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Abstract. The purpose of the present study was to assess 
the role of hedgehog signaling pathway in the carcinogenesis 
of eyelid skin and conjunctival epithelial malignant tumors. 
The study was conducted on specimens from 41 patients 
with cutaneous eyelid basal cell carcinoma, 22 with bulbar 
conjunctival squamous cell carcinoma, 12 with bulbar 
conjunctival intraepithelial neoplasia. Major molecules of 
Hedgehog signaling pathway (Sonic Hedgehog [Shh] and 
Patched-1 [Ptch-1] and Glioma-associated oncogene [Gli-1]) 
were evaluated in paraffin‑embedded tissue specimens using 
immunohistochemical staining. For each specimen, the 
percentage (<10%, 10-50%, >50%) and the intensity of the 
immunohistochemical staining (graded from 0 to 3) were 
calculated and the scores obtained by multiplication of two 
values were analyzed using the Kruskall-Wallis test. Shh and 
Ptch‑1 expression levels were statistically significantly lower in 
the basal cell carcinoma group compared with the squamous 
cell carcinoma group (P=0.043 for Shh; P=0.030 for Ptch-1). 
In the conjunctival squamous cell carcinoma group, the Ptch-1 
score was 0 in ~25% of specimens and the Gli-1 score was ≤2 
in ~45% of cases. In the conjunctival intraepithelial neoplasia 
group, the Ptch‑1 score was ≥2 in 66% of specimens, the Gli‑1 
score was ≤2 in ~92% of cases. Ptch‑1 mutations contribute to 
the development of cutaneous eyelid basal cell carcinoma. The 
present study provides evidence that alterations in hedgehog 
signaling pathways may lead to transformation of the conjunc-
tival intraepithelial neoplasia into invasive squamous cell 
carcinoma.

Introduction

Basal cell carcinoma (BCC) is the most common type of 
periocular cancer in human (1). The epidermis originates 
from basal cell exchange, the infindibular cells of hair 
follicles or from pluripotent stem cells and this may explain 
why BCC does not develop from any precursor lesions (2,3). 
Squamous cell cancer (SCC) is the second most common 
tumor of the eyelids (1,4). Although the exact mechanism in 
SCC pathogenesis is unknown, environmental and internal 
stimulus and interruption of control mechanisms that enable 
growth and regulation are considered as the main causes 
of tumorigenesis (5). Ocular surface squamous neoplasia 
constitutes 14% of the eye tumors (6). Ocular surface squa-
mous neoplasia develops with the disruption in DNA repair 
mechanisms as a result of somatic mutation caused by UV-B 
irradiation. Ocular surface squamous neoplasia tends to 
start at the limbus because of the preferential location of the 
stem cells (6). According to the stem cell theory, external 
factors and tissue changes due to changing conditions in this 
anatomical region disrupt the mechanism of stem cells and 
lead to the development of abnormal epithelium giving rise 
to squamous neoplasia (6).

Any event disrupting the self-renewal process of stem 
cell may result in the initiation of carcinogenesis (7). Various 
signal transduction pathways take part in self-renewal and 
repair of skin stem cells: These signaling pathways are Wnt, 
Notch, TGFβ, EGF, FGF, IGF, hedgehog systems and their 
secretory products (8). In the misregulation of Hedgehog 
pathway, cell self-renewal cycle fails and tumorigenesis is 
initiated (9). Sonic Hedgehog (Shh) is a crucial morphogen 
for proper cellular proliferation in the development of 
mammals (10). Shh provides cell proliferation by cell to cell 
communication, regulation of cell death, ensuring continuity 
of stem cells, and plays role in stem cell self-renewal process 
in hematopoietic system, skin, nervous system and breast 
tissue (11). In this pathway, Shh, Indian Hedgehog (Ihh), or 
Desert Hedgehog (Dhh) are secreted ligands; and Patched-1 
(PTCH1) and Patched-2 (PTCH2) are receptors of those 
ligands. SHH is one of the most studied and well-known 
protein ligands among the important proteins of hedgehog 
signaling pathway. Disruptions in the Shh pathway has an 
effective role in the abnormal development of stem cells. 
Shh signaling is increased in epidermal tumors (12,13) and 
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an increase in Shh signaling is responsible for brain, skin, 
muscle, small cell lung, gastrointestinal tract, prostate, breast 
and pancreatic cancer (14). PTCH-1 is a protein product of 
a tumor suppressor gene, directly connected to the early 
steps of tumor formation process (15). Ptch-1 protein acts as 
a receptor for Shh family signaling molecules (15). Ptch-1 
inactivation is responsible for basal cell nevus syndrome (16). 
The PTCH gene is mutated in sporadic BCC (PTCH-1) and 
certain medulloblastomas (PTCH-2) with rhabdomyomas and 
rhabdomyosarcomas (15,17,18). Gli‑1 is one of the zinc finger 
proteins. Excessive activation of Gli-1 has been associated 
with the development of BCC (19,20). Smo is the Gli activator 
under the suppression of Ptch. In the presence of Shh ligands, 
suppression of Ptch on Smo ends. Smo, in this case causes 
cytoplasmic Gli transcription factors to enter the nucleus 
and these factors stimulate the increase in the expression of 
proteins required for cell proliferation (11). The interactions 
between these molecules are presented in Fig. 1.

In the present retrospective study, the levels of Shh 
over-expression were investigated in human bulbar conjunc-
tival SCC, bulbar conjunctival in situ carcinoma, BCC of the 
cutaneous eyelid paraffin tissue blocks by using immunohis-
tochemistry. 

Materials and methods

Samples. The study protocol was approved by the Hacettepe 
University Faculty of Medicine Medical Researches Local 
Ethics Committee and was performed in accordance with 
the Declaration of Helsinki. Each patient provided written 
informed consent for the publication of the study. In this study, 
clinicopathological records of patients with bulbar conjunctival 
invasive SCC, bulbar conjunctival in-situ cancer and cuta-
neous eyelid BCC were reviewed from the Ocular Oncology 
Unit, Department of Ophthalmology (Hacettepe University 
School of Medicine, Ankara, Turkey). The 3 groups included: 
Bulbar conjunctival SCC group, 10 men and 12 women aged 
between 15-83 years (mean: 61.27 years); a bulbar conjunc-
tival carcinoma in situ group, 9 men, 3 women, aged between 
8‑75 years (mean: 58.9 years); and a cutaneous eyelid BCC 
group, 23 men, 18 women aged between 29‑78 years (mean: 
60.7 years) were included. No differences were observed 
between groups regarding age and gender (ANOVA, P>0.05).

Immunohistochemistry (IHC). Indirect IHC was performed 
between January 1, 1998 and January 1, 2009 in the following 
samples: 22 cross-sections were diagnosed with bulbar conjunc-
tival invasive SCC, 12 cross-sections were diagnosed of bulbar 
conjunctival carcinoma in situ and 41 cross-sections were diag-
nosed with cutaneous eyelid BCC. Sections were incubated 
with SHH primary antibody (AB73958; Abcam Biotech-
nology, Cambridge, Massachusetts, USA; 1:100 dilution) and 
cytoplasmic/membranous staining on human lung tissue was 
regarded as a positive control. Sections were incubated with 
PTCH-1 primary antibody (AB53715; Abcam Biotechnology; 
1:100 dilution) and cytoplasmic/membranous staining on 
human brain tissue was regarded as a positive control. Citrate 
pre-processing antibody solution prepared in 1/100 concentra-
tion was used in preparations [10X citrate buffer (pH 6.0); 
catalog no. AB64214; Abcam Biotechnology). Sections were 

incubated with GLI-1 primary antibody (SC20687; Santa Cruz 
Biotechnology Santa Cruz, California, USA). Nuclear staining 
on seminiferous canal and cytoplasmic staining on Leydig 
cell were regarded as a positive control. EDTA pre-processing 
antibody solution prepared in 1/100 concentration was used 
in preparations. Subsequent to being washed twice in phos-
phate-buffered saline (PBS; 20X PBS Buffer with Tween 20; 
catalog no. AB64028; Abcam Biotechnology), for 5 min each, 
the sections were incubated with the secondary antibody, 
anti‑rabbit IgG VHH Single Domain‑HRP, at a 0.1 µg/ml 
concentration (catalog no. AB191866; Abcam Biotechnology) 
for 30 min at room temperature. Subsequent to being washed 
twice in PBS, for 5 min each, color development was assessed 
in the sections using DAB chromogen (DAB Substrate kit; 
catalog no. AB64238; Abcam Biotechnology) and a hema-
toxylin counterstain.

Scoring. Bulbar conjunctival invasive SCC, bulbar conjunc-
tival in‑situ cancer and BCC of the eyelid have been reviewed 
by a professional neuro-ophthalmic pathology professor. The 
scores obtained from multiplying tumor percentage and dye 
intensity were used in statistical evaluation. The percentage 
of tumor dyed by primary antibody was 100% in all of tumor 
area. This process was performed by separating the specimen 
slides into three groups (<10%, 10-50%, >50%) under 4x 
or 10x magnification of microscope. The preparations 
with <10% received 1, those that scored between 10-50% 
were designated 2 and those with >50% received 3 points, 
respectively. Dye intensity was expressed as weak, medium 
and strong. Weak staining was used for preparation with 
only selectable staining pattern of primary antibody under 
40x magnification of microscope and got 1 point. Moder-
ately stained preparations were used for preparations with 
selectable staining pattern of primary antibody under 20x 
magnification of microscope and got 2 points. Strong staining 
was only used for preparation with selectable staining pattern 
of primary antibody under 10x magnification of microscope 
and got 3 points (Fig. 2).

Statistical analysis. Data entry was performed using SPSS 
version 11.5 (SPSS, Inc., Chicago, IL, USA), and an analysis of 
variance and Kruskall‑Wallis test were used for significance 
testing of the differences between the three groups, as the data 
showed an ordered sequence. P<0.05 was used to indicate a 
statistically significant difference.

Figure 1. Interactions between Shh, Ptch-1 and Gli-1.
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Results

SHH dye intensity distribution of the 3 cancer groups (bulbar 
conjunctival SCC, bulbar conjunctival carcinoma in situ and 
cutaneous eyelid BCC) are summarized in Table I and differ-
ences in the negative staining between the 3 cancer groups 
were statistically significant (P=0.043). PTCH dye intensity 
distribution of every 3 cancer groups are summarized in 
Table I and no significant difference was observed for the 

negative staining between the 3 cancer groups (P=0.170). 
However, weak staining in BCC group is noteworthy. 
Distribution of GLI-1 dye intensity in the 3 cancer groups 
are summarized in Table I and the negative staining betwen 
the 3 cancer groups did not show any statistically significant 
differences (P=0.135). The percentage of SHH staining in 
cancer groups are presented in Table II. Staining >50% was 
not observed in any groups. The difference between negative 
and total number of positive cases in terms of the SHH scores 

Table III. Shh, Ptch-1 and Gli-1 score distribution in cancer groups.

Score/Tumor group 0 1 2 4 6 9 Total

Shh SCORES
  Lid+conjunctival SCC 8 5 4 4 1 0 22
  Conjunctival in situ cancer 3 3 0 5 1 0 12
  Lid BCC 21 11 6 1 2 0 41
Ptch-1 SCORES
  Lid+conjunctival SCC 6 3 9 2 2 0 22
  Conjunctival in situ cancer 4 0 3 3 2 0 12
  Lid BCC 18 7 12 3 1 0 41 
Gli-1 SCORES
  Lid+conjunctival SCC 7 3 2 6 3 1 22
  Conjunctival in situ cancer 4 3 4 1 0 0 12
  Lid BCC 8 5 10 7 7 4 41

Shh, Sonic hedgehog protein; Gli-1, Glioma-associated oncogene-1 protein: Ptch-1, Patched-1 protein, SCC, squamous cell carcinoma; BCC, 
basal cell carcinoma.
    

Table II. Shh, Ptch-1, Gli-1 staining percentage in cancer groups.

 Shh Ptch-1 Gli-1
Antibody type ----------------------------------------------- -------------------------------------------------- -------------------------------------------------

Tumor percentage/Tumor group <10 10-50 >50 <10 10-50 >50 <10 10-50 >50
Lid+conjunctival SCC 14 8 0 9 11 2 10 9 3
Conjunctival in situ cancer 6 6 0 4 6 2 7 5 0
Lid BCC 33 8 0 25 15 1 13 18 10

Shh, Sonic hedgehog protein; Gli-1, Glioma-associated oncogene-1 protein: Ptch-1, Patched-1 protein, SCC, squamous cell carcinoma; BCC, 
basal cell carcinoma.
    

Table I. Shh, Ptch-1 and Gli-1 dye intensity in cancer groups.

 Shh Ptch-1 Gli-1
Antibody type -------------------------------------------------- -------------------------------------------------- --------------------------------------------------

Intensity/Tumor group 0 1+ 2+ 3+ 0 1+ 2+ 3+ 0 1+ 2+ 3+
Lid+conjunctiva SCC 8 8 5 1 6 12 3 1 7 5 8 2
Conjunctival in situ cancer 3 3 5 1 4 3 5 0 4 7 1 0
Lid BCC 21 16 2 2 18 19 4 0 8 15 13 5

Shh, Sonic hedgehog protein; Gli-1, Glioma-associated oncogene-1 protein: Ptch-1, Patched-1 protein, SCC, squamous cell carcinoma; BCC, 
basal cell carcinoma.
    



CELEBI et al:  HEDGEHOG SIGNALING IN PERIOCULAR CANCERS470

did not demonstrate any significant differences between the 
tumor groups (P=0.182), but in general, SHH scores were 
generally low in all groups. Differences in negative and total 
number of positive cases in terms of PTCH-1 score between 
the tumor groups demonstrated statistically significant differ-
ences (P=0.030). The difference between negative and total 
number of positive cases in terms of GLI-1 scores did not 
change significantly among tumor groups (P=0.064), but 
GLI-1 scores in BCC group had higher scores compared with 
the other tumor types (Table III).

Discussion

When the hedgehog signaling pathway is over-activated, the 
self-renewal cell cycle fails and the tumor formation process 
is initiated (9,21‑24). An increase in Shh signaling is respon-
sible for the development of brain, skin, muscle, small cell 
lung, gastrointestinal tract, prostate, breast and pancreatic 
cancers (14). Tojo et al (24) studied 19 nodular and 6 superficial 
sporadic BCC, and demonstrated that in superficial BCC Ptch 
mRNA expression was in a level that could not be identified 
with in situ hybridization method and they also predicted that 
it was associated with invasion of dermis. In the present study, 
the low Ptch-1 expression score in the BCC group was found to 
be statistically significant and this evidence also supports the 

evidence that Ptch-1 mutations may serve a role in the develop-
ment of sporadic BCC, hypothesized by Kim et al (25). In the 
present study, Ptch‑1 score regarded as the final protein product 
of mutated Ptch-1 gene, was zero (0) in 18/41 (~40%) patients 
as assessed by IHC. This may mean that mutation occurred in 
these cases. De Grujil et al (26) suggested that UV radiation 
may result in Ptch-1 mutations and long-term effects of UV 
radiation on the development of BCC may also be effective 
through Ptch-1 mutation. In the present study, UV radiation 
may be responsible for the 18/41 (~40%) patients in which the 
Ptch-1 score was 0. In 5 BCC cases where exenteration was 
performed, the Ptch‑1 score was ≤2 and this also supports the 
idea that Ptch-1 mutation may contribute to BCC develop-
ment. However, this mutation needs to be verified using RNA 
in situ hybridization methods in further studies. In a previous 
study on sporadic BCC conducted by Holikova et al (27), 
Ptch-1 mutations were identified with increased inactive 
Ptch-1 mRNA in cytoplasm by in situ hybridization method 
and this was detected in particular in the outer tumor layers 
with palisade formation; increase of Gli-1 activity was also 
observed in tumor areas. The authors pointed out that Ptch-1 
mutation increases Shh signaling, initiating cell proliferation 
through the Gli family of transcriptional factors (25). In the 
present study, 18 (7+7+4) /41 (~%45) patients were detected 
with Gli‑1 score ≥4, and a nuclear increase was shown using 

Figure 2. Histopathological view of samples demonstrating how antibodies dye intensities were assessed (stain, DAB; +1, magnification, 40; +2, magnification, 
x20; +3, magnification, x10). Shh, Sonic hedgehog protein; Gli‑1, Glioma‑associated oncogene‑1 protein: Ptch‑1, Patched‑1 protein.
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the IHC method. In a study conducted by Green et al (28), 
an increase in Gli-1 nuclear transcription factors was shown 
to have an important role in the development of BCC. Lupi 
showed BCC development after just a single somatic mutation 
through the Shh pathway and suggested that Ptch-1 mutation 
was responsible for the development of sporadic and hereditary 
BCC (29). Decreased Shh intensity in the BCC group was found 
to be statistically significant in the present study. SHH staining 
was not observed in 21 of our 41 patients.

In the present study, 6/22 (~25%) of patients in SCC group 
had Ptch-1 score as (0), and were not found to be supportive of 
SCC development on SHH pathway. However, Xuan et al (30) 
have demonstrated that hedgehog signaling increases together 
with HPV-16 infection in uterine cervical squamous carcinoma. 
The authors highlighted that 95% of cervical squamous carci-
nomas demonstrated an increase in Shh expression. The authors 
also emphasized that the level of Shh expression increased in 
parallel with frequency of lymph node metastasis (30). In the 
present study, the SCC group expressed lower levels of Shh and 
these patients did not have lymph node metastases, suggesting 
that an increase in Shh expression may be a more effective clue 
for advanced and metastatic SCC. In another study carried out by 
Xuan et al (31), approximately twofold increase in Shh expression 
was observed in transition from intraepithelial lesion to invasive 
uterine cervical squamous cell carcinoma. In a recent study by 
Cavicchioli Buim et al (32), low levels of GLI-1 were observed 
in non-neoplastic oral mucosal squamous epithelial line that was 
adjacent to the tumor. All oral squamous cell carcinoma cases 
in this study expressed high levels of Gli-1. Another study by 
Nishimaki et al (33) demonstrated overexpression of Shh in 
5 cell lines among 14 human oral squamous cell carcinoma cell 
lines. In the present study, the Shh score of 6/12 (50%) patients 
suffering from in situ squamous cell carcinoma was ≥4. Again, 
Gli-1 score of 11 patients in the in situ squamous cell group was 
≤2 and Shh increase was not enough on its own in the process 
of transition from in situ cancer to invasion; and increase was 
necessary in Gli‑1 transcription factor, which is the final effector 
of hedgehog signaling pathway. In 22 patients in the SCC group, 
the Ptch-1 score was 0 (zero) in 6 (~%25) patients, the Gli-1 score 
was ≥4 in 10 (66%) patients. In 12 patients in the in‑situ cancer 
group, Ptch-1 score was ≥2 in 8 (66%) patients. Of all the patients 
in the in‑situ cancer group Gli-1 score was ≤4 or fewer. This 
suggests that in the conversion process from in situ cancer to 
invasive SCC, hedgehog signaling may take an active role.

The present study present evidence that Ptch-1 muta-
tions contribute to the development of cutaneous eyelid basal 
cell carcinoma. Alterations in hedgehog signaling pathways 
may lead to transformation of the conjunctival intraepithelial 
neoplasia into invasive squamous cell carcinoma. The use of 
more comprehensive in situ hybridization techniques in addition 
to IHC method may aid in demonstrating the effect of hedgehog 
signaling in the pathogenesis of BCC and SCC.
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