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Oxidative Stress and Antioxidant Capacity in Patients with Endometrioma
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Background: Endometriosis has several clinical features, including dysmenorrhea, infertility, and en-

dometrioma (EMO). Although oxidative stress status is closely related to endometriosis, it is unclear

how the balance between oxidative stress capacity and antioxidant capacity correlates with treatment of

or factors that worsen endometriosis. In this study, we used peritoneal fluid from patients with EMO to

investigate the role of oxidative stress capacity and antioxidant capacity.

Materials and Methods: Participants with EMO (n = 30) and without EMO (uterine myoma, n = 13)

were enrolled. All peritoneal fluid samples were collected at the beginning of surgery. We evaluated

oxidative stress capacity and antioxidant capacity in peritoneal fluid samples by using the diacron-

reactive oxygen metabolites (d-ROM) and biological antioxidant potential (BAP) tests, respectively. The

d-ROM and BAP values and the d-ROM/BAP ratio were measured, and their correlations with the CA

125 level, revised American Society for Reproductive Medicine (r-ASRM) score, and tumor size were

analyzed.

Results: The d-ROM/BAP ratio was significantly higher in patients with EMO than in those without

EMO. In addition, the d-ROM/BAP ratio was positively correlated with CA125 level and r-ASRM

scores in patients with EMO.

Conclusions: Oxidative stress is correlated with factors that worsen EMO. The d-ROM/BAP test may

be useful for assessing disease status in patients with EMO. (J Nippon Med Sch 2024; 91: 146―154)
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Introduction

Endometriosis is one of the most important gynecological

diseases and affects approximately 10% of women1. It im-

pairs the quality of life of women of reproductive age

and manifests with a variety of clinical features, includ-

ing dysmenorrhea, infertility, adenomyosis, and en-

dometrioma (EMO). The pathogenesis of endometriosis is

related to chronic inflammation in the pelvis2,3, and the

onset of endometriosis has been explained by various

theories. The most widely accepted is Sampson’s theory,

which posits that endometrial debris during retrograde

menstruation is engrafted in the ectopic region of the pel-

vis, Douglas’ fossa, peritoneum, myometrium, and

ovary4. However, it remains unclear why endometrial de-

bris are not eliminated and become viable in the pelvis.

Several studies have shown that the immunosuppressive

milieu in the pelvic region of patients with endometriosis

does not allow endometrial debris to be eliminated5,6.

Recently, the concept of oxidative stress in diseases

such as atherosclerosis, diabetes mellitus, Alzheimer dis-

ease, cancer, and endometriosis has gained attention7.

Oxidative stress is important in chronic inflammation,

apoptosis, and immune abnormalities in patients with

endometriosis8―11. Oxidative stress status is determined by

examining the balance between oxidative stress capacity

and antioxidant capacity. Oxidative stress capacity is
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characterized by production of reactive oxygen species

(ROS), such as superoxides, hydroxyl radicals, and hy-

drogen peroxide (H2O2)
12. In peritoneal fluid of patients

with endometriosis, iron-induced oxidative stress is im-

portant in the pathogenesis of endometriosis. The Fenton

reaction―the interaction between Fe2+ and H2O2―pro-

duces ROS via the catalytic form of iron, activating neu-

trophils and macrophages that lead to chronic inflamma-

tion in the pelvis of patients with endometriosis13. There-

fore, oxidative stress plays a significant role in inducing

chronic inflammation and allowing the survival of debris

in these patients.

Inflammatory processes are essential for endometriosis.

Research has recently focused on endogenous and exoge-

nous agents, called alarmins, as triggers of inflammation

in various diseases, cardiovascular disease14,15, diabetic

kidney disease16, and cancer17. In particular, endogenous

agents referred to as damage-associated molecular pat-

terns (DAMPs), including the alarmins interleukin (IL)-1

α, IL-33, heat shock protein, and high-mobility group box

1 (HMGB1), have attracted attention as factors causing

sterile inflammation. We previously reported upregula-

tion of cytoplasmic HMGB1 in antigen-presenting cells

and nonimmune cells obtained from patients with EMO,

as compared with those without EMO18. HMGB1 is a rep-

resentative alarmin that is induced by excessive inflam-

mation during reproduction19―24. We also found that

HMGB1 receptors, including toll-like receptor 4 and re-

ceptor of advanced glycation end-products, on antigen-

presenting cells were decreased in peritoneal fluid from

patients with endometriosis (manuscript submitted for

publication). In addition, several studies have suggested

that IL-33, which is also a representative alarmin, is an

aggravating factor for excessive inflammation in en-

dometriosis25―27. Therefore, the kinetics of alarmins might

be important in endometriosis in an inflammatory mi-

lieu.

There are few studies of the balance between oxidative

stress capacity and antioxidant capacity in endometriosis.

In this study, we used the diacron-reactive oxygen me-

tabolites (d-ROM) and biological antioxidant potential

(BAP) tests. The d-ROM test reflects oxidative stress ca-

pacity, the BAP test reflects antioxidant capacity, and the

d-ROM/BAP ratio reflects total oxidative stress status.

Using these tests, we examined peritoneal fluid from pa-

tients with EMO to investigate the role of oxidative stress

capacity and antioxidant capacity. Specifically, we exam-

ined whether oxidative stress status correlated with CA

125 level, revised American Society for Reproductive

Medicine (r-ASRM) score, and tumor diameter, which are

typical endometriosis aggravating factors, as well as with

alarmins.

Materials and Methods

Samples

Patients with EMO (n = 30) were enrolled in this study.

Those with uterine myomas (n = 13) were included in

the non-EMO group, which did not include EMO or

other endometriosis findings. All peritoneal fluid samples

were collected at the beginning of surgery. The obtained

peritoneal fluid was centrifuged immediately (3,000 rpm,

4°C, 15 min) and stored at −80°C until assayed. For the

EMO group, serum CA125 level (U/mL) was measured

preoperatively, and r-ASRM classification score (1997)

and tumor size (largest dimension of tumor [mm]) were

evaluated postoperatively. Before surgery, 16 and 4 pa-

tients with EMO received dienogest and relugolix preop-

eratively, respectively, and 10 were untreated. In the

EMO without pretreatment group, at the time of sample

collection (i.e., during surgery), 6 cases were in the prolif-

erative phase and 4 cases were in the secretory phase of

menstruation. In the non-EMO group, 12 patients re-

ceived relugolix preoperatively, whereas 1 patient was

untreated. There were no statistically significant differ-

ences in age, gravity, parity, body mass index, or history

of smoking or drinking in the EMO with pretreatment

group, EMO without pretreatment group, and non-EMO

group. The clinical characteristics of the present patients

are shown in Table 1.

All participants provided written informed consent.

The Ethics Committee of Nippon Medical School Hospi-

tal approved the collection and use of biological materi-

als for research purposes (approval number: 18-HE-165).

All experiments were conducted in accordance with rele-

vant guidelines (18-HE-165).

d-ROM and BAP Tests

We evaluated oxidative stress capacity (d-ROM test)

and antioxidant capacity (BAP test) in peritoneal fluid by

using the Free Radical Elective Evaluator (FREE carpe

diem: Diacron International s.r.l., Italy) and d-ROM/BAP

kit (Diacron International s.r.l.), respectively, according to

the manufacturers’ instructions. The d-ROM and BAP

tests reflect oxidative stress capacity and antioxidant ca-

pacity, respectively. The d-ROM test measures the

amount of hydroperoxides, which are byproducts of

ROS, and free radicals in CARR units (U. CARR); 1 U.

CARR corresponds to 0.08 mg/dL H2O2. The BAP test

evaluates the reductive reaction of Fe2+ to Fe3+ and quanti-
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Table　1　Clinical characteristics of the patients

EMO (n = 30) 
Non-EMO 

 (n = 13) 
p value

EMO with pretreatment

Dienogest (n = 16) 

Relugolix (n = 4) 

EMO without 
pretreatment

 (n = 10) 

Uterine myoma 

Relugolix

 (n = 12) 

No pretreatment

 (n = 1) 

Age (years) a
40.00

 (35.00–46.50) 

39.00

 (35.00–46.50) 

35.00 

 (33.50–39.00) 
0.459b

Gravitya
0.00

 (0.00–1.75) 

0.0

 (0.00–1.00) 

0.00 

 (0.00–0.50) 
0.508b

Paritya
0.00

 (0.00–1.00) 

0.00

 (0.00–1.00) 

1.00 

 (0.00–0.50) 
0.636b

BMIa
23.01

 (20.58–26.25) 

22.86

 (21.22–24.40) 

23.42

 (20.13–24.41) 
0.716 b

History of smoking (cases) n = 3
n = 1

 (Unknown 1 case) 

n =1

 (Unknown 1 case) 
0.939c

History of drinking (cases) d
n = 4

 (Unknown 2 cases) 

n = 2

 (Unknown 1 case) 

n = 2

 (Unknown 2 cases) 
0.989c

Phase of the menstrual cycle 
at surgery

—

Proliferative phase 

 (n = 6) 

Secretory phase

 (n = 4) 

Proliferative phase 
(no pre-treat. Group) 

 (n = 1) 

—

CA125 (U/mL) a
39.60

 (20.20–102.5) 

61.25

 (42.25–97.10) 
— 0.397e

r-ASRM scorea
69.00

 (36.00–101.5) 

82.50

 (39.00–105.3) 
— 0.837e

Greatest tumor dimension of 
ovary (mm) a

5.70

 (4.00–7.75) 

6.00

 (4.40–10.15) 
— 0.721e

aData are presented as median (interquartile).
bData compared by one-way analysis of variance followed by Tukey posttests.
cData compared by the chi-square test.
dData exclude opportunity drinking.
eData compared between the EMO with pretreatment and without pretreatment groups using Mann–Whitney U test.

BMI, body mass index; EMO, endometrioma; r-ASRM, revised American Society for Reproductive Medicine.

fies the amount of reduced iron (μM) in the sample. We

obtained the d-ROM and BAP values and calculated the

d-ROM/BAP ratio in each sample.

The d-ROM and BAP testing methods are simple and

do not require special skills; results are available in ap-

proximately 5 minutes per sample.

Alarmin Detection

We analyzed high-mobility group box 1 (HMGB1, n =

20) and IL-33 levels (n = 15) in the peritoneal fluid of pa-

tients with EMO. HMGB1 levels were measured with an

enzyme-linked immunosorbent assay kit (Shino-test, Ka-

nagawa, Japan). IL-33 levels were measured by electro-

chemiluminescence using U-PLEX Biomarker Group 1

(human) assays (K15067L-1, Meso Scale Discovery,

Rockville, MD, USA). The detection limit is 0.59 pg/mL

for IL-33.

Statistical Analysis

We analyzed the statistical data using Prism (Graph-

Pad Software, San Diego, CA, USA). The Mann-Whitney

U test was used to identify statistical differences between

2 groups. One-way analysis of variance followed by the

Tukey posttest was used to identify statistical differences

among 3 groups. The chi-square test was used to evalu-

ate categorical data. Linear regression analysis was used

to examine correlations between 2 variables. Significance

was set at p < 0.05.
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Results

Oxidative Stress Is Enhanced by EMO

First, we investigated differences in levels of oxidative

stress in peritoneal fluid between patients with and with-

out EMO (uterine myomas). Although there was no sig-

nificant difference in BAP values, d-ROM values signifi-

cantly differed between the EMO and non-EMO groups

(Fig. 1A, left and middle panel). The d-ROM/BAP ratio

(reflecting total oxidative stress) was also significantly

higher in patients with EMO than in those without EMO

(Fig. 1A, right panel). Next, we evaluated oxidative and

antioxidant conditions in patients with EMO. There was

no significant difference in d-ROM, BAP, or d-ROM/BAP

ratio between patients with EMO who did and did not

receive preoperative treatment (Fig. 1B). In the EMO

without pretreatment group, d-ROM, BAP, and d-ROM/

BAP ratio were not associated with the time when perito-

neal fluid was sampled (i.e., proliferative or secretory

phases). These results indicate that oxidative stress in

peritoneal fluid is greater in patients with EMO than in

those without EMO. However, oxidative stress was not

associated with treatment or menstrual period.

Oxidative Stress Was Correlated with CA125 Level

and r-ASRM Score in Patients with EMO

We then attempted to identify factors in peritoneal

fluid that were associated with oxidative stress in pa-

tients with EMO. We focused on serum CA125, r-ASRM

score, and tumor size, as these were aggravating factors

for EMO. Interestingly, we observed a slight increase in

d-ROM and a small decrease in BAP (Fig. 2A, left and

middle panels). Additionally, d-ROM/BAP ratio was

positively correlated with CA125 level (Fig. 2A, right

panel) and r-ASRM score (Fig. 2B) but not with tumor

size (Fig. 2C). These results indicate that aggressive

EMO, as reflected by serum CA125 and r-ASRM scores,

may be associated with oxidative stress in patients with

EMO.

Oxidative Stress Was Correlated with HMGB1 in Pa-

tients with EMO

We investigated the relationship of oxidative stress in

EMO with HMGB1 and IL-33. Although IL-33 was not

correlated with any oxidative variable, d-ROM and d-

ROM/BAP ratio were significantly correlated with

HMGB1 (Fig. 3A and B). These results suggest that oxi-

dative stress in peritoneal fluid is associated with an ab-

normal inflammatory state.

Discussion

We found that the d-ROM/BAP ratio in peritoneal fluid

was higher in patients with EMO than in those without

EMO. Additionally, d-ROM/BAP ratio, but not d-ROM

or BAP, were positively correlated with CA125 and r-

ASRM score in patients with EMO. However, among pa-

tients with EMO, there was no difference in d-ROM,

BAP, or d-ROM/BAP ratio between those who did and

did not receive preoperative treatment. These results in-

dicate that both oxidative stress and antioxidant capaci-

ties should be measured to fully evaluate oxidative stress

in patients with endometriosis.

Oxidative stress status is associated with disturbance

of the balance between oxidative stress and antioxidant

capacity12,28―31. Iron-induced oxidative stress disrupts this

balance in endometriosis. In patients with endometriosis,

retrograde menstruation causes accumulation of iron in

peritoneal fluid, macrophages, and endometrial lesions.

Thus, iron-induced oxidative stress is upregulated in the

pelvic cavity, leading to production of ROS, superoxides,

hydroxyl radicals, and H2O2
13,32. Oxidative stress then in-

duces angiogenesis, allowing the survival of retrograde

endometrial tissues33―35 that affect epigenetic modulation,

histone methylation and acetylation, and DNA methyla-

tion36. Furthermore, oxidative stress induces excessive ac-

tivation of macrophages, leading to chronic inflamma-

tion37. These mechanisms may be involved in the abnor-

malities caused by oxidative stress in endometriosis.

Endometriosis is generally considered to be triggered

by chronic severe inflammation2,3. However, recent stud-

ies indicate that suppression of the immune response, i.

e., reduced cytotoxicity of natural killer cells38―40, altera-

tion of regulatory T cell (Treg)/Th17 balance41,42, and M2

polarization of macrophages27,43, impairs elimination of

endometrial debris, leading to the survival and growth of

ectopic endometrial tissues. These 2 hypotheses are con-

tradictory, and the mechanism by which inflammation is

enhanced or suppressed in the pelvis in endometriosis

remains unclear. Therefore, we propose that excess in-

flammation occurs in endometriosis. In this study, HMGB

1 level in peritoneal fluid was correlated with aggravat-

ing factors of endometriosis, namely, CA125 level and r-

ASRM score. ROS have a significant impact on the im-

mune system, as they reportedly suppress T cell signal-

ing, activation, and proliferation44. These findings suggest

that, while excessive inflammation is induced by

alarmins such as HMGB1, increased oxidative stress pre-

vents the normal immune response from eliminating en-

dometrial debris, further aggravating endometriosis. Ad-

ditional studies of oxidative stress, chronic inflammation,

and alarmins are expected.
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Fig.　1　Oxidative stress status in peritoneal fluid. Oxidative stress status was enhanced in EMO 

but was independent of preoperative treatment and menstrual period. (A) Comparison of 

d-ROM, BAP, and d-ROM/BAP ratio in the peritoneal fluid of patients with and without 

EMO. Data are from individual women: n = 30 for EMO and n = 13 for uterine myoma. 

*p < 0.05; Mann–Whitney U test. (B) Comparison of d-ROM, BAP, and d-ROM/BAP ratio 

in the peritoneal fluid of patients with EMO who did and did not receive treatment. Data 

are from individual women: n = 20 with preoperative treatment and n = 10 without pre-

operative treatment. ns, not significant. (C) Comparison of d-ROM, BAP, and d-ROM/

BAP ratio in the peritoneal fluid of patients with EMO who did not receive treatment. 

Data are from individual women: n = 6 in the proliferative phase and n = 4 in the secretory 

phase. EMO, endometrioma; d-ROM, diacron-reactive oxygen metabolites; BAP, biologi-

cal antioxidant potential. 



Oxidative Stress in Endometrioma

J Nippon Med Sch 2024; 91 (2) 151

Fig.　2　Correlation of oxidative stress status with aggravating factors of EMO. Correlations of d-ROM, BAP, and d-

ROM/BAP ratio with (A) CA125, (B) r-ASRM score, and (C) tumor size in peritoneal fluid of patients with 

EMO. Linear regression analysis was performed to examine the correlations, and statistical significance was 

defined as p < 0.05. BAP, biological antioxidant potential; d-ROM, diacron-reactive oxygen metabolites; 

EMO, endometrioma; r-ASRM, revised American Society for Reproductive Medicine. 

Limitations of this study include the absence of data

on oxidative stress in serum. Since this study revealed

that oxidative stress correlates with endometriosis and its

aggravating factors, we plan to determine whether oxida-

tive stress in serum of patients also correlates with aggra-

vating factors. The findings will allow us to predict the

status of oxidative stress in the pelvis of patients without

the need for surgery. Another limitation is that we used

patients with uterine myoma as the control because it is

a benign, noninflammatory proliferative disease45. In an-

other study of endometriosis, patients with uterine

myoma and ovarian cysts were used as the control46,47. Al-

though normal ovaries should be used as controls, it is

ethically impossible to obtain normal ovaries. Hence, in

the future, we must examine peritoneal fluid from pa-

tients with benign ovarian cysts, especially those with

normal CA125 levels and without inflammatory signs.

In summary, we evaluated oxidative stress capacity
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Fig.　3　Correlation of oxidative stress status with alarmins. Correlations of d-ROM, BAP, and d-ROM/BAP ratio 

with (A) HMGB1 levels (n = 20) and (B) IL-33 levels (n = 15) in peritoneal fluid of patients with EMO. Linear 

regression analysis was performed to examine the correlations, and statistical significance was defined as 

p < 0.05. BAP, biological antioxidant potential; d-ROM, diacron-reactive oxygen metabolites; EMO, endome-

trioma; HMGB1, high-mobility group box 1.

and antioxidant capacity, d-ROM, BAP, and d-ROM/BAP

ratio in peritoneal fluid from patients with and without

EMO. d-ROM/BAP ratio was positively correlated with

CA125 level and r-ASRM score, as well as with HMGB1

level in the peritoneal fluid of patients with EMO. There-

fore, d-ROM/BAP testing may be useful for determining

disease status in patients with endometriosis. Indeed, the

methods for d-ROM and BAP testing were simple and

easy to apply clinically. Detailed analyses of correlations

among pelvic inflammation, oxidative stress, immune re-

sponse, alarmins, and other factors, including patient

symptoms, are expected.

Acknowledgements: We would like to thank Y. Kaneko from

WISMERLL Co., Ltd., for instruction in the Free Radical Elec-

tive Evaluator and Shino-test Co., Ltd., and St. Luke’s SRL

Corporation for detection of alarmins and cytokines. We also

thank Dr. Katsuhito Kato of Nippon Medical School, for his

support of the experiment, and Enago (www.enago.jp), for the

English language review. This study was supported by the Ja-

pan Society for the Promotion of Science (JSPS) KAKENHI

[grant number 22K09652].

Conflict of Interest: None declared.

References
1．Brosens I, Brosens JJ, Fusi L, Al-Sabbagh M, Kuroda K,

Benagiano G. Risks of adverse pregnancy outcome in en-

dometriosis. Fertil Steril. 2012 Jul 1;98(1):30―5. doi: 10.101

6/j.fertnstert.2012.02.024

2．Giudice LC, Kao LC. Endometriosis. Lancet. 2004 Nov 13-

19;364(9447):1789―99. doi: 10.1016/S0140-6736(04)17403-5

3．Van Langendonckt A, Casanas-Roux F, Donnez J. Oxida-

tive stress and peritoneal endometriosis. Fertil Steril. 2002

May;77(5):861―70. doi: 10.1016/s0015-0282(02)02959-x

4．Sampson JA. Metastatic or embolic endometriosis, due to

the menstrual dissemination of endometrial tissue into

the venous circulation. Am J Pathol [Internet]. 1927 Mar;3

(2):93―110.43. Available from: https://pubmed.ncbi.nlm.ni

h.gov/19969738

5．Moghaddam MZ, Ansariniya H, Seifati SM, Zare F, Fesa-

hat F. Immunopathogenesis of endometriosis: an over-

view of the role of innate and adaptive immune cells and

their mediators. Am J Reprod Immunol. 2022 May;87(5):e

13537. doi: 10.1111/aji.13537

6．Osuga Y, Koga K, Hirota Y, Hirata T, Yoshino O, Taketani

Y. Lymphocytes in endometriosis. Am J Reprod Immunol.



Oxidative Stress in Endometrioma

J Nippon Med Sch 2024; 91 (2) 153

2011 Jan;65(1):1―10. doi: 10.1111/j.1600-0897.2010.00887.x

7．Forman HJ, Zhang H. Targeting oxidative stress in dis-

ease: promise and limitations of antioxidant therapy. Nat

Rev Drug Discov. 2021 Sep;20(9):689―709. doi: 10.1038/s41

573-021-00233-1

8．Agarwal A, Aponte-Mellado A, Premkumar BJ, Shaman

A, Gupta S. The effects of oxidative stress on female re-

production: a review. Reprod Biol Endocrinol. 2012 Jun

29;10:49. doi: 10.1186/1477-7827-10-49

9．Gupta S, Goldberg JM, Aziz N, Goldberg E, Krajcir N,

Agarwal A. Pathogenic mechanisms in endometriosis-

associated infertility. Fertil Steril. 2008 Aug;90(2):247―57.

doi: 10.1016/j.fertnstert.2008.02.093

10．Santulli P, Chouzenoux S, Fiorese M, et al. Protein oxida-

tive stress markers in peritoneal fluids of women with

deep infiltrating endometriosis are increased. Hum Re-

prod. 2015 Jan;30(1):49―60. doi: 10.1093/humrep/deu290

11．Donnez J, Binda MM, Donnez O, Dolmans MM. Oxida-

tive stress in the pelvic cavity and its role in the patho-

genesis of endometriosis. Fertil Steril. 2016 Oct;106(5):

1011―7. doi: 10.1016/j.fertnstert.2016.07.1075

12．Sies H. Oxidative stress: from basic research to clinical

application. Am J Med. 1991 Sep 30;91(3C):31S―8S. doi: 1

0.1016/0002-9343(91)90281-2

13．Ansariniya H, Yavari A, Javaheri A, Zare F. Oxidative

stress-related effects on various aspects of endometriosis.

Am J Reprod Immunol. 2022 Sep;88(3):e13593. doi: 10.111

1/aji.13593

14．Freigang S, Ampenberger F, Weiss A, et al. Fatty acid-

induced mitochondrial uncoupling elicits inflammasome-

independent IL-1alpha and sterile vascular inflammation

in atherosclerosis. Nat Immunol. 2013 Oct;14(10):1045―53.

doi: 10.1038/ni.2704

15．Ross R. Atherosclerosis--an inflammatory disease. N Engl

J Med. 1999 Jan 14;340(2):115―26. doi: 10.1056/NEJM19990

1143400207

16．Tang SCW, Yiu WH. Innate immunity in diabetic kidney

disease. Nat Rev Nephrol. 2020 Apr;16(4):206―22. doi: 10.1

038/s41581-019-0234-4

17．Coussens LM, Werb Z. Inflammation and cancer. Nature.

2002 Dec 19-26;420(6917):860―7. doi: 10.1038/nature01322

18．Ikeda M, Negishi Y, Akira S, Morita R, Takeshita T. In-

flammation related to high-mobility group box-1 in en-

dometrial ovarian cyst. J Reprod Immunol. 2021 Jun;145:

103292. doi: 10.1016/j.jri.2021.103292

19．Dubicke A, Andersson P, Fransson E, et al. High-mobility

group box protein 1 and its signalling receptors in human

preterm and term cervix. J Reprod Immunol. 2010 Jan;84

(1):86―94. doi: 10.1016/j.jri.2009.09.010

20．Dubicke A, Fransson E, Centini G, et al. Pro-

inflammatory and anti-inflammatory cytokines in human

preterm and term cervical ripening. J Reprod Immunol.

2010 Mar;84(2):176―85. doi: 10.1016/j.jri.2009.12.004

21．Gomez-Lopez N, Romero R, Plazyo O, et al. Intra-

amniotic administration of HMGB1 induces spontaneous

preterm labor and birth. Am J Reprod Immunol. 2016 Jan;

75(1):3―7. doi: 10.1111/aji.12443

22．Pradervand PA, Clerc S, Frantz J, et al. High mobility

group box 1 protein (HMGB-1): a pathogenic role in

preeclampsia? Placenta. 2014 Sep;35(9):784―6. doi: 10.101

6/j.placenta.2014.06.370

23．Romero R, Chaiworapongsa T, Alpay Savasan Z, et al.

Damage-associated molecular patterns (DAMPs) in pre-

term labor with intact membranes and preterm PROM: a

study of the alarmin HMGB1. J Matern Fetal Neonatal

Med. 2011 Dec;24(12):1444―55. doi: 10.3109/14767058.2011.

591460

24．Zenerino C, Nuzzo AM, Giuffrida D, et al. The HMGB1/

RAGE pro-inflammatory axis in the human placenta:

modulating effect of low molecular weight heparin. Mole-

cules. 2017 Nov 17;22(11):1997. doi: 10.3390/molecules221

11997

25．Kajihara H, Yamada Y, Kanayama S, et al. New insights

into the pathophysiology of endometriosis: from chronic

inflammation to danger signal. Gynecol Endocrinol. 2011

Feb;27(2):73―9. doi: 10.3109/09513590.2010.507292

26．Miller JE, Lingegowda H, Symons LK, et al. IL-33 acti-

vates group 2 innate lymphoid cell expansion and modu-

lates endometriosis. JCI Insight. 2021 Dec 8;6(23):e149699.

doi: 10.1172/jci.insight.149699

27．Ono Y, Yoshino O, Hiraoka T, et al. IL-33 exacerbates en-

dometriotic lesions via polarizing peritoneal macrophages

to M2 subtype. Reprod Sci. 2020 Mar;27(3):869―76. doi: 1

0.1007/s43032-019-00090-9

28．Sies H, Cadenas E. Oxidative stress: damage to intact

cells and organs. Philos Trans R Soc Lond B Biol Sci. 1985

Dec 17;311(1152):617―31. doi: 10.1098/rstb.1985.0168

29．Agarwal A, Nandipati KC, Sharma RK, Zippe CD, Raina

R. Role of oxidative stress in the pathophysiological

mechanism of erectile dysfunction. J Androl. 2006 May-

Jun;27(3):335―47. doi: 10.2164/jandrol.05136

30．Augoulea A, Mastorakos G, Lambrinoudaki I, Christo-

doulakos G, Creatsas G. The role of the oxidative-stress in

the endometriosis-related infertility. Gynecol Endocrinol.

2009 Feb;25(2):75―81. doi: 10.1080/09513590802485012

31．Christodoulakos G, Augoulea A, Lambrinoudaki I, Siou-

las V, Creatsas G. Pathogenesis of endometriosis: the role

of defective ‘immunosurveillance’. Eur J Contracept Re-

prod Health Care. 2007 Sep;12(3):194―202. doi: 10.1080/13

625180701387266

32．Kajiyama H, Suzuki S, Yoshihara M, et al. Endometriosis

and cancer. Free Radic Biol Med. 2019 Mar;133:186―92.

doi: 10.1016/j.freeradbiomed.2018.12.015

33．Ansariniya H, Hadinedoushan H, Javaheri A, Zare F. Vi-

tamin C and E supplementation effects on secretory and

molecular aspects of vascular endothelial growth factor

derived from peritoneal fluids of patients with en-

dometriosis. J Obstet Gynaecol. 2019 Nov;39(8):1137―42.

doi: 10.1080/01443615.2019.1601167

34．Gazvani R, Templeton A. Peritoneal environment, cytoki-

nes and angiogenesis in the pathophysiology of en-

dometriosis. Reproduction. 2002 Feb;123(2):217―26. doi: 1

0.1530/rep.0.1230217

35．Park JK, Song M, Dominguez CE, et al. Glycodelin medi-

ates the increase in vascular endothelial growth factor in

response to oxidative stress in the endometrium. Am J

Obstet Gynecol. 2006 Dec;195(6):1772―7. doi: 10.1016/j.ajo

g.2006.07.025

36．Ito F, Yamada Y, Shigemitsu A, et al. Role of oxidative

stress in epigenetic modification in endometriosis. Reprod

Sci. 2017 Nov;24(11):1493―502. doi: 10.1177/1933719117704

909

37．Scutiero G, Iannone P, Bernardi G, et al. Oxidative stress

and endometriosis: a systematic review of the literature.

Oxid Med Cell Longev. 2017;2017:7265238. doi: 10.1155/2

017/7265238

38．Funamizu A, Fukui A, Kamoi M, et al. Expression of

natural cytotoxicity receptors on peritoneal fluid natural

killer cell and cytokine production by peritoneal fluid

natural killer cell in women with endometriosis. Am J Re-

prod Immunol. 2014 Apr;71(4):359―67. doi: 10.1111/aji.122

06



G. Ichikawa, et al

154 J Nippon Med Sch 2024; 91 (2)

39．Ho HN, Chao KH, Chen HF, Wu MY, Yang YS, Lee TY.

Peritoneal natural killer cytotoxicity and CD25+ CD3+

lymphocyte subpopulation are decreased in women with

stage III-IV endometriosis. Hum Reprod. 1995 Oct;10(10):

2671―5. doi: 10.1093/oxfordjournals.humrep.a135765

40．Oosterlynck DJ, Meuleman C, Waer M, Vandeputte M,

Koninckx PR. The natural killer activity of peritoneal

fluid lymphocytes is decreased in women with en-

dometriosis. Fertil Steril. 1992 Aug;58(2):290―5. doi: 10.101

6/s0015-0282(16)55224-8

41．Khan KN, Yamamoto K, Fujishita A, et al. Association be-

tween FOXP3+ regulatory T-cells and occurrence of peri-

toneal lesions in women with ovarian endometrioma and

dermoid cysts. Reprod Biomed Online. 2019 Jun 1;38(6):

857―69. doi: 10.1016/j.rbmo.2019.01.011

42．Khan KN, Yamamoto K, Fujishita A, et al. Differential

levels of regulatory T cells and T-helper-17 cells in

women with early and advanced endometriosis. J Clin

Endocrinol Metab. 2019 Oct 1;104(10):4715―29. doi: 10.121

0/jc.2019-00350

43．Bacci M, Capobianco A, Monno A, et al. Macrophages are

alternatively activated in patients with endometriosis and

required for growth and vascularization of lesions in a

mouse model of disease. Am J Pathol. 2009 Aug;175(2):

547―56. doi: 10.2353/ajpath.2009.081011

44．Belikov AV, Schraven B, Simeoni L. T cells and reactive

oxygen species. J Biomed Sci. 2015 Oct 15;22:85. doi: 10.11

86/s12929-015-0194-3

45．Baird DD, Dunson DB, Hill MC, Cousins D, Schectman

JM. High cumulative incidence of uterine leiomyoma in

black and white women: ultrasound evidence. Am J Ob-

stet Gynecol. 2003 Jan;188(1):100―7. doi: 10.1067/mob.200

3.99

46．Ueki M, Tsurunaga T, Ushiroyama T, Ueda M. Macro-

phage activation factors and cytokines in peritoneal fluid

from patients with endometriosis. Asia Oceania J Obstet

Gynaecol. 1994 Dec;20(4):427―31. doi: 10.1111/j.1447-0756.

1994.tb00492.x

47．Yang JH, Chen MJ, Chen HF, Lee TH, Ho HN, Yang YS.

Decreased expression of killer cell inhibitory receptors on

natural killer cells in eutopic endometrium in women

with adenomyosis. Hum Reprod. 2004 Sep;19(9):1974―8.

doi: 10.1093/humrep/deh372

(Received,

(Accepted,

(J-STAGE Advance Publication,

July

October

March

25, 2023)

4, 2023)

2, 2024)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.


