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Abstract

Background: Endometriosis is complex, but identifying the novel biomarkers, inflammatory 

molecules, and genetic links holds the key to the enhanced detection, prediction and treatment of 

both endometriosis and endometriosis related malignant neoplasia. Here we review the literature 

relating to the specific molecular mechanism(s) mediating tumorigenesis arising within 

endometriosis.
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Methods: Guidance (e.g. Cochrane) and published studies were identified. The Published studies 

were identified through PubMed using the systematic review methods filter, and the authors’ topic 

knowledge. These data were reviewed to identify key and relevant articles to create a 

comprehensive review article to explore the molecular fingerprint associated with in 

endometriosis-driven tumorigenesis.

Results: An important focus is the link between C3aR1, PGR, ER1, SOX-17 and other relevant 

gene expression profiles and endometriosis-driven tumorigenesis. Further studies should also 

focus on the combined use of CA-125 with HE-4, and the role for OVA1/MIA as clinically 

relevant diagnostic biomarkers in the prediction of endometriosis-driven tumorigenesis.

Conclusions: Elucidating endometriosis’ molecular fingerprint is to understand the molecular 

mechanisms that drive the endometriosis-associated malignant phenotype. A better understanding 

of the predictive roles of these genes and the value of the biomarker proteins will allow for the 

derivation of unique molecular treatment algorithms to better serve our patients.
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endometriosis; tumorigenesis; gynecologic malignancy; molecular malignant fingerprint

1.0 Introduction

Endometriosis, the presence of endometrial tissue outside of the uterine cavity, is a 

prominent estrogen-dependent gynecological disease that incites chronic pain in women of 

reproductive age. This tissue is generally morphologically normal but abnormally located, 

with common ectopic sites including the fallopian tubes, ovaries, and the rectouterine pouch. 

More far-reaching, endometrial implants have also been visualized along several different 

sites in the peritoneal cavity as well as within the lungs [1]. Over 6% of women in the 

United States are estimated to have endometriosis [2], with approximately 176 million 

women across the world being affected by this gynecological disease [3]. Risk factors for 

endometriosis include, but are not limited to, family history, nulliparity, early age of onset 

for menstruation, heavy menstruation, and outflow tract obstruction. As the mean average 

age of first pregnancy increases, in the United States, the incidence of endometriosis has also 

increased [4]. The incidence of diagnosis peaks in the early 30s [5] with the surgical 

diagnosis occurring approximately 4.6 years after the first reported symptoms [6].

In 1927, Sampson described endometriosis-associated ovarian cancers, marking the first 

association between endometriosis and neoplastic tissue [7]. The endometriosis-mediated 

molecular pathways have been difficult to elucidate. However, over the past several years, 

mounting evidence suggests an endometriosis molecular fingerprint that can be linked to 

certain benign and malignant neoplasia. This review will focus on reviewing the putative 

molecular fingerprint that drives endometriosis-associated malignant neoplasia.

1.1 Molecular Fingerprint

The specific molecular mechanism(s) mediating the generation of di novo endometriotic 

lesions and tumorigenesis arising within those lesions has not been clearly elucidated. One 

of the earliest etiologic hypotheses was described as the retrograde transport theory, 
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suggesting that endometrial tissue is transported via the fallopian tubes into the 

abdominopelvic cavity during shedding of menstruation [8], thereby leading to the ectopic 

foci of the endometrial lesions. Evidence of retrograde menstruation is seen in 76%-90% of 

women. Although not all women experience retrograde menstruation, women who do are 

more likely to develop endometriosis, and this likelihood increases further with the 

concurrent presence of tubal obstruction [9, 10].

Molecular pathways offer further support for the retrograde transport theory of 

endometriosis. When endometrial epithelial cells reflux into the abdominopelvic cavity, 

cytokines (e.g. IL-1b, TNFa, and IL-6) released from invading macrophages in turn trigger a 

Th1 lymphocyte-mediated acute inflammatory response [11–14], and IL-18, released in the 

peritoneum of women with endometriosis, triggers a Th2 lymphocyte response. The 

aforementioned pro-inflammatory pathways induce COX2 gene expression via the MAPK 

pathway, thereby releasing prostaglandins which results in pain [15]. The ectopic 

endometriotic foci are significantly more responsive than endometrial stroma, suggesting 

why patients with endometriosis may experience severe pain out of proportion to the size of 

the endometriotic implants [15]. Other data have demonstrated that in women with 

endometriosis, there is decreased IL-19 and IL-22, with levels of the cytokines inversely 

associated to experienced pain [16]. This indicates the key role of these interleukins in the 

clinical symptoms of endometriosis. Separately, ERK1 and ERK2 were both found to be 

activated and have increased levels of phosphorylation in women compared to women 

without endometriosis [17, 18]. Given these enzymes are involved in cellular proliferation, 

this finding may indicate a potential link between ectopic endometrial tissue and 

malignancy.

A recent large systemic study comparing differentially expressed genes associated with 

endometriosis successfully identified 39 overlapping genes correlated with tumor 

progression in women with endometriosis. Of those genes, two were related to 

endometriosis: PGR and EGR1 [17]. PGR, a progesterone receptor gene expressed in uterine 

lining cell proliferation [19], and EGR1, an estrogen receptor gene, were found in all four of 

the female cancers, ovarian, endometrial, cervical, and breast, with a mutation rate of 4%. It 

is reasonable to suggest that mutations in these receptors are gain of function, potentially 

allowing for these receptors to become hypersensitive to estrogen and progesterone. Given 

that these were the only two endometriosis-related genes to be found mutated in all four 

types of cancers which exclusively affect women (with the exception of breast cancer), we 

believe this information can be utilized to find a therapy to limit endometriosis-related 

malignancies.

C3aR1 is a linker gene found in both endometriosis-related literature and one of the gene 

expression profiles. However, there is no previous evidence or association of this linker gene 

with endometriosis. C3aR1 is a g-protein coupled receptor for the chemotaxis C3a of the 

complement system, which ultimately plays a role in the inflammatory response. Previously, 

C3aR1 was potentially thought to be a proto-oncogene as this specific receptor is 

downregulated in melanoma and testicular germ cell tumor cells, leading to a decreased 

neutrophil and CD4 T-cell response [20, 21] and allowing for unchecked tumor growth. In 

analysis, C3aR1 was mutated in 3% of samples, with the most common mutations occurring 
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in breast cancer, followed by ovarian cancer [17] suggesting that mutations in this gene may 

lead to malignant transformation of endometriosis. Although not previously thought to be 

associated with endometriosis or gynecological malignancy, C3aR1 may be a critical link in 

regard to determining the molecular pathway of endometriosis and its relation to 

malignancy, and thus should be studied in the future.

SOX-17, a transcription factor, has been recently implicated in the connection between 

endometriosis and women’s cancer. SOX-17 normally inhibits b-catenin and MALM3 [22], 

acting as a tumor suppressor to antagonize the WNT signaling pathway on cellular growth. 

Therefore, mutations in SOX-17 allow for genetic transcription and translation leading to 

cellular growth. In the aforementioned large study, SOX-17 had the highest alteration rate 

(5%) of all the endometriosis genes related to endometrial cancer [17]. Non-mutated 

SOX-17 was decreased in several tumors, further suggesting its role as a tumor suppressor 

[23–26]. Low expression of SOX-17 was also associated with poorer outcomes as tumors 

with decreased levels of SOX-17 were higher grade and advanced stage [27]. More analysis 

is needed to determine SOX-17’s specific relationship to endometriosis-related neoplasia, 

but early studies show that abnormalities with this transcription factor strongly correlate 

with malignancy.

PTEN, a tumor suppressor gene involved with cell cycle regulation, can be mapped to locus 

10q23-26 [28]. In a recent study, PCR analysis showed 34% of women with endometriosis 

had a frameshift mutation in the PTEN gene, compared to 0% in controls [29]. 

Immunohistochemistry also indicated decreased expression of PTEN in women with 

endometriosis compared to controls [29]. In mice models, knockout PTEN in the surface 

epithelium of ovaries induced the production of endometriotic lesions, further suggesting the 

importance of PTEN [30]. Other experiments exemplified that increasing the amount of 

PTEN in endometrial cells using vectors leads to increased apoptosis of these cells by 

preventing angiogenesis through VEGF. This replicated the normal endometrial environment 

and prevented the ectopic distribution of endometrial tissue [31].

ARID1a is a tumor suppressor gene that encodes for BAF250a, a gene in the SWI-SNF 

chromatin remodeling complex [32]. BAF250a is heavily involved with gene regulation 

regarding transcription activation and repression. In one study, mutations and deletions of 

ARID1a were found to be in 46% of ovarian clear cell carcinoma (OCCC) and 30% of 

endometrioid adenocarcinoma (EAOC), both of which are associated with endometriosis. 

Interestingly, ARID1a mutations were not found in high grade serous ovarian cancer [32], a 

neoplasia not related to endometriosis. A separate study found that endometrial implants and 

OCCC shared common ARID1a mutations [33]. Chene et al discovered that in EAOC or 

contiguous endometriosis patients with decreased expression of BAF250a, there were 

increased levels of certain markers such as pAKT and BAX and decreased levels of BCL2, 

compared to patients with benign endometriosis [34]. Ultimately, even with the potential 

connections between ARID1a and BAF250a to endometriosis and malignancy, other studies 

have indicated that mutations in these genes and proteins alone do not cause cancer and can 

be found in typical endometriosis implants that do not progress to cancer [35, 36]. 

Therefore, it is important to continue to study ARID1a’s impact on this molecular 

fingerprint to further elucidate and clarify its involvement.
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1.2 Clinical Stigmata

Endometriosis features several clinical stigmata that may be associated with severe pain in a 

subset of women of reproductive age. These clinical symptoms include but are not limited to 

dysmenorrhea, dyspareunia, and dyschezia. Patients often describe cyclical pelvic pain that 

intensifies prior to the onset of menses. Dysmenorrhea is the most common self-reported 

symptom in women with both laparoscopically diagnosed and histologically diagnosed 

endometriosis [37–39]. The peri-menstrual shedding of the ectopic lining results in localized 

inflammation and pain. Many women will also experience chronic pain as a result of ectopic 

adhesions in the abdominopelvic cavity. In addition, a significant percentage of women will 

report infertility. The American College of Obstetricians and Gynecologists has suggested 

that endometriosis is detected unexpectedly in 20-50% of all women undergoing fertility 

treatment who do not have complaints of menstrual pain [40]. Infertility due to 

endometriosis may be due to the result of chronic inflammation, distortion of the pelvic 

cavity, obstruction of the fallopian tubes with ectopic implants, and anovulation.

1.3 Diagnosis

The mainstay of diagnosis is direct visualization and biopsy of ectopic lesions (e.g. 

laparoscopy) [41, 42]. However, there are drawbacks associated with this type of diagnosis. 

Surgical procedures are invasive and associated with both cost burden to the patient and the 

potential for adhesion formation. Up to 25% of lesions elude the surgeon due to the 

heterogenous phenotypical presentation of endometrioid lesions in the peritoneal cavity [43]. 

Thus often it is the medical history and physical exam that are used for diagnosis in the 

outpatient setting. However, the variability of clinical presentation has made the accuracy of 

diagnosing endometriosis through physical exam difficult [42]. The identification of specific 

biomarkers will improve the accuracy of the diagnosis of endometriosis. Unfortunately, no 

current biomarkers exist [44]. Given that CA-125 is not specific, its utility as a screening 

tool has been questioned, but recent reports have proposed that the combination of CA-125 

and HE-4 (human epidydimal protein) may be of use in the future [45].

1.4 CA-125

Cancer Antigen-125 (CA-125) is a traditional biomarker that originates from the coelomic 

epithelia of the uterus, fallopian tubes, and ovaries in the pelvic cavity [46]. This biomarker 

has been associated with ovarian epithelial cancers [47] and found to be elevated in greater 

than 80% of ovarian epithelial tumors [48]. Recently, increased levels of CA-125 have been 

linked with endometriosis, with a study showing women diagnosed with biopsy-proven 

endometriosis had higher levels of CA-125 during menstruation compared to a control group 

of women without endometriosis [49, 50].

Furthermore, a positive association between advanced stages of endometriosis and elevated 

CA-125 in the peritoneal fluid has been reported [49, 50]. CA-125 levels > 30u/mL can be 

used as rule-in criteria for diagnosis [51]. It is uncommon for Ca-125 to reach above 

100u/mL in women with endometriosis [52], but can be elevated as high as 10,000u/mL in 

cases of endometrioma rupture [48] or when the omentum is involved [53, 45]. It is believed 
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that ectopic endometrial implantation in the peritoneal cavity releases higher levels of 

CA-125, resulting in levels above 100u/mL [54]. A case study published serum CA-125 

levels to be at 6484 u/mL after palpation of an adnexal mass that was biopsy confirmed 

endometriosis [45]. Ectopic endometrial glands were found in the, supporting the argument 

that peritoneal mesothelial cells can shed increased levels of the glycoprotein. A separate 

case study that also included omental ectopic endometrial implants had markedly elevated 

levels of CA-125 [53], further suggesting that the increased surface area of soft tissue in the 

peritoneal cavity may also be responsible for the severely elevated CA-125 levels [45, 53]. 

The correlation between CA-125 and endometriosis demonstrates that CA-125 can be 

utilized when diagnosing endometriosis and must be considered in the differential diagnosis 

when an adnexal mass is palpated on rectal or vaginal exam. However, since CA-125 can be 

elevated in physiologic states, its efficacy in diagnosing and monitoring malignant ovarian 

epithelial neoplasms is reduced. Due to the non-specific nature of CA-125, as it is also found 

in other malignancies such as colon cancer or pancreatic cancer, its use with endometriosis 

should be accompanied by the patient’s clinical history, physical exam, and visual diagnosis.

The specificity of CA-125 levels is enhanced when evaluated in coordination with HE-4 

levels. Khodaverdi et al noted that elevated CA-125 and normal HE-4 can be indicative of 

endometrioma. [45]. Generally, HE-4 is elevated in malignancy [55] and has been shown to 

be normal in the case of an endometrioma [45]. Therefore, although CA-125 in itself may 

not be of use to help identify endometriomas, the combined use of CA-125 and HE-4 may 

be key to effectively differentiating ovarian malignancies and endometriosis in the future.

1.5 Deep Infiltrating Endometriosis

Deep infiltrating endometriosis (DIE), a type of endometriosis defined by ectopic lesions 

penetrating >5mm into local peritoneal epithelium, is strongly associated with pelvic pain 

and dysmenorrhea [56, 57]. These symptoms are contingent upon the severity of adnexal 

adhesions and the presence of infiltration into the vaginal or rectal canal [58]. This subtype 

of endometriosis differs from standard endometriosis as DIE invades the peritoneal cavity 

and can distort abdominopelvic structures, whereas superficial endometriosis remains in the 

epithelia of the cavity. The most common form of DIE is associated with undifferentiated 

endometrial glandular pattern [59].

DIE is associated with several somatic mutations: ARID1A, PIK3CA, KRAS, and 

PPP2R1A. These mutations have been correlated with other endometrial related cancer, but 

current data indicates there is no association with malignancy or malignant transduction. 

This suggests an intrinsic characteristic of the mutations of this benign subtype of 

gynecological disease [60]. Interestingly, due to its invasive habits and association with 

certain genetic mutations, many experts have called to characterize DIE itself as a neoplasm. 

More research is needed to better understand the molecular behavior of DIE [61].

1.6 Atypical endometriosis

Atypical endometriosis, or endometriosis with dysplastic characteristics, was first described 

in 1988 [62]. It is believed that repetitive damage and inflammation in ectopic endometrial 
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foci result in the development of atypical endometriosis and eventually into endometriosis 

associated ovarian neoplasms [63]. Atypical endometriosis was found in 36% of OCCC and 

in 23% of endometrial associated adenocarcinoma with direct progression into EAOC, 

suggesting the potential for improved overall survival and mortality rates of EAOC with 

enhanced detection of atypical endometriosis [64, 65]. The chronological progression of 

atypical endometriosis into EAOC is similar to that of atypical endometrial hyperplasia, thus 

demonstrating its function as premalignant marker [66].

1.7 Endometriosis-Driven Malignant Neoplasia

Although risk of malignancy arising from ectopic endometrial tissue is relatively low, there 

are known types of gynecological malignancies shown to arise from endometriosis 

precursors. OCCC and EAOC of the ovary are two of the most common malignant neoplasia 

associated with endometriosis.

OCCC is the second most common type of ovarian cancer in the world [67]. OCCC often 

presents as a unilateral pelvic mass that can cause abdominal distension and pain. Originally, 

it was believed that OCCC arose from either endometriosis lesions or fibroadenomas, and in 

2015, it was suggested that endometriosis was the root behind both of these mechanisms 

[68]. One hypothesized pathway details that atypical epithelial cells arise from previous 

endometriotic lesions in the ovary prior to progressing into cancer. The second potential 

mechanism outlines that non-cystic ectopic endometrial implants generate fibroadenomas, 

which develop atypical cells that develop into OCCC [68]. The nuclear atypia is most 

commonly characterized by mutations in PTEN, ARID1a, PIK3CA, and p53 [69]. The 

worse prognosis is associated with ovarian rupture prior to surgery [70]. Commonly, OCCC 

is treated with platinum-based chemotherapy. However, there is increasing evidence that 

localized OCCC arising in a focus of endometriosis may be treated with localized radiation 

therapy using systems like IMRT and SBRT [71].

EAOC comprises 20% of all ovarian cancers [72] and is the most common form of 

malignancy related to endometriosis [73]. It most often presents with pelvic pain, abdominal 

distention, pelvic bleeding, and a pelvic mass [74]. There is a close association between 

atypical endometriosis lesions and EAOC [64]. Multiple studies have found endometriosis 

within the malignant tissue upon histological review in 40% [75] and 43% [76] of EAOC 

cases. All of the endometriosis samples were atypical [46], suggesting a link. Continued 

molecular analysis of EAOC has shown that ARID1a, PTEN, TP53 and KRAS are the most 

common mutations found in ovarian EAOC [77]. The use of CA-125 as a potential 

biomarker for EAOC is limited as this subtype of ovarian cancer may not result in CA-125 

elevations [78]. When diagnosed, these masses typically tend to be low grade (grade 1 or 2) 

[79], but are often mistaken for high grade serous carcinomas. Recent evidence has 

supported the use of WT1 immunohistochemistry staining to help differentiate the two, as 

serous carcinomas stain WT1 positive and EOCs stain negative [80]. Standard treatment for 

EOAC involves platinum-taxane combination therapy due to the cancer’s high sensitivity to 

the chemotherapy. However, the relapse rate is high [80, 81].
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A much less common malignancy potentially related to endometriosis is Mullerian 

adenocarcinoma. Increasing amounts of case studies have unearthed a potential relationship 

to the development of this extrauterine adenocarcinoma from endometriosis. The locations 

of these tumors tend to be in common areas of endometriosis, such as the ovaries, fallopian 

tubes, and rectouterine pouch [82]. Mullerian adenocarcinoma arising from a deep 

infiltrating endometriotic lesion, and in women with recurrent endometriosis has been 

reported [83]. The exact mechanism of this malignancy is still unclear and a deeper 

molecular and pathological analysis is needed.

1.8 Conclusion

Elucidating endometriosis’ molecular fingerprint is to understand the molecular mechanisms 

that drive the endometriosis-associated malignant phenotype. Endometriosis is complex, but 

identifying the novel biomarkers, inflammatory molecules, and genetic links holds the key to 

the enhanced detection, prediction and treatment of both endometriosis and endometriosis 

related malignant neoplasia. In future studies, an important focus may be the potential link 

between C3aR1, PGR, ER1, SOX-17 and other relevant gene expression profiles and 

gynecologic malignancies. Further studies should also focus on the combined use of CA-125 

with HE-4 as well as the role for OVA1/MIA as clinically relevant diagnostic biomarkers in 

the prediction of endometriosis-driven tumorigenesis. A better understanding of the 

predictive roles of these genes and the predictive value of the biomarker proteins will allow 

for the derivation of unique molecular treatment algorithms to better serve our patients.

Acknowledgments

Funding: This research was supported in part by the NIH/NCI U54 and LB595 awards; the generosity of the Wallis 
Annenberg Foundation; the Creighton University School of Medicine; Charles F. and Mary C. Heider Endowed 
Chair in Cancer Research; and the Hereditary Cancer Center at Creighton University. Several of the authors on the 
paper are a part of the U54 NIH/NCI Grant to Eliminate Healthcare Disparities in Cancer Cohorts, a UCLA-CDU 
partnership.

Abbreviations

OCCC Ovarian Clear Cell Carcinoma

EAOC Endometrioid Adenocarcinoma

IMRT Intensity Modulated Radiation Therapy

SBRT Stereotactic Body Radiation Therapy

DIE Deep Infiltrating Endometriosis

References

1. Nezhat C, King LP, Paka C, Odegaard J, Beygui R. Bilateral thoracic endometriosis affecting the 
lung and diaphragm. JSLS. 2012;16(1):140–142. doi:10.4293/108680812X13291597716384 
[PubMed: 22906342] 

2. Fuldeore M,J, Soliman A,M: Prevalence and Symptomatic Burden of Diagnosed Endometriosis in 
the United States: National Estimates from a Cross-Sectional Survey of 59,411 Women. Gynecol 
Obstet Invest 2017;82:453–461. doi: 10.1159/000452660 [PubMed: 27820938] 

DeAngelo et al. Page 9

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Kvaskoff M, Horne AW, Missmer SA. Informing women with endometriosis about ovarian cancer 
risk. Lancet, 390 (2017), pp. 2433–2434, 10.1016/S0140-6736(17)33049-0 [PubMed: 29208299] 

4. Eisenberg Vered H., Weil Clara, Chodick Gabriel, Shalev Varda. Epidemiology of endometriosis: a 
large population-based database study in a 2-million-member health care provider. BJOG. 2017 Apr 
26 Published online 2017 4 26. doi: 10.1111/1471-0528.14711

5. Morassutto C, Monasta L, Ricci G, Barbone F, & Ronfani L (2016). Incidence and Estimated 
Prevalence of Endometriosis and Adenomyosis in Northeast Italy: A Data Linkage Study. PloS one, 
11(4), e0154227. doi:10.1371/journal.pone.0154227 [PubMed: 27101396] 

6. Greene R, Stratton P, Cleary SD, Ballweg ML, Sinaii N (2009) Diagnostic experience among 4,334 
women reporting surgically diagnosed endometriosis. Fertil Steril 91:32–39 [PubMed: 18367178] 

7. Sampson JA. Endometrial carcinoma of the ovary, arising in endometrial tissue in that organ. Arch. 
Surg. 1925; 10; 1–72

8. Sampson JA, “Heterotopic or misplaced endometrial tissue,” American Journal of Obstetrics and 
Gynecology, vol. 10, no. 5, pp. 649–664, 1925.

9. Halme J, Hammond MG, Hulka JF, et al. .Retrograde menstruation in healthy women and in patients 
with endometriosis. Obstetrics and Gynecology, 64 (1984), pp. 151–154 [PubMed: 6234483] 

10. Liu DTY, Hitchcock A. Endometriosis: its association with retrograde menstruation, 
dysmenorrhoea and tubal pathology. Br J Obstet Gynaecol. 1986;93:862

11. Koyama N, Matsuura K and Okamura H (1993) Cytokines in the peritoneal −uid of patients with 
endometriosis. Int J Gynaecol Obstet 43,45±50. [PubMed: 7904954] 

12. Anderson DJ and Hill JA (1987) Interleukin-1 and endometriosis. Fertil Steril 48,894±895. 
[PubMed: 3499353] 

13. Cheong YC, Shelton JB, Laird SM, Richmond M, Kudesia G, Li TC and Ledger WL (2002) IL-1, 
IL-6 and TNF-g concentrations in the peritoneal ¯uid of women with pelvic adhesions. Hum 
Reprod 17,69±75. [PubMed: 11756364] 

14. Sikora J, Mielczarek-Palacz A, Kondera-Anasz Z. Imbalance in cytokines from interleukin-1 
family—role in pathogenesis of endometriosis. Am J Reprod Immunol. (2012) 68:138–45. 
10.1111/j.1600-0897.2012.01147 [PubMed: 22537218] 

15. Wu M-H, Wang C-A, Lin C-C, Chen L-C, Chang W-C, Tsai S-J. Distinct regulation of 
cyclooxygenase-2 by interleukin-1beta in normal and endometriotic stromal cells. J Clin 
Endocrinol Metab 2005;90:286–295. [PubMed: 15483103] 

16. Santulli P, Borghese B, Chouzenoux S, Streuli I, Borderie D, de Ziegler D, Weill B, Chapron C, 
Batteux F. Interleukin-19 and interleukin-22 serum levels are decreased in patients with ovarian 
endometrioma. Fertil Steril 2013;99:219–226. [PubMed: 23025883] 

17. Bhyan SB, Zhao L, Wee Y, Liu Y, Zhao M. Genetic links between endometriosis and cancers in 
women. PeerJ. 2019;7:e8135. Published 2019 Dec 20. doi:10.7717/peerj.8135 [PubMed: 
31879572] 

18. Yotova IY, Quan P, Leditznig N, Beer U, Wenzl R, Tschugguel W. Abnormal activation of Ras/Raf/
MAPK and RhoA/ROCKII signalling pathways in eutopic endometrial stromal cells of patients 
with endometriosis. Hum Reprod 2011;26:885–897. [PubMed: 21303778] 

19. Lydon JP, et al. Mice lacking progesterone receptor exhibit pleiotropic reproductive abnormalities. 
Genes Dev. 1995;9:2266–2278. doi: 10.1101/gad.9.18.2266. [PubMed: 7557380] 

20. Nabizadeh JA, Manthey HD, Steyn FJ, Chen W, Widiapradja A, Akhir FNM, Boyle GM, Taylor 
SM, Woodruff TM, Rolfe B. 2016. The complement C3a receptor contributes to melanoma 
tumorigenesis by inhibiting neutrophil and CD4+ T cell responses. The Journal of Immunology 
196:4783–4792 DOI 10.4049/jimmunol.1600210. [PubMed: 27183625] 

21. Yamada Y, Takayama KI, Fujimura T, Ashikari D, Obinata D, Takahashi S, Ikeda K, Kakutani S, 
Urano T, Fukuhara H. 2017. A novel prognostic factor TRIM44 promotes cell proliferation and 
migration, and inhibits apoptosis in testicular germ cell tumor. Cancer Science 108:32–41 DOI 
10.1111/cas.13105. [PubMed: 27754579] 

22. Zhang Y, Bao W, Wang K, Lu W, Wang H, Tong H, Wan X. SOX17 is a tumor suppressor in 
endometrial cancer. Oncotarget. 2016;7:76036–76046. 10.18632/oncotarget.12582 [ [PubMed: 
27738313] 

DeAngelo et al. Page 10

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Balgkouranidou I, Chimonidou M, Milaki G, Tsaroucha E, Kakolyris S, Georgoulias V, Lianidou 
E. SOX17 promoter methylation in plasma circulating tumor DNA of patients with non-small cell 
lung cancer. Clin Chem Lab Med. 2016;54:1385–1393. [PubMed: 26741346] 

24. Fu DY, Tan HS, Wei JL, Zhu CR, Jiang JX, Zhu YX, Cai FL, Chong MH, Ren CL. Decreased 
expression of SOX17 is associated with tumor progression and poor prognosis in breast cancer. 
Tumour Biol. 2015;36:8025–8034. [PubMed: 25971583] 

25. Kuo IY, Wu CC, Chang JM, Huang YL, Lin CH, Yan JJ, Sheu BS, Lu PJ, Chang WL, Lai WW, 
Wang YC. Low SOX17 expression is a prognostic factor and drives transcriptional dysregulation 
and esophageal cancer progression. Int J Cancer. 2014;135:563–573. [ [PubMed: 24407731] 

26. Zhang W, Glockner SC, Guo M, Machida EO, Wang DH, Easwaran H, Van Neste L, Herman JG, 
Schuebel KE, Watkins DN, Ahuja N, Baylin SB. Epigenetic inactivation of the canonical Wnt 
antagonist SRY-box containing gene 17 in colorectal cancer. Cancer Res. 2008;68:2764–2772. 
[PubMed: 18413743] 

27. Walker CJ, O’Hern MJ, Serna VA, Kurita T, Miranda MA, Sapp CE, Mutch DG, Cohn DE, & 
Goodfellow PJ (2017). Novel SOX17 frameshift mutations in endometrial cancer are functionally 
distinct from recurrent missense mutations. Oncotarget, 8(40), 68758–68768. 10.18632/
oncotarget.20213 [PubMed: 28978154] 

28. Treloar SA, Wicks J, Nyholt DR, Montgomery GW, Bahlo M, Smith V, Dawson G, Mackay IJ, 
Weeks DE, Bennett ST, et al. Genomewide linkage study in 1,176 affected sister pair families 
identifies a significant susceptibility locus for endometriosis on chromosome 10q26, Am J Hum 
Genet, 2005, vol. 77 (pg. 365–376) [PubMed: 16080113] 

29. Govatati S, Kodati VL, Deenadayal M, Chakravarty B, Shivaji S, Bhanoori M, Yin X, Pavone ME, 
Lu Z, Wei J, et al. Mutations in the pten tumor gene and risk of endometriosis: A case-control 
study increased activation of the pi3k/akt pathway compromises decidualization of stromal cells 
from endometriosis. Hum. Reprod. 2014;29:324–336. doi: 10.1093/humrep/det387 [PubMed: 
24154570] 

30. Dinulescu DM, Ince TA, Quade BJ, Shafer SA, Crowley D, Jacks T. Role of K-ras and Pten in the 
development of mouse models of endometriosis and endometrioid ovarian cancer. Nat Med. 
2005;11:63–70. [PubMed: 15619626] 

31. Lv J, Zhu Q, Jia X, Yu N, Li Q. In Vitro and In Vivo Effects of Tumor Suppressor Gene PTEN on 
Endometriosis: An Experimental Study. Med Sci Monit. 2016;22:3727–3736. Published 2016 Oct 
16. doi:10.12659/msm.901091 [PubMed: 27744455] 

32. Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T, Senz J, McConechy MK, Anglesio 
MS, Kalloger SE, Yang W, Heravi-Moussavi A, Giuliany R, Chow C, Fee J, Zayed A, Prentice L, 
Melnyk N, Turashvili G, Delaney AD, … Huntsman DG (2010). ARID1A mutations in 
endometriosis-associated ovarian carcinomas. The New England journal of medicine, 363(16), 
1532–1543. 10.1056/NEJMoa1008433 [PubMed: 20942669] 

33. Anglesio MS, Bashashati A, Wang YK, et al. Multifocal endometriotic lesions associated with 
cancer are clonal and carry a high mutation burden. J Pathol. 2015;236(2):201–209. doi: 10.1002/
path.4516. [PubMed: 25692284] 

34. Chene G, Ouellet V, Rahimi K, Barres V, Provencher D, Mes-Masson AM. 2015. The ARID1A 
pathway in ovarian clear cell and endometrioid carcinoma, contiguous endometriosis, and benign 
endometriosis. International Journal of Gynecology & Obstetrics 130:27–30 [PubMed: 25912412] 

35. Guan B, Rahmanto YS, Wu RC, et al. Roles of deletion of Arid1a, a tumor suppressor, in mouse 
ovarian tumorigenesis. J Natl Cancer Inst. 2014;106(7):dju146. doi: 10.1093/jnci/dju146. 
[PubMed: 24899687] 

36. Borrelli GM, Abrao MS, Taube ET, et al. (Partial) Loss of BAF250a (ARID1A) in rectovaginal 
deep-infiltrating endometriosis, endometriomas and involved pelvic sentinel lymph nodes. Mol 
Hum Reprod. 2016;22(5):329–337. doi: 10.1093/molehr/gaw009. [PubMed: 26832958] 

37. Ashrafi M, Sadatmahalleh SJ, Akhoond MR, Talebi M. Evaluation of risk factors associated with 
endometriosis in infertile women. Int J Fertil Steril. 2016;10:11–21. [PubMed: 27123195] 

38. Apostolopoulos NV, Alexandraki KI, Gorry A, Coker A. Association between chronic pelvic pain 
symptoms and the presence of endometriosis. Arch Gynecol Obstet. 2016;293:439–445. [PubMed: 
26329801] 

DeAngelo et al. Page 11

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



39. Schliep KC, Mumford SL, Peterson CM, et al. Pain typology and incident endometriosis. Hum 
Reprod. 2015;30:2427–2438. [PubMed: 26269529] 

40. American College of Obstetricians and Gynecologists. Practice bulletin no. 114: management of 
endometriosis. Obstet Gynecol. 2010;116:223–236. [PubMed: 20567196] 

41. Kennedy S, Bergqvist A, Chapron C, et al. ESHRE guideline for the diagnosis and treatment of 
endometriosis. Hum Reprod 2005;20:2698–704 [PubMed: 15980014] 

42. Taylor HS, Adamson GD, Diamond MP et al., An evidence-based approach to assessing surgical 
versus clinical diagnosis of symptomatic endometriosis. Int J Gynaecol Obstet. 2018;142:131–142 
[PubMed: 29729099] 

43. Fernando S, Soh PQ, Cooper M, et al. Reliability of visual diagnosis of endometriosis. J Minim 
Invasive Gynecol. 2013;20:783–789. [PubMed: 24183270] 

44. Amaral VF, Ferriani RA, Sá MF, et al. Positive correlation between serum and peritoneal fluid 
CA-125 levels in women with pelvic endometriosis. Sao Paulo Med J 2006;124:223–7. [PubMed: 
17086305] 

45. Khodaverdi S, Amini-Moghaddam S, Almassi Nokiani F, Hashemi N, Mohammad Beigi R. 
Adnexal mass with extremely high levels of CA-125 and CA19-9 but normal Human Epididymis 
Protein 4 (HE4) and Risk of Ovarian Malignancy Algorithm (ROMA): Endometriosis or ovarian 
malignancy? A case report. Int J Reprod Biomed (Yazd). 2018;16(6):413–416.

46. Jacobs Screening for ovarian cancer by CA-125 measurement. Lancet, 16 (8590) (1988), p. 889

47. Jacobs Ian, Bast Robert C., The CA 125 tumour-associated antigen: a review of the literature, 
Human Reproduction, Volume 4, Issue 1, 1 1989, Pages 1–12,

48. Park CM, Kim SY.Rupture of an endometrioma with extremely high serum CA-125 level (>10,000 
IU/ml) and ascites resembling ovarian cancer. Eur J Gynaecol Oncol 2014; 35: 469–472. 
[PubMed: 25118496] 

49. Amaral VF, Ferriani RA, Sá MF, et al. Positive correlation between serum and peritoneal fluid 
CA-125 levels in women with pelvic endometriosis. Sao Paulo Med J 2006;124:223–7. [PubMed: 
17086305] 

50. Karli P The relationship of pelvic pain symptoms with CA-125 levels in endometriosis cases. 
Annals of Medical Research. 2019;26(7):1326–9. DOI: 10.5455/annalsmedres.2019.06.346

51. Hirsch Martin et al. Diagnostic accuracy of Cancer Antigen 125 (CA125) for endometriosis in 
symptomatic women: A multi-center study (2017). European Journal of Obstetrics and 
Gynecology and Reproductive Biology, Volume 210, 102–107 [PubMed: 27987404] 

52. Kurata H, Sasaki M, Kase H, Yamamoto Y, Aoki Y, Tanaka K. Elevated serum CA-125 and CA19–
9 due to the spontaneous rupture of ovarian endometrioma. Eur J Obstet Gynecol Reprod Biol 
2002; 105: 75–76. [PubMed: 12270571] 

53. Agha Hosseini M, Aleyasin A, khodaverdi S, mahdavi A, Najmi Z. Extra ordinary high CA-125 
and CA19-9 serum levels in an ovarian endometrioma: Case report. J Fam Reprod Health 2009; 3: 
67–70

54. Zeimet AG, Marth C, Offner FA, Obrist P, Uhl-Steidl M, Feichtinger H, et al. Human peritoneal 
mesothelial cells are more potent than ovarian cancer cells in producing tumor marker CA-125. 
Gynecol Oncol. 1996;62:384–389. [PubMed: 8812537] 

55. Anastasi E, Granato T, Falzarano R, Storelli P, Ticino A, Frati L, et al. The use of HE4, CA125 and 
CA72-4 biomarkers for differential diagnosis between ovarian endometrioma and epithelial 
ovarian cancer. J Ovarian Res 2013; 6: 44. [PubMed: 23816286] 

56. Koninckx PR and Martin D (1994) Treatment of deeply infiltrating endometriosis. Curr. Opin. 
Obstet. Gynecol, 6, 231–241. [PubMed: 8038409] 

57. Koninckx PR, Meuleman C, Demeyere S, Lesaffre E and Cornillie FJ (1991) Suggestive evidence 
that pelvic endometriosis is a progressive disease, whereas deeply infiltrating endometriosis is 
associated with pelvic pain. Fertil. Steril, 55, 759–765. [PubMed: 2010001] 

58. Chapron Charles, Fauconnier Arnaud, Dubuisson Jean-Bernard, Barakat Habib, Vieira Marco, 
Gérard Bréart, Deep infiltrating endometriosis: relation between severity of dysmenorrhoea and 
extent of disease, Human Reproduction, Volume 18, Issue 4, 4 2003, Pages 760–766, [PubMed: 
12660268] 

DeAngelo et al. Page 12

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



59. Kamergorodsky G, Ayroza Ribeiro PA, Longo Galvao MA. Histologic classification of specimens 
from women affected by superficial endometriosis, deeply infiltrating endometriosis, and ovarian 
endometriomas. Fertil Steril. 2009;92(6):2074–2077. [PubMed: 19591996] 

60. Anglesio MS, Papadopoulos N, Ayhan A, et al. Cancer-Associated Mutations in Endometriosis 
without Cancer. N Engl J Med. 2017;376(19):1835–1848. doi:10.1056/NEJMoa1614814 
[PubMed: 28489996] 

61. Dawson A, Fernandez ML, Anglesio M, Yong PJ, Carey MS. Endometriosis and endometriosis-
associated cancers: new insights into the molecular mechanisms of ovarian cancer development. 
Ecancermedicalscience. 2018;12:803. Published 2018 Jan 25. doi:10.3332/ecancer.2018.803 
[PubMed: 29456620] 

62. LaGrenade A, Silverberg SG. Ovarian tumors associated with atypical endometriosis. Hum Pathol. 
1988;19:1080–1084. [PubMed: 3417292] 

63. Wei JJ, William J, Bulun S. Endometriosis and ovarian cancer: a review of clinical, pathologic, and 
molecular aspects. Int J Gynecol Pathol. 2011;30(6):553–568. doi:10.1097/
PGP.0b013e31821f4b85 [PubMed: 21979592] 

64. Fukunaga M, Nomura K, Ishikawa E, Ushigome S. Ovarian atypical endometriosis; its close 
association with malignant epithelial tumours. Histopathology. 1997;30:248–255

65. Stern RC, Dash R, Bentley RC, et al. Malignancy in endometriosis: frequency and comparison of 
ovarian and extraovarian types. Int J Gynecol Pathol. 2001;20:133–9. [PubMed: 11293158] 

66. Prefumo F, Todeschini F, Fulcheri E, et al. Epithelial abnormalities in cystic ovarian endometriosis. 
Gynecol Oncol. 2002;84:280–4 [PubMed: 11812087] 

67. Anglesio MS, Carey MS, Köbel M, et al. Clear cell carcinoma of the ovary: a report from the first 
Ovarian Clear Cell Symposium, June 24th, 2010. Gynecol Oncol 2011;121:407–15. [PubMed: 
21276610] 

68. Zhao C, Wu LS- F, Barner R. Pathogenesis of ovarian clear cell adenofibroma, atypical 
proliferative (borderline) tumor, and carcinoma: clinicopathologic features of tumors with 
endometriosis or adenofibromatous components support two related pathways of tumor 
development. J Cancer 2011;2:94. [PubMed: 21479128] 

69. Groen RS, Gershenson DM, Fader AN. Updates and emerging therapies for rare epithelial ovarian 
cancers: one size no longer fits all. Gynecol Oncol 2015;136:373–83. [PubMed: 25481800] 

70. Tang H, Liu Y, Wang X et al. (2018) Clear cell carcinoma of the ovary: clinicopathologic features 
and outcomes in a Chinese cohort. Medicine (Baltimore) 97:e10881 [PubMed: 29794794] 

71. Fehniger J, Schiff PB, Pothuri B. Successful treatment of platinum refractory ovarian clear cell 
carcinoma with secondary cytoreductive surgery and implantable transponder placement to 
facilitate targeted volumetric arc radiation therapy. Gynecol Oncol Rep. 2018;27:11–14. Published 
2018 Nov 17. doi:10.1016/j.gore.2018.11.004 [PubMed: 30555884] 

72. Tyler CW Jr., Lee NC, Robboy SJ, et al..The diagnosis of ovarian cancer by pathologists: how 
often do diagnoses by contributing pathologists agree with a panel of gynecologic pathologists? 
Am J Obstet Gynecol, 164 (1991), pp. 65–70 [PubMed: 1986629] 

73. Heaps JM, Nieberg RK, Berek JS. Malignant neoplasms arising in endometriosis. Obstet Gynecol, 
75 (1990), pp. 1023–1028 [PubMed: 2188180] 

74. Lim MC, Chun K-C, Shin S-J, Lee IH, Lim KT, Cho CH, Park S-Y, Nam J-H Clinical presentation 
of endometrioid epithelial ovarian cancer with concurrent endometriosis: A multicenter 
retrospective study (2010) Cancer Epidemiology Biomarkers and Prevention, 19 (2) , pp. 398–404.

75. Terada T Endometrioid adenocarcinoma of the ovary arising in atypical endometriosis. Int J Clin 
Exp Pathol. 2012;5(9):924–927. [PubMed: 23119109] 

76. Ogawa S, Kaku T, Amada S, Kobayashi H, Hirakawa T, Ariyoshi K, Kamura T, Nakano H. 
Ovarian endometoriosis associated with ovarian carcinoma: a clinicopathologic and 
immunohistochemical study. Gynecol Oncol. 2000;77:298–304 [PubMed: 10785482] 

77. Okuda T, Sekizawa A, Purwosunu Y, et al. Genetics of endometrial cancers. Obstet Gynecol Int. 
2010;2010:984013. doi:10.1155/2010/984013 [PubMed: 20396392] 

78. Dutta S, Wang FQ, Phalen A, Fishman DA. Biomarkers for ovarian cancer detection and therapy. 
Cancer Biol Ther 2010;9:668–77 [PubMed: 20372062] 

DeAngelo et al. Page 13

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



79. McCluggage W. Glenn. “Endometriosis-related pathology: a discussion of selected uncommon 
benign, premalignant and malignant lesions.” Histopathology 76.1 (2020): 76–92.

80. Prat J New insight into ovarian cancer pathology. Ann Oncol. 2012;23(10):111–117. doi: 10.1093/
annonc/mds300. [PubMed: 21444356] 

81. Cont NT, Ferrero A, Peccatori FA, et al. Medical treatment of early stage and rare histological 
variants of epithelial ovarian cancer. Ecancermedicalscience. 2015;9:584. Published 2015 Oct 22. 
doi:10.3332/ecancer.2015.584 [PubMed: 26557882] 

82. Eichhorn JH, Young RH, Clement PB, Scully RE. Mesodermal (müllerian) adenosarcoma of the 
ovary: a clinicopathologic analysis of 40 cases and a review of the literature. Am J Surg Pathol. 
2002;26:1243–58 [PubMed: 12360039] 

83. Pontrelli G, Cozzolino M, Stepniewska A, Bruni F, Pesci A, Ceccaroni MJ. Primary vaginal 
Adenosarcoma with Sarcomatous overgrowth arising in recurrent endometriosis: feasibility of 
laparoscopic treatment and review of the literature. J Minim Invasive Gynecol. 2016.

DeAngelo et al. Page 14

J Cancer Res Ther Oncol. Author manuscript; available in PMC 2021 February 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Molecular Fingerprint
	Clinical Stigmata
	Diagnosis
	CA-125
	Deep Infiltrating Endometriosis
	Atypical endometriosis
	Endometriosis-Driven Malignant Neoplasia
	Conclusion
	References

