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ABSTRACT

Background: Although great strides were made toward understanding the pathogenesis of
ameloblastoma, the malignant transformation potential remains understudied. This study introduces
an updated view on the involvement of MDM-2, MCM-3, and Bcl-X in ameloblastoma variants and
ameloblastic carcinoma.

Aim: This study aims to investigate the etiopathogenesis controversial role of MDM-2, MCM-
3, and Bcl-X in ameloblastoma variants and ameloblastic carcinoma.

Methodology: Forty cases were included in the current study, thirty cases of ameloblastoma
and ten cases of ameloblastic carcinoma that were immunohistochemically stained for MDM-2,
MCM-3, and Bcl-X antibodies.

Results: Statistically significant positive expression of MDM-2, MCM-3, and Bcl-X in
ameloblastic carcinoma than ameloblastoma variants. Positive expression was highly detected in
conventional, ameloblastoma than unicystic ameloblastoma.

Conclusion: Immunoreactivity for MDM-2, MCM-3, and Bc¢l-X in ameloblastoma variants and
ameloblastic carcinoma suggests that these antibodies might be associated with tissue structuring
and cytodifferentiation of ameloblastomas and aggressiveness of ameloblastic carcinoma. High
levels of MCM-3 and MDM-2 proteins expression are more sensitive in predicting growth rate of

tumors.
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INTRODUCTION

Ameloblastoma (AM) is the most frequently
encountered benign, yetlocally aggressive,epithelial
odontogenic tumor of the oral cavity. Based on
WHO 2017 ", ameloblastomas are simply divided
into i. conventional, ii. unicystic type, iii. peripheral
type, and iv. metastasizing ameloblastoma. The
etiopathogenesis of AM explored at the molecular
21 epigenetic P!, immunohistochemical levels
with evidence pointing at FGFR2-RAS-BRAF
mutations !, dysregulation of mitogen-activated
protein kinase, sonic hedgehog, and WNT/p-
catenin signaling pathways, somatic copy number
alterations, copy-neutral loss of heterozygosity, and
apoptosis-related gene BcL2L11 71,

Ameloblastic carcinoma (AC) denotes amelo-
blastic lesions with a lack of differentiation, hyper-
cellularity, conspicuous mitotic activity, necrosis,
vascular and neural invasion, and a less differenti-
ated histomorphology. If AC sent a metastasis, the
designation “malignant (metastasizing) ameloblas-
toma” would be used. Yoon et al. 2009 ® reviewed
98 previously reported cases and reported 6 new
ones. They concluded that AC prefers the posterior
mandible and males as twice as they hit maxilla in
females. The mean age was 49.2 years. AC usually
manifests itself as an asymptomatic swelling that
turns symptomatic. Ulceration, paresthesia, and tris-
mus are also evident .

MDM-2 is a specific marker to identify
proliferative activity and tumor aggressiveness by
immunohistochemistry, a 90-95kDa protein coded
by the mdm2 gene is mapped on chromosome
12q13-14 19 MDM-2 protein overexpression
generally results from gene amplification and
concomitant appearance of double minutes (Murine
Double Minute) "', Overexpression of MDM-2 is
usually associated with poor prognosis and has been
reported in various human cancers including breast
carcinomas, malignant melanomas, esophageal
carcinomas, soft tissue sarcomas, osteosarcomas,
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lung, and bronchogenic carcinomas, leukemias,
lymphomas, and head and neck cancers .

The minichromosome maintenance-3 (MCM-3)
protein is a nuclear protein associated with DNA
replication that predicts the biological and clinical
behaviors that is used as a diagnostic or prognostic
marker in various tumors >4, It is one member of
Minichromosome maintenance (MCM) proteins
family, which consists of eight members, including
MCM2-MCM7 complex *!. Owing to its expression
in early G1 phase of cell cycle, so MCM-3 is better
than other proliferation markers for evaluating
tumor behavior %),

Apoptosis, also known as programmed cell
death, plays a diverse role in embryogenesis,
the development, and maintenance of normal
homeostasis as well as in oncogenesis and is
associated with the pathogenesis of various tumors.
An imbalance among the antiapoptotic proteins
such as Bcl-2 family members could induce
dysregulation of apoptosis, which would contribute
to oncogenesis and tumor development 5. Bcl-X, a
20 kDa protein a newly discovered member of the
Bcl-2 antiapoptotic protein family, and very little
data exist on the expression of Bcl-X in various types
of ameloblastoma, and ameloblastic carcinoma.

This study, therefore, aimed to investigate
whether MDM-2, MCM-3, and Bcl-X proteins
are expressed by various types of ameloblastoma,
and ameloblastic carcinoma and if so whether or
not there is a statistically significant difference
ameloblastoma and

in expression between

ameloblastic carcinoma, indicating that these
proteins might play a role in tumor progression and
growth profile determination of these tumors in an
attempt to elucidate its influence on their biological

behavior, aggressive nature inherent in them.

MATERIAL AND METHODS

This retrospective study was carried out on
forty archival paraffin blocks that include 30 cases
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previously diagnosed as ameloblastomas, and 10
cases of ameloblastic carcinomas, obtained from the
Oral Pathology Department, Faculty of Dentistry,
and Pathology Department, Faculty of Medicine,
Mansoura University. AB was classified according
to WHO classification of Head and Neck tumors
published in 2017 ™,

Histological Study

Two sections of 4 um thickness from each paraf-
fin block were cut, deparaffinized, rehydrated, and
stained with (a) routine hematoxylin and eosin stain
(H&E) for re-evaluation, confirmation of histopath-
ological examination & diagnosis and to classify the
cases to different histopathological types according
to the WHO criteria (b) for the immunohistochemi-
cal evaluation of MDM-2, MCM-3, and Bcl-X ex-
pression, positively charged glass slides (Optiplus)
Biogenex, San Ramon, California, USA, were used
for immunostaining procedures.

Immunohistochemical study:

Sections de-paraffinized and subjected to heat-
induced antigen retrieval method using citrate
buffer (10mM, pH 6.0) in a pressure cooker for 2
min. To block endogenous peroxidase activity, the
samples were treated with 3% hydrogen peroxide
solution for 15 min. Subsequently, the sections were
incubated for 4 h with primary monoclonal antibod-
ies MDM2 (clone SMP14) (diluted 1:50 in TRIS-
Hcl (pH 7.6), MCM3 and Bcl-X (Ready-to-use vial,
BioGenex) 1:50 dilution in TRIS-Hcl (pH 7.6), fol-
lowed by 45 minutes in secondary antibody (rabbit
anti-mouse immunoglobulins) (DAKO, Denmark).
They were then immersed in streptavidin-biotin
peroxidase conjugate (DAKO) and incubated for
10 min with 3, 3-diaminobenzidine chromogen
(DAKO). The sections were then counter-stained
with Mayer’s hematoxylin before mounting. All the
steps were carried out at room temperature and after
each step, the sections were washed with TRIS-Hcl
buffer (pH 7.6).
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To guard against false-negative and false-posi-
tive results, negative and positive control sections
were included in all runs. Negative control sections
were performed by omitting the primary antibodies
and substituting them with phosphate-buffered sa-
line (PBS) non-immune serum for MDM-2, MCM-
3, and Bcl-X. A positive reaction was indicated by
the presence of brown-colored end products at the
area of target antigens.

Staining assessment

Quantitation of immunoreactivity was performed
using an Olympus light microscope interfaced via
Sony camera to an image analysis system (Qwin
Pro, Leica, Wetzlar, Germany). The percentages of
MDM?2, MCM3, and Bcl-X immuno-positive cells
were obtained from 20 random fields per case/sec-
tion using a 10x objective lens. This performed in
image analysis unite in Microbiology Department,
Faculty of Medicin, Mansoura University.

Evaluation of immunostaining

The percentage of positive cells was scored ac-
cording to the method of Kumamoto and Ooya 1999
161 as follows: O=negative (less than 5% positive
cells or no staining); weak staining = +1 (5§ - 24%
positive); moderate staining = +2 (25 - 50% posi-
tive); strong staining = +3 (more than 50% positive).

Statistical analysis

Data were tabulated, coded then analyzed using
the computer program SPSS (Statistical package for
social science) version 17.0 to obtain Descriptive
data which was calculated in the form of:

1. Median & range for quantitative nonparametric
data.

2. Frequency (Number-percent) for qualitative
data
Analytical statistics

The significance of difference was examined in
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the statistical comparison between the groups using
one of the following tests:

Mann-Whitney test: Used to compare between
two unrelated groups of numerical (non-parametric)
data. A P value <0.05 was considered statistically
significant in all analyses. Spearman correlation
coefficient test was used to correlating different
parameters.

RESULTS

Histopathological findings:

The present study was carried out on 40 cases
classified as 30 cases of AMs that include 20 cases
of conventional type (15 follicular AM, 5 plexiform
AM), the remaining 10 cases were unicystic
type (4 luminal AM and 6 mural AM), and 10
cases of ameloblastic carcinomas, confirmation
of histopathological diagnosis were done by
hematoxylin and eosin stain (H.&E.). Follicular
AM cases are presented as multiple islands of
odontogenic epithelial cells, with peripheral tall
columnar cells with reverse polar nucleus and
central stellate reticulum like cells surrounded
by connective tissue stroma, while in plexiform
AM showed anastomosing strands of epithelium,
the outer cells are cuboidal and the inner cells are
loosely arranged few stellate reticulum like cells
within stroma. Mural unicystic AM is cyst space
lined by epithelium with cuboidal basal cells
and stallete reticulium like cells with budding of
epithelium in connective tissue forming multiple
nests and cords of odontogenic epithelium. Luminal
unicystic AM are showed as cyst cavity lined by
odontogenic epithelium with epithelium thickening
toward cyst lumen. The AC cases showed areas
exhibit squamous differentiation with obvious
cytological atypia as cellular pleomorphism, nuclear
hyperchromatism, and abnormal mitosis (Fig.1).

Immunohistochemical staining

a. MDM-2 immunostaining was seen in the nucle-
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us and cytoplasm of peripheral cells and central
stellate reticulum-like cells of neoplastic islands
of all histopathological variants of AM, how-
ever all AC cases were shown with strong ex-
pression 50 > of cells positive stained (Chart 1).
Conventional (follicular than plexiform) of AM
was expressed more than unicystic (mural than
luminal) with statistically significant differences
between groups with P value 0.01 (Chart 2&3)
(Fig.2) (Table I). Some connective tissue fibro-
blasts showed positive nuclear immunostaining.

b. Regarding MCM-3 immunostaining in the stud-
ied groups revealed strong +ve nuclear expres-
sion in all AC cases 100% of cases 50 > of cells
stained (Chart 4). While, MCM-3 immunos-
taining in AM cases were 17 (56.7%) of cases
strong immunoexpression, 11 (36.7%) moderate
expression, and 2 (6.6%) mild immunoreactivi-
ties as illustrated in (Table II) (Chart 5) and (Fig.
3), as a follicular variant with higher immuno-
reactivity than plexiform and unicystic subtypes
(Chart 6). A high statistically significant differ-
ence was noted between the studied groups with
a P-value <0.001* (Table II).

c. Bcl-X immunoreactivity was significantly dif-
ferent between AC cases and AM (Chart 8).
55% of conventional AM were moderate Bcl-
X immunostaining while 35% of cases were
strong Bcl-X immunostaining, however 80%
of unicystic cases were moderate expression
(Chart10). Follicular cases (40% strong Bcl-X
expression) were more than plexiform (20%
strong Bcl-X expression) in conventional and
mural (33,3% strong Bcl-X expression)than lu-
minal (0% strong Bcl-X expression) in unicys-
tic ameloblastoma with a statistically significant
differences between groups with P-value 0.01*
(Table III) (Fig.4)(Chart 9).

There was moderate positive correlation noted
between MDM-2, MCM-3 and BcL-X but with no
statistically significant difference (Table IV)
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Fig. (1) Hematoxylin and eosin staining of the studied groups: A Follicular conventional ameloblastoma (X 200), B Plexiform

conventional ameloblastoma (X 200), C Mural unicystic ameloblastoma (X 200), D Luminal unicystic ameloblastoma (X
200), E Ameloblastic carcinoma (X 200), and F Higher magnification of ameloblastic carcinoma section show cytological
atypia as cellular pleomorphism, nuclear hyperchromatism (X 400).
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Fig. (2): Immunohistochemical expression of MDM-2 in: A Ameloblastic carcinoma (X200), B Follicular conventional
ameloblastoma (X 200), C Plexiform ameloblastoma (X 200), and D Mural unicystic ameloblastoma (X 200); showing
cytoplasmic reactivity in most odontogenic epithelial cells.

Fig. (3): Immunohistochemical expression of MCM-3 in: A Ameloblastic carcinoma (X 200), B Unicystic luminal ameloblastoma
(X 200), C Unicystic mural ameloblastoma (X 100), and D Follicular conventional ameloblastoma (X 400); showing
reactivity in most odontogenic epithelial cells.
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Fig. (4): Immunohistochemical expression of Bcl-X in: A Ameloblastic carcinoma (X400), and B Mural unicystic ameloblastoma
(X 200); showing cytoplasmic reactivity in most odontogenic epithelial and stromal cells.

TABLE (I): MDM-2 immunoreactivity of the studied groups:

MDM-2 immunoreactivity

Tumor type (-)negative (+)mild (++)moderate (+++)strong P
5-24 25-50 <50
Ameloblastoma (30) 0(0%) 10 (33.3%) 13 (43.3%) 7 (23.3%) 0.01*
Solid/multicystic (20) 0(0%) 3 (15.0%) 11 (55.0%) 6 (30%)
Follicular (15) 0(0%) 1(6.7%) 8 (53.3%) 6 (40%)
Plexiform (5) 0(0%) 2 (40%) 3 (60%) 0 (0%)
Unicystic (10) 0(0%) 6 (60%) 2 (20%) 2 (20%)
Luminal “) 0(0%) 4 (100%) 0 (0%) 0 (0%)
Mural (6) 0(0%) 2 (33.3%) 2 (33.3%) 2 (33.3%)
Ameloblastic carcinoma (10) 0(0%) 0(0%) 0 (0%) 10 (100%)

Data expressed as frequency (Number-percent)

P: Probability

TABLE (II). MCM-3 immunoreactivity of the studied groups:

MCM-3 immunoreactivity

Tumor type . (+) mild (++) moderate (+++) strong
() negative 5-24 25-50 <50 Y

Ameloblastoma (30) 0(0%) 2 (6.6%) 11 (36.7%) 17 (56.7%)
Solid/multicystic (20) 0(0%) 1 (5%) 10 (50.0%) 9 (45%)
Follicular (15) 0(0%) 0(0%) 7 (46.7%) 8 (53.3%)
Plexiform 5) 0(0%) 1 (20%) 3 (60.0%) 1 (20%) <0.001*
Unicystic (10) 0(0%) 2 (20%) 6 (60.0%) 2 (20%)
Luminal “) 0(0%) 0(0%) 4(100%) 0 (0%)
Mural ©6) 0(0%) 2 (33.3%) 2(33.3%) 2 (333%)
Ameloblastic carcinoma  (10) 0(0%) 0(0%) 0(0%) 10 (100%)

Data expressed as frequency (Number-percent)

P: Probability  *: significance <0.05

411)

*: significance <0.05 The test used: Monte-Carlo

The test used: Monte-Carlo
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TABLE (IIT): Bcl-X immunoreactivity of the studied groups:

Bcl-X immunoreactivity

i P
Tumor type (-) negative (+;_I;:ld ) 21151?5(1; rate (+++>) :]rong

Ameloblastoma 30) 0(0%) 9(30%) 13 (43.3%) 8 (26.7%)
Solid/multicystic (20) 0(0%) 2 (10%) 11 (55%) 7 (35%)
Follicular (15) 0(0%) 0(0%) 9 (60%) 6 (40%)
Plexiform Q) 0(0%) 2 (40%) 2(40%) 1 (20%) )
Unicystic 10 0(0%) 2 (20%) 8(80%) 0 (0%) 01
Luminal 4 0(0%) 4 (100%) 0 (0%) 0 (0%)
Mural (6) 0(0%) 0 (60%) 4 (66.7%) 2 (333%)
Ameloblastic carcinoma (10) 0(0%) 0(0%) 0(0%) 10 (100%)

Data expressed as frequency (Number-percent)  P: Probability  *: significance <0.05 The test used: Monte-Carlo

TABLE (IV) Correlations between MDM-2, MCM-3 [ MDM2 Immunoreactivity )
and BcL-X expressions among the studied 60%
cases. 50%
40%
MDM-2 MCM-3 .
expression expression
20%
r 0.586 0.603
BcL-X expression 10%
P 0.076 0.0932
0%
MCM-3 expression r 0.655 strong(+++) moderate(++) mild(+) negative(-)
P 0.097 L B conventional AM M Unicystic )

r: Spearman’s rho correlation coefficient P: Probability Chart (2): MDM?2 Immunoreactivity among conventional AM

R L. L. and unicystic AM:
P value <0.05 was considered statistically significant

5 \ MDM2 Immunoreactivity

MDM2 Immunoreactivity
100%
100%
80%

80%
60%
60%
40%
40%
20%
J J .
0%
N

strong(+++) moderate(++) mild(+) negative(-)
strong(+++) moderate(++)  mild(+) negative(-)
W Follicular ~ mPlexiform M Luminal Mural

B Ameloblastoma  ® Ameloblastic carcinoma \ <
N J

Chart (3): MDM2 Immunoreactivity among studied variants of
Chart (1): MDM2 Immunoreactivity among study AM & AC: AM:
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'd 1\ 4 7\
MCM3 immunoreactivity MCM3 Immunoreactivity
1 = 60%
50%
08
40%
08 30%
04 20%
o 10%
; 0%
carcinoma strong(+++) moderate(++) mild(+) negative(-)
M negative(-) M mild(+) M moderate(++) strong(+++) B conventional AM B Unicystic
\ J \ J

Chart (4): MCM3 immunoreactivity among AM and AC.

Chart (5): MCM3 immunoreactivity among AM subgroups:

4 1\ ( 1\
MCM3 immunoreactivity BcIX Immunoractivity
140%
100% 120%
90%
80% 100%
70% 80%
60%
50% 60%
40% 40%
30% 20%
20% %
10% _—
0%
Follicular Plexiform Luminal Mural strong(+++) moderate(++)  mild(+) negative(-)
Mnegative(-)  mmild(+) W moderate (++) strong (+++) B Ameloblastoma M Ameloblastic carcinoma
S J S J
Chart (6): MCM3 immunoreactivity among AM variants: Chart (7): BcLX immunoreactivity among AC and AM:
[ BclX | ivi 1 [ )
C mmunoractivit ..
y BcIX Immunoractivity
80%
100%
4% 90%
60% 80%
50% 70%
40% 60%
50%
0% 40%
20% 30%
10% 20%
" 10%
A—— o 0%
strong(+++)  moderate(++) mild(+) negative(-) Mural Luminal Plexiform  Follicular
L M conventional M Unicystic W negative(-) mmild(+) B moderate(++) strong(+++)
J J

Chart (8): BcLX immunoreactivity among studied conventional
AM variant and unicystic AM:

Chart (9): BcLX immunoreactivity among studied AM variants:
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DISCUSSION

Odontogenic tumors are a diverse group of
osteo-destructive lesions with a wide range of
clinical and biological characteristics. Diagnosis
of odontogenic tumors can be challenging due to
their rarity and diverse morphology "% In view
of this fact, a growing number of studies have tried
to identify epithelial and mesenchymal factors
that participate in the regulation of their growth
and determine the differences in behavior between
these diseases. The rarity of malignant odontogenic
tumors, variations in their pathogenesis and
biological behavior all contribute to the difficulty in
diagnosing them. Moreover, it may be difficult to
distinguish some of these tumors from their benign
counterparts and verifying their odontogenic origin
can be challenging at times. The most obvious
characteristics of malignant tumors are proliferation

and migration ['#201,
Epithelial
of cells determination help in investigating the

differences between biological behaviors of various
tumors 1. As a result, immunohistochemical

proliferation and aggressiveness

examination of cell proliferation activity has become
a significant tool for providing useful information
about behavioral biological differences of many
cancers ",

MDM2, a 90-95kDa protein encoded by the
mdm2 gene on chromosome 12ql13-14, is one
such marker for identifying proliferative activity
and tumor aggressiveness. Because MDM?2 is a
negative regulator of p53 function, binding to the
transcriptional activation region of p53 and causing
proteasome-mediated degradation, overproduction
of MDM2 protein increases the risk of cancer
formation. Increased expression of MDM?2 has been
reported in several human cancers including breast
carcinomas, malignant melanomas, esophageal
carcinomas, and head and neck cancers, and
associated with poor prognosis 221,

that, MDM?2
immunostaining was strong in AC than AM.

The present work revealed
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Meanwhile, between AM variants were expressed
more in follicular conventional than plexiform and
in mural unicystic than luminal type. These results
agreed with Radi N.A.,2019 "1 and Krishna A, et.al.
2012 21 studies who reported that the positivity for
MDM?2 was observed in nucleus and cytoplasm
of the peripheral and central stellate reticulum
like cells, also statistically significant difference
between AM and AC cases 92!,

Radi. N.A., 2019 concluded that MDM?2
immunoreactivity was found predominantly in
peripheral ameloblast like cells and it was also seen
in central stellate reticulum like cells suggesting
that peripheral cells essential and mean cell for
evaluating the proliferative activity of AM. 819211

As well Kumamoto et al. (2004) ?* found that
elevated expression of MDM2-p53, p14 in benign
and malignant AM suggested that alteration of
MDM2-p53, pl4 cascade leads to oncogenesis or
malignant transformation of odontogenic epithelium
and is associated also with tissue structuring and
cytodifferentiation of AM 4,

Radi N.A.,2019"1, Krishna A ,et,al. 20127 and
our results were in acceptance with a previous study
that showed MDM?2 positive expression in SCC was
significantly higher than in normal oral mucosa and
oral leukoplakia. Also, MDM?2 expression in the
lymph node metastasis was significantly higher than
that without lymph node metastasis.

This interpreted by the fact that MDM?2 mainly
does its activity by downregulating the P53 tumor
suppressor gene activity and its product. As, the
two proteins form an autoregulatory loop in which
pS3 positively influences MDM?2 production and
MDM2 negatively controls p53 levels. Artificial
disruption of this complex in cultured cells is
enough to invoke p53-mediated gene expression
and cell-cycle arrest MDM2 in response to DNA
damage. So over expression levels of MDM?2
decrease p53 protein levels and function, leading to
gene amplification, accelerated tumor formation and
progression 11221-232526]
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Minichromosome Maintenance -3 proteins
(MCM3) are proliferation proteins have gained
special interest to predict the biological, clinical
behaviors (prognosis) and diagnose of various

pathologic lesions 13141,

In the current study, MCM3 immunoreactivity
showed strong expression 50 > (100%) in all AC
studied cases, meanwhile 43.3% of AM cases were
moderately express the marker and 33.3% was
mild expression. Conventional AM (follicular) was
found MCM3 immunoreactivity than unicystic AM
(mural).

These findings were consistent with Jaafari-
Ashkavandi Z.et.al.,2019" study who reported that
MCM3 and Ki-67 was higher expression rate in
OKC and ameloblastoma. MCM3 showed a higher
expression rate than Ki-67 "I, They concluded
that, MCM3 might have a role in pathogenesis
of odontogenic lesions and might be a reliable
proliferation marker !'4271,

In acceptance with prior results of papers in
oral squamous cell carcinoma, papillary thyroid
carcinoma, salivary gland tumors, and ameloblastic
neoplasms 131427281 MCM3 was found to be more
abundant in tumor cells than Ki-67 in all these
studies. This result can be interpreted by differences
in Ki-67 and MCM3 proteins expression during the
cell cycle. However, Ki-67 expression is detected
in the late G1 phase and may even be present in the
M phase and then disappears immediately, whereas
MCM3 expression is seen in the early G1 phase, it’s
also possible that it’s present in non-proliferating
cells, prepared to enter the cell cycle, thus MCM3’s
prolonged-expression may make it easier to assess
proliferation activity 1327291,

Carreon- Barciage et al., 2015 [ gtudy
demonstrated that MCM2 and MCM3 markers
expression were shown to be more sensitive than
Ki-67 markers in AM and AC, and as a result, they
were better at predicting the biologic behavior of
these tumors 13,

(415)

In the current study, MDM2 and MCM3 proteins
had exhibited higher expression in AC carcinoma
than AM (follicular than plexiform in conventional
variant and mural than luminal in unicystic variant)
with a statistically significant difference between
them. This indicates higher proliferation activity of
these groups, which denotes cancer thatis aggressive,
invasive, and metastatic. Our results support the
notion that MCM3 and MDM?2 are more sensitive
markers for detecting proliferating cells and better
markers for evaluating tumor behavior. Although
stromal component enzymatic activity is a cause of
aggressiveness in AM and AC, it has previously been
suggested that these tumors’ aggressive behavior is
also related to epithelial features **'. Both lesions
show local aggressive behavior, and MCM3 might
be considered a valid proliferation marker based on

our findings and earlier research for these lesions
[13,14,29,30]

Other studies support our work as, Yoon et
al. 2011 BY and Bologna-Molina et al. 2009 %
demonstrated that Ki-67 expression is higher in AC
than in AM. This high level of expression was linked
to the aggressiveness of AC. Low MCM2, MCM3,
and MCM?7 expression levels in medulloblastoma
modified cells were linked to decreased invasion
and migration, according to Lau et. al. 2010 3.

The pathogenetic progression, molecular aber-
rations, and patient findings of ameloblastoma are
all heterogeneous. Determining the molecular basis
for these significant disparities is still a challenge.
Discovering proteins that regulate tumor behavior,
would be the first step toward understanding its
pathobiology 8. Ameloblastic carcinoma (AC), the
malignant counterpart of ameloblastoma, is a devel-
opment of a previously benign AM.!"*4. The growth
rate of tissues is determined by the balance between
proliferative activity growth-promoting proto-onco-
gene and its growth-promoting cell death gene ).
Neoplastic cells may have a higher rate of cell divi-
sion and/or a lower rate of programmed cell death
than normal cells "7,
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Bcl-X, a newly discovered member of the Bcl-
2 antiapoptotic protein family '®!. Regarding Bcl-X
immunoreactivity in the present work, there was
a strong expression in all studied AC than AM.
While in other groups follicular conventional
ameloblastoma cases express more than plexiform,
while mural unicystic ameloblastoma was noticed
more than luminal type. These findings agreed with
other reports as Shukla et.al. 2017 " who reported
that Bcl-X expression was seen increased in AM
compared to the keratocystic odontogenic tumor and
least expression in case of adenomatoid odontogenic
tumor, this could indicate that ameloblastoma has a
more aggressive biological behavior and higher cell
survival activity !¢,

Kumamoto et al. 200424 found that expression
of Bcl2 and Bcl-X and inhibitors of apoptotic
protein (IAP), survivin and XIAP in basal cells of
ameloblastoma suggesting their role in suppression
of apoptosis. And, they concluded that expression of
apoptotic protease activating factor-1,cytochrome C,
apoptosis inducing factor and caspase9 in tooth germ
and ameloblastoma suggested that apoptotic death
of normal and neoplastic odontogenic epithelium
is by mitochondria mediated apoptotic pathway.
Increased apoptotic cell death in keratinizing cells
in acanthomatous ameloblastoma, granular cells
in granular cell ameloblastoma and malignant
cells in Ameloblastic carcinoma. This interprets a
role of apoptosis in cytodifferentiation, malignant
transformation of odontogenic epithelium and
treatment of various tumors P°. Genes Mutations of
any of the antiapoptotic proteins or any changes in
the levels of their expression can lead to increased
cell survival and contribute to the growth advantage
of the affected tissues compared to the non-affected
ones 1,

The Bcl-X expression that is dysregulated
causes DNA damage, which affects cellular func-
tion and permits the cell to remain in an antiapop-
totic state, allowing it to continue growing. Owing
to that, Bcl-X dysregulation can be a critical early
event in the evolution of odontogenic tumors, and
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the degree of expression is linked to tumor aggres-
siveness!!'”, Moreover, Bcl-X governs programmed
cell death by allowing tumor cells to avoid apopto-
sis, allowing them to survive and facilitate growth
over the surrounding tissues and consequently re-
sisting the therapeutic approach to radiation or che-
motherapy, so we suggest a definite role of Bcl-X
in the progression of these tumors “7. This work
was consistent with Mashhadiabbas et al. 2020 %
study, which reported that the process of apoptosis
in ameloblastoma is a sign of behavioral change in
odontogenic epithelial cells especially in conven-
tional ameloblastoma and that the apoptotic factors
may not play an effective role in the malignancy of
ameloblastoma 1.

The results of the current research regarding
the immunohistochemical expression of MDM-2,
MCM-3 and Bcl-X proteins, revealed no statistically
significant difference between immuno-expression
and clinical data. This was consistent with other
studies "**! who proposed that proliferative capacity
and clinical parameters have no apparent link.
There was moderate positive correlation between
studied immunohistochemical markers noted, but
without statistically significant difference, this may
be interpreted by small sample size of the studied
groups. This work was in the same point of view
with many authors who concluded that unicystic
variant of AM is generally less aggressive than other
ameloblastoma variants '**. Also, this work agreed
with WHO 2017 classification, which recognized
that mural unicystic AM having the same biological
aggressiveness, high recurrence rate and need same
treatment as conventional ameloblastoma !,

CONCLUSION

High levels of MCM-3 and MDM-2 proteins
expression could have a role in the pathogenesis
of these tumors, serve as a reliable indicator of
proliferative activity and a key indicator of the
malignant transformation potential.
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RECOMMENDATIONS

Regarding AC, due to the rarity of this tumor, this
study included only ten cases, thus our suggestions
and hypotheses will need to be tested on a larger
sample size. Mural unicystic ameloblastoma need
further documentations.
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