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ABSTRACT --- Cervical cancer is the most commonly diagnosed cancer and the third leading cause of
death of women in poor and developing countries. 8-hydroxy-deoxyguanosine (8-OHdG) levels have been widely
used as a biomarker of oxidative DNA damage including cervical cancer. This study aims to compare levels of 8-
hydroxy-deoxyguanosine (8-OHdG) as a marker of oxidative stress in advanced cervical cancer (FIGO stages)
before and after chemotherapy. This prospective study involved 18 patients stage 11B, 8 patients stage I1IA, 9
patients of stage 111B and 2 patients stage I11C of cervical cancer. 8-OHdG levels were measured with the ELISA
method. The mean level of 8-OHdG before chemotherapy in stage Il was 8.14+9.14 ng/ml and stage 111 8.07+8.79
ng/ml whereas the mean level of 8-OHdG after chemotherapy in stage 11 was 24.24+12.46 ng/ml and at stage IlI
24.67+£13.85 ng/ml.  8-OHdG levels increased significantly (p<.05) in stage IIA, IIIA and IlIB after
chemotherapy. In contrast, 8-OHdG levels in stage I11C was not significantly increased after chemotherapy. In
addition, 8-OHdG levels were significantly different between SCC and adenocarcinoma. Likewise, the type of
differentiation is good, moderate and non-classification. 8-OHdG levels increase significantly in advanced stages
of cervical cancer after chemotherapy.
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.  INTRODUCTION

Cervical cancer is the most commonly diagnosed cancer and the third leading cause of death in women in
poor and developing countries (1). The incidence and mortality of cervical cancer have declined in countries with
well-developed screening programs (2). Scientific evidence from virological, molecular, clinical and
epidemiological studies has identified Human Papillomavirus (HPV) as the main etiological agent in cervical
cancer (3,4).

Studies on carcinogenesis show oxidative stress adversely affects cells and reactive oxygen species (ROS)
has implications for cancer pathogenesis (5). Oxidative stress is changes in the pro-oxidant/antioxidant balance

as a result of increased oxidative metabolism. Increased oxidative stress at the cellular level as a results of
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several factors including exposure to alcohol, drugs, trauma, extrime temperatures, infections, poor diet, toxins,
radiation, or heavy physical activity (6). Previous study show high rates of oxidative damage observed in cervical
intraepithelial neoplasia (CIN) and cervical carcinoma (7). Another study also show an increase in lipid
peroxidation as an indicator of oxidative stress in patients with cervical squamous cell carcinoma (8).

The 8-hydroxydeoxyguanosine (8-OHdG) has been widely used as a biomarker of oxidative DNA damage
(9,10). 8-OHdG residues can be removed from DNA by an enzymatic repair system so that these residues
circulated and subsequent excretion in urine (11). Therefore, the levels of 8-OHdG in the blood and/or urine can
be measured as a marker of oxidative DNA damage. Studies reported 8-OHdG levels increase in various types of
human cancer (12,13,14,15). Previous studies on 8-OHdG levels in cervical cancer were performed on patient
urine samples before chemotherapy (7,16,17,18). Therefore, the effects of chemotherapy on 8-OHdG levels
remain unknown. In our study, we compare levels of 8-hydroxy-deoxyguanosine (8-OHdG) as a

marker of oxidative stress in advanced cervical cancer (FIGO stages) before and after chemotherapy.

II. METHODOLOGY

Subjects

This prospective study was performed on cervical cancer patients at advanced stages (stage Il and 111 FIGO)
from November 2018 until November 2019 at Wahidin Sudirohusodo General Hospital in Makassar. Patients age
20-55 years, no history hysterectomy, had completed the first cycle of chemotherapy, never had chemoradiation
before this study and without a history of local or systemic infection were eligible. Written informed consent was

obtained from all of the patients.

Laboratory testing --- 8-OhdG levels measurement

Levels of 8-OhdG from the patient’s serum were measured using the Human 8-hydroxy-deoxyguanosine
ELISA kit (Cat. No. E1436Hu, Bioassay Technology Laboratory, Shanghai, China) and ELISA reader
(Multiskan FC type 357, Thermo Scientific) according to the manufacturer’s instructions. Level s of 8-OhdG

were measured before chemotherapy and after completing the first cycle of the treatment.

Statistical analysis
Levels of 8-OhdG presented as mean+SD ng/ml. To compare the difference of 8-OhdG level before and after

chemotherapy, Wilcoxon’s test was used. Data were analyzed using SPSS version 25.0. A p-value <.05

considered statistically significant.

1. RESULTS

This prospective study was conducted on 37 cervical cancer patients. The number of patients with stage Il (n
= 18; 48.6%) was comparable to stage Il (n = 19; 51.4%). During the study period, no samples were obtained
with stage IV. As shown in the characteristics of this study (table 1), the mean age of patients was 40.65+6.6

years and multiparity. Histopathological examination results show the proportion of squamous cell carcinoma
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(SCC) was higher (67.6%) compared with adenocarcinoma (32.4%). Moderate differentiation cells have the

highest proportion compared with other types of cervical cancer cell differerntiation.

The levels of 8-OHdG before and after 8-OHAG are shown in table 2. The mean levels of 8-OHdG before
chemotherapy at stage Il were 8.14+9.14 ng/ml and stage 11l 8.07£8.79 ng/ml whereas the mean levels of 8-
OHdG after chemotherapy at stage 11 24.24+12.46 ng/ml and stage 111 24.67+13.85 ng/ml. 8-OhdG levels were
significantly increased (p<.05) in stage IIA, IIA and 11IB. The mean levels of 8-OHdG in stage 1IB was
comparable with stage I11A and I11B whereas the lower levels found in stage I11C before chemotherapy. 8-OHdG
levels increase for all stages after chemotherapy. There was a significant difference (p<.05) increase in 8-OHdG

levels between before and after chemotherapy regarding stages, histopathological and differentiation type except

for stage I11C and poor differentiation type (p>.05).

Table 1. Patient’s characteristics

Characteristics n(%)
Age (mean £ SD years) 40.6546.60
Parity
<4 16(43.2%)
>5 21(56.8%)
FIGO stages
1B 18(48.6%)
A 8(21.6%)
"B 9(24.3%)
1nc 2(5.4%)
Histopathology
Squamous cell carcinoma (SCC) 25(67.6%)
Adenocarcinoma 12(32.4%)
Differentiation
Good 10(27%)
Moderate 19(51.4%)
Poor 2(5.4%)
Non-classification 6(16.2%)

Table 2. Levels of 8-OHdG before and after chemotherapy

8-OHdG levels (mean+SD ng/mL)

Characteristics p
Before chemotherapy After chemotherapy
Stages
1B (n=18) 8.14+9.14 24.24+12.46 0.003
1A (n=8) 8.40+9.10 22.20+10.36 0.012
1B (n=9) 8.16+8.90 25.10+13.80 0.008
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IIC (n=2) 4.45+1.08 21.71+0.47 0.180
Histopathology

Squamous cell carcinoma (n=25) 8.19+8.88 23.55%12.25 0.000
Adenocarcinoma (n=12) 8.25+9.01 25.38+13.89 0.003
Differentiation

Good (n=10) 8,25+9.01 25,38+13,89 0,007
Moderate (n=19) 8,19+8.88 23,55+12,25 0,002
Poor (n=2) 11,48+12.52 19,62+2,62 0,180
Non-classification (n=6) 8.51+9.22 22,59+10,26 0,028

IV. DISCUSSION

Our study show 8-OHdG levels significantly differed according to FIGO stages, histological type, and cell
differentiation type before and after chemotherapy. 8-OHdG levels can be measured by immunohistochemical
methods such as the ELISA test or high-pressure liquid chromatography, spectrometry, or mass electrochemical
detection (HPLC-MS/MS; HPLC-EC) in serum or urine samples (19).

The previous studies show 8-OHdG levels to increase in various types of cancer including cervical cancer
(12,13,14,15,18,20). The high levels of oxidative stress in cancer cells might be due to oncogene activation, high
metabolic activity, and mitochondrial damage. Decreased or increased levels of oxidative stress on chemotherapy
indicate the oxidative stress levels of cancer cells affect the treatment response (21). The results from previous
studies are also consistent with our results that show increased levels of 8-OHdG in advanced stages of cervical
cancer.

Our study found 8-OHdG levels significantly regarding the FIGO advanced stages, histological, and cell
differentiation before and after chemotherapy. Similar results were also reported from Jelic et al study. This
study show 8-OHdG levels tend to increase with increasing stage of cervical cancer (18). Another study also
observed a significant progressive increase in levels of 8-OHdG from LSIL to HSIL in invasive carcinomas that
indicate changes in 8-OHdG levels in the early stages or early stages of cancer development can be used as
predictors of high-risk patients (17). Previously, Romano et al. study reported higher levels of 8-OHdG in
cervical cancer cells compared with normal cells (16). In contrast, another study that measured 8-OHdG levels in
urine using the same method with our study shows no significant difference in 8-OHdG levels between CIN and
SCC in the cervix compared with controls (7).

In our study, 8-OHdG levels increased significantly after chemotherapy. This indicates that chemotherapy
increasing the levels of 8-OHdAG. Higher levels of 8-OHAG could also indicate higher levels of cancer cell
damage at an advanced stage. The effect of chemotherapy on 8-OhdG as a result of clinically cancer cells
responds to the treatment. However, further effects of high levels of 8-OHdG such as changes in tumor size or
the possibility of patients who can be operated after chemotherapy are not assessed in our study. Therefore,
further studies can be considered for the relationship between 8-OHdG levels and chemotherapy regarding the

clinical character of cervical cancer after chemotherapy. Also, the provision of antioxidants that can reduce ROS
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levels and improve the development of cells after chemotherapy can be taken into consideration for further
studies.

Alteration in redox balance through increased ROS levels or decreased cellular antioxidant capacity to induce
high ROS production are a therapeutic benefit in cancer cells (23,24,25). Most chemotherapy agents such as
platinum and taxane kill cancer cells through the induction of ROS production which triggers cell damage in
cancer cells (25). Several studies have shown that chemoresistance is caused by low levels of oxidative stress and
high antioxidant (21,26). High levels of oxidative stress in cervical cancer patients indicate high rates of cancer
cell death. Therefore, oxidative stress levels of ROS could be used as markers for responses to chemotherapy and
to determine appropriate chemotherapy agents based on its response to chemotherapy.

The discrepancies of our study with other studies due to discrepancies in the type of sample (serum, urine,
cervical smear), measurement methods, the presence of comorbidities or complications with other diseases such
as Alzheimer's (27,28,29). In addition, toxicokinetic variations and/or the ability to repair DNA damage between
individuals can also cause differences in individual oxidative stress levels (30). Decreased levels of 8-OHdG are
caused by increased antioxidants, regular exercise, and inhibition of glycolysis (31).

Increased levels of ROS in patients with cervical cancer can occur because of ROS induces the death of
cancer cells or as a side effect of chemotherapy that induces the death of cancer cells. Anthracycline
(doxorubicin, daunorubicin, epirubicin) as chemotherapy agents that produce the highest cellular ROS (32).
Platinum complexes, alkylating agents, arsenic and topoisomerase inhibitors also induce high ROS production
(29,32,33) whereas taxan, vinca alkaloids, analog nucleotides and antimetabolites (antifolates and nucleosides)
produce lower ROS levels compared with other chemotherapy agents (25). The formation of ROS as an effect of
chemotherapy with cisplatin is influenced by the concentration and duration of exposure to cisplatin. During
acute treatment, cisplatin binds to the cell structure over a short time, making the cell more time to recover from
primary and secondary damage. Conversely, cells exposed to cisplatin continuously during chronic treatment
require additional time to recover from damage (34). The anticancer effect of cisplatin is obtained through
immune system defects. ROS is needed as the platinum toxin in vivo which mostly derived from inflammatory
tumor cells (35).

Increased levels of ROS during chemotherapy can occur through the mechanism of mitochondrial ROS
formation and inhibition of cellular antioxidant systems. Inhibition of the antioxidant system involves low
molecular weight antioxidants such as GSH and ascorbic acid as enzymes that reduce antioxidants and ROS that
interact with enzymes such as SOD, peroxidase, and catalase (36). Cellular response to chemotherapy that
induces ROS formation is determined by the type of ROS, location, duration, and levels of ROS (37). Prolonged
exposure to chemotherapy that induces ROS is reported to induce resistance to chemotherapy agents (38).
Doxorubicin chemotherapy agents that induce mitochondrial ROS, particularly H,O; leads to cell death through
apoptosis and autophagy of the cancer cells (32) while ROS induced by arsenic causes cancer cell death through
the mechanism of necrosis and ferroptosis (39,40). Chemotherapy can also increase the genetic instability of
cancer cells due to mutations caused by ROS (41). Therefore, the effect of ROS on heterogeneity and changes in

cancer cells still needs further studies.
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The limitation of our study is we are not assessing the effect of chemotherapy agents on 8-OHdG

levels before and after chemotherapy because of the small size samples. In addition, this study also did not assess

the effects of 8-OHdG levels on the chemotherapy response.

V. CONCLUSION

In conclusion, 8-OHAG levels increase significantly in advanced stages of cervical cancer after

chemotherapy.
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