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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most common 
malignancy in the head and neck region, accounting for about 
2,60,000 new cases and 1,24,000 OSCC‑related deaths 
worldwide annually.[1] According to the study carried out by the 
National Institute of  Public Health (Japan), 86% of the world’s 
oral cancer victims reside in India. The scenario of  oral cancer 
ranks number one among men and third among women.[2] 

Cancer that forms in tissues of  the oral cavity or the oropharynx 
are referred as oral cancer and among all oral mucosal cancers, 
about 90% are squamous cell carcinomas (SCC).[3]

Symptoms may follow a white  (leukoplakia) or red patch 
(erythroplakia), unhealable wounds, sores, tender lesions, 
characterized by painful chewing or swallowing. The major risk 
factor for these neoplasms is chronic exposure of  oral mucosa 
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to betel quid (paan) along with areca nuts chewing, a practice 
that is highly prevalent in different parts of  India.[4] Infection 
by high‑risk subtypes of  human papillomavirus has also been 
established as an important etiologic factor that accounts for 
a trend for increasing the incidence of  oropharyngeal cancers 
in men younger than age 50 years without a history of  tobacco 
use.[5‑8]

Three well‑known pathways such as Wnt, Notch and 
Hedgehog (Hh) play an important role in the development 
and normal homeostasis. Conversely, deregulation of  these 
pathways is shown in cancer stem cell (CSC) regulation and 
maintenance.[9‑11]

The Hh pathway is one of  the fundamental signal transduction 
pathways in animal development. The Hh ligands include 
Sonic, Indian and Desert Hh in vertebrates and Hh in 
Drosophila. These signal through binding to the membrane 
receptor Patched  (Ptc)[12] and to reverse the Ptc‑mediated 
inhibition of  signaling they bind to trans‑membrane protein 
Smoothened  (Smo).[13] This allows Smo to activate the 
intracellular signaling components, resulting in stabilization of  
downstream transcriptional activator(s) resulting in activation 
of  target genes.[14] Transcription activation is facilitated through 
the Gli family of  transcription factors in vertebrates.[15] Hh 
signaling has a wide range of  biological functions such as 
initiation of  cellular growth, division, lineage specification, 
axon guidance and function as a survival factor.[16] Aberrant Hh 
signaling is associated with the development and progression 
of  a wide range of  human malignancies. Mutations such as 
PTCH‑1 and Smo are associated with medulloblastoma, basal 
cell carcinoma and rhabdomyosarcoma. Aberrant activation of  
Hh signaling is also suggested to play a role in other cancers 
that have no known mutational basis, such as glioma, breast, 
esophageal, gastric, pancreatic, prostate, chondrosarcoma and 
small‑cell lung carcinoma. In these tumors, the Hh pathway 
abnormalities are called ligand‑dependent, which shows 
no mutation in Hh pathway genes but are characterized by 
upregulation of  the expression of  Hh ligand.[17] Interest in 
targeting this pathway for the treatment of  cancer has arisen 
from recent evidence that Hh signaling is important for driving 
the self‑renewal of  CSCs, a small subset of  cells in a tumor 
that can initiate tumor spread and which are typically resistant 
to chemotherapy, possibly contributing to tumor relapse.[18] 
Elimination of  these CSC by targeting the Hh pathway in 
combination with chemotherapy has been shown to increase 
therapeutic efficacy in animal models of  pancreatic cancer.[19,20] 
Image analysis in red, green, blue (RGB) mode provided objective 
evidence for over‑expression of  Hh signaling components in 
head and neck squamous cell carcinoma (HNSCC), particularly 
with regard to the transcription factors gli1 (10‑fold) and sonic 
Hh (SHH) (5‑fold) in comparison with healthy mucosa.[21]

Inhibitors of  the Hh molecular signaling pathway have emerged 
in recent years as a promising new class of  potential therapeutics 
for cancer treatment that target different members of  this 
pathway, including Smo, SHH protein and gli1.[22] These 
reports have led to the emergence of  Hh pathway inhibition 
either in tumor cells directly, or in surrounding non‑malignant 
stromal cells that supply growth‑promoting factors to the 
tumor.[23] Recent results from clinical trials using topical and 
systemic administration of  Hh pathway inhibitors to basal cell 
carcinoma  (BCC) patients provide the first evidence of  the 
therapeutic benefit resulting from inhibition of  this signaling 
pathway.[24,25]

Overexpression of  the Hh signaling pathway has been described 
in several malignancies and is associated with a poor prognosis. 
Very few studies on the expression of  SHH in OSCC have 
been done so far.[26‑28] A comprehensive understanding of  Hh 
signaling during development of  OSCC will undoubtedly 
shed light into the mechanism of  Hh in OSCC progression 
and to identify potential targets for therapeutic intervention. 
In view of  identifying the expression of  SHH molecule, this 
study was conducted. This is the pioneer study, evaluating 
the expression of  SHH in normal buccal mucosa, dysplastic 
buccal mucosa and OSCC of  buccal mucosa (well, moderate 
and poor) which will undoubtedly help further research for 
therapeutic intervention thus the effective intervention of  the 
Hh pathway can be achieved at the level of  ligand binding to 
its receptor itself  using anti‑Hh antibodies.

MATERIALS AND METHODS

The criteria used for inclusion into the study included the 
following: Adequate clinicopathologic data; histologically 
proven cases of  oral epithelial dysplasia  (moderate),[29] 
SCC (tumors were classified as well, moderately and poorly 
differentiated according to the WHO classification of histologic 
differentiation grade);[30] and no prior oncologic therapy.

For each case, the hematoxylin and eosin‑stained sections 
were reviewed to confirm the diagnosis of  oral epithelial 
dysplasia and different grades of  OSCC. The study protocol 
was carried out with the approval of  the Institutional Research 
Committee. The slides were verified twice by two pathologists 
in a blinded fashion without the knowledge of  any patient’s 
clinicopathologic information.

This study comprised a total of  250 biopsy specimens. Patient’s 
details regarding age, gender, location of  lesion, habits and 
irritation were recorded [Table 1]. The specimens were collected 
as follows, 50 specimens were of  normal mucosa which was 
obtained from the volunteers without any tobacco smoking 
or chewing habits, or irritation after obtaining the informed 



Srinath, et al.: Sonic hedgehog in OSCC

Journal of Oral and Maxillofacial Pathology | Sep - Dec 2016 | Vol 20 | Issue 3	 379

consent from the patients, 50 from the diagnosed case of  oral, 
moderate epithelial dysplasia (MED), 50 of  well differentiated 
OSCC, 50 of  moderately differentiated OSCC and 50 of  
poorly differentiated OSCC.

Immunohistochemistry
Four‑micrometer‑thick tissue sections were cut and placed on 
positively charged glass slides. Immunohistochemical staining 
was performed using SHH (H‑160) (Santa Cruz, sc‑9042) 
according to manufacturer’s protocol. SHH  (1:100) were 
applied to the tissue sections and incubated overnight at 4°C. 
Secondary biotinylated antibody and streptavidin  – HRP 
conjugated complex were applied for 60 and 30 min, respectively. 
After washing in buffer, the chromogen diaminobenzidine was 
applied for 5 min followed by counterstaining with Mayer’s 
hematoxylin. Negative controls included substituting the 
primary antisera with preimmune sera from the same species 
and omitting the primary antibody. For positive control, 
carcinoma in lymphnode and carcinoma of  breast were used.

Evaluation of immunohistochemical staining
The immunohistochemical score is based on IRS score. 
The IRS score is calculated by combining the quantity score 
(percentage of  positively stained cells) with the staining 
intensity score. The quantity score ranges from 0 to 4 and the 
staining intensity score ranges from 0 to 3. The scoring method 
is described in Table 2.

RESULTS

Based on immunohistochemistry, the results showed very highly 
significant difference (P < 0.001) in the expression of  SHH 
protein in the cancerous specimens compared with that of  the 
noncancerous oral mucosa.

According to statistical evaluation, the normal oral epithelium 
[Figure 1] did not show any SHH expression. 70% of  samples 
with MED  [Figure  2] showed positive SHH expression 
mainly in the cytoplasm, out of  which 60% was mild, 
and 10% was moderate. 90% of  the samples with OSCC 

showed SHH expression [Tables 3-5] in the cytoplasm. On 
grade‑wise evaluation, the samples with well‑differentiated 
OSCCs  [Figure  3] showed 40% positive expression in 
the cytoplasm out of  which 30% was mild, and 10% was 
moderate. 100% of  samples with moderately differentiated 
OSCCs  [Figure  4] showed positive SHH expression in the 
cytoplasm, out of which 70% was mild, and 30% was moderate. 
84% of  samples with poorly differentiated OSCC [Figure 5] 
showed SHH‑positive expression in the cytoplasm, out of  
which 62% showed moderate and 22% showed strong SHH 
expressions  [Tables 3 and 5]. The results correlate with the 
aggressiveness of  the lesion, but we found more SHH positivity 
with mild intensity in MED than in well‑differentiated oral 
squamous cell carcinoma (WDOSCC).

DISCUSSION

HNSCC, including OSCC, is the sixth most common type 
of  malignancy worldwide.[31] Although recent advances in 
the treatment have improved the quality of  life, overall 5‑year 
survival rates have not improved significantly.[32] HNSCC 
frequently shows local recurrence and metastasis after the initial 
treatment.[33] Increasing evidence indicates that the initiation, 
progression, recurrence and metastasis of  HNSCC are related 
to the behavior of  a small subpopulation of  CSCs.[34‑36] It 
has been postulated that CSCs within the bulk tumor may 
escape conventional therapies, thus leading to disease relapse. 
Therefore, an important goal of  therapy could be to identify 
and kill this CSC population. If  CSCs can be identified 
prospectively and isolated, then we should be able to identify 
new diagnostic markers and potential therapeutic targets.[37]

Table 1: Distribution of study samples according to age, habits, irritation, and gender
Cliinical parameters Group I

Normal buccal 
mucosa (n=50)

Group II

MED (n=50)

Group III

WDOSCC (n=50)

Group IV

MDOSCC (n=50)

Group V

PDOSCC (n=50)

Age (average), years 50 51.1 56.0 53.4 33.5
Tobacco habits (%)

Smoking Nil 60 80 60 50
Chewing Nil 30 40 40 60

Irritation (%) Nil 6 6 0 5
Gender (%)

Male 50 40 70 70 85
Female 50 60 30 30 15

WDOSCC: Well differentiated oral squamous cell carcinoma, MDOSCC: Moderately differentiated oral squamous cell carcinoma, PDOSCC: Poorly 
differentiated oral squamous cell carcinoma, MED: Moderate epithelial dysplasia

Table 2: IRS scoring method
Quantity score Staining intensity 

score
IRS

0=no positive cells 0=no color reaction 0-1=negative
1≤10% of positive cells 1=mild reaction 2-3=mild
2=10-50% positive cells 2=moderate reaction 4-8=moderate
3=51-80% positive cells 3=intense reaction 9-12=strongly positive
4≥80% positive cells

IRS: Immunoreactive score of Remmele and Stegner
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Some of  the most important signals enumerated in maintaining 
stem cell proliferation in tumorigenesis are Oct‑4, Notch, 

Wnt/Catenin, bone morphogenetic protein, SHH signaling 
pathway, Musashi‑1 and so forth.[38] SHH signaling pathway 
is a major regulator of  some of  the fundamental processes 
including stem cell maintenance, cell differentiation, tissue 
polarity and cell proliferation.[39] SHH, are quiescent in adult 
tissues. When these pathways are activated aberrantly in adult 
tissues, they are frequently oncogenic.[28] In human and animal 
models, activation of  the SHH pathway is associated with 
the development of  tumors through diverse mechanisms. For 
example, in medulloblastoma and basal cell carcinomas, SHH 
signaling can be initiated because of  PTCH‑1 mutations, 
whereas in small cell lung cancer and intestinal adenocarcinoma, 
its activation is associated with high expression of  the SHH 

Table 3: Immunohistochemical expression of sonic hedgehog protein in each study group
Characteristics Cases Nucleus Cytoplasm
IRS points 0-1

Negative

2-3

Mild

4-8

Moderate

9-12

Strong

0-1

Negative

2-3

Mild

4-8

Moderate

9-12

Strong

IRS class 0 1 2 3 0 1 2 3
Normal 50 42 08 ‑ ‑ 50 ‑ ‑ ‑
Dysplasia 50 35 15 ‑ ‑ 30 15 05 ‑
WDOSCC 50 40 10 ‑ ‑ 15 30 05 ‑
MDOSCC 50 35 15 ‑ ‑ 00 35 15 ‑
PDOSCC 50 42 08 ‑ ‑ 08 0 31 11

WDOSCC: Well differentiated oral squamous cell carcinoma, MDOSCC: Moderately differentiated oral squamous cell carcinoma, PDOSCC: Poorly 
differentiated oral squamous cell carcinoma, IRS: Immunoreactive score of Remmele and Stegner

Table 4: Chi‑square test showing insignificant expression of 
sonic hedgehog protein in the nucleus of the cells in the study 
groups
Study groups Nucleus (%) Total (%) χ2 P

Negative Mild

Normal mucosa 42 (84.0) 8 (16.0) 50 (100.0) 5.845 0.211
Dysplasia 35 (70.0) 15 (30.0) 50 (100.0)
WDOSCC 40 (80.0) 10 (20.0) 50 (100.0)
MDOSCC 35 (70.0) 15 (30.0) 50 (100.0)
PDOSCC 42 (84.0) 8 (16.0) 50 (100.0)

WDOSCC: Well differentiated oral squamous cell carcinoma, 
MDOSCC: Moderately differentiated oral squamous cell carcinoma, 
PDOSCC: Poorly differentiated oral squamous cell carcinoma

Figure  2: Dysplastic epithelium showing mild expression of sonic hedgehog in the cytoplasm evenly in basal and parabasal areas 
[(a) H&E stain, ×100, (b) IHC stain, ×200]

ba

Figure 1: Normal epithelium showing very mild expression of sonic hedgehog in the cytoplasm [(a) H&E stain, ×100, (b) IHC stain, ×200]

ba
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Table 5: Chi‑square test showing highly significant expression of sonic hedgehog protein in the cytoplasm of the cells of oral 
squamous cell carcinoma cases
Study groups Cytoplasm (%) Total (%) χ2 P

Negative Mild Moderate Strong

Normal 50 (100.0) 0 0 0 50 (100.0) 241.310 <0.001
Dysplasia 30 (60.0) 15 (30.0) 5 (10.0) 0 50 (100.0)
WDOSCC 15 (30.0) 30 (60.0) 5 (10.0) 0 50 (100.0)
MDOSCC 0 35 (70.0) 15 (30.0) 0 50 (100.0)
PDOSCC 8 (16.0) 0 31 (62.0) 11 (22.0) 50 (100.0)

WDOSCC: Well differentiated oral squamous cell carcinoma, MDOSCC: Moderately differentiated oral squamous cell carcinoma, PDOSCC: Poorly 
differentiated oral squamous cell carcinoma

Figure 5: Poorly differentiated oral squamous cell carcinoma showing moderate to strong expression of sonic hedgehog in cytoplasm [(a) H&E 
stain, ×100, (b) IHC stain, ×400]

ba

Figure 4: Moderately differentiated oral squamous cell carcinoma showing moderate expression of sonic hedgehog in cytoplasm [(a) H&E stain, ×100, 
(b) IHC stain, ×400]

ba

Figure 3: Well differentiated oral squamous cell carcinoma showing mild to moderate expression of sonic hedgehog in cytoplasm, mainly in the 
periphery of the epithelial islands [(a) H&E stain, ×100, (b) IHC stain, ×400]

ba
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ligand.[1] This study is undertaken to show the activation of  
Hh pathway in association with high expression of  the SHH 
ligands.

The connection between Hh signaling and carcinogenesis was 
first detected in patients with basal cell nevus syndrome (Gorlin’s 
syndrome). The enhanced expression of  Hh signaling molecules 
has also been demonstrated in tumor tissues of  the breast, 
stomach, endometrium, cervix, pancreas and colon.[27] Wang 
et  al. in 2012, found overexpression of  SHH in OSCC.[27] 
Schneider et  al. assessed the expression of  SHH signaling 
proteins in HNSCCs, he failed to note any expression of  SHH 
signaling proteins in oral normal mucosa.[28] However, in this 
study, low levels of  SHH were expressed in normal oral mucosa 
but was confined to the basilar area.

In this study, the aim was to find the levels of  SHH proteins of  
the SHH pathway in human normal buccal mucosa, moderate 
oral epithelial dysplasia and different grades of  OSCC. Based 
on immunohistochemistry, our results showed significant 
(<0.001) increase of  SHH protein expression in the cancerous 
specimens compared with the noncancerous oral mucosa and 
between each category. The expression of  SHH protein in 
dysplastic oral epithelium was found to be slightly higher than 
seen in WDOSCC, but the pattern of  expression was evenly 
in basal and parabasal areas, whereas the pattern of  expression 
of  SHH in WDOSCC was mainly observed in the periphery 
of  the tumor island which can be due to the increased activity 
of  SHH in the invasive front. The IRS score was found to 
be moderate in moderately differentiated oral squamous cell 
carcinoma (MDOSCC) and strong in poorly differentiated oral 
squamous cell carcinoma (PDOSCC) and also IRS scoring of  
SHH was mainly in the cytoplasm. Yue et al. suggested that 
the SHH/Gli pathway may be critical for SCC recurrence, 
metastasis and resistance to chemotherapy. Inhibition of  the 
SHH/Gli pathway activity/function is a potential therapeutic 
strategy for the treatment of  SCC patients.[40]

CONCLUSION

The expression of  SHH when studied in NOM, MED and 
OSCC showed that SHH was significantly expressed MED and 
OSCC. The expression of  SHH in dysplastic oral epithelium 
was found to be comparatively more than in WDOSCC. The 
study will be carried out with increased number of  samples to 
confirm these results, but the pattern of  expression was mainly 
even in basal and parabasal areas where the metabolic activity 
is high. The pattern of  expression of  SHH in WDOSCC was 
mainly observed in the periphery of  the tumor island. The 
IRS score was found to be higher in MDOSCC and strong 
in PDOSCC which correlates with the aggressiveness of  the 
high‑grade tumor. These findings show important implication 

in the grades, progression and aggressiveness of  OSCC and 
further studies need to be conducted to find out the therapeutic 
implications. Thus, activation of  Hh pathway which is an 
important signaling mechanism crucial in embryogenesis may 
have a link to carcinogenesis, and the aberrant regulation of  
this pathway can result in the development of  tumors.
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