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Abstract anomalies. The syndrome was first described by
Objective Gorlin and Goltz in 1960, and has a wide clinical
Gorlin-Goltz syndrome is a rare autosomal dominant spectrum including ophthalmological, neurological,
inherited syndrome, also known as “basal cell nevus endocrine and  genital pathologies, internal
syndrome”’. This rare disorder is caused by mutation malignancies and mental retardation.

in the patched tumor suppressor gene PTCH and

located in chromosome 9922.3g31, which functions Methods

as a component of the Hedgehog signaling pathway. A 22-year-old male patient presented with a left-side
It is characterized by multiple basal cell carcinomas, spontaneous pneumothorax. After tube thoracostomy,
jaw keratocysts, falx cerebri calcification and skeletal prolonged air leak developed, and computed
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tomography was performed because of bullous lung.
A patient with Gorlin-Goltz syndrome who
developed spontaneous pneumothorax in the
contralateral lung during clinical follow-up and
underwent surgery is presented. The treatment and
follow-up of this case are discussed in the light of

literature.

Results

The NGS analysis results were compatible with the
diagnosis of NBCCS (Gorlin-Goltz), and a novel
heterozygous frameshift mutation
€.1659delC(pS554Afs*11) (pSer554Alafs Terll) in
the PTCHL1 gene causing a premature stop codon.
The case was evaluated as pathogenic with high

probability according to ACMG criteria.

Conclusion

This case report; describes for the first time a patient
with NBCCS or Gorlin-Goltz Syndrome with basal
cell carcinoma caused by a heterozygous frameshift
mutation in exon 10 of the PTCH1 gene and was
considered highly likely pathogenic according to the
ACMG criteria. Therefore, our case; it is important
because it is the first presented frameschift mutation
in the world, which belongs to Gorlin-Goltz

Syndrome.

Keywords: Gorlin-Goltz; basal cell carcinoa;

pneumothorax; surgery; PTCH

1. Introduction

Nevoid basal cell carcinoma syndrome (NBCCS) or
Gorlin-Goltz Syndrome (GGS) is an autosomal
dominant disorder with almost 100% penetrance and
variable expression, with very rare multi-organ
involvement. Gorlin syndrome is characterized by a

wide variety of developmental abnormalities and a
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predisposition to a variety of tumors. In molecular
studies, changes can be seen in many genes,
especially the PTCH1 gene, where the most changes
are sold, and the rate of occurrence varies between
1/50000-150,000 according to regions and races [1,
2].

First, in 1894, Jarisch and White described skeletal,
central nervous system and skin findings in these
cases [3]. In 1960, it was described as a syndrome by
Gorlin and Goltz [4].

There are 5 main findings in GGS. These include
bone anomalies, aggressive basal cell carcinomas
(BCQ), odontogenic

calcifications, and pits seen in the hands and feet, ribs

keratocysts, ectopic

and vertebral bodies observed at an early age [5].
Approximately 60-70% of patients have multiple
odontogenic keratocysts, which are characteristic
signs of GGS [4].

The Patched 1 (PTCH1;0MIM 601,309) gene is the
major NBCCS susceptibility locus and the PTCHL1 is
located on chromosome 9g22.3 and codes for a large
transmembrane protein that regulates the complex
sonic hedgehog (SHH) signaling pathway [6].
Hedgehog signaling is important in embryonic
development and tumorigenesis, PTCH1 is a tumor
supressor gene consisting of 23 exons [7]. As a result,
malignancies occur. The main molecular defects
associated with the Gorlin syndrome phenotype are
due to mutations in the PTCH1 gene (OMIM #
601309) [7, 8].

This case was diagnosed as GGS with clinical,
histopathological, radiological findings and genetic
analysis and he carries a novel frameshift mutation in

the PTCH1 gene. Our case is presented as the first
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case of bilateral pneumothorax in GGS and second

case of GGS and bullous lung in the literature.

2. Case Report

A 22-year-old male patient was admitted to our clinic
with complaints of dyspnea and pain in the left
hemithorax for 3 days. Physical examination revealed
decreased respiratory sounds on the left hemithorax
and upper zone. There was no history of trauma in

the anamnesis.

Our patient's cardiologic examination revealed
minimal tricuspid regurgitation, minimal mitral
regurgitation and mitral valve prolapse. When the

patient's history was questioned, it was learned that

DOI: 10.26502/acbr.50170210

an excisional biopsy was performed on his back and
anterior region of left thigh 1 year ago and the
pathology result was basal cell carcinoma (Figure
la). It was also learned that the operation was
planned for the right mandibular keratocyst.
Computed tomography (CT) guided radiographic
examinations showed a well-circumscribed cystic

appearance in the mandible (Figure 1b).

Cranial tomography revealed interhemispheric falxe
calcification (Figure 1c), and thoracic tomography
revealed spina bifida occulta deformity in the 1st
thoracal vertebra (Figure 1d), 6x8 cm bulla and

pneumothorax ~ on the left (Figure 1le).

Figure 1: Pathological images of the patient

a. Skin lesions of the Patient. b. CT image of cystic lesion in the ramus region. ¢. CT image of calcification in

interhemispheric. d. Thoracic 1st. vertebra spina bifida occulta in spinous process. e. Preoperative thorax CT bulla

image. f. Surgical image. g. Spontaneous pneumothorax on the right

Genetic study was performed on suspicion of
radiological and skin findings and the result was
reported as GGS. The diagnosis is made according to

clinical criteria (Kimonis Criteria) (Tablel) and

Archives of Clinical and Biomedical Research

genetic ones. Taking advantage of next-generation
sequencing technology, we applied whole-exome
sequencing, we used a Miseq bench-top sequencer
(IMlumina, San Diego, CA, USA). The analysis of the
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whole-exome  sequencing showed a novel
heterozygous frameshift mutation NM_000264.4,
€.1659delC(p.S554Afs*11)(pSer554AlafsTerll) in
the PTCH1 gene (Figure 2, Figure 3).

evaluated as pathogenic with high probability

It was

according to ACMG criteria. This variant was not
listed
(https://databases.lovd.nl/shared/genes/PTCH1), this
result was very important. Null variant (frame-shift),

in the Leiden Open Variation Database

in gene PTCH1, for which loss-of-function is a

known mechanism of disease (gene has 268

DOI: 10.26502/acbr.50170210

pathogenic LOF variants and gnomAD Loss-of-

Function Observed/Expected = 0.0158 is less than

0.763), associated with Basal cell nevus syndrome
(https://varsome.com/variant/hg19/NM_000264%3A

¢.1659DEL C?annotationmode=germlin).

This frameshift mutation causes premature stop

codon that may cause a nonsense-mediated decay.

Moreover, the mutation was likely a de novo

mutation, as his parents were

Table 1: Diagnostic criteria for NBCCS-Gorlin-Goltz Syndrome from Kimonis et.al.

unaffected.

Major criteria

Minor criteria

1. More than 2 BCCs or one under the age of 20 years.
2. Odontogenic keratocysts of the jaw proven by
histology.

3. Three or more palmar or plantar pits.

4. Bilamellar calcification of the falx cerebri.

5. Bifid, fused or markedly splayed ribs.

6.First degree relative with NBCC syndrome.

Any one of the following features

1. Macrocephaly determined after adjustment for
height.

2. Congenital malformations: cleft lip or palate,
frontal bossing, ‘‘coarse face’’ moderate or severe
hypertelorism.

3. Other skeletal abnormalities: Sprengel deformity,
marked pectus deformity, marked syndactyly of the
digits.

4. Radiological abnormalities: bridging of the sella
turcica, vertebral anomalies such as hemivertebrae,
fusion or elongation of the vertebral bodies, modeling
defects of the hands and feet, or flame shaped
lucencies of the hands or feet.

5. Ovarian fibroma.

6. Medulloblastoma
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Figure 2: Homo sapiens patched 1 (PTCH1), transcript variant 1b,
NM_000264.4

mRNA NCBI Reference Sequence:

Reference protein

MASAGNAAEP

QDRGGGGSGCT

IGAPGRPAGG

GSGRRRRTGGLR

RAAAPDRDYL

HRPSYCDAAF

s ALEQISKGKA TORKAPLWLR AKFQRLLFKL GOCYIQKNCGK FLVVGLLIFG AFAVGLKAAN
223 LETNVEELWYV EVGGRVSREL NYTRQKIGEE AMFNPQLMIQ TPKEEGANVL TTEALLQOHLD
asa SALQASRVHV YMYNROWKLE HLCOCYKSGELI TETGYMDQII EYLYPCLIIT PLDCFWEGAK
2a3 LOSGTAYLLG KPPLRWTNFD PLEFLEELKK INYQVDSWEE MLNKAEVGHG YMDRPCLNPA
EX-1 1 DPDCPATAPN KNSTKPLOMA LVLNGGCOCHGL SRKYMHIWQEE LIVGGTVKNS TOKLVSAMHAL
=61 QTMFQLMTPK QMYEHFKGYE YVSHINWNED KAAATILEAIWG RTYVEVVHOS VAQONS TOKWVL
<213 SFTTTTLODI LKSFSOVSVI RVASGYLLML AYACLTMLRIN DCSKSQGAVG LAGVLLVALS
asa VAAGLGLCSL IGISFNAATT QVLPFLALGVY GVDDVFLLAH AFSETGONKR IPFEDRTGEC
sa1a LKRTGASVAL TSISNVTAFF MAALIPIPAL RAFSLQAAVV VVENFAMVLL IFPAILSMODL
sox YRREDRRLDI FCCFETSPCOCVS RVIQVEPQAY TDTHODNTRYS PPPPYSSHSE AHETQI TMQOS
es1 TVQLRTEYDFP HTHVYYTTAE PRSEISVOPV TVIQDTLSCQ SPESTSSTRD LLSQFSDSSL
722 HCLEPPCTKIW TLSSFAEKHY APFLLKPKAK VVVIFLFLGL LGVSLYGTTR VRDGLDLTDI
E—=1 VPRETREYDF IAAQFKYFSF YNMYIVIQKA DYPNIQHLLY DLHRSFSNVK YVMLEENKQL
saa PKMIWNLHYFRD WLQGLQDAFD SDWE TGKIMP NNYKNGSDDG VLAYKLLVQOT GSRDKPIDIS
sex QL ITKQRLVDA DGIINPSAFY IVLTAWVSND PVAYAASQAN IRPHRPEWVH DKADYMPETR
= LRIPAAEFPIE YAQFPFYLNG LRDTSDFVEA IEKVRTICSN YTSLGLSSYFP NGYPFLEWEQ

1022 YIGLRHWLLL FISVVLACTF LVCAVFLLNF WTAGIIVMVL ALMTIVELFGM MGLIGIKLSA

= X-=-1 1 VPVVILIASY GIGVEFTVHV ALAFLTAIGD KNRRAVLALE HMFAPVLDGA VSTLLGVLML

2333 AGSEFDFIVR YFFAVLAILT ILGVLNGLVL LPVLLSFFGP YPEVSPANGL NRLPTPSPEP

1z2e2 PPSVVRFAMP PGHTHSGSDS SDSEYSSQTT VSGLSEELRH YEAQQGAGGF AHQVIVEATE

1262 NPVEFAHSTVV HPESRHHPPS NPRQQPHLDS GSLPPGRQGRY QPRRDPPREG LWPPPYRPRR

21323 DAFEISTEGH SGPSNRARWG PRGARSHNPR NPASTAMGSS VPGYCQPITT VIASASVIVA

1382 VHPPPVPGPG RNPRGGLCPG YPETDHGLFE DPHVPFHVRC ERRDSKVEVI ELQDVECEER

Protein predicted from variant coding sequence

= L MASAGNAAEFP QDRGGGGSGC IGAPGRPAGG GRRRRTGGLR RAAAPDRDYL HRPSYCDAAF
&1 ALEQISKGKA TGRKAPLUVWLR AKFQRLLFKL GCOCYIQKNCGK FLVVGLLIFG AFAVGLKAAN
121 LETNVEELWV EVGGRVSREL NYTRQKIGEE AMFNPQLMIQ TPKEEGANVL TTEALLQHLD
1381 SALQASRVHV YMYNRQUWKLE HLCYKSGELI TETGYMDQII EYLYPCLIIT PLDCFWEGAK
2431 LOSGTAYLLG KPPLRWINFD PLEFLEELKK INYQVDSWEE MULNKAEVGHG YMDRPCLNPA
301 DPDCPATAPN KNSTKPLDMA LVLNGGCHGL SRKYMHWQEE LIVGGTVKNS TGoKLVSAHAL
361 QTMFQLMTPK QMYEHFKGYE YVSHINWNED KAAATLEAWQ RTYVEVVHQS VAQONSTOKVL
<223 SFTTTTLDDI LKSFSDVSVI RVASGYLLML AYACLTHMLRW DCSKSQGAVG LAGVLLVALS
481 VAAGLGLCSL IGISFNAATT QVLPFLALGY GVDDVFLLAH AFSETGONKR IPFEDRTGEC
sS4a1 LKRTGASVAL TSIAMSQPSS WPR™

Figure 3: Normally the protein has Serine amino acid in the 554th reference sequence. The 554th reference
sequence of the protein predicted from the variant coding sequence contains the amino acid Alanine instead of
Serine

The patient underwent tube thoracostomy. Bulla the drain was removed on the 7th postoperative day

ligation was performed due to prolonged air leak and (Figure 1f). The patient was discharged on the 8th
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postoperative day according to the clinical and
radiological follow-up. There were no problems

related to the operation in the routine controls.

The patient was admitted to the emergency
department of our hospital again with chest pain on
the right 3 months later. Chest X-ray and thoracic
tomographi showed partial pneumothorax on the
right (Figure 1g). There was an emphysematous area
in the apical right upper lobe and no significant
bullae structure. After 3 days of oxygen therapy and
medical treatment, the lung was completely enlarged

and the patient was discharged.

The patient was admitted to our clinic one month
after this treatment because of recurrent
pneumothorax on his right and operated. He was
discharged with no complications. Our patient is

being followed without any problem.

3. Discussion

Gorlin-Goltz syndrome, which shows autosomal
dominant inheritance, is characterized by basal cell
carcinomas, skeletal anomalies, odontogenic
keratocysts and affects many systems. In addition,
occipitofrontal diameter increase, epidermal cysts in
the skin, ocular hypertelorism, calcified ovarian
fibromas, calcified falks cerebri, spina bifida oculta,
rib anomalies, hyperpneumatization of paranasal
sinuses are common findings. It is mostly seen
between the ages of 5-30 and usually occurs at the
beginning of the second decade.The jaw lesions are
mostly composed of multiple keratocysts. Therefore,
clinical and radiological examinations in the presence
of multiple keratocysts, which is one of the first
symptoms of the syndrome, will provide early
diagnosis and treatment of possible skin tumors [1].

Keratocysts have high recurrence potential (14-65%)
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[9]. Only marsupialization or enucleation is not
sufficient in their treatment and it has been reported

that bone curettage should be performed [10].

Central nervous system anomalies include falx
cerebri, basal ganglion and dura mater calcifications.
Nonspecific electroencephalography (EEG) findings
and mental retardation may accompany the syndrome
[10]. In our case, mental retardation was not detected.
Our patient had falxe cerebri calcification, spina
bifida occulta anomaly in 1 thoracic spine, keratocyst
in mandible, basal cell carcinoma in right anterior
thigh and shoulder. GGS should be kept in mind in
patients with multiple jaw cysts and basal cell

carcinoma.

Cohen et al. (2010) reported that the PTCH1 gene is a
member of the protein patched homolog 1, which
encodes the Patched family, which acts as a receptor
for the hedgehog signaling pathway, and the
hedgehog signaling pathway plays a role in many
physiological processes  during  embryonic
development, particularly morphogenesis. The
PTHC1 gene is a tumor suppressor gene, and
Knudson's (1971) two-hit hypothesis also occurs on
this gene. The first hit affects the germline cells,
while the second hit causes rare somatic mutations
and cancer [11]. It has been reported that
developmental defects associated with Gorlin
Syndrome arise through a two-beat mechanism and
result from homozygous inactivation of the gene of
interest in an early progenitor cell of the relevant
tissue. Mutations involving both alleles of the
PTCHL1 gene; it occurs as a result of exposure to UV
or X rays from environmental factors, chemical
carcinogenesis or random genetic changes and causes
postnatal sporadic BCC [12]. In the area where our

patient lives, there is aspest substance in the soil and
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we can interpret it as possibly acting as a chemical

carcinogen.

In summary, the present report describes, for the first
time, an NBCCS or Gorlin-Goltz Syndrome patient
with basal cell carcinoma caused by a heterozygous
frameshift mutation in exon 10 of the PTCH1 gene
and it was evaluated as pathogenic with high
ACMG

dermatological  and

probability  according  to criteria.

Radiological, genetics,
neurological evaluations are also useful. Genetic tests
play an important role in early diagnosis, treatment

and follow-up of the disease.
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