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including cystic lesions. Odontogenic keratocysts (OKCs) and radicular cysts (RCs) are two common types of
jaw cysts that exhibit distinct biological behaviors, particularly in their proliferative patterns. OKCs are
known for their aggressive nature and high recurrence rate, while RCs are typically less aggressive and
exhibit lower recurrence risk. By evaluating the expression of Ki67, a nuclear protein linked to cell prolifera-
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Ic(ey:"ords" tion, researchers can gain valuable insights into the growth potential and recurrence tendencies of these
lvi,asrliers cysts.

Proliferation The study involved analyzing 32 biopsy samples from patients with OKCs and RCs, using immunohistochemi-
Biopsy cal techniques to assess Ki67 expression levels. These samples were surgically removed and prepared for his-

tological examination, with Ki67-positive cells quantified in both basal and suprabasal layers of the cystic

epithelium. The findings revealed that OKCs exhibited a higher concentration of Ki67-positive cells in the

basal layers, while RCs showed proliferative activity in both basal and suprabasal layers. This differential pat-

tern highlights the more aggressive proliferative behavior of OKCs.

The statistical analysis confirmed significant differences in Ki67 expression between the two cyst types,

underscoring the importance of this marker in differentiating OKCs from RCs. The confined expression of

Ki67 in the basal layer of OKCs, as opposed to the broader distribution in RCs, suggests that OKCs have a

higher proliferative potential, contributing to their increased recurrence rates.

© 2025 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

1. Introduction Odontogenic keratocysts (OKCs) are a distinct type of jaw cyst known

for their aggressive behavior and high recurrence rates. These cysts

Odontogenic keratocysts (OKCs) are a unique type of cystic lesion
found in the jaw, originating from the dental lamina. They are charac-
terized by their aggressive behavior and high recurrence rate. Cysts
are pathological entities found in both hard and soft tissues, charac-
terized by a central cavity lined with an epithelial layer supported by
a fibrous capsule. This cavity can contain various substances, such as
liquids, a mix of desquamated cells, mucus, and keratin. Cysts can
form in numerous body locations and can vary significantly in their
behavior and clinical implications [1].

The term “keratocyst” was first introduced by Philipsen in 1956
[2]. In the following years, numerous authors reported extensive
cases related to this pathological entity, also known as keratinous
cysts, epidermoid cysts, cholesteatomas, and primordial cysts [3].
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arise from the remnants of the dental lamina and are lined by kerati-
nizing epithelium.

The World Health Organization (WHO) reclassified OKCs as kera-
tocystic odontogenic tumors in 2005 due to their neoplastic nature.
The 2017 classification restored the original terminology of odonto-
genic keratocyst (OKC), recognizing that the neoplastic designations
of the 2005 classification were not fully accepted because research
clarified their pathology and behavior [4].

Understanding the proliferative activity within these cysts can
provide insights into their biological behavior and potential for recur-
rence.

OKCs present unique clinical challenges due to their tendency to
recur after treatment and their potential association with nevoid
basal cell carcinoma syndrome (NBCCS).

Ki67, a nuclear protein, serves as a reliable marker for cell prolifer-
ation, as its expression is linked to all active phases of the cell cycle
except the GO phase. This makes it a useful tool for evaluating
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proliferative activity in various tissues, including cystic lesions. In the
context of OKCs, assessing Ki67 expression provides valuable insights
into the biological aggressiveness and potential for recurrence of
these cysts. By comparing Ki67 levels in OKCs and radicular cysts
(RCs), we can better understand the differences in their proliferative
behavior and their respective risks of recurrence [5].

This immunohistochemical study aims to conduct a thorough
evaluation of the expression levels of Ki67, as marker of cell prolifera-
tion, specifically in odontogenic keratocysts (OKCs) in comparison to
radicular cysts (RCs). The investigation will delve into the differences
in Ki67 expression between these two types of cystic lesions, provid-
ing insights into their proliferative activity. By examining the varying
levels of Ki67, we hope to contribute to a better understanding of the
biological behavior of OKCs relative to RCs, which may ultimately
inform clinical approaches to diagnosis and treatment.

2. Materials and methods
2.1. Biopsy samples and protein quantification

From January 2015 to February 2020, a total of 32 cystic lesions
were surgically removed from patients treated at the Unit of Oral
Pathology, Dental Clinic, Department of Life, Health and Environmen-
tal Sciences of the University of L’Aquila and at San Salvatore Hospi-
tal, L’Aquila, Italy. These included 16 odontogenic keratocysts (OKCs)
and 16 radicular cysts (RCs). Clinical data such as patient gender, age,
lesion location, and recurrence information over a 5 to 7-year period
were collected. Patient demographics, including mean age, standard
deviation (SD), and gender distribution (% male and female), are sum-
marized in Table 1 for a clear comparison between the two groups
(Table 1).

The anatomical samples were fixed in 10 % buffered formalin
immediately post-extraction and subsequently embedded in paraffin
[6,7]. Sections were then prepared for both conventional microscopy
and immunohistochemical analysis. For histological analysis, the
samples were stained with hematoxylin and eosin to assess their cel-
lular architecture.

For immunohistochemical analysis, immunohistochemical stain-
ing for Ki67 was performed using a monoclonal anti-Ki67 antibody
(1:100, Dako Mib-1, Italy) for 60 min at room temperature. This was
followed by a 30-minute incubation with a streptavidin-biotin-per-
oxidase complex, resulting in a characteristic brown staining of Ki67-
positive cells [8]. The slides were then counterstained with hematox-
ylin, dehydrated, and mounted for microscopic evaluation.

The evaluation involved identifying the most intensely stained
epithelial areas at low magnification (30—40x) and counting the posi-
tive nuclei at high magnifications (100—200x) (Fig. 1). The percentage
of Ki67-positive cells was determined by counting at least 1000 cells
in representative areas, focusing on non-inflamed regions for OKCs).

2.2. Data treatment and statistical analysis

Each biopsy sample was meticulously examined to determine the
percentage of Ki67 positive cells within the epithelium [9]. These per-
centages were then categorized into rank classes as follows:

Table 1
Patient demographics, including mean age, standard deviation (SD), and percentage
of male and female patients in each group.

Mean Age  SD % Male % Female
Odontogenic keratocysts (OKCs) 53,44 8,95 56 % 44 %
Radicular cysts (RCs) 59,66 9,34 62 % 38%
Total 56,55 9145 59% 41%
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Rank 1: 0—4 s (-)
Rank 2: 5-10 % (+)
Rank 3: 11-25% (+)
Rank 4: 26-50 % (++)
Rank 5: >50 % (+++)

Only samples with >5 % Ki67-positive cells were considered true
positives [10]. Data on the percentages of Ki67-positive cells were
presented as mean =+ SD, while those derived from rank assignments
were presented as median, 25th, and 75th percentiles.

Data were statistically analyzed using the Mann-Whitney test
with Bonferroni corrections, comparing the percentages of Ki67-posi-
tive cells between the different types of cysts and their site of origin.

3. Results

The epithelium of keratocysts exhibited uniform thickness (6—8
cells) with correct polarization; in some areas, it appeared parakerati-
nized and often had a corrugated surface [11]. Daughter cysts or epi-
thelial islands were frequently observed in the cystic wall, while
inflammatory cells were consistently absent. In cases where signifi-
cant inflammation was present, the characteristic features of the epi-
thelium were lost to the extent that they were comparable to those
of a radicular cyst (RC). The epithelium of the radicular cyst (RC)
appeared as a variable thickness, sometimes interrupted, non-kerati-
nized stratified squamous epithelium. The morphology of the epithe-
lium always depended on the degree of inflammation; when present,
the epithelium appeared rich in proliferating processes. The fibrous
walls often contained cholesterol crystals, deposits of hemosiderin
with an associated foreign body reaction. The walls of radicular cysts
showed a significant inflammatory infiltrate in which plasma cells
were either relevant or predominant [12] (Fig. 2).

Immunohistochemical analysis revealed distinct patterns of Ki67
expression between OKCs and RCs. In OKCs, Ki67 positivity was con-
fined to the basal layer, with similar patterns observed in daughter
cysts [13]. Ki67-positive cells in RCs were predominantly located in
the basal layers, though they were also present in suprabasal layers
[14]. This differential distribution indicates distinct proliferative pro-
files between RCs and OKCs, aiding in their differentiation even in the
presence of inflammation. The linear and suprabasal distribution of
Ki67+ cells in RCs serves as a reliable marker to distinguish inflamma-
tory cysts from odontogenic ones, including OKCs.

The results obtained from the Mann-Whitney test with Bonferroni
corrections provided a comprehensive statistical comparison of the
percentages of Ki67-positive cells among the various types of cysts
and their respective sites of origin. This analysis led to the data pre-
sented in Tables 2 and 3, which summarize the significant differences
in Ki67 expression levels. The findings in these tables illustrate how
the proliferative activity varies between the different cyst types,
offering insights into their biological behavior based on their anatom-
ical locations. (Table 2 and Table 3).

4. Discussion

Ki67 is a well-established and widely recognized marker of cell
proliferation. It is present in all the active phases of the cell cycle,
from the G1 phase to the M phase, and is notably absent during the
quiescent GO phase of the cell cycle. The expression of Ki67 increases
progressively as cells advance through the different stages of the
cycle, with a significant peak in its expression observed during the
G2 and M phases, when the cell is preparing for and undergoing divi-
sion. However, after mitosis, Ki67 levels decrease rapidly as the cells
either re-enter a new cell cycle or return to a less active state. This
specific expression pattern makes Ki67 an important tool in studies
focused on cell proliferation, as it is exclusively present in dividing
cells, providing insight into cellular dynamics. Many studies have
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Fig. 1. [A] RC uniform epithelial thickness; areas of parakeratosis - Hematoxylin-eosin, 100x. [B] OCK stratified keratinized squamous epithelium of variable thickness; epithelial
morphology: depends on the degree of inflammation; fibrous wall, cholesterol crystals, hemosiderin deposits. Hematoxylin-eosin, 100x. [C] OCK ki-67 positive cells exclusively in
the basal layer, 100x. [D] OCK epithelial island: ki-67 positive cells predominantly located in the basal layers, but they are often found in the suprabasal layers as well, 200x. [E] RC
ki-67 positive cells predominantly located in the basal layers, but they are often found in the suprabasal layers as well. Hematoxylin-eosin, 100x. [F] RC detail at 200x of figure E
showing the presence of ki-67 (brown areas). [G] OCK epithelial layer lining the cystic lumen. Hematoxylin-eosin, 630x. [H] OCK detail of keratin pearls. Hematoxylin-eosin, 100x.

demonstrated that the Ki67 antigen can be reliably detected in a vari-
ety of tissue types, including fresh tissue samples and frozen sections,
as well as in tissue samples that have been treated with formalin for
fixation and then subsequently processed. The versatility of Ki67
detection across different tissue preparation techniques further
underscores its utility as a dependable marker of cell proliferation.

Importantly, the presence of the Ki67 antigen is widely considered a
valid and accurate indicator of proliferative activity in cells, particu-
larly in pathological conditions where altered cell division rates are a
hallmark. The qualitative and quantitative differences observed in
the proliferative activity of various epithelial tissues, such as the cys-
tic epithelium, are indicative of the intrinsic growth potential of these



M. D’Amario, T. Pizzolante, C. Magnacca et al.

RCBas OKCBas RC Supr OCK Supr

50 * p<0.05, ** p<0.01
40 .
30

Cells (% total)

10

Fig. 2. Cell positive for Ki67 in relation to the lesion and the originating layer. Mean £
SD.

tissues. This intrinsic potential plays a crucial role in shaping the bio-
logical behavior and evolution of lesions, particularly in conditions
involving cyst formation and progression [5,15].

In the context of our study, our findings are consistent with the
existing body of research that shows a marked difference in the dis-
tribution of Ki67+ cells between radicular cysts (RCs) and odonto-
genic keratocysts (OKCs). Specifically, Ki67+ cells are more
commonly found in the basal and suprabasal layers of the epithelium
in RCs, whereas in OKCs, the Ki67+ cells are primarily restricted to
the basal layer of the cystic epithelium. This distinctive pattern of cell
proliferation in the basal layer of OKCs as compared to RCs is reflec-
tive of the biological differences between these two types of cysts.
The higher prevalence of proliferating cells in the basal layer of OKCs
could be a contributing factor to the aggressive behavior and higher
recurrence rate of OKCs. This proliferative activity, particularly in the
basal layer, might also explain the difficulty in completely eradicating
OKCs, as remnants of proliferative epithelial islands are often left
behind following surgical excision. The presence of these residual
epithelial cells could potentially drive recurrence, making it a signifi-
cant consideration in the clinical management of OKCs [16,17].

The complex relationship between cell proliferation and the
recurrence of cysts has been a topic of substantial interest and debate
within the scientific community. Numerous studies have explored
whether increased cell proliferation directly correlates with the like-
lihood of cyst recurrence. Some research suggests that there is no
direct correlation between recurrence and heightened proliferative
activity, while other studies have presented data indicating that
OKCs exhibit higher rates of cell proliferation compared to RCs. This
increased proliferative potential in OKCs may be linked to the cyst’s

Table 2
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propensity for recurrence, particularly when epithelial remnants are
left behind post-surgery. The ongoing debate highlights the need for
further research into the mechanisms that drive cyst recurrence and
the role of cell proliferation in this process [18—20].

However, the immunohistochemical analysis carried out in this
experimental study provides compelling evidence that odontogenic
keratocysts can be clearly differentiated from radicular cysts based
on their proliferative profiles. The use of Ki67 as a proliferation
marker in this context has been instrumental in identifying these dif-
ferences, reinforcing the notion that OKCs have a greater intrinsic
proliferative potential than RCs [21,22]. This finding is particularly
relevant when considering the biological behavior of daughter cysts,
which have been shown to exhibit an even higher proliferative
potential than their parent cysts. This phenomenon of enhanced pro-
liferative activity in daughter cysts could be a key factor underlying
the high recurrence rate of OKCs, especially when epithelial islands
are inadvertently left behind during surgical excision. Therefore,
careful consideration should be given to the complete removal of
these cystic lesions to minimize the risk of recurrence and prevent
the further proliferation of residual epithelial cells. Contrary to
expectations, our results showed significantly fewer Ki-67-positive
cells in odontogenic keratocysts (OKCs) compared to radicular cysts
(RCs), suggesting that cellular proliferation alone does not explain
the aggressive behavior and high recurrence rate of OKCs. While Ki-
67 is a widely recognized marker of cellular proliferation, several
studies indicate that additional molecular mechanisms play a crucial
role in OKC behavior. The remodeling of the extracellular matrix,
driven by increased expression of metalloproteinases such as
ADAMTS-1, and proteoglycans like versican and aggrecan, has been
implicated in tissue invasion and tumor progression [23]. Further-
more, chronic inflammation and the presence of myofibroblasts in
the stromal environment contribute to the destructive potential of
OKCs, promoting recurrence independent of their proliferation rate.
A recent study by Saif et al. [24] specifically examined the immuno-
histochemical expression of Ki-67 in OKCs and found that although
most cases exhibited low Ki-67 expression, certain foci displayed
strong expression in areas of epithelial atypia. However, the study
concluded that there was no significant association between Ki-67
expression and the histological characteristics of OKCs, reinforcing
the idea that other molecular factors contribute to their aggressive
behavior. Thus, while Ki-67 is a useful tool for assessing proliferation,
further molecular pathways must be explored to fully understand the
biological behavior of this pathology.

Future research should focus on the regulatory mechanisms gov-
erning cell proliferation in cystic lesions, exploring the roles of key

Significance of the differences in KI67 levels from the cysts under examination. Data presented as mean + SD of the % of positive
cells (n = 16). Significance levels for the Mann-Whitney test: *p < 0.05, **p < 0.01.

Site Radicular cysts ~ Odontogenic keratocysts Radicular cysts vs P-value for Mann-Whitney test
Odontogenic keratocysts
Basal 31.1+13.7 2794159 P<0.05=*
Suprabasal 189+ 104 33+20 o P<0.01=**
Table 3

Significance of the differences in Ki67 levels from the cysts under examination. Data calculated after
assigning the respective ranks (n = 16). Significance levels for the Mann-Whitney test: *p < 0.05,

**p <0.01.
Site Radicular cysts Odontogenic keratocysts
Median  25thp  75thp  Median 25thp  75thp  RCvs OKC
Basal 4 3 4 3 3 4 *
Suprabasal 3 3 3 1 1 1,25 *

*

Basal vs Suprabasal

ok
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markers such as Ki67, p53, and bcl-2 in cellular homeostasis and
pathology. Such studies will enhance our understanding of the patho-
physiology of cystic lesions and improve diagnostic and therapeutic
approaches.
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