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Abstract

Background Gorlin syndrome (GS) is a rare genetic disorder inherited in an autosomal dominant manner caused
by genetic variants in PTCH1, SUFU, or PTCH2 genes. It is characterized by multiple basal cell carcinomas, odontogenic
keratocysts, skeletal abnormalities, and predisposition to neoplasms.

Case presentation A novel splice-site variant in the PTCHT gene, c3549+1G>T classified as pathogenic, was identi-
fied in a patient with a phenotype compatible with GS (multiple basal cell carcinomas and skeletal malformations).

Conclusions This case contributes to expand the spectrum of identified variants in Gorlin syndrome increasing
knowledge about molecular bases and the diagnosis approach of this syndrome.

Keywords Gorlin syndrome, Basal cell carcinoma, Jaw cyst, PTCHT, ¢.3549+1G>T

Background

Gorlin syndrome (GS), also known as Nevoid basal cell
carcinoma syndrome (NBCCS) (OMIM#109400), is a
rare genetic disorder characterized by systemic develop-
mental abnormalities and predisposition to neoplasms.
It was first described by R] Gorlin in 1960 [1] by link-
ing different reported cases of patients with multiple
nevoid basal cell epitheliomas, jaw cysts, and bifid rib.
The estimated prevalence of GS varies from 1/30.827 to
1/256.000 without differences between sex [2-5]. Cur-
rently, this prevalence is probably underestimated; how-
ever, it is expected that the real prevalence will be higher
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once molecular techniques are implemented as part of
the definitive diagnostic.

GS is characterized by multiple basal cell carcinomas
(BCCs) usually present from the third decade of life and/
or odontogenic keratocysts frequently beginning in the
second decade of life. Skeletal abnormalities (such as,
fusion of vertebrae, wedge-shaped vertebrae, bifid or
fused ribs, or kyphoscoliosis), palmoplantar pits, and
intracranial ectopic calcifications (particularly in the
falx) are also frequent. Some individuals manifest facial
dysmorphism characterized by macrocephaly, frontopa-
rietal bossing, hypertelorism, cleft lip/palate, coarse facial
features, or facial milia. Ocular anomalies and/or lym-
phomesenteric cysts are also described [3, 5-8]. A pre-
disposition to a wide spectrum of malignant or benign
tumours such as medulloblastoma (majority the desmo-
plastic subtype) [9], meningioma, or cardiac and ovarian
fibroma is observed [10].

Genetic  variants in PTCHI (OMIM*601309)
[11, 12], SUFU (OMIM*607035) [13], and PTCH2
(OMIM*603673) [14, 15] have been defined as the
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molecular cause of GS. These genes encode regula-
tory proteins of the Hedgehog (Hh) signalling pathway
involved in embryonic development, cell proliferation,
and differentiation and tumorigenesis control. In adults,
Hh pathway is inactive except for its function in tissue
repair and maintenance. Mutations in these regulatory
proteins lead to constitutive activation of the signalling
pathway and development of GS and others sporadic
cancers and developmental anomalies [16, 17].

Pathogenic variants in the PTCHI gene are the main
molecular defects associated with GS. The detection
rate of PTCHI variants in GS patients varies consider-
ably between studies, ranging from 40 to 85% [18-21],
with the highest rates corresponding to the most cur-
rent studies. Pathogenic variants in SUFU are the second
cause of GS and are associated with an increased risk of
developing medulloblastoma, meningioma, or ovarian
fibroma, but a lower risk of jaw cysts [20, 21]. Variants in
the PTCH2 gene have only been found in sporadic cases
[14, 15].

GS is inherited in an autosomal dominant manner
with complete penetrance and variable expressivity [22].
Approximately 70—-80% of the individuals diagnosed with
GS have an affected parent and only 20-30% of the cases
present de novo pathogenic variants [22].

The diagnosis of GS is established based on clinical
criteria differentiating major and minor criteria [22—-24]
(Table 1). The diagnosis is established when two major
criteria or one major and two minor criteria are fulfilled
[23].

Despite compliance diagnostic criteria, molecular stud-
ies should be performed to establish a definitive diag-
nosis. Sequence analysis is recommended as a first-line
technique since it allows to establish genetic diagnosis
in about 60% of the patients with clinical features of GS
[20, 21]. However, approximately 6-16% of the patients
with GS compatible phenotype present large deletions/
duplications in PTCHI [20, 21, 25] and 1% in SUFU

Table 1 Diagnostic criteria for Gorlin syndrome
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[20]. Therefore, it is recommended to establish a dele-
tion/duplication analysis technique, such as multiplex
ligation-dependent probe amplification (MLPA), as a
second-line strategy. Despite this serial testing strategy,
in around 27% of the patients, a genetic diagnosis cannot
be established yet [20, 21].

Nowadays, sequence analysis are typically carried out
by next-generation sequence (NGS) technology employ-
ing panels or whole-exome sequencing (WES) targeted
to GS-related genes. These analyses detect single nucleo-
tide variants (SN'Vs), short deletions/insertions, and copy
number variations (CNVs) in coding regions and adjacent
intronic sequences. Implementation of this technology
has extended the spectrum of known genetic variants,
increasing the diagnostic yield of molecular studies in
GS.

Currently, there is no specific treatment for GS and the
management of these patients is based on multidiscipli-
nary follow-up focused on treating the different clinical
manifestations. However, the definitive genetic diagnosis
allows the implementation of certain surveillance rec-
ommendations for the prevention of the most common
manifestations (avoid UV exposure, minimize diagnos-
tic X-ray, avoid radiation therapy if possible, perform
regular BCC screening, perform periodic orthopantomo-
grams to detect keratocysts, or monitor brain circumfer-
ence in children for early detection of medulloblastoma)
[22, 23]. Increasingly, these recommendations are based
on the patient’s genotype, recommending, for example,
regular brain MRI in patients with SUFU variants due to
their increased risk of developing medulloblastoma [26].
Genetic diagnosis also allows family and reproductive
genetic counselling. Furthermore, the identification of
the patient’s genotype may allow the application of pos-
sible gene therapies in the future.

We present a case of a 50-year-old male with multi-
ple BCCs, jaw keratocysts, and skeletal malformations
in whom a novel variant in PTCHI gene was identified

Major criteria

Minor criteria

1. Multiple BCCs (> 5 in a lifetime) or one before age of 20 years old
2. Jaw keratocysts prior to 20 years of age

3. Palmar/plantar pits

4. Lamellar calcification of the falx cerebri

5. Medulloblastoma (typically desmoplastic)

6. First-degree relative with GS

1. Rib anomalies

2. Other specific skeletal malformations (vertebral anomalies, kyphoscoliosis,

short fourth metacarpals, postaxial Polydactyly)

3. Macrocephaly

4. Cleft lip/palate

5. Ovarian/cardiac fibroma

6. Lymphomesenteric cysts

7. Ocular abnormalities (strabismus, hypertelorism, congenital cataracts,
glaucoma, coloboma)

Including updates from Bree et al. [23]
BCCs Basal cell carcinomas, GS Gorlin syndrome

Diagnosis of Gorlin syndrome is established with: (a) Two major criteria (b) One major and two minor criteria
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throughout a WES targeted to GS-related genes (PTCH1I,
SUFU, and PTCH?2). This case contributes to expand-
ing the knowledge about molecular basis and diagnosis
approach of GS.

Case presentation and genetic findings

We report the clinical case of a 50-year-old male studied
by a dermatologist for multiple BCCs located mainly on
the face, back, and thoracic region. The biopsy and anato-
mopathological study of three of them classified two as
nodular BCC and one as superficial BCC. The patient is
currently under dynamic phototherapy.

As clinical history, the patient described odontogenic
cysts in his childhood that required different surgical
interventions. X-ray imaging revealed multiple skel-
etal anomalies including posterior fusion of the third
and fourth left costal arches, dorsal butterfly vertebrae
(from C7 to D4), mild thoracolumbar scoliosis with slight
increase in physiological lumbar lordosis, generalized
widening of middle phalanges of feet, and a fifth toe of
the left foot with two phalanges. Cranial X-ray also dis-
closed calcification of the falx. Phenotypically, the patient
showed macrocephaly, with frontoparietal protuberance
and coarse facial features.

All these clinical findings focused the diagnostic on
Gorlin syndrome but a genetic study was requested for
a final diagnosis. WES targeted to PTCHI, SUFU, and
PTCH2 was conducted using NextSeq 500 System
(Illumina).

This analysis revealed a heterozygous splice-donor
variant (¢.3549+1G>T) in PTCHI gene (NM_000264.5)
(Fig. 1). This variant located in intron 21 of PTCHI gene
produces a nucleotide change that affects protein splic-
ing mechanism. Expression studies on PTCHI mRNA
revealed exon 21 skipping that is predicted to result in an
absent or disrupted protein product.

This variant has not been previously described in data-
bases (ClinVar, dbSNP, HGMD) nor in the reviewed
literature related to GS nor in population databases
(gnomAD, NHLBI Exome Sequencing Project, 1000
Genomes Project). Nevertheless, in silico prediction
studies (BayesDel, EIGEN, FATHMM-MKL or Muta-
tion Taster) indicate impaired protein functionality and
similar variants, NM_000264.5(PTCH1I):c.3549+1G>A
(ClinVar accession: VCV000985872.1) and
NM_000264.5(PTCH1I):c.3549+2T>G (ClinVar acces-
sion: VCV000844500.5), have been classified as probably
pathogenic and pathogenic, respectively.

According to the American College of Medical Genet-
ics and Genomics (ACMG) variant classification guide-
lines [27], the variant is classified as pathogenic, since
it meets the following criteria: it is a splice-site variant
that can lead to loss of function in a gene where loss of
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function is a known mechanism of disease considered a
very strong criteria of pathogenicity (PVS1), it is absent
from controls in NHLBI Exome Sequencing Project,
1000 Genomes Project, or gnomAD considered a mod-
erate criteria of pathogenicity (PM2), and it is predicted
to be deleterious in 6 out of 6 in silico prediction sys-
tems (BayesDel addAF, BayesDel noAF, EIGEN, EIGEN
PC, FATHMM-MKL and Mutation Taster) considered a
supporting criteria of pathogenicity (PP3). This deleteri-
ous effect on the gene is also predicted by PTCHI mRNA
expression studies.

The presence of pathogenic variants in PTCH1I is asso-
ciated with Gorlin syndrome (OMIM#109400) and/or
Holoprosencephaly type 7 (OMIM#610828). The high
compatibility of patient’s clinical features with GS and
given that the mode of inheritance of the disease is auto-
somal dominant, the presence of this single heterozygous
variant (c.3549+1G>T) in PTCH1I allows genetic diagno-
sis of Gorlin syndrome. Therefore, we can consider this
novel variant (PTCH1 (NM_000264.5):¢.3549+1G>T) as
a cause of GS.

Discussion

GS is a rare genetic disorder with an autosomal dominant
inheritance caused by genetic variants in PTCHI, SUFU,
or PTCH?2 genes [11, 13, 28]. In this work, we present a
new splice-site variant in PTCH associated with GS.

GS should be suspected in individuals presenting mul-
tiple basal cell carcinomas, ondontogenic keratocysts,
and/or skeletal malformations. GS patients can also show
facial dysmorphisms like macrocephaly, frontoparietal
bossing, hypertelorism, cleft lip/palate, or coarse facial
features [3, 5-7, 22].

The patient described above presented multiple basal
cell carcinomas, odontogenic keratocysts during his
childhood, and different skeletal abnormalities (butter-
fly vertebrae, fused costal arches, calcification of the falx,
thoracolumbar scoliosis, and foot malformations). In the
morphological examination, macrocephaly, frontopa-
rietal protuberance, and coarse facial features were the
most characteristic aspects. Other neoplasms, palmo-
plantar pits, or ocular anomalies previously described as
clinical characteristics [3, 5, 7, 10] were not found.

Diagnosis of GS is based on specific clinical criteria.
However, molecular studies are indispensable for the
definitive diagnostic.

In this case, WES targeting the PTCHI, SUFU, and
PTCH2 genes was performed to confirm the clini-
cal suspicion of GS. The genetic study revealed a novel
splice-donor variant (c.3549+1G>T) in intron 21 of
PTCHI gene (NM_000264.5). This variant had not
been described previously neither in databases nor in
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Fig. 1 Detail of the GeneSystem analysis platform in which the tertiary analysis and prioritization of variants was performed. a Variants identified
in PTCHT gene applying criteria of coverage > 10X and allectic frequency >20%. b Summary of the characteristics of the identified variant. ¢ IGV
detail showing the region of the chromosome 9 gene where the identified nucleotide change variant G>T (complementary sequence C>A
shown) is found in all analysed fragments, indicating good horizontal coverage

literature. According to the ACMG variant classification
guidelines, this variant should be classified as pathogenic.
Most cases of GS are caused by genetic variants in
PTCHI. PTCHI, the human homolog of the Dros-
ophila patched-1 gene (NCBI Reference Sequence:
NM_000264.5) is located on chromosome 9q22.32. It
encodes the protein Patched 1 (PTCH1), a 1447-amino
acid transmembrane glycoprotein, which is a component
of the Hedgehog (Hh) signalling pathway [16] (Fig. 2).
PTCHI loss of function results in constitutive activa-
tion of the Hedgehog pathway and is the main cause of

GS development. Different genetic variants in PTCHI
gene are currently known. ClinVar Database [29] lists
2677 unique PTCHI variants of which 280 have a
pathogenic or likely pathogenic clinical significance
associated to GS clinical phenotype (date of revision:
November 27, 2022) (Fig. 3). 73% of these pathogenic
or likely pathogenic variants lead to premature protein
truncation by either nonsense or frameshift variants,
becoming the main cause of GS following by splice-site
variants (17%). These results, in agreement with those
previously published by other authors [30, 31], suggest
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Fig. 2 Simplified model for Hh signalling pathway. a In absence of the Hh ligands, PTCH1 inhibits SMO signalling and GLI transcription factors
remain sequestered by SUFU. The Hh signalling pathway is inactive. b In presence of Hh ligands, PTCH1 suppression of SMO is abrogated and SMO
signal SUFU to release GLI transcription factors which will activate the Hh target genes

a

CNV loss 1 (<1%)

Indel | 4(1%)

Insertion

4 (1%)

Duplication 35 (13%)

Deletion 104 (37%)

SNV 132 (47%)

b

Others 7 (3%)

Splice-D/A 47 (17%)

Missense

21 (8%)

Nonsense 85 (30%)

Frameshift 120 (43%)

Fig. 3 Types (a) and consequences (b) of pathogenic and likely
pathogenic variants of PTCH1 associated with GS clinical phenotype
published in ClinVar database at the date of revision (accessed
November 27, 2022)

the haploinsufficiency of PTCHI1 as main cause of GS
development.

The analysis of variants close to the study variant,
described in ClinVar [29], LOVD [32], and Simple Clin-
Var [33] databases (Table 2), shows that most of the vari-
ants classified as pathogenic or likely pathogenic produce
a premature stop codon or a splicing alteration involving
exon 21. This same mechanism produces the study vari-
ant and supports its deleterious effect.

The results of the genetic study made it possible to
initiate certain surveillance and protection measures to
prevent the main manifestations of GS in the patient:
increase BCC screening, avoid sun exposure, mini-
mize exposure to ionizing radiation or perform peri-
odic orthopantomogram to detect keratocysts. At the
same time, a family study was carried out with the aim
of identifying apparently asymptomatic at-risk rela-
tives who could benefit from measures to prevent GS
complications.

The patient described in this study was the second
of four siblings of non-consanguineous parents and
he had no offspring (Fig. 4). None of his relatives pre-
sented a GS compatible phenotype. Considering the
complete penetrance but the variable expressivity of
this disorder, genetic studies were performed on his
living first-degree relatives (mother and siblings). The
variant presented in the proband was not found in his
relatives, suggesting de novo inheritance. A correct
family genetic counselling was carried out according to
the genetic results.

Improved genetic and molecular techniques are
accelerating the identification of new variants in
PTCHI gene, as well as in SUFU and PTCH?2 genes. It is
expected that in the coming years, new insights into the
molecular basis of GS will be revealed, making the diag-
nosis and genetic counseling of this pathology easier. In
this study, we presented a novel splice-site variant of
PTCH1I (NM_000264.5(PTCHI):c.3549+1G>T) asso-
ciated with GS and classified according to the ACMG
variants classification guidelines as pathogenic, con-
tributing to expand the spectrum of variants in PTCH1.
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Table 2 Summary of PTCHT genetic variants close to our study variant described in ClinVar, LOVD, and Simple ClinVar databases at the

date of revision (accessed: November 27, 2022)

GRCh38 location Variation Varianttype Consequence Clinical Condition(s) Database
significance (last
reviewed)
Chr9:95449826 NM_000264.5(fTC//7).c.3549+15 SNV Intronic Likely benign (Oct  Gorlin syndrome ClinVar
G>A 21,2021)
Chr9:95449827 NM_000264.5(/'7X7f7):c.3549+1 SNV Intronic Likely benign (Dec  Gorlin syndrome ClinVar
4C>T 18,2021)
Chr9:95449831 NM_000264.5(/ SNV Intronic Likely benign (Jun  Gorlin syndrome ClinVar, Simple
TC//;):c.3549+10G>C 24,2021) ClinVar
Chr9:95449836 NM_000264.5(P7T//7).c.3549+5 SNV Intronic Uncertain sig- Gorlin syndrome ClinVar
G>T nificance (Sep 16,
2021)
Chr9:95449839- NC_000009.11:9.98212121_98212  Duplication Intronic Pathogenic (Sep 1,  Gorlin syndrome ClinVar, Simple
95449840 122insC 2021) ClinVar
Chr9:95449839 NM_000264.5(P7Ttfy).c.3549+2T>G SNV Splice donor Pathogenic (Aug Gorlin syndrome ClinVar, Simple
24,2021) ClinVar
Chr9:95449840 NM_000264.5(PrCH7):c.3549+1G>A SNV Splice donor Likely pathogenic  Inborn genetic ClinVar, Simple
(May 6,2019) diseases ClinVar
Chr9:95449846 NM_000264.5(PrC///).c.3544C>T SNV Missense Uncertain signifi- Gorlin syndrome ClinVar, Simple
(p.Proll82Ser) cance (Sep 2,2021) ClinVar
Chr9:95449846 NM_000264.5(/rC///):c.3544C>G SNV Missense Uncertain sig- Gorlin syndrome ClinVar, Simple
(p.Proll82Ala) nificance (Aug 24, ClinVar
2021)
Chr9:95449847. NM_000264.5(7fCH7):c.3540_3543  Indel Frameshift Pathogenic (Jul 6, Gorlin syndrome ClinVar, Simple
95449,850 del insTCC (p.TyrlISIfs) 2017) ClinVar, LOVD
Chr9:95449849 NM_000264.5(P7X7/7).c3541T>C SNV Missense Uncertain signifi- Hereditary cancer- ~ ClinVar, Simple
(p.Tyrl181His) cance (Oct 5,2020)  predisposing ClinVar
syndrome, Gorlin
syndrome
Chr9:95449850 NM_000264.5(PrC//7):.c.3540A>C SNV Synonymous Likely benign (Feb  Gorlin syndrome ClinVar, Simple
(p.Proll80=) 11,2021) ClinVar
Chr9:95449850 NM_000264.5(/TC7/y).c.3540A>G SNV Synonymous Likely benign (Feb  Hereditary cancer- ~ ClinVar, Simple
(p.Proll80=) 2,2022) predisposing ClinVar
syndrome, Gorlin
syndrome
Chr9:95449852 NM_000264.5(P71CH;):c.3538C>G SNV Missense Uncertain signifi- Gorlin syndrome ClinVar
(p.Proll80Ala) cance (Sep 1,2021)
Chr9:95449856— NM_000264.5(P7CW):c.3531_3534  Microsatellite  Frameshift Pathogenic (Aug Gorlin syndrome ClinVar, Simple
95449859 del (p.PhellWfs) 20,2021) ClinVar
Chr9:95449859 NM_000264.5(P7/Ctf/):c3531C>T SNV Synonymous Benign/likely Hereditary cancer-  ClinVar, Simple
(p.Phell77=) benign (Dec 15, predisposing ClinVar
2021) syndrome, Gorlin
syndrome
Chr9:95449860 NM_000264.5(/'7T//7):c.3530del Deletion Frameshift Pathogenic (Nov Gorlin syndrome ClinVar

(p.Phell77fs)

26, 2020)

SNV Single nucleotide variant

Conclusion

Gorlin syndrome is a rare autosomal dominant disor-
der characterized by multiple basal cell carcinomas,
odontogenic keratocysts, skeletal abnormalities, and
predisposition to neoplasms. Molecular-genetic stud-
ies are the gold standard for its diagnosis. The finding
of a heterozygous (c.3549+1G>T) variant in PTCHI

gene in a patient with clinical features consistent with
the OMIM phenotype of Gorlin syndrome allowed us
to consider this variant as a cause of GS. These findings
expand the spectrum of variants in PTCHI and show
the decisive role of genetic studies in the diagnosis of
this syndrome.
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