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Abstract
In cases of extragenital endometriosis or microscopic endometriosis lesions, pathological diagnosis can be challenging because
endometriotic stroma and glands represent only a minor component of fibrotic endometriotic lesions. For better accuracy of
diagnosis, the development of a sensitive and specific epithelial marker is beneficial. Previous studies showed that PAX8 is a highly
sensitive and specific marker for primary and metastatic Mullerian epithelial tumors. Therefore, we sought to examine whether
PAX8 is a highly sensitive marker for glands in extragenital endometriosis. Eight and 47 samples of ovarian endometrioma and
extragenital endometriosis, respectively, were evaluated in this study. We calculated the percentage of samples positively
immunostained for PAX8, CD10, estrogen receptor (ER), and progesterone receptor (PR). PAX8 was positive for endometriotic
epithelial cells in 95.7% (45/47) of extragenital endometrioses and in 100% (8/8) of ovarian endometrioses. CD10 was positive for
endometriotic stromal cells in 97.9% (46/47) of extragenital endometrioses. PAX8 was strongly positive for glands, even in a
CD10-negative case. The expression of PAX8, CD10, and PR was not affected by preoperative hormonal therapy, and the positive
rate of ER staining was significantly reduced by preoperative hormonal therapy. In conclusion, PAX8 is a highly sensitive epithelial
marker for extragenital endometriosis. This specific expression was maintained under hormonal therapy. It is noteworthy that
extragenital endometriosis maintains the expression of this lineage marker, although it occurs at various sites, and its cause and
mechanism of development might be different. PAX8 nuclear expression can be useful in detecting extragenital endometriosis in
clinical practice.
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Introduction

Endometriosis is a common benign gynecological disease

affecting approximately 10% of reproductive-aged women.1

Endometriosis commonly forms lesions, such as peritoneal,

ovarian, and deep filtrating endometriosis, and less commonly

involves the bowel, bladder, or rarely distant sites from the

uterus, such as the lung. Pathologic diagnosis of endometriosis

is performed with the presence of endometrial-like tissues com-

posed of glandular epithelium and endometriotic stroma, as

well as extragenital endometriosis. When it is not clearly diag-

nosed, it is possible to show the presence of endometriotic

stroma by confirming the expression of CD10 by immunostain-

ing,2,3 and the expression of estrogen receptor a (ER) and

progesterone receptor (PR) is also helpful to the diagnosis of

endometriosis. In particular, CD10 was reported to be very

sensitive to endometrial and endometriotic stromal cells and

is a diagnostically useful immunohistochemical marker of

endometriosis.2,3 However, in cases of extragenital endome-

triosis or microscopic endometriosis lesions, pathological diag-

nosis can be challenging because endometriotic stroma and

glands represent only a minor component of fibrotic endome-

triotic lesions.4 Therefore, for better accuracy of diagnosis, the
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development of a useful epithelial marker is beneficial.

Furthermore, a very recent paper has demonstrated that

endometriotic epithelium is clonally and developmentally

distinct from stroma in ovarian, intestinal, and uterosacral

endometrioses, implying the importance of endometriotic

epithelial cells.5

PAX8 belongs to the pair-box (PAX) gene family consisting

of 9 members (PAX1 to PAX9), each of which encodes a

development transcription factor that are key regulators for

proper tissue formation and cellular differentiation and are also

crucial for maintaining the normal function of cells after

birth.6,7 PAX8 is essential for embryonic development of the

kidney, Mullerian organs, and thyroid.8-10 Previous studies

showed that PAX8 is a sensitive and specific marker for pri-

mary and metastatic Mullerian epithelial tumors, including

ovarian and endometrial cancers by comprehensive immuno-

histochemical analysis.11-13 Furthermore, endometrial epithelia

and ovarian endometriotic epithelia were also reported to be

positive for PAX8.12,13 Moreover, the deficiency of the PAX8

gene in mice results in a nonfunctional uterus with the absence

of the endometrium.10 Given that PAX8 was reported to iden-

tify ovarian and Mullerian-derived tumors even in metastatic

lesions,12-14 we considered that PAX8 might be useful as an

epithelial marker of extragenital endometriosis. However, there

has been no report on extragenital endometriosis. Here, we

sought to comprehensively analyze PAX8 expression in vari-

ous extragenital endometrioses.

Materials and Methods

Patients and Samples

The experimental procedures were approved by the institu-

tional review board of the University of Tokyo (registration

no. #11442). All patients who underwent surgical removal of

ovarian endometrioma as well as bowel, bladder, and thoracic

endometrioses and diagnosed at the University of Tokyo Hos-

pital, Nissan Tamagawa Hospital, and Osaka Chuo Hospital

were enrolled in this study. We obtained written informed con-

sent from the patient who came to the outpatient for postopera-

tive follow-up and whose tissue section was used for this study.

The diagnosis of endometriosis and extragenital endometriosis

was performed through a histological examination performed

by certified pathologists. Available hematoxylin and eosin-

stained slides were reviewed, and the diagnosis was confirmed

in each case. We enrolled 55 patients after reviewing the med-

ical records. We recorded the patient age at the time of the

operation, history of pregnancy, parturition, and preoperative

hormonal therapy.

Paraffin-embedded specimens were sliced with 5-mm thick-

ness, and the sections placed on slides were then deparaffinized

and rehydrated. Antigens were retrieved using an antigen

retrieval reagent (Immunosaver; Nissin EM, Tokyo, Japan) at

98�C. Endogenous peroxidase was blocked by incubation for

10 minutes with a solution of 0.3% hydrogen peroxidase.

Immunohistochemical tissue labeling for PAX8 (1:1000,

10336-1-AP; Proteintech, Illinois), CD10 (1:1, IR468; Ready-

to-use, Agilent, California), ER (1:1, IR084; Ready-to-use,

Agilent), and PR (1:1000, #8757; Cell Signaling Technology,

Tokyo, Japan) was performed using the Dako Envision

FLEXþ system (Agilent, Santa Clara, California). After block-

ing with a nonspecific staining blocking reagent (Agilent), the

sections were incubated with each specific antibody or rabbit

IgG for 60 minutes at room temperature and then incubated

with peroxidase-conjugated secondary antibody for 30 min-

utes. Staining was detected using diaminobenzidine chromogen

for a few minutes. All sections were counterstained with hema-

toxylin and evaluated under a light microscope.

Statistical Analysis

Statistical analysis was performed using JMP Pro version 14

(SAS Institute Inc, Cary, North Carolina). Continuous data

were reported as mean and standard deviation. Categorical data

were analyzed using w2 tests, and Fisher exact tests and were

presented as counts and percentages. Results were considered

statistically significant at P value < .05.

Results

Clinical Characteristics

Table 1 shows the clinical characteristics of patients with ovar-

ian endometrioma or extragenital endometriosis. Eight ovarian

endometriomas and 47 extragenital endometrioses were

enrolled in this study, which included 20 intestinal, 10 bladder,

3 ureteral, 3 inguinal, and 11 diaphragmatic endometrioses.

The mean age at surgery of patients with ovarian endome-

trioma and extragenital endometriosis was 36.0 + 4.9 years

and 37.9 + 5.5 years, respectively. None of the patients with

ovarian endometrioma underwent hormonal treatment before

surgery. Among the 47 patients with extragenital endometrio-

sis, 21 patients did not undergo hormonal therapy, whereas 18,

6, and 2 patients were administered GnRH agonist, dienogest,

and oral contraceptives, respectively, before surgery.

General Features

PAX8 was strongly positive in epithelial cells with the uni-

formly negative staining for stromal cells in ovarian endome-

trioma (Figure 1A). The staining of PAX8 was exclusively

nuclear, with no expression in the stroma of extragenital endo-

metriosis (Figure 1B and C). Moreover, PAX8 was negative for

intestinal epithelia (Figure 1B and C). On the other hand, stro-

mal cells were positive for CD10, whereas epithelial cells were

negative for CD10 (Figure 1D). The expression of ER (Figure

1E) and PR (Figure 1F) was moderate to strong in the glands or

the stroma.

Ovarian Endometrioma

For PAX8, the strong nuclear staining was seen in the epithelial

cells of ovarian endometriosis (8 of 8, 100%), but not in the
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stromal cells (0 of 8, 0%; Table 2; Figure 2B). On the other

hand, CD10 was positive in the stromal cells (8 of 8, 100%), but

not in the epithelial cells (0 of 8, 0%) of ovarian endometriosis

(Figure 2C). All ovarian endometrioses were immunoreactive

for ER in the epithelial cells; of these, 5 (62.5%) were immu-

noreactive in the stromal cells (Figure 2D). Progesterone recep-

tor was positive in the epithelial and stromal cells of ovarian

endometrioma (8 of 8, 100%; Figure 2E).

Intestinal Endometriosis

Twenty samples of intestinal endometriosis were examined

in this study, which included 13 rectal endometrioses, 4

sigmoid endometrioses, 2 ileocecal endometrioses, and 1

ileal endometriosis. All of the 20 (100.0%) intestinal endo-

metrioses were immunoreactive in epithelia for PAX8, and

none in the stroma (0/20; Figure 2F and G; Supplemental

Figure 1A and B). As for CD10, 19 of 20 (95.0%) intestinal

endometrioses were positive in the stroma and none in the

epithelia (0/20; Figure 2H, Supplemental Figure 1C). The

expression of ER (Figure 2I, Supplemental Figure 1D) and

PR (Figure 2J, Supplemental Figure 1E) was frequently

positive in the epithelial cells (16/20, 80.0% and 18/20,

90.0%, respectively) than in the stromal cells (70.0% [14/

20] and 70.0% [14/20], respectively). One case of intestinal

endometriosis was positive for CD10 and PR and weakly

positive for ER only in the glands but was strongly positive

for PAX8 in the epithelial nucleus of the endometriosis

(Figure 2K-O).

Bladder and Ureteral Endometrioses

Ten bladder and 3 ureteral endometrioses were examined.

Eight of the 10 (80.0%) bladder endometrioses and all

(100%) ureteral endometriosis were immunoreactive for

PAX8 in the epithelial cells, but not in the stromal cells

(0/10, 0.0% and 0/3, 0.0%, respectively; Supplemental Fig-

ure 2A and B). All bladder and ureteral endometriosis were

immunoreactive for CD10 in the stromal cells (10/10, 100%
and 3/3, 100%, respectively), but not in the epithelial cells

(0/10, 0% and 0/3, 0%, respectively; Supplemental Figure

2C). Eight of the 10 bladder endometrioses were immunor-

eactive for ER in the epithelial cells ER, whereas 5 (50.0%)

of the 10 bladder endometrioses were immunoreactive in the

stromal cells (Supplemental Figure 2D). One of the 3 uret-

eral endometrioses was positive in the epithelial cells (1/3,

33.3%), but none in the stromal cells (0/3, 0%). All of the

10 bladder endometrioses were positive for PR in the

epithelial cells, and 2 of the 3 bladder endometrioses were

positive for PR in the stromal cells (Supplemental Figure

2E). Two (66.6%) of the 3 ureteral endometrioses were

immunoreactive for PR in the epithelial cells, and 1

(33.3%) of the 3 ureteral endometrioses was positive for

PR in the stromal cells.T
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Inguinal Endometriosis

PAX 8 was seen in the epithelial cells (3 of 3, 100%), but not in

the stromal cells (0 of 3, 0%) of inguinal endometriosis (Supple-

mental Figure 3A, B). CD10 was positive in the stromal cells (3

of 3, 100%), but not in the epithelial cells (0 of 3, 0%) of inguinal

endometriosis (Supplemental Figure 3C). All (100%) inguinal

endometrioses were immunoreactive for ER both in the epithe-

lial and stromal cells (Supplemental Figure 3D). Progesterone

receptor was positive in the epithelial and stromal cells of ovar-

ian endometrioma (3 of 3, 100%; Supplemental Figure 3E).

Diaphragmatic Endometriosis

Eleven diaphragmatic endometrioses were examined for

immunostaining. Diaphragmatic endometriosis was immunor-

eactive for PAX8 in the epithelial cells (11/11, 100%), but not

in the stromal cells (0/11, 0%; Supplemental Figure 4B). The

stroma of diaphragmatic endometriosis was positive for CD10

(11/11, 100%), and the epithelia was negative for CD10 (0/11;

Supplemental Figure 4C). The expression of ER and PR was

positive in the stromal cells (11/11, 100% and 11/11, 100%,

respectively; Supplemental Figure 4D) and frequently positive

in the epithelial cells at 90.9% (10/11) and 90.9% (10/11),

respectively (Supplemental Figure 4E).

The Effect of Hormonal Treatment on PAX8, CD10,
ER, or PR Expression

The positive staining rates of PAX 8, CD10, ER, and PR were

compared between the groups with and without hormonal

therapy. Among the 47 patients, 26 patients underwent preo-

perative hormonal therapy, whereas 21 patients did not. As

shown in Table 3, no significant difference was observed in

the positive frequency of PAX8, CD10, and PR. On the other

hand, the positive rate of ER expression was significantly

reduced in the gland (18/26, 69.2%) and stroma (14/26,

53.8%) by preoperative hormonal therapy.

Discussion

In this study, expression of PAX8, CD10, ER, and PR in extra-

genital endometriosis was examined comprehensively. Firstly,

PAX8 was positive for endometriotic epithelial cells in 95.7%
(45/47) of extragenital endometriosis and in 100% (8/8) of

ovarian endometriosis. Secondly, CD10 was positive for endo-

metriotic stromal cells in 97.9% (46/47) of extragenital endo-

metriosis. Thirdly, the expression of PAX8, CD10, and PR was

not affected by preoperative hormonal therapy, and the positive

rate of ER staining was significantly reduced by preoperative

hormonal therapy. Accordingly, PAX8 may be a useful sensi-

tive marker for endometriotic epithelial cells, which is not

affected by hormonal therapy. This is also the first report that

comprehensively examined the immunostaining of extragenital

endometriosis.

PAX8 was previously reported to be expressed in Mullerian

epithelial cells (endometrium, endocervix, and fallopian

tube).11, 13 For the endometrium, PAX8 was positive in the

epithelium in 100% of 35 cases.12,13 These reports showed that

PAX8 is a sensitive marker in the endometrial epithelial cells.

Additionally, it was reported that PAX8 was positive in 100%

Figure 1. Expression pattern of PAX8, CD10, ER, and PR in ovarian endometrioma and extragenital endometriosis. (A) Ovarian endome-
trioma: PAX8 expression is limited to the nuclei of the glands. B-F: H&E (B), PAX8 (C), CD10 (D), ER (E), and PR (F) staining of rectal
endometriosis. The insets show high power magnification images of endometriotic lesion. PAX8 is positive in the glands of endometriosis
(yellow circle) but negative in the intestinal epithelia (white arrow). ER, estrogen receptor; H&E, hematoxylin and eosin; PR, progesterone
receptor.
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of 10 cases of endometriosis or adenomyosis,12,13 which is

consistent with the results of our 8 ovarian endometrioma

cases. Here, we demonstrated that PAX8 was positive in

95.7% of extragenital endometrioses, including rectosigmoid,

bladder, ureteral, inguinal, and diaphragm endometrioses,

which indicates that it is a useful diagnostic marker.

CD10 was positive in 100% (8/8) of ovarian endometrioma

and in 97.9% (46/47) of extragenital endometriosis, which indi-

cates that CD10 is also useful as an endometriotic stromal

marker, consistent with previous reports.2,3 The thoracic endo-

metriotic stromal cells were also reported to be positive for

CD10 in 88.1% of the samples.15 Moreover, the ureteral endo-

metriosis was positive for CD10 in 100% of 6 cases.16 In our

case series, there was one case in which CD10 staining was

negative, PR was negative, and ER was slightly positive. How-

ever, PAX8 was strongly positive for the glands. Considering

that the glands can sometimes be observed in the fibromuscular

tissue without any surrounding stroma,4,17 it is useful to con-

firm the diagnosis of endometriosis by performing PAX8

staining.

In the previous report, rectosigmoid, umbilical, and uret-

eral endometrioses were reported to show nuclear staining for

ER and PR in the glands or stroma.16,18,19 Estrogen receptor

or PR was positive in the glands of thoracic endometriosis in

85.7% or 85.7% of cases, respectively.15 In this study, ER or

PR was positive in the glands at 80.9% (38/47) or 91.5% (43/

47) of extragenital endometrioses, respectively. However,

PAX8 was a marker of endometriotic epithelial cells, which

was comparable or even more sensitive than these hormone

receptors. In particular, lesions of thoracic endometriosis are

small in size and often difficult to diagnose.15 Furthermore,

there has been also a report that the presence of glands was

associated with postoperative recurrence,20 and it is consid-

ered that the identification of endometriotic epithelium is

clinically important for postoperative management of thoracic

endometriosis.

We also confirmed that PAX8 functions as an endometriotic

epithelial marker in patients under hormonal therapy, such as

GnRH agonist and dienogest. On the other hand, the positive

rate of ER staining was significantly reduced under hormonal

therapy. Consistent with our result, previous reports demon-

strated that progestin and GnRH agonist reduced the expression

of ER in the epithelium and stroma of endometriosis and endo-

metrium.21,22 These reports also indicated that the expression

of PR was also reduced by these hormonal therapies, although

it was not affected in our study. When surgery is required for

the extragenital endometriosis, preoperative hormonal therapy

using GnRH agonist or dienogest is often performed to reduce

the size of lesion or control the disease condition and symp-

toms. Therefore, it is important as an endometriosis marker that

the expression of PAX8 and CD10 was not affected by these

hormonal therapies.

PAX8 is a lineage marker for Mullerian lineage epithelial

cells, including normal/nonneoplastic Mullerian epithelial cells

and Mullerian primary and metastatic tumor.11-14 Our exami-

nation demonstrated that extragenital endometriosis alsoT
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maintained a lineage marker. PAX 8 is embryologically an

essential molecule for the development of Mullerian organs.10

PAX8 is also an essential transcriptional factor for the thyroid

gland and urinary tract system.8,9 In the PAX8 ablation mice,

the urinary tract system is not affected and the endometrium is

deficient and becomes infertile.10 Furthermore, there has been

a case report of a patient with Mullerian agenesis attributed to

the heterozygous deficiency of PAX8.23 Therefore, PAX8

plays an important role in the development and function of

Mullerian organs, such as the endometrium, not only in mice

but also in humans. From this aspect, it is noteworthy that not

only ovarian endometriosis but also extragenital endometriosis

maintains the expression of this lineage marker, although they

occur at various sites, and their cause and mechanism of devel-

opment might be different.

As a limitation of this study, other extragenital endome-

trioses, such as umbilical and abdominal wall endometrioses,

were not examined. However, to our knowledge, it is the first

study to comprehensively examine cases with extragenital

endometriosis in various sites.

Table 3. The Comparison of PAX8, CD10, ER and PR Expression in Extragenital Endometriosis With or Without Hormonal Treatment.

Without Hormonal Treatment With Hormone Treatment P Value GnRH Agonist Dienogest Oral Contraceptives

PAX8
gland 21/21 (100.0%) 24/26 (92.3%) NS 16/18 (88.9%) 6/6 (100.0%) 2/2 (100.0%)
stroma 0/21 (0.0%) 0/26 (0.0%) NS 0/18 (0.0%) 0/6 (0.0%) 0/2 (0.0%)

CD10
gland 0/21 (0.0%) 0/26 (0.0%) NS 0/18 (0.0%) 0/6 (0.0%) 0/2 (0.0%)
Stroma 20/21 (95.2%) 26/26 (100.0%) NS 18/18 (100.0%) 6/6 (100.0%) 2/2 (100.0%)

ER
Gland 20/21 (95.2%) 18/26 (69.2%) P < .05 14/18 (77.8%) 2/6 (33.3%) 2/2 (100.0%)
Stroma 19/21 (90.5%) 14/26 (53.8%) P < .01 10/18 (55.6%) 2/6 (33.3%) 2/2 (100.0%)

PR
Gland 17/21 (81.0%) 24/26 (92.3%) NS 18/18 (100.0%) 4/6 (66.7%) 2/2 (100.0%)
Stroma 17/21 (81.0%) 18/26 (69.2%) NS 12/18 (66.7%) 4/6 (66.7%) 2/2 (100.0%)

Abbreviations: ER, estrogen receptor; NS, not significant; PR, progesterone receptor.

Figure 2. PAX8, CD10, ER, and PR expression in ovarian endometrioma and extragenital endometriosis. H&E (A), PAX8 (B), CD10 (C),
ER (D), and PR(E) staining in ovarian endometrioma. PAX8 is positive in the nuclei in the glands. CD10 is positive in the stromal cells. ER and
PR are moderately to strongly positive in the glands and stroma. H&E (F), PAX8 (G), CD10 (H), ER (I), and PR (J) staining in ileocecal
endometrioma. PAX8 is strongly positive in the nuclei of the glands. CD10 is strongly positive in the stroma. ER and PR are positive in the
nuclei of the glands and stroma. H&E (K), PAX8 (L), CD10 (M), ER (N), and PR (O) staining in rectal endometriosis. (K) The glands are observed
in the fibromuscular tissue without any surrounding stroma. (L) PAX8 is strongly positive in the nuclei of glands. CD10 (M) and PR(O) are
negative. (N) Estrogen receptor is moderately positive in the nuclei of glands and fibromuscular tissue. ER indicates estrogen receptor;
H&E, hematoxylin and eosin; PR, progesterone receptor.
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In conclusion, this study shows that PAX8 is a highly sen-

sitive epithelial marker for extragenital endometriosis. This

specific expression was maintained under hormonal therapy.

PAX8 nuclear expression can be useful in detecting extrageni-

tal endometriosis in clinical practice.
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