant activation of Shh/Gli1 signaling regulating the 
process of EMT in HCC. To investigate this hypothesis, we 
initially detected the expression and clinical significance of 
Gli1 in 30 HCC patients by reverse transcription-polymerase 
chain reaction (RT-PCR) and immunohistochemistry, 
and evaluated its correlation with the expression of Shh, 
E-cadherin and S100a4 at the protein level.

Materials and methods

HCC tissue and matched normal HCC-adjacent tissue speci-
mens. A total of 30 patients with HCC were enrolled in the 
study between January 2009 and October 2009, including 16 
men and 14 women (mean age 52 years, range 35-71) who had 
not received pre-operative chemotherapy or embolization. 
After routine X-ray, abdominal ultrasonography and computed 
tomography, all patients underwent liver resection, including 
curative resection for early HCC and palliative resection for 
advanced HCC. Tumor tissue and matched normal tumor-
adjacent tissue specimens (>2 cm distance to the resection 
margin) were collected and immediately stored in liquid 
nitrogen for RT-PCR and paraformaldehyde for immunohis-
tochemistry, respectively. Clinical data were obtained from 
the medical records. The histopathologic Edmonson clas-
sification, clinical tumor-node-metastasis (TNM) grading, 
maximum tumor diameter and the normal tumor-adjacent 
tissues were all confirmed by an experienced pathologist who 
was blinded to the clinical information. 

Written informed consent was obtained from all patients. 
The Xi'an Jiaotong University Ethics Committee approved all 
protocols according to the Helsinki Declaration of 1975. 

RT-PCR. RT-PCR was performed on frozen specimens 
stored in liquid nitrogen. The RNAfast 200 purification 
(Shanghai Fastagen Biotech Ltd. Co., China), PrimeScript 
RT reagent (Takara Bio Inc., Japan) and 2X Taq MasterMix 
(Beijing CoWin Biotech Ltd. Co., China) kits were used. Gli1 
primers for RT-PCR, designed by Beacon Designer software 
(Premier Biosoft International, Palo Alto, CA, USA), were: 
5'-TCATGTCCGGCCCCCACAGT-3', 5'-GTCCAGGCTGGC 
ATCCGACA-3'; the PCR product was ~146 bp. GAPDH, a 
housekeeping gene, served as an internal control to ensure 
that an equal amount of mRNA was analyzed from each 
sample. The upstream primer sequence for GAPDH was 
5'-GAAGGTGAAGGTCGGAGT-3' and the downstream 
sequence was 5'-GAAGATGGTGATGGGATTTC-3', which 
were expected to produce a 258-bp PCR product.

The total RNA of the samples was extracted in accordance 
with the manufacturer's instructions included in the RNAfast 
200 purification kit. The optical density at A260/280 nm of 
RNA was between 1.7 and 1.9. The integrity of the RNA was 

confirmed by the presence of intact 18S and 28S bands on 1% 
agarose gel. Then, total RNA was reverse-transcribed at 37˚C 
for 15 min, and cDNA was incubated at 85˚C for 5 sec to inac-
tivate the reverse transcriptase. For PCR amplification, cDNA 
was used as the template to amplify specific PCR products of 
the Gli1 and GAPDH genes. The PCR reaction was performed 
in a 25-µl system, starting with denaturation at 94˚C for 2 min; 
then 35 cycles of denaturation at 94˚C for 30 sec; annealing at 
60˚C and 55˚C for Gli1 and GAPDH, respectively, for 30 sec; 
and extension at 72˚C for 30 sec, followed by an additional 
extension at 72˚C for 5 min. The PCR products were separated 
by 1% agarose gel electrophoresis and stained with ethidium 
bromide. The electrophoresis bands were analyzed with the 
Gene Genius Gel Imaging System. Gene expression intensity 
(relative coefficient) was quantitatively analyzed by the ratio 
of the expression intensity of the electrophoresis bands to 
GAPDH.

Immunohistochemical staining. Primary goat anti-Gli1 and 
primary goat anti-Shh antibodies were obtained from Santa 
Cruz Biotechnology Inc. (USA). The primary mouse anti-E-
cadherin antibody and primary rabbit anti-S100a4 were both 
obtained from Zhongshan Goldenbridge Biotechnology Ltd. 
Co. (China).

Immunohistochemistry was performed on paraformalde-
hyde-fixed paraffin sections. The sections were dewaxed and 
dehydrated. After rehydration, endogenous peroxidase activity 
was blocked for 30 min using a methanol solution containing 
0.3% hydrogen peroxide. After antigen retrieval in citrate 
buffer, the sections were blocked overnight at 4˚C, then sepa-
rately incubated with the primary antibodies directed against 
Gli1, Shh, E-cadherin and S100a4 at 4˚C overnight. The 
primary antibody was detected using biotinylated secondary 
antibodies (Zhongshan Goldenbridge Biotechnology Ltd. 
Co.) according to the manufacturer's recommendations. The 
staining of the sections was performed using the avidin-
biotin-peroxidase complex for Gli1 and Shh (SABC method) 
and HRP-streptavidin conjugates for E-cadherin and S100a4 
(SP method). The sections were visualized with diaminoben-
zidine and counterstained with hematoxylin, then dehydrated 
in alcohol and xylene and mounted onto glass slides. 

All sections were assessed independently by two experi-
enced pathologists. The staining results for the four proteins 
(Gli1, Shh, E-cadherin and S100a4) were semi-quantitatively 
expressed by an immunohistochemical score combined with 
the percentage of tumor cells showing specific immunoreac-
tivity. Staining intensity was expressed as four grades: 0, none; 
1, weak; 2, moderate; and 3, strong. The percentage of positive 
carcinoma cells was expressed as the following grades: 0, <5%; 
1, 6-25%; 2, 26-50%; 3, 51-75%; and 4, >75%. The staining 
intensity and average percentage of positive tumor cells were 
assayed for 10 independent high magnification (x400) fields. 
The total score was calculated by multiplying the staining 
intensity and the percentage of positive tumor cells. Sections 
with a total score of >1 were defined as exhibiting positive 
staining for the above four proteins. 

Statistical analysis. Data were expressed as the mean ± SD. 
Differences in Gli1 mRNA and protein expression in the 
HCC tissues compared to the normal tumor-adjacent tissues 
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were compared by the Mann-Whitney U test. Since the 
immunopositivity scores of Gli1 protein were ranked data, the 
relationship between the clinical characteristics of the patients 
and Gli1 protein expression was analyzed using the Spearman 
rank test. Additionally, the Spearman rank test was also used 
to analyze the correlation between the Gli1 protein expres-
sion and Shh, E-cadherin and S100a4. Values of P<0.05 were 
considered to be statistically significant. For all statistical 
analyses, the software package SPSS 13.0 (SPSS Inc., USA) 
was used.

Results

Expression of Gli1 in the 30 HCC and matched normal tumor-
adjacent tissues. After analysis of the results of RT-PCR, the 
expression of Gli1 mRNA in the HCC tissues was found to be 
significantly higher than that in the matched normal tumor-
adjacent tissues (0.70±0.06 vs. 0.43±0.28; P=0.002<0.05) 
(Fig. 1). Most of the positive HCC cells showed diffuse cyto-
plasmic staining of Gli1, while nuclear staining was found 
in a few HCC cells. Additionally, corroborating the results 
at the mRNA level, immunohistochemistry revealed that the 
expression of Gli1 protein was significantly higher in the HCC 
tissues than in the matched normal tumor-adjacent tissues 
(5.27±2.94 vs. 2.40±2.00; P<0.001) (Figs. 2 and 3).

Correlation between Gli1 protein expression in the 30 
HCC tissues and clinicopathological characteristics. The 
correlation between Gli1 protein expression and the clini-
copathological characteristics of the 30 HCC patients, was 
statistically analyzed, and the results are listed in Table I. 
Gli1 protein expression was significantly correlated with liver 
cirrhosis (r=0.460, P=0.011<0.05), intrahepatic metastases 
(r=0.399, P=0.029<0.05), portal vein invasion (r=0.367, 

P=0.046<0.05), high Edmonson-Steiner classification 
(r=0.391, P=0.032<0.05) and advanced TNM stage (r=0.416, 

Figure 1. mRNA expression of Gli1 in the 30 HCC patients. Figure 2. Protein expression of Gli1 in the 30 HCC patients.

Table I. Correlation between the clinicopathological character-
istics and protein expression of Gli1 in the 30 HCC patients. 

Characteristics	 r-value	 P-value

Gender	 -0.040	 0.835>0.05
Age	  0.115	 0.544>0.05
HBV infection	  0.190	 0.315>0.05
Liver cirrhosis	  0.460	 0.011<0.05
High serum AFP level 	  0.186	 0.324>0.05
(>400 ng/ml)
Tumor size (>5 cm)	 -0.219	 0.244>0.05
Intrahepatic metastases	  0.399	 0.029<0.05
Portal vein invasion	  0.367	 0.046<0.05
High Edmonson-Steiner 	  0.391	 0.032<0.05
classification (II and III)
Advanced TNM stage (III and IV)	  0.416	 0.022<0.05

Table II. Protein expression of Shh, E-cadherin and S100a4 in 
the 30 HCC patients (mean ± SD).

	 HCC tissues	N ormal tumor-	 P-value
		  adjacent tissues

Shh	 6.20±3.29	     2.73±2.75	 <0.001
E-cadherin	 1.03±1.81	     3.17±2.64	 0.001<0.05
S100a4	 4.40±3.68	 0.4667±1.01	 <0.001
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Figure 3. Immunohistochemical staining of Gli1 in (A) HCC tissue and (B) 
normal tumor-adjacent normal tissue. Gli1 protein expression in the HCC 
tissues was higher than that in the normal tumor-adjacent tissues. Most of 
the positive tumor cells showed cytoplasmic staining (white arrow), while 
nuclear staining was found in a few positive tumor cells (black arrow). 
Original magnification, x400.

Figure 4. Immunohistochemical staining of Shh in (A) HCC tissue and (B) 
normal tumor-adjacent tissue. Shh protein expression in the HCC tissues 
was located mainly in the cytoplasm (black arrow) and was significantly 
higher than in the normal tumor-adjacent tissues. Original magnification, 
x400.

Figure 5. Immunohistochemical staining of E-cadherin in (A) HCC tissue 
and (B) normal tumor-adjacent tissue. E-cadherin protein expression in the 
normal tumor-adjacent tissues was significantly higher than that in the HCC 
tissues, where it was located mainly in the cytomembrane (black arrow). 
Original magnification, x400.

Figure 6. Immunohistochemical staining of S100a4 in (A) HCC tissue 
and (B) normal tumor-adjacent tissue. S100a4 protein expression in the 
HCC tissues was significantly higher than in the normal tumor-adjacent 
tissues, where it located mainly in the cytoplasm (black arrow). Original 
magnification, x400.
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P=0.022<0.05). However, no significant correlation was found 
between Gli1 protein expression and gender, age, HBV infec-
tion, serum α-fetoprotein (AFP) level and tumor size. 

Expression of Shh, E-cadherin and S100a4 in the 30 HCC 
and matched normal tumor-adjacent tissues. The protein 
expression of Shh, E-cadherin and S100a4 was assessed 
semi-qualitatively by immunohistochemical analysis, and the 
results are listed in Table II. Both Shh and S100a4 proteins 
were localized mainly in the cytoplasm and were significantly 
elevated in the HCC tissues (P<0.001) (Figs. 4 and 5), while 
the E-cadherin protein was located in the cytomembrane 
and was significantly down-regulated in the HCC tissues 
(P=0.001<0.05) (Fig. 6).

Correlation between protein expression of Gli1 and Shh in 
the 30 HCC tissues. As mentioned above, both Gli1 and Shh 
protein expression were significantly higher in the HCC tissues 
than in the normal tumor-adjacent tissues. After analysis 
using the Spearman rank test, a significant positive correlation 
was noted between Gli1 and Shh at the protein level (r=0.584, 
P=0.001<0.05) in the HCC tissues.

Correlation between protein expression of Gli1 and 
E-cadherin in the 30 HCC tissues. Gli1 protein expression 
was found to be significantly higher in the 30 HCC tissues 
than that in the matched normal tumor-adjacent tissues, while 
the protein expression of E-cadherin was significantly down-
regulated in the 30 HCC tissues. Addtionally, the level of Gli1 
protein was negatively correlated with that of E-cadherin 
in the HCC tissues, as assessed by the Spearman rank test 
(r=-0.439, P=0.015<0.05). 

Correlation between protein expression of Gli1 and S100a4 
in the 30 HCC tissues. S100a4 protein was significantly 
increased in the 30 HCC tissues, which was similar to the 
results of Gli1 protein expression. Moreover, a significant posi-
tive correlation was found between Gli1 and S100a4 protein 
expression (r=0.49, P=0.006<0.05).

Correlation between protein expression of E-cadherin and 
S100a4 in the 30 HCC tissues. E-cadherin was markedly 
down-regulated in the 30 HCC tissues, while S100a4 was 
up-regulated in the HCC tissues. In addition, a significant 
negative correlation between the protein expression of 
E-cadherin and S100a4 was confirmed in the HCC tissues 
(r=-0.767, P<0.001) by the Spearman rank test. 

Discussion

Hh signaling is well known to be essential for multiple aspects 
of embryonic development. Due to the fact that it is involved 
in organ patterning, cell differentiation and cell proliferation, 
Hh signaling has been considered to play a key role in the 
patterning of the neural tube, lung, skin, axial skeleton and 
gastrointestinal tract (13-16). However, in adults Hh signaling 
is mainly quiescent, and its inappropriate reactivation has been 
linked to diverse human disease entities, such as medulloblas-
toma, basal cell carcinoma, lung and gastric cancer (17). The 
transcription factor Gli1, a member of the Gli1 subfamily of 

zinc finger proteins, plays an important role in signal transduc-
tion within the Hh pathway. In previous studies, the aberrant 
activation of Gli1 was found to lead to the transcription of 
the Hh target genes involved in tumorigenesis and metastasis 
through Gli1 binding to the GACCACCCA motif, including 
Bcl2, D-type cyclins, VEGF and Snail. Additionally, Gli1, 
which is also one of the Hh target genes, amplifies the initial 
Hh signal at the transcriptional level; therefore, Gli1 is a reli-
able indicator of Hh signaling activity. 

This study demonstrated that the mRNA and protein 
expression of Gli1 in HCC tissues was significantly higher than 
that in normal tumor-adjacent tissues, and the overexpression 
of Gli1 was significantly correlated with intrahepatic metas-
tases, portal vein invasion, advanced TNM stage and other 
clinical characteristics. This finding implies that Gli1 may 
be involved in HCC metastasis. In previous studies, the Hh 
pathway was found to remain quiescent in adult liver tissue; 
however, in the present study, Gli1 was found to be activated 
not only in HCC tissues, but also in the normal tumor-adjacent 
tissues. Notably, the aberrant expression of Gli1 in the normal 
tumor-adjacent tissues was mainly observed in patients with 
liver cirrhosis, and the expression of Gli1 in HCC tissues was 
significantly correlated with liver cirrhosis. Thus, Gli1 may 
be involved in the pathogenesis of chronic liver injury, which 
induces liver cirrhosis, consistent with the results of Omenetti 
and Diehl (10). 

The results regarding Gli1 expression in HCC patients 
revealed that Hh signaling is activated in HCC. Recent studies 
(18,19) have concluded that there are three basic models 
proposed for Hh signaling activity in cancer: Type 1, Hh 
ligand-independent; Type 2, Hh ligand-dependent and auto-
cine; and Type 3, Hh ligand-dependent and paracrine. In the 
present study, Shh expression was detected in the same HCC 
patients and Shh expression in HCC tissues was found to be 
significantly higher than that in the normal tumor-adjacent 
tissues, and Shh expression was correlated with Gli1 expres-
sion in the HCC tissues. This suggests that the activation of 
Hh signaling in HCC may be attributed to the fact that HCC 
cells respond to Shh, which is produced by the same tumor 
cells (Type 3). However, a previous study showed that hepatic 
stellate cells activated in liver cirrhosis also produced amounts 
of soluble Shh protein, which induced the activation of Hh 
signaling (20). Consequently, further research is required in 
order to elucidate the mechanism responsible for the activa-
tion of Hh signaling in HCC.

Potential relationship between Gli1 and EMT in HCC. The 
transition of epithelial cells to a mesenchymal phenotype 
(EMT) is of paramount importance for embryonic develop-
ment and wound healing. Increasing evidence has shown 
that EMT mediates HCC progression, including local inva-
sion, spreading through the circulation and metastasis (21). 
A hallmark of EMT is the loss of epithelial marker expres-
sion with aberrant expression of mesenchymal markers 
in cancer epithelial cells. In this study, we detected the 
expression of E-cadherin, a well-known epithelial marker, 
and S100a4, a mesenchymal marker, in 30 HCC patients. 
We found that E-cadherin expression in the HCC tissues was 
down-regulated in comparison to that in the normal tumor-
adjacent tissues, while S100a4 was up-regulated in HCC 
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tissues. Moreover, in the 30 HCC patients enrolled in this 
study, a significant negative correlation was found between 
E-cadherin and S100a4. This implies that EMT may be 
involved in HCC progression. We next analyzed the corre-
lation between E-cadherin, S100a4 and Gli1, respectively, 
using Spearman correlation analysis, and found a significant 
negative correlation between Gli1 and E-cadherin, and a 
significant positive correlation between Gli1 and S100a4. 
This demonstrates that Gli1 may be one of the inducers of 
EMT in HCC, and that there may be crosstalk between Hh 
signaling and EMT in HCC.

In conclusion, Gli1 was increased in HCC tissues and was 
correlated with clinicopathological characteristics related 
to invasion and metastasis. A negative correlation between 
E-cadherin and S100a4 was found. In addition, a significant 
negative correlation was noted between Gli1 and E-cadherin, 
while a significant positive correlation was found between 
Gli1 and S100a4. This suggests that Gli1 may regulate EMT 
in HCC. Shh was up-regulated in HCC tissues and was corre-
lated with Gli1, suggesting that the activation of Hh signaling 
in HCC may be due to the fact that HCC cells respond to 
Shh, which was produced by the same tumor cells. However, 
due to the complex nature of the Hh pathway, more studies 
are required to elucidate the mechanism of activation of Hh 
signaling in HCC. 
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