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STRESS-INDUCED CHANGES IN THE METHYLATION
STATUS OF Mmpl AND Mmp8 GENES IN TUMOR
TISSUE OF RATS WITH GUERIN CARCINOMA

Background. Chronic stress is a key determinant of public health, significantly impacting regulatory systems and
potentially contributing to carcinogenesis. Chronic stress, through the activation of the hypothalamic-pituitary-
adrenal axis and glucocorticoid signaling, can modify the epigenetic landscape of cells, including DNA meth-
ylation. This study aimed to evaluate whether chronic glucocorticoid-induced stress modulates the methylation
status of the promoter regions of the Mmpl and Mmp8 genes in the tumor tissue of rats with Guerin carcinoma.
Materials and Methods. To simulate chronic stress, dexamethasone (DEX) was administered subcutaneously to
laboratory rats with transplanted Guerin carcinoma. Tumor samples were collected on days 7, 14, and 21 of tumor
growth. The methylation status of the MmpI and Mmp8 gene promoters was analyzed using methylation-specific
PCR. The level of methylation was quantified as the ratio of methylated to unmethylated PCR products, expressed
as a percentage. Results. In the control group (Guerin carcinoma without DEX), the Mmpl promoter was hypo-
methylated (38—40% methylation) throughout the observation period. DEX administration led to a further slight
decrease in Mmpl methylation to 32%, though insignificant. In contrast, the Mmp8 promoter in tumor tissue
showed baseline methylation levels of 55—57%. Under the influence of DEX, Mmp8 hypermethylation was ob-
served as early as day 7 (61%) and significantly progressed by day 14 (67%) and day 21 (69%). Conclusion. Our
study demonstrated that chronic glucocorticoid-induced stress altered the epigenetic profile of tumor cells by in-
ducing differential methylation of the matrix metalloproteinase genes. Specifically, it promoted the maintenance of
Mmp1 hypomethylation and significantly increased the Mmp8 promoter hypermethylation. These findings suggest
that chronic stress may contribute to an aggressive tumor phenotype through the epigenetic regulation of extracel-
lular matrix remodeling.
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Chronic stress poses a major issue in the current po- | cates that approximately 35% of adults consistently
pulation and is acknowledged as a crucial factor in | report feeling stressed, and this pattern is steadily ri-
public health. Global epidemiological research indi- | sing [1, 2]. Considering the ongoing geopolitical situ-
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ation in Ukraine, this issue impacts the whole popula-
tion and should be seen as a major factor in public
health challenges.

In this regard, chronic stress is considered an im-
portant modifier of the functioning of regulatory
systems. The prolonged activation of neuroendo-
crine mechanisms, in particular the hypothalam-
ic-pituitary-adrenal (HPA) axis, is accompanied by
increased secretion of glucocorticoids and cate-
cholamines, which can lead to the disruption of cel-
lular homeostasis, changes in the immune re-
sponse, and the creation of conditions favorable for
the development of pathological processes, includ-
ing carcinogenesis. Glucocorticoid-dependent sig-
naling can affect DNA methyltransferase activity
and chromatin remodeling, which leads to stable
changes in the epigenetic landscape of cells [3].

The accumulated experimental and clinical data
indicate that chronic stress is associated with an in-
creased risk of the occurrence and progression of ma-
lignant neoplasms. This is due, in particular, to the
influence of stress-induced hormones on the process-
es of proliferation, apoptosis, angiogenesis, and inva-
sion of tumor cells. The epigenetic mechanisms play
an important role in the implementation of these ef-
fects, among which DNA methylation is one of the
key regulators of gene expression. The changes in
methylation of the promoter regions can lead to the
activation of oncogenes or suppression of tumor sup-
pressor genes, thereby contributing to malignant
transformation of cells [4, 5].

Of particular interest are the genes of the matrix
metalloproteinase family, MMPI and MMPS,
whose products are involved in the degradation of
extracellular matrix components and tumor cell in-
vasion [6]. It was shown that the increased expres-
sion of MMP1 is associated with tumor progression
and decreased survival in xenograft animal mo-
dels [7]. The role of MMPS in cancer is more com-
plex and context-dependent, since, along with par-
ticipation in matrix degradation, this enzyme can
exhibit both pro- and antitumor properties [8].

The MMP family gene expression is regulated at
various levels, including epigenetic mechanisms,
among which DNA methylation plays an important
role. It has been shown that the level of methylation
of the MMP promoter regions is inversely related to
MMP expression and invasive potential of cells [9].

Despite the available data on the role of stress and
epigenetic changes in carcinogenesis, it remains un-
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clear how chronic stress modulates the methylation
of specific genes involved in extracellular matrix deg-
radation, in particular MMPI and MMP8. Thus, we
aimed to evaluate whether chronic glucocorticoid-in-
duced stress modulates the methylation status of the
promoter regions of the Mmpl and Mmp8 genes in
the tumor tissue of rats with Guerin carcinoma.

Materials and Methods

Animal model. The study was conducted on male
Wistar rats aged 2.5 months and weighing 180-200 g.
The animals were provided by the vivarium of the
R.E. Kavetsky Institute of Experimental Pathology,
Oncology and Radiobiology of the National Acad-
emy of Sciences of Ukraine. During the study, the
animals were kept in standard vivarium conditions
with natural lighting, on a full diet with free access
to food and water. The study was conducted in ac-
cordance with the standard international rules on
biological ethics and the European Convention for
the Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientific Purposes. All ani-
mals underwent a 10-day quarantine before being
included in the study. After the adaptation period,
the animals were weighed, divided into groups, and
marked by serial number. As a model of tumor
growth, Guerin carcinoma was used, obtained from
the Bank of Cell Lines from Human and Animal
Tissues of the IEPOR NASU.

A suspension of Guerin carcinoma cells in saline
was transplanted (10° cells per animal) subcutane-
ously to the right side, closer to the back. The animals
were divided into groups of 5 animals each. The ani-
mals of the experimental group were injected with
0.5 mL of dexamethasone (dexamethasone solu-
tion for intravenous use 4 mg/mL, PJSC «Lekhim-
Kharkiv», Kharkiv, Ukraine) at a concentration of
0.5 mg/kg, subcutaneously starting from day 2 after
Guerin carcinoma inoculation every other day for
12 days. The solutions were administered using a
U-40 BD Micro-Fine Plus 30G microinjection insu-
lin syringe (Becton, Dickinson and Company, USA).
The animals were slaughtered on days 7, 14, and 21
after the start of the experiment.

Methylation-specific real-time PCR. Genomic
DNA from frozen tumor tissue was isolated using
a commercial DNA/RNA-Mag reagent kit (Xema,
Ukraine) and treated with sodium bisulfite accor-
ding to the manufacturer’s instructions.
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The amount of isolated DNA was determined
using a NanoDrop 2000c Spectrophotometer
(ThermoScientific, USA). The purity of the isolated
DNA was monitored by the ratio of optical absorp-
tion values at wavelengths of 260 and 280 nm. The
DNA was stored at —20 °C before use.

For real-time PCR, the sequences of the primers
were obtained from the resource https://www.ncbi.
nlm.nih.gov/tools/primer-blast and synthesized by
Metabion, Germany (Table) using the commercial
EpiTect MethyLight PCR +ROX Vial Kit (QIAGEN
GmbH, Germany). They were used according to
the manufacturer’s protocol.

After standardization of methylated (M) and un-
methylated (U) PCR products by the 272 method,
methylation percent was calculated as M/(M + U),
which indicated the levels of gene methylation.

Statistical methods. Statistical processing of the
obtained results was carried out using the STATIS-
TICA 6.0 program (Statistica Inc., USA). The stan-
dard descriptive, parametric, and non-parametric
statistical methods were used. The significance of

Primers used in the study

the differences between the mean values was as-
sessed using Student’s ¢-test (for a parametric dis-
tribution) or the Mann — Whitney U-test (for a
non-parametric distribution). Differences at p <
< 0.05 were considered significant.

Results and Discussion

The features of methylation of the promoter region
of the Mmp1I and Mmp8 genes in tumor tissue of
rats with Guerin carcinoma were studied. It was
found that the MMPI gene promoter was hypo-
methylated on day 7 after transplantation (the ratio
of methylated PCR products to unmethylated ones
was 39%). From day 7 to day 21 of tumor growth,
this ratio did not significantly change and fluctu-
ated within 38—40% (Figure).

Dexamethasone (DEX) also caused a slight de-
crease in the level of methylation of the MMPI
gene promoter (up to 32%); however, insignificant
compared to the control. Genevay et al. [10] men-
tioned in their study that DEX can inhibit MMP1

Gene Methylation status Primer
Mmpl Methylated Forward 5'-ATTTTAAA TAAGATGTGTGCG-3'
Methylated Reverse 5'-AACCATCA AAACCAATCTTTT-3'
Unmethylated Forward 5'-ATTTTAAA TAAGATGTGTGTG-3'
Unmethylated Reverse 5'-AACCATCA AAACCAATCTTTT-3'
Mmp8 Methylated Forward 5'-TTGTAGAC GTGAGTTATCGTATTCG-3'
Methylated Reverse 5'-AATCGTAA AAACCTAACCCTAACG-3'
Unmethylated Forward 5'-TGTAGATG TGAGTTATTGTATTTGG-3'
Unmethylated Reverse 5'-ATCATAAAA ACCTAACCCTAACAA-3'
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activity, which is probably due to its effect on the
glucocorticoid-dependent signaling pathways.

When studying the methylation status of the
Mmp8 gene promoter, we found that in Guerin car-
cinoma tissue, it was slightly hypermethylated (55%
of methylated sites on days 7 and 14 of tumor growth
and 57% on day 21). In the tumor tissue of
DEX-treated rats, the Mmp8 gene promoter showed
increased hypermethylation above control levels by
day 7 (61% of methylated sites), with this trend per-
sisting over time. Our data were consistent with the
results of current molecular genetic studies, which
identify MMP8 as one of the most stress-sensitive
genes. In particular, Daskalakis et al. [11] have
shown that MMP8 is among the key genes whose
expression is significantly altered by exposure to
traumatic events and is regulated by glucocorticoids.
The progressive hypermethylation of the promoter
under the action of DEX, which we have identified,
may be an epigenetic mechanism leading to reduced
expression of this gene, similar to what is observed
in stress-induced conditions in other models.

To simulate chronic stress conditions in labora-
tory animals, we used DEX administered subcuta-
neously. DEX, a synthetic glucocorticoid receptor
agonist, is widely used as a pharmacological model
of stress, and its long-term administration mimics
the activation of the HPA axis [12].

Glucocorticoids, in particular DEX, are able to
modulate the epigenetic state of cells, namely DNA
methylation, which is a key mechanism for the
long-term regulation of gene expression. Activation
of glucocorticoid receptors causes interaction with
regulatory regions of the genome and the recruit-
ment of epigenetic modification enzymes, such as
DNA methyltransferases, which leads to chromatin
remodeling and changes in DNA accessibility to
transcription factors. Experimental studies show
that administration of DEX can induce both local
and genome-wide methylation changes, including
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CTPEC-IHOYKOBAHI 3MIHU CTATYCY METMJIIOBAHHA I'EHIB Mmp1
TA Mmp8 Y TIYXJIMHHIVN TKAHMHI 1IIYPIB 3 KAPHIMHOMOIO TEPEHA

Cran nuraHHA. XpOHIYHUIT CTpec € KIIYOBUM (PaKTOPOM IPOMAZICBKOTO 3[JOPOB>S, AKNIT CYTTEBO BIIMBAE HA pe-
TyJATOPHI CUCTeMM Ta MOTEHIIHO CIIpusA€E KaHIleporeHe3y. XpOHIUHUII CTpec, Yepes3 aKTUBAIilo riloTanaMo-Tino-
¢isapHO-HaJHMPKOBOI OCi Ta ITTIOKOKOPTUKOIHOI CUIHAMi3allil, MOXKe 3MIHIOBATY eIlireHe TUYHWIT TaHAIIadT KIiTHH,
BKmovyaoun MetumoBanHA [THK. MeTolo gaHOTrO fOCTiIKeHHA OY/I0 OLIHUTY, YV XPOHIYHUIT CTpeC, BUKINKAHUI
ITIIOKOKOPTUKOIIaMI, MOJY/IIO€ METUTIOBAHHA IPOMOTOPHMX Ji/IAHOK TeHiB Mmpl Ta Mmp8 y NyXIMHHI TKaHMHI
mypis 3 KapiuHoMoro Tepena. Marepianu Ta MeTogu. [I/is1 MOJETIOBAaHHS XPOHIYHOTO CTpeCy MabOpaTOPHUM IIy-
paM 3 TPAHCIUVIAHTOBAHOI KapIIMHOMOIO [epeHa BBOAMIN IeKCaMeTa30H MiAMIKIpHO. 3pasKy MyXIMHY 30upanu Ha
7, 14 Ta 21 penb pocty nyxauHu. CraTyc MeTU/IIOBaHHA IIPOMOTOpPIB TeHiB Mmpl Ta Mmp8 aHanisyBaau 3a HOMO-
Moroi MeTun-crenydivnoi ITJIP. PiBeHb MeTWII0BaHHS KiZIbKiCHO BM3HAYa/M 5K CIiBBIZHOLIEHHS METUTbOBAHUX
Io HeMeTMNMboBaHMX npoxykris ITJIP, BupakeHe y BincoTkax. PesynpraTi. Y KoHTpoOmbHil rpymi (kapiuHoMa [epena
6e3 iekcameTasoHy) mpomorop Mmpl 6yB rimomeruaboBanuit (38—40% MeTHTIOBaHHA) HIPOTATOM YChOTO Hepiofy
CriocTepeXeHHs. BBelleHHA leKkcaMeTa3oHy IPU3BENO 10 MOaNbIIOr0 He3HAYHOTO 3HVDKEHHA MeTUII0BaHHA Mmpl
7o 32%, xo4a ¥ He CTaTUCTUYHO 3Havymoro. HaromicTs, mpomoTop Mmp8 y IyXnmHHii TKaHNHI MOKa3as 6a30BuIi1
piBeHb MeTUMOBaHHA 55—57%. Iliff BIIMBOM JeKcaMeTasOHy rimepMeTUIOBaHHA Mmp§ crocTepiramocs BXe Ha
7-11 meHb (61%) i sHaYHO mporpecysano fo 14-ro (67%) ta 21-ro (69%) mHA. BucHoBok. Hame mocmimxeHHA fe-
MOHCTPYE, 1[0 XPOHIYHMIT CTPEC, IHAYKOBAHMIT [TTIOKOKOPTUKOIfAMM, 3MIHIOE emireHeTUYHNUIT Ipodiab TyXIMHHIX
KJTiTVH, iHAYKyI0uM gudepeHIiianbHe MeTUTIOBAaHHA TeHiB MaTPUKCHUX METaJIONpoTeiHa3. 30KpeMa, CTpec CIpuse
nigTpumuni rinomerumoBaHHA MMPI Ta 3Ha4yHO 36i/MblIye rilepMeTHIIOBaHHA poMotopa MMPS. 11i pesynbpraTn
CBiZlYaTh IpO Te, IJ0 XPOHIYHMIL CTPEC MOXKe CIPUATY arpecBHOMY (DEHOTUITYy IYX/IMHY Yepes eHireHeTUYHY pery-
JIALII0 peMOJIeTIOBAaHHSA O3aK/IiTUHHOTO MaTPUKCY.

Knrouosi cmosa: metnmosanusa JJTHK, xponiuamii ctpec, pak.
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