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Abstract
Background and Aim: Keratocystic odontogenic tumor (KCOT), formerly known as
odontogenic keratocyst (OKC), is a developmental odontogenic cyst with an
invasivebehavior and high recurrence rate. Radicular cyst (RC) is an inflammatory
non-invasive dental cyst, with no tendency to recurrence. Bcl2-associated X (BAX)
protein acts as an apoptotic activator (pro-apoptotic protein), disrupts the integrity of
mitochondrial membrane, and leads to the loss of outer membrane and release of
cytochrome c from the inner membrane into the cytosol. Since KCOT is more aggressive
and has a greater tendency to recurrence than RC, the aim of this study was to assess the
immunohistochemical expression of BAX protein in the epithelial lining of RC and
KCOT.
Materials and Methods: In this descriptive analytical study, paraffinized blocks of 17
RCs and 17 KCOTs fixed in 10% formalin were used (all KCOT samples were noninflammatory and non-syndromic). After confirming the diagnoses by reviewing the
slides, tissuespecimens with sufficient length of epithelium were stained by
immunohistochemistry (IHC) for BAX marker. Then, the stained cells were randomly
counted in five high power fields. Analysis of the data was performed using SPSS 21 via
Student's t-test and chi-test.
Results: Percentages of staining for BAX marker were 16.4±9.4% and 66.4±12.3% in
the epithelial lining of KCOT and RC, respectively and there was a significant difference
between them (P<0.001).
Conclusion: According to the findings, lower expression of BAX protein in KCOT
justifies its more aggressive behavior and tendency to recurrence compared to RC.
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Introduction
Odontogenic cysts are among the most important
pathological lesions occurring in the oral cavity.
Odontogenic keratocyst has a clinically invasive
behavior and was first named by Philipsen in 1952
[1]. In the new classification by the World Health
Organization in 2005, OKC was renamed as
KCOT due to high recurrence rate after surgery (as
high as 30%), high epithelial proliferation of this
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lesion, its clinically invasive behavior and its
correlation with nevoid basal-cell carcinoma
syndrome (NBCCS or Gorlin-Goltz syndrome)
[2,3].
In general, cysts grow due to increase in osmotic
pressure inside their lumen while KCOT probably
grows due to innate epithelial factors or enzymatic
activity of the fibrous connective tissue of the
lumen [4]. Increased expression of matrix
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metalloproteinases 2 and 9 and anti-apoptotic
proteins such as Bcl2 has been suggested as
possible reasons for growth and expansion of
KCOT. Also, it has potential for neoplastic
changes, epithelial dysplasia and squamous cell
carcinoma in rare cases [5]. In rare cases,
squamous cell carcinoma has been observed in
radicular cyst [4].
Growth rate of tissues is determined by the
proliferative activity of cells and cell death
[6].Apoptosis plays a main role in growth and
homeostasis of cells [3]. The Bcl2 family plays an
inhibitory and stimulatory role in apoptosis. Bcl2,
Bcl XI and Bclw are the anti-apoptotic members of
this family and BAX, bak and bok are the
pro-apoptotic members in this family [7].
Increased expression of Bcl2 has been reported in
some tumors and diseases and also during tooth
developmental stages [8,9]. A previous study
assessed the expression of proliferative and
apoptotic markers to recognize the association of
histological features and biological behavior of
odontogenic cysts by evaluation of their epithelial
cells [10].
Considering the effect of apoptosis on growth and
neoplastic transformation of tissues, this study
aimed
to
compare
immunohistochemical
expression of BAX protein in RC and KCOT.
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Materials and Methods
This descriptive analytical cross-sectional study
was conducted in Babol University of Medical
Sciences, School of Dentistry. Paraffinized blocks
of 17 RCs and 17 KCOTs were retrieved from the
archives of the Department of Oral and
Maxillofacial Pathology during 2010-2014 and
reviewed. After applying the exclusion criteria
namely tissue necrosis, inadequate fixation,
inadequate amount of tissue specimen and cases of
KCOT associated with NBCCS, suitable tissue
blocks were chosen for the study.
Age, gender and location of lesion were extracted
from patient files. A 4D-thick slice was cut out of
each paraffin block and stained with hematoxylin
and eosin and was evaluated again by an oral
pathologist. Blocks with correct diagnosis with an
adequate length of epithelium were selected for the
study and a 3D-thick slice was cut out of each
block. Prior to IHC, this method was tested on 10
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paraffinized blocks (ductal carcinoma of the breast,
adenocarcinoma of the breast, RC and KCOT) in
two groups of five. Primary antibody and different
pH values of citrate buffer were tested in different
incubation times and eventually, the best
conditions for IHC were chosen. Next, IHC was
performed on paraffin blocks. First, the slides were
subjected to dry heat at 37°C for 24 hours and then
at 80°C for 20 minutes. Next, slides were
immersed in xylene for deparaffinization and were
then placed in graded ethanol (96%, 100%, 70%
and 80%, respectively).
For antigen retrieval, the slides were immersed in
citrate buffer (10D) and autoclaved for 10 minutes
(121°C, 2 atmosphere pressure) and were then
allowed to cool down to room temperature and
deparaffinized. After hydration and irrigation with
phosphate buffered saline (PBS), 3% H2O2 in PBS
was used for 30 minutes to inhibit endogenous
peroxidase. The samples were then placed in 50
mM citrate buffer solution at 100°C for 20 minutes
for preparation for BAX antibody. For blocking,
10% goat serum and 3% Triton X-100were applied
on samples for 30 minutes.
For IHC, Histostain-Plus Bulk kit (Zymed 2nd
Generation, LABSA Detection System, Santiago,
Chile) was used. Rabbit anti-human BAX primary
antibody with 40Dg/mL concentration (AV02020,
rabbit anti-BAX antibody, Sigma Aldrich, AZ,
USA) was diluted 1:50 and applied on samples for
24 hours at room temperature. Next, samples were
rinsed with PBS three times for a total duration of
15 minutes. HRP secondary antibody with 1:1000
concentration (HRP-conjugated phosphotyrosinespecific antibody concentrate, Sigma Aldrich, AZ,
USA) was applied on samples for two hours. After
rinsing with PBS, specimens were incubated for 30
minutes
at
lab
temperature
and
then
diaminobenzidine hydrochloride chromogen was
added as enzyme substrate to slides in order for
staining to occur. Then, dehydration was done
using graded ethanol from low to high
concentrations until reaching 100% concentration.
Slides were immersed in xylene twice and a
protective cover slip was eventually mounted on
them. Ductal carcinoma of the breast was used as
positive control. All stained slides were observed
under a light microscope at x40magnification
(Olympus, Tokyo, Japan).
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Next, stained cells were counted randomly in five
high power fields. Stained cells in all epithelial
layers were counted. Number of positive cells was
counted and calculated as a percentage relative to
the total number of cells.
The data were analyzed using SPSS version 21.
The two groups were compared using Student’s
t-test at P<0.05 level of significance).

Results
Of 34 specimens evaluated in this study, 17 were
RCs occurring in seven males (17.41%) and 10
females (82.58%) and 17 were KCOTs occurring
in nine males (52.95%) and eight females
(47.05%). Of 17 KCOTs, 12 were inflammatory
type and five were non-inflammatory. Patients’ age
was 5-66 years in RC group and 22-35 years in
KCOT group. In terms of anatomical site, six RCs
were in the maxilla and 11 were in the mandible.
Of 17 KCOTs, 16 were in the mandible and one
was in the maxilla. Also, all KCOTs were
parakeratinized and non-syndromic. In staining
with BAX antibody, immunohistochemical
analysis of the slides showed that cytoplasm of
epithelial cells in RCs had a brown color. The
mean number of BAX positive cells in the
epithelial lining of KCOT was 16.4±9.4 cells; this
rate was 22.03±11.27 cells in inflammatory and
10.77±3.2 cells in non-inflammatory types. This
value was 66.4±12.3 cells in the epithelial lining of
radicular cyst. A significant difference was noted
in the mean number of epithelial cells with
cytoplasms stained for BAX in all layers of
epithelial lining of RCs and KCOTs (Figures 1 to
4) (P=0.012). In other words, the mean number of
BAX positive cells in the epithelial lining of
radicular cyst was higher than that in epithelial
lining of KCOT (Diagram 1)

Figure 1. Low expression of BAX in KCOT at x100
magnification (IHC staining)

Figure 2. Low expression of BAX in KCOT at x400
magnification (IHC staining)

Figure 3. High expression of BAX in RC at x100
magnification (IHC staining)
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Discussion
Studies evaluating the expression of both BAX and
Bcl2 markers in the epithelial lining of
odontogenic oral lesions are limited [11]. The
current results showed that expression of BAX in
the epithelial lining of KCOT was less than that in
RC epithelium. The ratio of the expression level of
Bcl2 to BAX indicates the path of cells towards
apoptosis or proliferation; this ratio was 0.72
in RCand 32.4 in KCOT, which indicates higher
Autumn 2015; Vol. 27, No. 4

Figure 4. High expression of BAX in RC at x400
magnification (IHC staining)
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Diagram 1. The mean number of cells positively
stained for BAX in the epithelial lining of RC and
KCOT

expression of pro-apoptotic compared to
anti-apoptotic proteins in RC. This ratio can result
in release of cytochrome C from mitochondria and
lead to activation of the caspase cascade and
eventual cell death [11]. BAX and BAK are
pro-apoptotic proteins required for apoptosis.They
directly increase the permeability of mitochondria.
Their activity is inhibited by anti-apoptotic
members of this family such as Bcl2 and Bcl XL.
BH3 protein enhances apoptosis by neutralizing
the activity of Bcl2 and Bcl XL anti-apoptotic
proteins. BAX and BAK are activated and form
holes in the mitochondrial membrane. Cytochrome
C leaks into the cytosol where it bonds to APAF-1
and activates caspase-9. Caspase-9, similar to
caspas
e-8, can cleaveexecutioner caspases and activate
them [12]. In addition to the afore-mentioned
correlation between BAX and Bcl2, BAX marker
is related to other genes such as P53 and RB for
apoptosis. P53 is an important pre-apoptotic gene,
which induces apoptosis in cells, which are not
capable of repairing DNA damage. Activities of
P53 are partly mediated by the activation of BAX
transcription [12]. The correlation between BAX
and RB requires the presence of P53. Activated
P53 results in transcription of P21 gene, which
inhibits phosphorylation of RB and stops the G1-S
phase of cell cycle. This stop in cell cycle enables
the cells to repair their DNA. If DNA damage
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cannot be repaired, P53 induces apoptosis [12].
Considering the mechanism of action of BAX and
its correlation with other apoptotic and
proliferative markers, the current findings can be
justified such that Tekkesin et al, in their study in
Turkey evaluated the expression of Ki67, Bcl2 and
BAX in OKC, ameloblastoma and RC and
concluded that the expression of apoptotic proteins
such as BAX was lower in OKC than in RC.
However, expression of anti-apoptotic proteins
such as Bcl2 and Ki67 in OKC was higher
compared to RC; this indicates invasive behavior
of OKC compared to RC [3]. Also, the current
results were in line with those of Jahanshahi et al,
who evaluated the expression of BAX and Bcl2 in
OKC. They concluded that expression of BAX in
these lesions was very low and it did not play any
important role either [13]. In 2009, Saghravanian
et al. evaluated the expression of P53 marker
(which inhibits cell growth) in RC and concluded
that its expression was very low and limited only
to the basal area. Also, in their study, expression of
MDM2, which is a negative regulator of growth,
was evaluated in RC. This marker was expressed
in the entire thickness of epithelium in more than
half of the specimens and had an expression
intensity of moderate to severe in most cases;
whereas, expression of P53 in RC was mainly
limited to the basal area with weak intensity. Since
RC is an inflammatory cyst in nature, possible
effect of numerous chronic inflammatory cells in
the connective tissue on MDM2 and their
penetration into the epithelial lining of the cyst
should also be taken into account because it
appears that this process is the consequence of
release of chemical inflammatory mediators and
their effect on the activity of this protein in the
epithelium [14].
Piatteli et al. stated that Bcl2 marker aided in
differentiation of KCOT from other odontogenic
cysts. They attributed the over-expression of Bcl2
in the basal layer of KCOT to abnormal control of
cell cycle. In their study, staining of cytoplasm of
cells in basal layer of KCOT for Bcl2 indicated
absence of apoptosis in basal layer of this lesion
[15]. In this regard, Narain et al, in a similar study
in 2005 compared the expression of Bcl2 in KCOT
and ameloblastoma and concluded that high
expression of this protein in both lesions indicates
Autumn 2015; Vol. 27, No. 4
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their invasive behavior, which was in agreement
with our findings [16]. Razavi et al, in 2015
evaluated the expression of Bcl2 and epidermal
growth factor receptor in KCOT and concluded
that high expression of Bcl2 and absence of
staining of epidermal growth factor receptor in
OKC were the main reasons for invasive and
different behavior of this lesion compared to other
cysts [17].
Kolar et al, in 2006 evaluated the expression of
apoptotic and anti-apoptotic markers in different
types of OKC including NBCCS and showed that
expression of this marker in syndromic and
non-syndromic OKCs was different; this difference
was attributed to genetic factors and differences in
degree of differentiation of cells in patients with
NBCCS [18].

Conclusion
Based on the current results, KCOT cells have high
survival potential. Low expression of pro-apoptotic
proteins in epithelial lining of this cyst is in
accordance with its clinical behavior.
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