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Integration and bioinformatics analysis of DNA-methylated
genes associated with drug resistance in ovarian cancer
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Abstract. The main obstacle to the successful treatment
of ovarian cancer is the development of drug resistance to
combined chemotherapy. Among all the factors associated
with drug resistance, DNA methylation apparently plays a crit-
ical role. In this study, we performed an integrative analysis of
the 26 DNA-methylated genes associated with drug resistance
in ovarian cancer, and the genes were further evaluated by
comprehensive bioinformatics analysis including gene/protein
interaction, biological process enrichment and annotation. The
results from the protein interaction analyses revealed that at
least 20 of these 26 methylated genes are present in the protein
interaction network, indicating that they interact with each
other, have a correlation in function, and may participate as
a whole in the regulation of ovarian cancer drug resistance.
There is a direct interaction between the phosphatase and
tensin homolog (PTEN) gene and at least half of the other
genes, indicating that PTEN may possess core regulatory func-
tions among these genes. Biological process enrichment and
annotation demonstrated that most of these methylated genes
were significantly associated with apoptosis, which is possibly
an essential way for these genes to be involved in the regula-
tion of multidrug resistance in ovarian cancer. In addition, a
comprehensive analysis of clinical factors revealed that the
methylation level of genes that are associated with the regu-
lation of drug resistance in ovarian cancer was significantly
correlated with the prognosis of ovarian cancer. Overall, this
study preliminarily explains the potential correlation between
the genes with DNA methylation and drug resistance in ovarian

Correspondence to: Professor Li Li, Department of Gynecologic
Oncology, Affiliated Tumor Hospital of Guangxi Medical
University, 71 Hedi Road, Nanning, Guangxi 530021, P.R. China
E-mail: lili@gxmu.edu.cn

“Contributed equally

Key words: DNA methylation, ovarian cancer, drug resistance,
bioinformatics

cancer. This finding has significance for our understanding of
the regulation of resistant ovarian cancer by methylated genes,
the treatment of ovarian cancer, and improvement of the prog-
nosis of ovarian cancer.

Introduction

Ovarian cancer is a malignant tumour posing a serious threat
to women's health. As the main type of ovarian cancer, ovarian
epithelial carcinoma accounts for 85-90% of all ovarian
cancers. The mortality rate of ovarian epithelial carcinoma
ranks first among all female reproductive tract malignancies.
Approximately 70% of ovarian cancer patients are in the late
stage when diagnosed. Most of these tumours easily develop
drug resistance in the course of post-surgery chemotherapy;
therefore, the therapeutic effect is greatly reduced, leading to
a survival rate of just 30% for ovarian cancer (1). Therefore,
multidrug resistance is the main cause of ovarian cancer
chemotherapy failure. Studies have demonstrated that multi-
drug resistance is the result of multiple genes or proteins and
a multistep process, or cross-reactivity of multiple factors.
Multidrug resistance involves several different regulatory
mechanisms, and epigenetic regulation is one of the signifi-
cant regulatory mechanisms in the development of ovarian
cancer multidrug resistance (2). Epigenetic modification
is a heritable change in gene expression without a DNA
sequence change (3). Epigenetic modification includes DNA
methylation, histone modification, chromatin modification
and microRNA modification (4), and plays an essential role
in gene transcription regulation. As one of the main pathways
of epigenetic regulation, DNA methylation is closely related
to the multidrug resistance, development, progression, clinical
diagnosis and prognosis of ovarian cancer (5). Therefore, a
comprehensive study of the mechanisms of ovarian cancer has
crucial diagnostic and therapeutic significance.

DNA methylation is the process by which a methyl group
from the donor S-adenosyl-L-methionine is added to the
5-carbon position of cytosine to form 5-methylcytosine under
the catalysis of DNA methyltransferase (DNMT). DNA meth-
ylation includes whole-genome hypomethylation and CpG
island hypermethylation of a promoter region. CpG island
hypermethylation may lead to decreased or even silenced gene
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expression levels and eventually plays a significant role in the
regulation of cancers, including ovarian cancer (6). It has been
proven that DNA methylation plays a critical role in the regula-
tion of multidrug resistance in ovarian cancer. Therefore, in
this study, we systematically analysed 26 methylated genes
that have significant regulatory roles in multidrug-resistant
ovarian cancer. We conducted an integrated analysis of their
correlation with ovarian cancer clinical factors including
malignant behaviour, prognosis and staging. Additionally,
we investigated the relevance and integrity of these 26 genes
through bioinformatics. This study has overall reference
value and significance in the understanding of the regulatory
mechanisms of ovarian cancer multidrug resistance by DNA
methylation.

Materials and methods

Gene search. Using ‘ovarian cancer’ or ‘ovarian carcinoma’,
‘DNA methylation’ or ‘methylation’, ‘resistant’ or ‘resistance’
or ‘chemoresistance’ as key words, we screened methylated
genes associated with the regulation of drug resistance in
ovarian cancer from an advanced search in the PubMed data-
base (http:/www.ncbi.nlm.nih.gov/pubmed/).

Bioinformatics analysis

Biological process annotation and enrichment. We screened
biological processes with significance (P<0.05) and involved
genes through biological process gene annotation and enrich-
ment analysis using the Database for Visualization and
Integrated Discovery (DAVID) software (http://david.abcc.
ncifcrf.gov/) (7) and Coremine medical software (http:/www.
coremine.com/).

Protein interactions. Protein interaction analysis was
conducted using the search tool for the retrieval of interacting
genes/proteins (STRING) and online software (http:/string-db.
org/) (8). The protein interaction reliability score was 0.400
(medium confidence).

Results

Comprehensive analysis of the regulation of ovarian cancer
multidrug resistance by methylated genes. By fully inte-
grating publication references for the association of DNA
methylation with ovarian cancer multidrug resistance, we
screened 26 methylated genes that are significantly related to
ovarian cancer multidrug resistance; namely MLHI1, BRCAI,
FBXO032, DNAJCI15, CSAG2, PROMI, ASS1, RASSFI,
PTEN, TNFRSF10A, ABCG2, ZMYNDI0, MDRI1, TGFBI,
RGS10, UCHLI, Sulf-1, SFRP, MAL, TUBB3, L1TDI,
CLDN4, HOXA10, HOXA9, HOXA11 and FANCF. With the
exception of CSAG2, MDRI1, TUBB3, LITD1, FANCF and
HOXAI10, all of the genes were hypermethylated with low
expression in drug-resistant tissues and cells of ovarian cancer.
This result indicated that DNA high/hypermethylation is the
main pathway for the regulation of ovarian cancer multidrug
resistance compared with hypomethylation. However, there
were a number of genes for which the methylation status and
expression level were uncertain. Eyre et al (9) observed that
ABCBI (MDR1) gene expression presents hypomethylation
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in paclitaxel-resistant ovarian cancer cells and is involved in
metastasis and resistance to chemotherapy in ovarian cancer
through cancer stem cells and side population cells. However,
there are also studies indicating that this gene has undergone
DNA hypermethylation in drug-resistant ovarian cancer cells,
and that its downregulation is involved in the development,
progression and multidrug resistance of ovarian cancer by the
c-Jun/JNK signalling pathway (10). Lee ez al (11) observed that
the downregulation of the MAL gene leads to tumourigenesis,
while its upregulation increases the drug resistance of ovarian
cancer.

DNA methylation is an essential mechanism for the regula-
tion of the development of drug resistance in ovarian cancer,
but the regulatory mechanism varies with different genes.
The 26 methylated genes associated with ovarian cancer
drug resistance in this study are involved in paclitaxel and
cisplatin resistance of ovarian cancer through various mecha-
nisms, including gene mismatch repair, gene microsatellite
instability, cell repair defects, diminished DNA recognition
capacity of cells, abnormal cell proliferation, apoptosis, cell
growth, cell invasion and metastasis, prevention of intracel-
lular drug accumulation, and associated signalling pathways
(see Table I) (10-52). In all of the regulatory mechanisms,
apoptosis may be a notable way for methylated genes to be
involved in the regulation of ovarian cancer drug resistance
since there are at least eight genes, including MLHI1, PTEN
and ABCG?2, that participate in regulating ovarian cancer drug
resistance through the cell apoptosis signalling pathway. In
addition, five genes, including PTEN and BLU, are directly
or indirectly involved in the regulation of the AKT signalling
pathway, which has been reported to be critical in the regula-
tion of apoptosis, cell proliferation, cell growth, metabolism
and multidrug resistance (53). These results indicated that
among the 26 methylated genes that are associated with the
regulation of ovarian cancer drug resistance, at least half
respond to ovarian cancer drug resistance by directly or indi-
rectly involving an apoptosis signalling pathway.

Gene expression downregulation caused by DNA hyper-
methylation plays a notable role in the development of drug
resistance in ovarian cancer. Therefore, therapies including the
use of DNA methylation inhibitors to reverse the expression of
DNA methylation may be a key trend for ovarian cancer treat-
ment and for the mitigation of multidrug resistance. Studies
have revealed that after adding the demethylation inhibitor
5-azacytidine or 5-aza-2 deoxycytidine to 11 genes, including
MLHI1, FBX032 and TRAG-3, most of the sensitivity of
ovarian cancer cells to chemotherapy drugs increased with
varying degrees (see Table I). Hence, demethylation inhibitors
have been increasingly used in clinical practice. However,
certain genes, including BRCA1, PROM1, ABCG2, MAL,
LITDI and FANCEF, presented hypomethylation in ovarian
cancer tissues, and the use of demethylation inhibitors may
decrease ovarian cancer cell sensitivity to chemotherapy drugs
or increase drug resistance (see Table I).

Biological processes enrichment. We conducted a biological
process analysis on the 26 methylated genes that are associ-
ated with the regulation of ovarian cancer drug resistance (7).
As shown in Table II, among the clusters of genes for the
biological processes that have the highest score in enrichment,
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Table II. Results of biological process enrichment using DAVID.
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Enriched biological processes Enriched genes P-value
Apoptosis-related BRCA1,MAL, MLH1, PTEN, TNFRSF10, SFRP
Induction of apoptosis 0.0016
Positive regulation of apoptosis 0.0047
Regulation of apoptosis 0.0083
Cell cycle-related BRCA1,MLHI1, TUBB3, UCHLI1
Microtubule-based process 0.0077
Cell cycle 0.0560
Drug-related ABCBI1,ABCG2, CSAG2, PTEN
Response to drug 0.0490

Table III. Biological process annotation analysis of the interaction among 20 methylated genes and ovarian cancer (ovarian
neoplasms) and tumour drug resistance (drug resistance, neoplasms) using Coremine medical software.

Input terms Annotated biological process P-value
20 genes (MLH1, BRCA1, FBX032, DNA methylation 0.00094
DNAIJC15,PROMI1, RASSF1, PTEN, Gene expression 0.00133
TNFRSF10A, ABCG2,ZMYNDI0, Methylation 0.00133
MDRI1, TGFBI, UCHLI, SFRP, Apoptotic process 0.00221
TUBB3, CLDN4, HOXA10, HOXA9, Cell proliferation 0.00361
HOXAT11, FANCF) AND ovarian neoplasms Cell cycle 0.00562
AND drug resistance, neoplasms Signal transduction 0.00594
RNA interference 0.00865
Phosphorylation 0.01780
Cell death 0.02020
Pathogenesis 0.02610

cluster 1 consists of six genes primarily associated with
apoptosis-related biological processes, and cluster 2 consists
of four genes that are mainly related to cytoskeletal and cell
cycle processes. These results suggest that DNA methylation is
involved in the development of multidrug resistance in ovarian
cancer mainly through apoptosis and cell cycle regulation. In
addition, DAVID also enriched four methylated genes associ-
ated with drug response.

Protein interaction analysis for 26 methylated genes. To
explain the correlation between all of the genes and ovarian
cancer drug resistance, we conducted a comprehensive analysis
of protein interactions for the 26 genes using the STRING (8)
tool. As shown in Fig. 1, with the exception of the ASS1, MAL,
CSAG?2, Sulf-1, RGS10 and LITDI genes/proteins, direct or
indirect interactions were identified for the all genes. PTEN
demonstrated a direct interaction with 13 genes, indicating
that it may play a central role in these ovarian cancer drug
resistance-related genes. PTEN has been proven to be a
tumour suppressor gene, and it is involved in the cell cycle,
cell division and apoptosis through negative regulation of the
PTEN/P13K/AKT pathway (53,54). Previous studies suggest
that PTEN is also involved in drug resistance via the PI3K/AKT
pathway. Reduction in PTEN expression was noted to result
in the development of drug resistance in OVCAR-3 cells
and the alterations conferred resistance to cisplatin through

the activation of PI3K/AKT (55). Further research indicates
that overexpression of PTEN reverses chemoresistance to
cisplatin in human ovarian cancer cells through inactivation
of the PI3K/AKT cell survival pathway (56). In addition to
PTEN, ABCB1 and ABCG2 also have direct interactions
with several other proteins in the network. It is indicated that
these two genes may also play a key role in the ovarian cancer
drug resistance regulated by DNA methylation. ABCBI1 and
ABCG2 are genes of the ABC transporter protein family and
are associated with drug transport. The P-gp protein encoded
by ABCBI regulates the drug cumulative effect in tumour cells
and eventually participates in the multidrug resistance process
by being involved in drug transport across the membrane and
in membrane stability maintenance (57); ABCG2 possesses
ATP activity and is involved in biological processes, including
drug transport and cell membrane stability (58). Chen ez al (59)
observed that ABCB1 and ABCG?2 are involved in ovarian
cancer drug resistance through the transcription factor Gli
of the Hh signalling pathway. Gli expression inhibition may
reduce ABCBI and ABCG2 gene expression levels and
strengthen the sensitivity of ovarian cancer to chemotherapy.
The underlying mechanism is mainly the result of the joint
action of Gli with its similar sequence in the ABCBI and
ABCG2 promoter regions. In addition, Hatle et al (10)
observed that the reduced expression of DNAJC15 prevented
the drug cumulative effect in cells by increasing the expression
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Figure 1. Unilateral interaction analysis of 26 ovarian cancer drug resistance-related genes with DNA methylation using STRING software. The line between
two proteins represents the interaction between the two proteins. Different colours represent the different types of interactions, indicated by ‘interaction type’.

of ABCBI, thus participating in the process of chemotherapy
resistance in ovarian cancer.

As noted above, among the 26 methylated genes that are
associated with ovarian cancer multidrug resistance, direct or
indirect interactions were identified among 20 genes and their
proteins (Fig. 1), indicating that these genes have significant
correlations in their function. Therefore, to further analyse the
for the regulation of ovarian cancer drug resistance by these
20 functionally correlated genes, we conducted an annotation
analysis of the correlations among the genes (MLH1, BRCAL,
FBX032,DNAIJCI15, PROMI, RASSF1, PTEN, TNFRSFI0A,
ABCG2, ZMYNDI10, MDR1, TGFBI, UCHLI1, SFRP,
TUBB3, CLDN4, HOXA10, HOXA9, HOXA11 and FANCF)
and ovarian cancer (ovarian neoplasms) and tumour resistance
(drug resistance, neoplasms) using Coremine software (Fig. 1).
As shown in Table III, a comprehensive analysis annotated
12 biological processes that were significantly correlated
with the 20 genes, ovarian cancer and tumour drug resistance
(P<0.05), indicating that the 20 genes may be involved in the
regulation of ovarian cancer and multidrug resistance by acting
on these 12 biological processes. Among the 12 annotated
biological processes, DNA methylation had the highest score
(DNA methylation, P=9.5E-4), fully illustrating a significant
correlation between DNA methylation and these 20 genes,
ovarian cancer and drug resistance. This result is consistent
with the results summarised in Table I and they are considered
to form a mutual basis for each other. Moreover, in addition to
the biological processes of DNA methylation, the annotated
biological processes also included apoptosis, cell proliferation,
cell cycle and signal transduction.

Correlation analysis of ovarian cancer drug resistance-related
methylated genes with malignant behaviour and prognosis. An

integrated analysis of the correlation between the integrated
26 methylated genes and ovarian cancer malignant clinical
behaviour and prognosis factors was also conducted. As shown
in Table IV (10,11,14,16,18-27,29-36,38,39,41-45,47-52 ,60-83),
we observed that a considerable number of DNA methylated
genes, including MLHI1, FBXO32, PROM1, RASSF1, PTEN,
SFRP, TUBB3, L1TD1 and CLDN4, were associated with
the invasion of ovarian cancer. Each gene was hypermethyl-
ated, resulting in the silencing of gene expression in ovarian
cancer and drug-resistant tissue or cells and ultimately
regulating tumour invasion. MLHI1, FBX032 and TUBB3
are associated with ovarian cancer lymph node metastasis,
while HOXA10 hypomethylation is associated with ovarian
cancer metastasis behaviour (50). In addition, a number of the
26 methylated genes revealed a significant correlation with the
type, pathological grade and clinical stage of ovarian cancer.
For example, methylation changes in MLH1, BRCAI, PTEN,
UCHLI1, L1TD1 and HOXA10 were associated with the histo-
logical type and pathological grade. Studies have revealed
that MLH1 methylation changes are related to serous patho-
logically well-differentiated ovarian cancer, with statistical
significance, while methylation changes in PTEN are related
to mucinous ovarian cancer, with statistical significance (61).
In addition, the methylation of nine genes (FBX032, RASSF1,
PTEN, UCHLI, SFRP, MAL, TUBB3, L1TDI and FANCF)
was correlated with the clinical stage of ovarian cancer, and
the DNA methylation of four genes [MLHI1 (14), BRCAL1 (62),
ASS1 (23) and SFRP (39)] was correlated with recurrence
(Table IV).

DNA methylated genes associated with drug resistance
regulation have a significant correlation with ovarian cancer
prognosis (Table IV). Among the 26 methylated genes, the
methylation of ABCG2, Sulf-1, FANCF, CLDN4, TGFBI (63)
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and RGS10 (34) has been reported not to be associated with
the prognosis of ovarian cancer. However, the methylation or
abnormal expression of the remaining 20 genes are all statisti-
cally relevant to ovarian cancer prognosis. As shown in Table I'V,
most gene methylation and the subsequent expression changes
are relevant to the poor prognosis of ovarian cancer, shortening
overall survival (OS) and progression-free survival (PFS), while
methylation changes in the BRCA1 and CSAG2 genes are corre-
lated with longer PES and OS (84,64). In addition, studies have
indicated that the methylation of SOX1 and LMXIA is related
to a patient's long-term survival rate (85). Given that ovarian
cancer drug resistance-related methylated genes are signifi-
cantly related to ovarian cancer prognosis, the joint detection
of the DNA methylation levels in plasma may be an significant
approach for ovarian carcinoma clinical prediction and prog-
nostic analysis. In fact, there have been studies demonstrating
that plasma DNA methylation may be a biomarker for the early
diagnosis of ovarian cancer. As shown in Table IV, the methyla-
tion status and levels of MLH1, BRCA1, RASSF1, TNFRSF10A
and L1TDI1 were significantly changed in the plasma of patients
with early ovarian cancer. Further studies have revealed that
in the plasma DNA in 50 ovarian cancer patients, at least one
promoter of BRCAI and RASSF1 was in a state of hypermeth-
ylation in 68% of the patients. Methylation testing combining
these two genes with four other genes (APC, DAPK, pl4ARF
and pl6INK4a) increases the diagnosis susceptibility of ovarian
cancer to 100%. The methylation of all six genes was negative in
the plasma DNA of the peripheral blood of 20 normal females;
i.e., the diagnostic specificity was 100% (65). Thus, DNA meth-
ylation status detection, particularly DNA methylation status
detection in plasma, has broad application prospects for the
diagnosis of ovarian cancer.

Discussion

Ovarian cancer is a gynaecological cancer with a high
mortality rate. The main reason for chemotherapy failure is
the development of multidrug resistance. DNA methylation is
an epigenetic mechanism that plays a crucial role in the devel-
opment, progression and drug resistance of ovarian cancer.
To date, there has been extensive research into the correlation
between ovarian cancer drug resistance and DNA methyla-
tion, and notable relevant research results have been reported.
However, most of the current studies in this area are focused
on DNA methylation level assays in ovarian cancer tissue or
cells, or on the regulation of the development and drug resist-
ance in ovarian cancer by methylation of one or several genes.
Research is relatively dispersed, and there are few studies
concerning the comprehensive analysis of gene methylation
mechanisms related to ovarian cancer drug resistance and
their association with clinical factors. In the present study, we
conducted an integrated analysis of the correlation between
the 26 methylated genes and ovarian cancer, multidrug resist-
ance and a number of other clinical factors. Focusing on the
effects of these genes on the drug resistance mechanisms,
prognosis and malignant behaviour of ovarian carcinoma, this
study provides guidance on the choice of chemotherapy drugs
used in clinical settings, early detection and prognosis. At the
same time, we carried out bioinformatics analyses, including
biological process annotation and protein-protein interaction,
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providing evidence for integrated research of DNA methylation
genes that play a role in ovarian cancer and drug resistance.

Through DAVID bioprocess enrichment analysis, we
observed that the 26 ovarian cancer-related methylated genes
were significantly correlated with apoptosis (see Table IV);
Coremine medical analysis of the 20 methylated genes that
have the closest interaction among each other (Fig. 1) demon-
strated that apoptosis is one of the biological processes that
is significantly correlated with these 20 genes, ovarian cancer
and drug resistance (Table IIT). These results indicate that
DNA methylation involves the regulation of multidrug resist-
ance in ovarian cancer through apoptosis. The latter finding
is in good agreement with that of previous studies (86,87).
As shown in Table I, there are at least seven genes, including
PTEN, BLU and UCHLI, that participate in the regulation
of multidrug resistance in ovarian cancer through cell apop-
tosis. Apoptosis is autonomous programmed cell death for
the maintenance of homeostasis. Unlike necrosis, apoptosis
is not a passive process but an active process that involves a
series of functions, including gene activation, expression and
regulation. Apoptosis is not self-injury under pathological
conditions but an initiative death process to better adapt to the
living environment (88). Studies have revealed that a number
of genes are involved in the regulation of ovarian cancer multi-
drug resistance through apoptosis. For example, the reduction
of the expression of the tumour suppressor gene PTEN was
accompanied by increased expression of Bcl-2, which is
widely recognised as an anti-apoptotic gene. The presence
of Bcl-2 helps to maintain normal cell proliferation and
prevents cisplatin-mediated apoptosis by blocking the release
of cytochrome ¢ from mitochondria, thereby participating
in the regulation of ovarian cancer cisplatin resistance (89).
Similarly, the tumour suppressor gene BLU acts through the
downregulation of Bcl-2 and the upregulation of Bax, P21 and
P53, causing apoptosis and responding to paclitaxel resist-
ance in ovarian cancer (31). Another example is that UCHLI1
promotes sensitivity to cisplatin in ovarian cancer cells by
promoting apoptosis (36). In summary, these results demon-
strate that apoptosis may be an essential mechanism by which
methylated genes regulate drug resistance in ovarian cancer.
In-depth research of the role of methylated genes in the regula-
tion of apoptosis in ovarian cancer is likely to provide further
opportunities to overcome multidrug resistance.

Platinum- and paclitaxel-based drugs are currently the main
chemotherapy drugs used in the clinical treatment of ovarian
cancer. Based on our overall analysis (Table I), gene methyla-
tion is the primary reason for resistance to these types of drugs
in ovarian cancer cells. Thus, the reversal of gene methylation
status may be the key to overcoming resistance to platinum or
paclitaxel. It has been proven that the reversal of the methylation
status of certain genes effectively reverses the resistance to chem-
otherapeutic drugs in ovarian cancer cells. Strathdee ef al (90)
demonstrated that the methylation level of the hMLHI gene in
cisplatin-resistant A2780 cells was significantly higher than that
in cisplatin-sensitive cells. Following treatment with the DNA
methylation inhibitor 5-azacytidine, A2780 drug-resistant cells
restored the sensitivity to cisplatin, while the DNA methylation
levels in hMLHI were also significantly decreased, indicating
that increased sensitivity to the drug in ovarian cancer is, at
least in part, due to the decreased DNA methylation level in
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the hMLHI gene. Additionally, Kassler et al (25) noted that
the hypermethylation status in the RASSF1A gene promoter in
paclitaxel-resistant ovarian cancer cells and the forced increase
of RASSFI1A gene expression enhanced the sensitivity of ovarian
cancer to paclitaxel. This result indicates that the expression
silencing caused by RASSF1A methylation causes paclitaxel
resistance of ovarian cancer cells and that the stimulation of the
demethylation status by forcing the re-expression of RASSFIA
effectively increases the sensitivity of the cells to the drugs.
These results indicate that the demethylation of methylated genes
reverses drug resistance in ovarian cancer cells to some extent.
Therefore, demethylating drugs have been increasingly used
in clinical settings. For example, DNMT inhibitors, including
5-azacytidine and its deoxyribose analogues (5-azacytidine)
or 5-aza-2 deoxycytidine, decitabine and other demethylating
drugs, have been used in cancer chemotherapy. In summary, the
comprehensive analysis and detection of ovarian cancer drug
resistance-related methylated genes may guide clinical drug
choice to a certain extent, providing significant clinical value.

This study also performed an integrated analysis of the
correlation between ovarian cancer drug resistance-related
methylated genes and ovarian cancer malignant behaviour.
Overall, there are relatively few studies concerning ovarian
cancer drug resistance-related methylated genes and ovarian
cancer malignant behaviour. As shown in Table II, among all
26 genes, 9 genes (including PTEN) are related to ovarian
cancer staging, 7 genes (including MLHI) are related to ovarian
cancer invasion, 6 genes (including BRCA1) are related to the
histological type of ovarian cancer, and 6 genes (including
RASSFI1A) are related to ovarian cancer grading. However,
the correlation between the remaining methylated genes and
ovarian cancer malignant behaviour is unclear. Furthermore,
methylation status changes in drug resistance-related methyl-
ated genes in ovarian cancer were significantly associated with
the prognosis of ovarian cancer. As shown in Table IV, 19 of
the 26 methylated genes, including hMLHI, are associated
with ovarian cancer prognosis, of which hypermethylation of
at least 13 genes, including ASSI, is significantly associated
with poor prognosis. The latter findings were mainly char-
acterised by a significant shortening of OS and PFS. These
results suggest that the methylation level of ovarian cancer
resistance-related genes is a good prognostic marker and that
an integrated analysis of multiple methylated genes may better
predict the prognosis.

Conclusion

An integrated analysis of the correlation between 26 meth-
ylated genes and drug resistance in ovarian cancer and a
relevant bioinformatics analysis were conducted in this
study. Protein/gene interactions revealed that at least 20 of
the 26 genes interact with each other (Fig. 1) and that PTEN,
ABCBI and ABCG?2 have direct interaction with most of the
other genes in the network. This result suggests that overall,
these methylated genes may participate in the regulation
of ovarian cancer drug resistance and that genes including
PTEN may be key regulators. Annotations on biological
processes using DAVID and Coremine (Tables II and III)
indicated that apoptosis may be a significant mechanism
of drug resistance by methylated genes. In addition, the
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integrated analysis revealed that re-expression caused by
demethylation reverses tolerance to chemotherapeutic drugs
in ovarian cancer to a certain extent. This observation indi-
cates that the application prospect of demethylating drugs in
clinical practice may be broader than previously considered.
In addition, this study demonstrated that the methylation
levels of ovarian cancer drug-resistant methylated genes were
significantly associated with poor prognosis in ovarian cancer
(Table IV). In summary, this study explains the potential
correlation between methylated genes and drug resistance in
ovarian cancer with the potential to guide our understanding
of the regulation of ovarian cancer drug resistance by gene
methylation, treatment and improvement of the prognosis of
ovarian cancer.
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