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ABERRANT METHYLATION

OF CANCER-RELATED GENES IN VIETNAMESE
BREAST CANCER PATIENTS: ASSOCIATIONS
WITH CLINICOPATHOLOGICAL FEATURES

Background. Epigenetic alteration is one of the most common molecular changes identified in the progression
of breast cancer (BC). Aim. To study the frequency and relation between methylation of BRCA1, MLHI, MGMT,
GSTP1, APC, RASSFIA, p16, WIF, and EGFR and the clinicopathological features in Vietnamese BC patients. Mate-
rials and Methods. Methylation-specific polymerase chain reaction (MS-PCR) and SPSS 20.0 software were utilized
in order to identify methylated frequency as well as evaluate its relationship with the patient’s clinical features. Re-
sults. In 162 BC cases, the methylation rates of the selected genes were 53.7%, 22.8%, 38.9%, 34.6%, 29.0%, 46.3%,
20.4%, 18.5%, and 28.4% respectively. In 32 cases of benign breast diseases (BBD) - 12.5%, 15.6%, 6.3%, 3.1%, 12.5%,
21.9%, 3.1%, 15.6% and 3.1%. BC samples displayed higher BRCA1, MGMT, GSTP1, APC, RASSF1A, WIF1, and p16
methylation levels than BBD samples (p < 0.001). Hypermethylation of BRCA 1, GSTP1, and RASSF1A was predomi-
nant in the invasive ductal carcinoma, while hypermethylation of BRCA1, GSTPI, RASSFI1A, WIF-1, and p16 was
found to significantly correlate with lymph node metastasis (p < 0.05). Hypermethylation of BRCA1, MGMT, and
GSTP1 was more common in stage III (p < 0.05) than in stages I/II, whereas MLH1 methylation was predominant
in stage I and APC methylation was less common in stage III (p = 0.03). In addition, methylation of RASSFIA and
EGFR was more frequent in younger patients (p < 0.01) than in elder patients. Conclusion. These data suggest that
a gene panel (BRCAI/MGMT/GSTPI) can be used to support the diagnosis and screening of Vietnamese patients’
BC with a sensitivity of 70%, and a specificity of 85%.
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Worldwide, breast cancer (BC) has become | disease in the developed world, recently ~50% of
one of the most common types of solid cancer | new BC cases and related deaths have occurred
in women. Although BC used to be a common | in developing countries [1]. Understanding
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how epigenetic changes are related to BC cli-
nicopathological features could lead to a better
understanding of carcinogenesis and possibly
to improvements in prevention, diagnosis, and
treatment [2—4]. BC at an initial stage has a bet-
ter prognosis and requires less extreme thera-
peutics with a high survival rate, up to more
than 95%. However, the diagnosis after tumor
metastasis significantly reduces the survival
rate to 27% [5]. Molecular biomarkers serve as
an revolutionary approach in BC diagnosis and
prognosis.

Epigenetic alteration is one of the most com-
mon molecular changes identified in the pro-
gression of human cancer [6, 7]. The epigenetic
mechanisms include aberrant DNA methylation,
changes in the histone and chromatin structure
by post-translational modification of histone
proteins, and alterations in the expression of
microRNA [8]. DNA methylation occurring at
CpG dinucleotides, which are frequently loca-
ted in the promoter regions, is well known as an
epigenetic regulation mechanism for the tran-
scriptionally silencing gene expression [9]. CpG
islands that are normally unmethylated may be-
come methylated in cancer cells, which can re-
sult in altered expression, including silencing of
tumor suppressor or DNA repair genes [10].

Over 100 genes have been identified as ab-
errantly methylated in breast tumors or breast
cancer cell lines [10]. These genes comprise
functionally essential genes, such as tumor sup-
pressor genes, DNA repair genes, genes linked
with detoxification, and genes involved in sig-
naling pathways and cell cycle control [11—13].
However, there is limited evidence regarding
the extent to which alterations in methylation
are associated with the clinicopathological fea-
tures. In addition, conflicting results have been
reported, which may be caused by varying po-
pulations and patient characteristics. In order
to better understand the role of methylation in
breast carcinogenesis, we evaluated the associa-
tion of methylation of 9 genes significant in the
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regulation of cellular processes (BRCA1, MLH1,
MGMT, GSTP1, APC, RASSF1A, pl6, WIF1,
and EGFR) in breast tumors with the clini-
copathological features in a population-based
study.

Materials and Methods

Sample collection. A total of 162 female pa-
tients with BC and 32 female patients with be-
nign breast diseases (BBD) were recruited from
the Vietnam National Cancer Hospital (Hanoi,
Vietnam) between December 2020 and Decem-
ber 2021. Patients were diagnosed via pathologi-
cal evidence. The patients gave their informed
consent for using their samples for the research
purposes. All the procedures were approved
by the Vietnamese Ethics Committee (Circu-
lar No0.458/2012/QD-BYT). The formalin-fixed
paraffin-embedded (FFPE) tumor tissue blocks
were cut into slices (5 um thick) and stained with
hematoxylin & eosin (H&E) using the Dako
Coverstainer system (Agilent, US) for histo-
pathological evaluation, following the manufac-
turer’s protocol.

DNA extraction. Genomic DNAs were iso-
lated from FFPE blocks of tumor and normal
adjacent tissues with the QIAamp DNA Mini Kit
(Qiagen, US).

Bisulfite modification. 300—500 ng of total
DNA were treated with sodium bisulfite by uti-
lizing the EpiTect Bisulfite Kit (Qiagen, US). The
capability of DNA modification was analyzed
by polymerase chain reaction (PCR) technique,
which amplifies the bisulfite-treated DNA with
primer sets specific to the housekeeping gene
(B-globin).

Methylation-specific PCR (MS-PCR). The
methylation patterns of 9 selected genes were
determined through MS-PCR with specific pri-
mers for DNA methylated sequences (Me) and
unmethylated sequences (Un).

Statistical analysis. The Chi-square test and
Fisher’s exact test were utilized to measure the
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variation in methylation level concerning tar-
geted gene, individual or else in combination,
between BC and BBD tissues, along with their
relation with the patient’s clinicopathological
parameters. For each comparison, p < 0.05 was
considered significant. All analyses were done by
using the SPSS software 20.0.

Results

Methylation status of BRCAI, MLH1, MGMT,
GSTP1, APC, RASSF1A, WIF1, EGFR, and
p16 in BC and BBD. The methylation frequen-
cies of BRCAI, MLH1, MGMT, GSTP1, APC,
RASSFIA, WIF1, EGFR, and pl6 detected in
162 BC samples were 53.7%, 22.8%, 38.9%,
34.6%, 29.0%, 46.3%, 20.4%, 18.5%, and 28.4%
while those detected in 32 BBD samples were
12.5%, 15.6%, 6.3%, 3.1%, 12.5%, 21.9%, 3.1%,
15.6%, and 3.1% (Table 1).

Overall, BC samples displayed higher BRCAI,
MGMT, GSTP1, APC, RASSFIA, WIFI and pl6
methylation levels than BBC samples (p < 0.001
for 7 genes), whereas no differences were found
for MLHI and EGFR methylation.

The methylation frequency of at least 1 of
9 target genes was 94.4% (153/162) in tumor
samples, which is significantly higher compa-

red to 59.4 % (19/32) found in BBD and thus
significantly associated with BC (p < 0.0001).
Except for MLHI and EGFR, the rate of meth-
ylation of at least 1 of 7 genes in BC and BBD
was 148/162 (91.4%) vs. 14/32 (43.8%), respec-
tively (p < 0.05). With the preliminary results
when analyzing the methylation of 9 genes relat-
ed to BC, we suggested choosing a panel of 2 or
3 genes (preferring genes with high methylation
frequency in tumor tissue as well as distinguish-
ing from BBD).

Subsequently, the sensitivity and specificity
of the DNA methylation signatures in the BC
samples were evaluated using the receiver ope-
rating characteristic (ROC) analysis to further
assess the predictive accuracy of the DNA met-
hylation signature. The sensitivity and specificity
of each gene in distinguishing BC were calcula-
ted (Table 1). The AUC for selected genes ranged
from 0.514 to 0.706. The sensitivity of each gene
ranged from 18.5% to 53.7% and the specificity
ranged from 78.1% to 96.9%. The areas under
ROC curves (AUC) were also calculated when
the combination of 2 or/and 3 genes was used.
For 2 genes, in case of hypermethylation in at
least one gene, the AUC for BRCAI/MGMT,
MGMT/GSTP1, and BRCA1/GSTP1 was 0.758,
0.740, and 0.737 (95% confidence interval (CI),

Table 1. Diagnostic performance of methylated genes-candidates

Gene posl.g/tcotal polss.]/gtlztal Sen(S‘:/Zl)Vlty Spe(C"IA)ﬁ)CItY AUC 95% Cl P
BRCA1 87/162 4/32 53.7 87.5 0.706 0.618—0.794 | < 0.00001
MLHI 37/162 5/32 22.8 84.4 0.536 0.430—0.642 0.365
MGMT 63/162 2/32 38.9 93.7 0.663 0.574—0.752 0.0004
GSTP1 56/162 1/32 34.6 96.9 0.657 0.569—0.745 0.0004
APC 47/162 4/32 29.0 84.4 0.567 0.464—0.670 0.05
RASSF1A 75/162 7/32 46.3 78.1 0.622 0.522—0.722 0.01
WIF1 33/162 1/32 20.4 96.9 0.586 0.488—0.684 0.02
EGFR 30/162 5/32 18.5 84.4 0.514 0.406—0.623 0.697
pleé 46/162 1/32 28.4 93.7 0.611 0.515—0.706 0.002
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0.675—0.841, 0.658—0.822, 0.652—0.822), with
a sensitivity of 64.2%, 57.4%, and 59.9% and
a specificity of 87.5%, 90.6%, and 87.5%, respec-
tively. When 3 candidate genes were used, the
AUC for the selected genes (BRCAI/MGMT/
GSTPI) was 0.80, with a sensitivity of 70% and
a specificity of 85%, approximately.

Association of methylation status with clini-
copathological parameters in breast tumors.
BRCA1, GSTP1, and RASSFIA hypermethyl-
ation was predominant in the invasive ductal
carcinoma (p < 0.05). Together, methylation of
BRCA1I, GSTPI, RASSF1A, WIFI, and p16 was
found to significantly correlate with lymph node
metastasis (p < 0.05). In addition, the RASSFIA
and EGFR methylation was more frequent in
younger patients (p < 0.01) than in elder ones,
while MLHI methylation was predominant at
stage I of the disease (p =0.014). BRCAI, MGMT,

and GSTPI hypermethylation was more com-
mon at stage III (p < 0.05) than at stages I and II,
whereas APC methylation was less common at
stage III (p = 0.03) (Table 2).

Discussion

Promoter methylation of BC-related genes has
been demonstrated by a specific molecular ana-
lysis based on DNA microarrays or else by the
analysis of a particular gene based on the PCR
approaches [14]. The aberrant DNA methylation
has some analytical features that are appealing
and potentially useful. It is clear that BC tissue
at different stages and the tissue adjacent to the
tumor and/or benign tissues can be differentia-
ted from each other by the DNA methylation
status of a particular gene or a gene panel [15,
16]. Among the genes whose aberrant methy-

Table 2. BRCA1, MLH1, MGMT, GSTPI1, APC, RASSF1A, WIF1, EGFR, and P16 association with clinico-

BRCA1 MLH1 MGMT GSTP1
Yes p Yes p Yes p Yes p
162 87 37 63 56
Age 0.912 0.826 0.203 0.838
<50.8 77 41 17 26 26
>50.8 85 46 20 37 30
Histological subtypes <0.001 0.854 0.072 0.009
IDC* 113 82 30 56 52
Others 29 5 7 7 4
Tumor grade <0.001 0.072 <0.001 <0.001
1 4 1 0.255 3 0.014 3 0.133 0 0.296
2 79 41 0.856 16 0.255 24 0.065 19 0.001
3 56 41 0.008 14 0.384 32 <0.001 32 <0.001
Unclassified 23 4 4 4 5
Lymph node metastasis <0.001 0.626 0.411 <0.001
Yes 58 44 12 25 42
No 104 43 25 38 14
Tumor size 0.655 0.126 0.922 0.582
<5cm 121 67 31 47 44
>5cm 20 10 2 8 6
Unknown 21 10 4 8 6

Notes: *Invasive ductal carcinoma; x2 test; Fisher’s exact test.

198

ISSN 1812-9269. Experimental Oncology 45 (2). 2023



Aberrant methylation of cancer-related genes in Vietnamese breast cancer: Associations with clinicopathological features

lation is closely involved in carcinogenesis,
9 genes (BRCAI, MLHI1, MGMT, GSTP1, APC,
RASSFIA, WIF1, EGFR, and p16) have been
previously shown to be frequently methylated
in BC. Their methylation in BC has been found
to be significantly elevated in comparison with
normal adjacent tissues and is considered a po-
tential biomarker panel for BC diagnosis and
prognosis [17—19].

In the present study, we investigated the meth-
ylation frequency of the genes BRCAI, MLHI,
MGMT, GSTPI1, APC, RASSF1A, WIF1, EGFR,
and pl6 in Vietnamese women suffering from
BC and BBD using the MS-PCR method. The
frequent occurrence of methylation at 9 promo-
ters was found in both BC and benign tissues;
however, only BRCAI, MGMT, GSTP1, APC,
RASSFIA, WIF1, and pl6 methylation fre-
quency was significantly associated with tumor

pathological parameters

(p < 0.05) as has been shown in some previous
studies [20—22]. Patients with localized BC
have a 5-year survival rate of 98%. Neverthe-
less, in the case of diagnosis with metastasis, the
survival percentage falls dramatically to appro-
ximately 20%. These reports point out the bene-
fit of screening and early determination, and the
vital significance of searching for novel biomar-
kers to go hand in hand with mammography
results. Therefore, the methylation status has
been considered as a potential biomarker panel
for the BC diagnosis and prognosis.

In this study, we evaluated associations bet-
ween methylation of 9 selected genes and clini-
copathological features of BC cases. Several
associations were identified and were gene-spe-
cific. For instance, hypermethylation of BRCA1,
GSTPI, and RASSFIA tended to be more fre-
quent in an invasive ductal carcinoma, while

APC RASSF1A WIF1 EGFR pl6
Yes p Yes p Yes p Yes p Yes p
47 75 33 30 46
0.819 <0.001 0.789 <0.001 0.962
23 44 15 25 22
24 31 18 5 24
0.474 0.026 0.332 0.740 0.310
37 67 29 24 40
10 8 4 6 6
0.061 0.078 0.550 0.304 0.248
2 0.313 1 0.6215 0 0.577 1 0.519 2 0.587
28 0.065 39 0.610 18 0.693 1 0.374 21 0.203
9 0.028 26 0.838 12 0.971 7 0.292 20 0.317
8 9 3 7 3
0.252 0.252 0.035 0.340 0.044
20 36 17 13 22
27 39 16 17 24
0.074 0.074 0.557 0.597 0.982
36 55 25 24 36
10 9 3 5 6
1 11 5 4
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associations between methylation of BRCAI,
MGMT, GSTP1, APC, and MLH]I and prognos-
tic factors depended on the patient’s age. Ad-
ditionally, we found that methylation of the se-
lected genes, such as RASSF1A and EGFR genes,
was only associated with younger BC patients.
We also observed that methylation of BRCAI,
GSTP1, RASSF1A, WIF-1 and p16 was strongly
associated with lymph node metastasis. The re-
sults of prior studies of methylation of selected
genes in BC are contradictory [23]. The present
study has reported that BRCA1 methylation is
involved in BC late-stage progression. Likewise,
prior reports suggested a role of BRCAI met-
hylation in the aggressiveness of BC and that
BRCA1 methylated tumors were found mainly
in grade III tumors rather than in grades I and II
(24, 25]. A comprehensive review has concluded
that RASSF1A methylation is frequently elevated
in primary tumor tissues and remains constant
across all stages during BC development [18].
Furthermore, a meta-analysis has additionally de-
clared that no meaningful relation was confirmed
between GSTPI hypermethylation and the his-
tological grade [26]. These conclusions were in-
consistent with our findings showing the relation
between RASSFIA and GSTPI methylation and
clinicopathological parameters of BC patients.
This suggests that BC patients with GSTP1 and/or
RASSFIA promoter hypermethylation may have
a biologically aggressive phenotype.

Additionally, RASSFIA and EGFR methyla-
tion was highly correlated with younger age of
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Jlinw [lie Byone, Kyane Heox Hzyen

LlenTp marosorii Ta Momeky/sapHoi 6ioyorii, HamionampHmit OHKOIOTiYHIIT TOCIITaTb
K Txanb Yi, Xanoit, B’ernam

ABEPAHTHE METUTIOBAHHS ACOIIMOBAHMX 3 PAKOM IT'EHIB Y XBOPMX HA PAK MOJIOYHOT
3AJIO3M 3 BETHAMY: 3B°4130K 3 K/ITHIKO-ITATOJIOTIYHMMM OCOBIMBOCTIAMU

Bceryn. EmireHerudni anpreparil € OXHIMY 3 HAMIONMIVPEHINX MOIEKY/SIPHNX 3MiH, sIKi 6epyTh y4acTb y mpo-
rpecyBaHHI paky Mono4Hoi 3ano3u (PM3). Mera. Jocniguty 9acToTy MK MeTwiroBaHHAM reHiB BRCAI, MLHI,
MGMT, GSTP1, APC, RASSFIA, p16, WIFI ta EGFR, a Takox I10r0 3B’sI30K 3 K/IiHIKO-IIATOJIOTIYHIMI 0COOINBOC-
TsIMU XBOpUX Ha PM3 3 B’eTHamy. Matepianu Ta MeTogu. [I/1s1 BUSHAUeHHs YaCTOTY METUIIOBAHHA BUKOPUCTAHO
MeTof MeTmI-crienngivHol momiMepasHoi nanorosoi peakiii (MS-PCR). OuiHKy 3B’A3Ky piBHIB MeTU/IIOBaHHS
TOCTIKYBaHMX T'eHIiB 3 K/IiHIKO-TIATONIOTIYHMMI OCOOIMBOCTAMY MALlIEHTIB IIPOBOAMIN i3 3aCTOCYBaHHAM IIPO-
rpamuoro 3abesnedenHsa SPSS 20.0. Pesynpraru. Y 162 3paskax TkaHuHM PM3 piBeHb MeTM/ITIOBaHHSA HOCTIIXKY-
BaHIX TeHiB CTaHOBMB 53,7%, 22,8%, 38,9%, 34,6%, 29,0%, 46,3%, 20,4%, 18,5% i 28,4%. Y 3paskax mobposkic-
HVIX HOBOYTBOpeHb MoyovHOl 3amo3u (JJHM3) y 32 marieHTOK piBHi MeTM/IIOBaHHSA 3a3Ha4eHNX I'eHIiB CKIIajaan
12,5%, 15,6%, 6,3%, 3,1%, 12,5%, 21,9%, 3,1%, 15,6% Ta 3,1%. BcTanosneHo, mo 3pasku PM3 xapakTepusysanmcs
BumyMu piBHAMK MetmmoBaHHAa BRCAI, MGMT, GSTP1, APC, RASSFIA, WIFI i p16, y nopiBuaHHI 3 THM3
(p < 0,001). Bcranosneno, mo rimepmerunoBants BRCA1, GSTP1 i RASSF1A € xapakTepHOI 03HAKOK iHBa3MB-
HOI TPOTOKOBOI KapI[MHOMM MOJIOYHOI 3a/103M, TOfi AK rinepmeTunoBanHa BRCAI, GSTP1, RASSF1A, WIF11ipl6
aCOLIiI0€ETHCS 3 HAsABHICTIO MeTacTasiB y nmimMarnysi Bysiu (p < 0,05). Busnadeno, mo rinepmermnoBanssa BRCAI,
MGMT i GSTPI yacriute sycrpivdanocs y nanientis 3 III cragiero PM3 (p < 0,05), y nmopiBHAHH] 3 XBopyMu Ha 1/
IT crapii. MetumoBanna MLHI 4dacTime cnocrepiranu y xsopux 3 I cragiero PM3, a Tako)X BapTO 3a3HauuTH, 110
MeTtmmoBanHA APC pifiie BUABIATOCH y nanieHTok i3 I1I cragiero PM3 (p = 0,03). KpiM Toro, y manieHTox MOJOf-
moro BiKy yacrile criocrepiranoch MetnmosaHHA RASSFIA ta EGFR (p < 0,01) nmopiBHAHO 3 xBopumu Ha PM3
cTapiuoro Biky. BucHoBok. OTpyMaHi HaMM [aHi CBiff4aTh PO MOXK/IMBICTb BMKOPMCTAHHA /IS NIaTHOCTUKY Ta
ckpuHinry PM3 y B’eTHaMcbKux nauienTis rennoi naneni (BRCA1/MGMT/GSTPI) i3 uytnusictio 70,0% Ta crienu-
¢iunictio 85,0%.

Knrouosi cnosa: metumosanua JJTHK, pak MomouHoi 3a71031, KMiHiKO-IIATONIOTiYHI O3HAKY, ITaHeNb, Yy TAUBICTh/
criennivHicTb.

202 ISSN 1812-9269. Experimental Oncology 45 (2). 2023





