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PATTERN OF MMP2 AND MMP9 EXPRESSION
DEPENDS ON BREAST CANCER PATIENTS’ AGE

Background. Despite the large number of studies devoted to the exploration of the features of tumor microenviron-
ment in breast cancer (BCa), presently there is no consensus on the features of MMP-2 and MMP-9 expression in the
tumor tissue of BCa patients depending on the age. The aim of the study was to investigate the relationship between
MMP-2 and -9 expression at the protein and mRNA levels in BCa tissues and the clinical and pathological features of
BCa patients in different age groups. Materials and Methods. The expression level of MMP-2 and -9 in the BCa tis-
sue of patients of two age groups (<45 years and >45 years) was studied using the bioinformatics method (UALCAN
database), immunohistochemical method, and real-time PCR. Results. It was established that a characteristic fea-
ture of BCa in young patients is the low level of MMP2 mRNA against the background of increased expression of
this gelatinase at the protein level, as well as decreased expression of MMP9 at both the mRNA and protein levels.
When analyzing the correlation of the gelatinase expression indices in BCa tissue of young patients, depending on
the clinical and pathological features, a significantly lower level of MMP-2 expression was recorded in BCa cases
of stage II compared to the indices of stage I cases. High expression of MMP-2 and -9 was recorded in BCa tissue
in node-positive cases and the basal molecular BCa subtype. Conclusions. The identified relationship between the
expression of the studied gelatinases and such indices of BCa malignancy as its stage, positive regional lymph node
status, and the molecular BCa subtype in young patients indicates the need for further research of the features of the
tumor microenvironment to predict the cancer aggressiveness.
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The statistical data of the last decades indicate
a steady increase in the incidence of breast can-
cer (BCa), especially among young patients. It
is known that cancer in young patients differs
from that in older people in the aggressiveness
of the clinical course, histological structure, and
molecular profile. It is known that young women
have a higher risk of recurrence, the develop-
ment of secondary BCa, as well as lower survival
rates [1]. Young BCa patients also have a high
frequency of the triple-negative (basal) molecu-
lar BCa subtype, which is characterized by an
aggressive course and low sensitivity to chemo-
therapy [2]. Therefore, the search for the factors
that would allow predicting the aggressive po-
tential of BCa in this prognostically unfavorable
group of patients remains one of the most urgent
tasks of modern oncology.

In recent years, it has been conclusively pro-
ven that the tumor microenvironment plays
a key role in the progression of many malignant
neoplasms, including BCa [3—5]. It is a com-
plex dynamic system consisting of an extracellu-
lar matrix, stromal and immune cells, a network
of blood and lymphatic vessels, as well as a large
number of proteins [6].

One of the most widespread non-cellular ele-
ments of the microenvironment is the family of
matrix metalloproteinases (MMPs). Depend-
ing on the functional specificity, all MMPs are
divided into two main groups — collagenases
(MMP-2, MMP-9) and gelatinases (MMP-1,
MMP-8, MMP-13), as well as several minor
groups. The main function of MMP is the deg-
radation of proteins and glycoproteins of the
extracellular matrix (ECM). MMPs are involved
in many vital biological processes, such as tissue
repair and remodeling, differentiation, prolifera-
tion, migration, apoptosis, and angiogenesis. In
malignant growth, MMPs communicate between
the tumor and the stroma, which promotes the
infiltrating growth via the activation of cytokines
and growth factors, as well as the modification of
adhesion molecules [7, 8]. MMP-2 and -9 are the
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most studied among the known MMPs. They are
activated in the intercellular matrix under the
action of chymase, as well as superoxide radicals
formed in the mitochondria of tumor cells and/
or produced by neutrophils. Such activation en-
hances the invasion and metastatic potential of
the neoplasm [9, 10].

According to recent data, the level of MMP-2
and MMP-9 expression in BCa tissue is 10 times
higher than that in benign neoplasms. In addition,
their expression indices correlate with the presence
of metastases in regional lymph nodes. Therefore,
these proteins can be considered as potential bio-
markers for the detection of BCa. Despite the large
number of studies devoted to the study of tumor
microenvironment in BCa, presently there is no
unified point of view on the features of expression
of MMP-2 and 9 in tumor tissue of BCa patients of
different age groups [11, 12].

Therefore, the aim of the work was to study
the relationship between the MMP2 and MMP9
expression indices at the protein and mRNA
levels in BCa tissue and the clinicopathological
features of BCa patients in different age groups.

Materials and Methods

Patients. The study was conducted on the post-
operative material of 60 patients with stage I, II
BCa who were treated at the National Cancer
Institute of the Ministry of Health of Ukraine,
Kyiv Clinical Oncology Center, and Kyiv Re-
gional Oncology Dispensary within 2015—2022
and gave informed consent for the use of clinical
data for scientific purposes. All patients before
surgery received neither radiation treatment nor
chemotherapy and were examined using conven-
tional clinical and laboratory methods accord-
ing to the standards of diagnosis and treatment
of cancer patients approved by Order No. 554 of
17.09.2007 of the Ministry of Health of Ukraine.
Tissue samples were encoded and depersona-
lized. The general clinical characteristics of the
patients are presented in Table 1.
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Immunohistochemical method. The expres-
sion of MMP-2 and MMP-9 was studied on pa-
raffin sections (4—6 um) of postoperative BCa
material. MMP-2 MoAbs (clone 2C1-1D12)
(Thermo Scientific, USA) (dilution 1:50), and
MMP-9 (clone MA5-15886) (Thermo Scientific,
USA) (dilution 1:150) were used as primary an-
tibodies. The UltraVision LP Detection System
kit (Thermo Scientific, USA) was used to visuali-
ze the reaction according to the manufacturer’s
recommendations. Sections were stained with
Mayer’s hematoxylin. The expression of molecu-
lar markers was evaluated by the H-Score me-
thod [13].

Real-time quantitative reverse transcription
polymerase chain reaction (qRT-PCR). Total
RNA from BCa tissue was isolated using the
commercial kit “TRI” (QIAGEN, Germany)
according to the manufacturer’s recommenda-
tions. The amount of isolated RNA was deter-
mined using a spectrophotometer “NanoDrop
2000c¢ Spectrophotometer” (Thermo Scientific,
USA). To study mRNA expression of MMP2
and MMP9 genes, single-stranded DNA was
synthesized from 100 ng of total RNA using
the LunaScript RT SuperMix Kit (New England
Biolabs Inc., USA) for reverse transcription. For
qRT-PCR, verified primers [14] synthesized by
Metabion, Germany, were used. The relative ex-
pression of MMP2 and MMP9 mRNA was deter-
mined by the comparative CT method [15]. The
qRT-PCR analysis was performed on a Quant-
Studio 5 Dx Real-Time PCR System (Thermo
Scientific, USA).

Bioinformatics method. Comparison of the
studied gene expression levels (mnRNA and pro-
tein) in BCa tissue in relation to similar data
on non-malignant breast cells, as well as the
relationship of their expression with the main
clinicopathological characteristics of the tumor
process, was carried out using the University of
Alabama at Birmingham CANcer data analysis
Portal — UALCAN (http://ualcan.path.uab.edu/
index.html). The values of mRNA expression of
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the studied genes are presented as Transcripts
Per Million (TPM). It is a normalization method
for RNA-seq, which should be read as “N copies
of particular genes mRNA for every 1,000,000
RNA molecules in the RNA-seq sample. Expres-
sion of genes at the protein level was presented
as Z-values — the standard deviations from the
median expression across samples.

Statistical methods. Statistical analysis of the
results was performed using the GraphPad Prism
v.8.0 program (GraphPad Software Inc., USA)
taking into account the nature of the distribu-
tion of the obtained data. Testing of the statisti-
cal hypothesis about the normality of the distri-
bution was carried out using Student’s ¢-test (for
a parametric distribution) or the Mann — Whit-
ney U-test (for a non-parametric distribution).
p < 0.05 was considered to indicate statistically
significant differences. Data are presented as
M + m (where M is the mean, m is the standard
error of the mean) or as a percentage for relative
values.

Table 1. Clinicopathological characteristics

of the patients with BCa
<45 years group >45 years group
Characteristics
N % N %
Number
of patients 28 46.6 32 53.3
Patients age (years)
Average age 39.05+5.9 64.3 £10.5
Age range 28—45 46—89
BCa stage
I 10 35.7 10 31.2
II 18 64.3 22 68.8
Category N according to TNM
NO 18 64.3 20 62.5
N1 10 35.7 12 37.5
Molecular subtype
Luminal 20 71.4 19 19
Basal 8 28.6 13 13
19
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Results and Discussion

Bioinformatics analysis. The bioinformatics ana-
lysis carried out with the help of the UALCAN
online resource established that the level of
mRNA expression of the MMP2 gene in non-
transformed breast tissue was 251.0 TPM within
the range from 28.0 to 657.8 TPM and practi-
cally did not differ from similar indices in BCa
tissue (207.0 TPM within the range from 5.6 to
767.7 TPM). In contrast, the development of ma-
lignant neoplasms in the mammary gland was
accompanied by an 8-fold (p < 0.05) increase in
the mRNA level of the MMP9 gene in BCa cells
compared to normal breast tissue (Fig. 1, a—b).

Analysis of the expression indices of the stu-
died genes at the protein level demonstrated that
BCa tissue was also characterized by a 16-fold de-
crease (p < 0.05) at the expression level of MMP-9
(Fig. 1, d) compared to non-transformed breast
tissue. No significant differences in MMP-2 ex-
pression indices were found (Fig. 1, ¢).

According to the data of bioinformatics ana-
lysis, the expression of both studied MMPs was
associated with the age characteristics of BCa
patients only at the mRNA level (Fig. 2). The
highest levels of MMP2 and MMP9 were re-
corded in the BCa tissue of patients aged 41 to
60 years (230.39 and 39.036 TPM, respectively)
(p <0.05) compared to the group of patients
aged 21—40 years.

When analyzing the expression indices of
the studied genes depending on the main clini-
copathological characteristics of BCa, we have
found that a characteristic feature of stage II
BCa is low values of MMP2 mRNA expression
(p < 0.05), compared to BCa of stages I and III.
A significantly lower level of MMP2 mRNA ex-
pression was also noted in the tissue of triple-
negative BCa compared to neoplasms of luminal
and HER2/neu-positive molecular subtypes. No
correlation between the expression of MMP2 at
the mRNA level and the status of metastatic le-
sions of the lymph nodes was found.
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The highest level of MMP-2 expression at the
protein level (p < 0.05) was recorded in BCa tis-
sue of patients with stage I compared to BCa of
stages II and III. No statistically significant dif-
ference in the expression of this gene at the pro-
tein level was found in the BCa tissue of different
molecular subtypes (Fig. 3).

A significant decrease in the level of MMP9
mRNA (p <0.05) was recorded in neoplasms
of patients with N3 status compared to similar
indices of BCa cases of categories NO and NI.
No difference in MMP9 mRNA expression was
detected depending on the stage and molecular
subtype of BCa.

A high level of MMP-9 (p <0.05) was de-
termined in neoplasms of HER2/neu-positive
and triple-negative molecular BCa subtypes in
comparison with tumors of both luminal sub-
types. No statistically significant difference in
MMP-9 expression indices was found depen-
ding on the stage of the disease (Fig. 4).

So, the analysis of the open database permits
us to establish that the mRNA level of both in-
vestigated gelatinases is associated with the age
characteristics of patients and the stage of BCa,
while the expression of MMP-2 and MMP-9 de-
pends on the molecular subtype of BCa and the
presence of metastatic lesions of regional lymph
nodes. The relationship between the expression
of MMP-9 at the protein level and the molecu-
lar BCa subtype was noted. The obtained data
confirm the expediency of studying MMP-2 and
MMP-9 expression indices in the BCa tissue of
patients of different age groups.

Study of the expression of MMP2 and MMP9
in BCa patients of different age groups. At the
following stage of the study, the expression in-
dices of MMP2 and MMP9 at the protein and
mRNA levels in the BCa tissue of patients of
different age groups were analyzed (the charac-
teristics of the studied groups are presented in
Table 1). As can be seen from the data presented
in Table 2, the level of MMP2 mRNA was twice
higher in the BCa tissue of patients under the age
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of 45 (p <0.05), while the level of MMP-2 expres-
sion at the protein level was increased by 45% in
the BCa tissue of patients older than 45 years.

We have shown that a characteristic feature of
BCa in young patients was a decrease in the ex-
pression of MMP9 both at the mRNA level and
at the protein level (by 3.9 and 2.9 times, respec-
tively, p < 0.05) in comparison with similar indi-
ces of BCa patients older than 45 years.

When studying the features of expression of
gelatinases depending on the stage of the tu-
mor process, a higher level of MMP2 mRNA (by
2.5 times, p < 0.05) was recorded in the tumor
tissue of younger women with stage I BCa com-
pared to patients of the same age with stage II
BCa (Fig. 5). In the tumor tissue of patients older
than 45 years with stage II BCa, there was ob-
served a decrease in the expression of MMP-9 at
the protein level (by 35%, p < 0.05) compared to
that in stage I cases.

A characteristic feature of BCa in young pa-
tients with metastatic lesions in regional lymph
nodes was alow expression of MMP2 at the
mRNA level (0.4581 a.u. (p < 0.05)) and a high

level of MMP-2 expression at the protein level
(164.7 H-score points (p < 0.05)).

In the tumor tissue of young BCa patients
with metastatic lesions of the regional lymph
nodes, an increase in MMP9 expression at both
the mRNA and protein levels was determined
(by 5.6 and 2.7 times, respectively, p < 0.05).

In patients older than 45 years with metastatic
lesions in the regional lymph nodes, an increase
in the expression of MMP9 was noted only at the
mRNA level (by 2.7 times (p < 0.05)) compared
to that in patients without metastases (Fig. 6).

Certain differences were found when ana-
lyzing the dependence of gelatinase expression
on the molecular subtype of BCa. It was dem-
onstrated that MMP9 expression at the mRNA
level was 8.6 times higher (p < 0.05) in the basal
BCa subtype tissue of patients younger than 45
years compared to the patients with luminal BCa
subtype. It was established that the basal BCa
subtype samples in patients under the age of 45
were characterized by higher levels of expres-
sion of MMP-2 (p < 0.05) and MMP-9 (p < 0.05)
proteins compared to the luminal BCa subtype

Table 2. Expression of gelatinase genes at the mRNA and protein levels in BCa tissue

of patients of different age groups

Gene MMP2 MMP9
Age Parameter mRNA (a.u.) Protiir;iill;ls-)score mRNA (a.u.) Prote}iroliill;ls-)score

<45years |Min 0.1322 0 0.02127 0
Q1 0.5073 40 0.08161 16.25
Median 0.8183* 120* 0.8228* 57.5*
Q3 1.326 158 0.398 147.5
Max 7.018 175 4.469 175

>45 years | Min 0.001969 65 0.02499 130
Q1 0.02614 130 0.9993 160
Median 0.1741 150 2.088 210
Q3 0.7004 162 4.767 246.5
Max 5.614 250 18.75 265

Note: * the difference is significant in comparison with the older patients (p < 0.05).
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Fig. 1. Expression of MMP2 and MMP9 at the mRNA (g, b) and protein (¢, d) levels in normal and malignantly
transformed breast tissue according to UALCAN (*p < 0.05)

MMP2 MMP9
1000 250
= * T x —
2 800 — 200 "
= i - T - -
E — T —
5 600 - i 150
a H H H H
£ 400 1 i 5 100 +
3 i i
é} H
g 200- . . [ . 50
= : T [ |
0 — i . 0 ) i H
=F N AT 2= (g =F N AT 2= 20
g~ o o — — < g~ ESR-N o < <
U A A - - CHT S - AT A
Z g | £ | = | g T = Z g | £ | = | = it
£ 4 G ) [ £ £ 4 ) NG | £
o <t o — [a\| <t =) —
o0 o]
a b
3 3
J— — 5 4 . —_

Z-value
-l
-
==
}
I
|
=
|
-l

-1 4 -1 4
-2 4 —2 4
-3 -3
ER) 23S 23 g= 2R ER 23S 2o 2o ER
g~ = >~ R > >-'” g~ = — R >~ >-'”
S =N =l =3 =3 S0 = =l |l =
=} S =) © S = ) <+ o 0 S =
ZE | £ [ & [ & — ZE | & [ & | £ i
N <t o — N < O —
) ©
c d

Fig. 2. Relationship of MMP2 and MMP9 expression indices at the mRNA (a, b) and protein (¢, d) levels with the age
of BCa patients (*p < 0.05) according to UALCAN
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Fig. 5. Indices of MMP2 and MMP9 expression at the
levels of mRNA (a, b) and the protein (¢, d) in the BCa
tissue of patients of different age groups depending on
the stage of the disease. *p < 0.05
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Fig. 6. Indices of MMP2 and MMP9 expression at the
levels of mRNA (g, b) and the protein (¢, d) in the BCa
tissue of patients of different age groups depending on
the status of regional lymph nodes. *p < 0.05
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Fig. 7. Indices of MMP2 and MMP9 expression at the
levels of mRNA (g, b) and the protein (¢, d) in the BCa
tissue of patients of different age groups depending on
the molecular BCa subtype. *p < 0.05

samples in patients of the same age group. It was
shown that the expression of MMP9 mRNA and
MMP-9 protein in the BCa tissue of patients old-
er than 45 years increased by 2.8 (p < 0.05) and
1.4 (p < 0.05), respectively (Fig. 7).

So, our study allowed us to identify the expres-
sion profile of gelatinases at the mRNA and pro-
tein levels in BCa patients of different age groups.
Ithasbeen established thata characteristic feature
of BCa in young patients is low levels of MMP2
mRNA against the background of increased ex-
pression of this gelatinase at the protein level, as
well as decreased expression of MMP9 both at
the mRNA and protein levels, compared to the
neoplasms of patients older than 45 years.

The different directions in changes of MMP2
gene expression at the mRNA and protein levels
comparing patients older and younger than 45
years can be probably explained by the features of
its post-transcriptional regulation. In particular,
according to literature data, post-transcriptional
regulation of MMP?2 expression is influenced by
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mRNA stability, the efficiency of protein trans-
lation itself, and miRNA-based mechanisms.
Hypoxia, hyperglycemia, pH, reactive oxygen
species, and lipid peroxidation affect the post-
transcriptional regulation of MMP expression.

When analyzing the correlation of gelatinase
expression indices in BCa tissue of young pa-
tients depending on the clinical and pathologi-
cal features, a significantly lower level of MMP-2
mRNA expression was identified in stage II BCa
patients compared to stage I. Significantly higher
expression levels of two studied gelatinases both
at the mRNA and protein levels were recorded
in BCa tissue in the cases with metastasis in re-
gional lymph nodes. In BCa patients older than
45 years, an inverse relationship between the ex-
pression of MMP-9 at the protein level and the
stage of the tumor process was established along
with a direct relationship between the mRNA
level of this gelatinase and the presence of re-
gional lymph node metastasis. The decreased
levels of MMP-9 mRNA and protein were re-
corded in the luminal BCa subtype cases in the
older age group.

In the available literature, there are only some
reports regarding the relationship between the
expression of gelatinases and the age and clini-
copathological features of patients with BCa.
Tétu et al. [16] found no relationship between
the MMP-2 protein levels and the age of BCa pa-
tients. Kuskunovi¢-Vlahovljak et al. [17] showed
that in the group of patients younger than 50
years, tumors with low expression of MMP-2
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pression of MMP-2 and -9 and such indices of
BCa as its stage, regional lymph node metasta-
ses, and the molecular subtype in young patients.
These data indicate the need for further research
on the features of the tumor microenvironment
to predict the aggressiveness of the course of the
disease.
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XAPAKTEP EKCITPECII TEHIB MMP2 TA MMP9 ¥ TKAHMHI
PAKY MOJIOYHOT 3AJTIO31 XBOPUX PI3HMX BIKOBVX I'PYTI

Bcryn. [Tonpy BenuKy KibKiCTb HOCTIIKeHb, IPUCBAYEHNX BUBYCHHIO 0COOIMBOCTEN T X/IMHHOTO MiKPOTOUEHH S
npu paky Mono4Hoi 3am03u (PM3), Ha cbOrofiHi He iCHY€ €AMHOI TOYKU 30PY LIOLO OCOOMMBOCTEN eKcrpecil Ma-
TPUKCHMX MeTanonpoTeiHas (MMP-2 Ta 9) y nyX1uHHil TKaHMHI XBOPUX MOJIOKOro Biky. Meta. [JocmifuTy 38’130k
IIOKA3HUKIB ekcrpecii reniB MMP2 ta MMP9 Ha piBHi 6inka Ta MPHK y Tkanuni PM3 3 xiiHiko-I1aTonorivHuMu
0COOMMBOCTAMY IMYXIMHHOTO IIPOIECY XBOPUX pisHMX BiKOBuX rpym. Marepianm ta Meromm. PiBens ekcrpecit
MMP-2 ta -9 y Tkaruui PM3 xBopux pisHUX BIKOBMX IPYII JOCTI/PKYBAIN 3 BUKOPUCTAHHAM 6ioiH(pOpMaTUBHOTO
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anamisy (6asa manux UALCAN), iMmyHoricroximiunoro Metony ta ITJIP B peanbHOMY 4aci. CratucTiaHy 06po6Ky
pesy/nbTaTiB BUKOHYBa/IM 3a gornomoroio mporpamu GraphPad Prism v.8.0 3 ypaxyBaHHAM XapaKTepy pOSIOAiNy
oTpuMaHux faHux. Pesymbratu. BcTaHOB/IEHO, 110 XapaKTepHOIO 03HaKoI0 PM3 XBOpMUX MOJIOFOTO BiKYy € HU3b-
ki mokasHukyu MPHK MMP2 Ha T/1i mifgBuINeHHs eKCrpecil 1€l )xematuHasy Ha piBHI 6i71Ka, a TAKOX 3HIDKEHHS
excnpecii MMP9 sk Ha piBai MPHK, Tak i Ha piBHi 6inKa. IIpu aHasisi 3B’A3Ky IOKasHMKIB eKcIpecii xematuHas
y TKaHyHI PM3 XBOpUX MOJIOIOTO BIiKY 3aJIeXKHO Bif K/IiHIKO-IIATONOTIYHMX OCOOMMBOCTEN IIyX/IMHHOTO IIPOLeCy
IOCTOBipHO MeHIIMIT piBeHb ekcnpecii MMP-2 sadikcoBano y Tkanuni PM3 crapii II nopiBHAHO i3 mokasHMKamMu
xBopux crafii I. Bucoky excrpecito MMP-2 Ta -9 3adikcoBano y TkaHuHi PM3 3a HaABHOCTi METaCTaTNYHOTO ypa-
JKEHHsI perioHapHuX MiMpaTHIHNX BY3/IiB Ta pu 6a3anbHOMY MoIeKy/sipHoMy migrumni PM3. BucHoBku. InenTn-
(bikoBaHO 3B’130K eKCIpecii HOCTIKEeHNX JKe/IaTIHA3 3 TAKMMU [TOKa3HMKaMu 370sIKicHOCTi PM3 s1K cTapis, HasiB-
HICTP METACTATUYHOTO ypaKeHH:S perioHapHux mimMpaTryHuxX BY3/iB Ta MOJEKYISAPHMII MiTUI HOBOYTBOPEHD
y MAIieHTOK MOJIOZOTO BiKY CBifYMTH IPO HEOOXiAHICTD IIOZAIBLIOTO JOCIIMKEHH 0COOMMBOCTEl IYXIMHHOIO
MiKpOOTOYeHHS [JIs IPOTHO3yBaHH: arpecBHOCTI Iepebiry MyXIMHHOTO IIPOLeCy.

KrrouoBi cmoBa: pax MO/IOYHOI 33710311, MaTPUKCHI MeTasonpooreinasu, MMP-2, MMP-9.
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