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Abstract: The DNA methylation profile of breast cancer differs from that in healthy tissue and can
be used as a diagnostic and prognostic biomarker. Aim of the study: to compare gene methylation
in small malignant breast tumors less than 2 cm and in healthy tissue and fibroadenoma. Methyla-
tion of the following 15 genes was studied: MAST1, PRDM14, ZNF177, DNM2, SSH1, AP2M1,
CACNAIE, CPEB4, DLGAP2, CCDC181, GCM2, ITPRIPL1, POM121L2, KCNQ1, TIMP3. Methods:
analysis was made by our modified MS-HRM method followed confirmation of the results by py-
rosequencing. The genes were selected from publications that studied DNA methylation in breast
cancer with high genome coverage. The study group included 48 samples of breast cancer, the
control group included 24 samples of fibroadenoma and 24 samples of healthy tissue. Results: sig-
nificant differences were found in methylation of 8 genes: CCDC181, GSM2, ITPRIPL1, ZNF177,
CACNAIE, DLGAP2, TIMP3 (all p<0.001), and PRDM14 (p=0.002). The most accurate diagnostic
value, based on logistic regression, was shown with the compound of two genes — CCDC181 and
ZNF177 (AUC=0.99) in pyrosequencing analysis. Conclusion: small breast cancer tumors have a
specific DNA methylation profile that distinguishes them from healthy tissue and benign prolifer-

ative lesions.

Keywords: breast cancer, small tumors, DNA methylation, CCDC181, ZNF177, fibroadenoma,
biomarker, MS-HRM, pyrosequencing.

1. Introduction

In 2020, 2.3 million women were diagnosed with breast cancer, making it the most
common cancer in the world [1]. It is known that in the early stages of cancer, including
breast cancer, there are changes in the methylation of many genes [2].

DNA methylation occurs by modification of DNA through the addition of a methyl
group to the position 5' of cytosine which precedes guanine (CpG). CpG is often found in
high-density in genome, forming CpG islands. The study of methylation of CpG islands
in promoter regions of genes is important because hypermethylation of CpG islands can
lead to the suppression of gene transcription, in particular, through downregulation of
tumor suppressor genes — to the development of cancer. Aberrant DNA methylation in
tumors, as an early diagnostic and prognostic marker undergo vigorous research with
high genome coverage using bioinformatic approaches with a perspective of introduction
into clinical practice. The gene panels proposed by researchers show high accuracy, but
the sets of genes vary considerably in the panels. In this study, gene methylation in small
breast cancer tumors (<2 cm) was analyzed, using gene panels that have been proposed
in the studies with high genome coverage. Only genes with CpG islands in promoter re-
gions were used in the study.

Genes included in the study: MAST1, PRDM14, ZNF177 were selected for the study
using a bioinformatics analysis approach of publicly available datasets by Mao et al. [3];
genes DNM2, SSH1, AP2M1, TIMP3 were selected from a similar article by Panagop-
oulou et.al. [4]; genes GCM2, ITPRIPL1, CCDC181 were selected from the studies using a
bioinformatics analysis approach of publicly available datasets and results of own re-
search by Wang et al. [5]; genes CACNAIE, CPEB4, DLGAP2 were selected from study
using a bioinformatics analysis approach of publicly available datasets with followed by
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experimental confirmation of the results by Luo et al. [6]; genes POM121L2, KCNQ1 were
selected from the paper studying methylation in normal healthy breast epithelium which
is a potential origin of breast cancer [7].

2. Results

Analysis of clinical data of the study group (n=48) and the control group (n=24)
showed no significant differences in age: 51 (40.7; 60.2) and 47 (42.2; 52) years, respec-
tively (p=0.22); BMI also had no statistically significant differences: in the study group
BMI was 27.6 (24.7; 32.3), in the control group — 26.1 (23.2; 27.7) kg/m? (p=0.06). In the
study group, the tumor size was 1.5 (1.3: 1.8) cm. The following types of breast cancer
were found in the study group: Lum A - 16(33.3%), Lum B- - 17(35.4%), Lum B+ -
7(14.6%), HER2+ — 4(8.3%), TH - 4(8.3%). 17 (35.4%) patients of the study group had
metastases in lymph nodes.

The methylation level of 15 genes MAST1, PRDM14, ZNF177, DNM2, SSH1, AP2M]1,
CACNAIE, CPEB4, DLGAP2, CCDC181, GCM2, ITPRIPL1, POM121L2, KCNQ1, TIMP3
was studied by modified MS-HRM in small malignant breast tumor (n=48), fibroadeno-
ma (n=24) and healthy tissue from patients with fibroadenoma (n=24). No statistically
significant differences in the methylation level of the studied genes were found between
the samples of fibroadenoma and of healthy tissue. Therefore, samples of fibroadenoma
and healthy tissue were included in the control group. Significant differences between
the study group and the control group were found in 8 genes: CCDC181, GSM2, IT-
PRIPL1, ZNF177, CACNAIE, DLGAP2, TIMP3 (all p<0.001), and PRDM14 (p=0.002)

(Figure 1).
0,6
— BC .
Control

12]
=
>
@' 0,3 4
=
[h'd
L
n
=

0,0«

T T T T T T T T T T T T T T T T 1
CCDC181 GSM2 ITPRIPL1 ZNF177 CACNALE DLGAP2 TIMP3 PRDM14

Figure 1. The levels of methylation of the studied genes in breast cancer compared to the control
samples (healthy breast tissue, fibroadenoma).

CCDC181 and ZNF177 genes showed the highest diagnostic value, according to
ROC analysis (Table 1).

Table 1. Diagnostic value of genes according to ROC analysis.

Gene AUC (95% CI)
CCDC181 0.89 (0.82-0.96)
GSM2 0.87 (0.8-0.94)
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ITPRIPL1 0.85(0.78-0.93)
ZNF177 0.93(0.88-0.99)
CACNAIE 0.76(0.67-0.86)
DLGAP2 0.88(0.81-0.95)
TIMP3 0.88(0.81-0.95)
PRDM14 0.68(0.57-0.78)

Pyrosequencing of CCDC181 and ZNF177 genes was used to confirm the results
obtained by MS-HRM. The amplicons of these genes were shortened by NEST-PCR to a
length suitable for pyrosequencing methylation analysis. The results of comparison be-
tween the average methylation levels obtained by pyrosequencing (%) and MS-HRM (in
relative units) for CCDC181 and ZNF177 genes are shown in Figure 2 and Figure 3:
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Figure 2. Comparison between the average methylation level of ZNF177 gene obtained by py-
rosequencing (%) and methylation level obtained by MS-HRM (in relative units).
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Figure 3. Comparison between the average methylation level of CCDC181 gene obtained by py-
rosequencing (%) and the methylation level obtained by MS-HRM (in relative units).

The Spearman's rank correlation coefficient (rs) for CCDC181 gene was 0.91 and for
ZNF177 gene — 0.83, p<0.001. These results confirm the reliability of MS-HRM to assess
DNA methylation level. The diagnostic value (according to ROC analysis) of determina-
tion of methylation by pyrosequencing and MS-HRM of the DNA fragment obtained
using NEST PCR for CCDC181 and ZNF177 genes is shown in Table 2.

Table 2. Comparison of diagnostic value according to ROC analysis of the studied genes methyla-
tion by pyrosequencing and MS-HRM.

Gene AUC (95% CI)
Pyrosequencing MS-HRM
CCDC181 0.9 (0.84-0.97) 0.84 (0.76-0.92)
ZNF177 0.98 (0.95-1) 0.89 (0.83-0.96)

Logistic regression showed that compound analysis of CCDC181 and ZNF177 gene
methylation resulted in AUC=0.99 (95% CI 0.98-1) by pyrosequencing and AUC=0.96 (95%
CI 0.92-1) by MS-HRM for the same fragments, and AUC=0.97 (95% CI 0.93-1) by
MS-HRM for long fragments.

3. Discussion

Breast cancer, like other types of cancer, is associated with epigenetic changes. As-
sessment of epigenetic changes, such as DNA methylation, can provide important diag-
nostic and prognostic information. However, biomarkers of DNA methylation are not
applied in routine medical practice. This can be explained by the absence of simple,
generally accepted and clinically applicable methods for assessment of methylation that
can be used in clinical practice. In the same time, an optimal combination of genes,
which methylation could provide important clinical data, has not been defined yet. The
results of our study of methylation in small breast cancer tumors can be useful for cancer
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identification in small samples obtained by needle biopsy, where cancer is sometimes
missed [8]. An important aspect of the study of methylation in small tumors is selection
of potential markers for effective early diagnosis of breast cancer by detection of circu-
lating cancer DNA in plasma [9]. A lot of data has been collected on the DNA methyla-
tion profile in breast cancer by means of chips such as the Infinium Methylation EPIC
BeadChip (Illumina, USA), and through the whole genome methyl-sensitive sequencing.
A number of authors have proposed the breast cancer methylation profiles, which they
consider to be effective for tumor diagnosis. In this study, we showed that our simple
and non-expensive modified MS-HRM method can be used for preliminary assessment
of the results obtained by whole genome methylation analysis of breast cancer. A possi-
bility of long fragments assessment increases the MS-HRM diagnostic value. The results
obtained by MS-HRM were confirmed by subsequent pyrosequencing. However, py-
rosequencing provides higher diagnostic accuracy than MS-HRM in at least two genes
studied in our research. Selection of patients for the control group is an important aspect.
In many studies healthy tissue from patients with breast cancer were used as a control.
However, a possibility of migration of cancer cells to the adjacent healthy tissue should
not be ignored. Our control group comprised the patients with fibroadenoma; this al-
lowed us to compare methylation in both healthy tissue and a benign tumours. We
found that a combination of two genes, CCDC181 and ZNF177, showed the highest di-
agnostic value for small malignant breast tumors. Together, both genes, as the most
methylated in breast cancer tumors, are noted in the publication by Wang et al. among
other eight genes [5]. There are also publications where the methylation of these genes in
breast cancer is mentioned separately [3, 10-12].

4. Materials and Methods

72 patients were included in the study: 48 patients with small breast cancer tumors
and 24 patients with fibroadenoma. Breast cancer tissues were obtained from the patients
of the study group, and fibroadenoma tissue and healthy breast tissue were obtained
from the patients of the control group. All samples were stabilized in RNAlater and
stored at -80°C. DNA was isolated from the samples using QlAamp DNA Mini Kit spin
columns (Qiagen, USA). DNA was modified by bisulfite conversion using EpiJET Bisul-
tite Conversion Kit (Thermo Scientific, USA). To assess the relative level of methylation,
we used our modified MS-HRM (Methylation Sensitive High Resolution Melting)
method, which has a number of benefits compared to the one proposed by Wojdacz et al.
(2008) [13]. Modification of MS-HRM was aimed to elaboration of a protocol for assess-
ment of methylation of long fragments of CpG islands (500-600 nucleotides) containing a
large number of CpG sites. The fragment lengths and the number of CpG sites are pre-
sented in Table 3.

Table 3. Primers for MS-HRM.

Annea . Numb
. Amplic
ling er of . .

Gene on Forward primer Revers primer

tempe CpG

length .
rature sites
GGAGTGAGGTGTTTITGGGGTT CTAATATATAAATTTCCTTCATCT
CCDC181 60 432
TA TAT

GCM2 60 528 36 GTTTITGGGATTGTGGTGGAG AATACCATTCTCCCTCCTTC

GGATAAGTATGGTTTATAATT CCAAAAACCCATCCTACCTCGAA
TAGG ATATCTCC

ITRIPL1 63.5 210
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POM121L2 58 828 67 GGAAATTTTTAATTAGTITGTT CCTCCTCACAAATCTATACC
GTAGGAGTAAGTAGGGGAGA
KCNQ1 60 494 51 AACAACCACTACTACCAAC
TGTAGA
MAST1 63 605 75 TTTATGGGGGTATTAGGAGGT ACCCCAACCCCATCCCCCTA
TTATTTAGTTAAGAGGAAGTA  ACCTTCTAAAACAAACAATATTA
PRDM14 58 654 41
G C
GGTTAGAGTTGTTATTTGGATT ACCAACCAAATAACAAACTTCAC
DNM2 61 401 47
TGT C
GGGTAGTTTATTTTITTTAGTT
ZNF177 63 345 23 CACATAAACCCACTTACCTCCTC
GTTGGT
ACACAAAAAAATATCACTATCCT
AP2M1 59 691 63 GTGTATGTTGGAATGTGTAT AC
GGTTTTGAGGAGAAGGATTTA
CPEB4 57 226 23 aT AACTTTTATTTCTCCTCA
GGAGGTTTTGTTTTTAGTATTT
DLGAP2 57 199 34 AAG AACAAAATCAACCTTTCTAAAC
TAGAGTTGGAGTITTAGGAAGG
CACNAIE 62 380 29 CATACATACCCACCACCC
GGTITAT
AGITTTTTAAAGTGTITGGGATT
SSH1 62 341 40 CACTACATACACAATCCCTACAA
ATAGG
GGTITAGAGATATTTAGTGGTT  TTCAAATCCTTATAAAAAATAAT
TIMP3 60 165 15
TAGGTGG ACC

A modified MS-HRM protocol:

1. Amplification of fragments of CpG islands of the studied genes was carried out
according to the following protocol: 95° - 5 min; (95°C - 15 s, 60°C - 30 s, 72° - 45 s)x30;
(95°C-15s5,50°C - 30 s, 72°C - 45 5)x25. Reducing the annealing temperature from 60°C to
50°C after the 30t cycle gives an increased product yield compared to single-step ampli-
fication. Primers are shown in Table 3. PCR was performed using the CFX96 system
(Bio-Rad, Hercules, CA, USA);

2. Intercalating dye EVAGreen (Syntol, Moscow, Russia) was added to the derived
product. Supplementation of EVAGreen on step 1 can lead to PCR inhibition;

3. The melting curve was generated according to the following protocol: 95° - 30 s;
60° - 10 min; melting analysis was performed in the temperature interval from 65° to 90°
with increments of 0.2°;

4. After the construction of melting curve, the quality of the PCR product was
checked by electrophoresis in 1.5% agarose gel.

Methylation levels were assessed by melting curves using Precision Melt Analysis
Software, version 3 (Bio-Rad, Hercules, CA, USA). We did not use standards of different
methylation levels when assessing HRM results, since the standards proposed by
Wojdacz et al. [13] provide accurate results of methylation levels only if one CpG site is
present in the PCR product. To compare the data, the curves were normalized according
to the sample with the lowest level of methylation. Methylation was quantified with rel-
ative fluorescence units (RFU) at the temperature of the maximum peaks of the HRM
curves. The temperature of the maximum peaks was manually determined for each


https://doi.org/10.20944/preprints202211.0513.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 November 2022 d0i:10.20944/preprints202211.0513.v1

gene by the researchers based on the appearance of the melting curves (Figure 4). To
confirm the validity of the results of modified MS-HRM, the results of pyrosequencing
and MS-HRM were compared for two genes which had shown the best diagnostic sig-
nificance - CCDC181 and ZNF177.
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Figure 4. Determination the temperature of the maximum peaks, at which the RFU values were
compared.

A comparative analysis was performed according to the following protocol:

1. 0.3 ul of the PCR product of the studied gene was taken;

2. NEST-PCR was performed with the primers shown in Table 4. The amplification
program was as follows: 95°C for 5 min: (95°C for 15 s., 50°C for 30 s., 72°C for 45 s.)x12.
NEST-PCR was required to shorten the length of the product to a size suitable for py-
rosequencing;

3. A melting curve of the product obtained in step 2 was generated, and MS-HRM
results were processed according to the protocol mentioned above;

4. Sequencing of the product obtained in step 2 was performed on a PyroMark Q48
(Qiagen, Hilden, Germany) in accordance with manufacturer's instructions;

5. The results of MS-HRM and pyrosequencing were compared using Spearman'’s
rank correlation coefficient.

Table 4. Primers for pyrosequencing.

Anneal . Numb
. Amplic
ing er of . .
Gene on Forward primer Revers primer
temper CpG
length .
ature sites

ACCTACTTCCAATCTTCAAC-bi
otin
GGGTAGTTTATTTITTITITAGTTG AACAACCCITTCTCAACTACA
TTGGT -biotin

CCDC181 50 107 6 ITTTGGGGTITAATTTGTG

ZNF177 50 100

Statistical analysis and graphs construction were performed using SPSS 17 (IBM,
Armonk, NY, USA) and OriginPro 8.5 (OriginLab Corporation, Northampton, MA, USA
software. The Mann-Whitney U test was used to determine the significance of differ-
ences for continuous values. Correlation was assessed using Spearman's rank correlation
coefficient (rs). Data are presented as median (upper quartile; lower quartile). Qualitative
characteristics are presented as percentages. We applied logistic regression and receiver
operating characteristic (ROC) curve analysis separately to assess diagnostic value of the
studied parameters. Differences were considered statistically significant at p<0.05.
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5. Conclusions

The analysis of gene methylation performed by a modified MS-HRM of breast can-
cer determined an optimal combination of CCDC181 and ZNF177 genes, allowing to ac-
curately distinguish breast cancer from fibroadenoma and healthy tissue.
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