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Objectives: This study investigated 8-OHdG repair-related gene poly-
morphisms, 8-OHdG concentration and their association with the
risk and survival of high-grade serous ovarian carcinoma (HG-SOC).
Methods: Germline variants in the 8-OHdG repair pathway were as-
sessed in 350 sporadic HG-SOC patients (HG-SOCs) and 700 healthy
controls. The8-OHdGconcentration in leukocyteDNAwasmeasured
by ELISA. Cox proportional hazard models and log-rank test were
used to conduct the survival analysis. Results: The genotype and al-
lele frequencies of OGG1 c.977C> G, MUTYH c.972G> C, and TP53
codon 72Arg/Prowere diȞferent to those of platinum-sensitive recur-
rent HG-SOCs and refractory/platinum-resistant recurrent sub HG-
SOCs (P = 0.04, 0.05, and 0.03, respectively). The average value of
8-OHdG/106 dG was higher in patients with OGG1 c.977G, MUTYH
c.972G, or TP53 codon 72 Arg alleles (all P < 0.01). High 8-OHdG
concentrations in leukocyteDNAwas independently associatedwith
shorter overall survival (OS) (P< 0.01) and progression-free survival
(PFS) in HG-SOCs. Conclusion: Functional polymorphisms in the base
excision repair (BER) systemwere associatedwith increased 8-OHdG
concentrations and thus with platinum sensitivity and prognosis in
HG-SOCs.
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1. Introduction
Epithelial ovarian cancer (EOC) is the most common

lethal gynecologic malignancy worldwide [1–3]. Approxi-
mately 50% of EOC patients are characterized as high-grade
serous adenocarcinoma, for which the standard treatment
is cytoreductive surgery and platinum-based chemotherapy
[4, 5]. The majority of HG-SOCs initially respond well to
platinum-based therapy, with only about 14% HG-SOCs be-

ing platinum-refractory cases [6, 7]. However, poor out-
come with a 5-year survival rate of < 30% is due to ac-
quired resistance to platinum therapy. Cross-linking be-
tween DNA strands and platinum induces subsequent strand
breaks which then leads to tumor cell destruction. There-
fore, tumor cells that acquire platinum resistance are able to
overcome this DNA damaging process. Platinum resistance
is considered to result from the presence of highly resistant
mutants at low frequencies before these mutants are exposed
to platinum [8].

8-OHdG is a well-characterized oxidized base that can in-
correctly incorporate adenines opposite lesion of 8-OHdG
and trigger G:C to T:A in genomic DNA. Oxidized DNA
bases can activate the repair system after DNA damage in or-
der to maintain genomic stability, such as the base excision
repair (BER) system. DNA glycosylases, including hOGG1,
MUTYH, and MTH1, are associated with the BER system.
These enzymes cooperate with TP53 to repair DNA oxida-
tive damage, excise 8-OHdG located on the damaged DNA
strands and protect cells from the mutagenic effects of 8-
OHdG.However, reduced ability to repair damagedDNA can
promote gene mutation. Most of the genetic variations in
BER system-induced genomic instability are closely related
to tumor susceptibility. It is unclear whether these varia-
tions are associated with drug resistance, however it is as-
sumed that variants of the 8-OHdG repair-related gene may
lead to repair dysfunction and the accumulation of oxidative
DNA damage. This in turn could eventually induce platinum
resistance based on previous findings on the associations of
8-OHdG repair-related gene polymorphisms with oxidative
DNA damage in gastric cancer, breast cancer, ovarian cancer
and diabetes [9–18].
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Table 1. Host and clinical characteristics of high-grade serous ovarian carcinoma patients and controls.
Characteristic Cases Controls P-value

Age in years, median (range) 61.5 (36–83) 59.2 (33–80) 0.55
BMI, mean (SD) 25.5 (3.42) 23.7 (3.54) 0.49
Menopausal status (%)
Postmenopausal 256 495

0.41
Premenopausal 94 205
Baseline CA-125 level, median (range, U/mL) 900 (32–28000)
FIGO stage (%)
I 52 (14.9)
II 17 (4.9)
III 180 (51.4)
IV 87 (24.9)
Unknown 14 (4.0)
Surgical residual (%)
Optimal 240 (68.6)
Sub-optimal 98 (28.0)
Unknown 12 (3.4)
Neo-adjuvant chemotherapy (%) 213 (60.9)
Refractory and Recurrence
Refractory (%) 44 (12.6)
Platinum-sensitive recurrent (%) 46 (13.7)
Platinum-resistant recurrent (%) 195 (55.7)

BMI, Body Mass Index, FIGO, the International Federation of Gynecology and Obstetrics.
Platinum-resistant recurrent was defined as tumor progression during or within six months after
completion of prior platinum therapy [23, 24].

This case-control study was performed to determine the
relationship between polymorphisms in the 8-OHdG repair-
related gene and HG-SOC risk and survival. We examined
the correlation of polymorphisms with 8-OHdG concentra-
tion and platinum sensitivity in a Chinese population cohort
with HG-SOC. We also assessed 8-OHdG concentration in
leukocyte DNA in order to examine the association between
the level of oxidative damage and survival among HG-SOC
patients.

2. Materials andmethods
2.1 Subjects

All patients (cases, n = 350) were diagnosed with sporadic
HG-SOC and given primary treatment in the Department
of Gynecologic Oncology at Jiangsu Cancer Hospital (Nan-
jing, Jiangsu province, China) between January 2003 and De-
cember 2013. Healthy women in the age-matched control
group (n = 700) were recruited from volunteers undergoing
health checks in the same region. The allele frequencies of
OGG1 c.977C>G (rs1052133),MTH1 c.247G>A (rs4866),
MUTYH c.972G > C (rs3219489) and AluYb8MUTYH
(rs10527342), TP53 codon 72 Arg/Pro (rs1042522) and 16-
bp Ins/Del were investigated. Clinical data including follow
up were collected in all subjects (Table 1).

2.2 High-resolution melting analysis
BER genetic variants (OGG1 c.977C> G, MTH1 c.247G

> A and MUTYH c.972G > C) were genotyped by dsDNA
dye LCGreen and HRM analysis. The PCR primers were de-

signed by LightScanner primer design software (Idaho Tech-
nology) as mentioned previously [9–11, 13–18] and are listed
in Table 2.

2.3 AluYb8MUTYH polymorphism assay

The PCR primers are listed in Table 2. Products were
run on 1% agarose gels (Invitrogen, Carlsbad, CA, USA) as
described previously [18]. The AluYb8MUTYH genotypes
were classified into 3 groups based upon absence or pres-
ence of the fragment, including homozygous absence as fol-
lows: only 500 bp products, absence/absence, A/A); homozy-
gous presence of the variant (only 826 bp products, pres-
ence/presence, P/P); heterozygote (500 bp and 826 bp prod-
ucts, absence/presence, A/P).

2.4 TP53 codon 72 Arg/Pro (rs1042522) and 16-bp Ins/Del
polymorphism assay

The codon 72 polymorphism was examined by direct se-
quencing. PCR primers are also listed in Table 2. The PCR
thermal cycling conditions were as previously described [19].

2.5 Evaluation of 8-OHdG concentration in genomic DNA from
blood cells

100 DNA samples from the HG-SOCs were randomly re-
cruited by themethod reported previously [9, 14, 15]. Briefly,
an ELISA kit (Highly Sensitive 8-OHdG Check, JaICA,
Fukuroi, Shizuoka, Japan) was used to assay the 8-OHdG
concentration and converted to 8-OHdG/106 dG based on
Halliwell.
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Table 2. Sequences of PCR Primers used for genotyping.
Polymorphisms Primer sequence (5′-3′) Annealing temperature (◦C) Product length (bp)

rs1052133 : (OGG1 c.977C> G)
F:5′-actgtcactagtctcaccag-3′

55 200
R:5′-ggaaggtgcttggggaat-3′

rs4866 : (MTH1 c.247G> A)
F: 5′-gagcggtctgacagtgga-3′

58 168
R:5′-tggcactcagagatggtttg-3′

rs3219489 : (MUTYH c.972G> C)
F:5′-cccattccagttcttcctct-3′

58 208
R:5′-cctttctggggaagttgacc-3′

rs10527342 : (AluYb8MUTYH)
F:5′-tcttgacctggagaccttcc-3′

60 500 or 826
R:5′-agctgcttcctccaaacagc-3′

rs1042522 : (TP53 Arg72Pro)
F:5’-gacctggtcctctgactgctct-3’

59 430
R:5’-tgacaggaagccaaagggtgaagag-3’

TP5316-bp Ins/Del
F:5’-cgttctggtaaggacaagggttgg-3’

59 102 or 118
R:5’-aaagagcagtcagaggaccaggtc-3’

2.6 8-OHdG expression assay in tissues
Immunohistochemical (IHC) staining was performed to

evaluate 8-OHdG expression in HG-SOC samples within tis-
sue microarray. Pathologically confirmed sections from 16
platinum-resistant and 24 platinum-sensitive recurrent cases
were obtained from Jiangsu Cancer Hospital. Briefly, 3–
10 µm thick sections containing representative tumor sam-
ples were cut from paraffin blocks and mounted on slides.
IHC staining was performed by the avidin-biotin peroxidase
system. 8-OHdG staining was semi-quantitatively assessed
by color intensity and the percentage of staining cells. The
color intensity was stratified with three scales, and the per-
centage of staining cells was judged with two scales. The
samples was subsequently classified as strong positive (+++,
Fig. 1A), moderate positive (++, Fig. 1B) and weak positive
(+, Fig. 1C). Negative (-, Fig. 1D) and positive control slides
were included in the assay.

2.7 Statistical analysis
Statistical analyses were carried out using SPSS, Version

15.0. Descriptive statistics included mean ± SD for contin-
uous data and percentages for categorical data. Chi-square
tests were performed to compare the genotype and allelic
frequencies between cases and controls. Odds ratios (OR)
were shown with 95% confidence intervals (CIs). Variables
were separately compared among cases with different geno-
types through ANOVA and post hoc analysis. Since the
8-OHDG concentration in leukocyte DNA was positively
skewed, a natural logarithm transformation was used to nor-
malize the distribution prior to analysis. In all analyses, P
< 0.05 was considered statistically significant. Cox propor-
tional hazards models were used to evaluate the correlation
betweenOS and clinicopathological characteristics, including
the 8-OHdG concentration. The Kaplan-Meier method was
used to calculate the log-rank test for observed survival (OS)
and progression-free survival (PFS). Values were stratified in
terms of 8-OHdG alteration.

2.8 Ethical approval
Institutional Ethics Committee of Nanjing Medical Uni-

versity (2020-108) approved this retrospective study. The re-

quirement for informed consent was waived.

3. Results

3.1 Genotyping of 8-OHdG repair-related gene polymorphisms in
HG-SOC patients

The genotype frequencies for OGG1 c.977C> G, MTH1
c.247G > A, MUTYH c.972G > C, AluYb8MUTYH, TP53
codon 72Arg/Pro and the 16-bp Ins/Del associatedwithHG-
SOC are shown in Table 3. The distribution of these poly-
morphisms in the control groupwas not statistically different
from theHardy-Weinberg equilibrium (P> 0.05 for all). The
genotypes for OGG1 c.977 C> G (CC, CG, and GG) in HG-
SOCs were distributed differently from healthy controls (P =
0.04). Furthermore, the frequency of the OGG1 c.977 GG
genotype in HG-SOCs (36.0%) was statistically higher than
in the controls (29.7%). The age-adjusted OR [cases: con-
trols] for GG was 1.33 (95% CI: 1.01–1.75; P = 0.04). For the
c.247 G>A inMTH1, the frequency of heterozygousMTH1
c.247 G> Awas 6.0% among cases and 7.7% among controls
(P = 0.31), while the homozygote was not detected. Thus,
the MTH1 c.247 G > A polymorphism was not included in
further analysis. The distribution of the three genotypes,
namely, CC, CG, and GG, and the allele frequencies of C and
G in MUTYH c.972G > C were not different between HG-
SOCs (cases) and the healthy controls (P > 0.05). The dis-
tribution of the genotypes, namely, AA, AP, and PP, and the
allele frequencies of A and P inAluYb8MUTYHwere not dif-
ferent betweenHG-SOCs and the healthy controls (P> 0.05).
For the 16-bp Ins/Del in TP53, the frequencies of heterozy-
gous TP5316-bp Ins/Del were 9.9% and 10.0% in patients and
healthy controls (P = 0.94), respectively. The homozygote
was not detected in either patients or controls. Thus, the
TP5316-bp Ins/Del polymorphism was not included in fur-
ther analysis. The distribution of the Arg/Arg, Arg/Pro and
Pro/Pro genotypes of TP53 codon 72Arg/Pro and their allele
frequencies were not different between patients and controls
(P > 0.05).

256 Volume 42, Number 2, 2021



Fig. 1. Immunohistochemical analysis of 8-OHdG expression in Platinum-resistant recurrentHG-SOC tissuewith strong positive staining. (A) A
strong 8-OHdG positive nucleus is commonly observed in Platinum-resistant recurrent HG-SOC. (B) Moderate 8-OHdG positive nuclei can also be observed
in Platinum-resistant recurrent HG-SOC. (C) Aweak 8-OHdG positive nucleus is commonly observed in Platinum-sensitive recurrent HG-SOC. (D) Negative
control staining for 8-OHdG is also demonstrated.

3.2 8-OHdG repair-related gene polymorphisms were associated
with platinum sensitivity

The frequencies of the OGG1 c.977C > G, MTH1
c.247G > A, MUTYH c.972G > C, AluYb8MUTYH, TP53
codon 72 Arg/Pro and 16-bp Ins/Del genotypes and alle-
les were further compared between platinum-sensitive and
refractory/platinum-resistant recurrent HG-SOCs, as shown
in Table 4. Compared with platinum-sensitive recurrent
HG-SOC, the distribution of the three genotypes for OGG1
c.977C>G, namely, CC, CG, andGG, and the allele frequen-
cies were different to those of refractory/platinum-resistant
recurrent cases (P = 0.04 and 0.03). The frequency of
the OGG1 c.977GG genotype was statistically higher in the
refractory/platinum-resistant recurrent cases (50.0%) than
in the platinum-sensitive recurrent cases (35.4%), and the
age-adjusted OR of GG was 1.83 (95% CI: 1.10–3.03; P =
0.02). For TP53 codon 72 Arg/Pro, the distribution of the
three genotypes (Arg/Arg, Arg/Pro, and Pro/Pro) and the al-
lele frequencies were different between refractory/platinum-

resistant recurrent and platinum sensitive recurrent HG-
SOCs (P = 0.01 and 0.05). The frequency of the TP53
codon 72 Arg/Arg genotype was statistically higher in the
refractory/platinum-resistant recurrent cases (48.9%) than in
the platinum sensitive recurrent cases (31.3%), with an age-
adjustedOR for this genotype of 2.10 (95%CI: 1.26–3.51; P=
0.01). ForMUTYH c.972G>C, the distribution of the three
genotypes (GG, GC, and GG) and the allele frequencies were
different in refractory/platinum-resistant recurrent cases and
platinum-sensitive recurrent HG-SOCs (P = 0.05 and 0.04).
The frequency of theMUTYH c.972 GG genotype was statis-
tically higher in the refractory/platinum-resistant recurrent
cases (42.2%) than in the platinum-sensitive recurrent cases
(28.2%), with an age-adjusted OR for GG of 1.86 (95% CI:
1.10–3.13; P = 0.02).

3.3 8-OHdG repair-related gene polymorphisms influence 8-OHdG
concentration

The 8-OHdG concentration in leukocyte DNA was eval-
uated in 100 randomly recruited HG-SOCs (cases) accord-
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Table 3. The comparison on the frequencies of the variants detected between healthy controls and the HG-SOCs.
Variation Genotype Healthy controls HG-EOC patients P-valuea OR (95% CI)

hOGG1 c.977C> G C/C 126 (18.0%) 69 (19.7%) 0.04
C/G 366 (52.3%) 155 (44.3%)
G/G 208 (29.7%) 126 (36.0%)

CC or CGb 492 (70.2%) 224 (64.0%) 0.04 1.33 (1.01–1.75)
C allele 0.437 0.419
G allele 0.563 0.581 0.19 1.26 (0.90–1.77)

MTH1 c.247G> A G/G 646 (92.3%) 329 (94.0%) -
G/A 54 (7.7%) 21 (6.0%)
A/A 0 0

GA or AAb 54 (7.7%) 21 (6.0%) 0.31 1.31 (0.78–2.21)
G allele 0.961 0.97
A allele 0.039 0.03 0.48 1.30 (0.63–2.68)

MUTYH c.972G> C C/C 131 (18.7%) 58 (16.6%) 0.21
C/G 362 (51.7%) 170 (48.6%)
G/G 207 (29.6%) 122 (34.8%)

CC or CGb 493 (70.4%) 208 (59.4%) 0.02 1.40 (1.06–1.84)
C allele 0.446 0.366
G allele 0.554 0.634 0.16 1.16 (0.94–1.44)

AluYb8MUTYH A/A 230 (32.9%) 105 (30.0%) 0.14
A/P 338 (48.3%) 164 (48.7%)
P/P 132 (18.9%) 81 (21.3%)

A/P or P/Pb 568 (81.1%) 269 (78.7%) 0.10 1.30 (0.95–1.77)
A allele 0.570 0.534
P allele 0.430 0.466 0.12 1.16 (0.96–1.39)

TP53 codon 72 Arg/Pro Pro/Pro 130 (18.6%) 58 (16.6%) 0.09
Arg/Pro 342 (48.9%) 154 (44.0%)
Arg/Arg 228 (32.6%) 138 (39.4%)

Pro/Pro or Arg/Prob 472 (67.4%) 212 (60.6%) 0.03 1.35 (1.03–1.76)
Pro allele 0.430 0.386
Arg allele 0.570 0.614 0.17 1.20 (0.92–1.56)

TP53 16-bp Ins/Del Del/Del 631 (90.1%) 315 (90.0%) -
Del/Ins 69 (9.9%) 35 (10.0%)
Ins/Ins 0 0

Del/Ins or Ins/Insb 69 (9.9%) 35 (10.0%) 0.94 1.02 (0.66–1.56)
Del allele 0.950 0.950
Ins allele 0.050 0.050 0.96 1.02 (0.56–1.83)

aP-value for comparison using χ2 test to assess correlation between HG-SOC risk and predicted high-risk OGG1,MTH1, MUTYH and
TP53 genotypes and alleles.
bgenotypes were combined properly to assess their association with HG-SOC and the genotype 1.00 as the reference category.

ing to their genotype (Fig. 2). The frequencies of all tested
polymorphisms in the selected 100 patients were similar to
those of the entire cohort. The 8-OHdG concentration in
HG-SOCs carryingGG (27.2± 6.7/106 dG)were higher than
those of individuals carrying CC (18.8 ± 5.8/106 dG) or CG
(19.6 ± 7.5/106 dG) (P < 0.01). For the MUTYH c.972G
> C polymorphism, the 8-OHdG concentration in patients
harboring GG (28.1 ± 6.6/106 dG) was higher than in cases
harboring CC (19.2 ± 6.2/106 dG) or CG (20.5 ± 7.4/106
dG) (P < 0.01). For the TP53 codon 72 Arg/Pro polymor-
phism, patients carrying the TP53 codon 72 Arg/Arg (29.5
± 4.8/106 dG) showed higher 8-OHdG concentrations than
patients carrying Pro/Pro (19.4 ± 6.4/106 dG) or Arg/Pro
(22.7 ± 6.9/106 dG) (P < 0.01). The combined influence

of the above polymorphisms on 8-OHdG concentration was
further examined (Fig. 3). Six, eighteen, and thirteen pa-
tients showed the CC, CG, and GG genotypes for MU-
TYH c.972G > C, respectively, among 37 patients carrying
the OGG1 c.977GG genotype. In HG-SOCs with the OGG1
c.977GGgenotype, the concentrationwas higher in cases car-
rying MUTYH c.972G > C GG or CG genotypes compared
to those carrying theMUTYHc.972G>CCCgenotype (29.5
± 3.4/106 dG, 28.4± 5.1/106 dG vs. 21.2± 7.5/106 dG; P<
0.01). These results indicated that MUTYH and OGG1 may
play synergistic roles in the prevention of 8-OHdG repair.
Of the 83 patients carrying the TP53 codon 72 Arg/Pro or
Arg/Arg genotype, 17, 37, and 29 patients showed the OGG1
c.977G>CCC, CG, and GG genotypes, respectively. The 8-
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Fig. 2. Individual analysis of the effect of polymorphisms in OGG1 c.977C>G, MUTYH c.972G> C, and TP53 codon 72 Arg/Pro of 100 randomly
recruited HG-SOCs. Statistical significance was calculated by one-way ANOVA testing followed by post hoc analysis. *P < 0.05 and **P < 0.01 vs. subjects
with the genotype in the blank bar.

OHdG concentration in subjects carrying the GG genotype
was higher than in those carrying the CG or CC genotypes
in patients with the TP53 codon 72 Pro/Pro (30.5± 5.8/106
dG vs. 22.9± 5.5/106 dG, 20.5± 5.3/106 dG; P< 0.01). Of
the 83 patients carrying TP53 codon 72 Arg/Pro or Arg/Arg,
14, 40, and 29 patients manifested the MUTYH c.972G > C
CC, CG, and GG genotypes, respectively. The 8-OHdG con-
centration in patients carrying the GG genotype were higher
than in those carrying the CG or CC genotypes among pa-
tients with the TP53 codon 72 Pro/Pro (30.3 ± 5.7/106 dG
vs. 23.2± 5.0/106 dG, 21.7± 4.9/106 dG; P < 0.01).

3.4 8-OHdG concentration was associated with prognosis in
HG-SOC

The 8-OHdG concentration was significantly higher in
the refractory/platinum-resistant recurrent sub ones than in
the platinum-sensitive recurrent HG-SOCs (28.5 ± 5.2/106
dG vs. 23.8 ± 5.5/106 dG; P < 0.01). The median 8-OHdG
concentration in leukocyte DNA was distinguished as stan-
dard value. Based on these, the 100 patients were classified
into two subgroups. Cox proportional hazards analysis re-
vealed the 8-OHdG concentration was independently associ-
ated with OS in HG-SOCs (P < 0.01, Table 5). The median
OS and PFS durations of patients with higher concentration
(30.2 and 12.6 months) were worse than those with lower
concentration (40.4 and 22.0 months, P = 0.04 and < 0.01,
respectively; Fig. 4).

3.5 8-OH1dG expression analysis in distinct recurrent status

8-OHdG expression in HG-SOC tumor tissue was higher
in the platinum-resistant recurrent HG-SOCs than in

platinum-sensitive recurrent cases. Except for the strong
positive subgroup (+++), there was no statistical difference
between 8-OHdG expression in tumor tissue and recur-
rent status. The frequency of 8-OHdG expression in the
strong positive group was 10/16 (62.5%) in tissues from
platinum-resistant recurrent HG-SOCs and 7/24 (29.2%)
from platinum-sensitive recurrent cases (P = 0.04, Fig. 1).

4. Discussion
HG-SOC has the highest mortality of all epithelial ovar-

ian cancers. The majority of HG-SOCs are initially sensitive
to platinum but gradually develop resistance. The remain-
ing patients are almost all platinum refractory ovarian can-
cer [20–23]. Most tumor cells can be destroyed by front-
line chemotherapy. However, platinum resistant subclones
with high adaptability to a new environment inevitably un-
dergo relapse and drug resistance when selective pressure
from platinum is applied. Genetic heterogeneity within can-
cers possibly facilitates drug-induced selection for an intrinsi-
cally resistant cancer subclonewhich then becomes dominant
[20, 24–27].

TCGA analysis reveals that almost all HG-SOC harbor
TP53 mutations that play an important early role in tu-
mourgenesis. Most other mutations, including base exci-
sion repair-related gene mutations occur at low frequencies
of approximately 5% of all cases [28]. Evidence shows that
TP53 mutations act in coordination with 8-OHdG repair-
related gene inactivation in order to favor tumor progression
[29, 30]. Although TP53 can regulate upstream of 8-OHdG
repair-related genes, the inactivated 8-OHdG repair-related
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Fig. 3. Combined analysis of the effect of polymorphisms in (b) OGG1 c.977C> G, MUTYH c.972G> C, and TP53 codon 72 Arg/Pro of HG-SOCs.
Statistical significance was calculated by one-way ANOVA testing followed by post hoc analysis. *P < 0.05 and **P < 0.01 vs. subjects with the genotype in
the blank bar.

Fig. 4. High 8-OHdG in leukocyte DNA is related with worse prognosis of HG-SOCs. (A) Higher 8-OHdG level was related with shorter OS (40.4 vs.
30.2 months, P = 0.04). (B) Higher 8-OHdG level was related with shorter PFS (22.0 vs.12.6 months, P = 0.00).

genes provide feedback on the downregulation of TP53 un-
der oxidative stress [31]. Accumulating evidence supports
the hypothesis that polymorphisms in DNA repair-related
genes modulate their ability to repair DNA damage, lead-
ing to an accumulation of DNA oxidative damage and ge-
nomic instability [32–36]. We previously reported that 8-
OHdG repair-related gene polymorphisms associated with

increased oxidative DNA damage could increase the risk of
specific cancer types in a Chinese population (i.e., 8-OHdG)
[9–11, 15, 16]. Another study revealed that increased 8-
OHdG concentration in tumor DNA was correlated with
poor OS and PFS in serous ovarian carcinoma [17]. Oxida-
tive byproducts of cellular metabolism continuously generate
oxidative DNA damage that can activate multiple repair
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Table 4. The comparison on the frequencies of the variants detected between healthy controls and platinum sensitivity in HG-SOCs.
Variation Genotype Healthy

controls
Platinum-sensitive

recurrent
Referactory/platinum-resistant

recurrent
P-valuea OR (95% CI) P-valueb OR (95% CI) P-valuec OR (95% CI)

hOGG1 c.977C > G C/C 126 (18.0%) 39 (20.0% ) 11 (12.2%) 1.58 0.00 0.04
C/G 366(52.3%) 87 (44.6%) 34 (37.8%)
G/G 208 (29.7%) 69 (35.4%) 45 (50.0%)

CC or CGd 492 (70.2%) 126 (64.6%) 45 (50.0%) 0.13 1.30 (0.93–1.81) 0.00 2.37 (1.52–3.69) 0.02 1.83 (1.10–3.03)
C allele 0.437 0.423 0.311
G allele 0.563 0.577 0.689 0.52 0.93 (0.74–1.16) 0.00 1.26 (1.75–2.44) 0.03 1.53 (1.05–2.22)

MTH1 c.247G > A G/G 646 (92.3%) 183 (93.8% ) 81 (90.0%) - - -
G/A 54 (7.7%) 12 (6.2%) 9 (10.0%)
A/A 0 0 0

GA or AAd 54 (7.7%) 12 (6.2%) 9 (10.0%) 0.46 1.27 (0.67–2.43) 0.45 1.33 (0.63–2.79) 0.25 1.69 (0.69–4.18)
G allele 0.961 0.969 0.950
A allele 0.039 0.031 0.050 0.61 1.26 (0.51–3.11) 0.61 1.31 (0.47–3.65) 0.42 1.66 (0.48–5.78)

MUTYH c.972G > C C/C 131 (18.7%) 40 (20.5%) 12 (13.3%) 0.83 0.04 0.05
C/G 362 (51.7%) 100 (51.3%) 40 (44.4%)
G/G 207 (29.6%) 55 (28.2%) 38 (42.2%)

CC or CGd 493 (70.4%) 140 (71.8%) 52 (57.7%) 0.71 0.94 (0.66–1.33) 0.02 1.74 (1.11–2.73) 0.02 1.86 (1.10–3.13)
C allele 0.446 0.462 0.356
G allele 0.554 0.538 0.644 0.32 0.85 (0.61–1.17) 0.10 1.46 (0.92–2.30) 0.04 1.71 (1.02–2.89)

MUTYH AluYb8 A/A 230 (32.9%) 54 (27.7%) 27 (30.0%) 0.33 0.86 0.24
A/P 338 (48.3%) 98 (50.3%) 45 (50.0%)
P/P 132 (18.9%) 43 (22.1%) 18 (20.0%)

A/P or P/Pb 568 (81.1%) 152 (79.9%) 72 (80.0%) 0.32 1.22 (0.83–1.79) 0.79 1.08 (0.62–1.86) 0.69 1.13 (0.61–2.10)
A allele 0.570 0.528 0.550
P allele 0.430 0.472 0.450 0.51 1.19 (0.71–1.99) 0.89 1.05 (0.46–2.28) 0.63 1.09 (0.77–1.56)

TP53 codon 72 Arg/Pro Pro/Pro 130 (18.6%) 36 (18.5%) 10 (11.1%) 0.93 0.01 0.01
Arg/Pro 342 (48.9%) 98 (50.3%) 36 (40.0%)
Arg/Arg 228 (32.6%) 61 (31.3%) 44 (48.9%)
Pro/Pro or
Arg/Prod

472 (67.4%) 134 (68.7%) 46 (51.1%) 0.67 1.08 (0.77–1.51) 0.01 1.98 (1.27–3.08) 0.01 2.10 (1.26–3.51)

Pro allele 0.430 0.436 0.324
Arg allele 0.570 0.564 0.667 0.88 1.02 (0.74–1.41) 0.03 1.67 (1.04–2.67) 0.05 1.71 (1.01–2.90)

TP53 16-bp Ins/Del Del/Del 631 (90.1%) 175 (89.7%) 79 (87.8%) - - -
Del/Ins 69 (9.9%) 20 (10.3%) 11 (12.2%)
Ins/Ins 0 0 0

Del/Ins or
Ins/Insd

69 (9.9%) 20 (10.3%) 11 (12.2%) 0.9 1.05 (0.62–1.77) 0.48 1.27 (0.65–2.51) 0.62 1.22 (0.56–2.66)

Del allele 0.950 0.950 0.940
Ins allele 0.050 0.050 0.060 0.91 1.04 (0.51–2.15) 0.63 1.26 (0.50–3.18) 0.73 1.20 (0.41–3.52)

aP-value for comparison using χ2 test to assess correlation between platinum-sensitive recurrent HG-SOCs and controls in predicted high-risk OGG1,MTH1, MUTYH and TP53 genotypes and alleles.
bP-valuefor comparison using χ2 test to assess correlation between refractory/platinum-resistant recurrent HG-SOCs and controls in predicted high-risk OGG1,MTH1, MUTYH and TP53 genotypes and alleles.
cP-value for comparison using χ2 test to assess correlation between platinum-sensitive recurrent HG-SOCs and refractory/platinum-resident recurrent ones in predicted high-risk OGG1,MTH1, MUTYH and TP53 genotypes
and alleles.
dgenotypes were combined properly to assess their association with recurrent status and the genotype 1.00 as the reference category.
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Table 5. The association of 8-OHdG concentration and overall survival in HG-SOC.

Characteristic
Univariate analysis

P-value
Multivariate analysis

P-value
HR 95% CI HR 95% CI

Age 1.01 1.00–1.02 0.02 1.00 0.98–1.02 0.43
BMI 1.00 0.99–1.01 0.62 1.00 0.99–1.00 0.76
FIGO stage 1.44 1.10–3.58 0.00 1.15 1.05–2.11 0.00
I 1.00 Reference 1.00 Reference
II 1.55 0.64–6.82 1.20 0.40–8.80
III 5.29 1.62–16.25 2.12 1.22–5.91
IV 7.82 3.55–25.05 0.00 3.05 1.40–8.42 0.00
Neo-adjuvant
chemotheapy

0.86 0.63–2.46 0.38 0.94 0.87–1.75 0.52

Optimal CRS 0.65 0.44–0.86 0.00 0.72 0.59–0.83 0.02
Ascites 1.54 1.23–3.27 0.01 1.20 1.06–2.30 0.04
Nadir CA-125 level 1.02 1.01–1.04 0.00 1.01 1.00–1.03 0.00

HR, hazard ratio; CI, confidence interval.

pathways tomaintain the genome. The 8-OHdG repair path-
way plays a critical role in this repair. Several genotypes are
associated with dysfunctional 8-OHdG repair and thus pro-
duce more drug resistant variations in DNA. These observa-
tions suggest that short-term recurrence and platinum resis-
tant recurrence contribute tominor subpopulations of intrin-
sically resistant cancer cells at presentation. Combined ge-
nomic analysis of HG-SOCs by multiple temporally and spa-
tially separate samples revealed deeply divergent mutational
profiles and unique drug resistance evolutionary trajectories
in all cases studied [37]. These results prompted us to explore
the relationship between 8-OHdG repair-related gene poly-
morphisms and platinum sensitivity in HG-SOCs.

After confirming the relationship between the OGG1
c.977G > C variant and HG-SOC risk, we found that both
the OGG1 c.977C > G and MUTYH c.972G > C polymor-
phisms were associated with sensitivity to platinum. OGG1
c.977GG and MUTYH c.972GG genotypes and allele fre-
quencies were higher in refractory/platinum-resistant recur-
rent sub HG-SOCs than in platinum-sensitive recurrent HG-
SOCs. The association between TP53 codon 72 Arg/Arg
genotype and platinum-resistant HG-SOCs was consistent
with previous results [38–40]. In the present HG-SOC pop-
ulation, OGG1 c.977C>G,MUTYH c.972G> C, and TP53
codon 72 Arg/Arg were significantly associated with the 8-
OHdG concentration, both individually and in combination.
It has been previously reported that OGG1 c.977CC has a
7-fold higher activity for 8-oxoguanine repair than OGG1
c.977GG [41]. Combined analysis of the synergistic effects of
OGG1 c.977C > G, MUTYH c.972G > C, and TP53 codon
72 Arg/Pro polymorphisms revealed that MUTYH, OGG1,
and TP53 may cooperate to prevent 8-OHdG repair.

The relapse time after first-line therapy indicates the plat-
inum sensitivity in recurrent HG-SOC. Patients who have re-
currence more than 6 months after the initial treatment are
defined as having platinum sensitive ovarian cancer, while
patients who recur within 6 months have platinum resistant
ovarian cancer [42, 43]. Patterns of platinum response, re-

lapse and the development of drug resistance are likely related
to distinct molecular and cellular biological characteristics of
HG-SOC [44, 45]. We first revealed that 8-OHdG concen-
tration in leukocyte DNAwas higher in refractory/platinum-
resistant recurrent HG-SOCs than in platinum-sensitive re-
current sub HG-SOCs. Furthermore, Cox proportional haz-
ards analyses revealed the 8-OHdG concentration was inde-
pendently associated with the prognosis of HG-SOC. More-
over, higher 8-OHdG concentration was associated with
poorer OS and PFS in HG-SOCs. These findings imply
that 8-OHdG repair-related genes and high 8-OHdG con-
centrations in leukocyte DNA could eventually trigger more
gene mutations and thus promote platinum-resistant vari-
ants. Platinum induces cross-linking within and between
DNA strands. The subsequent single-strand and double-
strand breaks cannot be directly repaired by 8-OHdG repair-
related genes.

However, not all of the relationships observed in this
study regarding 8-OHdG repair-related gene polymorphisms
can be explained thoroughly. Some 8-OHdG repair-related
gene polymorphisms were shown to be related to the inabil-
ity to repair oxidative DNA, which can lead to the accumula-
tion of 8-OHdG in leukocyteDNA.Therefore, we have found
that a high level of 8-OHdG is associated with increased risk
for HG-SOC. The associations between genetic variants, ox-
idative DNA damage, and disease state were not conclusive.
For example, individual and combined analysis confirmed
the MUTYH c.972G > C and TP53 codon 72 Arg/Pro vari-
ants significantly increased 8-OHdG levels, which predicted
a high risk for oxidative DNA damage. These two variants
were more frequent in refractory/platinum-resistant recur-
rent HG-SOCs, however they did not appear to be related to
HG-SOCs risk in the Chinese population studied here. Car-
rying an inherited mutation in the BRCA1 or BRCA2 genes
increases a woman’s lifetime risk of developing ovarian can-
cers, although there are considerable differences in disease
manifestation [46]. Previous studies reported the rs2304277
variant in the OGG1 glycosidase gene of the Base Excision
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Repair pathway can increase ovarian cancer risk [47, 48].
However, the relationship between 8-OHdG repair-related
gene polymorphisms in our study and BRCA1/2 mutations
has not been reported and needs further research.

In summary, our study using a Chinese cohort found
that polymorphisms in the 8-OHdG repair system, includ-
ing OGG1 c.977GG, increased the risk of HG-SOC. OGG1
c.977C > G, MUTYH c.972G > C, and TP53 codon 72
Arg/Pro polymorphisms were associated with sensitivity to
platinum. The combination of MUTYH c.972GG, OGG1
c.977GG, andTP53 codon 72Arg/Arg increased the 8-OHdG
concentration in leukocyte DNA in HG-SOCs. An increased
level of 8-OHdG was associated with poor prognosis of HG-
SOC cases. Homozygous or heterozygous 8-OHdG repair-
related gene polymorphisms might be candidate genetic fac-
tors for the development of platinum resistance. Screening
for these polymorphisms and evaluation of the 8-OHdG con-
centration may help to prevent the progression of platinum
resistance.

Abbreviations
8-OHdG, 8-Hydroxy-2′-deoxyguanosine; BER, base exci-

sion repair; HG-SOC, high-grade serous ovarian carcinoma.
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