
Central Annals of Pediatrics & Child Health

Cite this article: Hurst ACE, Williams CL, Nelson KR, Stolerman ES, Robin NH (2015) Nevoid Basal Cell Carcinoma Syndrome with Nystagmus and Immobile 
First Digit Interphalangeal Joints: Expanding the Phenotype of PTCH1 Duplications. Ann Pediatr Child Health 3(9): 1090.

*Corresponding author
Anna Hurst, Department of Genetics, University of 
Alabama at Birmingham, Birmingham, Alabama, United 
States,  Tel: 205-934-4983; Fax: 205-975-6389; E-mail: 

Submitted: 06 October 2015

Accepted: 23 November 2015

Published: 25 November 2015

Copyright
© 2015 Hurst et al.

 OPEN ACCESS 

Keywords
•	Nevoid basal cell carcinoma syndrome
•	Gorlin syndrome
•	PTCH1
•	Nystagmus
•	Immobile	first	digit

Case Report

Nevoid Basal Cell Carcinoma 
Syndrome with Nystagmus 
and Immobile First Digit 
Interphalangeal Joints: 
Expanding the Phenotype of  
PTCH1 Duplications
Anna CE Hurst1*, Crescenda L Williams1, Katherine R Nelson1, 
Elliot S Stolerman2, Nathaniel H Robin1

1Department of Genetics, University of Alabama at Birmingham, United States
2Greenwood Genetic Center, United States

Abstract

Nevoid basal cell carcinoma syndrome (NBCCS, Gorlin syndrome) is an autosomal 
dominant condition caused by mutations in the PTCH1 gene.  It is characterized by 
distinct skeletal and craniofacial anomalies with an increased risk for basal cell 
carcinomas.  We present a 5-year-old male with a family history of NBCCS, found 
to have a previously unreported 2.7kb partial duplication in the PTCH1 gene.  The 
patient has several classical craniofacial findings of NBCCS (macrocephaly and frontal 
bossing), but he also displays additional manifestations of nystagmus and immobile first 
digit interphalangeal joints due to hypoplastic flexor muscles with underlying normal 
bony anatomy. Pathogenic mutations are typically protein truncating due to deletions 
or missense mutations; there have only been three previous reports of duplications in 
PTCH1. Although nystagmus is frequently listed as an eye anomaly associated with 
NBCC, it has been reported in just 3 members of the same family (all with rotary 
nystagmus).  Hand abnormalities such as polydactyly, metacarpal shortening, and 
cutaneous 2,3 syndactyly have been reported, but thumb abnormalities are rare, 
and there are no reports of immobile thumbs due to hypoplastic flexor muscles.  This 
patient’s novel genetic duplication and combination of classical and uncommon features 
of NCBBS offer the opportunity for both expansion of the NBCCS phenotype and 
further genotype-phenotype correlations.  This case also reiterates the importance of 
copy number analysis for both duplication and deletion events in the PTCH1 gene. 

ABBREVIATIONS
NBCCS: Nevoid Basal Cell Carcinoma Syndrome

INTRODUCTION
Nevoid basal cell carcinoma syndrome (NBCCS, Gorlin 

syndrome) is an autosomal dominant condition characterized by 
distinct skeletal and craniofacial anomalies with an increased risk 
for basal cell carcinomas. PTCH1 at 9q22.32 is the only known 
gene in which mutations cause NBCCS and 70-80% of probands 
inherited the mutation from a parent [1].

The most recently proposed diagnostic criteria recommend 
two major or one major and two minor criteria.  Major criteria are 
>2 basal cell carcinomas or one under the age of 20; odontogenic 
jaw keratocysts; three or more palmar or plantar pits; bilamellar 
calcification of the falx cerebri; bifid, fused, or markedly splayed 
ribs; or a first degree relative with NBCCS. Minor criteria include 
macrocephaly; congenital malformations such as cleft lip or 
palate, frontal bossing, coarse facial features, hypertelorism; 
skeletal abnormalities such as Sprengel deformity, marked pectus 
deformity, digit syndactyly; and radiographic abnormalities such 
as bridging of the sella turcica, vertebral anomalies, modeling 
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defects of the hands and feet, or flame-shaped lucencies of the 
hands and feet; ovarian fibromas; and medulloblastoma [2]. 
These do not account for newer genetic testing results, as some 
families with PTCH1 mutations do not meet diagnostic criteria. 

Early identification in the pediatric population is 
important, as patients should be advised to limit UV radiation 
and healthcare providers should limit medical radiation 
exposure. Management guidelines recommend baseline cardiac 
ultrasounds, dermatological exams, digital panorex of the jaw, 
spine films, and baseline ophthalmological exams, along with 
routine developmental, hearing, vision, and speech screenings 
[3]. Pediatric patients should also be screened with a yearly 
brain MRI until age 8 for medulloblastoma, which is of highest 
incidence in those less than 3 years of age [2,3].

CASE PRESENTATION
We present a 5-year-old male who initially presented 

to genetics clinic at 14 months of age for macrocephaly and 
developmental delay. His family history was notable for features 
of NBCCS (Figure 1), including his mother and maternal uncle 
with multiple basal call carcinomas, cleft lip and palate, and 
macrocephaly. Informed consent was obtained to share medical 
and familial information and images. 

He was born at term via C-section to a 36-year-old G2P2, with 
no medication or drug exposures and no pregnancy complications.  

Birth weight was 4.2kg.  He had gross motor delay, as he held his 
head up at 4 months, sat 11 months, pulled to stand at 13 months, 
and walked at age 20 months.  

On physical exam, he has several classical craniofacial features 
of NBCCS including macrocephaly (occipitofrontal circumference 
57.4cm, >>98%ile, >+3 standard deviations), frontal bossing, 
and widely set eyes (Figure 2).  Other growth parameters were 
normal, including height (120.5cm, 90-95%ile) and weight (21kg, 
50-75%ile). Prior OFC measurement at 13mo was 52cm, at 14mo 
was 52.6cm, and at 26mo was 55cm.

Nystagmus was noted since birth, and neurological and 
ophthalmological exams in early childhood displayed gaze-
evoked nystagmus with lateral movements, which improved 
over time without intervention.  A brain MRI at 10 months of age 
revealed mild ventriculomegaly of the lateral and third ventricles 
and prominence of the extra-axial CSF spaces, but no falxcerebri 
calcification. Frontal occipital horn ratio was increased at 0.5 
(upper limit of normal is up to 0.37 at that age). There was 
clinical concern for optic atrophy, but brain MRI noted normal 
optic chiasm.  He later developed myopia.  

At a follow-up genetics clinic appointment at 5 years of age, 
mother noted concern that he is unable to bend his thumbs, which 
was first recognized when he was trying to learn how to write.  
Physical exam confirmed immobile first digit interphalangeal 
joints bilaterally with absent flexion creases (Figure 3A). 

Figure 1 The family pedigree shows the proband’s mother and maternal uncle were affected with multiple basal call carcinomas, cleft lip and palate, 
and macrocephaly.  His sister had a fusiform cleft lip, macrocephaly, and died at 3 years of age due to viral myocarditis. His maternal grandmother 
(who died at age 54 of breast cancer) and great-grandfather were also reported to have multiple basal cell carcinomas and macrocephaly.  great-
grandfather was a farmer who was frequently sun-exposed. 
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Figure 2 Proband and his mother, who both tested positive for 2.7kb PTCH1 duplication.

A) B)

Figure 3 (A) Palmar view of the patient’s hands.  Note the absent flexor crease of the first digit interphalangeal joint bilaterally.(B) X-ray images 
of the patient’s left and right hands, showing subtle shortening of the first digit and the first proximal phalange of digits 3, 4, and 5 bilaterally with 
normal bony morphology.

Orthopedics evaluation noted that his immobile first digit 
interphalangeal joints are due to hypoplastic flexor muscles with 
underlying normal bony anatomy (Figure 3B). They found no 
flexion in either thumb at the interphalangeal joint and no flexion 
creases, and he had normal extension at the metacarpophalangeal 
joint. Occupational therapy was recommended for strengthening 
and optimal utilization of residual function of the IP joint, 
specifically to work on handwriting. 

Multiple thorough skin exams by a pediatric dermatologist 
showed no evidence of suspicious lesions.  These visits reiterated 
the importance of strict sun protection and avoidance of 
unnecessary radiation.  

He required bilateral myringotomy with tympanostomy tube 
placement for chronic otitis media at age 6,but has otherwise been 
healthy.  He had a normal echocardiogram, which was performed 
because NBCCS is associated with cardiac fibromas. We plan to 
begin regular orthopantograms to evaluate for odontogenic jaw 
cysts beginning at age 8, as per screening recommendations. 

Genetic testing of the mother was initially recommended at 

the first genetics evaluation in 2010 (when patient was 14mo); 
however there were insurance difficulties and testing was 
deferred. Molecular analysis of the PTCH1 gene performed in 2011 
directly on the patient at 26mo revealed a previously unreported 
2.7kb partial duplication that encompasses exons 13, 14, and part 
of exon 15. This was found through copy number analysis using 
targeted array comparative genomic hybridization (CGH) with 
exon-level resolution; it was confirmed with multiplex ligation-
dependent probe amplification (MLPA).  Sequence analysis was 
discontinued after identification of the duplication, as traditional 
sequencing methods often do not detect large deletions and 
duplication events. Further testing revealed the duplication was 
maternally inherited.

DISCUSSION 
Here we report a male with a novel familial duplication in 

PTCH1 who has a strong family history of NBCCS and displays 
classic findings of NBCCS along with additional features of 
nystagmus and immobile thumbs due to hypoplastic flexors.

Pathogenic germline mutations causing NBCCS are typically 
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protein truncating due to deletions or nonsense mutations (73%), 
followed by missense mutations (17%), and splice-site mutations 
(10%) [4]. Exonic, multiexonic, and whole-gene deletions 
account for up to 6% of cases [5], including microdeletions of the 
9q22.3 region involving PTCH1 [6]. There are no clear genotype-
phenotype correlations [3]. Among patients who meet clinical 
criteria, approximately 73% have a positive mutation detected 
in PTCH1 [3], and even though a clinical diagnosis can often be 
made, genetic testing is recommended to confirm a diagnosis in 
patients who have early signs but do not meet clinical criteria to 
allow for increased surveillance.  Testing is also recommended 
for predictive testing in individuals with a positive family history 
or for those with a positive familial mutation who desire prenatal 
testing [3].

Sanger sequencing is the gold standard for detecting 
molecular sequence variants; however a known limitation is that 
this technique is not designed to detect deletions and duplication 
events, which can also be pathogenic.  If a provider does not 
specifically order deletion/duplication analysis, a normal 
sequencing result may provide false reassurance and delay 
diagnostic confirmation.

While intragenic or whole-gene deletions are more common, 
duplications are rarely seen [7], and have been reported three 
times, although the previously reported duplications are either 
much smaller or much larger than the one found in our patient. 

A study of six Japanese families with a clinical diagnosis of 
NBCCS found a single patient with multiple jaw keratocytes, 
macrocephaly, and characteristic facies had a 58-bp duplication 
in exon 8 (c.1138_1195dup) [8].

Another case study identified a 14-year-old male with 
odontogenic cysts, hypertelorism, macrocephaly and agenesis 
of the corpus callosum, and his 43-year-old mother had a 25-bp 
duplication in exon 10 (c.1375dupl25bp) [9]. Interestingly, while 
both patients had a clinical diagnosis of NBCCS, neither had a 
history of basal cell carcinomas. 

A 14-year-old female with maxillary and mandibular cysts and 
a keratogenic odontogenic tumor prompted a clinical diagnosis of 
NBCCS.  PTCH1 studies revealed the first multi-exonic duplication 
(18kb) spanning exons 10-17 [10].

Nystagmus is frequently listed as an eye anomaly associated 
with NBCCS along with strabismus, cataracts, and pigmentary 
changes of the retinal epithelium as an eye anomaly associated 
with NBCCS [11,12]; however a review of the literature shows 
very few reports of patients who actually have this finding.  A 
study of 72 people with NBCCS in the United Kingdom identified 
3 members of the same family who all had rotary nystagmus out 
of the 18 cases with noted eye anomalies [13].

Hand abnormalities such as pre- and postaxial polydactyly, 
metacarpal shortening, and cutaneous syndactyly of the second 
and third fingers have been reported in patients with NBCCS 
[14], but thumb abnormalities are rare. One study reports 2 of 
4 patients in the same family with NBCCS had a short terminal 
phalanx of the thumb [15]. A case report describes a boy with 
NBCCS who has bilateral hypoplastic thumbs [1].There are no 
reports of immobile thumbs to due hypoplastic flexor muscles.

Early diagnosis is important because delays of screening 
and treatment may greatly increase associated morbidity and 
mortality [3]. Screening guidelines exist for pediatric and adult 
patients, and suggest a yearly medical genetics evaluation to 
ensure all multidisciplinary issues are addressed and appropriate 
referrals are made.  These include brain MRI yearly until age 8 
(for medulloblastoma), baseline cardiac ultrasound (for cardiac 
fibromas), yearly dermatology exam (for basal cell carcinomas), 
yearly digital panorex of the jaw (for cysts), baseline spine films 
(for scoliosis) [3].

Families and healthcare providers should be encouraged to 
minimize ionizing radiation exposure and maximize protection.  
Radiographs are warranted for evaluation of valid medical 
problems, but non-ionizing or digital modalities are preferred 
when possible [3].

This patient’s novel genetic duplication and combination of 
classical and uncommon features of NBCCS offer the opportunity 
for both expansion of the NBCCS phenotype and possible further 
genotype-phenotype correlations, which are not currently 
known.  This case also reiterates the importance of copy number 
analysis – not just gene sequencing–  for both duplication and 
deletion events in the PTCH1 gene. 

REFERENCES
1. Kansal A, Brueton L, Lahiri A, Lester R. Hypoplastic thumb in Gorlin’s 

syndrome. J Plast Reconstr Aesthet Surg. 2007; 60: 440-442.

2. Kimonis VE, Goldstein AM, Pastakia B, Yang ML, Kase R, DiGiovanna 
JJ. Clinical manifestations in 105 persons with nevoid basal cell 
carcinoma syndrome.  Am J Med Genet. 1997; 69: 299-308.

3. Bree AF, Shah MR; BCNS Colloquium Group. Consensus statement 
from the first international colloquium on basal cell nevus syndrome 
(BCNS). Am J Med Genet A. 2011; 155A: 2091-2097.

4. Lindström E, Shimokawa T, Toftgård R, Zaphiropoulos PG. PTCH 
mutations: distribution and analyses. Hum Mutat. 2006; 27: 215-219.

5. Evans DG, Farndon PA. Nevoid Basal Cell Carcinoma Syndrome. In: 
Pagon RA, Adam MP, Ardinger HH, et al, editors. GeneReviews® 
[Internet]. Seattle (WA): University of Washington, Seattle; 1993-
2014. 

6. Garavelli L, Piemontese MR, Cavazza A, Rosato S, Wischmeijer A, 
Gelmini C, et al. Multiple tumor types including leiomyoma and Wilms 
tumor in a patient with Gorlin syndrome due to 9q22.3 microdeletion 
encompassing the PTCH1 and FANC-C loci. Am J Med Gen Part A. 2013; 
161A: 2894-2901.

7. Lo Muzio L. Nevoid basal cell carcinoma syndrome (Gorlin syndrome). 
Orphanet J Rare Dis. 2008; 3: 32.

8. Takahashi C, Kanazawa N, Yoshikawa Y, Yoshikawa R, Saitoh Y, Chiyo 
H. Germline PTCH1 mutations in Japanese basal cell nevus syndrome 
patients. J Hum Genet. 2009; 54: 403-408.

9. Mazzuoccolo LD, Martínez MF, Muchnik C, Azurmendi PJ, Stengel 
F [Nevoid basal cell carcinoma syndrome with corpus callosum 
agenesis, PTCH1 mutation and absence of basal cell carcinoma]. 
Medicina (B Aires). 2014; 74: 307-310.

10. Kosaki R, Nagao K, Kameyama K, Suzuki M, Fujii K, Miyashita T. 
Heterozygous tandem duplication within the PTCH1 gene results 
in nevoid basal cell carcinoma syndrome.  Am J Med Genet A. 2012; 
158A: 1724-1728.

11. Lo Muzio L, Nocini PF, Savoia A, Consolo U, Procaccini M, Zelante L. 

http://www.ncbi.nlm.nih.gov/pubmed/17349603
http://www.ncbi.nlm.nih.gov/pubmed/17349603
http://www.ncbi.nlm.nih.gov/pubmed/9096761
http://www.ncbi.nlm.nih.gov/pubmed/9096761
http://www.ncbi.nlm.nih.gov/pubmed/9096761
http://www.ncbi.nlm.nih.gov/pubmed/21834049
http://www.ncbi.nlm.nih.gov/pubmed/21834049
http://www.ncbi.nlm.nih.gov/pubmed/21834049
http://www.ncbi.nlm.nih.gov/pubmed/16419085
http://www.ncbi.nlm.nih.gov/pubmed/16419085
http://www.ncbi.nlm.nih.gov/books/NBK1151/
http://www.ncbi.nlm.nih.gov/books/NBK1151/
http://www.ncbi.nlm.nih.gov/books/NBK1151/
http://www.ncbi.nlm.nih.gov/books/NBK1151/
http://www.ncbi.nlm.nih.gov/pubmed/24124115
http://www.ncbi.nlm.nih.gov/pubmed/24124115
http://www.ncbi.nlm.nih.gov/pubmed/24124115
http://www.ncbi.nlm.nih.gov/pubmed/24124115
http://www.ncbi.nlm.nih.gov/pubmed/24124115
http://www.ncbi.nlm.nih.gov/pubmed/19032739
http://www.ncbi.nlm.nih.gov/pubmed/19032739
http://www.ncbi.nlm.nih.gov/pubmed/19557015
http://www.ncbi.nlm.nih.gov/pubmed/19557015
http://www.ncbi.nlm.nih.gov/pubmed/19557015
http://www.ncbi.nlm.nih.gov/pubmed/25188659
http://www.ncbi.nlm.nih.gov/pubmed/25188659
http://www.ncbi.nlm.nih.gov/pubmed/25188659
http://www.ncbi.nlm.nih.gov/pubmed/25188659
http://www.ncbi.nlm.nih.gov/pubmed/22711650
http://www.ncbi.nlm.nih.gov/pubmed/22711650
http://www.ncbi.nlm.nih.gov/pubmed/22711650
http://www.ncbi.nlm.nih.gov/pubmed/22711650
http://www.ncbi.nlm.nih.gov/pubmed/10066029


Central

Hurst et al. (2015)
Email: 

Ann Pediatr Child Health 3(9): 1090 (2015) 5/5

Hurst ACE, Williams CL, Nelson KR, Stolerman ES, Robin NH (2015) Nevoid Basal Cell Carcinoma Syndrome with Nystagmus and Immobile First Digit Interpha-
langeal Joints: Expanding the Phenotype of PTCH1 Duplications. Ann Pediatr Child Health 3(9): 1090.

Cite this article

Nevoid basal cell carcinoma syndrome. Clinical findings in 37 Italian 
affected individuals. Clin Genet. 1999; 55: 34-40.

12. Gorlin RJ. Nevoid basal-cell carcinoma syndrome. Medicine 
(Baltimore). 1987; 66: 98-113.

13. Evans DG, Ladusans EJ, Rimmer S, Burnell LD, Thakker N, Farndon PA. 
Complications of the naevoid basal cell carcinoma syndrome: results 
of a population based study. J Med Genet. 1993; 30: 460-464.

14. Kimonis VE, Mehta SG, Digiovanna JJ, Bale SJ, Pastakia B. Radiological 
features in 82 patients with nevoid basal cell carcinoma (NBCC or 
Gorlin) syndrome. Genet Med. 2004; 6: 495-502.

15. Lile HA, Rogers JF, Gerald B. The basal cell nevus syndrome. Am J 
Roentgenol Radium Ther Nucl Med. 1968; 103: 214-217.

http://www.ncbi.nlm.nih.gov/pubmed/10066029
http://www.ncbi.nlm.nih.gov/pubmed/10066029
http://www.ncbi.nlm.nih.gov/pubmed/3547011
http://www.ncbi.nlm.nih.gov/pubmed/3547011
http://www.ncbi.nlm.nih.gov/pubmed/8326488
http://www.ncbi.nlm.nih.gov/pubmed/8326488
http://www.ncbi.nlm.nih.gov/pubmed/8326488
http://www.ncbi.nlm.nih.gov/pubmed/15545745
http://www.ncbi.nlm.nih.gov/pubmed/15545745
http://www.ncbi.nlm.nih.gov/pubmed/15545745
http://www.ncbi.nlm.nih.gov/pubmed/5648943
http://www.ncbi.nlm.nih.gov/pubmed/5648943

	Nevoid Basal Cell Carcinoma Syndrome with Nystagmus and Immobile First Digit Interphalangeal Joints:
	Abstract
	Abbreviations
	Introduction
	Case Presentation
	Discussion 
	References
	Figure 1
	Figure 2
	Figure 3

