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Metastatic breast cancer is a serious health problem with a high mortality rate. Matrix
metalloproteinase-9 (MMP-9) gene polymorphisms (rs17576) and Vascular Endothelial Growth
Factor (VEGF) expressions enhance the process of angiogenesis and the risk of metastatic breast
cancer. However, there is still a lack of studies on this topic. Therefore, the purpose of the study
was to evaluate the association between MMP-9 gene polymorphism and VEGF levels with the
risk of metastasis in breast cancer patients. This is a cross-sectional study involving breast
cancer patients in Bali. The Polymerase Chain Reaction and DNA sequencing techniques are
used to analyze the MMP-9 gene polymorphisms (rs17576), while the ELISA method is used to
measure the VEGF levels. The data was then analyzed using SPSS ver.26. This study involved
64 breast cancer patients. The median (IQR) of the VEGF level is 85.17 (57.82 — 124.73) pg/mL. It
was found as much as 42.2% of the patients experienced MMP-9 gene polymorphism. Receiver
operating curve (ROC) analysis found the optimum cut-off of VEGF level is 98.11 pg/mL with
a sensitivity of 66.7% and specificity of 81.4% (p=0.007). This study found that breast cancer
patients with high VEGF levels ( 98.11 pg/mL) (p=0.001; AOR: 8.93; 95%CI: 2.41 — 33.08) have
a higher risk of metastasis. In conclusion, breast cancer patients with high VEGF levels have
a higher risk of developing metastasis.

Keywords: Breast cancer; MMP-9 gene; Metastasis; Polymorphism; VEGE.

Breast cancer is the most common
cancer in women worldwide and has become a
global problem in both developed and developing
countries. In Indonesia, breast cancer ranks first in
women and is generally diagnosed at an advanced
stage with an increasing incidence of more than 5%
per year.'? Factors that affect the clinical outcome

of breast cancer are known such as; age, tumor size,
clinical stage, metastatic status, histopathological
stage, genetic information, and the role of
angiogenesis factors. Research and methods of
treatment and care have been carried out but
the mortality rate of breast cancer remains high,
this is mainly due to the process of breast cancer
metastasis has not been pursued continuously.*
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Progression and metastasis in cancer
are influenced by angiogenesis factors. In normal
cells, physiologically angiogenesis plays a role
in the synthesis of new capillary blood vessels
which are the basis for the process of reproduction,
development, and tissue repair by carrying oxygen
and nutrients and cleaning injured tissue.*” This
occurs because of the balance between pro and
antiangiogenic factors, which involve several cells
and cytokines.** In pathological conditions such
as cancer, angiogenesis is a major requirement for
cancer growth, invasion, and metastasis.> Cancer
cells can also secrete acidic or basic fibroblast
growth factors (bFGF, aFGF) which increase
endothelial cell proliferation and the formation
of new capillaries. MMPs can also be produced
by tumor cells, endothelial cells, or stromal
cells (fibroblasts and inflammatory cells). Blood
vessel proliferation is required for the growth
and metastasis of cancer cells and hematologic
malignancies.*®

Analysis of angiogenesis ability plays a
role in determining the prognosis and management
of cancer patients.>**!° Research on breast cancer
has shown that angiogenesis correlates with
prognosis. The number of blood vessels in the
specimen correlates with the tumor stage and can
predict prognosis independently. Cancer cells
can release several substances as proangiogenic
factors such as Vascular Endothelial Growth Factor
(VEGF), endothelin, Fibroblast Growth Factor
(FGF), Transforming Growth Factor-4 (TGF-4),
or other substances as antiangiogenic factors such
as endostatin, angiostatin, thrombospondin-1,
Tissue Inhibitor of Metalloproteins (TIMPs).*!
Vascular Endothelial Growth Factor is an active
homodimeric protein, a member of platelet-
derived growth factor (PDGF). VEGF is a Vascular
Permeability Factor (VPF) and a specific mitogen
for endothelial cells because the tyrosine kinase
receptors, namely Kinase Domain Receptor
(KDR or VEGFR-2), are exclusively expressed in
endothelial cells."

VEGF stimulation plays a role in
angiogenesis. Angiogenesis and neovascularization
play an important role in tumor progression and
metastasis.”*> VEGF expression has been detected
in various types of cancer and proves it has a very
important role in tumor biology and carcinogenesis
processes, especially related to cancer growth
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and invasion.>* Examination of VEGF in cancer
tissue by immunohistochemistry or immunoassay
methods shows a significant correlation with
MVD. The discovery of various angiogenesis
markers secreted into the circulation or other
body fluids is important because the measurement
is more objective, faster, and does not require
invasive procedures. Angiogenesis factors such as
VEGF can be measured through blood, urine, or
cerebrospinal fluid in cancer patients.’

Several studies have been conducted to
evaluate VEGF levels with diagnosis, growth,
metastasis, recurrence, survival, and prognosis in
breast cancer, but there is still disagreement in the
results. Several studies have shown an increase in
VEGEF levels along with the stage and prognostic
factors. VEGF levels in stage IV breast cancer
patients increase significantly when compared
to stage I, II, and III breast cancer. VEGF levels
increase along with increasing tumor size and
breast cancer stage. VEGF levels can be used as
a prognostic marker to determine recurrence and
metastasis of breast cancer, but do not play much
role in the early stages of the disease so they do not
play arole in disease screening.'? Studies that have
been conducted have shown that serum VEGF-C
levels are not related to axillary lymph node
metastasis and clinicopathological factors. Serum
VEGF-C levels increase significantly in early-stage
breast cancer.>'? In Indonesia, research on the
relationship between VEGF levels and metastasis
involving genes is still very limited, therefore,
researchers want to conduct this study in breast
cancer and involve genes related to the process of
angiogenesis and breast cancer metastasis such as
the MMP-9 gene.

MATERIALS AND METHODS

Study design

This study was a cross-sectional study.
Sampling was carried out at Prof IGNG Ngoerah
Hospital, Denpasar, while the analysis of MMP-9
gene polymorphism (rs17576) and VEGF level was
carried out at the Biochemistry Laboratory, Faculty
of Medicine, Udayana University.
Sample and Population

This study included female breast cancer
patients who were treated at Prof IGNG Ngoerah
Hospital, Denpasar, and underwent surgery or
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biopsy in 2018. The inclusion criteria in this study
are age 35-65 years are willing to be a sample by
signing the informed consent. The samples were
selected by consecutive sampling. Meanwhile, the
exclusion criteria in this study are patients with
comorbidities of diabetes mellitus, stroke, and
infarction.
Variables and Measurement

The data regarding age, stage, tumor
size, nodal status, and metastasis status were
collected through medical records. The patient
blood sample was collected as much as 7 mL.
Three milliliters of blood were then centrifuged
at 3000 rpm for 5 minutes to separate the serum
and cell components of the samples. The ELISA
techniques were used to measure VEGF levels
using serum samples that were previously
described. The rest 4 mL of blood then underwent
DNA isolation followed by Polymerase Chain
Reaction (PCR) using MMP-9 gene (rs17576)
primer F: 5>-ATGGGTCAAAGAACAGGA-3’
and R: 5>-GGTAGACAGGGTGGAGG-3’. The
process then continued to sequencing to analyze
the MMP-9 gene polymorphisms (rs17576).
Data Analysis

The data were analyzed using SPSS
ver.26. The descriptive analysis was used to
determine age and other clinicopathological factors.
Receiver operating curve (ROC) analysis was used
to determine the best cut-off value for VEGF
levels. Bivariate analysis using chi-square test
and multivariate analysis using logistic regression
were used to analyze the differences between
VEGEF levels and MMP-9 gene polymorphism with
metastasis status of breast cancer patients. P value
<0.05 was declared significant.

RESULTS

This study included 64 patients, with a
median (IQR) age of 46 (42-51) years. Based on
tumor size, patients with T4b (53.1%) had the
highest proportion, followed by T4c (15.6%), and
T4a (14.1%). Based on the status of tumor spread to
the lymph nodes (N), the highest proportion was N1
(48.4%), followed by N2 (21.9%), and NO (18.8%).
A total of 67.2% of patients were found to have no
metastasis, while the rest (32.8%) had metastasis.
Based on stage, patients with advanced stage (stage
IV) had the highest proportion compared to patients
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with stage II (10.9%) and stage I1I (4.3%) (Table
1).

The results of the ROC test of the VEGF
level variable against metastasis status can be seen
in Figure 1. From the ROC test, it was found that
with a cut-off value of 98.11 pg/mL, a sensitivity of
66.7%, a specificity of 81.4%, with an area under
the curve (AUC) value of 0.708 (p: 0.007; 95%CI:
0.55 - 0.86) (Table 2).

Based on metastasis status, it was found
that 66.7% of patients with high VEGF levels
experienced metastasis, more than patients with
low VEGEF levels (33.3%). Meanwhile, patients
without metastasis were dominated by patients
with low VEGF levels (81.4%). These results were
statistically significantly different (p<0.001; OR:
3.81; 95%CI: 1.81 - 8.05). Similar results were
also found in the MMP-9 polymorphism variable,
where patients with metastasis were dominated
by patients with positive polymorphism (61.9%),

Table 1. Baseline characteristics of the samples

Variables N=64
Age, (years) median (IQR) 46 (42 -51)
T, n (%)

T2 6 (9.4%)
T3 4 (6.3%)
T4a 9 (14.1%)
T4b 34 (53.1%)
T4c 10 (15.6%)
T4d 1 (1.6%)
N

NO 12 (18.8%)
N1 31 (48.4%)
N2 14 (21.9%)
N3 7 (10.9%)
M

MO 43 (67.2%)
Ml 21 (32.8%)
Stage

I 7 (10.9%)
I 3 (4.3%)
v 54 (84.4)
MMP-9 polymorphism

Positive 27 (42.2%)
Negative 37 (57.8%)

VEGF level, (pg/mL) 85.17 (57.82— 124.73)

VEGF: vascular endothelial growth factor; MMP-9:
matrix metalloproteinase 9
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while non-metastatic patients were more patients
without MMP-9 polymorphism (67.4%). These
results were statistically significantly different (p:
0.026; OR: 2.22; 95%CI: 1.07 - 4.61) (Table 3).
No statistically significant differences
were observed in the distribution of age, tumor
size, nodal status, or cancer stage between the two
groups. Although patients aged e”60 years were
only found in the second group (11.6%), this did
not reach statistical significance (p =0.163; OR =
1.55; 95% CI: 1.28-1.87). The majority of tumors
in both groups were categorized as T4 (Group 1:
85.7%; Group 2: 83.7%), with a non-significant
association (p = 1.000; OR = 1.16; 95% CI:
0.26-5.05). Nodal status (e”N1 vs NO) was also
comparable between groups (p=0.736; OR =1.58;
95% CI: 0.38-6.61), with most patients presenting
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with nodal involvement. Advanced-stage cancer
was predominant in both groups (Group 1: 95.2%;
Group 2: 79.1%); however, the difference was not
statistically significant (p =0.146; OR =5.29; 95%
CI: 0.62—44.93). (Table 3).

In the multivariate logistic regression
analysis, high VEGF levels (¢798.11 pg/mL)
were found to be significantly associated with the
outcome of interest, with an adjusted odds ratio
(aOR) of 8.93 (95% CI: 2.41-33.08; p = 0.001),
indicating that patients with elevated VEGF levels
had nearly nine times higher odds compared to
those with lower levels. Although the presence
of MMP-9 polymorphism showed a trend toward
significance (aOR = 3.45; 95% CI: 0.93-12.70; p
= 0.062), this association did not reach statistical
significance. Similarly, the advanced cancer stage

Table 2. ROC analysis of VEGF level

Cut-off value Sensitivity Specificity AUC p-value 95%CI
98.11 66.7% 81.4% 0.708 0.007 0.55-0.86
AUC: area under the curve; CI: confidence interval
ROC Curve
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Fig. 1. ROC curve of VEGEF levels based on metastasis status
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was not significantly associated with the outcome
(aOR = 5.37; 95% CI: 0.47-60.47; p = 0.173).
Interestingly, age €60 years was not a significant
predictor (p = 0.999) and displayed an anomalously
low odds ratio (<0.01; 95% CI: 0.13-0.35), likely
due to model instability or data sparsity for that
subgroup (Table 4).

Cancer metastasis in general and breast
cancer, in particular, is very frightening, especially
for patients, because it is the main cause of
increased morbidity and risk of death in breast
cancer. Feelings of worry may also be felt by
doctors who treat patients because metastatic breast
cancer requires more complex treatment than if the
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cancer is detected at an early stage and with a low
cure rate. The discovery of early-stage cancer is a
very important factor both in terms of treatment
including prevention of metastasis and the cost of
treatment. The cure rate is also higher if cancer is
found at an early stage compared to if cancer is
diagnosed as metastatic, which has a cure rate of
around 30%.'*!

Breast cancer is influenced by many
factors, one of which is hereditary (genetic) factors.
MMP-9 gene promoter polymorphism is one of the
genetic factors that plays a role in the occurrence
of cancer metastasis. Several studies have reported
a relationship between cancer metastasis and

Table 3. Bivariate analysis of VEGF level and MMP-9 polymorphism with metastasis status

Variables Metastasis Status p-value OR 95%Cl
Metastasis Non-Metastasis

VEGF level

High (>98.11 pg/mL) 14 (66.7%) 8 (18.6%) <0.001* 3.81 1.81-8.05

Low (<98.11 pg/mL) 7 (33.3%) 35 (81.4%)

MMP-9 polymorphism

Positive 13 (61.9%) 14 (32.6%) 0.026%* 2.22 1.07 - 4.61

Negative 8 (38.1%) 29 (67.4%)

Age

>60 years old 0 (0%) 5 (11.6%) 0.163 1.55 1.28 -1.87

<60 years old 21 (100%) 38 (88.4%)

Tumor size

T4 18 (857%) 36 (83.7%) 1.000 1.16 0.26-5.05

T2-T3 3 (14.3%) 7 (16.3%)

Nodal status

N1 18 (85.7%) 34 (79.1%) 0.736 1.58 0.38-6.61

NO 3 (14.3%) 9 (20.9%)

Stage

Advanced stage 20 (95.2%) 34 (79.1%) 0.146 5.29 0.62 —44.93

Early stage 1 (4.8%) 9 (20.9%)

VEGF: vascular endothelial growth factor; MMP-9: matrix metalloproteinase 9; OR: odd risk; CI: confidence interval; *:

statistically significant

Table 4. Multivariate analysis of VEGF level and MMP-9 polymorphism with metastasis status

Variables B p-value  Adjusted OR 95%CI

High VEGEF level (>98.11 pg/mL) 2.18 0.001* 8.93 2.41-33.08
MMP-9 polymorphism positive 1.23 0.062 3.45 0.93-12.70
Advanced stage 1.68 0.173 5.37 0.47 —60.47
Age 60 years old -20.07 0.999 <0.01 0.13-0.35

VEGE: vascular endothelial growth factor; MMP-9: matrix metalloproteinase 9; OR: odd risk; CI:

confidence interval; *: statistically significant
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polymorphisms in the MMP-9 gene promoter, but
some studies report no significant relationship. This
difference is due to genetic variation because the
studies analyzed were of different ethnicities. The
high levels of VEGF in cases compared to controls
prove that there is an increase in MMP-9 enzyme
activity in cases, thus facilitating the formation or
process of angiogenesis which will later facilitate
breast cancer metastasis. The results of this analysis
indicate a genetic role that influences the increase
in VEGF levels.'2!%16

The results of the characteristic analysis
of the samples analyzed in this study reflect that
the median (IQR) age in this study is 46 (42-51)
years old. This reflects that the age between 41-55
years is very risky for breast cancer. The risk of
breast cancer increases in proportion to age. This
is thought to be related to hormonal status, namely
the length of exposure to estrogen and progesterone
hormones that affect breast tissue proliferation and
exposure to other risks that require a long time to
induce cancer.'” This incident is closely related
to late diagnosis caused by many factors such
as patient ignorance about how to detect cancer
early and the lack of health infrastructure for early
detection screening of breast cancer.'s:"

This study found that patients with T4b
(53.1%), N1 (48.4%), and MO (67.2%) were the
highest proportion among others. This study also
found that most of the patients (84.4%) came in
the advanced stage (stage IV). This reflects that
the awareness of patients in carrying out early
detection is still lacking, in addition to the lack
of knowledge about the risks of breast cancer if
detected at an advanced stage is also still lacking.
The lack of knowledge about metastatic cancer may
be caused by a lack of counseling, understanding,
and education in the community or a lack of
infrastructure for early detection of breast cancer,
especially in rural communities.?**!

As is known, tests for early detection are
still centered in urban areas so most people are less
aware of early detection or other screening tests.
This is also due to limited funds and perhaps time
because they have to go to the city.”? Seeing this
reality, the government, both at the central and
regional levels through the Health Service, must
prioritize this handling through counseling and
screening tests in the community. Another cause
is that people know about the dangers of cancer if
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found at an advanced stage, but are still lazy to do
early detection. Early detection of breast cancer
can be done using mammography or other tests
such as Ultrasonography (USG). Prevention of
the metastasis process is the main goal of breast
cancer management. Early detection is important,
in addition to being able to find cancer in its early
stages, it is also very important to ensure that
patients get the right therapy.*

Detection of metastasis can now be done
with chest X-ray, bone scan, Ultrasonography
(USG), Magnetic Resonance Imaging (MRI),
and Computed Tomography Scan (CT-Scan).?
However, until now, most of these examination
techniques require expensive costs, and special
skills and are only available in certain health
service centers, so it is necessary to develop new
biomarkers with easy-to-do examinations, for
example with non-invasive and easily accessible
blood tests to complement existing screening
t0018.21'22’24

This study found patients with metastasis
have a higher proportion (66.7%) of high VEGF
levels. These findings indicate that samples with
metastasis cause enzyme activity to increase
or become more active which can activate the
angiogenesis process which is indicated by
increased VEGEF levels in cases. High VEGF levels
facilitate the angiogenesis process so that they can
increase and/or be a risk factor for metastasis.” %’
This study also found that patient with MMP-9
gene polymorphism has higher risk of metastasis
compared to non-polymorphism patients. The
results of this analysis prove that the MMP-9 gene
plays a major role in the process of breast cancer
metastasis.?®

The results of this study further strengthen
the relationship between the MMP-9 gene
and VEGF to increase metastasis in cancer,
especially breast cancer, because the presence
of polymorphisms in the MMP-9 gene and also
followed by high VEGF levels further increases
the risk of cancer metastasis. The significant
difference between MMP-9 levels in cases
compared to controls indicates that polymorphisms
in the MMP-9 gene cause the MMP-9 gene to be
more expressive and MMP-9 enzyme activity to
increase. Increased enzyme activity will affect the
degradation of elastin and proteoglycan proteins
so that it can increase the concentration of MMP-
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9 in these individuals. MMP-9 as gelatinase B
or collagenase type IV, has a special role in the
basement membrane, in the form of the ability to
degrade collagen.'>

MMP-9 also called matrixins is a Zn-
dependent endopeptidase and is a major protease
against the degradation of extracellular matrix
(ECM) and degrades almost all components of the
ECM and is an important stage for tumor growth,
invasion, and metastasis.!> Invasion of the ECM
is an active process consisting of several stages
until the invasion and metastasis process.” MMP-9
and MMP-2 are collagenases that can break down
type IV collagen in the epithelium and basement
membrane of blood vessels. These MMPs play a
role in angiogenesis, growth, and motility of tumor
cells. All MMPs have an active site containing
Zn2+ and based on their structure and ability to
degrade type IV collagen."

MMP-9 is a key proteolytic enzyme that
remodels the extracellular matrix (ECM) and
plays an indirect role in promoting angiogenesis
through the modulation of vascular endothelial
growth factor (VEGF) activity. The MMP-9
gene polymorphisms can alter its expression and
enzymatic activity, affecting the bioavailability of
VEGF. MMP-9 acts by cleaving ECM components,
which releases sequestered VEGF that stimulates
angiogenic signaling in various tissues.*

Elevated levels of MMP-9 due to such
polymorphisms have significant implications
in tumor angiogenesis and other pathological
neovascularization processes. For instance, in
gastric carcinoma, patients with high MMP-9
mRNA and increased VEGF protein expression
exhibit more aggressive tumor angiogenesis
and poorer prognoses.’® Additionally, studies
indicate that MMP-9-mediated cleavage of ECM
components not only releases VEGF but also
facilitates the migration of endothelial cells and
the formation of new blood vessels.*! In cancerous
tissues, hypoxia can further upregulate both
MMP-9 and VEGF, creating a microenvironment
conducive to an “angiogenic switch” critical for
tumor growth and metastasis.*

In addition to its direct enzymatic role,
MMP-9 polymorphisms have been implicated
in gene-gene interactions that can influence the
overall angiogenic phenotype. Interactions among
polymorphisms in MMP-9, VEGF, and endothelial
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nitric oxide synthase (eNOS) have been observed
in the context of childhood obesity, suggesting the
genetic background can modulate angiogenesis
through complex regulatory networks.** These
interactions highlight the multifaceted role of
MMP-9 polymorphism not only as an independent
variable affecting VEGF levels but also within
broader genetic networks governing vascular
remodeling in both physiological and pathological
contexts.*

However, this study has several limitations
such as limited sample size, only using cross-
sectional design, and limited to single-center
sampling. Also, since we only have limited time
and resources, we cannot take samples through
different stages of the patients. Future research
addressing these limitations can help further
validate the role of VEGF and MMP-9 gene
polymorphisms in breast cancer metastasis and
improve prognostic and therapeutic strategies.

CONCLUSION

In conclusion, this study demonstrates that
high VEGF levels significantly increase the risk of
metastasis in breast cancer patients. While MMP-
9 gene polymorphism was also associated with
metastasis, only VEGF levels remained statistically
significant in multivariate analysis. These findings
suggest a synergistic role of angiogenic markers
and genetic predisposition in breast cancer
progression. The results underscore the potential
utility of VEGF as a non-invasive biomarker for
metastasis risk stratification. Further research with
larger, multi-center cohorts is recommended to
validate these associations and explore targeted
interventions.
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