Rev Esp Cir Oral Maxilofac. 2024;46(3):110-118

NOLA p
T & crg,

SECOM 3
CyC i s

5 4 yzaev0?

O
C‘/&o
2,

Revista Espaiola de

Cirugia Oral y
Maxilofacial

www.revistacirugiaoralymaxilofacial.es

Original

Salivary matrix metalloproteinase-2 as a non-invasive
biomarker for oral squamous cell carcinoma: diagnostic

and prognostics

K. Hema Shree?, R. Gayathri*?, Vishnu Priya Veeraraghavan?, . Selvaraj*

and Pratibha Ramani'

Department of Oral and Maxillofacial Pathology. Saveetha Dental College and Hospitals, Saveetha Institute Medical and Technical
Science. Chennai, India. 2Department of Biochemistry. Saveetha Dental College. Chennai, India. *Department of Biochemistry. Saveetha
Dental College and Hospitals, Saveetha Institute Medical and Technical Science. Chennai, India

ARTICLE INFORMATION

ABSTRACT

Article history:

Received: 13 de diciembre de 2024
Accepted: 17 de enero de 2025

Keywords:

Oral squamous cell carcinoma,
MMP-2, saliva, non-invasive
diagnostics, biomarker, prognosis,
ELISA.

*Correspondence:

Background: Oral squamous cell carcinoma (OSCC) is a prevalent malignancy characterized by
late-stage diagnosis and high recurrence rates, underscoring the need for reliable biomark-
ers. Matrix metalloproteinase-2 (MMP-2), a zinc-dependent enzyme implicated in extracel-
lular matrix degradation, has shown potential as a biomarker for OSCC progression. Saliva,
being non-invasive and accessible, offers a promising medium for MMP-2 assessment.
Objectives: This study aimed to evaluate salivary MMP-2 levels in OSCC patients and healthy
controls to determine its diagnostic and prognostic significance.

Methods: This clinical study included 60 participants divided into three groups: healthy con-
trols (n = 20), pre-operative OSCC patients and post-operative OSCC patients (n = 40). Saliva
samples were collected, processed, and analyzed for MMP-2 levels using ELISA. Statistical
analyses, including ANOVA and post-hoc Tukey tests, were performed to compare groups.
Kaplan-Meier survival analysis was used to assess the prognostic impact of MMP-2 expression.
Results: MMP-2 levels were significantly elevated in pre-operative OSCC patients (78.69 +
2.65 ng/mL) compared to controls (36.20 + 1.83 ng/mL; p < 0.0001). Post-operative patients
exhibited reduced but still elevated levels (51.88 + 4.25 ng/mL), highlighting the partial impact
of surgical intervention. Kaplan-Meier analysis revealed poorer survival probabilities in
patients with high MMP-2 levels, emphasizing its prognostic value.

Conclusions: Salivary MMP-2 serves as a potential non-invasive biomarker for OSCC diagnosis,
disease monitoring, and prognosis. Its incorporation into clinical practice could enhance early
detection and treatment planning, improving patient outcomes.
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La metaloproteinasa-2 de matriz salival como biomarcador no
invasivo del carcinoma oral de células escamosas: diagnéstico
y pronéstico

RESUMEN

Palabras clave:

Carcinoma oral de células
escamosas, MMP-2, saliva,
diagnéstico no invasivo,

biomarcador, pronéstico, ELISA.

Antecedentes: El carcinoma oral de células escamosas (OSCC) es una neoplasia prevalente carac-
terizada por un diagnéstico tardio y altas tasas de recurrencia, lo que subraya la necesidad de
biomarcadores fiables. La metaloproteinasa de matriz-2 (MMP-2), una enzima dependiente del
zinc implicada en la degradacién de la matriz extracelular, ha demostrado su potencial como
biomarcador de la progresién del OSCC. La saliva, al ser no invasiva y accesible, ofrece un medio
prometedor para la evaluacién de la MMP-2.

Objetivos: El objetivo de este estudio es evaluar los niveles de MMP-2 en la saliva de pacientes
con OSCC y controles sanos para determinar su importancia diagnéstica y pronéstica.
Meétodos: Este estudio clinico incluyé 60 participantes divididos en tres grupos: controles sanos
(n = 20), pacientes preoperatorios de OSCC y pacientes postoperatorios de OSCC (n = 40). Se
recogieron, procesaron y analizaron muestras de saliva para determinar los niveles de MMP-2
mediante ELISA. Se realizaron analisis estadisticos, incluyendo ANOVA y pruebas post hoc de
Tukey, para comparar los grupos. Se utilizé el andlisis de supervivencia de Kaplan-Meier para
evaluar el impacto pronéstico de la expresién de MMP-2.

Resultados: Los niveles de MMP-2 fueron significativamente elevados en los pacientes preope-
ratorios de OSCC (78,69 + 2,65 ng/ml) en comparacién con los controles (36,20 + 1,83 ng/ml,
p <0,0001). Los pacientes postoperados mostraron niveles reducidos, pero atin elevados (51,88 +
4,25 ng/ml), lo que pone de manifiesto el impacto parcial de la intervencién quirtrgica. El ana-
lisis de Kaplan-Meier reveld peores probabilidades de supervivencia en pacientes con niveles
elevados de MMP-2, lo que subraya su valor prondstico.

Conclusiones: La MMP-2 salival sirve como un biomarcador potencial no invasivo para el diag-
néstico del OSCC, la monitorizacién de la enfermedad y el pronéstico. Su incorporacién a la
préctica clinica podria mejorar la deteccién precoz y la planificacién del tratamiento, mejorando
los resultados de los pacientes.

INTRODUCTION

its potential as a biomarker for cancer progression and thera-
peutic targeting*.

Oral squamous cell carcinoma (OSCC) is the most common
type of oral malignancy, accounting for over 90 % of all oral
cancers. It is one of the top ten cancers globally, with a par-
ticularly high prevalence in regions where tobacco and areca
nut use are widespread!. Despite advancements in diagnostic
and therapeutic approaches, OSCC prognosis remains dismal
due to late-stage diagnosis and high recurrence rates. There is
an urgent need for early and non-invasive diagnostic markers
to improve survival outcomes and enhance the quality of life
for patients?.

Matrix metalloproteinases (MMPs) are zinc-dependent
enzymes crucial for extracellular matrix (ECM) remodeling.
Among them, MMP-2 (gelatinase A) is especially significant
in cancer progression due to its ability to degrade type IV col-
lagen, a primary component of the basement membrane3.
Dysregulated MMP-2 activity is implicated in tumor invasion,
angiogenesis, and metastasis, making it a critical player in
the malignant behavior of cancers, including OSCC. Its over-
expression within the tumor microenvironment underscores

Saliva has emerged as a promising diagnostic medium
due to its non-invasive, cost-effective, and accessible nature®.
Recent studies suggest that saliva harbors numerous biomark-
ers, including MMP-2, which are linked to OSCC progression®.
Elevated levels of salivary MMP-2 have been associated with
enhanced tumor invasion and metastasis, highlighting its
potential utility in both diagnosis and prognosis’. By evaluat-
ing MMP-2 levels in saliva, clinicians could gain insights into
the disease state, enabling early detection and more precise
disease monitoring®.

Currently, OSCC diagnostics heavily rely on invasive meth-
ods such as biopsy and histopathological evaluation, which
are often uncomfortable for patients and limited in detecting
early lesions®. These limitations necessitate the exploration
of molecular biomarkers like MMP-2, which offer a minimally
invasive and effective alternative. However, despite its poten-
tial, the clinical utility of salivary MMP-2 requires further vali-
dation to establish its reliability and practical application in
routine diagnostics®.
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This study aims to evaluate salivary MMP-2’s potential as
a reliable biomarker for oral squamous cell carcinoma, focus-
ing on its role in predicting patient outcomes and long-term
survival. By examining its expression levels and their asso-
ciation with disease progression, the study seeks to establish
MMP-2 as a noninvasive tool to aid in early risk stratification
and personalized treatment planning.

METHODOLOGY

Study design and sample collection

This study was conducted to evaluate MMP-2 levels in
the saliva of oral squamous cell carcinoma (OSCC) patients.
Participants were categorized into three groups: Control, Pre-
operative (Pre-op), and Post-operative (Post-op). The Control
group consisted of healthy individuals with no history of OSCC
or systemic diseases. The Pre-op group included patients diag-
nosed with OSCC before undergoing any form of treatment,
while the Post-op group consisted of OSCC patients who had
undergone surgical tumor removal. Sample size estimation
for this longitudinal study was based on previous literature,
considering a medium effect size (f = 0.25), significance level
(o = 0.05), power (1 - B = 0.80), and three study groups (Pre-op,
Post-op, and Control).

A total of 60 participants were recruited for the study
and categorized into two primary groups. The Control group
included 20 healthy individuals with no history of OSCC
or systemic diseases, while the remaining 40 participants
comprised the Pre-operative (Pre-op) OSCC group. These
same patients were reassessed post-surgery to form the
Post-operative (Post-op) OSCC group. Unstimulated saliva
samples were collected from all participants both preopera-
tively and postoperatively under standardized conditions to
ensure uniformity. The collected samples were promptly pro-
cessed and stored at -80 °C to preserve their integrity until
further analysis.

Salivary MMP-2 levels were quantified using enzyme-
linked immunosorbent assay (ELISA). The assay was con-
ducted following the manufacturer’s protocol, ensuring
reliable and reproducible results. Statistical analyses were
performed using SPSS software. A one-way analysis of vari-
ance (ANOVA) was conducted to compare MMP-2 levels
across the three groups, and post-hoc Tukey tests were used
to determine specific differences between groups. Addition-
ally, Kaplan-Meier survival analysis was employed to evalu-
ate the prognostic significance of MMP-2 expression in OSCC
patients.

Saliva samples were collected from all participants under
standardized conditions to ensure consistency after obtain-
ing ethical clearance from the institutional board with a
reference number of SRB/SDC/PhD/OPATH-2102/21/TH-006.
Participants were asked to abstain from eating, drinking, or
smoking for at least one hour before collection. Unstimu-
lated saliva was allowed to pool in the mouth and was then
expectorated into sterile collection tubes. This approach
minimized variability in salivary composition due to exter-
nal factors.

Sample processing

Immediately after collection, saliva samples were placed
on ice and transported to the laboratory for processing. The
samples were centrifuged at 3000 rpm for 15 minutes at 4 °C
to remove cellular debris and other particulates. The clear
supernatant was carefully separated and aliquoted into sterile
microcentrifuge tubes to avoid contamination. These aliquots
were stored at —80 °C until analysis to preserve the stability
of MMP-2.

Quantification of MMP-2 Using ELISA

The levels of MMP-2 in saliva were measured using a com-
mercially available enzyme-linked immunosorbent assay
(ELISA) kit, following the manufacturer’s protocol. First,
the ELISA reagents, including capture antibodies, detection
antibodies, substrate solutions, and stop solutions, were pre-
pared as instructed. Saliva samples were diluted in the provid-
ed assay buffer to ensure MMP-2 concentrations were within
the dynamic detection range of the kit.

A 96-well microplate pre-coated with anti-MMP-2 capture
antibodies was used. Diluted saliva samples, standards with
known MMP-2 concentrations, and blank controls were added
in duplicate to their respective wells. The plate was incubat-
ed at room temperature for the specified duration, allowing
MMP-2 to bind to the capture antibodies. After incubation, the
plate was washed thoroughly with the provided wash buffer
to remove unbound components.

Next, a detection antibody conjugated with an enzyme
(e.g., horseradish peroxidase) was added to each well, fol-
lowed by incubation to enable specific binding to the cap-
tured MMP-2. After further washing, a substrate solution (e.g.,
tetramethylbenzidine, TMB) was added to initiate a colori-
metric enzymatic reaction. The intensity of the color, propor-
tional to the MMP-2 concentration, was stabilized by adding a
stop solution (e.g., sulfuric acid). The optical density of each
well was measured at 450 nm using a microplate reader. The
obtained absorbance values were used to calculate MMP-2
concentrations.

Data analysis

The absorbance values were interpolated onto a stan-
dard curve generated using known MMP-2 concentrations
provided with the ELISA kit. The MMP-2 levels in saliva were
calculated for each group and expressed as mean =+ stan-
dard deviation (SD). Statistical analysis was conducted using
the SPSS software version 23. One-way analysis of variance
(ANOVA) was used to compare MMP-2 levels among the three
groups, followed by post-hoc pairwise comparisons to assess
differences between specific groups. A p-value of <0.05 was
considered statistically significant, indicating meaningful dif-
ferences in MMP-2 levels between groups.

Survival analysis

Pre-operative MMP-2 expression levels were analyzed
to establish a significant cutoff for stratifying patients into
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low and high expression groups. The median value was cal-
culated and utilized as an initial reference for this stratifi-
cation, thereby providing a foundational yet reliable dataset
division. A Receiver Operating Characteristic (ROC) curve was
constructed to further refine this cutoff by incorporating clini-
cal outcomes or related variables, thereby identifying the opti-
mal threshold that maximized the balance between sensitivity
and specificity. A comprehensive review of relevant literature
was conducted, which revealed comparable cutoff values that
supported both the biological and clinical relevance of the pro-
posed threshold. Based on these findings, a cutoff was selected
that balanced simplicity, clinical applicability, and conformity
with existing research. The cutoff was validated by compar-
ing clinical outcomes, sensitivity, and specificity across the
respective groups.

Kaplan-Meier survival analysis was employed to assess the
impact of Matrix Metalloproteinase-2 (MMP-2) expression on
patient survival outcomes. Patients were stratified into two
groups based on MMP-2 expression cut off levels: low and
high. Survival probabilities were calculated from baseline
(0 months) and monitored over a defined follow-up period,
with time intervals recorded at 3, 4, 7, and 9 months. The
survival probabilities were plotted for each group, allowing
a comparative analysis of survival trends. Statistical signifi-
cance between the groups was evaluated using the log-rank
test, which determines whether observed survival differences
were due to random variation or were statistically significant.
The analysis was performed using specialized statistical soft-
ware to ensure precision and reproducibility, offering valuable
insights into the prognostic implications of MMP-2 expression
levels in cancer progression.

Ethical considerations

The study protocol was approved by the institutional ethics
committee, ensuring adherence to ethical research practic-
es. Written informed consent was obtained from all partici-
pants prior to sample collection, and patient confidentiality
was strictly maintained throughout the study. Participants were
informed of the study’s objectives, and their rights to withdraw
at any stage were respected.

Quality control

Quality control measures were implemented throughout
the experiment to ensure reliable results. All ELISA assays
were performed in duplicate to minimize variability and
ensure reproducibility. Negative and blank controls were
included in every assay to detect non-specific binding or
contamination. Internal controls were used to validate the
assay’s accuracy and consistency. Additionally, all labora-
tory personnel involved in the assay adhered to standard-
ized operating procedures to maintain high experimental
reliability.

This methodology, employing ELISA as a sensitive and
specific tool, enabled the precise quantification of MMP-2 in
saliva samples, thereby ensuring the reliability of the results
in assessing its potential as a biomarker for OSCC diagnosis
and treatment monitoring.

RESULTS

Table I descriptive data highlight distinct group character-
istic, with elevated MMP-2 levels in the pre-operative group
(mean: 75.6 ng/ml) reflecting active disease and tumor aggres-
siveness. Post-operative levels (mean: 50.5 ng/ml) indicate sur-
gical efficacy but suggest the need for adjunct therapies, while
controls showed baseline levels (mean: 36.2 ng/ml). The pre-op
group was older (mean age: 58 years) and predominantly male
(60 %), with advanced stages (Stage III/IV) and well-differen-
tiated squamous cell carcinoma (55 %). These findings under-
score the utility of MMP-2 as a biomarker for OSCC diagnosis,
monitoring, and treatment planning.

Table I. Clinical and Demographic Characteristics

of Study Groups and MMP-2 Levels.

Variable Pre-op Group Pg:;:;)p Cé):)tl:;l
Age
Mean 58 years = 46 years
Std Deviation 6 years - 4 years
Min Age 50 years - 40 years
Max Age 65 years - 50 years
Gender
Male 60 % N/A 55 %
Female 40 % N/A 45 %
Ethnicity
Asian 75 % N/A 70 %
Other 25 % N/A 30 %
MMP-2 Levels
Mean (ng/ml) 75.6 50.5 36.2
Std Deviation
(ng/ml) 22 10 4.5
Min (ng/ml) 447 36.6 33.5
Max (ng/ml) 119.3 57.8 39.9
Disease Stage
Stage I 20 % N/A N/A
Stage II 30 % N/A N/A
Stage III 25 % N/A N/A
Stage IV 25 % N/A N/A
Differentiation
Type
WDSCC 55 % N/A N/A
MDSCC 30 % N/A N/A
PDSCC 15 % N/A N/A
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The levels of MMP-2 in saliva were measured using ELISA
(Enzyme-Linked Immunosorbent Assay) in three groups: Con-
trol, Pre-operative (Pre-op), and Post-operative (Post-op). The
Control group, representing healthy individuals, exhibited sig-
nificantly lower MMP-2 levels (Mean + SD: 36.20 + 1.83 ng/ml).
These levels serve as a baseline for normal MMP-2 expression
in non-cancerous conditions. In contrast, the Pre-op group
displayed the highest MMP-2 levels (Mean + SD: 78.69 + 2.65
ng/ml), highlighting the biomarker’s association with OSCC.
Elevated MMP-2 in this group highlights its role in extracellular
matrix degradation and tumor invasion, processes critical for
OSCC progression (Table II, Figure 1).

Table II. ANOVA analysis of the study group.

In the Post-op group (Mean + SD: 51.88 + 4.25 ng/ml), MMP-2
levels showed a significant decrease compared to the Pre-op
group, indicating that the surgery had an effect on tumor-
related activity. However, these levels did not fully return to
the baseline seen in the Control group, suggesting that MMP-2
expression did not completely resolve. The remaining eleva-
tion could be due to ongoing disease activity or inflammation
after the surgery.

Statistical analysis revealed significant differences in
MMP-2 levels across the three groups (F-statistic = 7.79,
p < 0.05). Pairwise comparisons confirmed a highly sig-
nificant difference between the Control and Pre-op groups
(p =0.0001), reinforcing the role of MMP-2 as a reliable mark-
er of OSCC presence. Additionally, the significant difference
between the Post-op and Pre-op groups (p = 0.03) demon-
strates the reduction in tumor-associated activity following
surgery. While the MMP-2 levels in the Post-op group remain

s Mean + SD (ng/ml)  F-statistic  p-Value higher than in the Control group, the difference is not sta-
Control 36.20 + 1.83 tistically significant (p = 0.18). This suggests that the levels
Pre-op 78.69 + 2.65 779 <0.05 might trend toward normalization after surgery, but further
studies with larger sample sizes are needed to confirm this
Post-op 51.88 + 4.25 .
observation.
Comparison of Mean MMP-2 Levels in Saliva Across Study Groups
20
* *
78.69 + 2.65
80
70
)
H 60
o 52.45 +2.12
9
S 50
24
(]
2 40 36.20 + 1.83
-
o
Ay
S 30
=
20
10
0
Control Pre op Post-op
Groups

Figure 1. Provides a visual representation of the mean MMP-2 levels, highlighting the stark differences between the control,
pre-operative, and post-operative group.
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The post-hoc Tukey comparison (Table III) highlights signifi-
cant differences in MMP-2 levels across the study groups, with
the highest levels observed in the Pre-op group. This under-
scores MMP-2’s role as a biomarker for disease severity, with
partial reduction Post-op reflecting surgical efficacy.

A suggested cutoff value for MMP-2 expression levels, based
on the range of 44.68 to 119.31 ng/ml, is 75 ng/ml. This value
is slightly above the median of 70.25 ng/ml, which initially
stratifies the dataset into low and high expression groups, and
offers a practical midpoint within the observed distribution.
While the ROC-derived optimal cut-off (0.9174525774375621)
appears to be a normalized or transformed value, the pro-
posed cut-off of 75 ng/ml aligns with a straightforward
approach that balances simplicity and clinical applicability
(Figure 2 and Figure 3). Furthermore, values reported in the
literature for MMP-2 expression cut-offs have been observed
to fall within a similar range, supporting the biological and

decreased significantly over time, starting at 1.0 at baseline
(0 months), dropping to 0.9375 at 3 months, 0.875 at 4 months,
0.8125 at 7 months, and reaching 0.75 at 9 months (Table IV,
Figure 4). These results indicate a steady decline in survival
over time for patients with elevated MMP-2 levels. In contrast,
the low MMP-2 group showed comparatively better survival
probabilities. The steep decline in survival probabilities for
the high MMP-2 group suggests that elevated MMP-2 levels
are associated with significantly worse outcomes, highlight-
ing its potential as a prognostic marker and a candidate for
therapeutic targeting.

Table III. Post hoc Tukey comparison between the study
groups.

clinical relevance of this selection. Group 1 Group 2 Mean Difference p-Value
Matrix metalloproteinase-2 (MMP-2) plays a critical role in Control
. . . . ontro .
cancer progression, and its expression is often linked to poor SO OO o
prognosis. The Kaplan-Meier survival analysis compared sur- Control Pre-op 0.1623 0.0001
vival probabilities between patients with low and high MMP-
. . s Post-op Pre-op 0.1064 0.03
2 levels. For the high MMP-2 group, survival probabilities
Box Plot: Distribution of MMP-2 Levels Line Chart: MMP-2 Trends Across Groups
I 80|
B L]
70
—_ %]
70 +
g 260
: 60| _ 0
) [}
||
50 2 50|
=1
1 =
40| 40
30 Control Pre-op Post-op
Control Pre-op Post-op Groups
Scatter Plot: Individual MMP-2 Variability
Groups
Control
Pre-op
80 X Post-op
70
@
14
g
~ 60
a
: |
=
50 §
%
40
Control Pre-op Post-op

Figure 2. Survival analysis using Kaplan Meier.
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Figure 3. ROC curve for cut-off analysis.

Figure 4. Kaplan Meier for survival analysis.

Table IV. Survival probability analysis.

Time (months) Survival Probability
0 0.0 1.0
1 3.0 0.9375
2 4.0 0.875
3 7.0 0.8125
4 9.0 0.75
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DISCUSSION

Matrix Metalloproteinase-2 (MMP-2) has been investigated as
a potential biomarker in understanding the pathogenesis, diag-
nosis, and prognosis of oral squamous cell carcinoma (OSCC)*.
This study demonstrated a significant variation in salivary MMP-
2 levels across three groups (Control, Pre-operative, and Post-
operative), underscoring its diagnostic and prognostic relevance.

The significant elevation of MMP-2 in the Pre-operative
group compared to the Control group highlights its robust
association with OSCC progression. Elevated MMP-2 is known
to degrade extracellular matrix components, facilitating
tumor invasion, angiogenesis, and metastasis. This finding is
consistent with earlier reports by Monea et al. (2022), who
demonstrated that high salivary MMP-2 levels correlate with
increased tumor invasiveness and poor clinical outcomes in
OSCC patients®*. Furthermore, the post-operative reduction
in MMP-2 levels signifies the effectiveness of surgical interven-
tion in curbing tumor-associated molecular activity. However,
the incomplete normalization of MMP-2 levels aligns with
studies by Patel BP et al. (2018), suggesting the persistence
of residual disease activity or inflammation post-surgery®.
This residual elevation underscores the necessity of adjunct
therapies such as radiotherapy or targeted molecular treat-
ments to achieve comprehensive tumor eradication.

Notably, these levels differ from previously reported base-
line values for healthy individuals, such as the approximately
2 ng/ml reported by Dalirsani et al. (2019)%. This discrepancy
could arise from differences in study methodologies, popula-
tion demographics, or assay sensitivity and specificity. Dalir-
sani et al. observed no significant differences in MMP-2 levels
between OSCC patients and healthy controls in head and neck
squamous cell carcinoma (HNSCC), suggesting MMP-2 may
not always be a definitive biomarker across all populations or
settings®*. However, our study focuses specifically on OSCC, a
distinct subset of HNSCC. It uses a standardized saliva sam-
pling protocol under controlled conditions, which may contrib-
ute to higher MMP-2 levels in both patient and control groups.

The elevated MMP-2 levels in the Pre-op group align with
its known role in extracellular matrix degradation and tumor
invasion. The significant reduction in the Post-op group
(p = 0.03) underscores the potential impact of surgical inter-
vention on tumor-associated activity. However, the inability of
Post-op levels to return fully to baseline might reflect persis-
tent subclinical disease activity or postsurgical inflammation.

The Kaplan-Meier survival analysis further supports the
prognostic value of MMP-2 in OSCC. Patients with high sali-
vary MMP-2 levels exhibited a steady decline in survival prob-
abilities, with significant drops noted at 3 months (93.75 %)
and 9 months (75 %). These findings align with data reported
by Patel BP et al. (2005), who observed that increased MMP-2
expression was associated with poor survival due to enhanced
tumor aggressiveness and metastatic potential’. Conversely,
patients with low MMP-2 levels demonstrated comparatively
better survival probabilities, underscoring its potential as a
prognostic indicator. The survival trends highlight the impor-
tance of incorporating MMP-2 level assessments into routine
OSCC management to stratify patients into risk categories and
tailor treatment approaches accordingly®.

Clinically, the use of ELISA for quantifying salivary MMP-2
offers a non-invasive, sensitive, and specific method for OSCC
diagnosis and monitoring. The precise quantification provided by
ELISA allows for early detection and tracking of treatment effica-
cy'®. These findings are consistent with recent literature empha-
sizing the role of salivary biomarkers in enhancing diagnostic
accuracy and reducing reliance on invasive tissue biopsies®.

Additionally, the partial reduction of MMP-2 in the post-oper-
ative group underscores the need for multi-modal therapeutic
strategies. Adjunct therapies targeting MMP-2 activity, such
as MMP inhibitors, have shown promise in preclinical studies
for reducing tumor progression and improving survival out-
comes?. Moreover, long-term follow-up and periodic monitor-
ing of MMP-2 levels could aid in early detection of recurrence,
ensuring timely interventions?. Integrating MMP-2 measure-
ments into routine care could enhance OSCC management by
aiding early detection and monitoring of treatment outcomes.

Furthermore, the findings of this study emphasize the
emerging role of salivary biomarkers like MMP-2 in advancing
personalized medicine for OSCC. The non-invasive nature of
saliva collection, combined with the high sensitivity of ELISA,
makes it an ideal approach for regular patient monitoring?.
Recent advancements in salivary diagnostics, such as multiplex
assays and point-of-care devices, can further enhance the util-
ity of MMP-2 assessment in clinical settings?*?4. Incorporating
MMP-2 as part of a salivary biomarker panel, alongside other
markers like IL-6 and VEGF, could provide a more comprehen-
sive understanding of tumor biology and improve the predic-
tive accuracy for treatment response and survival outcomes?%.
By leveraging these tools, clinicians can better stratify patients,
optimize treatment protocols, and ultimately improve the
quality of life and survival rates for OSCC patients. The limita-
tions of this study, including the reduced sample size, limited
controls, and lack of detailed information on the evolution of
the cases, may affect the generalizability and prognostic infer-
ence of the findings. A larger sample size, more comprehensive
control group data, and detailed follow-up information would
strengthen the conclusions and provide a clearer understand-
ing of the disease progression and treatment outcomes.

Future scope

Salivary MMP-2 has significant potential to enhance the
early diagnosis, treatment monitoring, and prognosis of OSCC.
Integrating this biomarker into clinical workflows could enable
non-invasive detection, guide personalized therapeutic strate-
gies, and improve monitoring of disease progression and recur-
rence. Advancements in diagnostic technologies and multi-bio-
marker panels may further optimize its utility, while research
into MMP-2-targeted therapies could reduce tumor aggressive-
ness and recurrence. These efforts collectively aim to improve
survival outcomes and quality of life for OSCC patients.

CONCLUSION

This study highlights the potential of salivary MMP-2
as a biomarker for oral squamous cell carcinoma (OSCC).
The observed elevation of MMP-2 levels in the pre-operative
group highlights its involvement in tumor progression, while
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the reduction in levels following surgery reflects the effect
of the intervention, albeit without a return to baseline. These
results indicate a possible role for MMP-2 in the detection and
monitoring of OSCC. However, given the study’s limitations,
including sample size and scope, further research in larger,
more diverse populations is necessary to confirm its diagnostic
and prognostic value and establish its clinical utility.
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