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Role of matrix metalloproteinases and their tissue inhibitors in the
pathological mechanisms underlying maxillofacial cystic lesions
KRYSTIAN KUŹNIARZ1, DOROTA LUCHOWSKA-KOCOT2, TOMASZ TOMASZEWSKI1 and JACEK KURZEPA2
1

Department of Maxillofacial Surgery; 2Department of Medical Chemistry,
Medical University of Lublin, Lublin 20-081, Poland
Received February 17, 2021; Accepted April 27, 2021
DOI: 10.3892/br.2021.1441

Abstract. Cystic lesions are considered to be one of the most
common pathologies of the maxillofacial region, and matrix
metalloproteinases (MMPs) may represent potential etiological
factors. The aim of the present study was to elucidate the role
of MMP‑2 and MMP‑9, and their endogenous tissue inhibitors,
tissue inhibitor of metalloproteinase (TIMP)‑1 and TIMP‑2,
respectively, in the pathogenesis of maxillofacial cystic lesions.
A total of 25 patients diagnosed with radicular cysts (RCs;
n=20), dentigerous cysts (n=3) and retention cysts (RtCs; n=7)
were enrolled in the present study. Gelatin zymography was
performed to assess the gelatinolytic activity of MMP‑2 and
MMP‑9, and commercial ELISA kits were used to determine
TIMP‑1 and TIMP‑2 concentrations. Gelatin zymography
revealed the presence of both MMP‑2 and MMP‑9 in all types
of samples analyzed. An increase in MMP‑9 activity, TIMP‑1
concentration and MMP‑9/TIMP‑1 ratio was observed in the
fluid obtained from RCs compared with that obtained from
RtCs. In conclusion, MMP‑9 may be involved in the pathogen‑
esis of RCs, whereas the activity of MMP‑2 in the wall of RtCs
was low, and this gelatinase did not appear to significantly
affect the development of this type of lesion.
Introduction
Cystic lesions are amongst the most common pathologies diag‑
nosed in the maxillofacial region. They may occur in facial
soft tissues as well as the craniofacial skeleton. Moreover,
these anomalies are characterized by distinct etiopathogenetic
processes (1‑3). The most frequent cystic lesions localized
within the jaws are radicular cysts (RCs), which are associ‑
ated with the development of periapical granulomas (PGs) that
form as a result of untreated periapical periodontitis (4). The
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second most prevalent type of odontogenic cystic lesion, the
dentigerous cyst (DC), is characterized as a developmental
cyst (5). Despite the distinct differences in the etiology of the
respective pathological lesions, their growth processes are
predominantly associated with resorption and remodeling
of bone tissue (6). Numerous studies have been conducted
to investigate the mechanisms involved in both types of
lesions. MMPs are a group of proteins potentially involved
in cyst formation and bone destruction (7‑11). This family of
zinc‑dependent enzymes is responsible for the degradation of
the extracellular matrix (ECM) during various physiological
and pathological processes, including in embryogenesis,
organization of dentin organic matrix, arthritis and ischemic
stroke (12,13). Moreover, proteolytic activity of these endo‑
peptidases is observed in angiogenesis during wound healing
and cancer metastasis (14,15). Tissue inhibitors of metallopro‑
teinases (TIMPs) comprise a group of specific endogenous
enzymes regulating the activity of MMPs. Thus, TIMPs serve
a key role in the maintenance of homeostasis and proper func‑
tioning of the body as a whole (16).
MMP‑2 and MMP‑9 belong to a well‑known subgroup of
MMPs termed gelatinases (11,17). Since some of bone organic
components (for example, type I collagen and fibronectin) are
substrates for these endopeptidases, the possible involvement
of MMP‑2 (also known as gelatinase A) and MMP‑9 (also
known as gelatinase B) in the etiology of cystic lesions has
been investigated (18,19). Accordingly, cleavage of the organic
elements of the ECM in bone tissue may lead to cyst forma‑
tion, and gene expression analysis revealed higher expression
of MMP‑2, TIMP‑1 and TIMP‑2 in PGs and RCs, underlining
its significant role in the etiology of these disorders (20).
Ameloblastomas, which are considered as more expansive
pathologies than benign lesions, are also characterized by
higher expression of MMPs (21). However, the etiopatho‑
genesis of DCs and MMPs remains unclear (22). Retention
cysts (RtCs) are lesions occurring within the maxillary
sinuses and exhibit a lower destructive potential compared
with typical odontogenic cysts (23). Unfortunately, our knowl‑
edge regarding the involvement of MMPs in the etiology of
RtCs is limited. Searching PubMed with the phrase ‘retention
cysts’ and ‘MMP’ returned only 1 article (24). Furthermore,
to the best of our knowledge, there are currently no studies
comparing MMP activity and TIMP levels between RtCs and
the aforementioned odontogenic cysts.
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Therefore, the aim of the present study was to understand
and characterize the role of MMP‑2, MMP‑9 and their tissue
inhibitors, TIMP‑1 and TIMP‑2, in the pathogenesis of cystic
lesions of the maxillofacial region.

Table I. Characteristics of the study group.

Materials and methods

Average age, years
42.4
41.6
44.3
Sex, male/female
12/5
4/3
1/2
Localization, maxilla/mandible
16/4	-	
1/2
Maxillary sinus, right/left	-	
2/5	Average largest dimension, mm
21.8
27.2
14.3

Patients. A total of 25 patients (16 males and 9 females), aged
18‑66 years old (median age, 43.2), who were diagnosed with
cystic lesions of the maxillofacial region were enrolled in the
present study. In the investigated group of patients, 20 RCs,
7 RtCs and 3 DCs were identified using clinical examination,
computed tomography and/or panoramic X‑ray imaging. The
higher number of cysts detected than patients recruited was
due to the presence of multiple comorbidities amongst patients.
In addition, 2 separate RCs were identified in each patient of
a group of 3 patients; 1 patient was diagnosed with 2 RCs and
1 RtC; and 1 RC and 1 RtC were identified in 1 patient. The
characteristics of all the lesions were confirmed by preliminary
histopathological examination. Studies were performed using
cystic tissues collected during surgical treatment conducted at
the Department of Maxillofacial Surgery, Medical University
of Lublin. A total of 2 lesions with inconsistencies between
the clinical, histopathological or radiological diagnoses were
excluded from the study. Moreover, due to the non‑specific
microscopic characteristics of RtCs, concomitant histopatho‑
logical, clinical and radiological examinations were considered
during evaluation for inclusion in the study (25).
All study protocols were reviewed and approved by the
Ethics Committee at the Medical University of Lublin (approval
no. KE‑0254/5/2017). Each patient included in the study
provided signed informed consent. All procedures followed
the guidelines outlined in the Declaration of Helsinki (26). The
characteristics of the study group are summarized in Table I.
Sample collection and preparation. A sample of venous
blood was routinely collected prior to surgery under general
anesthesia. The blood was centrifuged at 1,800 x g for 20 min
at room temperature and 0.5‑1.0 ml of the obtained serum
was collected in Eppendorf tubes and stored at ‑30˚C. The
remaining serum was used to perform biochemical blood
tests. Cystic lesions were exposed during surgery, and cystic
fluid was obtained by diagnostic puncture and aspiration from
the cavity using a sterile syringe. Subsequently, enucleation of
the entire cyst capsule was performed. Finally, a small frag‑
ment (0.3‑0.5 g) was detached from the capsule using a sterile
surgical blade. All cyst tissue samples were placed in separate
Eppendorf tubes and frozen at ‑30˚C. The primary part of the
lesion was subjected to histopathological examination at the
Pathomorphology Unit of the Independent Public Teaching
Hospital No. 1 to confirm the initial diagnosis. All subsequent
tests were performed at the Department of Medical Chemistry,
Medical University of Lublin.
The samples detached from the capsules were homogenized
using buffer containing 1% Triton X‑100 and centrifuged at
1,800 x g for 20 min at room temperature. Protein levels in all
supernatant samples were determined using commercial Bradford
reagent (Bio‑Rad Laboratories, Inc.) according to manufacturer's
protocol (18 µg/ml). In each examined case, serum and cyst fluid
samples were diluted (1:50) with deionized water.

Characteristics

RC,
n=20

RtC,
n=7

DC,
n=3

RC, radicular cyst; RtC, retention cyst; DC, dentigerous cyst;
n, number of examined lesions.

Zymography. All zymographic procedures (incubation, protein
separation, staining/distaining) were performed at room tempera‑
ture. The proteolytic activity of MMP‑2 and MMP‑9 in the serum,
cyst fluid and cyst capsules were detected and evaluated using
gelatin zymography (27). Initially, 30 µl study material was mixed
with 10 µl sample buffer with 10% SDS and incubated for 30 min.
Subsequently, 20 µl of this solution was loaded on a 10% SDS‑gel
with 0.05% gelatine type A from porcine skin (Sigma‑Aldrich;
Merck KGaA), and resolved using SDS‑PAGE for 90 min at
30 mA/gel at room temperature. Next, the resolved proteins
were incubated with Tris‑HCl buffer (pH 7.2) containing 10 mM
CaCl2, 0.02% NaN3 and 2.5% Triton X‑100 twice for 30 min.
Subsequent incubation was performed for 18 h at 37˚C using
Tris‑HCl buffer (pH 7.2) containing 10 mM CaCl2, 0.02% NaN3
and 1% Triton X‑100. Gels were stained with 0.1% Coomassie
Blue R‑250 in solution of 30% ethanol and 10% acetic acid for 4 h.
Finally, they were destained twice in solution of 30% ethanol and
10% acetic acid. The emergence of clear bands against the blue
background indicated the activity of MMP‑2 and MMP‑9 (28).
Investigation using gelatine zymography was performed simulta‑
neously on two separate gels to avoid inconclusive results.
Enzymes were identified by comparing their localization
with molecular mass standards (SM0441; Fermentas; Thermo
Fisher Scientific, Inc.) and with standards of both gelatinases
(911‑MP and 902‑MP; R&D Systems, Inc.). Quantitative
analysis of MMP activity was performed using a computer
scanner (1,200 dpi) and ImageJ 1.51.9 (National Institutes of
Health). The activity of the tested enzymes was expressed as
the optical density (OD) of the substrate lysis zone.
ELISA. TIMP‑1 and TIMP‑2 levels were detected in serum
and cyst fluid using commercially available ELISA kits (cat.
nos. DMP100 and DMP200; R&D Systems Inc.) according to
the manufacturer's protocol. Both tissue inhibitors were diluted
100 times with the diluent included in the kit. All results were
detected using a microplate reader (Epoch; BioTek Instruments,
Inc.) at a wavelength of 450 nm. Moreover, MMP‑9/TIMP‑1
and MMP‑2/TIMP‑2 ratios, as calculated from zymography
and ELISA results, were expressed in OD/ng/ml.
Statistical analysis. A Kruskal‑Wallis test followed by a
Dunns' post hoc test was used for statistical analysis. Data are
presented as the median and the interquartile range. Statistical
analysis was performed using InStat version 3.06 (GraphPad
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Figure 1. Representative zymogram of the serum and cyst fluid from patients with RC, DC or RtC. S, serum; F, fluid; RC, radicular cyst; RtC, retention cyst;
DC, dentigerous cyst; MMP, matrix metalloproteinase; NGAL, neutrophil gelatinase‑associated lipocalin.

Figure 2. Representative zymogram of the cyst capsules of patients with RC,
DC or RtC. RC, radicular cyst; RtC, retention cyst; DC, dentigerous cyst;
MMP, matrix metalloproteinase.

Figure 3. Activity of MMP‑9 in the cyst fluid from patients diagnosed with
RC, DC or RtC. Statistically significantly higher activity of MMP‑9 was
observed in the RCs compared with the RtCs. *P=0.0065. OD, optical density;
RC, radicular cyst; RtC, retention cyst; DC, dentigerous cyst; MMP, matrix
metalloproteinase.

Software, Inc.). P<0.05 was considered to indicate a statisti‑
cally significant difference.
Results
Zymography analysis confirmed the activity of MMP‑2 and
MMP‑9 in all samples analyzed. A representative zymogram
showing the proteolytic activity of both gelatinases in the
serum and cyst fluid of patients with RCs, DCs and RtCs is
presented in Fig. 1. Gelatinolytic activity was detected at
molecular weights of 66 and 86 kDa, corresponding to the
active forms of MMP‑2 and MMP‑9, respectively. Additionally,
a 92 kDa band was present, which corresponds to the latent
form of MMP‑9 (pro‑MMP‑9), and the 72 kDa band was
associated with pro‑MMP‑2. Moreover, an MMP‑9/neutrophil
gelatinase‑associated lipocalin heterodimer band was obtained
(130 kDa band). Due to the association between enzymatic
activity and brightness of the bands (28), higher activity of both
forms of MMP‑2 and MMP‑9 were observed in the RC fluid.
The activity of MMP‑2 and MMP‑9 in the cyst capsule is
shown in Fig. 2. The activity of different MMP forms were
measured as described above. Of note, higher activity of
pro‑MMP‑9 (~92 kDa) in the RC capsule was observed.
In the present study, significantly increased activity of
MMP‑9 was observed in the RC fluid compared with the

Figure 4. Activity of MMP‑2 in the cyst capsules of patients diagnosed with
RC, DC or RtC. The difference between RtC and DC were statistically sig‑
nificant. *P=0.046, Kruskal‑Wallis; P<0.05, post hoc Dunns' test. OD, optical
density; RC, radicular cyst; RtC, retention cyst; DC, dentigerous cyst;
MMP, matrix metalloproteinase.

RtC fluid (P= 0.0065; Fig. 3). No significant differences were
observed between DGs and other types of lesions. Moreover,
decreased activity levels of MMP‑2 were observed in the cyst
capsule of patients with RtCs, but this difference was statistically
significant only when compared with DCs (P= 0.046; Fig. 4).
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Figure 5. TIMP‑1 serum levels in patients diagnosed with RC, DC or RtC.
There were no significant differences in the levels of TIMP‑1 between the
different types of cysts. RC, radicular cyst; RtC, retention cyst; DC, dentig‑
erous cyst; TIMP, tissue inhibitor of metalloproteinase.

Figure 6. MMP‑9/TIMP‑1 ratio in the cyst fluid of patients diagnosed with
RC, DC or RtC. Comparison of the ratio in the MMP‑9/TIMP‑1 between
RC and RtC trended towards statistical significance (P= 0.09, Kruskal‑Wallis
test; #P<0.05, post hoc Dunns' test. OD, optical density; RC, radicular cyst;
RtC, retention cyst; DC, dentigerous cyst; TIMP, tissue inhibitor of metal‑
loproteinase; MMP, matrix metalloproteinase.

Of note, MMP‑9 was the most frequently detected MMP in the
RC capsule group (65% of cases). No MMP‑9 was detected in
any of the patients with DCs.
The TIMP‑1 serum levels in patients with RCs were reduced
compared with DCs and RtCs, but the difference was not
statistically significant (Fig. 5). Of note, the MMP‑9/TIMP‑1
ratio was higher in the fluid from RCs compared with RtCs
and DCs. However, the difference between the value of the
ratio in RCs and RtCs only trended towards statistical signifi‑
cance (P=0.09; Fig. 6).
Discussion
The biological factors that affect the development of odon‑
togenic cysts have yet to be clearly determined (29). Due to
fact that MMPs are able to degrade a wide range of substrates
within the ECM, they represent one of the most common
subjects of investigation in the context of elucidating the
formation and expansion of cystic lesions localized in the
maxillofacial region. However, current literature comparing

their activity in various components of the maxillofacial cysts,
as well as between different types of cysts, are limited. The
comparisons of MMP activity in the cysts and in other odon‑
togenic tumors is understandable, given their more aggressive
potential. Ameloblastoma, which is described as a benign,
locally aggressive odontogenic tumor, and odontogenic
keratocyst (OKC) are characterized by higher destructive
potentials and a tendency to recur when compared with RCs
and DCs (7). According to the World Health Organizations
recommendations on the reclassification of keratocystic odon‑
togenic tumors (KCOTs) into the group of OKCs, all references
to KCOT in the present study should be considered as an
OKC (30). It is necessary to underline that the new classifica‑
tion system does not modify their clinical and/or pathological
status (30). Henriques et al (8) reported significantly higher
MMP‑9 expression in ameloblastoma and KCOTs compared
with that in RCs and DCs. Furthermore, DCs exhibited slightly
higher expression of this protease compared with RCs. It
should be noted that the present study did not identify MMP‑9
activity in the DC capsule, whereas its activity was detected in
RC and RtC. Due to the small number of patients diagnosed
with DC, further studies are necessary in order to draw more
definitive conclusions. Moreover, immunohistochemical
analysis demonstrated higher expression of MMP‑9 within the
epithelial, fibrous and vascular components in OKCs compared
with DCs and RCs. Therefore, it was concluded that the levels
of expression of MMP‑9 may be associated with the more
destructive potential of OKCs compared with that of other
odontogenic cysts (31). An identical association was observed
between MMP‑2 activity and KCOT. Numerous studies have
emphasized the involvement of MMP‑2 and other enzymes
from the matrixins group in the process of bone resorption
and odontogenic lesion expansion. However, its activity also
significantly affects KCOT development (32‑34). A genetic
study has also shed some light on the aforementioned conclu‑
sions. It was shown that MMP‑2 gene polymorphisms may be
involved in the increased aggressiveness of OKCs (29).
Comprehensive assessment of bone tissue homeostasis
and the dynamics of the bone degradation process requires
juxtaposition of both matrixins and their specific tissue
inhibitors. A previous study confirmed increased expression
of both gelatinases, TIMP‑1 and TIMP‑2, in ameloblastoma
tissues (35). Moreover, Pinheiro et al (36) reported increased
activity of MMP‑1, MMP‑2 and MMP‑9 in particular tumor
types. These enzymes, in addition to their effect on lesion
expansion, may underlie the etiology behind local aggressive‑
ness. In their view, digestion of ECM results in the release
of mitogenic factors that increase the rate of tumor cell
proliferation. Moreover, disturbances in the expression of the
genes encoding both gelatinases may be associated with the
destructive nature of ameloblastomas (29). The comparison
of the expression of matrixins with that of their inhibitors
and inducers may provide further insight with regard to the
significance of these enzymes in the alterations of bone tissue
adjacent to the pathological lesions. Expression of numerous
MMPs was confirmed in the parenchymal and stromal compo‑
nent of calcifying odontogenic cysts (COCs) (37). Previously,
a COC was considered to be a calcifying cystic odontogenic
tumor (30). However, Prosdócimi et al (38) noticed differences
in the expression levels of MMPs, their inhibitors (TIMPs
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and the membrane‑anchored glycoprotein RECK) and ECM
metalloproteinase inducers in the epithelium and stroma of
COCs. Their results suggested that these abnormalities in
ECM homeostasis may contribute to bone degradation, and
assist in the determination of the characteristics of the patho‑
logical lesions.
Development of PGs and, consequently, RCs is based on
the inflammatory process within the dental pulp (39). Despite
the fact that residual RCs (RRCs) are characterized by an
identical etiology as both PGs and RCs , the inflammatory
factor contributing to the expansion of the lesion is elimi‑
nated by extraction of the affected tooth (40). Thus, despite
a comparable histopathological architecture, the biochemical
status of the two lesions may be completely distinct (41). It has
been shown that MMP‑9 is expressed in both inflammatory
cysts; however, a higher level of expression was observed in
RCs compared with that in RRCs (9). This correlation may
suggest that RRCs have a reduced ability to degrade ECM
compared with RCs. Furthermore, it is noteworthy that RCs
were the only typical inflammatory lesions in the present
study. The results of the present study demonstrated a statisti‑
cally significantly higher gelatinolytic activity of MMP‑9 in
RC fluid and its capsule compared with that in both DG and
RtC. Conversely, none of the tested samples in the group of
patients diagnosed with RC exhibited prominent activity of
MMP‑2 compared with the other cysts. This may suggest
a higher effectiveness of MMP‑9 in ECM degradation in
inflammatory lesions compared with MMP‑2. Previous
studies confirmed the involvement of MMP‑9 in the etiology
of other inflammatory processes (42,43). Due to the similari‑
ties in the substrates between MMP‑9 and MMP‑2, the lack of
statistically significant differences between MMP‑2 activity
in the serum and cyst fluid does not exclude the importance of
MMP‑2 in the remodeling process of ECM. However, further
research is required to elucidate this association. Regarding
the present study, research conducted by Teronen et al (44)
also reported significant results. Activity of enzymes with a
molecular weight of 92 kDa (corresponding to pro‑MMP‑9)
and 72 kDa (corresponding to pro‑MMP‑2) and their tissue
inhibitors (TIMP‑1 and TIMP‑2) was detected in the fluid and
capsule of all odontogenic lesions (RC, RRC, DG and OKC).
However, the dominant gelatinolytic activity in the cyst capsule
belonged to MMP‑9. It was noted that ECM degradation is
possible due to partial blocking of MMPs by endogenous
inhibitors. Moreover, they suggested that gelatinases may be
involved in the final stages of this process, which was initiated
by the activity of collagenases (MMP‑1 and MMP‑8) (44).
There is currently a lack of sufficient information on the role
of MMPs in RtC development. To the best of our knowledge,
there is only one study that has investigated MMP expression
within the RtC and maxillary sinusitis (MS) fluid, which
demonstrated distinct differences between the two disorders.
The expression of MMP‑1, ‑2, ‑3, ‑9 and ‑10 were found to be
higher in the patients with MS compared with that in RtC (24).
There are currently no available studies regarding the activity
of matrixins in the RtC capsule. Moreover, no studies have been
performed comparing MMP activity in the components of RtC
and odontogenic lesions. This is particularly important due to
the fact that the aforementioned lesions are characterized by
diametrically different etiopathogeneses, growth dynamics
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and aggressiveness. In the present study, lower MMP‑2 activity
was observed in the RtC capsule compared with both odonto‑
genic cysts. However, this result was statistically significant
in relation only to DC. The emergence and expansion of both
RCs and DCs is associated with bone tissue destruction. By
contrast, RtC does not completely fill the cavity of the maxillary
sinus, and no bone damage or bone remodeling of the maxil‑
lary sinus were observed (23). Upon comparing the reduced
activity of MMP‑2 in the RtC wall with its clinical character‑
istics, it may be inferred that MMP‑2 serves an important role
in the ECM degradation process resulting in bone destruction.
Therefore, it may be considered a specific biomarker that may
be used to reflect the tendency of the lesions to cause bone
remodeling, with potential implications in treatment planning
or monitoring of outcomes. However, this hypothesis requires
further investigations with larger cohorts. Other reports have
focused on the pathologies of the paranasal sinuses and nasal
cavity, for example, nasal polyps (NP) and chronic inflamma‑
tion of the sinuses and/or nasal cavity. Literature data have
reported increased expression of MMP‑9 and TIMP‑1 in NP
and chronic sinusitis compared with unaffected sinus mucosa
of a control group. This suggests the involvement of MMP‑9 in
the pathogenesis of these conditions (45,46).
As gelatinases are inhibited in vivo by their specific tissue
inhibitors, the MMP‑9/TIMP‑1 and MMP‑2/TIMP‑2 ratios
were compared in serum and fluids collected from various
types of cysts. The MMP‑9/TIMP‑1 ratio was only slightly
increased in RC fluid compared with RtC, and this increase
trended towards statistical significance. The obtained results
may confirm the role of MMP‑9 in the pathogenesis of this type
of cyst. Of note, the analyzed ratios were based on the inhibitor
with the highest affinity for a given enzyme. However, each of
the MMPs can also be inhibited by other tissue inhibitors, as
well as by non‑specific protease inhibitors (47,48). Therefore,
conclusions on the actual in vivo activity of MMPs should be
drawn with caution.
It is worth noting that, in several previous studies, immuno‑
histochemical analysis, ELISA or western blotting have been
used (8,9,42,44). Due to the characteristics of these methods,
it is not possible to differentiate between the forms (active,
latent or dimer) of specific matrixins. The results obtained
in the present study also provide information regarding the
activity of latent forms of MMPs, which are unable to perform
proteolysis in vivo. ELISA and western blot analysis cannot
evaluate the catalytic ability of MMPs, and do not reflect the
dynamics of processes occurring within the ECM. The use
of gelatin zymography provides additional information, as it
also analyzes the latent, inactive in vivo forms of gelatinases.
Matrixin proforms are activated by SDS as a component of
the zymographic gel. In this context, it was possible to observe
the enzymatic activity of pro‑MMP‑2 and pro‑MMP‑9, as
shown on representative zymograms. Another advantage
of zymography is also the ability to detect MMPs at low
concentrations (pg/µl) (49). However, expressing their activity
in OD units only indirectly reflects the concentration of
these enzymes. It appears that the use of gelatin zymography
more accurately reflects the dynamics of processes occurring
between the ECM and MMPs.
The findings of the present study confirmed the involve‑
ment of MMPs in the development of cystic lesions within the
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maxillofacial region. Despite the promising results, certain
issues require further study to resolve. More detailed research
on RtCs is necessary, as the current state of knowledge on
these lesions is considerably limited. Further study may
provide novel insight into the nature of MMPs, and may also
improve the accuracy of the complicated differential diagnosis
of benign, non‑odontogenic cystic lesions of the maxillary
sinuses. The juxtaposition of benign cystic lesion with patholo‑
gies characterized by a more aggressive nature may provide
further valuable conclusions. Moreover, the combination of
gelatin zymography with other methods, such as immunohis‑
tochemical assays, may allow for identification of the cellular
components of the lesions that are primarily responsible for
the expression of MMPs.
In conclusion, MMP‑9 is involved in the pathogenesis
of RC, based on the observation that it exhibited the highest
degree of activity in the fluids collected from the cyst cavity
when compared with the other studied lesions. It should
also be emphasized that the presence of this gelatinase was
confirmed in RC walls, and the proportion of expression of
MMP‑9 was highest amongst all lesions. Conversely, the
low activity of MMP‑2 in the RtC walls suggests a limited
effect of this gelatinase on the development of this type of
lesion. Thus, both gelatinases may serve a potential role in the
differential clinical diagnosis of craniofacial cysts and may
serve as supplementary elements in histopathological studies.
Furthermore, it appears that MMP‑9 may be of value as a
specific biomarker in RC etiology. However, due to the afore‑
mentioned limitations, further, more complex investigations
are required to draw definitive conclusions.
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