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Abstract
Background: Unicystic ameloblastoma arises from similar tissues as the
odontogenic cysts. It may also arise from the epithelial lining of these cysts.
Furthermore, the epithelial lining of unicystic ameloblastoma is variable and
may be almost completely nondescript, which may lead to diagnostic confusion with odontogenic cysts. Calretinin is a calcium-binding protein that has
been suggested to be a specific immunohistochemical marker for ameloblastic
tissues. The aim of this study was to investigate the usefulness of calretinin in
the differentiating unicystic ameloblastoma from odontogenic keratocyst,
dentigerous cyst and radicular cyst of the jaws. Materials and Methods:
Formalin-fixed, paraffin embedded tissue blocks of 23 unicystic ameloblastomas, 6 odontogenic keratocysts, 8 dentigerous cysts and 10 radicular cysts
were utilized. Five micrometer thick sections were made from the tissue
blocks and mounted on silanized glass slides. Immunohistochemical staining
was done using a 1:100 dilution of mouse monoclonal anti-calretinin primary
antibodies (Abcam, SA; Clone 1F5H1) and incubating overnight at 4˚C. The
staining reaction was visualised using diaminobenzidine substrate solution.
Stained tissue sections were evaluated for the presence, distribution, and intensity of staining of the immunoreactive cells. Data analysis was done using
SPSS version 23. Statistical tests employed were Chi square test and
Kruskal-Wallis test. The level of significance was set at 95% (p-value < 0.05).
Results: Calretinin expression was seen in 14 (60.9%) cases of unicystic ameloblastoma, 3 (50.0%) cases of odontogenic keratocyst and a lone (12.5%) case
of dentigerous cyst. None of the 10 cases of radicular cyst showed positive
expression of calretinin. Staining in unicystic ameloblastoma was mostly localized to the superficial layers, whereas in odontogenic keratocyst it involved
all layers of the epithelial lining. There was significant association between lesion type and the immunohistochemical expression of calretinin (p = 0.003).
There were also significant differences in calretinin immunoreactivity of un-
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icystic ameloblastoma compared to dentigerous cyst and radicular cyst. Conclusion: The findings of this study suggest that calretinin expression could
help differentiate unicystic ameloblastoma from dentigerous cyst and radicular cyst, but not from odontogenic keratocyst.
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1. Introduction
Ameloblastoma is a benign odontogenic tumour of epithelial origin and is the
most common odontogenic tumour in Africa [1] [2]. It arises from epithelial
remnants of the dental lamina, enamel organ, reduced enamel epithelium, epithelial cell rests of Malassez, basal layer of the oral mucosa, as well as the epithelial lining of odontogenic cysts like dentigerous cyst, radicular cyst and
odontogenic keratocyst (keratocystic odontogenic tumour) [3] [4]. Unicystic
ameloblastoma (UA) is a clinico-pathologically distinct type of ameloblastoma
comprising 5% to 22% of all reported cases of intraosseous ameloblastoma [5]
[6]. It displays clinical, radiographic or gross features of a jaw cyst, but shows an
epithelial lining composed focally or entirely of ameloblastomatous epithelium
on histopathologic examination [5] [6].
Odontogenic cysts are cysts that develop from tooth-forming epithelium.
Common examples include odontogenic keratocyst (OKC), dentigerous cyst
(DC) and radicular cyst (RC) [7] [8]. Odontogenic keratocyst arises from the
dental lamina and its remnants [9]. Dentigerous cyst develops from the reduced
enamel epithelium, while radicular cyst has its origin from the epithelial cell
rests of Malassez [9]. Odontogenic keratocyst was classified by the WHO in 2005
as an odontogenic tumour, because of its potential for aggressive behaviour and
a high recurrence rate. The WHO however in 2017 re-classified it as an odontogenic cyst [10].
Owing to the similar tissue(s) of origin of unicystic ameloblastoma, odontogenic keratocyst, dentigerous cyst and radicular cyst, compounded by the fact
that unicystic ameloblastoma may arise from the epithelial lining of these lesions
accurate differential diagnosis is sometimes challenging [11]. Furthermore, the
epithelial lining of unicystic ameloblastoma is variable and may sometimes be
almost completely nondescript, which may lead to diagnostic confusion with
odontogenic cysts [12] [13]. The entire epithelial lining of UA may show this
ameloblastomatous change, but more often this is restricted to only a focal area
[12] [13]. In fact, substantial portions of the cyst may be lined by a non-specific
epithelium, bearing similarity to the lining epithelium of other odontogenic cysts
of the jaws such as odontogenic keratocyst, dentigerous cyst and radicular cyst
[14] [15]. In such cases, histological diagnosis can be difficult, and examination
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of only a portion of the cyst lining may lead to a misdiagnosis.
Several immunohistochemical markers, including calretinin, have been used
in an attempt to differentiate unicystic ameloblastoma from odontogenic cysts.
Calretinin is a calcium-binding protein of 29-kilodalton (29-kD) and is a member of the large family of EF-hand proteins to which the S100 protein also belongs [16]. It is widely expressed in central and peripheral neural tissues particularly in the retina and in neurones of sensory pathways [17], although it is also
expressed in non-neural tissues [18]. Its expression has been described in neural
elements of the pulp and periodontal ligament, as well as in the odontogenic epithelium during the process of odontogenesis [19] [20]. Its exact biological role
remains unknown, though possible roles as a calcium buffer and/or calcium
sensor and regulator of apoptosis have been postulated [21]. Calretinin has been
suggested to be a specific immunohistochemical marker for ameloblastic tissues,
and an important diagnostic aid in the differential diagnosis of cystic odontogenic lesions and ameloblastic tumours [22].
A number of studies have investigated the role of calretinin in differentiating
ameloblastoma from other odontogenic tumours [23] [24]. Few studies have reported the expression of calretinin in unicystic ameloblastoma and odontogenic
cysts. This study aimed to investigate the usefulness of calretinin in the differentiating unicystic ameloblastoma from odontogenic keratocyst, dentigerous cyst
and radicular cyst of the jaws.

2. Materials and Methods
2.1. Samples
This study was carried out at the Department of Oral Pathology/Medicine, University of Benin Teaching Hospital between January 2016 and December 2016.
Formalin-fixed, paraffin embedded tissue blocks of twenty-three (23) unicystic
ameloblastomas, 6 odontogenic keratocysts, 8 dentigerous cysts and 10 radicular
cysts were selected from the archival specimens of the Department of Oral Pathology/Medicine, University of Benin Teaching Hospital. Confirmation of the
previous diagnosis was done by taking fresh sections from the tissue blocks for
staining with haematoxylin and eosin. Human brain tissue was used as positive
control.

2.2. Immunohistochemistry
Five micrometer thick sections were made from the tissue blocks and mounted
on silanized glass slides. Specimens were deparaffinised in xylene and hydrated
by passing through descending grades of alcohol. Antigen retrieval was done by
immersing in citrate buffer and incubating at 95˚C in a water bath for 20 minutes.
The tissue area on the slides was marked with a hydrophobic pen. Endogenous peroxidase activity was blocked by applying 3% hydrogen peroxide solution
in methanol (Dako, Denmark) and incubating at room temperature for 20 miDOI: 10.4236/jbm.2020.84010
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nutes, following which a serum-free protein block was added and slides incubated at room temperature for 5 minutes to prevent non-specific reactions.
A 1:100 dilution of mouse monoclonal anti-calretinin primary antibodies
(Abcam, SA; Clone 1F5H1) was applied and incubation was done overnight at
4˚C. Appropriately diluted horseradish peroxidase polymer detection solution
(Dako, Denmark) was then applied, and the slides incubated in a humidified
chamber at room temperature for 15 minutes, following which diaminobenzidine (DAB) substrate solution (Dako, Denmark) was added to reveal the colour
of antibody reaction. Counterstaining was done by immersing slides in Gill’s
haematoxylin for 20 seconds. The slides were then rinsed in distilled water, dehydrated in ascending grades of alcohol, cleared in xylene and cover slipped using distyrene plasticizer in xylene (DPX) as mountant.

2.3. Interpretation of Staining
Stained tissue sections were evaluated for the presence, distribution, and intensity of staining of the immunoreactive cells [12] [23]. Positive staining was seen
as a brownish colouration involving both the nucleus and cytoplasm. Distribution was determined as either being focal (involving <50% of the epithelium) or
diffuse (involving >50% of the epithelium). The intensity was graded as follows:
0 = no staining; (+) = weak staining; (++) = moderate staining; and (+++) = intense staining.

2.4. Statistical Analysis
Data analysis was done using the Statistical Package for Social Sciences (SPSS)
version 23 software (IBM Corp., 2015). Chi square statistical test was employed
to determine association between lesion type and immunohistochemical expression of markers. A non-parametric ANOVA was used to determine significant
differences in the immunoreactivity of calretinin, and pairwise comparison was
with the aid of Kruskal-Wallis test. The level of significance was set at 95%
(p-value < 0.05).

3. Results
Unicystic ameloblastomas showed positive immunohistochemical expression of
calretinin in 14 (60.9%) cases, most of which were diffuse (n = 8, 57.1%). Equal
number of cases showed mild (n = 6, 42.9%) and moderate (n = 6, 42.9%) staining intensity. Staining was mostly localized to the stellate reticulum-like cells in
the superficial layers of the epithelial lining and the central areas of tumour islands (Figure 1). Odontogenic keratocyst showed positive calretinin expression
in 3 (50.0%) cases. The distribution was diffuse in 2 (66.7%) of the 3 positive
cases. The staining involved all layers of the epithelial lining (Figure 2). One
case (12.5%) of dentigerous cyst was positive for calretinin. The reaction was
focal and of moderate intensity (Figure 3). None of the 10 cases of radicular cyst
showed positive expression of calretinin (Figure 4) [Table 1].
DOI: 10.4236/jbm.2020.84010
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Figure 1. Photomicrograph of unicystic ameloblastoma showing intense expression of calretinin,
mainly in the superficial layer [×400].

Figure 2. Photomicrograph of odontogenic keratocyst showing diffuse expression of calretinin involving all layers of the epithelial lining [×400].

Figure 3. Dentigerous cyst showing focal expression of calretinin [×100].
DOI: 10.4236/jbm.2020.84010
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Figure 4. Radicular cyst showing negative calretinin expression [×400].
Table 1. Calretinin expression (frequency, intensity and distribution) in the patients.
Histologic
diagnosis

Total
cases

Calretinin
expression
(%)

Distribution
of calretinin
expression (%)

Intensity of Calretinin
expression (%)
Mild

Moderate

Intense

Focal

Diffuse

UA

23

14 (60.9)

6 (42.9)

6 (42.9)

2 (14.3)

6 (42.9)

8 (57.1)

OKC

6

3 (50.0)

1 (33.3)

1 (33.3)

1 (33.3)

1 (33.3)

2 (66.7)

DC

8

1 (12.5)

-

1 (100.0)

-

1 (100.0)

-

RC

10

0 (0.0)

-

-

-

-

-

Key: UA = Unicystic ameloblastoma, OKC = Odontogenic keratocyst, DC = Dentigerous cyst, RC = Radicular cyst.

There was significant association between lesion type and the immunohistochemical expression of calretinin (p = 0.003). A non-parametric ANOVA
(Kruskal-Wallis) test showed significant differences in the immunoreactivity of
calretinin across the categories of lesions studied. (p = 0.004) A pairwise
post-hoc analysis showed significant differences in calretinin immunoreactivity
of unicystic ameloblastoma compared to dentigerous cyst and radicular cyst.
Likewise, there was significant difference between the calretinin immunoreactivity between keratocystic odontogenic tumour and radicular cyst (Table 2).

4. Discussion
Unicystic ameloblastoma is a benign odontogenic tumour with clinicoradiologic
features that are similar to those of other non-neoplastic jaw cysts [25]. Radicular cyst, dentigerous cyst, and odontogenic keratocyst are common odontogenic
cysts of the jaws, with considerable overlap of their diagnostic histopathologic
features, especially in the presence of an on-going inflammatory reaction [11]
[26]. Immunohistochemical expression of calretinin was evaluated in this study
to differentiate these lesions with overlapping diagnostic clinicopathologic features.
DOI: 10.4236/jbm.2020.84010
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Table 2. Pairwise comparison (Kruskal-Wallis test) of calretinin immunoreactivity
among the lesions studied.
Sample 1 - Sample 2

Standard Error

Significance

RC - DC

5.477

0.592

RC - KCOT

5.963

0.049

RC - UA

4.374

0.001

DC - KCOT

6.236

0.158

DC - UA

4.740

0.016

KCOT - UA

5.293

0.629

p = 0.004

Key: UA = Unicystic ameloblastoma, KCOT = Keratocystic odontogenic tumour, DC = Dentigerous cyst,
RC = Radicular cyst.

Expression of calretinin in unicystic ameloblastoma in this study was seen in
14 (60.9%) cases. This is relatively higher compared to the 50% recorded in 16
cases of unicystic ameloblastomas by Anandani et al. [12]. It is however lower
than the values reported by Pawar et al. [27] and Altini et al. [22], who reported
positive expression of calretinin in 80% and 81.5% respectively of unicystic
ameloblastomas. Furthermore, DeVilliers et al. [18], Rudraraju et al. [28] and
Sundaragiri et al. [15] reported positive expression of calretinin in 100% of unicystic ameloblastomas. Other studies have also found a 100% expression of calretinin in ameloblastomas [20] [22] [23] [29] [30]. This study recorded localization of calretinin immunoreaction to the stellate reticulum-like cells and the superficial layers of the epithelial lining. This is similar to the findings reported by
other researchers [12] [20] [22] [24] [31].
This study also recorded positive immunohistochemical expression of calretinin in 3 (50.0%) cases of OKC. Whereas, Anandani et al. [12] and Imran et al.
[30] reported positive calretinin expression in 5% and 13% of OKCs respectively.
Some studies have found higher values for the expression of calretinin in OKC
ranging from 40% to 91.7% [20] [24] [27] [32]. D’Silva et al. [20] reported 40%
expression, Piatelli et al., [32] reported 66.7% expression; Koneru et al. [24] reported 80% expression, while Pawar et al. [27] reported 91.7% expression. Other
authors have however reported no expression of calretinin in OKCs [15] [18]
[29] [31]. In this study, the staining reaction for calretinin in OKC involved all
layers of the epithelial lining. A similar finding was reported by Koneru et al.
[24] in 92% of OKC that showed positive calretinin expression. Other reports
however found calretinin expression in OKC localized to the suprabasal and intermediate/superficial layers of the epithelium [27] [32].
There was positive immunohistochemical expression of calretinin in 1 (12.5%)
of the cases of dentigerous cyst in this study. This is in contrast to the 0% immunoreactivity to calretinin antibody reported by several authors [15] [20] [29]
[30] [31]. The lone case found in this study may represent early ameloblastomatous change in the lining epithelium of dentigerous cyst. There was no (0%)
expression of calretinin in all the cases of radicular cyst studied. Similar findings
DOI: 10.4236/jbm.2020.84010
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have been reported in several studies [20] [30] [31] [32].
This study observed significant differences in the calretinin expression/
immunoreactivity between unicystic ameloblastoma, and those of dentigerous
cyst and radicular cyst. Previous reports in the literature corroborate this finding
[15] [20] [31]. Also, there was a significant difference in calretinin immunoreactivity between odontogenic keratocyst and radicular cyst. These findings suggest
that calretinin may help in differentiating unicystic ameloblastoma from dentigerous cyst and radicular cyst, as well as differentiating odontogenic keratocyst
from radicular cyst. There was no significant difference in the calretinin immunoreactivity between unicystic ameloblastoma and odontogenic keratocystin this
study, which is similar to the findings of Koneru et al. [24]. However, there was a
difference in the localization of the immunoreaction. Whereas unicystic ameloblastoma showed immunoreactivity to calretinin mainly in the superficial layers of the lining epithelium, odontogenic keratocyst involved all layers of the epithelial lining. Further studies are encouraged to elucidate the reason for this
differential pattern of localization of the immunoreaction of calretinin, to ascertain if it can help differentiate between the two lesions.

5. Conclusion
The findings of this study suggest that calretinin expression could help differentiate unicystic ameloblastoma from dentigerous cyst and radicular cyst. However, calretinin expression could not reliably differentiate unicystic ameloblastoma
from odontogenic keratocyst. Further studies employing other advanced diagnostic techniques such as polymerase chain reaction as well as genetic studies are
encouraged to shed further light on the expression and role of calretinin in the
aetiopathogenesis of ameloblastoma and odontogenic keratocyst in particular.
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