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Comparison of redox parameters in ovarian
endometrioma and its malignant transformation
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Abstract. The present study aimed to evaluate the levels
of oxidative stress and antioxidant markers in benign
endometrioma (OE) and its malignant transformation
[endometriosis-associated ovarian cancer (EAOC)] by
measuring 8-hydroxy-2-deoxyguanosine (8-OHdG),
heme oxygenase-1 (HO-1) and total antioxidant capacity
(TAC/Heme-iron) alterations associated with disease progres-
sion. Cyst fluid samples from 44 patients with OE and
14 patients with EAOC were studied using an enzyme-linked
immunosorbent assay. A * test, t-test and Pearson correlation
test were performed using SPSS version 22.0. The cut-off
point, sensitivity and specificity of each marker for EAOC
diagnosis were evaluated by receiver operating characteristic
curve analysis. Cyst fluid 8-OHdG and HO-1 levels in the
EAOC group were significantly decreased compared with the
OE subjects (P=0.013 and P<0.001, respectively). The levels
of TAC/Heme-iron in patients with EAOC were significantly
higher compared with those in the OE subjects (P<0.001). The
present study demonstrated a positive correlation between
8-OHdG and HO-1 levels (P=0.012). HO-1 exhibited the highest
discriminant value for EAOC (Area Under the Curve=0.901).
The optimal cut-off point of HO-1 for the diagnosis of EAOC
was 2.314 ng/ml, with a sensitivity and specifity of 95.2 and
85.7%, respectively. The present study revealed a clear separa-
tion between the overall redox state in OE and EAOC. It was
concluded that characteristic alterations in important factors
in redox may be helpful for understanding the pathogenesis of
the malignant transformation of endometriosis.
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Introduction

Endometriosis is defined as the presence of functioning
endometrial glands and stroma outside the uterus, most
commonly in the pelvic peritoneum and ovaries. This
disorder is a benign estrogen-dependent disease of repro-
ductive age, although ovarian endometrioma (OE) increases
the subsequent risk of developing endometriosis-associated
ovarian cancer (EAOC) (1,2). EAOC occurs in 0.72% of
women with endometriosis in Japan (1). The risk factors
for malignant transformation include older age (>45 years
old) and large tumor size (>7 cm) (2). Ovarian cancer is an
important cause of cancer morbidity and mortality, largely
due to the late stage of presentation. The mechanisms
involved in malignant transformations warrant further
investigation.

Repeated bleeding episodes occur in endometriosis
and result in a local accumulation of hemoglobin, heme
and iron species (3), which leads to increased formation of
reactive oxygen species (ROS) (4). Generally, ROS consist
principally of molecules including the superoxide anion
(0,), hydroxyl radicals (*OH) and hydrogen peroxide (H,O,).
8-hydroxy-2-deoxyguanosine (8-OHdG) is considered to be a
biomarker of ROS-mediated DNA damage, as guanosine is the
most oxidized among the DNA nucleobases (5). Toxic heme
also induces a stress-responsive enzyme, heme oxygenase-1
(HO-1), that is responsible for the degradation of heme to
carbon monoxide (CO), bilirubin and iron (6). HO-1 and their
products exert beneficial effects through protection against
oxidative injury. In response to an excess of ROS, macro-
phages secrete antioxidants, and regulate redox signaling
and the inflammatory microenvironment, via control of the
expression of a transcription factor, NRF2 (Nuclear factor
erythroid-derived factor 2-related factor 2), during endome-
triosis regeneration (3). NRF2 also regulates the expression
of HO-1 and antioxidants. HO-1 is thought to be an oxidative
stress marker (6,7). On the other hand, the combined activity
of all antioxidants is measured via the total antioxidant
capacity (TAC), instead of measuring the activity of each
agent separately, for example superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GSH-Px) (8).
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TAC/Heme-iron reflects the antioxidant capacity of
water-soluble molecules, since the majority of iron exists as
heme-iron in OE and EAOC cyst fluid samples (9).

Oxidative stress may be involved in the progression of the
malignant transformation of endometriosis (10,11). However,
no reports on the oxidant-antioxidant profile in the cyst fluid
of patients suffering from OE and EAOC exist, to the best of
our knowledge. The aim of this study was to analyze redox
biomarkers, pro-oxidants (the in vivo DNA damage marker
8-OHdG, and the oxidative stress marker HO-1) and anti-
oxidants (TAC/Heme-iron) in the cyst fluids of patients with
benign OE and already-growing EAOC.

Materials and methods

Patient selection. The present study was conducted on
14 histopathologically confirmed cases of EAOC and the 44 cases
of benign OE. To avoid selection bias in the EAOC cases,
morphological documentation of the continuous transition from
benign endometriotic epithelial cells to atypical endometriosis,
and finally to invasive carcinoma, was confirmed within the same
specimen. A total of 58 cyst fluid sample specimens were collected
from the Department of Gynecology at Nara Medical University
Hospital, Japan, between January 2006 and December 2012.
Specific exclusion criteria considered for the present study were
acute or chronic diseases, including diabetes, immune dysfunction
or any other malignancy. None of the study subjects were under
antioxidant supplementation, hormonal therapy or chemotherapy
prior to the surgery. The data on patient demographic features and
clinicopathological characteristics were collected from a database
containing comprehensive medical records and pathology reports.
The protocols were approved by The Ethics Committee of Nara
Medical University (reference no. 2012-541). Written informed
consent was obtained from each study subject, and all subjects
consented to donate cyst fluid samples.

Analytical methods. Cyst fluid samples were collected at the
time of surgery. Following centrifugation at 3,000 x g for
15 min, specimens were immediately aliquoted and frozen at
-70°C within 1 h of collection. A histological diagnosis was
confirmed via surgical pathology.

Estimation of 8-OHdG and HO-I. Cyst fluid samples were
used for the measurement of 8-hydroxy-2-deoxy guano-
sine (8-OHdG) levels using a competitive in vitro ELISA
kit (Catalog# KOG-HS10/EC, NIKKEN SEIL Co., Ltd,
Shizuoka, Japan), and HO-1 levels using StressXpress® HO-1
ELISA kits (Catalog# SKT-111-96, StressMarq Biosciences,
Inc., Victoria, BC, Canada). Dilution linearity and paral-
lelism, in addition to intra- and inter-assay variability, were
assessed using in-house calibrators. The two ELISA kits
exhibited a linear response in the range of =3 orders of
magnitude. The assay variances of all methods described
above were <10%.

Assay of total antioxidant status. Total antioxidant capacity
(TAC) in the cyst fluid was measured using the TAC Assay
kit (Metallogenics Co., Ltd., Chiba, Japan), which uses a
copper (II) reduction assay with bathocuproinedisulfonic
acid disodium salt as the chelating agent (the CUPRAC-BCS
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assay). This assay was applied to measure the antioxidants
as reductants in a redox-linked colorimetric procedure using
a spectrophotometer (Bio Aquarius; Cecil Instruments Ltd.,
Cambridge, UK), as described previously (12,13).

Measurement of heme iron concentration. Cyst fluids were
added to 96-well plates and alkalized with NaOH to adjust
the pH to >10. The resultant solution was subjected to heme
measurement using the Metalloassay LS Heme Assay kit
(Metallogenics Co., Ltd.), based on the Triton-methanol
colorimetric assay (14). The optical density at 400 nm was
determined using a microtiter plate reader.

Statistical analysis. All values are expressed as the
mean + standard deviation. Differences between the groups of
patients were estimated by Mann-Whitney U test. Categorical
variables are presented as absolute numbers (frequency
percentages) and analyzed via the y* test. Correlations
between levels of oxidative stress biomarkers and antioxidant
status were evaluated using Pearson's correlation coefficient.
Receiver Operative Characterisitic (ROC) curve analysis was
used to identify the best discriminating threshold of the cyst
fluid iron levels for differential diagnosis between EAOC and
OE. Analyses were performed using SPSS (v.22.0; IBM Corp.,
Armonk, NY, USA). P<0.05 was considered to indicate a
statistically significant difference.

Results

Baseline characteristics. The principal clinical and patho-
logical characteristics of the subjects with benign OE and
patients with EAOC are presented in Table I. Age (P=0.001),
premenopausal status (P=0.001) and the maximum diameter
of the cyst (P=0.006) differed significantly between the two
groups. There were no statistical differences in parity and
serum CA125 levels between the two groups (P>0.05).

Cyst fluid marker levels in patients with OF and EAOC.
As presented in Fig. 1, box and whisker plots represent the
median levels and the interquartile range (box) of 8-OHdG
(Fig. 1A), HO-1 (Fig. 1B) and TAC/Heme-iron (Fig. 1C) for
each studied group. 8-OHdG concentrations in all samples
ranged between 0.164 and 49.82 ng/ml. The concentrations
were highly divergent between the patients, with a few
having extremely high concentrations and a few with very
low concentrations. Cyst fluid 8-OHdG levels were signifi-
cantly lower in patients with EAOC compared with OE
(P=0.013; Fig. 1A). EAOC patients had significantly lower
HO-1 levels compared with subjects with OE (P<0.001;
Fig. 1B). Compared with OE, TAC/Heme-iron levels were
significantly higher in EAOC (P<0.001; Fig. 1C). The
marker values by each type of cyst are presented in Table II.
Diminished oxidative damage in the malignant group
compared with the benign group was accompanied by the
increase in antioxidant protection.

Correlation between patient ages and cyst fluid marker levels.
Since the EAOC group was significantly older compared with
the OE group (P=0.001), the correlation between age and cyst
fluid marker levels was analyzed. No significant correlation
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Table I. Clinical and tumor characteristics of the study population.
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Baseline characteristics

Benign

Endometriosis-associated

of two groups endometrioma group ovarian cancer group P-value
No. 44 14
Age at diagnosis,
Mean + SD 36.9+8.4 50.0+13.2 0.001
Median (range) 38.0 (21-62) 44.5 (36-78)
Nulliparous n (%) 19 (43.2%) 7 (50.0%) 0.665
Premenopause n (%) 42 (95.5%) 9 (64.2%) 0.007
Tumor size (cm)?
Mean + SD 7.12+£2.78 12.0£6.43 0.006
Median (range) 6.8 (2.7-13.6) 10.6 (4.2-25.5)
CA125
Mean + SD 92.1£70.3 375.24658.0
Median (range) 66.5 (10-316) 470 (7.0-2141) 0.531
Pathology Endometriosis Clear cell (n=6)

Endometrioid (n=1)
Serous (n=3)
Mucinous (n=1)

Other (n=3)
The international federation of gynecology - IA (n=3)
and obstetrics stage IC (n=10)
IIIC (n=1)
*Maximum diameter of tumors. SD, standard deviation; CA125, cancer antigen 125.
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Figure 1. Cyst fluid marker levels in patients with OE and EAOC. The distribution of marker levels is presented for each studied group. Cyst fluid levels were
studied in patients with OE (n=44) and EAOC (n=14). (A) 8-OHdG; (B) HO-1; and (C) TAC/Heme-iron. The dashed horizontal line represents the cut-off level

for each marker. "P=0.013; “P<0.001.

was identified between patient age and the cyst fluid levels of
8-OHdG, HO-1 or TAC/Heme-iron (Fig. 2).

Correlation between tumor size and cyst fluid marker
levels. The present study subsequently analyzed the correla-
tion between cyst fluid marker levels and tumor size. No
significant differences were observed between §8-OHdG
(Fig. 3A) and HO-1 levels (Fig. 3B) and tumor size. Cyst fluid

TAC/Heme-iron levels exhibited a positive association with
tumor size (Fig. 3C).

Correlation between cyst fluid 8-OHdAG levels, HO-1 levels and
TAC/Heme-iron levels. With the use of Pearson's correlation
coefficient analysis, 8-OHdG levels were demonstrated to be
positively correlated with HO-1 levels (P=0.012; Fig. 4A). The
correlation between the antioxidant marker TAC/Heme-iron,
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Table II. Level of three markers in benign OE and EAOC.
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Cyst fluid value
Parameter OE group EAOC group P-value
8-OHdG (ng/ml) 2.023 (0.16-49.98) 0.820 (0.39-3.89) 0.013°
HO-1 (ng/ml) 7.00 (0.83-51.47) 1.15 (0.42-20.69) <0.001*
TAC/Heme-iron (mol/g) 0.0051 (0.0005-0.0420) 0.0270 (0.0030-0.1226) <0.001*

Data are presented as the median (range). Statistical analysis was performed using the Mann-Whitney U test. “P<0.05 was considered statistically
significant. 8-OHdG, 8-hydroxy-2-deoxy guanosine; HO-1, heme oxygenase-1; TAC, total antioxidant capacity; OE, benign endometrioma;

EAOC, endometriosis-associated ovarian cancer.
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Figure 2. Correlation between patient ages and cyst fluid marker levels. Correlation between (A) cyst fluid 8-OHdG levels, (B) HO-1 levels and (C) TAC/Heme-iron
levels and patient age at surgery. The open circle represents the individual value of an endometriosis subject. The closed circle represents the individual value

of an EAOC subject.

and the levels of the oxidative stress markers 8-OHdG
and HO-1, was assessed. No correlation existed between
TAC/Heme-iron and 8-OHdG levels (Fig. 4B), or between
TAC/Heme-iron and HO-1 levels (Fig. 4C).

Evaluation of cyst fluid marker levels as potential biomarkers
for differential diagnosis between EAOC and OE. Following
quantitative measurement of each marker in 58 cyst fluid
samples, ROC curves were applied to assess the potential utility
of cyst fluid levels in diagnosing EAOC from OE (Fig. 5). The
diagnostic sensitivity and specificity of 8-OHdG, HO-1 and
TAC/Heme-iron were analyzed and the results are presented
in Fig. 5. The summary ROC curve illustrated that the AUC
was 0.741 based on cyst fluid 8-OHdG levels (Fig. 5A). The
detection sensitivity and specificity of 8-OHdG were 91.7
and 58.3%, respectively. HO-1 exhibited a higher detection

sensitivity (95.2%) and specificity (85.7%). The corresponding
AUC and cut-off point were 0.901 and 2.314, respectively. The
ROC curves demonstrated an optimum cut-off point of 0.0119
(for TAC/Heme-iron) to distinguish EAOC from OE, yielding
91.7% sensitivity and 91.7% specificity. The corresponding
AUC was 0.898. As presented in Fig. 1, the dashed horizontal
line represents the cut-off level for each marker. Among the
indicators investigated, HO-1 and Tac/Heme-iron exhibited
the highest discriminant value for EAOC (Fig. 5B and C).

Discussion

This study evaluated the cyst fluid levels of oxidative
stress markers (8-OHdG and HO-1), and antioxidant
capacity (TAC/Heme-iron), in patients with benign OE and
already-growing EAOC. Lower pro-oxidant (8-OHdG and
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Figure 3. Correlation between tumor size and cyst fluid marker levels. Correlation between cyst fluid 8-OHdG levels (A), HO-1 levels (B) and TAC/Heme-iron
levels (C) and tumor size. The open circle represents the individual value of an endometriosis subject. The closed circle represents the individual value of an

EAOC subject.
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Figure 4. Correlation between cyst fluid 8-OHdG levels, HO-1 levels and TAC/Heme-iron levels. Correlation analysis between (A) 8-OHdG and HO-1,

(B) 8-OHdG and TAC/Heme-iron and (C) HO-1 and TAC/Heme-iron.

HO-1) levels were observed in the cyst fluid of the EAOC
group in comparison with the benign OE group. By contrast,
the cyst fluid anti-oxidant TAC/Heme-iron was upregulated
in the EAOC group compared with the OE group. HO-1
exhibited the highest discriminant value for differentiating
between benign and malignant cyst fluids. The present
study revealed a clear separation of the overall redox state
between OE and EAOC. Therefore, redox imbalance may be

implicated in the etiology of the malignant transformation of
endometriosis.

Firstly, there is increasing evidence that oxidative stress is one
of the key factors in the establishment and progression of endome-
triosis (15-17). High levels of oxidized DNA adduct 8-OHdG were
observed in the cyst fluid from OE cases, suggesting increased
oxidative stress and frequent DNA mutations (18). HO-1 may be
expressed in endometriosis, particularly in red lesions (19), and
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Figure 5. ROC plots for the predictions of EAOC via indicators. Receiver-operating characteristic analysis demonstrated a higher area under the curve for the
ratio of the pixel density value of (A) 8-OHdG, (B) HO-1 and (C) TAC/Heme-iron.

also in macrophages accumulated in endometriotic tissues (20).
A number of studies have confirmed a compromised antioxidant
capacity in endometriosis (4,10,12,21,22). Total antioxidant
activity scavenges excess intracellular free radicals and augments
cellular antioxidant defenses. These findings support the idea that
higher oxidative stress-induced DNA damage and mutations,
and lower antioxidant capacity, are associated with endome-
triosis progression, possibly directing it towards a pre-malignant
phenotype (17). HO-1 may terminate the further expansion of
pre-malignant endometriotic cells.

Secondly, few studies have examined the oxidant-anti-
oxidant profile in EAOC. An immunohistochemical study
demonstrated that EAOC tumor cells had weaker nuclear
and cytoplasmic 8-OHdG expression compared with tumors
adjacent to OE and benign endometriotic epithelial cells (23),
suggesting an alleviation of oxidative stress during the
process of malignant transformation. Contrary to previous
reports (24), the present results indicated that reduced accu-
mulation of ROS-mediated oxidative damage may predispose
to cancer. In general, HO-1 influences tumor formation and
progression, and its overexpression has been associated with
tumor growth, aggressiveness, metastasis and angiogenetic
potential, resistance to therapy, tumor escape and a poor
prognosis (7,25). In contrast to the well-known role of HO-1
in tumor aggressiveness, the present study suggests that
diminished HO-1 expression may favor the progression
from OE to EAOC. Meanwhile, HO-1 serves a key role in
preventing tumor initiation and carcinogenesis (25,26).
Indeed, HO-1 expression was downregulated in early-stage
lung carcinoma (27), suggesting an opposing role of HO-1
in different neoplasms or at different times during tumor
progression. Increased expression of HO-1 may protect
benign OE against oxidative stress-induced injury; however,
HO-1 has been suggested to be a negative factor contrib-
uting to tumor progression in EAOC. In other words, HO-1
is upregulated in pre-transformation endometriotic cells,
although it remains at the basal level in already-growing
cancer. Another possibility is that patients with EAOC had
much lower levels of hemoglobin, heme and iron species
compared with endometriotic cyst samples (9), supporting

the idea that EAOC is associated with lower HO-1 levels
compared with OE. Although the exact roles of HO-1 in
malignant transformation remain controversial, HO-1 serves
a dual (promoting or inhibitory) role at different stages of
tumor initiation and progression (7,27). The present study
presents evidence supporting the idea that the pre-tumori-
genic environment of endometriois induces a redox signaling
switch in the oncogenic process.

Thirdly, an elevation in the TAC status in the malignant group
suggested increased production of antioxidants in response to
an enhanced level of oxidative damage. It was hypothesized that
increased expression of TAC may promote the proliferation and
survival of EAOC cells. The observed result was comparable
to existing results reported in similar studies: Overexpression
of a series of antioxidant genes counters cell and DNA damage
originating from oxidative stress in liver, thyroid, breast, colon
and pancreas cancer (28). Antioxidants alleviate cell death by
scavenging surplus oxidative stress, thus allowing for survival.
Taken together, enhancing antioxidant defenses and reducing
oxidative stress may predispose to malignancy.

It has previously been established that increased intracel-
lular ROS and decreased antioxidant molecules frequently
initiate carcinogenesis in various types of cancer (24). The
patients with EAOC exhibited an opposite pattern of altered
expression of pro- and anti-oxidants. The present study high-
lighted certain evidence suggesting a redox change, which
may drive the progression of already-growing cancer, although
not the initiation of carcinogenesis. Therefore, characteristic
alterations in redox parameters may depend on the investiga-
tion of different stages of tumor ‘initiation’ and ‘progression’.

Finally, the present findings emphasize the requirement
to identify risk factors associated with the malignant trans-
formation of OE to predict it at the earliest stages. Among
redox parameters, HO-1 may be a candidate marker to
estimate the risk of malignant transformation. If there is a
close association between serum and cyst fluid HO-1 levels,
HO-1 has potential as a serum biomarker that may help to
stratify the severity of OE, to improve risk stratification for
developing EAOC, and to accurately predict the prognosis of
patients with EAOC.
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In conclusion, the present study revealed an imbalance in the
redox system of the tumor microenvironment due to alterations in
oxidative stress markers and antioxidant capacity between OE and
EAOC. HO-1 may protect OE against oxidative stress-induced
injury; however, in already-growing EAOC, excess antioxidants
favor tumor progression. Further study of the molecular pathways
involving redox balance may strengthen the understanding of
how the local intracystic microenvironment initiates and sustains
the transition of benign cells toward malignant forms. There is a
gradient of redox expression and complexity in malignant trans-
formation from benign OE to EAOC.
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