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Abstract OBJECTIVES: Identification of early presenting signs of the Basal Cell Nevus
(BCNS; synonyme Gorlin-Goltz) syndrome, which is associated with a principal
triad of multiple basal cell nevi, jaw odontogenic keratocysts, and skeletal anoma-
lies, in stomatological and neurological practices. Proposal of multidisciplinary
diagnostic algorithm comprising other medical specialists, including pathology,
imaging, laboratory and molecular analyses based on the study outcomes.
DESIGN: Case report of a male patient reporting paresthesia of their lower jaw,
with right facial asymmetry (maxilla and mandible) and radiological detection of
large osteolytic lesions in both jaws, including a retrospective analysis of a repre-
sentative Czech cohort with BCNS from within the last decade. SETTING: Clini-
cal, imaging and laboratory analyses were carried out at a national tertiary centre.
RESULTS: A multidisciplinary clinical approach followed by surgical management
lead to the identification of odontogenic cysts, which were substantiated by histo-
logical examination. DNA sequencing of the PTCH]I gene detected a ¢.2929dupT
resulting in p. Tyr977Leufs*16 pathogenic variant. This finding confirmed the
clinical and laboraoty diagnosis of BCNS. Parental DNA analysis showed that
this causal genetic defect arose de novo. Surgical management and orthodontic
therapy were successful.
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CONCLUSIONS: Analysis of the reported case and
retrospective data analysis provided evidence that
paresthesia of the lower jaw should be considered as
one of the early presenting signs of this rare disorder
in stomatological and neurological practice. Obtained
results allowed us to formulate recommendations for
diagnostic practice in stomatology and neurology.

INTRODUCTION

In 1960 Gorlin and Goltz (ICD-10: Q87.8; MIM#109400.
ORPHA: 377) defined a syndrome with a principal triad
of multiple basal cell nevi, jaw odontogenic keratocysts
(OKC), and skeletal anomalies (Hegde et al. 2012).
Other clinical characteristics include macrocephaly,
ectopic calcifications, plantar and palmar pits, central
nervous system and ocular lesions, and fairly typical
facial features with frontal bossing and hypertelorism
(Shear et al. 2007). Additionally, several cases of fetal
rhabdomyoma have also been reported in association
with the syndrome (Yang et al. 2001).

This syndrome has been given several alternative
names. It is sometime called nevoid basal cell carcinoma
syndrome (NBCCS), but it is also known as “basal cell
nevus syndrome” (BCNS), “nevoid basal cell carci-
nomas syndrome,” and “multiple basal epithelioma,
jaw cysts and bifid rib syndrome” (Ortega Garcia de
Amezaga et al. 2008). Current medical literature mainly
uses the abbreviation BCNS according to OMIM.org
and Orpha.net catalogues.

The estimated prevalence of BCNS ranges from
1:57,000 to 1:256,000 and affects both genders equally
(Leger et al. 2011). BCNS is inherited in an autoso-
mal dominant manner and is associated with a strong
pathogenic variant penetrance. According to recent
molecular genetic studies, approximately 35-50% of
cases result from de novo germline mutations (Sirous
et al. 2011). It is estimated that 30-50% of patients suf-
fering from BCNS are not aware of any other affected
family member (Ortega Garcia de Amezaga et al. 2008).

Fig. 1. Orthopantomographic (OPG) radiograph before surgery: a
large cyst in the right ramus of the mandible, extending from
the apex of tooth 46 cranially to the column of the mandible,
including the coronoid process.

The gene responsible for this syndrome was mapped
to chromosome 9q22.32, where the tumor suppressor
gene PTCHI is located. PTCHI acts as a receptor for
SHH ligands in the Sonic hedgehog (SHH) signal-
ing pathway, which is implicated in the formation of
embryonic structures during human development
(Kitsiou-Tzeli et al. 2011). PTCHI1 is also involved
in homeostatic maintenance of mature tissues, tissue
repair during chronic inflammation, and tumorigen-
esis (Borgonovo et al. 2011). Protein patched homolog
1 (PTCH1) is a transmembrane protein that inhibits
another transmembrane protein known as smooth-
ened (SMO). When SHH and PTCHI1 bind together,
the inhibition of SMO is interrupted, leading to signal
transduction and nuclear activation of Gli proteins,
which regulate respective target genes (Beach et al.
2011). Based on this model, the inactivation of PTCH]1,
or the constitutive activity of SMO or SHH, could lead
to over activity of SMO, resulting in neoplasia (Joshi et
al. 2012).

BCNS has a wide variety of clinical forms. In order
to assess its phenotypic variants radiologic protocols,
which enable a more precise diagnosis, are required. In
this regard panoramic radiography to detect multiple
jaw cysts, skull radiography for the evaluation of CNS
calcifications, chest radiography to detect bifid-, fused-
or splayed ribs, and computed tomography (CT), as
well as magnetic resonance (MR) to find further abnor-
malities are utilized (Bronoosh et al. 2011). The diagno-
sis of BCNS also relies, to a large degree, on molecular
genetic analysis of the PTCH1 gene.

Neurological symptoms have also been observed i.e.
sudden-onset right-sided hemiparesis, supranuclear
facioparesis, and motor aphasia (Budincevi¢ et al.
2014). Additionally, familial central nervous system
tumors with neuro-oncologic manifestation (Hottinger
et al. 1996), meduloblastoma (Crawford et al. 2009), or
multiple spinal osteochondromata and osteosarcoma
(Sadek et al. 2013) have been observed, and meningeal
calcification was found to be the cause of a yearlong
headache (Nail et al. 2013).

Here we present a description of a Czech case with
typical clinical features. This patient was diagnosed
by the presence of odontogenic cysts associated with
paresthesia of the lower jaw. The aim of our study is to
highlight the need for awareness of early signs of the
syndrome in stomatological and neurological clinical
practice, whereby paresthesia of the lower jaw should
not be disregarded as a benign sign.

PATIENTS

Case report

A twelve-year old boy presented with right facial asym-
metry (maxilla and mandible) and has been reporting
lower jaw paresthesia. Since radiological examination
detected large osteolytic lesions in both jaws he was
referred to our tertiary stomatological centre by a col-

Copyright © 2016 Neuroendocrinology Letters ISSN0172-780X « www.nel.edu



Gorlin-Goltz Syndrome with paresthesia in the lower jaw

Fig. 2. a) A CT scan (3D reconstruction) before surgery: cyst on the right ramus of the mandible
with resorption of both lateral and medial compact bone; retained tooth 23, surrounded by a
cystic lesion; resorption of the right tuber of the maxilla caused by the cyst in that location; b)

CT 3D reconstruction 1 year after treatment.

laborating orthodontist. The patient was asymptomatic
and his dentition was within normal limits, with ano-
dontia of the upper lateral incisors and retention of the
upper left canine. Panoramic radiographic examina-
tion revealed a large, well-circumscribed radiolucency
distal to the second right lower molar and a second cyst
within the ramus of the left mandible (Figure 1). These
radiographic findings prompted an incisional biopsy
followed by a broader surgical procedure. CT revealed
an osteolytic lesion centered well within the mandible,
trespassing from the right ramus of mandible to the
apex of the lower right molars (46, 47). The germ of the
third molar was displaced cranially under the condylar
process. The size of the cystic lesion was 90x45 mm.
Other lesions were found in the right maxilla near
tooth 18 (cystic lesion, surrounding the germ of the
tooth, size = 30x20 mm) and left maxilla near tooth
23 (retention and dystopia of tooth 23, surrounded by
a cystic lesion, size = 40x30 mm) (Figures 2a). Pares-
thesia of the left side of lower jaw, mainly surrounding
n. mentalis loco foramen mentale, was substantiated by
additional neurological examination.

Differential diagnosis

Differential diagnosis of well circumscribed, radiolu-
cent lesions of the maxilla and mandible comprised
several types of pathology, including OKC and tumors,
non-odontogenic tumors, and other non-neoplastic
conditions (Hutton et al. 2012). OKC are more common
than odontogenic neoplasms. OKC affect the mandible
75% of the time and exhibit a strong propensity for the
posterior mandible (Myoung et al. 2001). Odontogenic
tumors are often present, as well as circumscribed
radiolucencies, which suggests that this lesion could
be one of a variety of odontogenic neoplasms, such as
ameloblastoma, odontogenic myxoma, etc. (appearing
as a “soap bubble” in radiographs) (Li et al. 2006). Our
patient is unique in that he is significantly younger

than the average age of diagnosis for ameloblastoma,
which usually occurs during the mid- to late thirties
(Reichart et al. 1995). Non-odontogenic mesenchymal
neoplasms should also include differential diagnostic
consideration of neurofibroma, desmoplastic fibroma
of the bone, and vascular lesions. Primary mucoepi-
dermoid carcinoma must also be considered (Hutton
et al. 2012).

The patient underwent surgical treatment under
general anesthesia. An incision was made on the right
side from tooth 47 cranially to the ramus of the mandi-
ble. Lifting of the mucoperiosteal flap was complicated
by adhesion of the cyst to the underlying soft tissues.
Following extirpation of the cyst and extraction of the
displaced third molar, the neurovascular bundle was

Fig. 3. Anodontia associated with tooth 12, 22, retention of canine.
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carefully removed. Autologous spongious bone grafts
were then taken from the right iliac crest and the defect
was filled with Surgicel® and Spongostan (Ethicon,
Norderstedt, Germany). Grafts were ground in a bone
mill and used to augment the defect in the mandible,
following which the surgical wound was hermetically
closed. The cyst associated with tooth 48 was then
extirpated. The mucoperiosteal flap was subsequently
lifted via the intraoral approach from tooth 11 to tooth
24, which gave access to the cyst. Subsequently, the cyst
was extirpated and tooth 23 was left to undergo spon-
taneous eruption or bonding, including attachment of
an orthodontic bracket and future force application
(Figure 3). The final part of the procedure involved the
cyst associated with tooth 18. The germ of tooth 18 was
extracted.

Incisions were close and post-operative recovery
proceeded normally, with only a minor set-back. Two
months after surgery, inflammatory complications
appeared in the right ramus of the mandible, caused

Tab. 1. Clinical and laboratory features of studied Czech BCNS cases.

by the loss of vitality of tooth 47. This was followed by
extraction of tooth 47 under local anesthesia and exco-
chleation of the inflamed tissues. The wound was her-
metically sutured, antibiotics were prescribed, and the
lesion subsequently healed without any further compli-
cations. Two years after the surgery a control X-ray and
CT scan were performed (Figure 2b). The images show
that all defects, including the large defect in the right
ramus of the mandible, had healed. Paresthesia spon-
taneously improved during the 6-month period follow-
ing surgery. The patient is now XX months post-op and
receiving regular follow-ups.

Retrospective analysis of additional cases treated at our
center within the last decade

In addition to this case, we have managed seven addi-
tional cases of BCNS (Table 1) at our clinic over the last
decade. This has enabled us to retrospectively reanalyze
a total of 32 OKC (Table 2 and 3) with the following
conclusions:

Presented case

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 R Patient 7
(Patient 6)
Pathogenic €.2703+1G>C  ¢.2726delAinsTGC €.838delG €.2309- €.2309- €.2929dupT ¢.3181dupG
Variant (p.Asp909Valfs*16) (p.Glu280Lysfs*3) 2311delGAGinsA  2311delGAGinsA (p.Tyr977Leufs*16) (p.Ala1061Glyfs*84)
(p.Arg770Hisfs*19) (p.Arg770Hisfs*19)
Sex F F M M F M M
Age of 15y 9y 16y 13m prenatally 15y 7y
evaluation
Parental analysis -/- -/+ na +/- (+ maternal +/- (+ maternal -/~ -/~
(mother/father) grandfatherand  grandfather and
uncle) uncle)
Macrocephaly + + + + + + +
Jaw odontogenic + + + + + + +
keratocyst
Skin lesions trichofolliculoma basaliomas, basaliomas, basaliomas, pigmented nevi basaliomas, pigmented nevi,
of upper lip, pigmented nevi  pigmented nevi  pigmented nevi pigmented nevi nevus flammeus
pigmented nevi,
cutaneous
keratocyst
Tumors - medulloblastoma - - fibroma of left - -
ventricle
Others - severe right kidney cyst,  pancreatic cyst, strabism, VSD, mitral kyphosis, ribs
kyphoscoliosis and mitral and aortal brain venous posthypoxic valve prolapse, and vertebral
lordosis, cysts of regurgitation angioma, brain  encephalopathy arrhytmia, malformation, brain
eyelids, bone cysts arachnoid cyst after CPR, kyphoscoliosis arachnoid cyst,
in vertebraes intellectual hypermetropia
disability
Treatment extirpation of  extirpation of extirpation of extirpation of extirpation of extirpation of extirpation of

odontogenic odontogenic odontogenic

keratocysts keratocysts, keratocysts,
and excision of excision of excision of
trichofolliculoma basaliomas, basaliomas
resection and
chemotherapy of
medulloblastoma

odontogenic

odontogenic

odontogenic odontogenic

keratocysts, keratocysts, keratocysts, keratocysts
excision of implantation of excision of
basaliomas defibrillator basaliomas

Legend: na, not available, CPR, cardiopulmonar resuscitation, VSD, ventricular septal defect

Patient 1 and patient 2 are siblings.
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Tab. 2. Overview of detected odontogenic cysts.

Patient Number of cysts Localization Size Size Age
TOTAL-UJ-LJ (teeth) (mm) (% of jaw) Year Month
1 5-2-3 23 30%23x25 15 1 3
43 15x10x10 2 12 4
37 17x13x10 3 13 8
28 25x20%13 10 16 0
48 11x9%5 1.5 16 0
2 9-4-5 13 35x15x15 1 1A 1
23 20x15%x15 6 1" 1
33 30x20x10 12 11 1
43 40%x20x10 10 1" 1
47 25x10x10 3 11 1
37 35%30%20 13 12 5
17 10x10x7 2 13 3
27 30x25%x10 15.5 13 3
47 14x 10x7 2 13 3
3 4-2-2 18 45%x40x35 37 19 10
28 30%20x15 12,5 19 10
38 50x23x15 14.5 19 10
48 60x20x15 15 19 10
4 4-1-3 43 30x27x15 10 8 1
23 10x9%x7 2 9 6
37 25x16x15 5 9 6
47 25%15%8 4.5 9 6
5 2-1-1 1" 15x12x10 2 8 9
47 15%10%x10 2 6 9
6 6-4-2 18 20x10x10 4 12 5
23 30x15x15 10 12 5
48 65x25%20 20 12 5
27 8X7x5 1.5 13 "
48 20x15%8 4 14 7
28 45x15x10 14 17 2
7 2-0-2 37 17x10x5 2 6 10
43 30x24x12 9 6 10
Tab. 3. Number and localisation of odontogenic cysts.
Right LOCATION Left TOTAL
Side LEFT / RIGHT AND UPPER / LOWER Side
5 2 1 1 1 4 2 3 9 14
8 7 6 5 4 3 2 1 + 1 2 3 4 5 6 7 8
12 4 4 4 1 4 1 6 18
Total Location Summary Total
R-Side Left / Right L-side TOTAL
7 6 5 5 1 5 6 4 15 32

1. OKCs are most common in the 4th to 6th stages of 3. the most commonly affected tooth germs are in the

tooth development; 2nd molars (11x/34%), canines (10x/31.5%), and 31d
2. apparently only the germs of permanent teeth are molars (10x/31.5%);

affected, since we have not observed OKC in tem- 4. there were no differences in the distribution of OKC

porary teeth; with regards to the gender (M:F=4:3), affected jaw

(upper:lower=14:18), or side (right:left=17:15) in
analyzed patients.

Neuroendocrinology Letters Vol.37 No.4 2016 « Article available online: http://node.nel.edu 273
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Fig. 4. Microscopic image shows two cysts. Both are typically lined
by squamous epithelia, the lumen of one of the cyst is filled with
keratinized acellular debris. Fig. 5. Medium degree pigmentation.

a) b)

A Aak

Fig. 6. Electrophoregram demonstrating mutation ¢.2929dupT (p.Tyr977LeufsTer16) in the PTCHT gene in a patient with BCNS (Ref.Seq.
GenBank NM_000264.3). a) patient, forward, b) patient, reverse, c) negative control, forward, d) negative control, reverse.

274 Copyright © 2016 Neuroendocrinology Letters ISSN0172-780X + www.nel.edu



METHODS

Histological diagnosis

Histological examination confirmed the diagnosis of
OKC in all instances. These were typically lined with
squamous epithelia and the lumen of one of the cyst
was filled with keratinized acellular debris (Figure 4).

Clinical genetics

The proband was of normal stature for his age, with
unblemished skin, medium-degree pigmentation
(Figure 5), macrocephalic head with right facial asym-
metry, fair hair, normal eyes, nose and moutbh, slightly
asymmetrical earlobes, symmetric neck and chest,
normal male genitalia, limbs, and palm lines were
normal. No other apparent phenotypic alternations
were detected. The presence of multiple pigmented
nevi on the skin increased the diagnosis of BCNS
highly likely.

Molecular genetics

Following normal cytogenetic examination (46, XY),
DNA Sanger sequencing (ABI3130xl gene sequencer,
ThermoFischer Scientific; USA) of the PTCHI gene
(MIM#601309) revealed a ¢.2929dupT predicting a
p.(Tyr977Leufs*16), which, based on parental DNA
analysis, appeared de novo in the germline. This result
confirmed the clinical diagnosis of BCNS (Figure 6).

RESULTS AND DISCUSSION

Hereby, we present a typical case report and retro-
spective analysis of a representative cohort of BCNS
cases seen at our stomatological center within the last
decade. The reported case is currently under observa-
tion, with regular follow-up examinations scheduled
at six-month intervals. The patient and his relatives
have been informed of the possibility of developing
other features of BCNS and the importance of careful
monitoring.

Multiple OKC usually occur as a component of
BCNS, Orofacial digital syndrome #MIM 311200),
Noonan syndrome (#MIM 163950), Ehler-Danlos
syndrome (#MIM 130000), Simpson-Golabi-Behmel
syndrome (#MIM 312870), or other rare syndromes
as reviewed by Kurdekar (2013). Our patient was
apparently healthy, with no suggestive family history
and no physical features suggestive of the aforemen-
tioned syndromes, such as orofacial maxilla and man-
dibular defects, stunted growth, bleeding diathesis,
hyper-extensible skin or hypermobile joints, or other
congenital anomalies associated with overall growth
disturbances. However, multiple pigmented nevi on the
skin helped confirm the diagnosis of BCNS.

From the histological point of view, para-keratiniza-
tion, intramural epithelial remnants, and satellite cysts
are more frequent in cases of multiple OKC associated
with BCNS than solitary keratocysts (Woolgar et al.

Gorlin-Goltz Syndrome with paresthesia in the lower jaw

1987). In our patient, both findings were observed. The
cysts were typically lined by squamous epithelia and the
lumen some were filled with keratinized acellular debris.

The biological behavior of multiple OKC associated
with BCNS is more aggressive and these cysts have
higher recurrence rates (82%) compared with solitary
keratocysts (61%) (Dominguez et al. 1988). The mecha-
nisms of origin and growth of OKC are based on cyst
initiation and formation and on keratocyst growth. In
this case, the presence of paresthesia was atypical and
directly connected with keratocyst growth. After the
surgery and healing period, the mental nerve recovered
its functionality and the patient was without unpleas-
ant sensations. A similar clinical manifestation has
not been reported in the literature. Another interest-
ing finding in our patient was the concomitant occur-
rence of anodontia associated with tooth 12 and 22,
associated with an impacted canine in the maxillary
right quadrant, which is a very rare finding in itself. It
is well-known that dentigerous cysts associated with
unerupted teeth are relatively rare, whereas unerupted
teeth are common occurrences, which suggest that a
genetic predisposition could be possible.

Obtained results allowed us to formulate the fol-
lowing recommendations for clinical practice in
stomatology:

1. X-ray examination (panoramic radiograph) of jaws
at age 6, 10, and 15 years, especially in cases report-
ing numbness and paresthesia;

2. In established cases of BCNS, follow-up radiographs
are recommended at least once a year;

3. Following OKC extirpation, augmentation of jaw
bone defects is not recommended in children,
instead spontaneous bone healing is preferred, since
bone regeneration and remodeling in children is
much faster than in adulthood;

4. Unless there is a large bone defect, leaving the tooth
in place, with more frequent check-ups, is worth
considering. In addition, if needed the tooth can be
straightened later in cooperation with an orthodon-
tist. However, this does not apply to third molars
where early germectomy is recommended instead.

In conclusion, awareness of BCNS among medi-
cal specialists who may encounter these patients in
the first place (e.g. orthodontists, dentists, radiolo-
gists, neurologists) is important for its early diagnosis.
Patients reporting lower jaw paresthesia should not be
disregarded. The long-term consequences of the BCNS
are associated with server morbidity and markedly
decreased quality of life in patients. In this regard, early
diagnosis represents an opportunity for effective man-
agement of this severe and progressive rare disorder.
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