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Abstract

Background: Ovarian cancer (OC) is a significant health problem often diagnosed at an advanced stage due to the lack
of early symptoms and effective screening methods. This study aimed to explore the role of CYB5R4 gene methylation
as a potential biomarker for ovarian cancer.

Methods: DNA isolation was performed in the blood samples of 387 ovarian cancer patients, 50 individuals with benign
ovarian diseases, and 100 healthy controls. The CYB5R4 gene methylation status was evaluated using the Methyl-Specific
Restriction Enzymes (MSREs) technique and methylation levels were compared between the groups.

Results: Ovarian cancer patients exhibited the highest mean methylation percentage (9.45%) and median (6.23%),
followed by healthy controls with a mean of 9.14% and a median value of 4.47%. Statistical analysis showed significant
differences in methylation levels (P=.041), suggesting that CYB5R4 methylation may be associated with ovarian cancer
progression.

Conclusion: The CYB5R4 gene methylation may serve as a potential biomarker for ovarian cancer, particularly in
distinguishing between malignant and benign conditions. Further research is needed to validate these findings and explore
the clinical utility of CYB5R4 methylation in ovarian cancer management.
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Introduction hypermethylation in CpG dinucleotides holds promise as a
diagnostic tool for cancer. Furthermore, due to epigenetic
alterations’ dynamic and reversible nature, they present
promising targets for advancing more efficacious therapeu-
tic approaches in the fight against cancer. The fundamental
traits of cancer cells comprise genetic instability, resistance

Ovarian cancer (OC) presents a significant health chal-
lenge, ranking as the eighth most prevalent gynecological
malignancy and the fifth leading cause of cancer-related
mortality in women.! Due to the lack of early symptoms
and effective early detection methods, most patients are
diagnosed at an advanced stage. The 5-year survival rate
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to programmed cell death, and continuous activation of
growth-promoting signals.*

The CYB5R4 gene, located on chromosome 6q14.2, has
been implicated in diverse biological processes, including
cellular development, oxidative stress response, and metab-
olism. Its dysregulation has been associated with various
cancers. For instance, hypermethylation of CYB5R4 has
been linked to late-stage breast cancer and regulation by
oncogenic microRNAs, suggesting its role in tumorigene-
sis.>® Recent research indicates that the methylation pro-
files of CYB5R isoforms, such as CYB5R2 and CYB5R3,
exhibit contrasting roles in cancer, with CYB5SR2 acting as
a tumor suppressor and CYB5SR3 potentially promoting
tumor progression.” Specifically, Ming et al” demonstrated
that the transcriptional activity of CYB5SR2 affects genes
associated with angiogenesis, such as VEGFA and TGFBRI,
suggesting a mechanism by which epigenetic inactivation
of CYB5R2 could contribute to lymph node metastasis in
cancers, including ovarian cancer. Conversely, the role of
CYB5R3 appears to be more complex. While some studies
suggest that CYB5R3 may facilitate tumor progression by
promoting the extravasation and colonization of cancer
cells, its exact role in ovarian cancer remains unclear.® This
duality in function highlights the need for further investiga-
tion into how these isoforms of CYBSR interact within the
tumor microenvironment and influence cancer progression.
Fedorova noted that the evidence surrounding CYB5R's
involvement in carcinogenesis is sparse and sometimes
contradictory, indicating that while CYB5R2 may have
tumor-suppressive effects, CYB5R3 could contribute to
tumor aggressiveness.® The complexity of these interac-
tions underscores the importance of understanding the
molecular landscape of ovarian cancer, where both tumor-
suppressive and tumor-promoting factors may coexist and
influence disease outcomes. In summary, the relationship
between the CYBSR gene and ovarian cancer is character-
ized by the opposing roles of its isoforms, with CYB5R2
acting as a potential tumor suppressor and CYB5R3 possi-
bly facilitating tumor progression. In a comparative study
of our team, which evaluated the methylation profiles in
monozygotic twins discordant for serous ovarian cancer,
one of the genes showing methylation changes was the
CYB5R4 gene.’

The investigation of epigenetic changes in cancer, par-
ticularly DNA methylation, has become increasingly sig-
nificant in understanding the genetic basis of this complex
disease. DNA methylation plays a pivotal role in the patho-
genesis of ovarian cancer, influencing both tumor initiation
and progression through epigenetic modifications. Aberrant
DNA methylation patterns, particularly hypermethylation
of CpG islands in promoter regions, have been implicated
in the silencing of tumor suppressor genes, which is a hall-
mark of many cancers, including ovarian cancer.'” In ovar-
ian cancer, hypermethylation of tumor suppressor genes,
including BRCAI, PTEN, and others, has been associated
with poor prognosis, chemoresistance, and aggressive
tumor behavior.!" In addition, studies have shown that the
downregulation of methyltransferase-like proteins, such as
METTLI4, can lead to increased cell proliferation and

contribute to the aggressive nature of ovarian tumors by
stabilizing oncogenic mRNAs.!? The interplay between
DNA methylation and other epigenetic mechanisms, such
as histone modifications, further highlights the complexity
of gene regulation in ovarian cancer.'? Understanding these
alterations could provide critical insights into cancer biol-
ogy and open new avenues for therapeutic intervention.

In this context, the present study aimed to explore the
methylation levels of the CYB5R4 gene in ovarian cancer
patients, individuals with benign ovarian diseases, and
healthy controls. In our previous research, we conducted
comprehensive genomic profiling, including healthy and
affected individuals—specifically, a serous ovarian can-
cer patient and her healthy monozygotic twin, both of
whom were BRCA mutation carriers.”'* We aimed to
investigate the methylation profiles of the CYB5R4 gene
in a large cohort of serous ovarian cancer patients’ periph-
eral blood samples since circulating tumor DNA can be
used as a predictor of progression-free and overall sur-
vival in epithelial ovarian cancer patients.'> Primarily we
evaluated its potential as a diagnostic tool for distinguish-
ing between malignant and benign ovarian conditions,
while also exploring its potential role as a prognostic
marker linked to tumor progression and clinical out-
comes. Here in this study, the CYB5R4 methylation was
found higher in serous ovarian cancer patients’ plasma
samples which might suggest that CYB5R4 methylation
levels may be associated with the biological processes of
cancer, and could potentially serve as a biomarker for
ovarian cancer development.

Materials and Methods

The DNA was isolated from the lymphocyte samples of 387
OC patients, 50 individuals with benign ovarian diseases
who presented to Istanbul University Oncology Institute, and
100 healthy controls matched to the patients in terms of age,
gender, and ethnicity. Cancer genetics biologists conducted
genetic counseling. The data were collected during the initial
genetic counseling session, which took place when they
sought genetic testing. The blood samples were drawn for
the study after the written informed consent was obtained
from patients and healthy controls and the study was con-
ducted at Istanbul University Oncology Institute, Cancer
Genetics Department between 2020 and 2023. The samples
from patients with a diagnosis of ovarian cancer were col-
lected before surgery and prior to initiating chemotherapy.
Ethics approval of the study was obtained from the Istanbul
Faculty of Medicine Ethics Committee (Ethics Committee
Approval: 2021/790-2019/1161).

This study was reported in accordance with the STROBE
guidelines for observational studies (Supplementary
Material 1).' The blood samples of 387 OC patients, 50
individuals with benign ovarian diseases, and 100 healthy
controls were grouped for the methylation experiments.
The collected samples were preserved in liquid nitrogen
tanks at —270°C and in ultra-low temperature freezers at
—80°C until the commencement of the experimental
procedures.
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Methyl-Specific Restriction Enzymes

The DNA extraction from blood samples of the patient
cohort, healthy controls, and the control group was con-
ducted following the guidelines outlined in the “Quick-
DNA™ Miniprep Plus Kit” (Zymo Research, CA, USA).
The DNA concentration was assessed utilizing the Nanodrop
2000 (Thermo Fisher, USA) and the integrity of the isolated
DNA was evaluated through electrophoresis on a 0.8% aga-
rose gel. DNA methylation analysis was performed using the
OneStep qMethylTM (Zymo Research, CA, USA) Kit based
on the enzyme shearing method. Two different reactions of
test and reference were performed using the components of
the kit. While the test reaction included the Methyl-Specific
Restriction Enzymes (MSREs), no enzymes were included
in the reference reaction. In both reactions, DNA was ampli-
fied using the real-time PCR using SYTO 9 fluorescent dye
and CYB5R4 gene-specific primers (The CYB5R4 gene-spe-
cific methylated (sense, 5'-GGT TTG AAG ATG CTG AAC
GT-3'; antisense, 5'CCGAGAGCCTATAATACCGC3)
were designed using the Integrated DNA Technologies
Oligoanalyzer tool. To determine the methylation profiles of
the CYB5R4 gene, the “Zymo Research OneStepqMethyl”
kit on the Applied Biosystems Real-Time PCR (Thermo
Fisher, USA) was used. Each sample was studied 3 times.
Amplification was conducted by a cutting step with MSR
enzymes at 37°C for 2 hours, then a denaturation step at 95°C
for 10 minutes, followed by denaturation at 95°C for 10sec-
onds, then annealing at 54°C for 60seconds, extension at
72°C for 60 seconds, and 72°C for 7 minutes. The PCR reac-
tions were conducted in pairs with 10 pL of 2X preMix, 5 pL
of DNA sample, 2 uL of each sense and antisense primer for
CYB5R4, and a total volume of 20 uL with DNase/RNase-
free water. The cycle threshold value (Ct) during the amplifi-
cation phase differed in the test and reference reactions. The
A% values (target “T — reference gene ") in the peripheral
blood of patients and controls were calculated as the sum of
percentage methylation for the CYB5R4 gene using the 100
X 278Ct formula. Qualitative and quantitative variables were
analyzed and compared based on the threshold value of 6%
methylation. Samples with a methylation level of 6% or
below were classified as unmethylated, while those above
6% were classified as methylated.

Statistical analysis

The number and percentage are given as descriptive statis-
tics for qualitative variables, and the mean, standard devia-
tion, median, minimum, and maximum values are given for
quantitative variables. Relationships between qualitative
variables were examined with Pearson Chi-square and
Fisher Exact tests. The Bonferroni correction was used for
post hoc tests in the comparison of the incidence rates of
multiple groups. The suitability of quantitative variables to
normal distribution was examined with the Shapiro-Wilk
test. The homogeneity of variance was investigated using
the Levene test. Mann-Whitney U test was used to compare
the medians of two independent groups. Kruskall-Wallis
test was used to compare the medians of multiple

independent groups. Dunn test was used as a post hoc test
in multiple comparisons. The statistical significance level
was taken as .05, and the Statistical Package for the Social
Sciences (SPSS) (version 26, IBM Corp. in Armonk, NY)
program was used in the calculations.

Results

The study included ovarian cancer patients, individuals with
benign ovarian diseases, and healthy controls with qualitative
variables, including diagnosis, clinical stage, histological
grade, histological subtype, ethnicity, and menopausal status
reported as frequencies and percentages (Table 1). Among the
ovarian cancer patients, 48 (12.4%) were tested positive for
BRCAI, while 339 (87.6%) were BRCAI-negative. Of the
overall BRCA status (BRCAI&BRCA?2), 92 ovarian cancer
patients (23.8%) were BRCA-positive, while 295 (76.2%)
were BRCA-negative. In contrast, all individuals with benign
ovarian diseases and in the healthy control group were BRCA-
negative. Regarding age, 77 ovarian cancer patients (19.9%)
were younger than 45 years, while 260 patients (67.2%) were
over 45years old. The clinical staging of ovarian cancer
patients showed that the majority were in stage 3 (204
patients, 52.7%), followed by stage 4 (52 patients, 13.4%),
stage 1 (61 patients, 15.8 %), and stage 2 (42 patients, 10.9%).
Histological grading revealed that most ovarian cancer
patients were in stage 2 (103 patients, 26.6%), followed by
stage 3 (195 patients, 50.4%) and stage 1 (57 patients, 14.7%).
Menopausal status showed that 162 ovarian cancer patients
(41.9%) were premenopausal, and 168 patients (43.4%) were
postmenopausal period. There was no significant difference
between methylated and unmethylated groups in terms of age
(P =.192).

The findings on CYB5R4 methylation levels in ovarian
cancer patients have important clinical implications.

A statistically significant difference was observed in age
distribution between the methylated and unmethylated
groups. The proportion of patients over 45years old was
significantly higher in the methylated group compared with
the unmethylated group (P<<.001). When evaluated in
terms of clinical stage, the proportion of patients in clinical
stages 3 and 4 was significantly higher in the methylated
group (P<<.001). The proportion of grade 3 tumors was
significantly higher in the methylated group, while grade 1
tumors were more common in the unmethylated group
(P<<.001). A statistically significant difference was also
observed in terms of ethnicity, with a significantly higher
proportion of Turkish individuals in the methylated group
(P<<.001). No statistically significant difference was
observed between methylation status and menopausal sta-
tus (P=.052).

Advanced clinical stages, particularly stage 3 (P=.001)
and stage 4 (P=.003), exhibit higher methylation levels,
indicating a potential link between increased methylation
and disease progression. Similarly, histological grades,
such as grade 3 (P=.001) and grade 2 (P=.021), are sig-
nificantly associated with higher methylation. Between
patients with ovarian cancer, there is a significant differ-
ence in methylation levels between age <45 (P=.072) and
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Table I. The clinical and demographic features of the ovarian cancer patients and P values.

Ovarian cancer patients Methylated Unmethylated
Number % Number % Number % P
Age 45 =45 77 19.9 20 9.5 57 44.9 <.001
>45 260 67.2 190 90.5 70 55.1
Unknown 50 12.9
Clinical Stage Stage | 6l 15.8 152 74 46° 293 <.001
Stage 2 42 10.9 322 15.8 IoP 6.4
Stage 3 204 527 120? 59.5 84> 535
Stage 4 52 13.4 352 17.3 |7 10.8
Unknown 28 72
Histological Grade Grade | 57 14.7 122 6.1 45° 28.5 <.001
Grade 2 103 26.6 552 27.9 48° 304
Grade 3 195 50.4 130° 66 65° 41.1
Unknown 32 83
Ethnicity Turkish 265 68.5 180° 80 85> 57.8 <.001
Balkan 72 18.6 30° 133 42° 28.6
Kurdish 35 9 152 6.7 20° 13.6
Unknown 15 3.9
Histological Subtype Serous 387 100
Menopausal status Premenopausal 162 41.9 112 53.3 50 41.7 .052
Postmenopausal 168 434 98 46.7 70 583
Unknown 57 14.7

*bSuperscript letters indicate pairwise comparisons between groups. Groups sharing the same letter do not differ significantly, while groups with
different letters show a statistically significant difference in the respective proportion (P < 0.05).

Table 2. Comparison of CYB5R4 gene methylation levels (%) among healthy controls, individuals with benign ovarian diseases, and

ovarian cancer patients.

Groups Median IQR Minimum Maximum P value
Healthy Controls 447474 3.000-6.500 0.979 99.309 012
Individuals with Benign Ovarian Diseases 3.52401 2.500-4.600 0.849 29.526

Ovarian Cancer Patients 6.22840 4.200-8.800 0.108 143.400

age>45 (P=.002), ethnicity Turkish (P=.003) and non-
Turkish-Balkan (P=.061) and Kurdish (P=.055). There is
also a significant difference in methylation levels between
stage 1 (P=.045) and stage 2 (P=.056) and between stage
3 (P=.001) and stage 4 (P=.003). The ethnic makeup, pre-
dominantly Turkish, also suggests genetic influences on
methylation patterns. Overall, these results imply that
CYB5R4 methylation could be a valuable biomarker for
prognosis and personalized treatment in ovarian cancer.

Table 2 shows the comparison of CYB5R4 gene meth-
ylation levels among the study groups revealing notable
differences. Ovarian cancer patients exhibited the highest
median value (6.23%) reflecting considerable variability
within this group. Healthy controls showed a slightly lower
median value (4.47%), individuals with benign ovarian dis-
eases had the lowest median value (3.52%) indicating more
consistent methylation levels within this group.

The differences in methylation levels across the groups
were statistically significant (P=.041) (Table 2), suggesting
that higher CYB5R4 methylation may be associated with the
presence and progression of ovarian cancer. In our analysis,
we observed differences in the median CYB5R4 methylation
levels across the 3 groups. The ovarian cancer patients had a

higher median value (6.23) compared with both healthy con-
trols (4.47) and individuals with benign ovarian diseases
(3.52). This variation suggests a potential trend in CYB5R4
methylation patterns associated with disease status, with ovar-
ian cancer patients showing the highest median methylation
levels among the groups. Statistical analysis confirmed a sig-
nificant difference between groups (P=.041). This compari-
son underscores a notable increase in CYB5R4 methylation in
ovarian cancer patients compared with both benign ovarian
diseases and healthy individuals, suggesting a potential asso-
ciation between CYB5R4 methylation and ovarian cancer.
Figure 1 shows the distribution of methylated and
unmethylated CYB5R4 gene profiles across 3 cohorts as
ovarian cancer patients (N=387), individuals with benign
ovarian diseases (N=50), and healthy controls (N=100). In
the ovarian cancer group, a significant proportion of sam-
ples (229/387) showed CYB5R4 methylation, while 158
samples remained unmethylated. In contrast, individuals
with benign ovarian diseases showed a much lower inci-
dence of CYB5R4 methylation, with only 12 methylated
samples compared with 38 unmethylated samples. The
healthy control group displayed similar methylation pat-
terns to the individuals with benign ovarian diseases, with
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CYB5R4 Methylation Status Across Groups
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Figure.l. The methylation status of peripheral blood samples
of ovarian cancer patients, individuals with benign ovarian
diseases, and a healthy control group.

38 methylated and 62 unmethylated samples, indicating a
potential baseline level of methylation in noncancerous tis-
sue. These findings highlight a distinct difference in CYB5R4
methylation profiles between those with malignant masses,
benign masses, and healthy individuals’ blood samples, sug-
gesting that CYB5R4 methylation could serve as a potential
biomarker for ovarian cancer diagnosis.

Discussion

Ovarian cancer (OC) is the eighth most common cancer
among women worldwide. Methylation plays a crucial role
in ovarian cancer as demonstrated in various studies.!”!®
Strathdee et al'? investigated the methylation status of 93 pri-
mary ovarian tumors at 10 loci, revealing multiple methyla-
tor phenotypes involving the tumor suppressor genes.
Houshdaran et al?® highlighted the distinct methylation pro-
files of different histological types of ovarian tumors, empha-
sizing the need for treating different histologies of ovarian
cancer as different diseases. In addition, Su et al*! found that
DNA methylation of SFRP5 was associated with malignant
phenotype and chemoresistance of ovarian cancer through
the Wnt signaling pathway. Feng et al* reviewed the correla-
tion between aberrant methylation levels of genes and poor
prognosis in ovarian cancer, shedding light on the prognostic
implications of methylation alterations. Furthermore, Li
et al'? provided insights into the downregulation of methyl-
transferase-like 14 in ovarian carcinomas, emphasizing the
complexity of methylation alterations in ovarian cancer.
Based on these studies, we investigated the methylation pro-
files of the CYB5R4 gene to reveal casier disease manage-
ment in ovarian cancer and to examine DNA methylation
changes that are considered to be useful, especially in early
diagnosis in our study. In addition, its potential as a bio-
marker was investigated in large patient cohorts.

In this study, we focused on the CYB5R4 gene, investigat-
ing its methylation profile in ovarian cancer patients compared
with individuals with benign ovarian masses and healthy indi-
viduals. Our results demonstrated a statistically significant
increase in CYB5R4 methylation in ovarian cancer patients

(P=.041), suggesting its potential as a biomarker for distin-
guishing between malignant and benign conditions. Unlike
previous studies that focused on tumor tissues, we used blood
samples, enabling a noninvasive approach that reflects circu-
lating tumor DNA (ctDNA). This aligns with existing litera-
ture, which supports the reliability of blood-based methylation
analyses as proxies for tumor-specific alterations.

In addition, ethnic variability in methylation patterns
was explored, revealing higher methylation rates among
Turkish patients compared with Balkan and Kurdish
groups. Although not statistically significant across all
groups, these findings hint at potential genetic or environ-
mental influences on methylation patterns.

The findings of this study suggest that CYB5R4 gene
methylation may serve as a significant biomarker for ovar-
ian cancer (OC), particularly in distinguishing between
malignant and benign conditions. The detected median
methylation percentage of 6.22% in ovarian cancer patients
compared with the level of 4.47% in healthy controls, indi-
cates a notable difference that could have clinical implica-
tions. This aligns with previous research that highlights the
role of DNA methylation in cancer progression and its
potential as a diagnostic tool. For instance, hypermethyla-
tion of tumor suppressor genes has been linked to poor
prognosis in OC, emphasizing the importance of epigenetic
changes in tumor biology.”? Furthermore, studies have
shown that aberrant methylation patterns can be associated
with various pathways involved in cancer development,
including those related to DNA repair and apoptosis.????

We found a significant increase in methylation observed
in ovarian cancer patients compared with individuals with
benign ovarian masses and healthy control individuals,
which may indicate its involvement in tumorigenesis, war-
ranting further investigation into its role in cancer biology.
The methylation status of genes, including CYB5R4 might
play a significant role in cancer biology, influencing both
diagnostic and therapeutic strategies.

Moreover, the methodology used in this study, utilizing
Methyl Specific Restriction Enzymes (MSREs), is a well-
established technique for assessing methylation status and
has been effectively used in other studies to evaluate multi-
ple tumor suppressor genes in ovarian cancer.?* The ability
to detect methylation in blood samples also presents a non-
invasive approach for early diagnosis, which is crucial
given that ovarian cancer is often diagnosed at advanced
stages due to the lack of early symptoms.?

Despite the promising findings, this study has several limi-
tations. First, the sample size for individuals with benign ovar-
ian diseases (n=50) is relatively small compared with the
sample size in ovarian cancer patients (n=387) and healthy
controls (n=100), which may limit the statistical power and
generalizability of the results. In addition, the study relied on
blood samples for DNA analysis, which might not fully cap-
ture the heterogeneity of methylation patterns present in tumor
tissues. But the use of blood samples in this study was chosen
for their non-invasive nature, practicality, and feasibility for
large-scale patient cohorts. Blood-based analyses allow for the
detection of circulating tumor DNA (ctDNA), which reflects
the genetic and epigenetic landscape of tumors without
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requiring invasive procedures.?® Previous studies indicate that
methylation patterns observed in blood samples often mirror
those found in tumor tissues, including, supporting their relia-
bility as a proxy for tumor-specific alterations.?” In the case of
CYB5R4, hypermethylation is a well-documented epigenetic
alteration in cancers, including ovarian cancer, where it con-
tributes to tumorigenesis by silencing tumor suppressor
genes.?® Thus, detecting hypermethylation in blood samples is
a practical and scientifically validated approach, aligning with
established cancer methylation patterns and highlighting its
potential as a biomarker for ovarian cancer. The use of a single
threshold for methylation classification (6%) might oversim-
plify the complexity of methylation patterns and their biologi-
cal significance. Another limitation of our study is that we did
not assess potential interactions between CYB5R4 methylation
and other genetic or environmental factors that could influence
ovarian cancer risk.

Conclusions

In conclusion, although the results of this study are prom-
ising, further research is warranted to validate the clinical
utility of CYB5R4 methylation as a biomarker for ovarian
cancer management. Future studies should aim to explore
the relationship between CYB5R4 methylation and clini-
cal outcomes, as well as its potential role in guiding ther-
apeutic decisions. The integration of methylation analysis
with other molecular profiling techniques may provide a
more comprehensive understanding of ovarian cancer
biology and improve patient stratification for targeted
therapies.
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