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Abstract

This study aims to investigate the diagnostic and prognostic relevance of MMP-2 and MMP-9 as biomarkers for breast
cancer, as well as their association with clinicopathological factors. Breast cancer is a leading contributor to cancer-
related deaths among women worldwide. The discovery of biomarkers is crucial for early diagnosis, outcome prediction,
and effective treatment. Matrix metalloproteinases (MMPs) play a significant role in various physiological and pathological
activities, including development, tissue repair, inflammation, cancer spread, and metastasis. While the prognostic
significance of MMP-2 and MMP-9 levels in breast cancer has been studied, the findings remain inconclusive. Participants
were divided into three groups, with each group consisting of 62 individuals: Group | comprised healthy controls, Group
Il consisted of newly diagnosed breast cancer patients (stage I-lll), and Group Il included patients with metastatic breast
cancer. Levels of MMP-2 and MMP-9 were evaluated in these groups using the ELISA method. An evident increase in
MMP-2 and MMP-9 levels was noted when comparing the control group with both the breast cancer and metastatic
groups. Furthermore, a notable correlation was identified between serum MMP-9 levels and the pathological diagnosis
of breast cancer (P<<0.001) as well as tumor size (P<<0.01). MMP-2 and MMP-9 have emerged as promising biomarkers
for breast cancer, with MMP-9 specifically associated with disease prognosis. Continued investigation into the anti-tumor
mechanisms of MMPs may yield significant advancements in the development of targeted therapeutic strategies for the
management of breast cancer.
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Introduction

Breast cancer is the most common cancer world-
wide, with a rising incidence in recent years. In
2020, there were over 2.3 million new cases and
685,000 deaths attributed to breast -cancer.
Incidence rates differ by region, with certain Asian
and African nations reporting less than 40 cases per
100,000 women.! In Egypt, breast cancer accounts
for over 32% of cancer cases in women, with pro-
jections indicating a further increase by 2050.
Additionally, breast cancer contributes to 29.1% of
cancer-related deaths in the country.?

Despite progress in treatment and the introduc-
tion of screening initiatives for early detection,
breast cancer continues to be a significant factor in
female mortality. Ongoing endeavors are focused
on discovering biomarkers that can improve the
diagnosis and prognosis of breast cancer.* The
advancement of cancer and its invasive nature,
which are primary reasons for treatment chal-
lenges, are associated with a sequence of molecu-
lar alterations in cancer cells.’

Matrix Metalloproteinases (MMPs) are a group
of enzymes essential for breaking down the extra-
cellular matrix (ECM), which affects tissue restruc-
turing. Among these enzymes, MMP-9 is
significant for breaking down ECM proteins such
as collagen, which influences tissue organization
and affects the invasion, movement, and advance-
ment of cancer cells.®’ The activity of MMP-9 is
controlled by different biochemical substances,
and its presence in breast cancer has been exam-
ined concerning patient prognosis.®’

MMP-2, a member of the gelatinase subgroup, is
another important matrix metalloproteinase to con-
sider. It has the ability to break down type IV col-
lagen found in the basement membrane. The
activities of both MMP-2 and MMP-9 play a role in
promoting cancer metastasis and angiogenesis by
breaking down the extracellular matrix and activat-
ing pro-angiogenic factors. This association with
unfavorable prognosis has been documented. '

Prior research on MMP-2 and MMP-9 in breast
cancer shows divergent findings, with certain stud-
ies indicating a link between increased expression
and unfavorable outcomes, while others do not
observe such a connection.!! In light of these
inconsistencies, the objective of this study is to
evaluate the diagnostic and prognostic significance
of MMP-2 and MMP-9 in Egyptian breast cancer

patients, investigating their relationship with clin-
icopathological characteristics.

Subjects and methods
Characteristics of subjects

The study was conducted at the Baheya Foundation
for Early Detection and Treatment of Breast Cancer
in Giza, Egypt, and included 186 adult women
recruited between March 2022 and December
2022. Participants were categorized into three
groups: Group I (62 healthy women as controls),
Group II (62 women with non-metastatic breast
cancer), and Group III (62 women with metastatic
breast cancer), with all groups carefully matched
by age to ensure comparability. Ethical approval
was granted by the Ethical Committee of the
Baheya Research Center (IRB202204260015, 16,
19, 20), and the study adhered to the ethical princi-
ples outlined in the Declaration of Helsinki.
Informed written consent was obtained from all
participants prior to enrollment.

Breast cancer patients (metastatic or non-meta-
static) included in the study were newly diagnosed
and their diagnosis was based on physical examina-
tions, radiological evaluations, and histopathologi-
cal analysis, with the exclusion of any individuals
with a prior history of chemotherapy or radiother-
apy, as well as those with other malignancies.
Collected socio-demographic data included age,
menopausal status, number of children, breastfeed-
ing history, marital status, hormonal contraception
use, and family history of breast cancer. Tumor
characteristics, such as size, histological grade,
subtypes, and TNM stage, were evaluated follow-
ing biopsy, based on the American Joint Committee
on Cancer Classification. Hormone receptor (estro-
gen/progesterone) and HER2 statuses were deter-
mined via immunohistochemical analysis. Healthy
controls were matched for demographic factors and
excluded if they had any history of breast disease.

Measurement of serum MMP-2 and MMP-9

Weused Sandwich Enzyme-Linked Immunosorbent
Assay (ELISA) kits (SG10407 & SG10412, respec-
tively; Sino Gene Clone Biotech Co., Ltd.) to
measure human MMP-2 and MMP-9 serum levels
as per the manufacturer’s instructions. Absorbance
at 450 nm was determined with an automatic
microplate spectrophotometer (Multiskan FC
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Microplate Photometer, Thermo Fisher Scientific).
The average absorbance of the reference standards
was used to generate a standard curve, and the cor-
responding concentration was calculated for each
sample based on this curve.

Statistical analysis

Statistical analysis was conducted utilizing the
SPSS software (version 20). The sample size for
this study was calculated using Epi Info software,'?
based on the comparison of mean serum MMP-2
levels between the breast cancer group and the
healthy control group. The mean serum MMP-2
level in the breast cancer group was estimated at
806.50, while in the healthy control group, it was
771.17, with a pooled standard deviation 0f 59.94.13
To detect a statistically significant difference at a
significance level of 0.05 and with 80% power, 45
participants per group are required. Additionally,
this sample size is sufficient to detect a significant
difference in serum MMP-9 levels, with a mean of
371.83 £47.10 in the breast cancer group and
272.50 * 41.56 in the healthy control group.'® This
ensures that the study has adequate power to iden-
tify meaningful differences in both MMP-2 and
MMP-9 levels between the groups.

Quantitative data estimates were presented as
mean and standard deviation, while median and
range were utilized when appropriate. Qualitative
data was displayed in terms of frequency and per-
centage. The Mann-Whitney test was employed to
compare non-normally distributed quantitative data
between two independent groups, whereas the
Kruskal-Wallis test was used for comparisons involv-
ing more than two groups. The Chi-square test was
utilized to assess the association between qualitative
variables, with Fisher’s exact test applied for 2 X2
qualitative variables when more than 25% of cells
had an expected count below 5. Correlation analysis
was performed to determine the strength of associa-
tion between numerical variables. Receiver Operator
Characteristic (ROC) analysis was used to establish
cut-off levels, and sensitivity, specificity, and predic-
tive values were calculated. A P-value of less than
0.05 was regarded as statistically significant.

Results

Patient’s characteristics

The research involved 186 women aged between
22 and 83 years. The prevalence of hypertension,

diabetes, and the use of hormonal contraception
was notably higher in the groups of breast cancer
patients compared to the healthy control group
(P<0.001, P=0.02, P=0.005, respectively).
There were no significant differences in clinico-
pathological data between the metastatic and non-
metastatic groups, except for a higher incidence of
regional lymph node involvement in metastatic
breast cancer (see Supplemental Table 1).

Levels of MMP-2 and MMP-9 in serum

The levels of both MMP-2 and MMP-9 were higher
in the serum of both non-metastatic and metastatic
breast cancer patients compared to that of healthy
controls (P <<0.001). Further analysis indicated
significant variances in the concentrations of
MMP-2 and MMP-9 between the healthy control
group and each of the non-metastatic breast cancer
group (P1=0.001) and the metastatic breast can-
cer group (P2=<0.001). Nevertheless, there was no
notable distinction between non-metastatic breast
cancer patients and metastatic breast cancer
patients (Tables 1 and 2).

ROC curve analysis

In the current study, the analysis using ROC
curves demonstrated that both MMP-9 and
MMP-2 can serve as significant parameters for
distinguishing between healthy females and those
with non-metastatic breast cancer. The area under
the curve for MMP-9 was found to be 0.935, and
for MMP-2, it was 0.988. Using a cut-off value of
259.0ng/mL, MMP-9 exhibited a sensitivity of
92.7% and a specificity of 87.1%, while MMP-2
at cut-off value 2.28 ng/mL, showed a sensitivity
0196.4% and a specificity of 91.1% (Figure 1(a)).
Moreover, the AUC values for predicting meta-
static breast cancer were 0.913 for MMP-9 and
0.99 for MMP-2, with a sensitivity of 90.2% and
a specificity of 80.6% at a cut-off point of
229.0ng/mL for MMP-9. Conversely, MMP-2
achieved a sensitivity of 95.1% and a specificity
0f 90.3% at a cut-off point of 2.25 ng/mL (Figure
1(b)). Additionally, both serum levels of MMP-9
and MMP-2 demonstrated limited predictive
value in distinguishing between patients with
metastatic and non-metastatic breast cancer, as
indicated by the AUC values of 0.588 (95% ClI,
0.484-0.691) and 0.506 (95% CI, 0.400-0.613),
respectively (Figure 1(c)).
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Table |I. Patients’ general characteristics and clinicopathological features of the disease.

Studied variable Healthy controls Malignant group Metastatic group P-value

N=62 N=62 N=62

No (%) No (%) No (%)
Age
Mean + SD 53.9+10.25 5437+ 128 55.74+11.33 0.65
Median 53.00 54.0 55.00
Min—-max 22-77 28-81 31-83
Hypertension 7 (11.3) 23 (37.1) 27 (43.5) <0.001
Diabetes 6 (9.7) 16 (25.8) 18 (29.0) 0.02
BMI 0.37
Mean = SD 31.26 = 6.14 32.88+5.97 31.93+6.86
Median 30.0 33.50 32.00
Min—max 22-51 22-55 2-45
Family history
Positive 21 (33.9) 14 (22.6) 15 (22.4) 0.20
Menopausal status
Pre 21 (33.9) 27 (43.5) 28 (45.2) 0.8
Post 41 (66.1) 35 (56.5) 33 (53.2)
Usage of hormonal contraception 13 (21.0) 25 (40.3) 30 (48.4) 0.005
Table 2. Comparison of MMP-2 and MMP-9 concentrations among the study groups.
Variable Healthy controls Non metastatic group Metastatic group P-value Post hoc test

N=62 N=62 N=62

MMP-2
Mean + SD 1.75+1.35 3.61 =079 3.60+0.71 <0.001 Pl =0.001
Median 1.750 3.6l 3.61 P2=0.001
Min—max 1.08-2.69 1.93—4.95 1.99-5.39 P3=09I
MMP-9
Mean = SD 185.77 = 66.72 347.71 =77315 322.32+69.79 <0.001 Pl =0.001
Median 157.50 339.00 331.0 P2=0.001
Min—max 109.0-380.00 166.0-549.0 192.0-478.00 P3=0.10

Concentration was expressed in ng/ml. Pl =comparison between healthy controls & non-metastatic groups. P2=comparison between healthy con-
trols & metastatic groups. P3 =comparison between non-metastatic & metastatic group.

Association of MMP-9 and MMP-2 expression
with clinicopathological characteristics

Analysis of MMP-2 and MMP-9 levels in relation
to clinicopathological factors of breast cancer
patients indicated a notable correlation between
serum MMP-9 and both the pathological diagnosis
of breast cancer (P<<0.001) and tumor size
(P<<0.01) (Table 3).

Discussion

Breast cancer comprises a varied range of tumors
characterized by different morphological and
molecular subtypes, which makes predicting dis-
ease progression and patient outcomes challeng-
ing. Discovering novel biomarkers is essential for

customizing the most effective treatments for each
patient. Recent research has investigated liquid
biopsy and circulating proteins, obtainable from
serum or plasma, as biomarkers for cost-effective,
minimally invasive risk evaluation, early detec-
tion, prognosis, treatment modifications, and
monitoring disease advancement.'* Several exper-
imental studies have shown the role of MMPs in
the inception, progression, staging, and grading of
tumors. '3

This research focused on examining the pres-
ence of human MMP-2 and MMP-9 in the blood
samples of individuals with breast cancer, as blood
is a readily obtainable bodily fluid. The enzyme-
linked immunosorbent assay (ELISA) technique
was employed to quantify the levels of total
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Figure |. Receiver operating characteristic curves for prediction capacity of MMP-2 and MMP-9: (a) non-metastatic versus healthy
controls, (b) metastatic versus healthy controls, (c) non-metastatic versus metastatic.

MMP: matrix metalloproteinase; AUC: area under curve.

MMP-2 and MMP-9. Our findings demonstrate
markedly higher levels of circulating MMP-9 and
MMP-2 in all breast cancer patients when com-
pared to the healthy control group (P <<0.001).
This aligns with prior research indicating raised
levels of MMP-2 and MMP-9 in the bloodstr
eam, 131620

In analogous research conducted among Egyptian
individuals, notably higher levels of mRNA and
protein expression of MMP-2 and MMP-9 were
observed in cancerous breast tissue in comparison to
healthy tissue. Additionally, a notable reduction in
average plasma levels of MMP-2 and MMP-9 was
observed after the removal of breast carcinoma,
indicating their potential as indicators for successful
tumor eradication.?!

These findings are in alignment with the
expected increase in biomarker levels attributed
to their specific involvement in tissue remodeling
associated with cancer. MMP-2 (gelatinase-A)
and MMP-9 (Gelatinase-B) play a role in colla-
gen restructuring by breaking down the extracel-
lular matrix (ECM), which includes elastin,
fibronectin, and vitronectin. They also influence
functions beyond the ECM, such as activating
pro-TNF-a and transforming growth factor-beta
(TGF-B). These gelatinases are predicted to be
elevated because of their unique contribution to

cancer-related tissue remodeling, affecting pro-
cesses like tumor cell proliferation, migration,
invasion, and metastasis.??

Metastatic processes often involve the activa-
tion of a program that transforms tumor epithelial-
mesenchymal cells (EMT), which is triggered by
cytokines and factors released by various cells
within the tumor microenvironment. Concurrently,
there is a breakdown of the extracellular matrix
(ECM) due to the production of matrix metallopro-
teinases (MMPs). This research did not find any
significant differences in serum levels of both
MMP-2 and MMP-9 between the group of malig-
nant breast cancer (BC) patients and those with
metastatic BC (P=0.91 and P=0.1, respectively).
Similarly, another study indicated no notable vari-
ance in the mRNA levels of MMP-2 and MMP-9
genes between BC tissues with or without axillary
lymph node metastasis. Nevertheless, the serum
levels of MMP-9 were notably higher in Ml
patients compared to MO patients, aligning with
findings from other studies.!'®1%-20:23

In terms of the relationship between serum
MMP-2 and MMP-9 levels with clinicopathologi-
cal variables and standard prognostic factors, no
significant correlation was found between MMP-2
serum levels and any clinicopathological charac-
teristics. Previous research has demonstrated
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Table 3. Association of serum MMP-2 and MMP-9 and clinicopathological features of the study groups.

Studied variable MMP-2 P-value MMP-9 P-value
Mean = SD Mean = SD

Pathological diagnosis

IDC 3.56 = 0.69 0.15 327.35+68.18 <0.001

ILC 3.48+0.80 256.37 =47.74

others 4,11 £0.47 388.83 +39.82

T stage

Tl 3.70+0.96 0.61 363.11 =95.52 0.58

T2 3.75+0.82 329.74 = 59.33

T3 401 =0.69 341.22 +88.49

T4 3.55+0.8I 357.33+94.83

Grad

| 4.00 =0.37 0.11 323.50 = 129.78 0.82

2 3.54+0.72 325.55 +66.35

3 4,07 =0.52 305.75 =80.47

ER

Negative 4,11 £0.44 0.14 391.66 = 66.19 0.09

Positive 3.58+0.71 320.71 £ 69.68

PR

Negative 4.00 +0.42 0.19 357.00 =87.91 0.34

Positive 3.57*=0.71 321.87 £69.70

HER2

Negative 3.60+0.72 1.0 321.8271.67 0.22

Positive 3.63+0.52 350.60 = 57.57

LN

Negative 3.54 +0.85 0.65 351.90 =90.90 031

Positive 3.62+0.72 330.48 = 69.99

Tumor size r=-0.03 0.8l r=-0.3 0.0l

Site of metastasis

Bone 3.65+0.72 0.406 332.02+71.8 0.406

Lung 3.68 = 0.693 316.28 £ 65.78

Liver 3.68 =0.766 322.8 +55.75

LNs 3.6820.601 329.76 +76.30

Brain 3.88+0.382 287 =98.99

r=correlation coefficient.

conflicting associations with clinicopathological
parameters such as patient age, tumor grade, tumor
receptor status, and disease stage in breast cancer
patients. Some studies have indicated elevated
serum MMP-2 levels in patients with advanced
tumor stages, while others have shown decreased
MMP-2 levels in patients with unfavorable prog-
nostic factors.!62425:26 Conversely, there is ongoing
debate regarding whether MMP-2 positivity is
associated with poorer overall survival in breast
cancer patients.?’

Building on the results, there was a notable
connection between serum MMP-9 levels and
both the histological type of the tumor (P=0.001)
and its size (P=0.01). Corresponding to these
results, previous research has identified higher

immunohistochemical scores for MMP-9 in
larger tumors, indicating its link to an aggressive
breast cancer phenotype, invasion, progression,
and poor prognosis.?® Furthermore, the activity
of pro-MMP-9 in clinical stages I, II, III, and IV
displayed a significant positive correlation with
tumor size.”’ Nevertheless, some studies have
not found a significant association between the
intensity of MMP-9 immunostaining and tumor
size. 3

Furthermore, elevated mRNA levels of MMP-9
have been identified and specifically linked to
Invasive Ductal Carcinoma (IDC) in breast can-
cer.’! Research involving 113 individuals with
non-palpable breast abnormalities revealed nota-
bly higher MMP-9 levels in women with invasive
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ductal carcinoma, indicating its potential as a bio-
marker.*? Additional studies have explored the
MMP-9 expression in IDC patients, showing dif-
fering levels of association with lymph node metas-
tasis or tumor size.’® This discrepancy could be
attributed to variations in experimental techniques
and sample sizes.

The debate regarding the link between metallo-
proteinase expression in blood or tissue and clini-
cal results in different malignant tumors, such as
breast cancer, is intricately tied to the regulation of
MMPs. This includes factors like mRNA expres-
sion, the conversion of the pro-enzyme form into
an active state, and the opposing effects of endog-
enous tissue inhibitors of metalloproteinases
(TIMPs). Initially, MMPs are synthesized as zymo-
gens (inactive Pro form) and are activated through
various molecular processes. As a result, the levels
of active MMP-9 in stromal cells and tumor cells
can vary, leading to differences in clinical
outcomes.**

Genetic diversity plays a role in determining
MMP expression levels, impacting the susceptibil-
ity of individuals to cancer. Research has explored
the relationship between MMP-9 and MMP-2
genetic variations and the risk of breast cancer in
different populations, yielding contradictory find-
ings.3**5%0 Moreover, discrepancies may stem
from variations in methodologies and sampling
procedures prior to the quantitative assessment of
the specific biomarkers.

Moreover, research has indicated that introduc-
ing the MMP-9 gene into existing breast cancer
tumor cells can lead to tumor shrinkage by enhanc-
ing neutrophil infiltration and activating tumor-
associated macrophages (TAM), demonstrating the
potential antitumor properties of MMP-9.#! The
antitumor effects of MMPs offer a solid foundation
for targeted therapy in clinical settings and hold
promise for advancing clinical treatment and prog-
nostic outcomes in the future.'*

Limitation

A key limitation of the study is the use of a case-
control design instead of a prospective cohort
approach to assess the prognostic impact of the
biomarkers. While this design allows for efficient
comparisons between metastatic and non-meta-
static groups, it does not facilitate longitudinal
follow-up, limiting our ability to establish causal

relationships and evaluate how biomarker levels
may influence progression to metastasis over time.
Despite this limitation, our findings provide valu-
able preliminary insights that should be explored
further in prospective studies to confirm their prog-
nostic significance.

Conclusion

Elevated levels of MMP-9 and MMP-2 in the
bloodstream of breast cancer (BC) patients indi-
cate their involvement in the remodeling of cancer-
associated tissues. The increased presence of
MMP-9 in the serum of BC patients is linked to the
type of cancer and the size of the tumor, impacting
patient survival. This highlights MMP-9 as a
potentially valuable prognostic indicator for
advanced-stage BC in Egyptian individuals.

Recommendation

Nevertheless, additional extensive studies are
required to validate these results. Furthermore, the
simultaneous assessment of MMP-9 in both serum
and tissue may offer a more effective indication of
cancer aggressiveness compared to serum levels
alone.
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