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Abstract: Background. Recent studies have indicated

hedgehog pathway plays a role in carcinogenesis of certain

cancers. We investigated the clinical significance of its signal-

ing components, including Sonic hedgehog (Shh), Patched

(Ptch), and Gli-1, in oral squamous cell carcinoma (OSCC).

Methods. By immunohistochemistry, we determined Shh,

Ptch, and Gli-1 expression in surgical specimens from 40

patients with OSCC. The relationship between expression of

these molecules and clinicopathologic variables were

assessed by chi-square analysis. Statistical difference of sur-

vival was compared using log-rank test.

Results. Ptch overexpression was associated with lym-

phatic metastasis (p ¼ .028). Nuclear Gli-1 overexpression cor-

related with primary tumor size (p ¼ .001), lymphatic

metastasis (p ¼ .011), and tumor recurrence (p ¼ .008). Over-

expression of Ptch (p ¼ .020) or Gli-1 (p ¼ .002) in OSCC indi-

cated poor prognosis in the univariate survival analysis.

Conclusion. Our results suggest sonic hedgehog (Shh)

pathway plays an important role in OSCC progression and

should be considered a potential therapeutic target. VVC 2012
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Oral squamous cell carcinoma (OSCC) is the most
common malignant tumor of the oral cavity and its
incidence ranges from less than 0.1% to over 40%
throughout the world.1,2 In Taiwan, oral cancer has
been the fourth leading cause of cancer death in men

and the seventh in the whole population.3 Despite the
use of multitherapeutic modalities, the overall sur-
vival of OSCC has not improved substantially over
the last 2 decades.4 One major cause of treatment
failure is the early metastasis of OSCC.5,6 Previous
studies have reported that more than half of the
patients with resectable OSCC had lymphatic spread-
ing at diagnosis. As such, it is clinically relevant to
assess whether a patient with OSCC has or will de-
velop tumor metastasis. Moreover, there is evidence
that a basic mechanism underlies the differential out-
comes between patients of a small oral cancer with
abundant metastases and those of a large primary
lesion without lymphatic dissemination. Biomarkers
able to discriminate between these outcomes would be
critical for the selection of optimal treatments and
subsequently improved therapeutic results.7

Hedgehog is a secreted signaling protein that was
first discovered in Drosophila.8 Published studies have
reported that the hedgehog signaling pathway plays an
important role in proliferation and differentiation of
certain stem cells during embryonic development.9 In
humans, 3 hedgehog homologues have been identified
including Sonic hedgehog (Shh), Indian hedgehog, and
Desert hedgehog.10 These secreted ligands bind to the
membranous receptor Patched (Ptch) to promote the
nuclear translocation and activation of the Gli family of
proteins (Gli-1, Gli-2, and Gli-3), which then facilitate
the transcription of several target genes, including
those controlling the cell cycle, cell migration, angio-
genesis, and apoptosis.11 In addition, the dysregulation
of hedgehog signaling has been implicated in tumori-
genesis of various tissues, including basal cell carci-
noma, medulloblastoma, small cell carcinoma of the
lung, and some cancers of the digestive tract.12–17
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Furthermore, some investigations have shown that
hedgehog signaling activation may promote tumor
repopulation after chemoradiotherapy and can be asso-
ciated with disease recurrence or treatment resistance
in several cancers.18–22 Therefore, the hedgehog path-
way is a potential target for improving the therapeutic
outcome of certain cancers.

Suggested by the evidence that hedgehog signaling
is involved in cancer progression, we conducted a study
to clarify the possible role of the hedgehog pathway in
the development of OSCC. In this study, we analyzed
the correlation between the expression of hedgehog sig-
naling molecules and the clinicopathologic parameters
of patients as well as the prognostic significance of
Shh, Ptch, and Gli-1 expression in these patients.

MATERIALS AND METHODS

Patients and Tissue Specimens. The tissue speci-
mens were obtained between 1984 and 1998 from 40
patients (34 men, 6 women) with OSCC. The age of
the patients ranged from 24 to 77 years, with a me-
dian of 45 years. The preoperative workup consisted
of physical examination, intraoral biopsy, CT scan of
the head and neck, sonography of the abdomen,
chest radiography, and radioisotopic bone scan of the
whole body. We followed the same treatment plan for
all patients. They underwent surgical resection of
their tumors. Neck dissection was performed for sus-
pected lymphadenopathy. Tumor specimens were
obtained during the therapeutic surgeries and their
normal counterparts were excised from the neighbor-
ing grossly disease-free oral mucosa of the surgical
margins. Both tumorous and nontumorous tissues
were confirmed by pathologists. Local irradiation
only or combined with systemic cisplatin-based chem-
otherapy was postoperatively administered for
patients with advanced disease, insufficient margins
of curative resection, or tumor recurrence. The can-
cer stages were determined based on the TNM sys-
tem of the American Joint Committee on Cancer.23

The differentiation pattern of malignancy was also
recorded by the pathologist (W.-Y. L.) for all tumor
specimens according to Broders’ criteria.24 Tumor re-
currence was determined when clinical examinations
showed evidence in the regular follow-up. The me-
dian follow-up was 93 months, with a range of 3 to
233 months. Up to the time of final statistical analy-
sis, 21 of 40 patients were alive and free of OSCC.
The overall cumulative 1-year, 3-year, and 5-year
survival rates were 65%, 57.5%, and 52.5%, respec-
tively. All patients signed a written informed con-
sent, and this study was approved by the
Institutional Review Broad of Taipei Veterans Gen-
eral Hospital.

Immunohistochemistry. The expression of the
hedgehog signaling molecules (Shh, Ptch, and Gli-1)

in the pathologic sections was detected using an im-
munoperoxidase method as previously described.6,7

Paraffin blocks were sectioned at a thickness of 4 lm.
The wax was melted at 65�C overnight. The sections
were deparaffinized in xylene and the xylene was sub-
sequently removed with absolute ethanol. The slides
were incubated with the rabbit polyclonal antibodies
specific to Shh (sc-9024; Santa Cruz Biotechnology,
Santa Cruz, CA), Ptch (ab53715; Abcam, Cambridge,
MA) and Gli-1 (sc-20687; Santa Cruz Biotechnology),
followed by incubation with biotin-conjugated immu-
noglobulin and horseradish peroxidase-conjugated
streptavidin (Dako, Glostrup, Denmark). Aminoethyl-
carbazole was used as a chromogenic substrate and a
red precipitate indicated positive staining. The speci-
mens were counterstained with hematoxylin and
mounted with glycerol gelatin. In each experiment, a
section of human esophageal cancer known to overex-
press Shh, Ptch, and Gli-1 served as a positive control
and a section incubated with an immunoglobulin
class-matched nonimmune antibody substituted for
the primary antibody in an equivalent staining proto-
col was used as a negative control.18 Each batch of
immunohistochemistry experiments consisted of both
positive and negative controls to ensure the staining
quality.

Immunohistochemical Scoring. Slide evaluation
has been described previously.6 Briefly, the histologi-
cally nontumorous oral mucosa served as the internal
negative control for each case. Under a low-power
field, 10 different regions of each slide containing tu-
mor cells were randomly evaluated independently by
2 investigators (W.-Y. L. and Y.-F. W.) unaware of the
clinical data and at least 100 tumor cells were exam-
ined per field. Two scoring systems, the staining in-
tensity and percentage of stained cells, were included
in our study.6,7 The staining intensity was scored on a
semiquantitative 4-point scale as follows: 0, equiva-
lent to the negative control; 1, weak staining that
was slightly darker than the negative control; 2, mod-
erate staining defined as the intensity between scores
1 and 3; and 3, intense staining that was equivalent
to or darker than the positive control. We used photo-
micrographs representing the 4 scores (0 to 3) as
standards while interpreting the slides. When more
than 25% of the cancer cells had staining intensity
scores above 2, the expression for this sample was
recorded as positive. In the discrepant cases, a final
opinion was made on consensus by 2 investigators.

Statistical Analysis. The relationship between the
expression of hedgehog signaling molecules and each
of the clinicopathologic parameters, including histo-
logic grade of malignancy, primary tumor size, lym-
phatic or distant metastases, tumor recurrence,
cigarette-smoking, and betel nut-chewing habits were
analyzed using chi-square with Yates’ correction.
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FIGURE 1. Immunohistochemical staining for Sonic hedgehog (Shh), Patched (Ptch), and Gli-1 proteins in the representative exam-

ples of oral squamous cell carcinoma (OSCC). Shh (A, a), Ptch (B, b), and Gli-1 (C, c) expression was interpreted as positive (the

white arrows indicate the positive sites of overexpression) in the left panel, and negative in the right panel, respectively (original magni-

fication � 200). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Survival curves were plotted with the method of
Kaplan–Meier. Statistical difference of survival
between the groups was compared using a log-rank
test. The joint effect of clinicopathologic factors was
further tested in multivariate analysis using a Cox
regression model. Statistical analysis was performed
using SPSS software, version 12.0 (SPSS, Chicago,
IL). Statistical significance was set at p < .05.

RESULTS

Expression of Hedgehog Signaling Molecules in

Paired Noncancerous Mucosa and Oral Squamous

Cell Carcinoma Specimens. Our results showed
that the hedgehog pathway members were rarely and
weakly expressed in the noncancerous oral mucosa,
whereas the OSCC counterparts demonstrated fre-
quent and high expression of these proteins. Of the
40 OSCC specimens, 29 (72.5%) were positive for
Shh, 19 (47.5%) for Ptch, and 14 (35%) for nuclear
Gli-1 expression.

Correlation of Sonic Hedgehog Expression with

Patched and Gli-1 in Oral Squamous Cell Carcinoma

Specimens. The immunohistochemical staining of
Shh and Ptch revealed a cytoplasmic pattern,
whereas Gli-1 was observed mainly localized in the
cytoplasm and focally in the nucleus. We focused on
the nuclear expression of Gli-1 in our analyses (Fig-
ure 1). Based on statistical analysis, the status of Shh
expression in OSCC cells both positively and sig-

nificantly correlated with that of Ptch (p ¼ .002) and
Gli-1 (p ¼ .003).

Clinical Implications of Hedgehog Signaling

Molecules in Oral Squamous Cell Carcinoma Speci-

mens. Based on statistical analyses, we assessed
the correlation between the Shh, Ptch, or Gli-1
expression and the clinicopathologic parameters,
including histological grade of malignancy, primary
tumor size, lymphatic or distant metastasis, tumor re-
currence, cigarette-smoking, and betel nut-chewing
habits (Table 1). Among the 40 patients, positive Ptch
expression was significantly associated with the
occurrence of lymphatic metastasis (p ¼ .028). In
addition, the nuclear Gli-1 overexpression correlated
with both a larger primary tumor (p < .001),
lymphatic metastasis (p ¼ .011) and tumor recurrence
(p ¼ .008).

Survival Analysis. To determine whether the status
of Shh, Ptch, or Gli-1 expression had an effect on
patient’s prognosis, we evaluated the significance of
clinicopathologic factors using the Kaplan–Meier
method. On univariate analysis (log-rank test), a
larger tumor size (p ¼ .001), positive lymphatic nodal
involvement (p < .001), distant metastasis (p < .001),
or tumor recurrence (p ¼ .014) indicate poor survival.
In addition, the patients with Ptch-positive (p ¼ .020)
or nuclear Gli-1-positive (p ¼ .002) tumors had a less
favorable outcome (Figure 2). On the other hand, Cox
multivariate analysis revealed the occurrence of

Table 1. Relationship between the expression of hedgehog signaling molecules (Shh, Ptch, and Gli-1) and the clinicopathologic parameters of 40

patients with oral squamous cell carcinoma.

Clinicopathologic parameter

Shh overexpression Ptch overexpression Gli-1 overexpression

Negative Positive p value* Negative Positive p value* Negative Positive p value*

Histologic grade of malignancy

Well differentiated 4 14 .749 9 9 1.00 11 7 .894

Moderately differentiated 7 15 12 10 15 7

Primary tumor size

�4 cm 9 16 .235 16 9 .120 22 3 .001†

>4 cm 2 13 5 10 4 11

Lymphatic metastasis

Negative 8 13 .221 15 6 .028† 18 3 .011†

Positive 3 16 6 13 8 11

Distant metastasis

Negative 10 22 .535 19 13 .178 23 9 .159

Positive 1 7 2 6 3 5

Tumor recurrence

Negative 9 15 .170 16 8 .061 20 4 .008†

Positive 2 14 5 11 6 10

Cigarette smoking habit

Negative 4 9 1.00 9 4 .258 9 4 .972

Positive 7 20 12 15 12 15

Betel nut-chewing habit

Negative 5 15 1.00 11 9 .258 14 6 .740

Positive 6 14 10 10 12 8

Abbreviations: Shh, Sonic hedgehog; Ptch, Patched.
*Chi-square test with Yates’ correction.
†p < .05.
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lymphatic involvement (p ¼ .012) and distant metas-
tasis (p ¼ .029) remained independent prognostic fac-
tors, but primary tumor size, tumor recurrence,
overexpression of Ptch, and Gli-1 did not reach statis-
tical significance (Table 2).

DISCUSSION

Because cancer cells demonstrate the same character-
istic of self-renewal as stem cells, it is reasonable to
propose that both cells should share similar machin-
ery required for regeneration.25,26 The hedgehog sig-
naling pathway, initially reported to function in stem
cell differentiation and tissue repair, has recently
been recognized for its role in malignant transforma-

tion among a subset of carcinomas, including pancre-
atic, lung, and esophageal cancers.16–18 In this study,
we investigated the expression of hedgehog signaling
components and evaluate the clinical significance of
this pathway in patients with OSCC. Based on immu-
nohistochemistry, our results showed a strong
increase in Shh, Gli-1, and Ptch expression in the
cancerous specimens compared with their noncancer-
ous counterparts. In addition, the expression of Shh
positively correlated with that of Gli-1 and Ptch, sug-
gesting the activation of the hedgehog signaling path-
way in a subset of OSCC. We also examined the
clinical significance of Shh, Gli-1, and Ptch expression
in OSCC and found this pathway might be associated
with tumor growth, lymphatic metastasis, tumor re-
currence, and patient’s prognosis. To our knowledge,
this is the first report detailing the expression of Shh
signaling pathway in OSCC specimens and its prog-
nostic significance for these patients.

Our results showed significantly higher expres-
sion of Shh, Gli-1, and Ptch in the OSCC specimens
compared with their paired noncancerous counter-
parts. Furthermore, statistical analyses demonstrate
that the overexpression of Shh positively correlated
with that of Gli-1 and Ptch, indicating that the hedge-
hog pathway was likely activated in OSCC cells.
It has been reported that the nuclear localization of
Gli-1 is important to promote hedgehog signaling and
that nuclear Gli-1 expression is never observed with-
out concomitant Shh expression in esophageal

FIGURE 2. Overall survival curves for 40 patients with oral

squamous cell carcinoma (OSCC) in relation to Patched (Ptch)

(A), and Gli-1 (B) expression. The survival was analyzed using

Kaplan–Meier method, and the difference in follow-up time

between the 2 groups with positive and negative expression of

Ptch or Gli-1 was compared using log-rank test. Patients with

positive Ptch (p ¼ .02) or Gli-1 (p ¼ .002) tumors had poorer

survival than those with negative ones, respectively.

Table 2. Survival analysis of 40 patients with oral squamous

cell carcinoma.

Clinicopathologic parameter

p value

Univariate

analysis*

Multivariate

analysis†

Primary tumor size

�4 cm <.001‡ .065

>4 cm

Lymphatic metastasis

Negative <.001‡ .012‡

Positive

Distant metastasis

Negative <.001‡ .029‡

Positive

Tumor recurrence

Negative .014‡ .129

Positive

Shh overexpression

Negative .055 –

Positive

Ptch overexpression

Negative .020‡ .846

Positive

Gli-1 overexpression

Negative .002‡ .545

Positive

Abbreviations: Shh, Sonic hedgehog; Ptch, Patched.
*Log-rank test.
†Cox regression model.
‡p < .05.
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cancers.18,27 In the present study, we also found that
OSCC tissues with elevated Gli-1 levels exhibited an
enhanced Shh signal, suggesting that Shh overex-
pression might be responsible for Gli-1 upregulation
in OSCC. However, Shh overexpression was not
always accompanied by a higher level of Ptch or Gli-1
expression in the OSCC specimens, implying some
additional control mechanisms involved in the activa-
tion of the hedgehog pathway. In addition, the expres-
sion levels of Gli-1 and Ptch did not always directly
correlate in all of the OSCC samples in this study,
inferring that hedgehog signaling might not be the
sole mediator of Ptch transcription. Also, it is reason-
able that other pathways might regulate the activa-
tion of Gli-1. Smoothened is known as a central
transducer of the Shh canonical pathway; however,
our initial trial on smoothened expression showed
that its immunoreaction was not strong enough to be
graded positive. To avoid confusing interpretations
caused by this variate, we therefore spared the analy-
sis of smoothened in this study. We deduced that Gli-
1 could possibly be activated through the smooth-
ened-independent pathway, compatible with the
observations on esophageal and pancreatic
cancers.28,29

In the present study, we analyzed the correlation
between the expression of hedgehog signaling mole-
cules and some conventional histopathologic findings.
Our data revealed that overexpression of Ptch and Gli-
1 was associated with the occurrence of lymphatic me-
tastasis. Several studies have suggested that the acti-
vation of the hedgehog signaling pathway might
promote tumor metastasis in some cancers and our
results were compatible with these reports.27,30 In
addition, we noted that the levels of nuclear Gli-1 over-
expression were significantly higher in the larger pri-
mary tumors (tumor size >4 cm) than in the smaller
ones. This observation is consistent with several stud-
ies showing that hedgehog signaling promotes cell pro-
liferation.31,32 Also, Gli-1 overexpression in OSCC
correlated with tumor recurrence in our series, indi-
cating that Gli-1 activation may promote tumor repo-
pulation after treatment.18–22

Moreover, we examined the prognostic significance
of the hedgehog signaling molecules in patients with
OSCC. Based on univariate analysis, the expression
of Ptch or Gli-1 was significantly associated with a
poor prognosis. However, multivariate analysis indi-
cated that the expression of Ptch or Gli-1 was not an
independent prognostic factor in our series. Further
investigation is needed to clarify the role of the
hedgehog signaling pathway and its underlying mech-
anism in the aggressive behaviors of OSCC.

In conclusion, our results showed that Shh signal-
ing molecules were frequently expressed in the surgi-
cal specimens of OSCC. Nuclear Gli-1 overexpression
in OSCC correlated with larger primary tumors and
tumor recurrence, and overexpression of Ptch or Gli-1
was associated with the occurrence of lymphatic me-

tastasis, further indicating a poor prognosis. These
findings strongly suggest that the Shh pathway plays
an important role in OSCC progression and should be
considered a potential therapeutic target in the
future.
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