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INTRODUCTION 

Salivary gland tumors are a relatively rare 
and heterogeneous group of tumors with variable 
pathologic and phenotypic characteristic in the 

maxillofacial area with complex morphologic 
appearance 1. These tumors comprise 3-6% of 
all head and neck neoplasms in various reports 2. 
However, they are an important issue in the science 

PATTERN OF EXPRESSION OF HUMAN HOMOLOGUE  
OF DROSOPHILA PATCHED1 PROTEIN IN FOUR  

DIFFERENT SALIVARY GLAND TUMORS

Walid Zedan* 

ABSTRACT
Salivary gland tumors are a comparatively rare and diverse group of tumors with variable clini-

cal and histopathological pictures. Pleomorphic adenoma (PA) & papillary cystadenoma lymphato-
sum (PCL) are common benign tumors and Mucoepidermoid carcinoma (MEC) & adenoid cystic 
carcinoma (ACC) are common malignant tumors with the respect of order. The human homologue 
of the Drosophila segment polarity gene Patched 1 (PTCH 1) is a member of hedgehog pathway 
encoding a receptor for the morphogen Sonic Hedgehog and it is the candidate gene for Gorlin’s 
syndrome.  Interestingly it is considered as a one of the tumor a suppressor gene which is associ-
ated with different neoplasms and cystic lesions.  In this study the pattern of expression of PTCH1 
in PA, PCL, MEC, and ACC tumors will be explored to reveal if there is any possible correlation 
between PTCH1 expression and these four different salivary gland entities. Twenty paraffin embed-
ded blocks of salivary gland tumors was chosen as follow (five cases PA, five cases PCL, five cases 
MEC (two high grades, two low grades, 1 moderate grade) and five cases ACC (4 cribriform pat-
tern, one tubular pattern). immunohistochemistry technique using PTCH 1 primary antibody was 
done to investigate the level of expression of PTCH 1 protein in our samples. Our results revealed 
that PTCH1 is expressed with various intensities from light to heavy in the four studied salivary 
gland tumors. Furthermore, PTCH1 expression was confined to the epithelial cells component of 
the tumors with cytoplasmic and membranous staining. PCL & MEC (low & moderate grade), 
ACC (cribriform pattern) cases showed the highest immunoreactivity. While PA, high grade MEC, 
ACC (tubular pattern) showed the lowest. It can be conclude that PTCH1 might has a role in the 
development of salivary gland tumors with main components epithelium as PCL, MEC, ACC and 
to a lesser extent PA as a mixed tumor. Finally, it is recommended that researchers should target 
SHH pathway genes including PTCH1 in most tumors for further investigations and possible gene 
therapies 
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of head and neck pathology, due to their difficult 
diagnosis, management and unpredictable clinical 
course of disease 2. Parotid tumors encompass 80% 
to 85% of all salivary gland tumors; almost 75% 
of these tumors are benign 3. Submandibular gland 
tumors account for 10% of all salivary gland tumors, 
but almost half of these are malignant. Less than 
1% of salivary neoplasms develop in the sublingual 
glands, but 75% to 80% of these are malignant. The 
remainder of salivary gland tumors arises in minor 
salivary glands, and most of these are malignant 3.

According to the last World Health Organization 
(WHO) Head and Neck Tumor Classification was 
published in 2005 4.  Pleomorphic adenoma (PA) 
& papillary cystadenoma lymphatosum (PCL) 
(Warthins tumors) are common benign tumors and 
Mucoepidermoid carcinoma (MEC) & Adenoid 
cystic carcinoma (ACC) are common malignant 
tumors with the respect of order 4. PA, PCL affects 
most often the parotid gland, and is the most 
frequent benign salivary gland tumors 3. PA is a 
mixed tumor consists of epithelial component (duct 
like, myoepithelial, squamous) and mesenchymal 
components (fibrous, myxoid, osteoid, chondroid) 
5. PCL consists of cystic spaces surrounded by two 
uniform rows of epithelial cells with centrally placed 
pyknotic nuclei. The cystic spaces have epithelium 
referred to as papillary infoldings that protrude into 
them. Additionally, the epithelium has lymphoid 
stroma with germinal center formation 5.  

MEC is the most common malignant salivary 
gland tumor in adults and children. It derives from 
the main duct segment and is composed of mucous, 
intermediate, and epidermoid cells in varying 
combinations. Histologic grading is as follow, low 
grade with predominance of mucous cells, high 
grade with the predominance of epidermoid cells 
and intermediate with equal proportion of the three 
cell types. The previous grading plays a role in the 
prognosis of MEC 6. ACC, seen most commonly in 
minor salivary glands, is the second most common 

malignant salivary gland carcinoma. It appeared in 
three common histopathological pattern cribriform, 
solid or tubular pattern. Even though ACC is 
locally aggressive, with a tendency for perineural 
invasion, biologic progression is slow, and lymph 
node metastases are rare. The palate/maxilla is the 
preferred location for occurrence, and initial clinical 
presentation at stage IV is common 7. 

The human homologue of the Drosophila segment 
polarity gene Patched 1 encodes the transmembrane 
protein (PTCH1), which is a receptor for the 
morphogen Sonic Hedgehog (Shh) 8.  The Hedgehog 
(Hh) signaling pathway has essential roles in 
embryonic development, tissue homeostasis, and 
tumorigenesis. The pathway is activated by binding 
of any of the three mammalian Hh isoforms, Sonic 
Hedgehog (Shh), Indian Hedgehog (Ihh), or Desert 
Hedgehog (Dhh), to the 12-transmembrane protein 
Patched-1 (PTCH1) 9. Obviously, Shh/ PTCH 
signaling controls cell fates, patterning, and growth 
in several tissues, including teeth 10. Shh signaling 
regulates growth and determines the shape of the 
tooth, but it is not essential for differentiation of 
ameloblasts or odontoblasts 11. 

Mutations in the PTCH 1 gene were identified 
as the principal genetic event in nevoid basal 
cell carcinoma syndrome (Gorlin syndrome) 12. 
Demonstration of frequent loss of heterozygosity & 
mutations within the region containing the PTCH1 
gene, also its protein expression in sporadic and 
hereditary odontogenic keratocystic tumor (previous 
odontgenic keratocyst) were identified 13-15. It had 
been proved that PTCH1 is a tumor suppressor 
gene, as revealed by frequent loss-of-function 
mutations and deletions in basal cell carcinomas, 
medulloblastoma, and rhabdomyosarcoma 15-18.  
Moreover, recently PTCH1 had been correlated to 
the recurrence of breast carcinoma & hepatocellular 
carcinoma and it was suggested to had a role in the 
development of human non-small cell lung cancers, 
colorectal serrated adenoma, and pancreatic 
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neuroendocrine tumor (PNET) 19-23. Information 
about the correlation between PTCH1 expression 
or mutations and salivary gland tumors seems to be 
deficient.

In this study the pattern of expression of PTCH1 
in PA, PCL, MEC, and ACC tumors will be explored 
to reveal if there is any possible correlation between 
PTCH1 expression and these four different salivary 
gland tumors. 

MATERIAL AND METHODS

Tissue Samples of 20 cases of salivary gland 
tumors was chosen as follow (five cases PA, five 
cases PCL, five cases MEC (two high grades, 
two low grades, 1 moderate grade) and five cases 
ACC (4 cribriform pattern, one tubular pattern) 
were retrieved from previously diagnosed archival 
paraffin blocks of Oncology Center, Mansoura 
University. Each paraffin block was cut for three 
sections, each of 3 microns thickness. One section 
was stained with the ordinary Haematoxyline and 
Eosin (H&E) stain for the purpose of microscopical 
evaluation. Other two were one for negative 
control and the remaining one were processed for 
immunohistochemical detection of PTCH protein. 
Immunohistochemical staining laboratory work was 
done at Leeds Dental Institute, Diagnostic Services 
Department, Immunohistochemical laboratory. 

PTCH antibody

PTCH1 primary antibody is available at Leeds 
Dental Institute, Diagnostic Services Department, 
and Immunohistochemical laboratory. Antibody 
production polyclonal antibody was raised in 
rabbit against a human patched peptide from the 
carboxyterminal region of the protein. A PTCH 1 
peptide sequence (C)-N-y-Q-V-D-S-W-E-E-M-L-
N-K-AE-V-G-H (PTCH peptide) at Leeds Dental 
Institute. Validation of this antibody was previously 
described by Zedan et al (2001) 13.

Immunohistochemical staining

Tissues used for immunohistochemistry were 
formalin fixed and paraffin embedded, then 
incubated in 1% (v/v) hydrogen peroxide in 
methanol for 20 min.  The paraffin sections were 
dewaxed, rehydrated through an alcohol series and 
then submerged in 6M urea.  This solution was 
heated to 100°C in a microwave, and then cooled 
for 20 min.   Normal goat serum diluted 1:5 in TBS  
(50mM Tris-HCl buffer, pH 7.5, containing 0.15 M 
sodium chloride) was used as blocking agent for 5 
min.  Sections were then either incubated for 1.5 
hr in 1:40 dilution, or for 16 hr in 1:200 dilution, 
of affinity purified rabbit anti-PTCH1 primary 
antibody diluted in TBS.  Sections were then washed 
six times in TBS (>5min per wash).  Detection was 
carried out with a 1:100 dilution of biotinylated 
anti-rabbit IgG secondary antibody solution (Dako), 
for 1hr at 20°C. Sections were washed with TBS 
as above and then incubated with avidinbiotin 
immunoperoxidase (10µl solution A+ 10µl 
solution B in 1000µl of dH2O [Dako Duet ABC]). 
Immunohistochemical staining was visualised with 
70mM 3,3-diaminobenzidine (Sigma) in ddH2O 
for 3-10 min and  counter-stained with Mayer’s 
hematoxylin. Negative controls (absence of primary 
antibody) were run for each slide. Exclusion of the 
primary antibody was employed as negative control, 
while normal mucosa was used as positive controls. 

Two pathologists independently evaluated 
the immunohistochemical staining blindly.  The 
intensity of staining was reported as: no staining, 
−; lightly stained, +; moderately stained, ++; and 
heavily stained, +++.  

RESULTS

Histopathological findings

Examination of haematoxyline and eosin stained 
sections of the studied 20 cases for the confirmation 
of the histopathologic pictures of each case as we 
affirmed before.
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Immunohistochemical results of PTCH1

Overall evaluation was as follow, PTCH 1 
immunoreactivity staining with various intensities 
from light to heavy in the four studied salivary gland 
tumors. In most positive salivary tumors tissues 
examined was observed to show positive intra-
cytoplasmic and membranous staining especially in 
the epithelial cells components (fig. A & B & C) 
(Table 1). 

PA cases in general showed light to negative 
(+/−) PTCH1 staining in overall tumors components 
while, mesenchymal components showed negative 
staining (−). Three cases showed light positive (+), 
in which epidermoid areas showed a noticeable 
prominent positivity staining for the keratin pearl in 
epidermoid cells nest (fig A, 1). Two cases showed 
negative to light staining (-ve/+). 

PCL cases in general showed heavy to moderate 
PTCH1staining (+++/++) especially in the double 
layered papillary epithelial cells lining the cystic 
spaces. Lymphoid cells components in overall cases 
showed negative staining. Three cases revealed 
heavy staining of the epithelial components (+++) 
(fig A, 2), while two cases showed moderate staining 
(++).

MEC cases in general revealed heavy staining in 
the low & moderate and negative to light staining 
in the high grade cases.  Three cases (Two low and 
one moderate grade) revealed heavy (+++) PTCH1 
staining with the predominance of the heavy staining 
for the epidermal cells clusters and mucous secreting 
cells, the membranous staining was obvious in the 
moderate grade one (fig B 1&2). While the two high 
grade cases revealed negative to light (−/+) staining 
PTCH1 staining, especially the highly anaplastic 
cells showed negative staining (fig B, 3).

ACC cases in general showed moderate to light 
staining of PTCH1 (++/+). One case of cribriform 
pattern revealed heavy staining of the small basiloid 
cells (+++) (fig. C, 1). One case cribriform pattern 

showed (++).  Two cases (one cribriform & one 
tubular pattern) showed light staining (+) of PTHC1 
(fig C, 2). Finally, one case showed moderate 
staining (++). 

TABLE (1) Showing expression pattern of PTCH1 
protein in Pleomorphic Adenoma (PA), 
Papillary Cystadenoma Lymphatosum 
(PCL), Mucoepidermoid Carcinoma 
(MEC), and Adenoid Cystic Carcinoma 
(ACC). Negative staining, -ve; lightly 
stained, +; moderately stained, ++; and 
heavily stained, +++. 

PTCH1 
immunoreactivity

Specimens

+PA case 1

-ve/+PA case 2

+PA case 3

+PA case 4

-ve/+PA case 5

++PCL case 1

+++PCL case 2

++PCL case 3

+++PCL case 4

+++PCL case 5

+++MEC case1 (low grade)

+++MEC case 2 (low grade)

+++MEC case 3 (moderate grade)

+/-veMEC case 4 (high grade)

+/-veMEC case 5 (high grade)

++/+++ACC case 1 (cribriform pattern)

+++ACC case 2 (cribriform pattern)

++ACC case 3 (cribriform pattern)

+ACC case 4 (cribriform pattern)

+ACC case 5 (tubular pattern)
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Fig. A (1) Pleomorphic adenoma showing light PTCH1 staining and a noticeable prominent positivity staining for the keratin pearl 
in epidermoid cells nest. (2) Warthins tumor revealing heavy PTCH1staining especially in the double layered papillary 
epithelial cells lining the cystic spaces. Lymphoid cells components showed negative staining. (x200)

Fig. B (1) & (2) Low and moderate grade Mucoepidermoid carcinoma showing heavy PTCH1 staining with prominent membranous 
staining in the epidermal and mucous secreting cells especially in the moderate grade. (3) High grade Mucoepidermoid 
showing light to negative staining especially in the highly anaplastic cells in the center.  (x100,x200,x400)

Fig. C (1) Adenoid cystic carcinoma (cribriform pattern) revealed showed heavy PTCH1 staining of the small basiloid cells. (2) 
Adenoid cystic carcinoma (tubular pattern) showing light staining. (x200)
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DISCUSSION

PTCH1 is a member of the Sonic Hedgehog 
signaling pathway (SHH) that controls development 
and cell fate. Also, PTCH1 had been described as 
a tumor suppressor gene. Moreover, it had been 
confirmed to be the candidate gene of nevoid basal 
cell carcinoma syndrome and related sporadic 
neoplasms 24. To date, several studies have provided 
evidence that PTCH1 might take part in the 
pathogenesis of a wide variety of neoplasms (benign 
and malignant) and even cystic lesions13-23. From the 
previous data investigation revealing its expression 
or mutational analysis in different tumors including 
salivary gland tumors is needed.

Our study results revealed that PTCH1 is 
expressed with various intensities from light to 
heavy in the four studied salivary gland tumors. 
Furthermore, it was clear that the expression is 
confined to epithelial cells component of the tumors 
with cytoplasmic and membranous staining. The 
previous finding is in agreement with previous data 
published about the pattern of expression of PTCH1 
in Odontogenic keratocystic tumor and basal cell 
carcinoma both syndromic and sporadic 13. The 
fact that PTCH1 is a 12-transmembrane protein 
is explaining that membranous and cytoplasmic 
immunoreactivity 9. However, there is a hypothetic 
explanation for the nature of accumulated 
PTCH1 protein as mutational inactivation of 
PTCH1 leads to overexpression of the mutant 
transcript owing to failure of a negative feedback  
mechanism 25,26. Contrary, another hypothesis 
indicating that accumulations of non-mutated 
PTCH1 might be sufficient to inhibit expression 
of PTCH1 and GLI-1 (a down regulated gene in 
the SHH pathway) by a feedback mechanism, 
suggesting that SHH cannot signal effectively in 
these circumstances 27. 

Our results revealed clearly that PTCH1 is down 
regulated or less expressed in the PA cases except in 
the squamous areas. This finding might be explained 
from our point of view by the diversity and plenty 
components of PA as a mixed tumor. On the other 
hand, the heavy immunoreactivity in the squamous 

areas is in agreement with the fact that most PTCH1 
has a main role in the patterning of squamous 
epithelium morphogenesis 28,29.  Moreover, Kang 
et al. 2013,  postulated that a naturally occurring 
allele of PTCH1 found in mice promotes early 
squamous cell carcinoma (SCC) growth without 
aberrant activation of the SHH pathway. The study 
reveals new roles for PTCH1 that lie at the nexus 
between BCC and SCC formation 30. Previous data 
might also in agreement with the prominent high 
expression of PTCH1 in the PCL tumor cases in 
our study especially the double layered papillary 
epithelial cells.

MEC cases in our study showed a variable 
immunoreactivity of PTCH1 a higher expression 
in low and moderate grade cases and a very low 
expression in the high grade cases. These finding 
might be in accordance the data published before 
about the nature of the PTCH1 expression in 
malignant tumors as a tumor suppressor gene 18. 
Furthermore in agreements with our findings some 
researches suggesting that PTCH1 gene may be 
had a truncating mutations proximal to the to the 
immunogenic sequence of the tested antibody, which 
leads to lower expression or absence of the whole 
protein in the course of the highly aneuploidy of the 
malignant cells which is similarly appeared in P53 
antibody 13,31. Finally, ACC cases showed moderate 
to light staining of PTCH1 which is to a lesser 
extents are same of MEC cases results. The rising 
reports which shown before about the association 
between PTCH1 mutations or expression in various 
cancers is supporting our findings 15,18,19,20.

Constructing all our findings together which 
indicated that PTCH1 was remarkable expressed 
with a variable degrees of immunoreactivity in our 
four tumors entities. Consequently, we can conclude 
PTCH1 might has a role in the development of 
the salivary glands tumors with main components 
epithelium PCL, MEC, ACC and to a lesser extent 
PA as a mixed tumor. Finally, it is recommended 
that researchers should target SHH pathway genes 
including PTCH1 in most tumors for further 
investigations and possible gene therapies.
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