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A novel truncating mutation of PTCH1 in a  
Chinese family with Gorlin syndrome

Qin Liu, Lanting Liu, Xuejingzi Wu, Tiankai Du, Kaiping Zheng, Jiquan Song

Department of Dermatology, Zhongnan Hospital of Wuhan University, Wuhan, China

Received May 25, 2017; Accepted July 20, 2017; Epub August 1, 2017; Published August 15, 2017

Abstract: Gorlin syndrome, a rare autosomal dominant disease, is characterized by numerous basal cell carcino-
mas, multiple jaw cysts, palmar and plantar pits and embryological deformities. Mutations in the PTCH1 gene are 
the most common molecular defects associated with Gorlin syndrome. We detected a duplication of thymine after 
nucleotide position 2927 in exon 18 of the PTCH1 gene (c.2927 dupT) in a fifty-year-old male proband with peri-
anal basal cell carcinoma and his brother. The mutation creates a frameshift and leads to a premature stop codon 
(p.Tyr977 Leufs* 16) lacking 5 of the 12 transmembrane-spanning domains. However, the functional significance of 
truncation of the N terminal regions remains currently unknown and to be further investigated. The current findings 
indicate that genetic testing of PTCH1 gene mutational status may aid in the early diagnosis of Gorlin syndrome in 
which multiple complex abnormalities are present, hampering prompt diagnosis and treatment.
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Introduction

The nevoid basal cell carcinoma syndrome, 
also known as Gorlin syndrome, is a rare auto-
somal dominant disease with a prevalence rate 
of 1/150000 to 1/570000 [1]. The syndrome 
is characterized by numerous basal cell carci-
nomas, multiple jaw cysts, palmar and plantar 
pits and embryological deformities. Patients 
with Gorlin syndrome suffer from developmen-
tal defeats and a high susceptibility oflow- 
frequency tumors, such as basal cell carci- 
noma, medulloblastoma, rhabdomyosarcoma, 
and cardiac fibromas [2]. Mutations in the 
PTCH1 gene (patched homolog 1, located on 
chromosome 9q 22) are the most common 
molecular defects associated with Gorlin syn-
drome. To date, a total of 348 different muta-
tions in the PTCH1 gene have been reported in 
the human Gene Mutation Database (http://
www.hgmd.cf.ac.uk/ac/all.php). Missense, non- 
sense and small deletions remain the most 
common mutations in the PTCH1 gene while 
gross deletions, insertions or duplications 
account for less than 10% of all PTCH1 gene 
mutations.

In this article, we report the identification of a 
novel duplication mutation in the PTCH1 gene, 

leading to a truncated PTCH1, in a 50-year-old 
male patient with familiar Gorlin syndrome and 
we further describe the clinicopathologic fea-
tures of Gorlin syndrome in the proband.

Subjects and methods

Ethical considerations

All procedures were reviewed and approved  
by the Ethical Review Board of Zhongnan Hos- 
pital of Wuhan University. Informed consent 
was obtained from the patients or their family 
members for all procedures in this study and 
permission for use of patient photographs was 
obtained.

Patient evaluation

The nevoid basal cell carcinoma syndrome in 
the proband was diagnosed based on the result 
of multinational analysis of the PTCH1 gene 
and according to the criteria as described by 
Larsen et al. [3]. The patient was examined by 
an experienced dermatologist and then evalu-
ated radiologically for skeletal deformities and 
with head CT scan. The anatomic distribution  
of BCCS was recorded according to six body 
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Table 1. Clinical features of the nevoid basal cell carcinoma syndrome in the proband and his first 
degree relatives
Clinical features The proband Mother Brother Sister
Major manifestations Healthy

Basal cell carcinoma Basal cell carcinoma Basal cell carcinoma
Palmar or plantar pitting Palmar or plantar 

pitting
Palmar or plantar 
pitting

Calcifications of the falx cerebri Head CT scan was 
not performed.

Head CT scan was 
not performed

First degree relatives (mother and 
brother) with basal cell carcinoma

Minor manifestations Ocular hypertelorism Ocular hypertelorism Ocular hypertelorism

Figure 1. Clinical manifestations of Gorlin syndrome in the proband. A and B. Double-facial asymmetry, ocular hyper-
telorism and broad base of the nose; C. Palmar pits. D. An irregular and rugged soft ecru tumor is present near the 
anus, which is about 1.5 cm in diameter, with a clear boundary. The surface is rough and mild erosions are present.



A novel truncating mutation of PTCH1 in Gorlin syndrome

9063 Int J Clin Exp Pathol 2017;10(8):9061-9067

Figure 2. Head CT scan shows calcification of the tentorium cerebella (A) and calcification of the cerebral falx (B) 
Pathological biopsy of the perianal neoplasm reveals proliferation of basaloid cells with palisading nuclei at the 
periphery of the nests and contraction gaps between tumors and the surrounding tissues (C and D: H&E, magnifica-
tion × 40).

sites including head and neck, face, scalp, 
upper extremities, lower extremities, and trunk. 
The peri-anal tumor tissue was biopsied and 
sectioned and stained with H&E for histologi- 
cal examination as previously described [4]. In 
addition, a detailed family history was obtained 
of the proband.

Mutation analysis

Peripheral blood samples were taken from  
the proband and his family members. Genomic 
DNA was extracted from blood samples using 
the TIANamp Blood DNA kit as instructed by  
the manufacturer (Tiangen, Beijing, China). 
Primer covering all coding regions and flank- 
ing introns of the PTCH1 gene (OMIM: 603673) 
was designed and synthesized (Qingwei, Wu- 
han, China) according to the PTCH1 sequence 
from Ensembl (http://asia.ensembl.org/index.
html) via NCBI Primer-BLAST (http://frodo.
wimit.edu/primer3). Primer sequences are av- 

ailable upon request. All the sequences of the 
PTCH1 gene were amplified by polymerase 
chain reaction (PCR). The purified PCR produ- 
cts were sent to Grandomics Biosciences  
Co. (Wuhan, China) for sequencing analysis. 
Nucleotide numbering is based on GenBank 
sequence NM_000264.3, where the A of the 
ATG translation initiation site represents the 
nucleotide+1. The affected transcript and pro-
tein were denoted using the Human Genome 
Variation Society (HGVS) nomenclature version 
2.0 (Mutalyzer 2.0.beta-32, https://mutalyzer.
nl/).

Results

Clinicopathologic characteristics of the pro-
band

The proband was a 50-year-old male who pre-
sented to the Department of Dermatology of 
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Figure 3. A. The family pedigree of the proband (black 
arrow) co-segregating the PTCH1 germline mutation 
(c.2927 dupT). B. Structural modeling of the PTCH1 
protein showing that the protein is truncated at ami-
no acid position 977.

our hospital because of perianal neoplasia  
for 3 years. The clinical features of the nevoid 
basal cell carcinoma syndrome in the proband 
are shown in Table 1. The patient exhibited 
double-facial asymmetry, ocular hypertelorism 
and a broad base of the nose (Figure 1A and 
1B). Palmar and plantar pits without scales or 
keratinization were present (Figure 1C). Skin 
examination showed an irregular and rugged 
soft ecru neoplasia around the anus, which 
was about 1.5 cm in diameter, with a clear 
boundary; the tumor had rough surface and 
exhibited mild erosions (Figure 1D). Further- 
more, head CT scans demonstrated a broad-
ened septum pellucidum and multiple calci- 
fications in the bilateral tentorium cerebella 

and cerebral falx (Figure 2A and 2B), a wi- 
dened subdural cavity in the bilateral cerebel- 
lar hemisphere and right maxillary sinusitis. 
Pathological examination of a biopsy specimen 
showed basal cell carcinoma characterized by 
proliferation of basaloid cells with palisading 
nuclei at the periphery of the nests (Figure 2C 
and 2D). 

Pedigree characteristics of the proband

The first degree relatives of the proband were 
interviewed. The mother and brother of the pro-
band had a history of basal cell carcinoma, and 
they also complained of other relevant mani- 
festations (Table 1). His sister did not have 
basal cell carcinoma or any features indicative 
of Gorlin syndrome. The father of the proband 
was not examined because he was deceased. 
The family pedigree of the proband is shown in 
Figure 3. 

PTCH1 gene mutational characteristics of the 
proband

We performed a mutation analysis to detect 
possible mutations responsible for Gorlin syn-
drome in the proband and his family. All avail-
able family members were analyzed through 
direct sequencing of all the exons and introns 
of the PTCH1 gene. We detected a duplication 
of thymine after nucleotide position 2927 in 
exon 18 of the PTCH1 gene (c.2927 dupT), 
resulting in a frameshift mutation in PTCH1. 
This mutation was found to be heterozygous  
in his brother and no such mutation was dete- 
cted in his sister (Figure 4A and 4B). The mu- 
tational status of PTCH1 was unknown in his 
mother because she was not available for pro-
viding blood samples for gene sequencing. 
Compared with the published sequence at  
the Emsembl (http://www.ensembl.org), this 
frameshift mutation eventually introduces a 
premature stop-codon in translation (p.Tyr- 
977 Leufs* 16). This mutation has not previ-
ously been reported in any patients with Gor- 
lin syndrome according to the PTCH1 muta- 
tion database (NM_000264.3, Human Gene 
Mutation Database professional 2017.2, http: 
//www.hgmd.org/). 

Discussion

The proband in the present paper exhibited 
clinical features typical of Gorlin syndrome 
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Figure 4. DNA sequencing diagram of the PTCH1 exon 18 sequence showing the heterozygous germline duplication 
of a thymine (T) in the DNA of the proband and his brother. (A) The DNA and corresponding amino-acid sequences of 
wild-type and mutant PTCH1 alleles are also shown. The affected transcript and protein were labeled NM_000264.3 
(PTCH1_v001):c.2927 dupT and NM_000264.3 (PTCH1_i001):p.(Tyr977Leufs* 16), respectively, using the Human 
Genome Variation Society (HGVS) nomenclature version 2.0 (Mutalyzer 2.0.beta-32, https://mutalyzer.nl/). The 
arrow indicates the duplication point in the proband and his brother and the normal nucleotide in the sister (B).

including basal cell carcinoma, palmar and 
plantar pits, lamellar calcification of the falx 
cerebli and ocular hypertelorism [3]. The diag-
nosis of Gorlin syndrome is further supported 
by molecular evidence showing a truncation 
mutation of PTCH1. The familiar nature of this 
disease in the proband was corroborated by 
the presence of probable Gorlin syndrome and 
detection of the identical mutation in the broth-
er of the proband.

Aberrant activation of the hedgehog signaling 
pathway has been well documented in multiple 
cancers. Several effectors, such as n-Myc, EGF, 
and EMP, are downstream targets of this impor-
tant pathway. The hedgehog signaling network 
consists of secreted ligands (sonic hedgehog, 
Shh), the Patched family hedgehog receptors 
(PTCH1 and PTCH2) and the Smoothened 
(SMO) transmembrane effector protein, and  
its downstream transcription factors (the GLI 
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family). It functions in cell-cell communication 
and regulates pattern formation, proliferation, 
cell fate and self-renewal in many organs. Com- 
pared with Shh and SMO, PTCH1 is expressed 
widely as one of the regulators of the sonic 
hedgehog pathway. The PCTH1 gene is also 
reported as a cancer suppressor gene, which 
encodes the patched protein that binds to  
SMO and maintains SMO in the inactive state  
in order to inhibit signaling to downstream 
genes. Mutations of PCTH1 may incapacitate 
the patched protein; thus, the SMO remains 
activated without the inhibitor and transmits 
the stimulating signal to the downstream fac-
tors [5].

Gorlin syndrome is an autosomal dominant  
disorder with mutations in the PTCH1 gene 
being the most commonly detected. The PTCH1 
gene consists of 23 exons encoding a 1447- 
amino-acid protein which contains 12 trans-
membrane-spanning domains, two large extra-
cellular loops and a large intracellular loop [6]. 
The PTCH1 protein is the ligand binding com- 
ponent of the sonic hedgehog receptor com-
plex, whose absence may inactivate the Pa- 
tched protein and overstimulate its down-
stream the hedgehog signaling pathway [7, 8]. 
Among totally 348 different mutations in the 
PTCH1 gene, most, like the mutation in the  
current report, are frameshift or nonsense mu- 
tations that lead to the synthesis of a truncated 
protein. In the current paper, we described a 
novel germline duplication (insertion) mutation 
of PTCH1, c.2927 dupT, in a Chinese patient 
with familiar Gorlin syndrome. This mutation 
creates a premature termination codon in the 
mutant allele that results in the truncation of 
the PTCH1 protein. The mutation in the PTCH1 
occurs in the extracellular loop and the trun-
cated PTCH1 lacks 5 of the 12 transmem- 
brane-spanning domains. Lindstrom et al. [9] 
reported that the germline mutations in Gorlin 
syndrome were mainly truncating mutations 
concentrated in the large extracellular loops, 
the large intracellular loop, and the N-terminal 
region. The truncating mutation in our case, on 
the other hand, occurs adjacent to the C termi-
nus. Okamoto et al. reported one of the short-
est forms of truncated PTCH1 missing lacks  
11 of the 12 transmembrane-spanning do- 
mains [10]. However, the functional significan- 
ce of truncation of the N terminal regions re- 
mains currently unknown and to be further 
investigated.

In most cases of Gorlin syndrome, patients 
present with basal cell carcinoma, which is one 
of the crucial standards for diagnosis of Gorlin 
syndrome. Patients with Gorlin syndrome ha- 
ve a high burden of basal cell carcinoma. In  
the United Kingdom, 75% of the patients over 
20 years old with Gorlin syndrome had basal 
cell carcinoma, and the incidence increased to 
90% in patients over 40 years old. Korean 
patients seem to have a reduced frequency of 
basal cell carcinoma (reduced by 15% com- 
paring with UK) [11]. In Japan, 38% of the 
patients over 20 years old had basal cell carci-
noma and 53% of the patients over 40 years 
old suffered from basal cell carcinoma [12]. 
The discrepant prevalence suggested the inci-
dence of basal cell carcinoma may be influ-
enced by genetic and environmental factors. 
But there is no doubt that with the growth of 
age, the higher the incidence of the tumor will 
grow. Molecular genetic testing will be helpful 
not only to confirm the diagnosis in patients 
with atypical phenotype or possibly for prenatal 
diagnosis, but also to searching novel targeting 
treatment of genetic disease.

In conclusion, we detected a truncation muta-
tion of PTCH1 in a familiar case of Gorlin syn-
drome and this novel mutation may be the 
cause of Gorlin syndrome in the patient. The 
current findings indicate that genetic testing of 
PTCH1 gene mutational status may aid in the 
early diagnosis of Gorlin syndrome in which 
multiple complex abnormalities are present, 
hampering prompt diagnosis and treatment.
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