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ABSTRACT

Background

Matrix metalloproteinase-9 (MMP-9) is a protease that plays an important role in various biological
processes of breast cancer. This marker may be useful in determining the prognosis and become a
promising therapy, especially in breast carcinoma with an aggressive subtype including HER2 enriched and
triple negative. Both subtypes have high MMP-9 expression, but it is necessary to differentiate them
because they have different biological and molecular aspects. This study aims to compare the density of
MMP-9 between triple negative and HER2 enriched breast carcinoma subtypes and their relationship with
clinicopathological characteristics.

Methods

This is a cross sectional study using 32 samples of paraffin blocks and slides of breast carcinoma patients
with triple negative and HER2 Enriched subtypes at the Department of Anatomical Pathology Faculty of
Medicine Sriwijaya University/Dr. Mohammad Hoesin Hospital Palembang for the period January 1, 2016
to December 31, 2019. Each sample was stained with MMP-9 antibodies immunohistochemistry
(polyclonal, Abcam). Comparative analysis of MMP-9 density between the two subtypes was carried out
using the median value based on the Mann-Whitney analysis. MMP-9 density was categorized as high and
low based on the ROC curve and analyzed by using chi-square test to assess its association with
clinicopathological characteristics.

Results

Mann-Whitney test showed that the MMP-9 density was higher in the HER2 enriched subtype (median
12.0) than triple negative (median 8.8) with a p value of 0.632. The relationship distribution of high MMP-9
density was found in the category of age group >40 years old (60.0%), positive lymphovascular invasion
(86.7%) and histological grade Ill (80.0%) with p values of 0.798, 0.402 and 0.691.

Conclusion
MMP-9 density in HER2 enriched subtype was higher than triple negative subtype, but statistically not
significant.

Keywords: MMP-9 expression density, HER2 enriched breast carcinoma, triple negative
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INTRODUCTION

Breast cancer is the most common
malignancy in women in the world and is the fifth
leading cause of death from cancer in women in
the world. Based on data from the 2020 Global
Burden of Cancer Study (GLOBOCAN), the
incidence of breast cancer in women is 11.7% of
all cancer cases.! The Incidence of breast cancer
varies by age for each country.! Several studies
have shown that young women are more suffer
from breast cancer with HER2 enriched and triple
negative molecular subtypes which have a poor
prognosis and cause of death at <40 years old.?

The importance of tumor micro-
environment, one of which is the extracellular
matrix, is widely known. The extracellular matrix is
a complex and highly dynamic molecular network,
and serves to provide biochemical signals in the
process of development, invasion and metastasis
of breast cancer.®* Changes in breast cancer
extracellular matrix are not only limited to the
composition of the extracellular matrix, but also
the remodeling enzymes, one of which is the
matrix metalloproteinase (MMP) enzyme.3

Matrix Metalloproteinase-9 (MMP-9) is
one of the most frequently studied MMPs and is a
protease enzyme that plays an important role in
extracellular matrix remodeling by degrading the
extracellular matrix, which increased breast tumor
growth, invasion, metastasis, angiogenesis, and
proliferation. MMP-9 expression can be performed
by using MMP-9 antibody immunohistochemistry
which stained positively in the cell cytoplasm. In
another study, MMP-9 expression was carried out
semi-quantitatively on tumor cells and stromal
cells for each subtype of breast carcinoma
because they have different levels of MMP-9
expression.>’

MMP-9 expression has the potential to be
a useful biomarker in determining prognosis and
has become a promising therapy, especially in
breast carcinoma with aggressive subtypes
including HER2 enriched and triple negative. In
addition, both  subtypes have different
aggressiveness, metastatic tendency in certain
organs and different molecular aspects, so the
expression of MMP-9 will be different.58°
Therefore, we are interested in comparing the
MMP-9 density between triple negative and HER-
2 enriched breast carcinoma subtypes at the
Department of Anatomical Pathology Faculty of
Medicine Sriwijaya University/Dr. Mohammad
Hoesin Hospital Palembang and also analyze the
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relationship of MMP-9 density with its
clinicopathological characteristics.

METHODS

This study was an analytical observational
study with a cross-sectional design in cases of
triple negative and HER2 enriched breast
carcinoma subtype which had been diagnosed
histopathologically and immunohistochemically at
the Department of Anatomical Pathology Faculty
of Medicine Sriwijaya University/Dr. Mohammad
Hoesin Hospital Palembang for the period 1
January 2016 to 31 December 2019.

This study used 32 samples of
hematoxylin eosin archive slides and paraffin
block/formalin fixed paraffin embedded (FFPE)
breast carcinoma patients which had been stained
with immunohistochemical markers ER, PR,
HER2 and Ki-67. The study sample was taken
retrospectively from a population with total
sampling technique that met the criteria for
exclusion and inclusion. Breast carcinoma with
HER2 enriched subtype is characterized by
expression of negative ER, negative PR and
positive HER2. The triple negative subtype is
characterized by ER, PR and HER2 negative
expression.

Immunohistochemistry on this study is by
using the MMP-9 polyclonal antibody (ab38898,
Abcam), was carried out to detect the active form
of the MMP-9 enzyme. The positive criteria is
characterized by brown staining (weak-strong
intensity) in the cytoplasm of tumor cells as well as
the cells in the tumor microenvironment (Figures 1
and 2). In this study, the intensity of the staining
was negligible in determining the positivity of
MMP-9. This is because the cold ischemia time
may vary for each specimen sent and the age of
stored paraffin block varies.1%-*2 Positive control in
this study is by using colorectal carcinoma
specimens.

The interpretation was carried out by one
person, the researcher (dr. Eka Putra Pratama),
initially with a weak magnification (10 times) to
select 5 focus of high density cells that were
positive with MMP-9. Then, each of the focus was
examined with a strong magnification (40 times),
photographed using a DP 21 camera with
Olympus brand BX51 binocular light microscope
and calculated the number of positive cells using
Image J, summed and divided by 5 to determine
the average of each sample. The average of all
samples was analyzed according to the ROC
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curve to determine the cut-off point values and
categorized into high and low MMP-9 density.
Bivariate analysis was performed to see
the difference and comparison of MMP-9 density
between triple negative and HER2 enriched breast
carcinoma using the Mann-Whitney U test. This
analysis was also used to see a relationship
between MMP-9 density and clinicopathological
characteristics such as age, lymphovascular
invasion and histopathological grading by using
Chi-Square on qualitative data of MMP-9 density
that had been categorized based on the ROC
curve. The p value is considered significant if p<
0.05 with a confidence interval of 95%. Data
analysis using the Statistical Program for Social
Sciences (SPSS) tool version 26.0. This research
has received proper ethical approval at the Dr.
Mohammad Hoesin  Hospital Palembang,

according to seven standards of WHO 2011 with
ethic number 70/kepkrsmh/2022.

Figure 1. High MMP-9 density. A) High MMP-9 density
with strong intensity in HER2 enriched subtype
(magnification 40 times). B) High MMP-9 density with
low to moderate intensity in triple negative subtype
(magnification 40 times).
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Figure 2. Low MMP-9 density. A) Low MMP-9 density in
triple negative subtype (magnification 40 times). B) Low
MMP-9 density in HER2 enriched subtype
(magnification 40 times).

RESULTS
Clinicopathologic Characteristics in Breast
Carcinoma Subtypes

Descriptive analysis of clinicopathological
characteristics is shown in Table 1. The total
sample consists of 32 samples with 25 samples of
triple negative subtype and 7 samples of HER2
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enriched subtype. The most common age group in
this study was >40 years old consists of 21
samples (65.6%), with the youngest age 26 years
old and the oldest age 74 years old. Positive
lymphovascular invasion was found in 25 samples
(78.1%). The most common histopathological
grading is grade lll, which is 24 samples (75.0%)
and grade Il 8 samples (25.0%). In this study,
there were no samples with grade I.

The value of the ROC curve cut off point
for MMP-9 density in this study was 11.1 (Figure
3). Based on this cut off point, MMP-9 density was
low if <11.1 and it was high if >11.1 (Figures 1 and
2). The distribution of MMP-9 density can be seen
in Table 2.

Table 1. Clinicopathological characteristics distribution
in breast carcinoma. Highest triple negative and HER2
enriched breast carcinoma subtype distribution is in age
group >40 years old (65.6%), positive lymphovascular
invasion (78.1%) and histopathological grade Il
(75.0%).

Molecular subtypes

Clinicopathological Triple HER2 Total
characteristics negative enriched
n (%) n (%) n (%)
Age
<40 years old 9 (36.0) 2 (28.6) 11 (34.4)
>40 years old 16 (64.0) 5(71.4) 21 (65.6)
Lymphovascular invasion
Positive 20 (80.0) 5 (71.4) 25 (78.1)
Negative 5 (20.0) 2 (28.6) 7 (21.9)

Histopathological grade
| 0(0.0) 0 (0.0) 0 (0.0)
I 4 (16.0) 4(57.1) 8 (25.0)
1] 21 (84.0) 3 (42.9) 24 (75.0)

ROC Curve Chart Title

Figure 3. Matrix metalloproteinase (MMP-9) cut-off point
based on ROC curve analysis. A) AUC 0.560 (IK95%
0.278 — 0.842). B) cut-off point value was 11,1 with
specificity of 56.0% (red line) dan sensitivity of 57.1%
(blue line).
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Table 2 Matrix metalloproteinase (MMP-9) density
distribution. HER2 enriched breast carcinoma had high
MMP-9 density for about 57.1% and triple negative
breast carcinoma had high MMP-9 density for about
44.4%.

Molecular subtypes

MMP-9 Triple HER2 Total
density negative enriched
n (%) n (%) n (%)
High 11 (44.0) 4(57.1) 15 (46.9)
Low 14 (56.0) 3(42.9) 17 (53.1)

Table 2 showing high MMP-9 density in 15
samples (46.9%) and low MMP-9 density in 17
samples (53.1%). Highest MMP-9 density is in
HER2 enriched breast carcinoma subtype for
about 57.1% and triple negative molecular
subtype for about 42.9%.

Comparison between MMP-9 density in triple
negative and HER2 enriched subtype

Shapiro-Wilk normality test showing
abnormal distribution for MMP-9 density in both
subtypes. Therefore, Mann-Whitney test was used
to analyze the comparison between MMP-9
density in triple negative and HER2 enriched
subtype. (Table 3).

Table 3. Comparison between MMP-9 density in triple
negative and HER2 enriched breast carcinoma subtype.
HER2 enriched breast carcinoma subtype had higher
MMP-9 density (median 12.0) than triple negative
subtype (median 8.8).

MMP-9 density N
Molecular subtype Median Minimum  Maximum P
Triple negative 8.800 0.0 125.2 0.632
Her2 enriched 12.000 0.0 105.0 ’
Total 9.500 0.0 125.2

*Mann-Whitney test, significant if p< 0.05.
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Mann-Whitney test analysis showing
MMP-9 density was higher in HER2 enriched than
in triple negative breast carcinoma molecular
subtypes, but the result was not statistically
significant with p value of 0.632.

Relationship between MMP-9 density and
clinicopathological characteristics

Chi-square test was used to analyze the
association between MMP-9 density and age
(Table 4). Table 4 showing that there is no
association between MMP-9 density and age
(p=0,798). The age group with a high MMP-9
density was more common in the age group >40
years old (60.0%) than in the age group <40%
(50.0%).

Most of the samples with high MMP-9
density had lymphovascular invasion, which was
86.7%. Whereas 13.3% did not have
lymphovascular invasion. The results of the
analysis showed that there was no significant
relationship between MMP-9 density and
lymphovascular invasion (p=0.402).

The majority of samples with high MMP-9
density were found in histopathological grade llI
(80.0%) than grade Il (20.0%). However, there
was no significant relationship between MMP-9
density and breast carcinoma histopathological
grade. In this study, there were no grade | breast
carcinoma samples.

Table 4. Association between MMP-9 density and clinicopathological characteristics in breast carcinoma.

MMP-9 density Total
Clinicopathological characteristics High Low ota *n
n % n % n %
Age
<40 years old 6 40.0 5 29.4 11 34.4 0.798
>40 years old 9 60.0 12 70.6 21 65.6
Lymphovascular invasion
Positive 13 86.7 12 70.6 25 78.1 0.402
Negative 2 13.3 5 294 7 219
Histopathological grade
Grade | 0 0.0 0 0.0 0 0.0 0.691
Grade Il 3 20.0 5 29.4 8 25.0 :
Grade Il 12 80.0 12 70.6 24 75.0

*Chi-Square test, significant if p< 0.05

DISCUSSION

Several previous studies have shown that
breast cancer with HER2 enriched and triple
negative subtypes is more common in the age
group <40 years old.>'* However, in this study the
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most common age group was >40 years old,
which is not in accordance with the previous
study.? This may be caused by the large number
of breast cancer patients who come for treatment
at old age, as well as the existence of an unhealthy
lifestyle due to lack of physical activity, consuming
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excess fatty foods, lack of consumption of fruits
and vegetables, which have an impact on high
levels of obesity which play a role as a risk factor
for triple negative breast carcinoma.>'’ Excess
body mass index (BMI) can lead to the production
of pro-inflammatory factors in the form of a
metabolically activated phenotype consisting of
genotoxic carcinogens and toxic metabolites
caused but the accumulation of saturated fat,
which are released by insulin resistance
adipocytes. The metabolic pro-inflammatory
factors are associated with BRCA1 and BRCA2
gene mutations which are often found in triple
negative breast carcinoma.’

Triple negative and HER?2 enriched breast
carcinoma subtype in this study generally had
positive lymphovascular invasion and was in
accordance with the previous studies. This
variable is a significant poor predictor if breast
cancer patients and is associated with increased
lymph node metastases, distant metastases,
increased mortality and decreased response to
therapy.181°

In this study, most breast carcinoma with
triple negative subtypes have histopathological
grade Illl. In contrast to the HER2 enriched
molecular subtypes which generally have
histopathological grade 1l. These findings are
consistent with several other studies which show
that breast carcinoma with triple negative and
HER2 positive molecular subtypes mostly has a
high histopathological grading.?®?! Mutations of
p53, deregulation of Rb and integrin,
overexpression of EGFR and decreased
expression of PTEN, have important roles in
increasing the histopathological grade of breast
carcinoma, which is associated with poor
prognosis and increases the aggressiveness of
breast carcinoma.??

Comparison between MMP9 density in triple
negative and HER2 enriched breast carcinoma
subtype

The results of the analysis showed that
the HER2 enriched subtype had a higher MMP-9
density than the triple negative subtype. This is
consistent with a study conducted by Yousef et al
which showed that the highest MMP-9 expression
was found in the HER2 enriched molecular
subtype compared to other molecular subtypes,
although this was not statistically significant. This
is because HER2 enriched and triple negative
both have high MMP-9 density.®
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Tumor cells and tumor microenvironment
cells can secrete local inflammatory cytokines,
such as interleukin-1 (IL-1) and tumor necrosis
alpha (TNF-a) by causing activation of NF-kB, a
transcription factor protein that increases MMP-9
production.®2® Triple negative breast carcinoma
subtype can also increase TGF-B cytokine
secretion which is associated which various pro
tumorigenic products and affecting MMP-9
expression through interaction with the MMP-9
promoter. In addition, TGF-f secretion in ftriple
negative breast carcinoma can also be caused by
MMP-9 expression in the surrounding tumor
microenvironment cells, one of which s
fibroblast.?*

Decreasing the amount of TIMP-1 may be
a factor in increasing MMP-9 activation in HER2
enriched breast carcinoma, but its relationship
with the triple negative breast carcinoma is
unknown.?® Active MMP-9 can be neutralized by
protease inhibitors such as TIMP-1.8

c-ErbB-2 ligand which played a role in
HER2 enriched molecular breast carcinoma
subtype can increase MMP-9 expression through
the JAK3/ERK pathway and this ligand was not
found in triple negative breast carcinoma
subtype.?® SK-BR-3 is a breast cancer cell lineage
that overexpresses ErbB-2 and associated with
HER2 enriched breast carcinoma subtype.?” Cho
et al stated that SK-BR-3 cells could significantly
increase MMP-9 expression.?®

Matrix metalloproteinase-9 (MMP-9) is a
gelatinase-B and secreted as an active zymogen.
This gelatinase is tightly regulated by several
mechanisms, one of which is the transcription
factor activator protein 2 (AP-2). This AP-2 protein
can be expressed by breast carcinoma cells as
well as tumor microenvironment cells.?® Increased
transcription of HER2 protein can occur due to
activation of the HER2 promoter by transcription
factors, including AP-2.2° So it can be concluded
that increasing AP-2 expression can increase
MMP-9 expression in breast carcinoma with the
HER?2 enriched subtype.

Increased expression of MMP-9 in triple
negative breast carcinoma can be caused by
increased expression of ADAM9 mRNA which
interacts with integrin p1 in regulating MMP-9
synthesis. ADAM9 is an enzyme that can work by
binding to integrin receptors to activate PI3K/Akt
in NF-kB signal transduction, which is a protein
transcription factor that increases MMP-9
production.®®3* Zhou et al stated that ADAM9
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expression was increased in triple negative breast
carcinoma subtype and could be an important
target in therapeutic, but no studies stated that
ADAMS9 could be found in other breast carcinoma
subtypes.®°

Tumor microenvironment can also
influence MMP-9 expression, including CD8+ T
lymphocytes, CD4+ cells, B cells, macrophages
and fibroblasts. However, in cases of aggressive
breast carcinoma subtypes, usually MMP-9 is
often secreted by intrastromal cells, namely
fibroblast. Intrastromal fibroblast cells can produce
cytokines in the form of TNF-a and TGF- which
will bind to their receptors, the TNF-a receptors |
and Il, that can affect MMP-9 expression through
activation of MAPK and SMAD signaling
pathways. TNF-a also regulates CDKN1A/p21
expression which plays an important role in
increasing MMP-9 expression.32:33

Relationship between MMP-9 density and
clinicopathological characteristics

Increasing age can increase MMP-9
activity which is influenced by TGF-B.**
Accumulation of senescent cells is a sign of aging
effects and the initiation of carcinogenesis. These
cells can cause accumulation of free radicals, OH
and/or HO: in cells, resulting in oxidative stress
and disruption of DNA repair. Transforming growth
factor- B (TGF-B) is a superfamily of cytokines that
control cellular function and contribute to cell
proliferation,  migration, differentiation and
apoptosis in various cell types. Recent reports
show that both DNA damage and accumulation of
free radicals can increase TGF-f expression.® In
addition, excessive oxidative stress and DNA
damage can also stimulate the release of pro-
inflammatory cytokines such as NF-kB and IL-1,
which are known to increase MMP-9 expression
by inducing AP-1.3837 This is consistent with the
results, where the age group >40 years old had a
higher density of MMP-9, when compared to the
age group <40 years old, although it was not
statistically significant.

The MMP-9 enzyme has the ability to
degrade collagen, including collagen type IV,
which plays an important role in basement
membrane degradation, increasing migration,
invasion and metastasis.3® MMP-9 is also known
to increase angiogenesis around tumor cells
through the production of VEGF and increase the
migration of endothelial cells which also produce
VEGF, so that tumor cells can easily migrate into
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the blood vessels that form around them and can
degrade the basement membrane of blood
vessels.® This is consistent with the results that
high MMP-9 expression in tumor cells is
associated with increased lymphovascular
invasion, although it was not statistically

significant.
Previous studies have shown that there
was a significant  difference  between

histopathological grade and MMP-9 expression,
where the study also showed that high MMP-9
expression was more often found in
histopathological grade I11.4° This is consistent
with the results, where a high MMP-9 density has
a histopathological grade 11l of 80%, although it is
not statistically significant. The mechanism of
MMP-9 in increasing the aggressiveness of breast
carcinoma occurs through the activation of TGF-3
which increases cell growth and development, as
well as cell invasion.®

CONCLUSION

MMP-9 density in HER2 enriched was
higher than in triple negative breast carcinoma
molecular  subtypes, but statistically not
significant. High MMP-9 density distribution
belongs to the following categories: age group >40
years old, positive lymphovascular invasion and
histopathological grade lll.

REFERENCES

1. Saika K, MacHii R. Age-specific breast
cancer incidence rate in the world. Jpn J Clin
Oncol. 2020;50(12):1481-2.

2. Alabdulkareem H, Pinchinat T, Khan S,
Landers A, Christos P, Simmons R, et al. The
impact of molecular subtype on breast cancer
recurrence in young women treated with
contemporary adjuvant therapy. Breast J.
2018;24(2):148-53.

3. Insua-Rodriguez J, Oskarsson T. The
extracellular matrix in breast cancer. Adv
Drug Deliv Rev. 2016;97:41-55.

4. Foster DS, Jones RE, Ransom RC, Longaker
MT, Norton JA. The evolving relationship of
wound healing and tumor stroma. JCI insight.
2018;3(18):€99911-28.

5.  Huang H. Matrix Metalloproteinase-9 (MMP-
9) as a cancer biomarker and MMP-9
biosensors: recent advances. Sensors
(Basel). 2018;18(10):3249-68.

6. Yousef EM, Tahir MR, St-Pierre Y, Gaboury
LA. MMP-9 expression varies according to

Maj Patol Indones 2023; 32(2): 648-655
DOI: 10.5586/mpi.v32i2.623



ORIGINAL ARTICLE

Comparison of MMP-9 Density Between Triple Negative and HER2
Fka Putra Pratama et al

10.

11.

12.

13.

14.

15.

16.

17.

654

molecular subtypes of breast cancer. BMC
Cancer. 2014;14(1):609-21.

Jiang H, Li H. Prognostic values of tumoral
MMP2 and MMP9 overexpression in breast
cancer: a systematic review and meta-
analysis. BMC Cancer. 2021;21(1):1-13.
Robertson C. The extracellular matrix in
breast cancer predicts prognosis through
composition, splicing, and crosslinking. Exp
Cell Res 2016;343(1):73-81.

Henke E, Nandigama R, Ergin S.
Extracellular ~ Matrix in  the  Tumor
Microenvironment and Its Impact on Cancer
Therapy. Front Mol Biosci 2020;6:160-84.
Mathieson W, Mommaerts K, Trouet JM,
Mathay C, Guan P, Carithers LJ, et al. Cold
Ischemia Score: An mRNA assay for the
detection of extended cold ischemia in
formalin-fixed, paraffin-embedded tissue. J
Histochem Cytochem 2019;67(3):159-68.
Neumeister VM, Anagnostou V, Siddiqui S,
England AM, Zarrella ER, Vassilakopoulou
M, et al. Quantitative assessment of effect of
preanalytic cold ischemic time on protein
expression in breast cancer tissues. J Natl
Cancer Inst 2012;104(23):1815-24.

Combs SE, Han G, Mani N, Beruti S,
Nerenberg M, Rimm DL. Loss of antigenicity
with tissue age in breast cancer. Lab Investig
2016;96(3):264-9.

Blows FM, Ali HR, Dawson SJ, Le Quesne J,
Provenzano E, Caldas C, et al. Decline in
antigenicity of tumor markers by storage time
using pathology sections cut from tissue
microarrays. Appl Immunohistochem Mol
Morphol 2016;24(3):221-6.

Cai S, ZuoW, Lu X, Gou Z, Zhou Y, Liu P, et
al. The prognostic impact of age at diagnosis
upon breast cancer of different
immunohistochemical subtypes: a
surveillance, epidemiology, and end results
(SEER) population-based analysis. Front
Oncol. 2020;1729(10):1-10.

Gulbahce HE, Bernard PS, Weltzien EK,
Factor RE, Kushi LH, Caan BJ, et al.
Differences in molecular features of triple-
negative breast cancers based on the age at
diagnosis. Cancer 2018;124(24):4676-84.
Shah R, Rosso K, David Nathanson S.
Pathogenesis, prevention, diagnosis and
treatment of breast cancer. World J Clin
Oncol 2014;5(3):283-98.

Alfiani D, Putri MP, Widayanti W. Literature

18.

19.

20.

21.

22.

23.

24,

25.

26.

P-I1SSN 0215-7284
e-ISSN 25279106
Accredited by KEMENRISTEKDIKTI/Sinta-3

study: obesitas sebagai faktor risiko pada
kanker payudara triple negative. Bandung
Conf Ser Med Sci. 2022;2(1):326-9.

Ryu YJ, Kang SJ, Cho JS, Yoon JH, Park
MH. Lymphovascular invasion can be better
than pathologic complete response to predict
prognosis in breast cancer treated with
neoadjuvant chemotherapy. Medicine
(baltimore). 2018;97(30):1-7.

Houvenaeghel G, Cohen M, Classe JM,
Reyal F, Mazouni C, Chopin N, et al
Lymphovascular invasion has a significant
prognostic impact in patients with early breast
cancer, results from a large, national,
multicenter, retrospective cohort study. Esmo
Open. 2021;6(6):1-10.

Engstram MJ, Opdahl S, Hagen Al,
Romundstad PR, Akslen LA, Haugen OA, et
al. Molecular subtypes, histopathological
grade and survival in a historic cohort of
breast cancer patients. Breast Cancer Res
Treat. 2013;140(3):463-73.

Furgan M, Pohan PU. Relationship of
histopathology grading with molecular
subtypes of breast cancer patients in Haji
Adam Malik General Hospital 2016-2018. Scr
Scor Sci Med J. 2020;2(1):1-10.

Setyawati Y, Rahmawati Y, Widodo |, Ghozali
A, Purnomosari D. The association between
molecular subtypes of breast cancer with
histological grade and Ilymph node
metastases in indonesian woman. Asian Pac
J Cancer Prev. 2018;19(5):1263-8.

Liu S, Lee JS, Jie C, Park MH, Iwakura Y,
Patel Y, et al. Her2 overexpression triggers
an IL-1a pro-inflammatory circuit to drive
tumorigenesis and promote chemotherapy
resistance. Cancer Res. 2018;78(8):2040-51.
Moore-Smith LD, Isayeva T, Lee JH, Frost A,
Ponnazhagan S. Silencing of TGF-B1 in
tumor cells impacts mmp-9 in tumor
microenvironment. Sci Rep. 2017;7(1):1-10.
Nanda DP, Sil H, Moulik S, Biswas J, Mandal
SS, Chatterjee A. Matrix metalloproteinase-9
as a potential tumor marker in breast cancer.
J Environ Pathol Toxicol Oncaol.
2013;32(2):115-29.

Pellikainen JM, Ropponen KM, Kataja VV,
Kellokoski JK, Eskelinen MJ, Kosma VM.
Expression of matrix metalloproteinase
(MMP)-2 and MMP-9 in breast cancer with a
special reference to Activator Protein-2,
Her2, and prognosis. Clin Cancer Res.

Maj Patol Indones 2023; 32(2): 648-655
DOI: 10.5586/mpi.v32i2.623



ORIGINAL ARTICLE

Comparison of MMP-9 Density Between Triple Negative and HER2
Fka Putra Pratama et al

27.

28.

29.

30.

31.

32.

33.

655

2004;10(22):7621-8.

Dai X, Cheng H, Bai Z, Li J. Breast cancer cell
line classification and its relevance with
breast tumor subtyping. J Cancer
2017;8(16):3131-41.

Cho SJ, Chae MJ, Shin BK, Kim HK, Kim A.
Akt- and MAPK-mediated activation and
secretion of MMP-9 into stroma in breast
cancer cells upon heregulin treatment. Mol
Med Rep 2008;1(1):83-8.

Powe DG, Akhtar G, Habashy HO, Abdel-
Fatah T, Rakha EA, Green AR, et al.
Investigating AP-2 and YY1 protein
expression as a cause of high Her2 gene
transcription in  breast cancers with
discordant Her2 gene amplification. Breast
Cancer Res. 2009;11(6):1-15.

Zhou R, Cho WCS, Ma V, Cheuk W, So YK,
Wong SCC, et al. Adam9 mediates triple-
negative breast cancer progression via
Akt/NF-kB pathway. Front Med. 2020;7:1-13.
Zhang M, Wu J, Mao K, Deng H, Yang Y,
Zhou E, et al. Role of transforming growth
factor-B1 in triple negative breast cancer
patients. Int J Surg. 2017;45:72-6.

Stuelten CH, DaCosta Byfield S, Arany PR,
Karpova TS, Stetler-Stevenson WG, Roberts
AB. Breast cancer cells induce stromal
fibroblasts to express mmp-9 via secretion of
tnf-alpha and tgf-beta. J Cell Sci.
2005;118(10):2143-53.

Zeng Y, Gao M, Lin D, Du G, Cai Y.
Prognostic and immunological roles of mmp-
9 in pan-cancer. Biomed Res Int.
2022;2022:1-32.

34.

35.

36.

37.

38.

39.

40.

P-I1SSN 0215-7284
e-ISSN 25279106
Accredited by KEMENRISTEKDIKTI/Sinta-3

Yu TY, Pang JHS, Wu KPH, Chen MJL, Chen
CH, Tsai WC. Aging is associated with
increased activities of matrix
metalloproteinase-2 and -9 in tenocytes. Bmc
Musculoskelet Disord. 2013;14(1):1-7.
Tominaga K, Suzuki HI. TGF-B signaling in
cellular senescence and aging-related
pathology. Int J Mol Sci. 2019;20(20):1-18.
Freitas-Rodriguez S, Folgueras AR, Lépez-
Otin C. The role of matrix metalloproteinases
in aging: tissue remodeling and beyond.
Biochim Biophys Acta Mol Cell Res.
2017;1864(11):2015-25.

Rea IM, Gibson DS, Mcgilligan V, McNerlan
SE, Denis Alexander H, Ross OA. Age and
age-related diseases: role of inflammation
triggers and cytokines. Front Immunol.
2018;9:1-28.

Joseph C, Alsaleem M, Orah N, Narasimha
PL, Miligy IM, Kurozumi S, et al. Elevated
MMP9 expression in breast cancer is a
predictor of shorter patient survival. Breast
Cancer Res Treat. 2020;182(2):267-82.
Quintero-fabian S, Arreola R, Becerril-
Villanueva E, Torres-Romero JC, Arana-
Argaez V, Lara-Riegos J, et al. Role of matrix
metalloproteinases in angiogenesis and
cancer. Front Oncol. 2019;9:1-21.

Simon YI, Susraini A, Susraini AAAN.
Korelasi ekspresi MMP-9 dengan derajat
histologik dan faktor karakteristik derajat
histologik pada karsinoma payudara invasif.
Maj Patol Indones. 2019;28(3):1-6.

Maj Patol Indones 2023; 32(2): 648-655
DOI: 10.5586/mpi.v32i2.623



