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Contents of Endometriotic Cysts, Especially the High Concentration
of Free Iron, Are a Possible Cause of Carcinogenesis in the Cysts
through the Iron-Induced Persistent Oxidative Stress
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Abstract

Purpose: Endometriotic cysts are known to transform into ovarian cancers, such as clear cell and
endometrioid carcinomas. We hypothesized that an iron-rich environment produced by the
repetition of hemorrhage in the endometriotic cysts during the reproductive period may play a
crucial role in carcinogenesis in the cysts through the iron-induced persistent oxidative stress.
Experimental Design: Contents of human ovarian cysts, including 21 endometriotic cysts, 4
clear cell carcinomas, and 11nonendometriotic cysts, were analyzed for the concentrations of free
‘‘catalytic’’ iron, lactose dehydrogenase, potential antioxidant, lipid peroxide, and 8-hydroxy-2¶deoxyguanosine (8-OHdG). Iron deposition and 8-OHdG levels were also analyzed histologically.
Reactive oxygen species and the mutagenicity of the contents in endometriotic cyst were determined in vitro.
Results: The concentration of free iron in endometriotic cysts (100.9 mmol/L) was significantly
higher than that in nonendometriotic cysts (0.075 mmol/L; P < 0.01). The average concentrations
of lactose dehydrogenase, potentialantioxidant, lipidperoxide, and 8-OHdG were alsosignificantly
higher in endometriotic cysts (P < 0.01).There was a correlation between the concentration of free
iron and that of 8-OHdG (P < 0.01). Histologically, we could observe iron deposits more abundantly
in endometriotic cysts than in nonendometriotic cysts (P < 0.01).The level of 8-OHdG in carcinoma
associated with endometriosis was higher than that of carcinoma without endometriosis (P < 0.05).
In vitro analyses showed that the contents of endometriotic cyst could produce more reactive oxygen species and could induce gene mutations more frequently than the contents in the other cysts.
Conclusions: Abundant free iron in the contents of endometriotic cysts was strongly associated
with greater oxidative stress and frequent DNA mutations. A long-standing history of the RBCs
accumulated in the ovarian endometriotic cysts during the reproductive period produces oxidative
stress that is a possible cause for the malignant change of the endometriotic cyst.

Endometriosis

Several epidemiologic studies have suggested the association
of endometriosis and ovarian cancer (2 – 5), showing the high
risk of ovarian cancer in women with a long-standing history
(>10 years) of ovarian endometriosis (6). Pathologically
atypical endometriosis, which is characterized by endometriotic
glands with cytologic and/or architectural atypia (7), was
reported in 22.6% (7 of 31) of endometrioid and 36.0%
(18 of 50) of clear cell adenocarcinomas of the ovary, whereas in
only 1.7% (4 of 255) of cases of ordinal ovarian endometriosis
(8). Ovarian cancer arisen in the endometriotic cyst shows
the predominant incidence of clear cell and endometrioid
types (>40%), whereas serous and mucinous adenocarcinoma is
predominant in ovarian cancers unrelated to endometriosis (8),
suggesting the different mechanism of carcinogenesis between
the cancer in ovarian endometriotic cyst and ovarian cancer
in general.
Bimolecular features of ovarian cancers arisen in the
endometriotic cyst have also been studied extensively, such as
mutation of the K-RAS and PTEN genes (9), alteration of BCL-2
and P53 (10), decreased expression of hMLH and PTEN (11),
and increased vascular endothelial growth factor (12). Loss of
heterozygosity in the oncosuppressor region in endometriosis
(7, 13) and the common loss of heterozygosity in concomitant

is a common benign gynecologic disorder
characterized by the presence of uterine endometrial tissue,
such as endometrial glandular epithelium and stroma, outside
the normal location (1). Endometriotic cyst is an ovarian
endometriosis that contains chocolate-like fluid as the result
of accumulation of menstruation-like hemorrhagic blood in
the cyst during the reproductive period. It is well known that
ovarian cancer arises in the endometriotic cysts (2, 3).
However, the mechanism of malignant change of the endometriosis in the endometriotic cyst is not yet elucidated.
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Fig. 1. A, concentration of free iron in endometriotic cysts (n = 21; mean F SD: 100.9 F 115.1mmol/L), clear cell carcinoma (n = 4; mean F SD: 4.27 F 2.42 mmol/L),
and nonendometriotic cysts (n = 11; mean F SD: 0.075 F 0.081mmol/L). B, concentration of lactose dehydrogenase as a tissue damage marker in endometriotic cysts
(n = 20; 7,715 F 4,540 IU/L), clear cell carcinoma (n = 4; 5,817 F 4,739 IU/L), and nonendometriotic cysts (n = 11; 64.5 F 102.5 IU/L). C, concentration of PAO as an
antioxidant marker in endometriotic cysts (n = 18; 1,164 F 687 mmol/L), clear cell carcinoma (n = 4; 1,062 F 119 mmol/L), and nonendometriotic cysts (n = 11; 557 F 264
mmol/L). D, concentration of LPO as an oxidative marker in endometriotic cysts (n = 18; 75.7 F 73.4 nmol/mL), clear cell carcinoma (n = 3; 25.2 F 17.7 nmol/mL), and
nonendometriotic cysts (n = 10; 2.93 F 5.48 nmol/mL). E, concentration of 8-OHdG as an oxidative and DNA damage marker in endometriotic cysts (n = 19; 0.588 F 0.612
ng/mL), clear cell carcinoma (n = 4; 0.181 F 0.237 ng/mL), and nonendometriotic cysts (n = 11; 0.0266 F 0.0592 ng/mL). F, a significant positive correlation was found
between free iron and 8-OHdG (P = 0.0000000046). D, mean; ., each result.
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Chemical Co., Inc.). If the result was >1,000 IU/L, the sample was
diluted 10-fold in 0.9% NaCl solution.
Detection of potential antioxidant in cyst fluid. Potential antioxidant
(PAO) was measured using a PAO assay kit (Japan Institute for the
Control of Aging, Nikken SEIL Corp.), which measures antioxidant
capacity using the reduction of cupric ion (Cu2+ to Cu+), according to
the manufacturer’s protocol. Stored samples were thawed and centrifuged at 10,000  g at 4jC for 60 min. Supernatants ultrafiltered with a
cutoff molecular weight of 10,000 were analyzed using the kit.
Detection of lipid peroxide in cyst fluid. Stored samples for chemical
analysis were thawed and centrifuged at 3,000 rpm for 10 min, and
lipid peroxide (LPO) levels were determined by the hemoglobinmethylene blue method using Determiner LPO (Kyowa Medix Co. Ltd.).
Detection of 8-hydroxy-2-deoxyguanosine in cyst fluid. 8-hydroxy-2¶deoxyguanosine (8-OhdG) is one of the major oxidatively modified
DNA base products in vivo and is mutation prone (G:C to T:A
transversion; ref. 22). Stored samples were thawed and centrifuged
at 10,000  g at 4jC for 60 min. Supernatants ultrafiltered with a cutoff
molecular weight of 10,000 were analyzed using a High-Sensitive
8-OHdG Check ELISA kit (Japan Institute for the Control of Aging,
Nikken SEIL Corp.).
Prussian blue staining of human tissue samples for iron detection.
Tissues were fixed in 10% buffered formalin and embedded in
paraffin. Sections were deparaffinized and immersed for 20 min in a
working solution consisting of equal amounts of 5% potassium
ferrocyanide [K4Fe(CN)6] and 5% hydrochloric acid solution (Nacalai
Tesque). Counterstaining was done with Nuclear Fast Red (Lab Vision
Corp.) for 5 min.
Evaluation of iron deposits in human tissue samples. Iron deposition
was graded after Prussian blue staining according to the method of
Blanc et al. (23), with some modifications, as follows: grade 0, absence
of iron; grade 1, mild deposition with iron barely confirmed at 400
magnification; grade 2, moderate deposition with iron visible at 40
magnification; and grade 3, severe deposition with iron visible on glass
slides to the naked eye.
Immunohistochemical analysis of 8-OHdG in human tissue samples.
Tissues fixed in 10% buffered formalin and embedded in paraffin were
deparaffinized and hydrated, and immunohistochemical staining of
8-OHdG was done as described previously (24) using monoclonal anti8-OHdG antibody (N45.1) as the primary antibody, biotin-labeled
rabbit anti-mouse IgG antibody as the secondary antibody, and
peroxidase-conjugated streptavidin (Vector Laboratories).
Evaluation of 8-OHdG in human tissue samples. The formation of
8-OHdG was evaluated by an immunohistochemical method and
defined as follows: ++, obviously stronger than normal ovarian stroma;
+, slightly or partially (<10%) stronger than normal ovarian stroma;
and -, equivalent to normal ovarian stroma. Evaluation was done by
two independent pathologists who had no knowledge of the clinical
information.
In vitro intracellular reactive oxygen species detection assay. Intraracellular reactive oxygen species (ROS) were detected in vitro as
described previously using 2¶,7¶-dichlorodihydrofluorescein diacetate
(25, 26). Human immortalized ovarian surface epithelial cells and
human immortalized endometrial glandular cells were plated onto
12-well plates at 50% to 60% confluence. On the next day, the cells
were gently washed with PBS and incubated with the contents of various
cysts (at a dilution of 1:5) or ferric nitrilotriacetate (Fe-NTA) for 2 h.
Fe-NTA, an iron chelate, was prepared as described previously (27).
Then, the cells were washed and incubated with 5 Amol/L 2¶,7¶dichlorodihydrofluorescein diacetate (Sigma-Aldrich) for 30 min at
room temperature. After that, the cells were rinsed and harvested for
flow cytometry analysis. In each analysis, at least 20,000 living cells
were used to measure intracellular green fluorescence with excitation at
488 nm and emission at 525 nm by FACSCalibur flow cytometry
(Becton Dickinson). Each group contained four independent samples.
In vitro DNA damage detection assay (V79/hypoxanthine guanine phosphoribosyltransferase gene mutation assay). Hypoxanthine guanine

endometriosis and carcinoma (14) are also reported. The
genetic mouse model of peritoneal endometriosis is reported to
develop by the induction of oncogenic K-ras and endometrioid
ovarian adenocarcinoma by further deletion of Pten (15).
Therefore, several molecular mechanisms involved in the
carcinogenesis of endometriosis have been identified. However,
the precise mechanism that can explain the uniqueness of
carcinogenesis in the endometriotic cyst still remains to be
elucidated.
Repeated hemorrhage into the cyst during the menstrual
cycle and the accumulation of blood components in the cyst are
characterized in the endometriotic cyst. In this study, we
focused on the contents of endometriotic cysts, especially the
high concentration of free iron, as the cause of carcinogenesis
of the cyst. Under the hypothesis that the fluid of endometriotic
cysts containing iron contributes to genetic changes via
oxidative stress (16 – 18) and may be one of the major causes
of the malignant transformation of endometriotic cysts, we
examined the concentration of iron in the endometriotic cyst
and other cysts. As well, we examined the products of oxidative
stress in the contents of the cysts. In vitro experiments were
done whether the contents of endometriotic cysts can induce
DNA damage or not.

Materials and Methods
Samples. Samples were obtained from patients with ovarian cysts
treated surgically at Kyoto University Hospital with written forms of
consent. The contents of the ovarian cysts were stored at -80jC
immediately after surgery or centrifuged at 3,000 or 4,000 rpm for
10 min; the supernatants were then stored at -80jC.
Cell culture. Immortalized ovarian surface epithelial cells established by us were maintained as described previously (19, 20). Human
immortalized endometrial glandular cells, kindly provided by Dr. S.
Kyo (Kanazawa University, Kanazawa, Japan; ref. 21), and Chinese
hamster lung fibroblast cell line (V79 cells) purchased from RIKEN
BioResource Center Cell Bank, were cultured in DMEM (Nikken Bio
Medical Laboratory) containing penicillin-streptomycin (100 units/mL
penicillin, 100 Ag/mL streptomycin; Nacalai Tesque) and 10% fetal
bovine serum (v/v; BioWest).
Detection of free iron (iron ions) in cyst fluid. The reaction mixture
was added to plastic metal ion – free disposable tubes in the following
order: 0.5 mL of calf thymus DNA sodium salt type I (1 mg/mL;
Sigma-Aldrich), 0.05 mL bleomycin hydrochloride (1 mg/mL; kindly
provided by Nippon Kayaku), 0.1 mL MgCl2 (50 mmol/L; Nacalai
Tesque), 0.1 mL of sample, 0.05 mL HCl (10 mmol/L; Nacalai
Tesque), 0.1 mL of ultrapure water, and 0.1 mL of 0.14% ascorbic
acid solution (w/v; Nacalai Tesque). A standard curve was prepared
using Fe(NO3)3 dissolved in ultrapure water. The samples of
endometriotic cyst fluids were dissolved in ultrapure water at 1- to
40,000-fold to obtain concentrations of free iron between 0 and
250 Amol/L. The tube contents were mixed before and after addition
of ascorbate and then incubated at 37jC for 2 h with shaking. Then,
1 mL of 0.1 mol/L EDTA (Dojindo) was added to stop the reaction,
and the tube contents were mixed with 1 mL of 1% thiobarbituric
acid (w/v; Merck) in 50 mmol/L NaOH (Nacalai Tesque) and 1 mL of
25% HCl (v/v; Nacalai Tesque). The solutions were heated at 100jC
for 15 min and cooled, and the chromogen was measured by the
absorbance at 532 nm.
Detection of lactose dehydrogenase in cyst fluid. Stored samples for
chemical analysis were thawed and centrifuged at 3,000 rpm for 10 min
and analyzed by the method recommended by the Japan Society of
Clinical Chemistry using CicaLiquid lactose dehydrogenase J (Kanto
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oxidant marker, was significantly higher in endometriotic cysts
(1,164 F 687 mmol/L) than that in serous or mucinous
cystadenoma (557 F 264 mmol/L; P = 0.0032). The concentrations of LPO, an oxidative marker, and 8-OHdG, an
oxidative DNA damage marker, were significantly higher in
endometriotic cysts (75.7 F 73.4 nmol/mL and 0.588 F
0.612 ng/mL, respectively) than those in the other cysts (2.93 F
5.48 nmol/mL, P = 0.00014, and 0.0266 F 0.0592 ng/mL,
P = 0.000048, respectively; Fig. 1B-E). Clear cell carcinoma
showed intermediate levels between endometriotic cysts and
other benign cysts with regard to all the substances. The
concentration of 8-OHdG was significantly correlated with that
of free iron (P = 0.0000000046; Fig. 1F).
Iron deposits in ovarian cysts and ovarian cancer tissues. Iron
deposition in endometriotic epithelial cells was observed
histologically by Prussian blue staining (Table 1). In endometriotic cysts, grade 3 was scored in 14 cases (70%), whereas
in other benign ovarian cysts, grade 0 was scored in all cases but
one (92.9%). In endometriotic cysts, iron deposits were
detected in the stroma and sometimes in epithelial glandular
cells (Fig. 2A and B). There was a statistically significant
difference in iron deposition between endometriotic cysts and
nonendometriotic cysts (P = 0.00013). In ovarian cancer
without endometriotic cysts, grade 0 was scored in eight cases
(66.7%). In ovarian cancer with endometriotic cysts, grade 0
was scored in three cases (15%), grade 1 in six cases (30%),
grade 2 in nine cases (45%), and grade 3 in two cases (10%).
Several clear cell cancers with endometriosis showed iron
deposits, especially in the transformation area between
endometriosis and ovarian cancer cells (Fig. 2C), whereas only
one malignant case without endometriosis contained grade 3
iron deposition. Atypical endometriosis was observed in the
transformation area of five clear cell cancer cases. Four cases of
them showed grade 2 iron deposition in the stromal area but
not in the epithelium (Fig. 2D).
Oxidative DNA damage by iron in ovarian tissues. Immunohistochemically 8-OHdG was positive in glands in endometriotic cysts (Fig. 3A) and in ovarian cancer cells accompanied by
endometriosis (Fig. 3B). Epithelia of atypical endometriosis
were also stained positively. Ovarian cancers without endometriosis showed a similar intensity to normal tissue (Fig. 3C
and D). The 8-OHdG levels are summarized in Table 2.
Ovarian cancers accompanied by endometriosis showed
significantly stronger staining of 8-OHdG than those without
endometriosis (P = 0.013). Histopathologic analysis showed a
significant correlation between iron deposition and 8-OHdG
(P = 0.047).
In vitro intracellular ROS detection assay. Fe-NTA was used
as iron in the ‘‘free’’ form. Each cyst type included four samples
(the average concentrations of free iron in endometriotic cysts,
serous cystadenomas, and mucinous cystadenomas were
59.5 F 46.9 mmol/L, 0.091 F 0.11 mmol/L, and 0.080 F
0.086 mmol/L, respectively). Both the immortalized endometrial glandular cells (Fig. 4A) and the immortalized ovarian
surface epithelial cells (Fig. 4B) produced significantly higher
levels of ROS when treated with the contents of endometriotic
cyst and with Fe-NTA than on treatment with other cystadenomas (P < 0.05). Dose dependency was observed in the Fe-NTA
study (P < 0.05; data not shown).
In vitro DNA damage detection (V79/HGPRT gene mutation
assay). Fe-NTA produced mutations with dose dependency,

Table 1. Prussian blue staining of iron deposits in
ovarian tumors
Iron deposits (grade 0-3)

0

1 2

3

P

Endometriotic cysts (n = 20)
2 0 4 14 *
Nonendometriotic cysts (n = 14)
13 1 0 0 **
Ovarian cancer with endometriosis (n = 20)
3 6 9 2
Ovarian cancer without endometriosis (n = 12) 8 1 2 1
NOTE: A significant difference (P = 0.00013) was found between
endometriotic cysts (*) and nonendometriotic cysts (**).

phosphoribosyltransferase (HGPRT) is an enzyme essential for the
salvage pathway of DNA synthesis. Normal mammalian cells expressing
HGPRT cannot survive in medium containing 6-thioguanine (6-TG)
because HGPRT converts 6-TG into a cytotoxic metabolite that is
incorporated into host DNA and results in inhibition of further DNA
synthesis. In contrast, HGPRT-mutated mammalian cells can survive
and proliferate in 6-TG – containing medium. Hence, the mutagenic
activity of specific substances can be evaluated by counting 6-TG –
resistant colonies (28), with some modifications. Briefly, V79 cells
were preselected in the medium containing hypoxanthine, aminopterin, and thymidine (Mediatech, Inc.) and plated onto six-well plates at
2  106 per well. After 24 h of incubation, the medium was exchanged
for medium containing the test materials and the cultures were further
incubated for 24 h. Then, the cells were rinsed with PBS and harvested,
plated onto 100-mm culture dishes at 1  106 per dish, and cultured
for 6 days, harvested, replated in 6-TG – containing medium (10 Ag/mL;
Sigma-Aldrich) at 3  106 per 100-mm dish, and cultured for another
12 days. Each treatment was done in triplicate using three samples in
each experiment. The colonies were stained with Giemsa’s solution
(Nacalai Tesque), and the number of colonies in each dish was
counted. Ethyl methanesulfonate (Nacalai Tesque; 500 Ag/mL) was
used as a positive control and normal medium was used as a negative
control.
Statistics. All data are expressed as mean F SD. Analysis of the
constituents of the ovarian cyst contents (free iron, lactose dehydrogenase, PAO, LPO, and 8-OHdG) and the data from in vitro studies was
done using the Kruskal-Wallis H test. Comparisons between two groups
were done using the Mann-Whitney U test with Bonferroni correction.
The correlation between 8-OHdG and free iron was evaluated by
Spearman’s correlation. Comparison between observed frequency and
expected frequency between 8-OHdG and iron deposition and
correlation of 8-OHdG and iron deposits were done by an m  n m2
test and Fisher’s test, and Yates’ m  n m2 test, respectively. P < 0.05 was
considered statistically significant.

Results
Detection of free iron (iron ions) in endometriotic and
nonendometriotic cyst contents. The average concentration
of free iron in endometriotic cysts (mean F SD: 100.9 F
115.1 mmol/L) was higher than that in nonendometriotic
benign cysts (0.075 F 0.081 mmol/L; P = 0.000040; Fig. 1A).
Free iron concentrations in clear cell carcinomas (4.27 F 2.42
mmol/L) were lower than in endometriotic cysts (P = 0.0073)
but higher than in nonendometriotic benign cysts (P = 0.0058).
Detection of oxidative stress – related factors in cyst contents.
The lactose dehydrogenase level, a tissue damage marker, was
significantly higher in endometriotic cysts (7,715 F 4,540 IU/L)
than in the other ovarian benign cysts (64.5 F 102.5 IU/L;
P = 0.000040). The average concentration of PAO, an anti-
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Fig. 2. Prussian blue staining of iron deposition in ovarian tumors. Iron deposits were detected in glandular endometrium (A, arrow) and in the stroma (B) of endometriotic
cysts but not in serous cystadenoma (E) or mucinous cystadenoma (F). Iron deposits were detected in the stroma beneath clear cell carcinoma adjacent to an endometriotic
lesion (C, arrowheads), but they were not observed in serous (G) or mucinous (H) adenocarcinomas. Atypical endometriosis with grade 2 iron deposition was observed
in the transformation area of clear cell cancer cases. D, left, H&E staining; right, Prussian blue staining. Arrows, epithelium. Bars, 1mm (B-H) and 100 Am (A).
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Fig. 3. Immunohistochemical analysis of 8-OHdG in ovarian tumors. A, intense 8-OHdG formation was observed in endometriotic glandular epithelial cells (arrows) along
with faint expression in endometrial stroma. Cases of clear cell carcinoma accompanied by endometriosis showed strong formation of 8-OHdG (B), whereas most of the
ovarian cancers without endometriosis showed similar level to normal ovarian stroma (C, serous adenocarcinoma; D, mucinous adenocarcinoma). Bar, 100 Am.

especially at >1,000 Amol/L on V79 cells (data not shown). The
concentrations of free iron were 10.6 and 40.7 mmol/L in
endometriotic cysts, 0.424 mmol/L in serous cystadenomas,
and 0.454 mmol/L in mucinous cystadenomas. The contents
of endometriotic cyst showed a significantly higher frequency
of mutation than the contents of serous or mucinous
cystadenoma (P < 0.05; Fig. 4C).

www.aacrjournals.org

Discussion
The analysis of the contents of various ovarian cysts revealed
that endometriotic cyst has extraordinarily high concentration
of iron compared with the normal serum and the contents of
the other ovarian cysts. This seems natural considering that the
fluid in endometriotic cysts is the result of repeated hemorrhage.

37

Clin Cancer Res 2008;14(1) January 1, 2008

Downloaded from clincancerres.aacrjournals.org on November 11, 2017. © 2008 American Association for
Cancer Research.

Human Cancer Biology

Table 2. Immunohistochemical analysis of 8OHdG in ovarian tumors
8-OHdG

-

+

++

P

Endometriotic cysts (n = 20)
Ovarian cancer with endometriosis (n = 20)
Ovarian cancer without endometriosis (n = 12)

0
2
6

3
2
4

17
16
2

*
**

NOTE: A significant difference (P = 0.013) was found between
ovarian cancers with (*) and without (**) endometriosis.

Iron is an essential metal in physiologic function; however,
the free or ‘‘catalytic’’ form of iron mediates the production
of ROS via the Fenton reaction and induces oxidative stress
(16 – 18). ROS in biological systems induce oxidative stress and
lead to iron-induced carcinogenesis (17). In humans, dietary
iron is thought to be a risk for gastrointestinal cancers (29, 30)
and increased body iron stores are reported to associate
with poor prognosis of several human malignant neoplasms
(31 – 34). Moreover, patients with genetic hemochromatosis
had f200 times greater risk for primary hepatocellular
carcinoma than the age-matched control population (35 – 37).
Therapeutic iron reduction (phlebotomy and low iron diet)
decreased the hepatic 8-OHdG levels and the risk of hepatocellular carcinoma development in patients with chronic
hepatitis C virus (38). In animal studies, repeated i.m.
injections of iron-dextran complex caused sarcoma in rats
(39) as well Fe-NTA renal cell carcinoma in rats (40, 41) and
ferric saccharate mesothelioma in mice (42). An iron-enriched
diet significantly increased the incidence of colorectal tumors in
a mouse ulcerative colitis model (43). Thus, iron induces
carcinogenesis in many organs and several reports have
indicated the role of iron in the pathogenesis of endometriosis
(44, 45), but as far as we know, there is no report suggesting the
role of iron in carcinogenesis from endometriotic cysts.
Many in vitro and in vivo experimental data show that oxygen
free radicals generated by free iron induce DNA damage and
mutation (46). In this study, the average concentration of free
iron in endometriotic cysts exceeded 100 mmol/L (100 Amol/g),
which is comparable with reported iron concentration in hepatic carcinoma tissue (3-100 Amol/g dry weight; refs. 23, 47).
Prussian blue staining revealed iron deposits in the stroma and
endometrial glandular cells of endometriotic cysts (Fig. 2; Table
1). Increased iron deposition has been reported to be associated
with hepatocellular carcinoma (48) with high iron concentrations in noncancerous tissue adjacent to the cancer (47) and
iron deposits in nontumoral liver (49), suggesting that iron
accumulation in normal tissue precedes malignant transformation. The data in the endometriotic cyst are similar to those
of in hepatocellular carcinoma that is sufficient amount of
iron to induce malignant transformation. Because there was
no case of atypical endometriosis without carcinoma, we could
not evaluate the contents of atypical endometriosis that is
considered as the precancerous lesion in the endometriotic
cysts. However, at least we could confirm iron deposition in the
areas of atypical endometriosis that was observed adjacent to
clear cell carcinoma (Fig. 2D).
We further evaluated the oxidation-reduction status of
endometriotic cysts. The level of lactose dehydrogenase, which
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Fig. 4. Generation of ROS in immortalized endometrial glandular cells (A)
and in immortalized ovarian surface epithelial cells (B). The cells were cultured
with Fe-NTA (100 AM) and the contents of endometriotic cysts, serous
cystadenoma, and mucinous cystadenoma and ROS were detected by measuring
2¶,7¶-dichlorodihydrofluorescein diacetate. The contents of endometriotic cyst
and Fe-NTA generated significantly more ROS than the contents of serous or
mucinous cystadenoma (P < 0.05). C, DNA mutation was detected by counting
6-TG ^ resistant colonies of V79 cells. Mutations were more frequently induced by
Fe-NTA and endometriotic cyst fluid than by the contents of serous or mucinous
cystadenoma (P < 0.05). *, P < 0.05.
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and DNA damage in cultured cells in vitro. These data collectively suggest that the contents of endometriotic cysts, especially
free iron, play a crucial role in the carcinogenesis from endometriosis, and this may explain the uniqueness of carcinogenesis from endometriosis.
The cyst contents of carcinoma accompanied by endometriosis also had a high concentration of iron, presumably
reflecting the nature of the precursor lesion, an endometriotic
cyst. However, it was lower than that of endometriotic fluid.
The reason for this is unclear, but the most likely explanation is
that the contents of the cysts were diluted after the development
of carcinoma due to rapid production of fluid by the cancer
cells, as rapid growth of the mass is often seen after malignant
transformation. Therefore, clinically, high-risk cases may be
detected by evaluating the concentration of iron in the cyst
with magnetic resonance imaging and surgical removal of the
cyst may have an advantage over observation in terms of
prevention of cancer. It is, however, important to note that
the results here do not provide evidence that iron is solely the
cause of carcinogenesis; other factors such as cytokines specifically produced by endometriotic cells may also contribute to
oxidative damage.
Interestingly, cancers accompanied by endometriosis
showed relatively strong 8-OHdG staining compared with
other types of cancer, suggesting that they survive under high
oxidative stress. Although the number of observed cases was
small, we also found iron deposition as well as 8-OHdG
staining in the area of atypical endometriosis. Clinically, clear
cell carcinoma has unique characteristics, such as relatively
slow growth and chemoresistance, compared with typical
ovarian cancers that are not accompanied by endometriosis.
Clear cell carcinoma might acquire these characters in the
carcinogenic process in the environment under persistent
oxidative stress (22).

indicates cellular and tissue damage, was significantly higher in
endometriotic cysts than in other benign ovarian cysts (Fig. 1B).
The levels of LPO, which indicates lipid peroxidation, 8-OhdG,
which indicates oxidative DNA damage, and PAO, which
represents antioxidant capacity, were also higher in endometriotic cysts (Fig. 1C-E). These data indicate that endometriotic
cysts are exposed to greater oxidative stress and that antioxidation activity is also higher. It is of note that there was a
strong positive correlation between the concentration (Fig. 1F)
and localization (Figs. 2 and 3; Tables 1 and 2) of 8-OHdG and
those of free iron, suggesting that iron facilitates oxidative DNA
damage that relates carcinogenesis in humans (38).
The potentiality of endometriotic cyst contents examined
using immortalized epithelial cells for the induction of oxidative stress and DNA mutations revealed that cells treated
with endometriotic fluid showed higher levels of ROS (Fig. 4A
and B) and more frequent V79/HGPRT gene mutation (Fig. 4C)
than those treated with the other cystic contents. These data
indicate that the fluid in endometriotic cysts can induce
oxidative stress and DNA mutation in viable cells. It was,
however, difficult to detect the HGPRT gene mutation when we
used immortalized ovarian and endometrial epithelial cells
instead of V79 cells, which is highly susceptible to mutation.
This implies that gene mutation under physiologic conditions
may occur more infrequently and that the actual occurrence of
carcinoma takes a long time.
In summary, the results shown here indicate that endometriotic cysts contain significantly more iron than other ovarian
cysts and iron deposits in endometriotic tissues. Measurement
of biochemical markers suggests that the environment inside
endometriotic cysts is affected by severe oxidative stress, and
the glandular epithelium in endometriotic cysts contains more
severe oxidative DNA damage compared with other cysts. The
constituents of endometriotic cysts can induce oxidative stress
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