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Abstract

Background: Juvenile ossifying fibroma (JOF) is an uncommon benign fibro-osseous lesion of the craniofacial skele-
ton; compared to conventional ossifying fibroma (OF), JOF is characterized by local aggressiveness and propensity
for recurrence. The biologic basis for this different biologic behavior between JOF and OF remains elusive. The aim
of this study was to evaluate the immunohistochemical expression of MDM?2, CDK4 and p53, molecules associated
with bone oncogenesis, in the trabecular variant of JOF.

Material and Methods: The study material consisted of five cases of trabecular JOF, affecting three male and two fe-
male patients with a mean age of 11.8 years. Three cases arose in the maxilla and two in the mandible. All cases were
initially treated by enucleation; two cases recurred necessitating more aggressive treatment. Immunohistochemical
study of MDM2, CDK4 and p53 was performed in all cases, as well as in five control cases of conventional OF.
Results: CDK4 positivity was noted in all JOF cases; the staining pattern was diffuse and strong in 4 cases and focal
and weak in one case. In contrast, 4 out of 5 cases of OF were weakly and focally CDK4 positive, the remaining one
being negative. Immunostaining for MDM2 was observed in 3 JOF cases; all OF were MDM2 negative. All cases of
OF and JOF were negative for p53, except for one focally positive JOF case.

Conclusions: CDK4 and MDM2 expression in the trabecular variant of JOF is higher compared to conventional OF.
In contrast, p53 expression is almost universally negative in JOF and OF. Despite some overlapping features, diffe-
rential expression patterns of proteins involved in bone oncogenesis can elucidate the pathogenesis and may facilitate
accurate diagnosis and prediction of behavior of bone tumors in the craniofacial region.
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Introduction

Juvenile ossifying fibroma (JOF) was introduced in the
WHO classification of odontogenic tumors in 1992, de-
fined as a fibro-osseous lesion of the craniofacial skele-
ton affecting children under the age of 15 years (1). Two
subtypes of JOF with distinct clinicopathologic features
have been described: the trabecular variant tends to oc-
cur in the jaws of younger individuals (mean age ran-
ge: 8.5-12 years), whereas the psammomatoid variant
affects a wider age range (mean age: 20 years) with a
propensity for extragnathic locations, predominantly
the sinonasal and orbital bones (2-4). Although a benign
neoplasm, JOF behaves as a locally aggressive lesion
with a high recurrence rate ranging from 30-56% (2-4).
The advent of molecular biology has increased our awa-
reness of the mechanisms of tumorigenesis, including
bone oncogenesis. Various molecules have been investi-
gated in the context of bone neoplasms, especially in os-
teosarcoma (OS) and its variants and mimics, including
the well-characterized oncogenes CDK4 and MDM?2
and the tumor suppressor gene p53 (5-8). In a previous
study, we have analyzed the expression of these genes
located on chromosome 12q13-15, in osteosarcoma
(OS) of the jaws; their high expression supported the no-
tion that p5S3-MDM2 and Rb-cyclin D-CDK4 pathways
play a role in the pathogenesis of these gnathic tumors
(9). However, the molecular features of JOF, including
the protein expression of the aforementioned genes, and
their similarities and differences with OS and the more
indolent conventional ossifying fibroma (OF) remain
largely unknown.

In this study, we present the clinicopathologic features
of five trabecular-type JOF cases affecting the jaws and
analyze their immunohistochemical profile for bone tu-
morigenesis-related molecules CDK4, MDM2 and p53
in comparison with conventional OF.

Material and Methods

-Study material

Five JOF of the jaws were retrieved from the medical
records of the Department of Oral and Maxillofacial
Surgery, University of Maryland, Baltimore. Informa-
tion about age, gender, race, location of lesion, treatment
modalities, recurrence, follow-up and current status was
recorded. In addition, five control cases of conventional
ossifying fibroma (OF) were included. Microscopic sli-
des and pertinent clinical and imaging information were
reviewed, and the histopathologic diagnosis was confir-
med in all cases.

-Immunohistochemical analysis

Five JOF and five OF were stained with a standard im-
munohistochemical protocol used and described in our
previous study (9). Briefly, all specimens underwent
short time decalcification (24h) prior to paraffin inclu-
sion, as they consisted mostly of soft tissues. Five mi-
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cron thick-sections of paraffin-embedded tissues were
mounted on glass slides, deparaffinized and rehydra-
ted. The slides were placed in Citra-solution (Bioge-
nex CA-USA, HK086-9K) and treated by two cycles.
The endogenous peroxidase activity and non-specific
protein were blocked. After extensive washing, the
sections then were incubated for 1 hour with primary
antibody: MDM2 (Santa Cruz Biotechnology, SMP14,
sc-965) 1:50, CDK4 (Santa Cruz Biotechnology, C-22,
sc-260-G) 1:50, pS3 (Biogenex, CA-USA, MU195-UC)
1:50. The sections then were incubated with secondary
antibody for 30 minutes (Biogenex CA-USA, HK268-
UK for MDM2 and p53 and Biogenex CA-USA,
HK327-UG for CDK4) and for another 30 minutes with
a StrepABComplex/HRP (Dako, Denmark, K0377).
The specimens were stained with diaminobenzidine and
counterstained with Harris hematoxylin. OS cases from
our previous study (which has been performed using the
aforementioned immunohistochemical procedure and
the same antibodies) were used as positive controls (9).
Negative controls were treated identically with omission
of the primary antibody.

The immunostains were evaluated by two pathologists
(NN and RC), according to the percentage of positive
cells and the intensity of the staining, according to the
following scales (10):

Percentage of positive cells: - (0-5% positive cells), +
(6-25% positive cells), ++ (26-50% positive cells) and
+++ (51-100% positive cells) and Intensity of staining:
weak (W), moderate (M), strong (S).

Results

-Demographic, clinicopathologic, treatment and fo-
llow-up findings of JOF cases (Table 1)

The mean age of the five JOF patients was 11.8 years,
ranging from 6-16 years, with a male to female ratio of
3:2. Three patients were African American and two were
Caucasian. Three cases occurred in the posterior maxilla
and two cases in the mandible (one in posterior and one
in anterior location).

All JOF lesions presented as a painless bony expansion;
in two lesions, increased vascularity was noted on the
overlying mucosa. The mean reported duration of the
lesions prior to diagnosis was 2.6 months, ranging from
2 to 3 months.

Imaging examination revealed all lesions to present as
mixed areas of lucency and opacity with well-defined
borders, associated with tooth displacement and bony
expansion. In two lesions, the adjacent teeth exhibited
widened periodontal ligament spaces. The size of the le-
sions ranged from 2.0 to 8.0 cm.

Microscopically, all five JOF cases exhibited typical fea-
tures of the trabecular variant (Fig. 1). Histopathologic
examination of all tumors revealed cellular fibrous stro-
ma containing a mineralized component in the form of
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Table 1: Demographic and clinical data of JOF cases.

Expression of MDM2, CDK4, p53 in juvenile ossifying fibroma

Case | Age | Gender | Race Location Treatment | Recurrence 2" treatment
1 6 M B Left posterior Enucleation Y Left hemimaxillectomy
maxilla
2 10 M B Right posterior Enucleation Y Excision with
maxilla peripheral ostectomy
3 15 M C Left posterior Enucleation N
mandible
4 12 F C Anterior mandible | Enucleation N
16 F B Right Enucleation N
posterior maxilla

Abbreviations: M: male; F: female; B: black; C: Caucasian

5
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Fig. 1: Photomicrogaphs of JOF

ized component in the form of bone trabeculae (a, b) and focal accumulation of multinucleated cells (c) (a:

H&E 100X; b and c: H&E 200X).

bone trabeculae and irregular strands of highly cellular
osteoid, encasing plump osteocytes and lined by osteo-
blasts. Focal accumulations of multinucleated giant cells
were observed in three cases.

All five JOF cases were initially treated by enucleation
and curettage. Of these, three did not show any evidence
of recurrence for a mean follow up period of 10 months.
The remaining two cases recurred at 6 and 7 months and
were managed with hemimaxillectomy or peripheral os-
tectomy, respectively.

-Demographic, clinicopathologic, treatment and fo-
llow-up findings of control OF cases

The five patients with conventional OF cases (used as
controls) had a mean age of 38 years (ranging from 20-
55 years), with a male to female ratio of 2:3. Three pa-
tients were Caucasian and two were African American.
All cases occurred in the mandible, four in posterior and
one in anterior location.

Four lesions presented as a bony expansion, and one le-
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sion was discovered as an incidental finding on routine
dental radiograph. On clinical examination, there were
no abnormalities noted in the overlying mucosa in any
of the patients. In two cases with available information,
the duration of the lesions was reported as 3 and 7 years,
respectively.

Imaging studies revealed four lesions to be mixed radio-
lucent-radiopaque, while one lesion was predominantly
sclerotic; all lesions had well defined borders. Neither
tooth displacement nor widening of the periodontal liga-
ment was observed in any case. The size of the lesions
ranged from 2.0 to 7.0 cm.

All lesions were treated by enucleation and curettage.
No recurrences were noticed in any patient after a fo-
llow-up period ranging from 1-6 years.
-Immunohistochemical results (Table 2)

CDK4 staining

Immunohistochemical analysis revealed that CDK4 was
positive in all JOF cases (Fig. 2a). The staining pattern
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Table 2: Immunohistochemical expression of CDK4, MDM2 and p53 in JOF and OF.

Cases CDK4 MDM2 p53
1 +++ S - - - -
= 2 4+ S ++ M + M
9, 3 +++ S ++ M - -
4 + % + w - -
5 +++ S - - - -
1 w - - - -
2 Y - - - -
5 3 W - - - -
4 - - - - - -
5 + W - - - -

Abbreviations: JOF: juvenile ossifying fibroma; OF: ossifying fibroma; W: weak; M: moderate;
S: strong; -: negative (0-5% positive cells); +: 6-25% positive cells; ++: 26-50% positive cells;

+++: 51-100% positive cells.

Fig. 2: a) Immunostaining for CD

was diffuse and strong in four cases and focal and weak
in one case. In contrast, four cases of conventional OF
were weakly and focally CDK4 positive, while the re-
maining one case was negative.

MDM2 staining

MDM2 positivity was noted in three JOF cases (Fig.
2b). There was moderate intensity in 21-50% of cells in
two cases (also showing diffuse and strong CDK4 posi-
tivity). One case demonstrated weak staining in less than
20% of cells (accompanied by focal and weak CDK4
immunoreactivity); in contrast, all OF were negative for
MDM2.

p53 staining

All OF and JOF cases were negative for p53, except one
focally positive JOF case (Fig. 2c¢).
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staining pattern. b) Moder-

trong
ate MDM2 immunoexpression in a JOF case. ¢) Focal p53 immunoexpression in a JOF case (400X).

The percentage of positive JOF and OF cases for CDK4,
MDM2 and p53, in comparison with the percentage of
OS cases based on previously published data by our
group (9), is presented in Fig. 3.

Discussion

According to the latest 2017 WHO classification of head
and neck tumors, JOF is a clinicopathologic variant of
ossifying fibroma OF (11), characterized by rapid grow-
th, potential of local invasiveness and tendency to recur
(3). JOF diagnosis necessitates clinicopathologic co-
rrelation, taking into account various parameters, such
as age of onset, location, clinical and radiologic featu-
res, microscopic characteristics and biologic behavior
(2,3,12-15). Two subtypes of JOF with differences in
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Fig. 3: Bar graph demonstrating the percentage of positive JOF and OF cases for
CDK4, MDM2 and p53. For comparison, the percentage of OS cases demonstrat-
ing positivity for the same markers is also included, based on previously published

data by our group (9).

their clinicopathologic features are described in the li-
terature: juvenile trabecular ossifying fibroma (JTOF)
and juvenile psammomatoid ossifying fibroma (JPOF)
(2,3,11). In the present study, all cases were classical
examples of JTOF.

The diagnosis of JTOF is not always straightforward.
As for all fibro-osseous, a combination of clinical, ra-
diologic and microscopic findings is required for final
diagnosis. The main entities that enter the differential
diagnosis are other fibro-osseous lesions, including con-
ventional OF, as well as malignant tumors, especially
OS. Although careful evaluation of the specific clini-
copathologic features allows distinction of JOF in most
cases, borderline cases may pose significant diagnostic
difficulties. Therefore, the elucidation of the molecules
and pathways involved in the pathogenesis of JTOF may
contribute to the discovery of markers that can distingui-
sh it from its benign and malignant counterparts.
Altered cell cycle and apoptosis regulation leads to
tumorigenesis. Several lines of evidence have shown
that the dysregulation of p53-MDM2 and Rb-Cyclin
D-CDK4 pathways, which regulate the G1-S phase of
cell cycle, is involved in tumorigenesis of OS (5-8), in-
cluding its gnathic counterparts (9,16-18).

p53, one of the most widely studied tumor suppressor
genes in humans, is a transcription factor, encoded by
TP53 gene, that regulates genes involved in cell cycle,
DNA damage response and apoptosis (19). Expression
of mutated p53 has been associated with poor prognosis
and response to chemotherapy in many human malig-
nancies (20,21). p53 mutations are also frequently de-
tected in OS and have been suggested as possible targets
of novel therapies (22). p53 has been also found to be
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overexpressed in a significant subset of OS of the jaws
(9,16,23,24) Specifically, p53 positivity was detected in
88% and 52% of the jaw OS cases reported by Lopes et
al. (9) and Junior et al. (16), respectively, and has been
found to be comparable between OS of the jaws and long
bones (23); however, a correlation between p53 expres-
sion and jaw OS prognosis has not been established (24).
Despite its role in malignant bone tumors, the possibility
that p53 aberrations may participate in the oncogenesis
of benign bone tumors of the jaws, including OF and
JOF, has not been investigated. Although confirmation
requires a larger sample, our data, showing focally mo-
derate p53 immunostaining in 1 out of 5 JOF cases and
lack of immunostaining in 5 OF cases, indicate that p53
aberrations are not involved in OF pathogenesis, while
their presence and participation in the oncogenesis of a
subset of JOF cases cannot be excluded.

MDM?2 is an E3 ligase involved in transport of p53 to
the cytoplasm for its degradation (25). Gene amplifica-
tion of MDM2 has been described as the pathway of tu-
morigenesis or tumor progression in various sarcomas,
including OS (26). CDK4 is a cyclin-dependent kina-
se implicated in G1 to S cell cycle transition through
phosphorylation and inactivation of the retinoblastoma
tumor suppressor protein (pRb) (27). Amplification
of the chromosomal region 12q13-15, involving both
MDM2 and CDKA4, is a frequent event in OS, resulting
in the overexpression of the corresponding proteins (8).
MDM2 and CDK4 amplification and overexpression is
especially common in low-grade OS, including their de-
differentiated counterparts (28). In particular, co-ampli-
fication of MDM2 and CDK4 is more prevalent in the
low-grade parosteal OS (67%) compared to high-grade
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classical OS (12%) (8), showing a correlation between
amplification levels and tumor grading and progression
in the former group (29). Noticeably, CDK4 amplifica-
tion and overexpression may serve as a useful predictive
biomarker of chemoresistance in patients with OS (30).
From a diagnostic standpoint, evaluation of MDM2 and
CDK4 by immunohistochemistry has been proposed as
a useful tool in distinguishing low-grade OS, including
both central and parosteal, from benign fibro-osseous le-
sions with similar microscopic features (6,7). Dujardin et
al. (6) noticed that 89% of 72 low-grade OS cases were
positive for MDM2 and/or CDK4 immunostaining, whi-
le all 107 cases of fibrous or fibro-osseous lesions of the
bone (including 6 maxillofacial OF) or para-osseous soft
tissue and 20 control cases of conventional high-grade
OS were negative. Yoshida et al. (7) explored the use of
MDM2 and CDK4 immunohistochemistry for the his-
tologic diagnosis of low-grade OS: all 23 low-grade OS
cases expressed one or both markers (100%), with 13
cases (57%) expressing both; in contrast, only 1 out of
40 benign mimics (including fibrous dysplasias, myosi-
tis ossificans and other entities, but not OF) was immu-
nohistochemically positive for MDM2 or CDK4.
MDM2 and CDK4 amplification and overexpression
have been also shown in gnathic OS (9,16-18), but their
investigation in benign fibro-osseous lesions of the jaws,
including JOF and conventional OF, has been very li-
mited.

MDM?2 immunohistochemical expression in OS of the
jaws has been detected in 55.5% and 24% of cases stu-
died by Lopes et al. (9) and Junior et al. (16), respecti-
vely; however, no control cases of benign fibro-osseous
lesions were included in these two studies. On the other
hand, Guerin et al. (17) found that only 3 out of 36 cases
of mandibular OS cases were immunohistochemically
positive for MDM2 (two of them also showing MDM2
amplification by qPCR, the third one being non-evalua-
ble), classified as differentiated/dedifferentiated OS. No-
ticeably, a control group of benign fibro-osseous lesions,
including 15 OF, was uniformly negative for MDM?2
overexpression. In the same study (17), a distinct mo-
lecular signature, i.e. MDM2 and RASAL1 amplifica-
tion without MDM2 overexpression, was identified in
a small subset of giant cell-rich high grade mandibular
OS, which contained areas mimicking JOF. The authors
suggested that JOF cases exhibiting this amplification
may be related to, or even at risk for transformation into,
high grade OS, requiring closer follow-up and aggres-
sive management. Similarly, Tabareau-Delalande et
al. (31) reported an association between chromosome
12 long arm rearrangement covering MDM2 and RA-
SAL1 genes with aggressive craniofacial JOF. Specifi-
cally, MDM2 amplification was detected in 69% of JOF
(70% in trabecular and 67% in psammomatoid variants),
as opposed to only 6% of conventional OF; however,
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this amplification was not accompanied by immunohis-
tochemical overexpression. Interestingly, simultanecous
amplification of MDM2 and RASAL1 was significantly
more prevalent in JOF compared with conventional OF
and other benign craniofacial fibro-osseous lesions, whi-
le JOF cases harboring amplification tended to exhibit a
locally aggressive or recurrent behavior. This chromo-
some rearrangement was the first recurrent molecular
abnormality to be reported in JOF (31). More recently,
Limbach et al. (18) reported MDM2 immunohistoche-
mical positivity and gene amplification in 63% (7 out
of 11) and 25% (1 out of 4) of craniofacial OS, respec-
tively; in contrast, all 14 studied craniofacial benign fi-
bro-osseous lesions (including three central OF, but not
JOF) were negative for MDM2 immunohistochemistry.
Based on a comprehensive literature review, the same
authors (18) reported that 33% (28 of 35) of craniofacial
OS were MDM?2 positive on immunohistochemistry, out
of which 46% (13 of 28) demonstrated MDM?2 ampli-
fication, while all studied craniofacial benign fibro-os-
seous lesions (including OF, but not JOF) were immuno-
histochemically negative for MDM2 (although MDM?2
staining was noticed in associated osteoclast-like giant
cells in both benign and malignant lesions). Similarly,
in the present study, all studied jaw OF cases were nega-
tive for MDM2; however, 3 out of 5 JOF showed mild
or moderate positivity for JOF of the jaws. To the best
of our knowledge, this is the first time that MDM2 im-
munohistochemical positivity is reported in JOF, indi-
cating that, in contrast with conventional OF and other
fibro-osseous lesions of more indolent behavior, aberra-
tions in MDM2 may play some role in pathogenesis and
aggressive behavior of JOF.

Several of the aforementioned studies have also inves-
tigated CDK4 immunohistochemical profile in benign
and malignant jaw bone lesions. Specifically, CDK4 was
highly expressed in jaw OS in the studies of Lopes ef al.
(9) (56%) and Junior et al. (16) (84%). Similarly, Lim-
bach et al. (18) found that 7 out of 11 (63%) of their cra-
niofacial OS were immunohistochemically positive for
CDK4; based on their comprehensive literature review,
it was found that the majority of studied craniofacial
OS show CDK4 immunohistochemical expression (35
out of 49 cases, 71%), as well as CDK4 amplification
(7 out of 10, 70%). On the contrary, all 14 craniofacial
benign fibro-osseous lesions (including three central
OF) studied by Limbach et al. (18), as well as the 10
maxillofacial benign fibro-osseous lesions (including 6
OF) studied by Dujardin et al. (6), were CDK4 negative;
however, no JOF cases have been investigated before for
CDK4 expression. In our study, all JOF cases and the
majority of OF cases were positive for CDK4; however,
there was a noticeable difference in the percentage and
intensity of CDK4 immunopositivity, with the majority
of JOF cases (4 out of 5) exhibiting strong and diffuse
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staining as opposed to the focal and weak expression
pattern in OF. These data suggest that CDK4 may par-
ticipate in JOF oncogenesis and its overexpression may
be linked to its locally aggressive behavior compared to
the more indolent clinical course of a conventional OF.
Conclusively, the expression profile of p53, MDM?2 and
CDK4 seems to show considerable differences between
JOF and OF. The CDK4 is expressed in both JOF and
OF, although the latter shows diminished (or even ab-
sent) staining. MDM2 expression is found only in a sub-
set of JOF, being universally absent in conventional OF.
Finally, p53 expression is almost absent in both lesions,
with only one case of JOF showing focal positivity. The
distinct immunohistochemical profiles demonstrated by
JOF and OF in the present study seem to correspond to
their different clinical behavior. Similar to its aggres-
sive but benign biologic behavior, JOF immunoprofile
for the investigated molecules appears to be intermit-
tent to those of OF and OS. Furthermore, differences in
MDM2, CDK4 and p53 staining may be employed in the
differential diagnosis of JOF and OF, as well as in their
discrimination from OS. Future studies based on larger
samples should better establish the potential diagnostic
usefulness of these markers and explore their prognostic
and predictive significance.
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