
Summary. The hedgehog (Hh) signaling pathway has
been reported to be crucial in human carcinogenesis and
tumor progression. Glioma-associated oncogenes (Gli),
are zinc finger transcription factors which mediate the
transcriptional response to Hh signaling. To explore the
role of Gli in the development and progression of
hepatocellular carcinoma (HCC), we investigated the
expression of Gli2 and FoxM1 (forkhead-box
transcription factor M1) which is one of the Gli
downstream target genes modulating cell cycle
progression in 91 specimens of human HCCs with
immunohistochemistry. These immunostaining results
were compared with various clinicopathologic
parameters. Immunoreactivity of Gli2 and FoxM1 was
observed respectively in 84.6% (77/91) and 80.2%
(73/91) cases of HCC tumor tissues, and this was
considerably higher than expression in the peritumoral
tissues. Distribution of Gli2 and FoxM1 proteins in
tumor cells was nuclear with or without cytoplasmic
staining, or cytoplasmic alone. Statistically, increased
nuclear immunopositivity of Gli2 protein correlated
significantly with poorer tumor differentiation (P<0.05),
as well as with portal vein tumor thrombosis (P<0.05).
In addition, overexpression of FoxM1 protein was
significantly associated with increased tumor grade
(P<0.01) and advanced tumor stage (P<0.05). Moreover,
there was a significant association between the
expressions of Gli2 and FoxM1 proteins in HCC
(r=0.464, P=0.000). This is consistent with the concept
that in human HCC, the Hh signaling pathway is
involved in the differentiation and proliferation of tumor

cells, in part through inducing nuclear accumulation of
Gli2 protein and subsequent upregulation of FoxM1
protein. 
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Introduction

The hedgehog (Hh) signaling pathway regulates
body patterning and organ development during
mammalian embryogenesis (Jiang and Hui, 2008;
Varjosalo and Taipale, 2008). In human adults, activation
of the Hh pathway has been linked to cancers of the skin,
brain, lung, breast, prostate, ovary, pancreas,
gastrointestinal tract and hematopoietic system
(Dahmane et al., 1997; Berman et al., 2003; Pasca di
Magliano and Hebrok, 2003; Thayer et al., 2003;
Watkins et al., 2003; Karhadkar et al., 2004; Katoh and
Katoh, 2005; Clement et al., 2007; Kim et al., 2009;
Liao et al., 2009). Generally, Hh signaling occurs
through the interaction of the Hh proteins, namely, Sonic
hedgehog (Shh), Indian hedgehog (Ihh) and Desert
hedgehog (Dhh) protein, with their receptor, patched
(Ptch). This interaction releases its catalytic inhibition of
the G-protein-coupled receptor-like signal transducer
smoothened (Smo). Smo de-repression triggers an
activation cascade and nuclear translocation of the zinc
finger transcription factors glioma-associated oncogenes
(Gli), leading to the transcription of Hh downstream
target genes resulting in modulation of cell growth and
differentiation (Jiang and Hui, 2008; Varjosalo and
Taipale, 2008; Scales and de Sauvage, 2009). In
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mammals there are three Gli homologs. It is generally
recognized that Gli1 possesses only an activator domain,
and may also possess a repressor domain. Aberrant
expression and amplification of Gli1 is associated with
many malignancies. While Gli2 contains both activator
and repressor domains, and appears to be the major
nuclear effector of Hh signaling in vivo. Gli3 mostly
functions as a transcription repressor (Kasper et al.,
2006; Lipinski et al., 2006; Scales and de Sauvage,
2009). Down-regulation of Gli2 affects the levels of Gli1
and Ptch1, as well as other target genes, including cyclin
B, N-myc, snail and bcl-2, which are involved in cell
cycle progression, epithelial-mesenchymal transition,
signal transduction and apoptosis (Ikram et al., 2004;
Kasper et al., 2006; Kim et al., 2007; Ohta et al., 2009;
Scales and de Sauvage, 2009). Recently, the forkhead-
box transcription factor M1 (FoxM1) was reported to be
a downstream transcriptional target gene of Hh signaling
in human colorectal carcinoma and basal cell carcinoma
(Teh et al., 2002; Douard et al., 2006). As a member of
the Fox protein family, FoxM1 transcription factor plays
a crucial role in regulating expression of the cell cycle
genes, which are involved in cell proliferation,
differentiation and transformation by promoting both
G1-S and G2-M transition (Lehmann et al., 2003; Katoh
and Katoh, 2004). 

Hepatocellular carcinoma (HCC) is a worldwide
malignancy and one of the most rapidly increasing
cancers in China. Recently, Hh signaling pathway has
been demonstrated to function as a critical regulator in
human HCC. Increased mRNA expression of Hh
pathway components, including Shh, Ptch1, Smo and
Gli1 were found in HCC tumor tissues and cell lines
(Huang et al., 2006; Sicklick et al., 2006). The levels of
Gli2 mRNA and proteins were considerably higher in
HCC cell lines than those of Gli1 and Gli3 (Kim et al.,
2007). Moreover, down-regulation of the Hh pathway
with cyclopamine or specific antisense oligonucleotides
of Gli2 led to a significant decrease in cell growth rate,
through the regulation of genes involved in cell cycle
and apoptosis in HCC cell lines (Patil et al., 2006; Kim
et al., 2007). These previous results suggested that Hh
signaling activation, in part by increased levels and
functions of Gli transcription factor and its target genes,
play a predominant role in the proliferation and survival
of HCC cells. However, so far little is known about the
expression of Gli and its downstream target genes in
HCC tissues in vivo. In the present study, we
investigated the expression of Gli2 and FoxM1 proteins
in human HCCs by immunohistochemical staining and
compared the immunoreactivity with various
clinicopathologic characteristics. 
Materials and methods

Ninety-one surgical specimens of primary HCCs,
resected at the Third Hospital of Peking University
Health Science Center, China, between 2006 and 2009
were used in this study. Of these 91 patients, 73 were

men and 18 were women. Their ages ranged from 38 to
84 with a mean of 55 years. The gross and microscopic
findings were reviewed for each tumor by two
pathologists in a blinded fashion. The histological type
of each tumor was classified as trabecular, pseudo-
glandular, solid and sarcomatous according to the World
Health Organization Classification of Tumours (2000).
Histological grade was assigned as well, moderately or
poorly differentiated. Among these 91 specimens, 74
HCCs consisted of tumor tissues of a single grade, and
17 HCCs showed two different grades in one single
tumor nodule. Tumor stage was identified as stage I
(T1N0M0), II (T2N0M0), III (T3N0M0; T1-3N1M0) and IV
(T4 any N M0; any T any N M1). Patients who received
preoperative therapies were excluded from this study.
Immunohistochemical staining and assessment

Formalin-fixed and paraffin-embedded 4µm tissue
sections were used for immunohistochemical staining.
Briefly, sections were dehydrated with graded
concentrations of ethanol and immersed in 3% hydrogen
peroxide for 15 minutes to inhibit endogenous
peroxidase activity. Antigen retrieval was performed by
heating for 2 minutes in a pressure cooker, using 0.01M
citrate buffer (pH 6.0). Sections were then incubated
with primary antibodies including rabbit anti-human
polyclonal Gli2 antibody (1:150, Ab-26056, Abcam,
UK) and rabbit anti-human polyclonal FoxM1 antibody
(1:100, sc-502, Santa Cruz Biotechnology, USA) at 4°C
overnight. An Envision Chem Detection Kit
(DaKoCytomation, CA) was used for the secondary
antibody at room temperature for 30 minutes. 3,3-
diaminobenzidine-hydrogen peroxide was used as
chromogen. Sections were then lightly counterstained
with hematoxylin. Substitution of primary antibody with
phosphate buffered saline was used as a negative control.

For evaluation of immunostaining, each tissue
section was observed at low power and three
representative areas with the most intense immuno-
reactivity were chosen. The tumor cell staining
frequency with Gli2 and FoxM1 was scored as follows:
0, none; 1, <25%; 2, 25-50%; 3, >50% positive. The
staining intensity was evaluated as mild, moderate or
strong. The distribution of positive staining of Gli2 and
FoxM1 was classified as nuclear expression with or
without cytoplasmic staining, or cytoplasmic expression
alone.
Statistical analysis 

Immunoreactivity of Gli2 and FoxM1 proteins was
compared with various clinicopathologic characteristics
in all HCC cases. The Chi-square and Fisher’s exact
tests were used to assess the differences in immunohisto-
chemical staining levels between or among different
groups. Spearman’s rank correlation was applied to
determine the correlation between the immunoreactions
of Gli2 and FoxM1 proteins. All analyses were
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performed by using SPSS 13.0 (SPSS Inc., Chicago,
USA) and differences were considered significant when
P<0.05.
Results

Immunoreactivity of Gli2 and FoxM1 in human HCCs

Gli2 and FoxM1 proteins showed positive staining
in 84.6% (77/91) and 80.2% (73/91) cases of HCC. In
the peritumoral liver tissues, staining of Gli2 protein was
uniformly negative. FoxM1 expression was found in the
peritumoral hepatocytes in only 6.6% (6/91) cases. Gli2
and FoxM1 immunopositivity was present in the tumor

parenchymal cells and not in the stromal cells.
Subcellular localization of Gli2 and FoxM1 proteins in
the tumor cells was nuclear with or without cytoplasmic
staining, or cytoplasmic only. Neither staining frequency
nor intensity of Gli2 protein showed variation with
tumor grade, whereas the localization of positive signals
in the nucleus appeared to increase. 

In the well differentiated HCCs, Gli2 protein was
remarkably observed in the cytoplasm alone. As shown
in one tumor with well differentiation, expression of
Gli2 protein was predominantly cytoplasmic, with an
even dot-like distribution (Fig. 1A). In the moderately
differentiated HCCs, expression of Gli2 was about
equally distributed in the cytoplasm and nucleus. As
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Table 1. Correlation of expression of Gli2 and FoxM1 proteins in HCC  with clinicopathologic parameters.

Factors Gli2 expression FoxM1 expression
Positive (n=77) Positive (n=73)

Total Negative 1 2 3 P† Nucleus Cytoplasm P† Negative 1 2 3 P† Nucleus Cytoplasm P†
(n=91) (n=14) (n=17) (n=29) (n=31) (n=39) (n=38) (n=18) (n=36) (n=26) (n=11) (n=15) (n=58)

Age 0,878 0,307 0,808 0,165
≤55yo 48 7 8 17 16 23 18 11 17 14 6 10 27
>55yo 43 7 9 12 15 16 20 7 19 12 5 5 31

Sex 0,376 0,591 0,223 0,882
Male 73 10 16 22 25 31 32 16 31 19 7 11 46
Female 18 4 1 7 6 8 6 2 5 7 4 4 12

Occurrence 0,934 0,389 0,171 0,149
Simple 58 9 10 18 21 23 26 8 25 16 9 11 39
Complex 33 5 7 11 10 16 12 10 11 10 2 4 19

Tumor size 0,960 0,273 0,721 0,480
<1.5cm 7 1 1 3 2 3 3 1 3 3 0 1 5
1.5-3.0cm 24 4 6 6 8 7 13 5 11 4 4 2 17
>3.0cm 60 9 10 20 21 29 22 12 22 19 7 12 36

Histological type 0,975 0,764 0,161 0,838
Trabecular 35 6 8 10 11 14 15 9 17 7 2 5 21
Pseudoglanular 28 3 5 11 9 13 12 4 13 9 2 4 20
Solid 15 2 2 5 6 8 5 2 4 6 3 3 10
Sarcomatous 13 3 2 3 5 4 6 3 2 4 4 3 7

Differentiation 0,010 0,000 0,006 0,193
Well 19 6 8 4 1 1 12 8 6 5 0 0 11
Well + Mod 7 0 1 4 2 1 6 3 3 0 1 0 4
Mod 41 7 7 10 17 17 17 5 22 11 3 10 26
Mod + Poor 10 0 1 5 4 7 3 1 3 4 2 3 6
Poor 14 1 0 6 7 13 0 1 2 6 5 2 11

PVTT 0,017 0,004 0,388 0,123
Positive 37 2 4 13 18 24 11 6 12 13 6 9 22
Negative 54 12 13 16 13 15 27 12 24 13 5 6 36

fc-inf ‡ 0,180 0,953 0,805 0,953
Positive 17 1 1 8 7 8 8 2 8 5 2 3 12
Negative 74 13 16 21 24 31 30 16 28 21 9 12 46

Peritumoral 0,365 0,267 0,548 0,691
Cirrhosis 58 8 11 22 17 23 27 11 24 18 5 9 38
No-cirrhosis 33 6 6 7 14 16 11 7 12 8 6 6 20

Stage 0,417 0,052 0,044 0,027
T1-2 50 10 10 16 14 16 24 12 24 11 3 4 34
T3-4 41 4 7 13 17 23 14 6 12 15 8 11 24

† Chi-Square and Fisher's Exact test. P value <0.05 was considered statistically significant. Mod: moderate; PVTT: portal vein tumor thrombosis; ‡ fc-
inf:  microscopic infiltration of cancer cells into tumor capsule.



Fig. 1. A. Well differentiated HCC. Gli2 protein was expressed in the cytoplasm of most tumor cells. At high magnification (insert), the expression
shows an even dot-like pattern. x 200. Insert: x 1000. B. Moderately differentiated HCC with fatty degeneration. Gli2 protein was strongly concentrated
around the nuclear membrane and probably was localized in the Golgi apparatus. x 400. Insert: x 1000. C. Moderately differentiated HCC. In one single
tumor nodule, some tumor cells (right-hand) showed sparse nuclear accumulation of Gli2 protein, while others (left-hand) showed homogeneous
cytoplasmic dot-like Gli2 expression. x 400. D. Poorly differentiated HCC. Gli2 expression was diffusely and strongly nuclear in cells of the primary
tumor and tumor within venous thrombus (left-hand corner insert). x 100. Right-hand corner insert: x 1000. Left-hand corner insert: x 100. E. Moderately
differentiated HCC. Most tumor cells showed homogeneous FoxM1 expression in the cytoplasm. x 400. F. Moderately differentiated HCC. Diffuse and
moderate nuclear staining of FoxM1 protein was found. x 400



shown in Fig. 1B, in one example of HCC with moderate
differentiation and fatty degeneration of tumor cells,
positive signals were strongly concentrated around the
nuclear membrane and appeared to be localized in the
Golgi apparatus. In another example of HCC with
moderate differentiation, in the same tumor nodule,
some tumor cells showed sparse nuclear accumulation of
Gli2 protein, while others showed homogeneous
cytoplasmic Gli2 expression (Fig. 1C). In the poorly
differentiated HCCs expression of cytoplasmic Gli2
protein was noticeably reduced, and there was enhanced
expression of nuclear Gli2 protein. As shown in Fig. 1D,
in one HCC with poor differentiation Gli2 expression
was diffusely nuclear in cells of the primary tumor and
in tumor within venous thrombus. 

Positive FoxM1 staining was observed in 11 of 19
(57.8%) well differentiated, in 36 of 41 (87.8%)
moderately differentiated, and in 13 of 14 (92.9%)
poorly differentiated HCCs. In HCCs with FoxM1
staining positivity, 79.5% (58/73) cases showed
predominantly cytoplasmic staining with no indication
of nuclear staining, and the remaining 20.5% (15/73) of
HCCs showed nuclear staining, with or without
cytoplasmic staining. As shown in Fig. 1E, in one HCC
with moderate differentiation FoxM1 expression was
homogeneously cytoplasmic in most tumor cells. Diffuse
nuclear distribution of FoxM1 protein was found in
another HCC with moderate differentiation (Fig. 1F). 
Correlation between expression of Gli2 and FoxM1 and
clinicopathologic characteristics

Increased nuclear immunopositivity of Gli2 protein
was significantly correlated with poorer tumor
differentiation (P<0.05), as well as with portal vein
tumor thrombosis (P<0.05) (Summarized in table 1).
Overexpression of FoxM1 protein was significantly
associated with increased tumor grade (P<0.01) and
advanced tumor stage (P<0.05). However, there was no
significant association between Gli2 and FoxM1
immunostaining or any of the other clinicopathologic
characteristics. Moreover, for rank correlation analysis,
Gli2 expression positively correlated with FoxM1
immunoreactivity in HCCs (r=0.464, P=0.000). 
Discussion 

Recently, Gli2 has been reported to be involved in
human tumorigenesis and development. In non-
tumorigenic prostate epithelial cells, ectopic expression
of Gli2 resulted in accelerated cell cycle progression and
augmented proliferation (Thiyagarajan et al., 2007).
Specific knockdown of the Gli2 gene with small hairpin
RNA or antisense oligonucleotides in prostate carcinoma
cells reduced tumor cell cluster formation and delayed
tumor xenograft growth (Thiyagarajan et al., 2007;
Narita et al., 2008). Similarly, the important role of Gli2
in regulating epidermal proliferation and basal cell
carcinoma formation has been detected (Ikram et al.,

2004; Regl et al., 2004). Together, these findings suggest
a possible common mechanism whereby tumor
formation and growth may require the up-regulation of
Gli2 to maximize transcriptional output. In human HCC,
although the activation of Hh pathway has been
previously documented, the role of Gli2 protein in
modulating tumor cell proliferation and differentiation in
vivo has not been well characterized. In our study, a
majority of HCCs exhibited Gli2 protein
immunopositivity. Moreover, it was observed and
statistically confirmed that in well differentiated or less
aggressive HCCs, Gli2 expression was predominantly
cytoplasmic only. In contrast, with increasing tumor
grade or advanced invasion of tumor cells into the portal
vein, expression of Gli2 protein showed more pervasive
distribution in the nuclei of tumor cells. Nuclear
localization of Gli protein is generally recognized as a
hallmark of its transcriptional activity (Kasper et al.,
2006; Scales and de Sauvage, 2009). Therefore, our
results firstly confirmed the association of Gli2 protein
with HCC differentiation in vivo. Overexpression of
nuclear Gli2 protein may both reflect tumor
differentiation and aggressive behavior.

Moreover, the regulation of subcellular localization
and translocation of Gli2 protein may be complex and
dependent on the nature of the pathway involved. The
function of cytoplasmic Gli2 protein and the mechanism
modulating cytoplasmic-nuclear shuttling of the Gli
transcription factors should be further studied. In
addition, although Gli2 seems to play the dominant role
in regulating HCC differentiation presently, we cannot
exclude the possible important function of Gli1 and Gli3
in the proliferation of some HCCs, as observed in other
types of cancers. On the other hand, in samples of liver
fibrosis induced by toxin or bile duct ligation and of
primary biliary cirrhosis, stromal cells such as activated
hepatic stellate cells and bile ductular cells expressed Hh
components (Sicklick et al., 2005; Jung et al., 2007).
These findings can be extended to some other studies. In
human pancreatic and colorectal carcinomas, tumor-
derived Hh stimulated expression of Gli1, Gli2 and
Ptch1 in the infiltrating stroma but not in the tumor
parenchymal cells (Scales and de Sauvage, 2009).
Together, these results in part implied a paracrine
modulation of Hh signaling. However, in our HCC
samples, we did not find expression of Gli2 protein in
stromal cells in tumoral or peritumoral tissues. The
expression and role of the Hh pathway components in
the tumor stroma of HCC warrants further attention. 

Additionally, in the present study, we found a more
pronounced FoxM1 protein induction in human HCCs.
Previous studies have shown that a variety of human
cancers, such as lung, pancreas and cervical cancer,
required FoxM1 for tumor growth and progression in
vitro or in vivo (Kim et al., 2006; Wang et al., 2007;
Chan et al., 2008). In murine hepatocytes, nuclear
translocation of FoxM1 seemed to be regulated by
mitogenic signaling induced by partial hepatectomy, and
this translocation was critical for transcriptional
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activation of FoxM1 target genes modulating the G1-S
transition (Wang et al., 2002). In rat hepato-
carcinogenesis, FoxM1 up-regulation was followed by a
very prominent rise in FoxM1 targets, including some
proteins involved in G2-M transition (Calvisi et al.,
2009). These previous studies suggested the possibility
of FoxM1 in modulating human hepatocarcinogenesis.
In our study, FoxM1 protein showed highest expression
in poorly differentiated HCCs, followed by moderate
and well differentiated tumors. In addition,
overexpression of FoxM1 was significantly correlated
with advanced tumor stage. Taken together, our findings
may provide support for the concept that FoxM1 protein
is essential for HCC proliferation, differentiation, and
progression.

The close and intricate interactions between Hh
signaling and the Fox transcription family regulate the
development and maturation of some organs in human
embryogenesis (Jeong et al., 2004; Maeda et al., 2007).
In adults, such interactions seemed to be well conserved
and made a difference in tumor formation. Teh et al.
(2002) found that in human basal cell carcinoma, Shh
signaling, via Gli1, up-regulated FoxM1 expression and
induced its transcriptional activity. Similarly, Douard et
al. (2006) demonstrated an increased expression of Shh
mRNA in human colonic adenocarcinomas and in a
colorectal cell line, with increased downstream
expression of Gli1 and FoxM1 mRNA known to
promote cell proliferation. On the other hand, it should
be noted that Hh signaling may directly regulate cell
cycle gene expression without the involvement of
FoxM1. To confirm this, it has been shown that
stimulation of esophageal cancer cells with Shh ligand or
Gli-1 overexpression resulted in up-regulation of G1-
cyclin activity and increased proliferation (Sims-
Mourtada et al., 2006). Furthermore, Gli1 consensus
DNA-binding sequences were identified in the 5-regions
of cyclin D2, suggesting that these genes represent
immediate downstream targets (Yoon et al., 2002). In
our study, a significant association of the expression of
Gli2 and FoxM1 proteins was identified. This suggested
that aberrant activation of Gli2 protein in HCC may lead
to tumor proliferation through the deregulated cell cycle
control, probably modulated by FoxM1. Moreover, in
hepatocarcinogenesis, cellular transformation resulting
in invasive cancer must involve multiple cellular genetic
changes affecting oncogenes, tumor suppressor genes or
the signal transduction pathway (El-Serag and Rudolph,
2007). It is possible that the effect of Gli2 and FoxM1
proteins on cell differentiation and proliferation may
reflect changes in different genes and signaling pathways
in HCC. 

In conclusion, our results suggested that in human
HCC, the Hh pathway may be involved in the
differentiation, proliferation and invasion of tumor cells
through inducing nuclear accumulation of Gli2 protein,
and subsequent stimulation of the downstream target
gene, FoxM1. Gli2 may be a therapeutic target that, in
association with other targets, may contribute to create

networked biological treatments for HCC patients.
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