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Abstract

Aim

Stromal myofibroblasts may act favoring growth and progression of odontogenic lesions, notably
odontogenic keratocyst (OKC). While little explored the associated inflammation, it has been shown that

OKC associated with an impacted tooth has a tendency toward rapid growth. Whether this finding is
associated with the differential expression of myofibroblast immunomarkers, is unknown.

Materials and methods

Thirteen cases of each, pericoronal follicle (PF), inflamed dentigerous cyst (iDC), noninflamed DC (nDC),
OKC associated with (OKC-A) or not associated (OKC-N) with impacted tooth, were evaluated through
vimentin, a-SMA, calponin and h-caldesmon immunomarkers The data obtained were analyzed using the
Shapiro-Wilk, Kruskal-Wallis and Dwass-Steel-Critchlow-Fligner Multiple Comparisons tests, with p<0.05
being considered statistically significant.

Results

All cases were vimentin positive, with few cases exhibiting mild expression. All PFs were a-SMA negative.
OKCs showed significant higher expression of a-SMA than DCs (p < 0.05). With similar expression
between DC groups, the a-SMA expression was higher in OKC-A than OKC-N (p = 0.882). Also, the mean
age of OKC-A was significantly lower than OKC-N patients. Only 4 cases (1 iDC, 3 OKC-N) showed mild
expression of calponin. All cases were h-caldesmon negative.

Conclusions

Our results suggest lack of myofibroblastic differentiation in PFs. Inflammation does not seem to
influence the myofibroblast population in DCs. Although not significant, a higher expression of a-SMA
can explain the clinicopathological features of OKC-A patients. Calponin seems not to be a reliable
marker for myofibroblasts in these cases.

Clinical relevance

Lack of myofibroblastic differentiation seems to be consistent with the nature and function of PF. OKC
(still, OKC-A than OKC-N) presents higher a-SMA expression than DC, which can help to explain its
distinctive growth potentials.

Introduction
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The pericoronal follicle (PF) is a structure present in unerupted or impacted teeth, composed of fibrous
connective tissue and epithelial remnants of the odontogenic epithelium, which can be predecessors for
the development of odontogenic lesions [1]. Among them, the most cited are dentigerous cyst (DC),
odontogenic keratocyst (OKC) and ameloblastoma [2-4]. However, the proliferative potential of the
odontogenic epithelium in PF is still not fully understood [5]. There are three studies showing a-SMA
expression in PFs [6, 7 8]. There is one study showing vimentin expression in PFs [7] and are no studies
showing calponin and h-caldesmon expression in PFs.

The DC, associated with the crown of unerupted teeth, is the most common developmental odontogenic
cyst [9, 10]. The cystic formation may be due to an accumulation of fluid between the enamel organ's
reduced epithelium and the impacted tooth's crown, or to inflammatory conditions, which occur mainly in
children [11]. Histologically, a non-inflamed wall of loose fibrous tissue is seen, often with a slightly
myxoid appearance, lining epithelium with an approximate thickness of 2 to 4 cell layers, and if DC is
associated with inflammation, histology shows epithelial hyperplasia with adjacent cholesterol crystals
[12].

The OKC is the third most common odontogenic cyst, often presenting an aggressive local clinical
behavior and with higher risk of recurrence [13, 14]. Approximately 35% of OKC cases are associated with
an unerupted tooth, making the differential diagnosis with DC essential [12, 15, 16]. The histological
characteristics show a capsule composed of collagenous connective tissue, lined by a parakeratinized
epithelium and palisaded basal layer with a thickness of 5 to 8 cell layers [12].

The stromal connective tissue plays a fundamental role in the maintenance of epithelial tissues, with the
fibroblast being their main constituent cell [13, 14]. Studies carried out in the last decades revealed that
the modulation of fibroblasts towards the myofibroblastic phenotype is essential for connective tissue
remodeling during normal and pathological healing processes [7, 15]. The presence of these cellular
components may play a critical role in the growth and behavior of odontogenic cystic lesions [6, 10, 14,
17, 18]. While the a-SMA imunomarker is routinely used, the calponin expression is little explored [19]. In
fact, it has been demonstrated that expression of myofibroblast markers is higher in OKC than DC [10, 13,
17, 20—-22]. Furthermore, an interesting study assessing OKCs associated with and not associated with
an impacted mandibular third molar, has shown that age of patients and area of cysts are smaller and
larger, respectively, in OKCs associated with impacted tooth [23]. In these cases, the differential
expression of myofibroblastic markers is unknown.

Therefore, this study aims to evaluate the immunoexpression of vimentin, a-SMA, calponin and h-
caldesmon in PFs (control group), DCs (with and without inflammation) and OKCs (with and without
impacted tooth association).

Materials and methods
Sample selection
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Tissue specimens fixed in formalin and embedded in paraffin were obtained from the archives of the
Laboratory of Microscopy, Histology, Immunopathology and Genetic Analysis, Oral Pathology Service,
Ribeirdo Preto Dental School (FORP/USP). This study was approved by the Human Research Ethics
Committee (Protocol number 59880222.4.0000.5416).

Sixty-five cases were selected for this retrospective study, which were diagnosed with PF, DC and OKC by
histopathology and clinical correlation, according to the 2017, 2022 WHO criteria. Patients received
treatment between 2015 and 2022. The samples were divided into groups: PFs (n = 13), which were
associated with an unerupted third molar; DCs (n = 26) composed of inflamed DC (iDC, n=13) and
noninflamed DC (nDC) (n = 13); and sporadic, single OKCs (n = 26), without association with impacted
tooth (OKC-N, n = 13) and with association with impacted tooth (OKC-A, n = 13).

Inclusion criteria were cases of PF, DC and OKC that present complete clinical information, with the
availability of material archived in paraffin, sufficient for histopathological confirmation and for new
histological sections, which will be used in the immunohistochemical reactions. Exclusion criteria were
any case with lack of complete clinical information, paraffin blocks with insufficient quality and quantity
to carry out the analysis of the study, and any case associated with genetic syndromes.

Histopathological Analysis

From the existing material in the paraffin blocks, two new 5 pm-thick sections were made, which were
stained with hematoxylin-eosin (H&E) and subsequently analyzed for the morphological description of
the conventional sections and confirmation of the diagnosis.

Immunohistochemical (IHC) analysis

For IHC analysis, consecutive (serial) histological sections of 3-um were placed on organosilane-coated
slides (Sigma-Aldrich, St. Louis, MO). The deparaffinization using xylene solution was performed and the
rehydration of the sections occurred through the passage in ethanol solution with serial concentrations.
The antigen retrieval involved the immersion of the sections in citrate buffer (target retrieval solution,
pH®6). After, the sections were submitted to the immunohistochemistry technique by streptavidin—biotin-
peroxidase method (Universal LSAB™ + Kit/HRP, Dako, Carpinteria, CA, USA) to evaluate the presence of
stained cells using the primary antibodies. (Table 1).
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Table 1
List of primary antibodies used in this study.

Antibody Dilution Clone Supplier
a-SMA 1:1000 T1A4 DakoCytomation, Glostrup, Denmark
calponin 1:800 BSB-20 Bio SB, Goleta, USA

h-caldesmon  1:800 BSB-19 Bio SB, Goleta, USA

vimentin 1:1000 Vim 3B4  DakoCytomation, Glostrup, Denmark

a-SMA, Alpha smooth muscle actin;

Analysis of immunohistochemistry reactions

Immunoexpression of vimentin, a-SMA, calponin and h-caldesmon markers was analyzed in connective
tissue by counting the total number of positive cells in 10 representative fields of each case. Images were
obtained using the Leica LAS X Image Manage program. Areas with higher immunostaining density were
selected and the percentage of positive cells recorded.

For PFs and cystic lesions, counting was done beneath the lining epithelium. Counting was performed
using binocular microscope with x10 eyepiece and x40 objective. The immunostained cells were
identified in each of the ten fields chosen. The a-SMA, calponin and h-caldesmon positive cells in the
blood vessel wall served as internal control. Those cells in close relationship with blood vessels were not
counted. All other positively stained cells in each field were counted and recorded. The mean number of
immunostained cells was also calculated.

The percentage of vimentin, a-SMA, calponin and h-caldesmon positive cells in each group was also
calculated through the number of positive and negative cases.

The distribution of immunostained cells from each group was also registered, whether in the superficial
part (subepithelial) and/or in the deeper part of the connective tissue stroma [13].

Statistical analysis

For statistical analysis, Jamovi Software Version 2.3 (Jamovi, Sydney, Australia) was used. The normal
distribution of data was assessed using the Shapiro-Wilk test. The vimentin and a-SMA percentual of
expressions were compared among PF, iDC, nDC, OKC-A OKC-N groups using the Kruskal-Wallis test. The
intergroup comparisons were analyzed using the Dwass-Steel-Critchlow-Fligner Multiple Comparisons
test. A P value less than 0.05 was considered statistically significant.

Results
Clinicopathological findings
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The clinical features of the cyst are summarized in Table 2. The mean age of the patients was described
with the age range of each analyzed group. The mean age between the iDC (p = 0.018) and nDC (p =
0.789) groups was statistically significant as well as the mean age of OKC-A was significantly lower than
OKC-N patients (P<0.05).

Table 2
Clinicopathological features of all cases included in this study.

Clinical PF iDC nDC OKC-A OKC-N
features
No. cases 13 13 13 13 13
Age (mean)  19.2 (range 32.1 (range 33.1 (range 20.5 (range 42.5 (range

13-30) 9-68 9-66 14-34) 18-78)
Male 6 9 10 10 10
Female 7 4 3 3 3
Site
Maxilla 10 4 3 3 0
Mandible 3 9 10 10 13
PF, pericoronal follicle; iDC, inflamed dentigerous cyst; nDC, noninflamed DC; OKC-A, keratocyst
odontogenic associated with impacted tooth; OKC-N, keratocyst not associated impacted tooth; OKC-
A vs OKC-N (age): p<0.05

a-SMA expression

All PF samples did not show a-SMA expression. Moderate to strong staining was observed in 11/13iDCs,
12/13 nDCs, 10/13 OKC-As and 12/13 OKC-Ns. There were no significant differences in a-SMA
expression between iDC and nDC, as well as OKC-A and OKC-N. However, it is necessary to comment that
while a similar a-SMA expression between iDC and nDC was observed, a higher number of a-SMA-positive
cells in OKC-A than OKC-N (p = 0.882) was detected (Table 3).
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Table 3
Vimentin and a-SMA expression in the cases assessed by group

Markers PF iDC nDC OKC-A OKC-N
a-SMA

n 0 11 12 10 12
MeantSD 0 6.00+3.61 6.75+481 33.5+29.2 2211168
Vimentin

n 9 11 13 11 11

Mean+SD 273+36.5 655+31.3 60.0+286 51.4+36.7 283+270

a-SMA, alpha-smooth muscle actin;

Values are expressed as the means + standard deviation (%)

Only when comparing DC and OKC groups, the difference was statistically significant (p <0.05) (Figs. 1
and 2).

In addition to myofibroblast detection, this marker also highlighted the vessel walls.

Calponin expression

Calponin expression was observed only in 4 cases. One case in the iDC group and 3 cases in the OKC-N
group, showed a percentage of expression in the cystic capsule below 10%, not providing enough data to
consider the statistical analysis (Fig. 1).

This marker mainly highlighted the vessel walls.

H-caldesmon expression

The h-caldesmon was expressed only by vascular smooth muscle cells (Fig. 1).

Vimentin expression

Vimentin expression, in moderate to strong staining, was observed in 9/13 PFs, 11/13iDCs, in 13/13
nDC, 11/13 OKC-A and 11/13 OKC-N (Table 3). Regarding the homogeneous expression of vimentin
between the groups, no statistical differences were found (Figs. 1 and 2).

Discussion

Stromal cells maintain tissue homeostasis through control over cell size, function, and response.
Changes in the stromal microenvironment result in the presence of cellular components capable of
modifying the extracellular matrix in pathological conditions [20, 24, 25]. OKC has specific
histopathological characteristics, presenting aggressive behavior and a tendency to relapse compared to
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other types of cysts [26—28]. In a study in the literature by Tsukamoto et al. [23] differences in age, area
and peripheral shape of OKC associated and not associated with a lower third molar were evaluated,
showing that the mean age of patients in the associated group was lower than that of the non-associated
group, while mean area of the cysts in the group associated OKC was higher than in the non-associated
group, suggesting that an impacted tooth and its dental follicles may affect the occurrence and
proliferation of an OKC. In another study evaluating DC and OKC associated with a lower third molar, the
mean age of patients in the OKC group was lower than that of the DC group and the mean area of the
OKC group was greater than DC, with no correlations reflected between the ages and areas in the DC and
OKC groups. These findings suggest that both cysts do not develop gradually during the period when
follicles are formed but appear at various random times during a patient's life [29]. In the present study,
the mean age of patients in all groups was evaluated, finding a statistical difference between the iDC and
nDC, OKC-A and OKC-N groups (p < 0.05). These findings demonstrate an association with existing
studies in the literature.

MFs are differentiated fibroblasts that express a-SMA and have intermediate characteristics between
conventional fibroblasts and smooth muscle cells [30] being able to remodel and degrade the
extracellular matrix by secreting matrix metalloproteinases, driving the invasive growth of lesions
odontogenic cyst [31]. The few studies that investigated the presence of MFs in odontogenic lesions
suggest that the increase in the number of these cells contributes to the progression of the lesion and
more aggressive biological behavior [13, 17, 21, 24, 25, 32, 33]. Anusai et al. [10] reported that epithelial
and stromal cell interactions are fundamental in controlling the growth and clinical behavior of
odontogenic cystic lesions and that MFs are seen in greater numbers in OKC than in DC. These
immunohistochemical findings are also observed in other studies in the literature [13, 17, 20—22] and
corroborate the results of this present study, in which we found statistical differences between the groups
of DC (iDC and nDC) and OKC (OKC -A and OKC-N) (p < 0.05), agreeing that growth and aggressive
biological behavior is greater in OKC compared to DC.

The first authors to investigate the presence of MFs in odontogenic lesions were Lombardi and Morgan
[7]. These authors evaluated the expression of a-SMA and vimentin in odontogenic cystic lesions and in
control groups, including PF, in which there was no significant expression of a-SMA. However, the study
by Oliveira Ramos et al., [34] found high expression of MFs using the a-SMA in cases of PF, associating it
with the probability of bone remodeling that occurs during tooth formation and eruption. De Souza-Neto
et al. [6] also evaluated the expression of a-SMA in PF and found the myofibroblast phenotype in all
cases used. In the current study, however, no expression of MFs was found in cases of PF, only marking
of vascular smooth muscle cells. The lack of myofibroblast differentiation in PF appears to be consistent
with the nature and function of this structure.

Gratzinger et al. [19] mention calponin as a primary actin-bound protein of tissues containing smooth
muscles and present some studies in which it exhibits characteristics like a-SMA. Furthermore, these

authors did not find positive cases of calponin for DC and OKC. In our study, only 1 case of DC and 3

cases of OKC were positive for MF using calponin, considering that calponin does not seem to be a
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reliable marker for myofibroblasts in these cases. No further studies were found that evaluated calponin
expression in PF, DC, or OKC. Likewise, no studies were found with the expression of h-caldesmon in
these cystic lesions.

Vimentin is a class Il intermediate filament expressed primarily in mesenchymal tissue [35]. To date, only
two studies provide data on vimentin in odontogenic cystic lesions [7, 35]. In this study, it was observed
that all groups presented positive staining for vimentin, with the iDC group having the highest amount of
expression, followed by nDC, OKC-A, OKC-N and PF. This can be explained by the presence of the
inflammatory infiltrate, increasing the number of these cells. However, statistically, there is no difference
between all groups compared (p >0.05). In the study by Loreto et al., [14] in which the presence of
fibroblasts in OKC variants was also evaluated, it is suggested that the different biological behavior of
these lesions is not due to differences in the number of these cells, but to different metabolic activity.
Thus, this study concludes that the lack of myofibroblastic differentiation appears to be consistent with
the nature and function of the PF. OKC and DC show a-SMA expression, since in OKC (still, OKC-A greater
than OKC-N) there is greater expression of the myofibroblastic phenotype than in DC. This may help to
explain its distinctive growth potentials and aggressiveness.
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Histopathological and immunohistochemical analysis through consecutive (serial) tissue sections of
pericoronal follicle (PF) (A1-E1), non-inflammatory dentigerous cyst (nDC) (A2-E2), inflamed dentigerous
cyst (iDC) (A3-E3), odontogenic keratocyst associated with impacted tooth (OKC-A) (A4-E4) and
odontogenic keratocyst not associated with impacted tooth (OKC-N) (AS-E5). In line B, IHC for vimentin
showed expression in moderate to strong staining in both groups, not finding statistical differences. In C,
a-SMA expression was absent in all PF samples (C1), while the remaining groups exhibited myofibroblast
expression, with moderate to strong staining (C2 - C5). Calponin expression was only observed in 4 cases,
one case in the iDC group (D2) and 3 cases in the OKC-N group (D5), showing a percentage of expression
in the cystic capsule below 10%. In addition to detecting myofibroblasts, a-SMA and calponin also
highlighted vessel walls (C and D). The h-caldesmon (E) was expressed only by vascular smooth muscle
cells. (Figures A2, C2, C3, C5,D1, D2, D5 and E5 are at 20x magnification; the other figures are at 10x
original magnification).
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Figure 2

Graphic showing the differential expression of vimentin and a-SMA in the PFs, DCs and OKCs.

Abbreviations: PF, pericoronal follicle; iDC, inflamed dentigerous cyst; nDC, noninflamed dentigerous cyst;
OKC-A, keratocyst odontogenic associated with impacted tooth; OKC-N, keratocyst not associated
impacted tooth; a-SMA, alpha-smooth muscle actin.
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