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This study is observational research that investigates the role 
of ADAM-TS1 and its substrates in the biological behavior of 
odontogenic keratocyst.
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Abstract
Background  Considering the significant participation of the microenvironment in the local aggressiveness of 
odontogenic keratocysts, this study aims to evaluate the expression of ADAMTS-1 and its substrates, versican, 
aggrecan and brevican in this locally invasive odontogenic cyst.

Methods  Immunohistochemistry and polymerase chain reaction (PCR) were conducted on 30 cases of odontogenic 
keratocysts (OKCs) and 20 dental follicles (DFs).

Results  The immunohistochemical expression of these proteins was predominantly cytoplasmic and granular 
across all samples. In epithelial tissue, the immunoexpression of aggrecan and versican was higher in OKC (p < 0.05) 
compared to DF. Comparing the expression of proteins between the OKC epithelium and the cystic capsule, it was 
observed that all molecules were more expressed in the epithelium (p < 0.001). RT-PCR confirmed the expression of 
ADAMTS-1 and proteoglycans in all samples.

Conclusion  ADAMTS-1, aggrecan, brevican, and versican were expressed in all samples with a granular and 
cytoplasmic pattern. RT-PCR confirmed their presence in both OKC and DF, but only aggrecan and versican exhibited 
significantly higher levels in OKC (p < 0.05). Protein expression was notably greater in the epithelial component of 
OKC. These findings underscore the potential role of these proteins in the biological behavior of OKC.
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Introduction
The odontogenic keratocyst (OKC) is an intriguing odon-
togenic cyst characterized by a lining of keratinized 
stratified squamous epithelium. Initially misclassified as a 
primordial cyst, its diagnostic trajectory has been marked 
by ambiguity [1]. In 2005, due to factors such as a high 
recurrence risk, aggressive clinical behavior, mutations in 
the tumor suppressor gene (PTCH1), satellite cyst occur-
rence, and association with Gorlin–Goltz syndrome, the 
World Health Organization (WHO) reclassified it as 
a benign keratocystic odontogenic tumor (KCOT) [2]. 
However, the current WHO classification of head and 
neck tumors, insufficient evidence led to its reversion to 
the cyst category, retaining the term odontogenic kerato-
cyst [3].

Histologically, OKCs display a distinctive profile, fea-
turing a thin parakeratinized stratified squamous epi-
thelium, approximately 5 to 8 cell layers thick [4]. This 
epithelium is capped by a thin, corrugated layer of para-
keratin, displaying a characteristic palisaded pattern with 
uniform nuclei in the basal cell layer. A notable hallmark 
is the presence of daughter cysts formed by budding from 
the basal layer into the surrounding connective tissue. 
The fibrous cyst wall is typically thin and lacks significant 
inflammatory cell infiltrate [5].

In the tumor microenvironment, the extracellular 
matrix (ECM) plays a pivotal role beyond acting as a bar-
rier to tumor invasion. It serves as a reservoir for ligand 
proteins and growth factors that regulate tumor cell 
behavior. Cell invasion is associated with the activity of 
metalloproteinases, including members of the ADAMTS 
family [6]. ADAMTS-1, the first identified protease of 
the ADAMTS family, is physiologically expressed in 
humans and plays a role in various biological processes. 
Dental pulp cells, including odontoblasts, cemento-
blasts, cementocytes, osteoblasts, osteocytes, and peri-
odontal ligament cells, are implicated in the regulation 
of ADAMTS-1, ADAMTS-4, ADAMTS-5, and their 
versican substrate [7]. This intricate interplay within the 
molecular landscape highlights the dynamic mechanisms 
driving the pathogenesis and behavior of the odontogenic 
keratocyst [8–10].

The proteoglycans aggrecan, brevican and versican are 
fundamental components of ECM and represent the first 
initial barriers for tumor cells during invasion and metas-
tasis [9]. Belonging to the aggrecanases subfamily, with 
which ADAMTS-1 is associated, these proteoglycans 
play a crucial role in modulating ECM. They have struc-
tural characteristics that confer a wide range of func-
tions, including regulation of cell proliferation, adhesion, 
invasion and cell signaling [11, 12].

Given the significant role of the tumor environment, 
specifically the extracellular matrix, this study pro-
poses an in-depth investigation of the expression of 

ADAMTS-1, along with as the proteoglycans aggrecan, 
versican and brevican, in OKC. Furthermore, the aim 
of this study is to explore the pathological and immu-
nohistochemical findings that may contribute to a bet-
ter understanding of the pathogenesis of this complex 
odontogenic entity. Detailed analysis of these molecular 
components may provide valuable insights for the devel-
opment of more precise and targeted diagnostic and 
therapeutic strategies for this lesion. Additionally, to our 
knowledge, this is the first study to verify the expression 
of these proteins in OKC.

Methods
Aim, design and setting of the study
This study is observational research. The objective is to 
investigate the role of these proteins in the biological 
behavior of the odontogenic keratocyst. Thirty samples 
of keratocysts were obtained from the archives of the 
Department of Oral Pathology at the School of Dentistry 
of the University Center of Pará (CESUPA, Belém-PA, 
Brazil). Twenty cases of dental follicle (DF) were included 
as controls. This study was approved by the Ethics Com-
mittee of the Institute of Oncology Research Center of 
the Federal University of Pará, under approval number 
2.371.646.

Immunohistochemistry
Formalin-fixed, paraffin-embedded (FFPE) tissues were 
analyzed using immunohistochemistry. Five-micron sec-
tions were cut and mounted on poly-D-lysine-coated 
slides (Sigma Chemical Corp., St Louis, MO, USA). Sec-
tions were dewaxed in xylene and rehydrated in graded 
ethanol. Antigen retrieval was performed in the Pascal 
chamber (Dako, Carpinteria, CA, USA) for 30  s. Sec-
tions were immersed in 3% H2O2 in methanol for 20 min 
to inhibit of endogenous peroxidase activity and then 
blocked with 1% bovine serum albumin (BSA, Sigma®) in 
phosphate-buffered saline (PBS) for 1 h. The slides were 
then incubated with primary antibodies anti-ADAMTS-1 
(1: 600, Abcam, Inc., Cambridge, MA, USA), anti-brevi-
can (1: 50, Abcam, Inc., Cambridge, MA, USA), anti-
aggrecan (1 :200, Abcam, Inc., Cambridge, MA, USA) 
and anti-versican (1: 50, Sigma Chemical Corp., St Louis 
MO, USA). All primary antibodies were diluted in anti-
body diluent solution (Dako®) and incubated for 1  h at 
room temperature. Subsequently, sections were incu-
bated for 30  min with EnVision Plus detection system 
(Dako®). Diaminobenzidine (Sigma®) was used as a chro-
mogen, and the sections were counterstained with May-
er’s hematoxylin (Sigma®) and mounted with Permount 
(Fisher Scientific, Fair Lawn, NJ, USA). Invasive ductal 
breast carcinoma and ameloblastoma samples were used 
as a positive control. As a negative control, the primary 
antibody was replaced with non-immune serum.
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Immunostaining evaluation
In each sample, 5 images were randomly acquired by a 
microscope (AxioScope, Carl Zeiss, Oberkochen, Ger-
many) equipped with a color camera (AxioCam HRC, 
Carl Zeis) at 40x magnification. The areas stained with 
diaminobenzidine (DAB) were isolated and segmented 
using the Color Deconvolution plugin (developed 
by Gabriel Landini) in ImageJ, a public domain soft-
ware created by Wayne Rasband (National Institutes of 
Health, Bethesda, MD, USA) and the fraction areas (%) 
were measured, and the data was used to determine the 
expression of ADAMTS-1, versican, aggrecan, and brevi-
can in OKC and DF. This immunoscoring pattern was 
described in a previous study (Ribeiroet al., 2012).

RNA extraction
Total RNA was extracted from formalin-fixed, paraffin-
embedded (FFPE) samples using the ReliaPrep™ FFPE 
Total RNA Miniprep System kit, following the manufac-
turer’s protocol (Promega, Madison, WI, USA). The iso-
lated RNA was stored at -80 °C until further use.

Measuring quality and quantity of extracted RNA
RNA was quantified using the Invitrogen Qubit® Fluo-
rometer and the Q32852 Quant-iT RNA Assay Kit (Invi-
trogen, Carlsbad, CA, USA), which allows for 100 assays 
of 5–100 ng (250 pg/µL to 100 ng/µL) according to the 
manufacturer’s instructions. The integrity of the samples 
was then analyzed using the Agilent 2100 Bioanalyzer 
with the RNA 6000 Pico kit (Agilent, Santa Clara, CA, 
USA), following the manufacturer’s guidelines.

Complementary DNA (cDNA) synthesis
Samples were subjected to reverse transcription to gener-
ate the cDNA necessary for real-time polymerase chain 
reaction (RT-PCR). This process utilized the Superscript® 
III Reverse Transcriptase kit (Invitrogen), following the 
manufacturer’s protocol.

RT-PCR
Relative quantification was performed using the fluores-
cent agent SYBR Green for the detection of amplicons. 
Samples were prepared in duplicate. The oligonucleotides 
used for the qPCR reactions are listed in Table 1.

The qPCR reaction was performed on the StepOne 
Plus Real-Time PCR System (Applied Biosystems) using 
SYBR Green reagent (Applied Biosystems). The reaction 
mixture included cDNA from the reverse transcription, 
SYBR Green PCR master mix (2x), forward and reverse 
primers (18 µM), and 20 µL of autoclaved Milli-Q water. 
The reaction was initiated with 10  min at 50  °C for 
enzyme activation, followed by denaturation for 5 min at 
95 °C. Subsequently, 45 cycles of 95 °C for 30 s and 60 °C 
for 1  min were conducted. At the end, a thermal disso-
ciation protocol was performed to verify the specificity of 
the reaction.

Results were analyzed by StepOneTM Software v2.0. 
For relative quantification, the following calculation was 
performed: initially, the cycle threshold (CT) was deter-
mined, given by the number of the cycle in which the flu-
orescence signal reached threshold line, the line in which 
the emission of fluorescence is above background noise. 
The CT is invariably in the region corresponding to the 
exponential phase of amplification, which makes the 
estimate of quantification of the transcripts in the origi-
nal sample more accurate. The CT values of the genes of 
interest were normalized in relation to the CT of the con-
stitutive genes, GAPDH (Gylceraldehyde-3-phosphate 
dehydrogenase) e β-actin, resulting o CT, which CT gene 
– CT constitutive. Finally, 2-CT was calculated, which is 
the value worked as representative of the relative expres-
sion for each gene [13].

Statistical analysis
The data were analyzed using GraphPad Prism 5 soft-
ware (GraphPad Software Inc., San Diego, CA, USA). The 
Shapiro-Wilk test was applied to assess the distribution 
of the samples. Differences in gene expression and immu-
nohistochemical results of ADAMTS-1 and its substrates 
in odontogenic keratocysts and dental follicles were eval-
uated using the Student’s t-test for parametric distribu-
tions and the Mann-Whitney test for non-parametric 
distributions. A p-value of less than 0.05 was considered 
statistically significant (α = 5%).

Results
ADAMTS-1, aggrecan, brevican and versican were 
expressed in all samples analyzed. ADAMTS-1 immu-
nostaining was detected in both OKC and DF, with 
diffuse staining across the epithelial layers in OKC, pre-
dominantly localized in the cytoplasm. Similarly, DF 
exhibited cytoplasmic ADAMTS-1 expression. The stain-
ing area for ADAMTS-1 was comparable between OKC 

Table 1  Oligonucleotide primers used for this study
Gene Initiator Oligonucleotide Pair
ADAMTS-1 F: 5’-​T​G​T​A​G​C​C​C​A​G​A​T​T​C​C​A​C​C​T​C-3’

R: 5’-​C​C​C​C​G​C​A​A​A​C​A​C​C​A​C​A​T​T​T​A-3’
ACAN F: 5’-​A​T​C​A​A​T​T​C​C​C​T​G​G​T​G​C​G​G​T​A-3’

R: 5’-​G​G​G​T​C​T​G​T​G​C​A​G​G​T​G​A​T​C​T-3’
BCAN F: 5’-​C​T​G​G​C​T​C​A​A​G​T​G​T​T​C​G​G​C-3’

R: 5’-​C​G​T​T​C​T​C​T​T​G​C​A​T​C​G​G​A​T​C-3’
VCAN F: 5’-​C​C​C​C​T​G​T​T​G​T​A​G​A​A​A​A​T​G​C​C​A-3’

R: 5’-​T​C​C​A​T​T​T​C​C​T​A​A​G​C​A​C​C​G​G​A-3’
GAPDH F: 5’-​T​C​G​G​A​G​T​C​A​A​C​G​G​A​T​T​T​G​G-3’

R: 5’-​G​A​T​G​G​C​A​A​C​A​A​T​A​T​C​C​A​C​T​T​T​A​C​C-3’
β-ACTIN F: 5’-​T​A​A​T​G​T​C​A​C​G​C​A​C​G​A​T​T​T​C​C​C-3’

R: 5’-​T​C​A​C​C​G​A​G​C​C​C​G​G​C​T-3’



Page 4 of 11Souza Neto de et al. Diagnostic Pathology            (2025) 20:1 

and DF, though it was more pronounced in OKC’s epithe-
lial cells than in the capsule. ADAMTS-1 gene expression 
was lower in OKC than in DF, though this difference was 
not statistically significant (Fig. 1).

Aggrecan immunostaining in OKC was also primar-
ily cytoplasmic, concentrated in the basal and parabasal 
epithelial layers. DF showed weak aggrecan expression, 
similarly localized in the cytoplasm. The staining area for 

Fig. 1  ADAMTS-1 immunostaining in odontogenic keratocyst (OKC) and dental follicle (DF). ADAMTS-1 staining was diffuse in the epithelial layers of OKC, 
with a predominantly cytoplasmic localization (A, arrows). DF also expressed ADAMTS-1, with predominantly cytoplasmic staining (B, arrows). There was 
no significant difference in the area of ADAMTS-1 staining between OKC and DF (C). However, ADAMTS-1 immunostaining in OKC was more pronounced 
in epithelial cells than in the capsule (D). ADAMTS-1 gene expression was reduced in OKC compared with DF, although without a statistically significant 
difference. RT-PCR analysis was performed using the Pfaffl method to calculate relative mRNA levels normalized by β-actin (E) or GAPDH (F). Significance: 
∗∗∗p < 0.001. Scale bar: 20 μm
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aggrecan was larger in OKC epithelial cells compared to 
DF. Additionally, aggrecan was more prominent in OKC 
epithelial cells than in the capsule. No statistically sig-
nificant difference in aggrecan gene expression was found 
between OKC and DF based on RT-PCR results (Fig. 2).

Brevican immunostaining showed diffuse cytoplasmic 
expression in OKC’s epithelial layers, while DF exhibited 

similar cytoplasmic staining. The labeling area for brevi-
can was similar in both OKC and DF, though the epi-
thelial cells of OKC displayed stronger staining than the 
capsule. Brevican gene expression levels between OKC 
and DF were not significantly different, according to RT-
PCR analysis (Fig. 3).

Fig. 2  Aggrecan immunostaining in odontogenic keratocyst (OKC) and dental follicle (DF). Aggrecan staining was predominantly cytoplasmic in the 
basal and parabasal layers of OKC epithelial cells (A, arrows). DF exhibited weak aggrecan labeling, primarily cytoplasmic (B, arrows). The labeling area 
of aggrecan showed higher expression in the epithelial cells of OKC compared to DF (C). Moreover, aggrecan immunostaining in OKC was more pro-
nounced in the epithelial cells than in the capsule (D). There was no statistically significant difference in aggrecan gene expression between OKC and DF, 
as determined by RT-PCR analysis using the Pfaffl method to calculate relative mRNA levels normalized by β-actin (E) or GAPDH (F). Significance: *p < 0.05, 
∗∗∗p < 0.001. Scale bar: 20 μm
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Versican staining was primarily cytoplasmic in the 
basal and parabasal layers of OKC epithelial cells. DF 
showed weaker cytoplasmic versican labeling. The label-
ing area was greater in OKC’s epithelial cells compared to 

DF, with more prominent staining in the epithelial cells 
than in the capsule. RT-PCR analysis revealed no statis-
tically significant difference in versican gene expression 
between OKC and DF (Fig. 4).

Fig. 3  Brevican immunostaining in odontogenic keratocyst (OKC) and dental follicle (DF). Brevican staining was diffuse in the epithelial layers of OKC, 
with predominantly cytoplasmic localization (A, arrows). DF also expressed brevican, with predominantly cytoplasmic staining (B, arrows). There was no 
significant difference in brevican labeling area between OKC and DF (C). However, brevican immunostaining in OKC was more pronounced in the epi-
thelial cells than in the capsule (D). There was no statistically significant difference in brevican gene expression between OKC and DF, as determined by 
RT-PCR analysis using the Pfaffl method to calculate relative mRNA levels normalized by β-actin (E) or GAPDH (F). Significance: ∗∗∗p < 0.001. Scale bars: 
20 μm and 50 μm
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Fig. 4  Versican immunostaining in odontogenic keratocyst (OKC) and dental follicle (DF). Versican staining was predominantly cytoplasmic in the basal 
and parabasal layers of OKC epithelial cells (A, arrows). DF showed weak versican labeling, with predominantly cytoplasmic localization (B, arrows). The 
versican labeling area indicated higher expression in the epithelial cells of OKC compared to DF (C). Moreover, versican immunostaining in OKC was more 
prominent in the epithelial cells than in the capsule (D). There was no statistically significant difference in versican gene expression between OKC and DF, 
as determined by RT-PCR analysis using the Pfaffl method to calculate relative mRNA levels normalized by β-actin (E) or GAPDH (F). Significance: *p < 0.05, 
∗∗∗p < 0.001. Scale bar: 20 μm
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When contrasting the two samples under study, the 
OKC and the dental follicle, it was observed that, statis-
tically, only the aggrecan and versican expression pre-
sented significantly higher values in the OKC samples 
compared to those from the DF (p < 0.05) (Figs. 2 and 4).

When comparing all samples between epithelium and 
stroma, it was observed that all proteins showed greater 
labeling in the epithelium of OKC (Figs. 1, 2, 3 and 4).

Discussion
In our study, all samples of OKC and DF demonstrated 
immunohistochemical and genomic expression for 
ADAMTS-1 and its proteoglycan substrates, aggre-
can, brevican, and versican. The broad expression of 
these molecules in both pathological and normal tissues 
highlights their essential roles in maintaining extracel-
lular matrix integrity. However, the immunohistochemi-
cal analysis revealed a notably higher expression of 
these proteins in the OKC epithelium compared to the 
stroma, with predominantly granular and cytoplasmic 

localization. This increased epithelial expression, par-
ticularly of aggrecan and brevican, suggests that these 
proteoglycans may be contributing to the more aggres-
sive and invasive behavior observed in OKC compared to 
other odontogenic lesions.

Although no statistically significant difference was 
observed between OKC and DF in the gene expression 
analysis, the differential immunohistochemical expres-
sion, especially in the epithelial component of OKC, 
could indicate a post-transcriptional regulatory mecha-
nism that enhances protein accumulation at the site 
of tumor invasion. This points to a potential role for 
ADAMTS-1 and its substrates in modifying the extracel-
lular matrix to facilitate cellular proliferation, invasion, 
and migration in OKC, similar to what has been observed 
in other aggressive neoplasms [14–16]. These findings 
warrant further investigation into how these proteogly-
cans contribute to the invasive phenotype of OKC and 
how they may differ from less aggressive or non-inflam-
matory odontogenic cysts [17–19].

Fig. 5  Signaling pathway between ADAMTS-1, Versican, Aggrecan in the context of keratocysts
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Although the odontogenic keratocyst is a lesion origi-
nating from the odontogenic epithelium, it stands out 
for its locally invasive behavior and high propensity for 
recurrence [14].

The growth of odontogenic cysts and tumors may be 
related to the secretion and regulation of MMPs [15, 16]. 
Odontogenic keratocysts grow and develop through the 
bone medullary spaces in an anteroposterior direction, 
reaching large extents without causing significant bone 
expansion [14]. This behavior, unusual among cysts, has 
been attributed to the proteolytic activity of this cyst [3, 
17].

In Freitas et al. (2013), ADAMTS-1 is described as a 
molecule with broad catalytic activity, capable of degrad-
ing several key proteoglycans, including aggrecan, brevi-
can, and versican, which are integral components of the 
extracellular matrix in nearly all eukaryotes. This enzyme 
has a multifaceted role, interacting with various mol-
ecules such as growth factors and cytokines that influ-
ence cell proliferation, migration, and angiogenesis. The 
disintegrin and cysteine-rich domains of ADAMTS-1 
are known to regulate cell adhesion and migration, 
underscoring its multifunctional nature and suggesting 
its involvement in both proteolytic and non-proteolytic 
events during tumor progression [12, 18]. ADAMTS-1 
has garnered attention as a prognostic marker in various 
tumors due to its significant role in extracellular matrix 
remodeling and tumor invasion [18]. Our previous 
research identified elevated ADAMTS-1 expression in 
ameloblastoma epithelium, with intense staining in epi-
thelial islands and dispersion in the connective tissue, a 
pattern similar to that observed in the present study [19]. 
Sone et al. [20] also demonstrated ADAMTS-1 expres-
sion in alveolar bone and periodontal ligament forma-
tion, where it plays a critical role in extracellular matrix 
remodeling. These findings suggest that ADAMTS-1 may 
contribute to the invasive behavior of OKC by degrading 
its ECM substrates, thus facilitating cystic groth.

The notable expression of aggrecan in the keratocyst 
samples suggests its significant role in the aggressive pro-
file of the lesion. Aggrecan, composed of 2,316 amino 
acids and encoded by the ACAN gene, is the primary 
proteoglycan found in cartilage tissue [21].

Although aggrecan is generally considered a cartilage-
specific proteoglycan, its expression has been docu-
mented in various odontogenic and non-odontogenic 
cystic lesions, as well as in certain tumors, includ-
ing ameloblastoma and radicular cysts [19, 22–25]. A 
study by Batista et al. [26] demonstrated the presence 
of ADAMTS-1 and aggrecan in odontogenic cysts, spe-
cifically radicular cysts and periapical granulomas, which 
supports the involvement of these proteins in cystic 
pathology. These findings underscore the significance 
of proteoglycan degradation and extracellular matrix 

remodeling not only in neoplastic conditions but also in 
the invasive potential of cystic lesions such as OKC. Fur-
thermore, our results are consistent with observations in 
non-inflammatory cystic lesions, supporting the hypoth-
esis that ADAMTS-1 and aggrecan play a crucial role in 
the invasive behavior of OKC by regulating extracellular 
matrix components.

In the present study, aggrecan expression was higher 
in the keratocyst compared to the dental follicle group. 
Furthermore, its expression was more intense in the ker-
atocyst epithelium than in the connective tissue, results 
similar to those found in our previous study with ame-
loblastoma [19]. In this regard, Lima et al. [27] demon-
strated that during tumorigenesis, aggrecan expression is 
increased in several cartilage tumors, such as chondro-
blastoma, chondroma, and chondrosarcoma.

Although some studies indicate that brevican expres-
sion is primarily restricted to the central nervous system 
and absent in extracranial organs [28], our study revealed 
brevican labeling in both the epithelium and stroma of 
OKC, with more prominent expression in the epithe-
lium. Predominantly, a cytoplasmic staining pattern was 
observed in the cystic epithelial cells. Binder et al. [29] 
highlight the role of brevican as a key activator of EGFR, 
stimulating the expression of cell adhesion molecules and 
inducing the secretion of fibronectin, as well as the accu-
mulation of fibronectin microfibrils on the cell surface. 
Additionally, when cleaved, brevican can bind to EGFR 
due to the presence of an EGF-like domain, promoting 
cell proliferation [24]. In this study, the expression of 
this proteoglycan in odontogenic keratocysts suggests its 
potential contribution to the growth of this lesion.

In the immunohistochemical analysis of this study, ver-
sican immunoexpression was observed in both the epi-
thelium and tumor stroma of OKC, with more intense 
expression in the epithelium compared to dental fol-
licles (DF). Witt et al. [30] reported versican expres-
sion in colon cancer epithelial cells, particularly in the 
tumor’s peripheral neoplastic cells. Similarly, Abiko et 
al. [31] found strong immunoexpression of versican in 
the peripheral epithelium of pleomorphic adenoma of 
the salivary gland. In contrast, Zhao et al. [32] observed 
intense immunohistochemical expression of versican 
in all species of odontogenic myxoma. Additionally, Ito 
et al. [33] reported positive versican expression in the 
stroma of various odontogenic tumors. These findings 
highlight the potential role of versican in OKC, suggest-
ing its involvement in cyst progression and in the interac-
tion between cystic cells and the microenvironment.

The nearly equivalent expression of ADAMTS-1 
in keratocyst and dental follicle samples underscores 
the complexity of protein interactions in this context. 
ADAMTS-1 plays a crucial role in extracellular matrix 
remodeling, and its consistent levels may suggest specific 
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regulatory mechanisms in the keratocyst. This regula-
tory activity could influence proteoglycan degradation 
and potentially contribute to the invasiveness of the 
keratocyst. Analyzing epithelial tissue, particularly in 
OKC samples, reinforces the connection between these 
molecules and cellular differentiation. In this regard, the 
increased expression of aggrecan and versican in OKC 
may be associated with alterations in epithelial develop-
ment that could contribute to the locally aggressive pro-
file of the keratocyst (Fig. 5).

Given the limitations of the methods employed in 
this immunohistochemistry and qPCR study, the results 
should be validated against findings from other stud-
ies exploring the biological mechanisms involved. Addi-
tionally, future research with larger sample sizes of OKC 
cases is necessary to confirm these results.

In summary, the interaction of these proteins within the 
odontogenic keratocyst likely contributes to its aggres-
sive behavior, impacting the regulation of the extracel-
lular matrix and cellular processes associated with this 
cystic lesion. A deeper understanding of these mecha-
nisms could pave the way for developing targeted thera-
peutic approaches and identifying prognostic biomarkers 
to enhance the clinical management of keratocysts.

Conclusion
In the present study, gene expression and immunohis-
tochemical analysis of ADAMTS-1 and its substrates 
(aggrecan, brevican and versican) in odontogenic kera-
tocyst were demonstrated. Our results suggest that the 
interaction of these proteins may play a significant role in 
the biological behavior of this lesion.
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