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Case report: A novel PTCH1 frameshift mutation leading to nevoid basal cell carcinoma syndrome
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Case report: A novel PTCH1 frameshift mutation leading to nevoid basal cell carcinoma syndrome
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A patient presenting with several basal cell carcinomas, pigmented nevi, and developmental defects was diagnosed with nevoid basal cell carcinoma syndrome. Gene panel sequencing and Sanger sequencing were used to identify a novel heterozygous frameshift mutation, c.1312dupA:p.Ser438Lysfs, in exon 9 of PTCH1. I-Tasser and PyMol analyses indicated that the mutated protein patched homolog 1 (PTCH1) lacked 12 transmembrane domains and the intracellular and extracellular rings of ECD2 compared with the wild-type protein, resulting in a remarkably different structure from that of the wild-type protein. This case extends our knowledge of the mutation spectrum of NBCCS.
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Introduction

Nevoid basal cell carcinoma syndrome (NBCCS; OMIM 109400), also known as Gorlin syndrome, is a rare autosomal dominant disorder with multisystem involvement. The approximate prevalence is one case per 56,000–164,000 population. The characteristic features of the disorder are numerous basal cell carcinomas, odontogenic keratocysts of the jaw, and developmental defects such as vertebra/bifid ribs, intracranial calcification, and polydactyly. NBCCS also predisposes some patients to various low-frequency tumors, such as ovarian fibroma, medulloblastoma, rhabdomyosarcomas, and cardiac fibromas (1). Ocular anomalies occur in some cases, including strabismus, congenital cataracts, eyelid cysts, myelinated nerve fibers, and pigmentary changes of the retinal epithelium (2). Multiple organ systems may be affected in NBCCS. The most common abnormalities involve the skin, the skeletal system, the genitourinary system, and the central nervous system. The disease severely affects the quality of life of patients and has a high disability rate, which is mainly caused by mutations in the PTCH1, PTCH2, or SUFU genes (3). Most NBCCS patients have pathogenic variants of the PTCH1 gene, whereas PTCH2 and SUFU mutations are less common (4). Herein, we report the case of a 56-year-old woman with typical clinical and histologic findings of NBCCS and a frameshift mutation in the PTCH1 gene.



Case presentation

A 56-year-old woman presented to our dermatological department with dark brown papules and plates measuring 1–3 cm in diameter and located on the patient’s face, some of which showed a broken and scabbed surface (Figure 1A). The skin of both hands and feet was dry, rough, and showed keratosis, and the toenails of both feet were dark brown (Figures 1B,C). Multiple pigmented nevi were observed on the back and thighs (Figures 1D,E). The patient had broad confluent eyebrows, a broad base of the nose, and frontal bossing. Dermoscopy showed many irregularly distributed blue-gray spots and small balls, bright white stripes, oval nests, and linear branching of blood vessels (Figure 2A). Histopathological examination of the four skin areas on the face showed nests of tumor cells in the dermis. The nests were characterized by proliferation of basaloid cells with palisading nuclei at the periphery of the nests. The loose tumor stroma showed retraction artifacts (Figure 2B). Radiological examination revealed calcification of the falx cerebri and tentorium cerebelli, scoliosis, bifid thoracic ribs, and mega cisterna magna (Figures 2C,D). The cardiac ultrasound and gynecological ultrasound showed no abnormal findings.

[image: Figure 1]

FIGURE 1
 (A) Dark brown papules and plates on the face, broad confluent eyebrows, a broad base of the nose, and frontal bossing. (B,C) Dry, rough, and keratinized skin on both hands and feet, dark brown great toenails on bilateral feet. (D,E) Multiple pigmented nevi on the back and thighs.
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FIGURE 2
 (A) Dermoscopy at a 50-fold magnification showed many irregularly distributed blue-gray spots and small balls, bright white stripes, oval nests, and linear branching of blood vessels. (B) The proliferation of basaloid cells and retraction artifacts (HE ×100). (C) Calcification of the falx cerebri (1) and tentorium cerebelli (2), and mega cisterna magna. (D) bifid thoracic ribs:Second (1), sixth (2), and seventh (3) anterior ribs on the left side.


Three years before this presentation, the patient received treatment for multiple jaw cysts in the Department of Stomatology, the First Hospital of Shanxi Medical University, Taiyuan, China. Histopathological examination of the jaw cysts showed keratocysts lined with stratified squamous epithelium that lacked a granular cell layer. The patient’s son and second daughter had wide eyebrows, wide nasal roots, and prominent foreheads. They had multiple jaw cysts and underwent surgical treatment in our hospital. Postoperative pathology showed keratocysts lined with layered squamous epithelium that lacked a granular cell layer. In addition, the patient’s mother died of a tumor, and her sister was diagnosed with a nasal tumor in our provincial cancer hospital. Her first daughter died of rectal cancer 1 year prior to this study.

We extracted genomic DNA from blood samples of the index case and healthy volunteers because other family members declined to provide blood samples. A gene panel consisting of the exons of 541 genes of monogenic hereditary diseases was used to analyze the genomic DNA of the index case. We obtained genetic DNA through TIANamp Blood DNA kit (The centrifugal type column; DP348); The purity index of genomic DNA samples was 260/280 1.85, 260/230 1.92. The probes used for gene amplification are DNA probes. We get genomic DNA by a first generation sequencing and a second generation sequencing. By verifying that the two sequencing results were identical, so there is no repeat for sequencing experiments. The original data were sequenced by Illumina CASAVA1.8 (Illumina, San Diego, CA, USA), and the reads were compared with the GRCh39/hg17 human genome reference. The results of gene panel sequencing showed a frameshift mutation in exon 9 of PTCH1 (Figures 3A,B) (NM_000264: c.1312dupA:p.Ser438Lysfs). This variant has not been reported according to the ClinVar database. The results of Sanger sequencing confirmed the mutation of the index case, showing a heterozygous state. A three-dimensional structure was modeled to illustrate the effect of the mutation on protein structure according to Protein Data Bank.1 Wild-typeand mutant PTCH1 protein structure models were constructed and visualized using I-Tasser2 and PyMol software (The PyMOL Molecular Graphics System, versions 2.0, Schrödinger, LLC). The spatial structure of the PTCH1 mutant was significantly different from that of the wild-type PTCH1 (Figures 3C,D).
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FIGURE 3
 (A) Exon 9 of wild-type PTCH1. (B) A frameshift mutation in exon 9 of PTCH1. (C) Wild-type PTCH1 protein structure models. (D) Mutant PTCH1 protein structure models.




Discussion

NBCCS is a rare autosomal dominant disease characterized by developmental abnormalities and tumorigenesis. The PTCH1 gene has been mapped to chromosome 9q22.3-q31 and consists of 24 exons spanning approximately 50 kb that encodes the protein patched homolog 1 (5). PTCH1 contains a transmembrane domain with 12 transmembrane helices. Five transmembrane helices form sterol sensing domains. It also contains two large extracellular domains (ECD1 and ECD2): PTCH1 ECD1 is inserted between transmembrane helices 1 and 2, and PTCH1 ECD2 is inserted between transmembrane helices 7 and 8 (6). Under normal circumstances, PTCH1 inhibits the activity of Smo protein, thereby inhibiting the hedgehog pathway and inhibiting the transcription of downstream target genes, which participate in the growth and development of tissues or organs (3, 7–9).

In the present case, we suspected NBCCS based on the patient’s clinical data and family history. The diagnosis was confirmed by sequencing, which revealed a novel mutation in the PTCH1 gene, c.1312 dupA:p.Ser438Lysfs, that caused a premature stop codon. The c.1312 dupA frameshift variation may result in the production of a truncated protein (p. ser438lysfs) lacking complete transmembrane domains in which both the intracellular and extracellular rings of ECD2 are deleted. This mutant structure will relieve the inhibitory effect on SMO, SMO into human cells and affect downstream genes, activate the transcription factor Glil protein in the Hedgehog signaling pathway, stimulate the continuous expression of various target genes, and a large number of cells with non-programmed unlimited proliferation, inducing tumors, cysts or developmental defects (10). The different regular transcripts may activate the nonsense-mediated mRNA decay (NMD) mechanism, resulting in the degradation of mRNA without turning over an abnormal protein. It may also lead to a decrease in the expression of target proteins and the appearance of various phenotypes (8). According to The American College of Medical Genetics and Genomics (ACMG) guidance for the interpretation of sequence variants. This patient contained a very strong PVS1, a moderate PM6, and a supportive PP4. Therefore, the patient symptoms are related with the mutation (11).

Based on the above information, a molecular genetic study was necessary to confirm the diagnosis of NBCCS. Molecular genetic testing is helpful to confirm the diagnosis in patients with an atypical phenotype or for prenatal diagnosis. Additionally, analysis of the PTCH1 gene in NBCCS provides important information not only for genetic counseling, but also for further research of the correlation between the PTCH1 genotype and the NBCCS phenotype. We recommend that any patient with multiple jaw cysts and/or numerous basal cell carcinomas should be evaluated and undergo genetic testing by a dermatologist to consider a possible diagnosis of Gorlin syndrome.
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Footnotes
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