
Abstract. Background/Aim: In the autosomal dominant
hereditary disease neurofibromatosis type 1 (NF1), lesions of
the jaw develop in isolated cases, which are diagnosed as
central giant cell granuloma (CGCG). This study aimed to
clarify the genetic basis of a bone lesion in a syndromic
patient. Case Report: The NF1 patient had developed a CGCG
that recurred after local excision. Blood and tumor tissue were
studied for NF1 mutations using advanced molecular genetic
methods. Examinations of blood and tumor tissue provided
evidence of the constitutive mutation in both samples. A further
mutation was detected in the tumor, which was interpreted as
a somatic mutation. The detection of somatic mutation in the
tissue was successful both on native and routinely fixed
material. Conclusion: The study supports current assessments
of CGCG as a benign neoplasm. In NF1 patients, the
phenotype seems to imply bi-allelic loss of the NF1 gene. The
detection of both mutations in routinely fixed tissue allows
studies of archived tissue samples with this diagnosis.

Neurofibromatosis type 1 (NF1, MIM 162200) is an autosomal
dominant inherited disease that causes a plethora of signs and
symptoms. A regularly detected feature of the disease is a
neoplasm arising from the cells that constitute the sheaths of
peripheral nerves, the Schwann cells (1). The most prominent
neoplasm arising in NF1 (2, 3), termed neurofibroma (1),
mostly consists of tumor cells with Schwann cell
differentiation. Neurofibromas are frequent cutaneous tumors
in NF1 patients. However, tumors also develop in internal
organs. Intraosseous neurofibroma is a well-known entity,
which is also proven in the facial skeleton, particularly in the
mandible (4, 5). However, NF1-associated intraosseous
neurofibroma of the mandible is rare (6) and intraosseous
lesions of the jaws are often not clearly diagnosed on
radiological examination. In NF1 patients, in addition to the
rare intraosseous nerve sheath tumors, other non-odontogenic
(6) and odontogenic (7, 8) lesions must be considered as causes
of osteolysis. A rare osseous lesion is the so-called central giant
cell granuloma (CGCG), also called central giant cell lesion
(9). Relatively rarely reported is the CGCG of the jaw in NF1
(10-19). Individual reports have reported germline and somatic
mutations of the NF1 gene in NF1-associated CGCG (15) and
specifically in tumor cells of the lesions (18, 19). This report
adds a further NF1-associated CGCG case and provides
evidence of mutations in NF1 in both alleles.

Case Report

The female patient, aged 22 years, presented at the Clinic of
Oral and Craniomaxillofacial Surgery, University Hospital
Hamburg-Eppendorf, for the treatment of an extensive
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plexiform neurofibroma of the thoraco-abdominal region.
The patient had numerous café-au-lait spots and axillary
freckling of the integument. During routine diagnostics, an
orthopantomographic view of the jaws (OPT) was taken
(Figure 1A). On the radiograph, a sharply delineated radio-
translucent lesion in the region of the right mandibular angle
was detected, which had developed in topographical
proximity to the molars. A multi-lobulated cyst of the jaw
was suspected. Oral inspection revealed an intact, rosy
mucosa with no apparent osseous pathology. The teeth of the
4th quadrant were firm, showed no bleeding after probing the
periodontium, and responded adequately to cold stimuli,
except for the third molar.
Due to the urgent treatment need of the very painful

thoraco-abdominal tumor, the clarification of the oral
findings was postponed. Six months after the first extensive
tumor reduction of the trunk, the patient came for a follow-
up examination. The OPT showed the known osteolytic
findings unchanged. Under general anesthesia, the right side
of the mandible was exposed through an angled muco-
periosteal incision, and the cortical bone was trephined over
the lesion. Underneath, a cavity filled with solid, gelatinous
soft tissue of greyish color was exposed and the tumor tissue
was excised. The roots of the third molar were not covered
by bone, in direct contact with the soft tissue tumor, and had
to be extracted. The uppermost layer of the bone bordering
the lesion was removed with the drill, carefully sparing the
exposed alveolar nerve (Figure 1B). The defect was filled
with collagen and the wound was closed. The course of
wound healing was uncomplicated. 
Six months after the first intervention for the jaw lesion,

the patient came back for a check-up of the trunk and jaw
findings (Figure 1C). The osteolysis around   the ramus and
the third molar was re-ossified. However, well-demarcated
radiolucency remained in the periapical area of   the second
molar, which was interpreted as a recurrence of the lesion.
The patient did not appear until 15 months later for a re-
investigation of the jaw findings. OPT of the jaws revealed
some increase in size of the known mandibular periapical
lesion (Figure 1D and Figure 2). Assuming a local
recurrence, the situs was exposed in a procedure identical
to the first intervention. A soft tissue lesion was present in
the bone cavity, which was identical in texture and visual
appearance to the primary findings. A second excision of
the lesion was performed. The patient did not wish to have
the molar extracted, which reached into the cavity with its
roots and was in direct contact with the lesion. The healing
process again was unremarkable. The serological findings
showed no pathological parameters of the calcium
metabolism during the entire treatment. The patient has
consented in writing to the genetic examination of the
samples and the publication of the examination and
treatment results.

Histology. The bone biopsy of the right second mandibular
molar revealed bone tissue with a lesion composed of
spindle-shaped and polygonal cells with scattered osteoclast-
type multinucleated giant cells, hemorrhage, and hemosiderin
pigment (Figure 3A and B). The lesion was unencapsulated
and infiltrated the adjacent bone that showed reactive
changes (Figure 3C). Additionally, resorption of the dental
roots was observed (Figure 3D and E). The findings were
characteristic of CGCG. The second excision revealed a
relapse of the same lesion (Figure 3F).

Peripheral nerve sheath tumors. Resection of the tumor from
the trunk revealed nodular-plexiform neurofibroma. Further
cutaneous neurofibromas were excised from the trunk and
extremities (Figure 4).

Molecular genetics. Blood and native GCGG tissue as well
as fixed tumor material from the bone lesion were examined
for mutations in the NF1 gene.

Fresh tumor sample analysis. For mutation analysis of native
tissue DNA, the coding sequences and flanking intronic
regions of the NF1 gene (MIM 613113, ENST00000356175,
exons 1-58) were enriched using a Nextera DNA Flex custom
enrichment kit (Illumina, San Diego, CA, USA) and
sequencing was carried out on the next-generation sequencing
platform MiSeq (Illumina). The analysis of the sequence data
was carried out with the help of the SeqNext module of the
SEQUENCE Pilot software (JSI Medical Systems, Ettenheim,
Germany). Variants with probable pathogenic importance
within the sequence of the examined gene were independently
validated by bidirectional Sanger sequencing on an ABI 3500
L sequencer (Thermo-Fisher, Waltham, MA, USA) after PCR
amplification from the patient’s DNA and purification of the
PCR fragments. The bioinformatic deletion and duplication
analysis was performed with varfeed 1.9.0 (Limbus Medical
Technologies GmbH, Rostock, Germany). Analysis of the
CGCG showed the pathogenic NF1 mutation c.3942G>A
(p.Trp1314*) in a heterozygous state. Furthermore, another
pathogenic sequence change c.289C>T (p.Gln97*) of the NF1
gene was detected in the tumor tissue DNA in a mosaic state
with a variant allele frequency of 7.2%.

Analysis of formalin-fixed, paraffin-embedded tumor tissue.
Independently from native tissue analysis, DNA extraction
from the formalin-fixed and paraffin-embedded tumor material
of the mandible was investigated for NF1 mutations. Mutation
analysis was done after next-generation sequencing (QIASeq
Targeted DNA Panel CDHS-21330Z-424, Qiagen, Hilden,
Germany). Analysis was performed with CLC Genomics
Workbench 21 using the GRCh37 reference genome. The data
set was filtered for non-synonymous exonic single nucleotide
variants (SNVs) with an allele frequency of >5%, which are
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stored in the 1,000-genome database as unknown
polymorphisms. The following mutations were detected in the
CGCG: 1. The NF1 gene variant c.3942G>A, (p.Trp1314*),
variant allele frequency 52%, coverage 3451. 2. The NF1 gene
variant c.289C>T, (p.Gln97*), variant allele frequency 11%,
coverage 3584. Both mutations were considered relevant for
tumor development.

The heterozygous mutation c.3942G>A (p.Trp1314*) has
been repeatedly recorded as pathogenic in the databases
LOVD (ID NF1_000419) and ClinVar (ID 849712). It is
very likely the underlying germline NF1 mutation in the
patient. Also, the mutation has been described several times
in the literature (20-23). In addition to the germline mutation,
the mosaic nonsense mutation c.289C>T (p.Gln97*) was
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Figure 1. Radiological representation (orthopantomography) of the bone lesion of the right angle of the jaw in a patient with neurofibromatosis
type 1 (cropped images). A) Initial findings show multiple lobulated bone destruction extending both into the mandibular ramus and anteriorly to
the apex of the adjacent molar. Bone destruction extends caudally to the mandibular canal. B) Findings after removal of the lesion and extraction
of the molar. C) Approximately six months after removal of the giant cell lesion, the defect in the ramus has re-ossified. In contrast, a sharply
demarcated, residual osteolytic lesion demarcates around the root of the second molar. D) This finding increases somewhat in the following 15
months (findings prior to excision of the recurrent tumor).
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Figure 2. Recurrence of a giant cell lesion of the lower jaw in neurofibromatosis type 1 in cone beam computed tomography (cropped images, right
side of bone depicted). A) Osteolysis of the mandible with thinning of the vestibular cortical bones. B) Root apex of the second molar in the lesion
(A and B: axial section). C) Multiple lobulated intraosseous lesion (coronal section). D) The lobulated lesion extends caudally to the nerve canal
(sagittal section). 



detected in tumor tissue. This alteration is interpreted as a
second hit on the homologous allele of the CGCG tumor
cells. The mutation is listed as pathogenic in ClinVar
database (ID 818189) and is also described in the literature
(23). Both variants are considered as causing loss of function
alleles. The genetic tests therefore support the assumption
that the CGCG of the mandible was a manifestation of NF1
and was driven by bi-allelic NF1 defects in the tumor cells.

Discussion

So far, somatic mutations of the NF1 gene in NF1-associated
CGCG of the jaws have been demonstrated in native material
of lesions and in cell culture (15, 18, 19). Elaborate

conditioning and enrichment of the tumor cells of the CGCG
in cell culture were necessary to isolate the tumor cells and
detect the tumor specific NF1 mutations (18, 19). We report
here identical germline and somatic mutations in an NF1-
associated recurrent CGCG after independent analysis of
native and fixed specimens, which have been prepared from
the same lesion. Current technical standards offer reliable
analysis of archival material on this rare bone disease.
The radiological visualization of osteolysis of the jaws

requires the differential diagnosis of numerous diseases,
including cancer. NF1 is an autosomal dominant hereditary
disease characterized primarily by tumors of the peripheral
nervous system. Further tumors occur in the setting of NF1,
which identify this disease as a multi-systemic tumor
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Figure 3. Histology of giant cell granuloma in neurofibromatosis type 1. A) Spindle-shaped and polygonal cells with scattered osteoclast-type
multinucleated giant cells [hematoxylin-eosin (HE) stain]. B) Higher magnification points out hemorrhage and hemosiderin pigment (HE stain).
C) Infiltration of adjacent bone (HE stain). D) Resorption of dentin [undecalcified methylmethacrylate embedding (MMA), toluidine-blue stain].
E) Higher magnification of resorption site (MMA, toluidine-blue stain). F) Identical finding [central giant cell granuloma (CGCG)] in the second
excision (HE stain). Scale bar: 200 μm.



predisposition syndrome (24). Indeed, NF1 is a relatively
common genetic disorder that predisposes affected patients
to cancer (25). 
It is assumed that the tumors in NF1 originate primarily

from derivatives of the neural crest (26, 27). Both Schwann
cells and most of the skull bones are derivatives of the
neural crest (28-30). Therefore, an association of certain
neoplastic jaw lesions such as CGCG with the disease is
presumptive for NF1 patients. Indeed, a connection
between the CGCG and NF1 has been suspected earlier
(18). However, while the CGCG tumor cell has been
partially characterized, its origin is unknown. Until a few
years ago, the causal (genetic) origin of CGCG was largely
unknown. CGCG develops in NF1 and other syndromes,
the common feature of which are causative mutations that
affect the rat sarcoma homologue in human (RAS) pathway
(24, 30). The syndromes caused by mutations in genes
encoding components or modulators of the RAS pathway
have been grouped together as RASopathies. The
phenotypes of different RASopathies show significant
overlaps. The overlaps of clinical findings make
comprehensible that individual findings, for example
CGCG of the jaw, cannot be reliably assigned to a distinct
syndrome based on the histological diagnosis alone (30-33).

Furthermore, the lesion is a sporadic finding well known in
oral medicine (9). Recent studies revealed that somatic
mutations in RAS pathway genes are the cause of sporadic
non-syndromic CGCG cases (9). Evidence of RAS pathway
mutations in CGCG provide arguments for defining CGCG
as a neoplasm. However, in both sporadic and many
syndrome-associated CGCG, the lesions already developed
with evidence of constitutive RAS-mutations (9). In
contrast, according to the few cases published on the
subject in NF1, bi-allelic loss of NF1 gene is necessary for
the development of CGCG in this tumor predisposition
syndrome (18, 19). CGCG of jaws in NF1 without evidence
of the second hit can probably be attributed to
methodological limitations (34, 35) or a pathogenesis of the
lesion (cherubism-like tumorous expansion of facial bones)
independent of somatic NF1 mutations (35).

Conclusion

In NF1 patients, CGCG of the jaw is a neoplasm associated
with somatic second-hit NF1 mutations in the tumor cells.
After excision, the lesion has a tendency to local recurrence.
Long-term control of the region after removal of the lesion
is advisable.
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Figure 4. Histology of neurofibroma in neurofibromatosis type 1 patient with central giant cell granuloma of the jaw. A) Cutaneous neurofibroma
consisting of spindle shaped cells with intermingling collagen fibers. B) Diffuse plexiform neurofibroma with intraneural tumor portions with focal
loose texture (left margin) and diffuse tumor growth between the encapsulated tumor areas (upper and lower right corner). Scale bar: 500 μm.
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