ARID1A Expression is Down-Regulated by Oxidative
Stress in Endometriosis and Endometriosis-Associated

Ovarian Cancer

Hariyono Winarto'-2, Marselina Irasonia Tan3, Mohamad Sadikin* and

Septelia Inawati Wanandi*

Translational Oncogenomics

1-7

© The Author(s) 2017

Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1177272716689818

®SAGE

'Gynecologic Oncology Division, Department of Obstetrics and Gynecology, Faculty of Medicine,
Universitas Indonesia, Jakarta, Indonesia. 2Doctoral Biomedical Science Program, Faculty of
Medicine, Universitas Indonesia, Jakarta, Indonesia. 3School of Life Sciences and Technology,
Bandung Institute of Technology, Bandung, Indonesia. “Department of Biochemistry & Molecular

Biology, Faculty of Medicine, Universitas Indonesia, Jakarta, Indonesia.

ABSTRACT: Oxidative stress is considered an important factor in the development of endometriosis, including its malignant transformation.
Previous studies have found that AT-rich interactive domain 1A (ARID1A), a tumor suppressor gene, is frequently mutated and inactivated in
endometriosis-associated ovarian cancer (EAOC), and such a change in this gene is considered an early event in malignant transformation.
We observed oxidative stress status by measuring the activity of the antioxidant enzyme manganese superoxide dismutase (MnSOD),
malondialdehyde (MDA), and ARID1A gene expression in tissue samples from patients with endometriosis, EAOC, or non—-endometriosis-
associated ovarian cancer (non-EAOC). We also induced oxidative stress in the cultured cells from patients with primary endometriosis by
adding H,O, and tested for any alteration of ARID1A gene expression based on different H,O, concentrations. The results showed that MnSOD
activity in endometriosis and EAOC was lower than in non-EAOC, but MDA levels were higher. This study also showed that oxidative stress

reduced ARID1A gene expression.
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Introduction
Endometriosis is a benign gynecologic abnormality that signi-
fies the presence of endometrial tissues outside the uterine cav-
ity; these lesions contain glands and stroma that respond to
local, exogenous, and endogenous hormones.! Various theories
have been postulated regarding the cause and pathophysiology
of endometriosis, such as menstrual blood regurgitation, persis-
tent Miillerian duct abnormality, and coelomic metaplasia.
However, these theories remain controversial.?3
Endometriosis develops in 5% to 10% of women of repro-
ductive age,* and in Cipto Mangunkusumo Hospital (CMH),
Jakarta, in 2010, endometriosis accounted for 42.62% of all
benign gynecologic abnormalities.” The clinical manifestations
are varied and range from no symptoms to debilitating pain in
about 40% to 60% of patients with endometriosis-associated
dysmenorrhea.® One of the clinical challenges of treating endo-
metriosis is the high recurrence rate, which can necessitate
reoperation.” Furthermore, as a benign gynecologic lesion, this
disease is often associated with ovarian cancer. Patients with
endometriosis have a 4.2-fold higher risk of developing ovarian
cancer than the normal population.® Studies have identified
atypical changes in endometriosis lesions found in patients with
endometriosis-associated ovarian cancer (EAOC). These atypi-
cal changes are considered as initial malignant transformations

of endometriosis that may lead to ovarian cancer. The types of
ovarian cancer that are associated with endometriosis are clear
cell carcinoma (CCC) and endometrioid ovarian carcinoma
(EnOC),*10 which accounted for 14% and 28%, respectively, of
all cases of ovarian malignancy in CMH, Jakarta.”

It is well known that oxidative stress influences carcinogen-
esis in endometrial lesions, and iron accumulation from cyclic
bleeding may promote the formation of reactive oxygen species
(ROS). One of the counteracting mechanisms against ROS is
the production of the antioxidant manganese superoxide dis-
mutase (MnSOD). When the amount of antioxidants pro-
duced in the body cannot overcome the effects of oxidants,
oxidative stress occurs.!’ At a cellular level, ROS degrades
lipids and forms malondialdehyde (MDA), so the MDA level
in tissue depicts the level of lipid degradation or peroxidation.!?
Oxidative stress can subsequently cause DNA damage that
may possibly lead to inactivation of several tumor suppressor
genes such as p53, phosphatase and tensin homolog (PTEN),
and AT-rich domain 1A (ARID1A).A113
Furthermore, ARID1A gene mutations have been found in
endometriotic lesions, CCC, and EnOC.

In this study, we investigated the effect of oxidative stress,

interactive

which may promote malignant transformation, on the ARID1A4
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gene by assessing its expression in endometriotic, EAOC, and
non-EAOC tissue samples, as well as endometriotic primary
cell cultures.

Methods

This study was conducted in the Faculty of Medicine
Universitas Indonesia and CMH, Jakarta, from July 2011 to
March 2014. The tissue and cell culture analyses were per-
formed in the Molecular Biology Laboratory of the
Biochemistry and Molecular Biology Department, Institute of
Human Virology and Cancer Biology, Faculty of Medicine,
Universitas Indonesia, and Integrated Laboratory of Faculty of
Medicine, Universitas Indonesia.

In general, this study comprised 2 parts. In the first part of
the study, we measured ARID1A expression, MnSOD activity,
and MDA levels in endometriotic and ovarian cancer tissues.
In the second part, we measured ARID14 expression in endo-
metriotic cultured cells.

Sample collection

All tissue and primary cultured cell samples were obtained
from patients who underwent surgical procedures at the CMH
for endometriosis or ovarian cancer diagnoses, with or without
hysterectomy. In total, 10 endometriotic, 10 epithelial ovarian
cancer, and 3 normal endometrial tissues were obtained for the
first part of the study. In the second part, primary cultured cells
of normal endometrium (isolated from normal endometrial
cells) and endometriosis (isolated from endometriotic cyst
wall) were created and used.

Tissue homogenization and obtaining RNA and
protein isolates

To examine MnSOD and MDA activity and obtain messen-
ger RNA (mRNA) isolate and protein, tissue homogenates
were prepared by washing collected tissue using phosphate-
buffered saline (PBS) and chopping the samples. Homogenate
for MnSOD and MDA examination was prepared by trans-
ferring the tissue into 1.5 mL homogenate tubes and adding
1mL PBS.

For the mRNA and protein examination, the tissue was
placed inside a 1.5-mL homogenate tube. TriPure Isolation
Reagent (Roche) was added to the tube, and then the tissue
was homogenized. From the homogenate produced, mRNA
and protein were isolated by following kit protocol.

Cell culture

Two media for cell culture were used in this study. The first
medium was used for endometriotic cells and the second
medium was used for normal endometrial cells. The first
medium comprised a mixture of Dulbecco’s Modified Eagle

Medium (DMEM from Gibco, catalogue number: 12800017,

12800082), 20% fetal bovine serum (FBS, Gibco), 50 pg/mL
gentamycin, 100IU/mL penicillin, 100 pg/mL streptomycin,
and 100 ug/mL Fungizone. The second medium was made by
mixing DMEM F12 (DMEM F12 from Gibco, catalogue
number: 12500062, 12500096), 10% FBS (FBS, Gibco), 50
pg/mL gentamycin, 100 IU/mL penicillin, 100 pg/mL strepto-
mycin, and 100 pg/mL Fungizone. In these media, the tissue
samples were stored at 4°C for less than 24 hours.

Around 500 to 700 mg of tissue was taken for cell extrac-
tion. The tissue was washed and cleaned using PBS and
chopped until it reached a porridge-like consistency. Then,
1mL of 100 U/mL collagenase was added. The homogenate
was divided into two 50 mL. homogenate tubes, and 6.5 mL
of collagenase was added. The tubes were incubated at 37°C
for 2hours. To stop the reaction, we added DMEM and 5%
FBS, 2mL each. The tubes were centrifuged at 1250 rpm,
and then 4 mL of PBS and 6 mL of red blood cell buffer were
added during the process. After confluence was obtained, the
sample was transferred to 24-well culture plates. Either the
first or second medium for cell culture, as described above,
was put in each well. The wells were reincubated at 37°C for

around 2 days.

Subcultures

Around 80% to 90% of confluenced cells were harvested and
then transferred to new wells. Previous growth mediums were
removed, and the wells were washed using PBS; then 500 pL of
trypsin (1 mg/mL) was added and the wells were incubated for
3 to Sminutes until the cells were released microscopically.
Later, 750 pL of medium was added to stop the trypsin reac-
tion. The cells were relocated to 15mL tubes and centrifuged
for 5minutes at 1500 rpm twice. Afterward, the pellets were
divided into 12 wells, and 750pL of either first or second

growth medium was added.

mRINA and protein measurement

Messenger RNA concentration was measured using NanoDrop
2000 (Thermo Scientific) at a wavelength of 260 nm, and both
mRNA and protein concentrations were measured at a wave-
length of 280 nm. The mRNA and protein concentrations were
expressed as relative expression and milligram per milliliter,
respectively. We performed double measurements using dupli-
cated samples and took the mean value.

RT-gPCR for ARID1A mRNA expression

Messenger RNA quantification was performed using a 1-step
reverse transcription polymerase chain reaction (RT-qPCR)
technique. We used LightCycler 480A (Roche Molecular
Systems Inc., Branchburg, NJ, USA) and MiniOpticon (Bio-
Rad Laboratories, Inc., Watford, United Kingdom) for tissue
and cell culture, respectively. Homo sapiens SWI-like ARID1A
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with 178bp length, transcript variant 1, was used for ARID14
primary sequence. The primary forward sequence was
5'-AACCCAGACTCGGGGATGTA-3" with 20bp length,
and the primary reverse sequence was 5'-GCCGCTTG
TAATTCTGCTGTT-3' with 21bp length. The master mix
used in this study was KAPA SYBR FAST One-Step
RT-gPCR Kit (Kapa Biosystems, Wilmington, MA,USA).

Each 50ng of mRNA isolate from tissue samples and cell
culture was used for double RT-qPCR measurement. Cycle
threshold results were measured using Livak formula 2-24¢t to
gain mRINA relative expression of ARID1A.

ELISA for ARID1A protein expression

Protein from tissue samples and cell culture, which was
extracted using TriPure Isolation Reagent, was analyzed
using enzyme-linked immunosorbent assay (ELISA) kit
(Cusabio, catalogue number: CSB-E13529h) based on the
kit protocol. Well mapping (depicting standard and sample
wells) was conducted, and 100 pL. of either the standard or
sample was added to each well. The wells were incubated at
37°C for 2 hours. The liquid was removed from the wells and
changed with 100 pL. of biotin antibody, and then the wells
were reincubated at 37°C for 1hour. Afterward, the wells
were warmed in room temperature, the biotin antibody was
aspired, and the wells were washed using buffer solution. The
wells were shaken and left for 2 minutes, and then the pro-
cess was repeated 3 times.

Later, 100-pL of horseradish peroxidase-avidin was
added and the wells were reincubated at 37°C for 1hour.
The wells were washed with buffer solution and 90 pL. of
3,3",5,5'-tetramethylbenzidine substrate was added; then,
the wells were reincubated at 37°C for 15 to 30 minutes by
covering the wells with aluminum foil to protect them from
light. As soon as the solution on the wells turned light blue,
stop solution from the kit was added. Each well’s optical
density was measured in less than 5 minutes using a micro-
plate reader at 450 nm length.

MnSOD activity measurement

Manganese superoxide dismutase activity was measured using
an MnSOD activity assay kit (Randox, Crumlin, County
Antrim, United Kingdom.), which used xanthine and xanthine
oxidase (XOD). The oxidation process produced superoxide
radicals that reacted with 2-(4-iodophenyl)-3-(4-nitrophenol)-
5-phenyltetrazolium chloride (INT) to form a red formazan
dye.The SOD activity was expressed as the degree of inhibition
of this reaction. Tissue samples and standard samples from the
kit were used. On each sample, 1.7 mL of mixed substrate (con-
taining xanthine and INT) was added and then mixed evenly.
Later, 5 pL of 5mM NaCN was added, and then the samples
were incubated at 37°C for 5minutes. Afterward, 250 uL. of
XOD (8U/L) was added, and then the absorbance was

measured under 505nm wavelength. The measurement was
done twice, after 30 seconds and after 3 minutes.

MDA measurement

Malondialdehyde concentration was measured using the
thiobarbituric acid reactive substances method. Blank solu-
tion was composed of a mixture of 2000 uL. Aqua Dest and
1000 uLL of 20% trichloroacetic acid (T'CA). Four standard
solutions were prepared (concentration of 0.625, 1.25, 2.5,
and 5nmol/mL) with various concentrations of Aqua Dest
and TCA. Standard solution tubes were homogenized until
confluence was obtained. Sample solution was also mixed
with 1000 pL. of 20% T'CA and homogenized. Then, 2000 uLL
of TBA 0.67% was added to both standard and sample solu-
tions. Blank, standard, and sample solutions were warmed in
2 95°C to 100°C water bath and then cooled with cold water
and ice packs. Afterward, the absorbance was read under
530 nm wavelength.

H,0, induction and viable cell counting

H,0, induction was performed using various concentrations of
H,0, (100 and 1000nM of H,O, and 0nM as control).
Around 10M H,0O, was diluted in both mediums for cell cul-
ture until 100 and 1000 nM H,O, concentrations were reached.
Both 100 and 1000 nM wells and a control well were made in
triplicate, so 9 wells in total were obtained. Induction was per-
formed in a 96-well culture plate. Normal endometrial and
endometriotic cells were added into wells with a density of
25000 cells/mL. Cells were incubated on the growth medium
for 24hours. On the following day, the growth medium was
changed with medium containing H,O,. Induction was per-
formed for 48hours, and then the cell viability and level of
ROS were analyzed.

The viable cells were manually counted using a slide-
improved Neubauer Hemocytometer under microscope with
x40 magnitude. Afterward, 500 pL of trypsin (1 mg/mL) was
added to release the cells from the wells.

Dichlorodihydrofluorescein diacetate assay for ROS
measurement

Reactive oxygen species level was measured using a dichlorodi-
hydrofluorescein diacetate (DCFH-DA) assay. This assay was
performed by diluting 150 uLL of 20nM DCFH-DA in 1.5mL
PBS to obtain 2pM DCFH-DA. Trypsin was added to each
well that would be measured later (as described in the
“Subcultures” section), and then the samples were transferred
to 1.5 mL tubes. To each tube, 250 L. of 2 pM DCFH-DA was
added, and then the sample was incubated at 37°C for 30 min-
utes. The tubes were taken out, washed with PBS, recentri-
fuged for 1 minute, and rewashed with PBS. From each tube, a
25-pL sample was taken and placed inside a slide chamber to



Translational Oncogenomics

A ARID1A mRNA relative expression in B

<, control, endometriotic, EAOC and

% non-EAOC tissues .
E

: 2

= *¥ =

E iy =

x e F S s i H

2 - ' 2

% 1.5 T‘ E

G e @

: : g

a 1

x <

L3 -

s &

>

B o5 <

2

[ o ok
Control Endometriosis non-EADC

EAOC
relative leﬁ!im{ 1 0.0531 + 0.0170 | 0.0457 + 0.0379 | 1.4665 + 1.2328
*P = 0035 **F=0.013

MnSOD activity in control, endometriotic,

c EAOC, and non-EAOQC tissues D
kkk
45 e e e g
£
44  mmemmmmamaa PR — JIJG:I*
-2 . i "l o
S 35 J N __E_
E H
F E
: - T
8 3
. 2
8 15 g
= 1 =
=
05
" v
Control Endometriosis | EAOC | nomEAOC
activity | 3.3438 + 0.0133 1.4592 + 0.2443 ‘ 2.5933 & 1.3202 ‘ 3.0224 & 0.5969

*p = 0,049, **P = 0,044, **=P = 0.035, ****P = 0,041

a [ ]
Control EAOC non-EAOC
average | 0.0965 + 0.0043 | 0.1985 + 0.0053 0.6943 + 0.3489 1.300705895

8

ARID1A protein level in control, endometriotic, EAOC
and non-EAQC tissues

~
8

]

B

g

8

L]

Control Endometriosis EAOC [ non-eaoC

protein level | 227,643 + 9.2315 | 195.4945 + 468991 | 168.6522 + 35.3682 | 56.7495 + 24.2066

*P=0.092

MDA level in control, endometriotic,
EAQOC and non EAQC tissues

-of

o
"

\

H
=
—

-
-
.

Fod
@
.

)

=
L
S

e
=
"

)
i~
"

*P < 0.011, **P < 0.02

Figure 1. Endometriotic tissues exhibited decreased ARID1A mRNA relative expression, protein level, and MnSOD activity but increased MDA level.
Normal endometrial tissues were used as control. (A) ARID1A mRNA relative expression was significantly lower in the EAOC and endometriotic tissues.
Relative expression shown in y-axis is average of gene expression, measured by Livak formula (2-24¢t). mRNA quantification was done using a 1-step
reverse transcription polymerase chain reaction. Statistical significance difference was determined using 1-way ANOVA (*P=.035, **P=.019). (B)
Endometriosis and ovarian cancer tissue samples had lower protein level. Extracted protein was analyzed using ELISA and optical density was measured
at 450nm length (expressed in pg/mg). Statistical significance difference was determined using 1-way ANOVA (*P=.092). (C) MnSOD activity in
endometriotic tissues was the lowest. MnSOD activity, depicting antioxidant enzyme, was measured using xanthine and xanthine oxidase. The wells were
incubated at 37°C for 5minutes, and their absorbance was read at 505nm wavelength. Statistical significance difference was determined using 1-way
ANOVA (*P=.049, **P=.035, ***P=.044, ****P=.041). (D) Increased MDA level in endometriotic and ovarian cancer tissues. MDA level, reflecting the
extent of oxidative stress, was measured using thiobarbituric acid reactive substances method with various concentrations of Aqua Dest and
trichloroacetic acid. Its absorbance was read at 530 nm wavelength. Statistical significance difference was determined using Mann-Whitney test (*P<.011
and **P<.02). ANOVA indicates analysis of variance; ARID1A, AT-rich interactive domain 1A; EAOC, endometriosis-associated ovarian cancer; ELISA,
enzyme-linked immunosorbent assay; MDA, malondialdehyde; MnSOD, manganese superoxide dismutase; mRNA, messenger RNA.

be read with a Tali Image-Based Cytometer (Life Technologies,
Carlsbad, CA, United States.). Double measurements of fluo-
rescence absorbance reading were conducted.

Results
ARIDI1A expression was lower in endometriosis

and EAOC tissues and correlated with MnSOD
activity but negatively correlated with MDA

Serous adenocarcinoma and mucinous adenocarcinoma tissue
samples (5 and 1, respectively, representing non-EAOC), CCC
and endometrioid ovarian cancer samples (3 and 1, respectively,
representing EAOC), and endometriotic and normal endome-
trial tissue samples (10 and 3, respectively) as controls were col-
lected and analyzed.

The qRT-PCR revealed that the relative mRNA expres-
sion of ARID1A was lowest in the EAOC (CCC) and
endometriotic tissues and highest in non-EAOC tissues

(Figure 1A). Furthermore, the endometrial and ovarian
cancer tissue samples exhibited lower protein expression
levels than the control sample of normal endometrial tissue
(Figure 1B).

The activity of MnSOD was lower in endometriotic tissues
than it was in the normal endometrial, EAOC, and non-
EAOC tissues (Figure 1C). Furthermore, MDA levels, which
reflect the extent of oxidative stress in tissues, were lowest in

the control group (Figure 1D).

ARIDI1A expression was affected by the level of

oxidative stress in cultured endometriotic cells

In the second part of the study, endometriotic and normal
endometrial cells were cultured and subsequently exposed to
H,O, at various concentrations (0, 100, and 1000nM) for
48hours. Exposure to H,O, increased the number of eutopic
endometrial cells, dependent on concentration. In contrast, the
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Figure 2. Oxidative stress suppressed ARID1A mRNA relative expression and protein level. Normal endometrial and endometriotic cells were cultured
using Dulbecco’s Modified Eagle Medium with a density of 25000 cells/mL. Tissue samples were stored in those media at 4°C for less than 24 hours. (A)
Fluorescence absorption was significantly higher in endometriotic cells, even with the absence of H,O, induction. Fluorescence absorption, depicting
reactive oxygen species level, was measured using a dichlorodihydrofluorescein diacetate assay. Samples were incubated at 37°C for 30 minutes and
read by cytometer. Statistical significance difference was determined using t-test (*P <.05; RFU, relative fluorescence unit). (B) Both normal endometrial
and endometriotic cells responded to increased concentration of H,O, induction by increasing cell proliferation. H,O, induction was done using various
concentrations of H,O, (100 and 1000nM; 0nM as control) for 48 hours. Viable cells were manually counted using hemocytometer under microscope with
x40 magnitude. Statistical significance difference was determined using paired t-test (*P=.010, **P=.001, ***P=.002, AP=.001, MP=.04). (C) H,0,
suppressed relative mRNA expression of ARID1A with dramatic reduction in endometriotic cultured cells. Relative expression was measured by Livak
formula (2-24¢t) and mRNA quantification was performed using a 1-step reverse transcription polymerase chain reaction. Statistical significance difference
was determined using t-test (*P<.05). (D) ARID1A protein level was dose dependently suppressed by increasing amount of H,O,. Extracted protein was
analyzed using enzyme-linked immunosorbent assay, and optical density was measured at 450 nm length (expressed in picogram per milligram).
Statistical significance difference was determined using 1-way analysis of variance (*P<.05). ARID1A indicates AT-rich interactive domain 1A; EAOC,

endometriosis-associated ovarian cancer; mMRNA, messenger RNA.

number of viable endometriotic cells was decreased after expo-
sure to 100 nM H,O, and increased after exposure to 1000 nM
H,0,. Furthermore, a significant increase in cell number was
observed after exposure to 1000 nM H,O, in both groups.
Reactive oxygen species levels were measured immedi-
ately after the cultured cells were exposed to various H,O,
concentrations (0, 100, and 1000nM) for 48 hours using a
Tali Cytometer (Invitrogen, Carlsbad, CA, United States.).
Reactive oxygen species level reflects the ability of cells to
accumulate fluorescence. Normal endometrial cell culture
showed higher ROS levels after being exposed to higher
concentrations of H,O, than when exposed to lower concen-
trations. The endometriotic cell culture ROS levels were
already extremely high compared with those of the normal
endometrial cell culture before exposure to H,O, and

therefore could not be estimated following the addition of
H,0, A comparison of the ROS content of the normal
endometrial and endometriotic cells before H,O, exposure is
shown in Figure 2A, and cell viability after H,O, exposure is
shown in Figure 2B.

In this study, higher concentrations of H,O, were associated
with a lower relative mRNA expression of ARID14 in both cell
groups relative to the control (cell culture without H,O,).
Furthermore, H,O, suppressed the relative mRNA expression
of ARID1A (Figure 2C), although the decrease was much
higher in the normal endometrial tissue group (100 and
1000nM, 0.025 and 0.0035, respectively) than in the endome-
triotic tissue group (100 and 1000nM, 0.45 and 0.2, respec-
tively). In addition, the protein expression of ARID1A4 was dose
dependently decreased by H,O, (Figure 2D).
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Discussion

Oxidative stress has been hypothesized to be involved in the
development of endometriotic lesions,!>1 whereas decreased
expression of the tumor suppressor gene ARIDI1A is often
tound in EAOC.1 In this study, we explored the effect of oxi-
dative stress on ARID14 gene expression in endometriotic and
normal endometrial cell cultures. This is in contrast to previous
studies that investigated its expression in cancer tissues or
endometriotic tissues and found atypical changes in both tis-
sues!®1? or those that investigated endometriosis without ana-
lyzing the effect of oxidative stress.?

Expression of the ARID1A tumor suppressor gene
In the first part of this study, we found that ARIDIA mRNA

expression was lower in endometriotic tissue than it was in the
control (normal endometrial tissue). These findings are impor-
tant because they demonstrate that low expression levels of the
ARID14 gene in endometriotic tissues may be one of the charac-
teristics contributing to its tendency to transform malignantly.'0

ARID]14 protein expression was lower in endometriotic tis-
sues than it was in normal endometrial tissues. This could have
been caused by higher oxidative stress levels in the endometri-
otic tissues than in normal endometrial tissues. Reactive oxy-
gen species as free radicals may cause protein damage.?!
Compared with the EAOC and non-EAOC tissues, the
ARIDI1A protein expression in endometriotic tissues was
higher, which could be more attributable to the inactivation of
the ARIDI1A gene protein expression than its mRNA expres-
sion. Furthermore, a loss of ARID1A expression was found in
endometriotic tissue that had already exhibited atypical cell
changes.1?

Interestingly, we found that levels of ARID1A mRNA
expression were dramatically different in some samples.
However, there was only a subtle difference in protein level in
exactly the same 4 samples. Through our results, we noticed
that damage in mRINA level does not correlate with damage in
protein level. As the mRINA was damaged, numerous factors at
the gene level would affect the process of mRNA transforma-
tion into protein (eg, mutation, loss of heterozygosity, and
ARIDI1A gene haploinsufficiency).

One limitation of our study was that for some tissue types
we used, there was only 1 available sample (mucinous adeno-
carcinoma tissue and endometrioid ovarian cancer). Therefore,
the data might be too small for statistical analysis. Further
study with larger sample sizes should be considered in future.

Oxidative stress in endometriosis and ovarian
cancer

In the first part of this study, the activity of MnSOD in the
EAOC, non-EAOC, and endometriotic tissues was lower than
that in control tissues. This finding indicates that low levels
of MnSOD may permit the growth of tumors, particularly

malignancies.?? This tumor growth may also be associated with
the role of MnSOD as a tumor suppressor.?* In our study, the
low levels of MnSOD also suggested a greater utilization of
MnSOD in endometriotic lesions than in normal endometrial
tissues.

In this study, we also found that MnSOD activity tended to
be lower in the ovarian cancer tissues group (EAOC and non-
EAOC) than it was in the normal endometrial tissues. This
may be associated with the growth requirements of cancer cells,
which include high levels of oxidative stress.?”

Moreover, the difference in MnSOD activity between the
EAOC and non-EAOC tissues may be explained by the differ-
ence in the characteristics of both malignancies. Endometriosis-
associated ovarian cancer lesions tend to grow more slowly than
non-EAOC lesions. Furthermore, the fast-growing characteris-
tic of non-EAOC lesions indicates that these tumors consume
more energy during growth, thereby producing greater oxidative
stress.?® Tumor cell growth requires both oxidative stress and
antioxidants to neutralize the deleterious effects of oxidative
stress.”* We found that MDA levels were highest in the non-
EAOC tissues, followed by EAOC and endometriotic tissues,
whereas control tissues showed the lowest levels. This finding is
consistent with previous reports that non-EAOC lesions tend
to grow faster than EAOC lesions and therefore cause greater
oxidative stress. Moreover, cancer cells tend to produce more
oxidants than normal cells,?® which explains why MDA levels
were the lowest in control tissues.?”

Role of oxidative stress in cell proliferation and
ARIDI1A gene expression

We observed increased cell viability after H,O, exposure.
Previous studies determined that increased ROS production
can be accompanied by an increase in cell proliferation.!®%7
Theoretically, this may be because of the role of ROS in acti-
vating the Raf/mitogen-activated protein kinase/extracellular
signal-regulated kinase pathways, resulting in increased cell
proliferation.?® A similar finding of increased cell numbers in
response to exposure to high concentrations of H,O, was
noted in this study. Oxidative stress production in this study
was assessed by the ability of cells to accumulate fluorescence,
and the results showed that both endometriotic and normal
endometrial cells withstood increasing levels of oxidative
stress. However, we noticed a difference in cell viability
between both endometriotic and normal endometrial cells,
which we believe was caused by different molecular responses
toward oxidative stress, although the exact mechanism
remained unknown.

In endometriotic and normal endometrial cell cultures, it
was observed that H,0, levels were inversely related to tumor
suppressor protein and mRNA expression. The implication of
this result is that iron, which is released by cyclic bleeding of
endometriotic tissues, functions as an oxidant and therefore
causes oxidative stress in endometriotic lesions. Therefore,



Winarto et al

ARIDI1A expression was lower in endometriotic tissues than it
was in normal endometrial tissues.

As shown in Figure 1B, we found that normal endometrial
cells had higher protein levels than the other samples; however,
a contradictive result is shown in Figure 2D. This finding
might be caused by the different samples (tissues collected
directly from gynecologic surgeries for Figure 1B and culture
of those tissues for Figure 2D). We have not yet determined
the cause of this difference. Therefore, we cannot conclude that
protein levels of normal endometrial cells will always be higher
than that of endometriotic cells. This could be investigated fur-
ther in future studies.

Conclusions

In endometriotic tissue, the expression of ARID1A mRNA was
lower than that in the normal endometrial (control) and non-
EAOC tissues, whereas its protein expression was lower than
that of the control but higher than EAOC and non-EAOC
tissues. These findings demonstrate the early decreased expres-
sion of ARID14, especially its mRNA in endometriotic tissue.
Moreover, oxidative stress appeared to have a role in decreasing
the expression of ARID1A protein and mRNA levels in endo-
metriotic cells. Oxidative stress appeared to suppress ARID1A4
expression in endometriotic cells, whereas low ARID1A gene
activity in endometriosis may be a contributing factor to the
enhanced susceptibility of these lesions to malignant
transformation.
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