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Abstract
When the presence of endometriotic lesions are not evident by hematoxylin and eosin staining, CD10 is used to highlight and
confirm the presence of endometriotic stroma. However, CD10 is not specific only to the endometrial stroma but is also
expressed in many other cells. Recently, interferon-inducible transmembrane protein 1 (IFITM1) was reported as a highly specific
immunohistochemical marker of normal endometrial stroma and endometrial stromal neoplasm. In this study, we examined the
expression of IFITM1 and CD10 in 18 cases of ovarian endometriosis and 44 cases of extragenital endometriosis. Among
the 62 patients, 62 (100.0%) were positive for IFITM1 and 60 (96.8%) for CD10, and CD10 was negative in 2 cases that were
positive for IFITM1. Additionally, we found that IFITM1 sensitivity was unaffected by the presence or absence of hormonal
therapy. To the best of our knowledge, this represents the first demonstration of IFITM1 as a highly sensitive stromal marker of
ovarian and extragenital endometriosis.

Keywords
endometriosis, IFITM1, stromal marker, CD10

Introduction

Endometriosis is a common benign gynecological disease

affecting *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 navel2 and lung.3 Endometriosis is pathologically diag-

nosed by the presence of endometrium-like tissues outside the

uterus. When the presence of the endometrium is not evident by

hematoxylin and eosin staining, CD10 is used to highlight and

confirm the presence of endometriotic stroma in cases where

diagnosis is difficult.4-7 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.8 However, CD10 is not specific only to the endometrial

stroma but is also expressed in many other cells, including

vascular endothelial cells, uterine fibroids, and leiomyosar-

coma.5,9 Therefore, for better accuracy of diagnosis, develop-

ment of a better indicator of endometriotic stroma would be

beneficial.

Recent studies indicate interferon-inducible transmembrane

protein 1 (IFITM1) as a highly specific immunohistochemical

marker of normal endometrial stroma and endometrial stromal

neoplasms.10 Therefore, we hypothesized that IFITM1 might

be useful as a novel stromal marker of endometriosis and extra-

genital endometriosis; however, there are no reports on its

status in endometriosis. Here, we comprehensively analyzed

IFITM1 expression in endometriosis and extragenital

endometriosis.
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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, ingu-

inal, abdominal-wall, and thoracic endometrioses, and diag-

nosed at the University of Tokyo Hospital, Nissan

Tamagawa Hospital, and Osaka Chuo Hospital, were

enrolled in this study and provided written informed con-

sent. The diagnosis of endometriosis and extragenital endo-

metriosis was performed through histologic examination

performed by certified pathologists. Available hematoxylin

and eosin-stained slides were reviewed, and the diagnosis

was confirmed in each case. We enrolled 62 patients after

reviewing the medical records and recorded patient age at

the time of the operation, history of pregnancy, parturition,

and preoperative hormonal therapy.

Immunohistochemistry

Paraffin-embedded specimens were sliced to 5-mm thickness,

and the sections were placed on slides, deparaffinized, and

rehydrated. Antigens were retrieved using an antigen-

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

98�C, and endogenous peroxidase was blocked by incubation

for 5 minutes with a solution of 0.3% hydrogen peroxidase.

Immunohistochemical tissue labeling for IFITM1 (1:500;

HPA004810; Sigma-Aldrich, St Louis, Missouri), CD10 (1:1;

IR468; Agilent Technologies, Santa Clara, California), estro-

gen receptor (ER; 1:1; IR084; Agilent Technologies), proges-

terone receptor (PR; 1:1000; #8757; Cell Signaling

Technology, Tokyo, Japan), and paired-box gene 8 (PAX8;

1:1000; 10336-1-AP; Proteintech, Rosemont, Illinois) was per-

formed using the Dako Envision FLEXþ system (Agilent

Technologies). After blocking with a nonspecific staining

blocking reagent (Agilent Technologies), the sections were

incubated with each specific antibody or rabbit immunoglobu-

lin G for overnight at 4�C and then incubated with peroxidase-

conjugated secondary antibody for 30 minutes. Staining was

detected using diaminobenzidine chromogen, and all sections

were counterstained with hematoxylin and evaluated under a

light microscope.

Statistical Analysis

Statistical analysis was performed using SPSS (v23; IBMCorp,

Armonk, New York). Continuous data were reported as mean

and standard deviation. Categorical data were analyzed using

w2 tests and Fisher exact tests and represented as counts and

percentages. Results were considered statistically significant at

a P < .05.

Results

Patient Characteristics

Table 1 shows the characteristics of patients with ovarian endo-

metrioma and extragenital endometriosis. Eighteen samples of

ovarian endometriosis and 44 samples of extragenital endome-

triosis were used in this study and included 19 intestinal,

8 bladder, 3 ureteral, 3 inguinal, 1 abdominal wall, and 10 dia-

phragmatic endometrioses. The mean age was 37.6+ 6.8 years

for ovarian endometriosis and 38.0+ 5.7 years for extragenital

endometriosis. For ovarian endometrioma, none of the patients

received hormonal therapy before surgery. Additionally, among

the 44 cases of extragenital endometriosis, 21 patients did not

undergo preoperative hormone therapy while 16, 5, and

2 patients used a gonadotropin-releasing hormone (GnRH)

agonist, dienogest, and oral contraceptives, respectively.

Ovarian Endometrioma

Both IFITM1 and CD10 were positive in all 18 samples of

ovarian endometrioma (Table 2). IFITM1 was localized in the

stromal cells just beneath the endometriotic epithelial cells,

with a staining pattern that was membranous and cytoplasmic

(Figure 1B and D) and similar to the CD10-expression pattern

(Figure 1C and E).

Extragenital Endometriosis

We examined 44 samples of extragenital endometriosis,

which included 19 intestine endometrioses, 8 bladder endo-

metrioses, 3 ureteral endometrioses, 3 inguinal endome-

trioses, 1 abdominal wall endometriosis, and 10

diaphragmatic endometrioses. All extragenital endometrioses

were immunoreactive for IFITM1, whereas 42 (95.5%) sam-

ples were positive for CD10 (Table 2). Interferon-inducible

transmembrane protein 1 was localized in the endometriotic

stromal cells, with a staining pattern that was membranous

and cytoplasmic (Figure 2A and C) and similar to the CD10

expression pattern (Figure 2B and D). Additionally, we

observed weak expression of IFITM1 on the luminal mem-

brane of epithelial cells.

Among the 19 patients with intestine endometriosis,

IFITM1 was positive in all cases but CD10 in only 17 cases

(Figure 3B and C; Table 2), with the 2 CD10-negative cases

involving rectal endometriosis and ileal endometriosis.

Additionally, staining for both IFITM1 and CD10 was pos-

itive in bladder (Figure 3E and F), ureteral (Figure 3H and

I), inguinal (Figure 3K and L), abdominal wall (Figure 3N

and O), and diaphragmatic endometrioses (Figure 3Q and R;

Table 2).

We subsequently examined the 2 cases of negative CD10

expression (Figure 4B and H) in detail, finding that endome-

triotic stromal cells were positive for IFITM1 in both cases

(Figure 4C and I). To confirm this, we verified that these endo-

metriotic lesions were also positive for ER (Figure 4D and J),

PR (Figure 4E and K), and PAX8 (Figure 4F and L).
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The Effect of Hormonal Treatment on IFITM1 and
CD10 Expression in Endometriosis

The positive staining rates of IFITM1 and CD10 were com-

pared between groups with and without hormonal therapy.

Among the 62 patients, 23 underwent preoperative hormonal

therapy and 39 did not. As shown in Table 3, no significant

difference was observed in frequency of positive staining for

IFITM1 and CD10.

Discussion

In this study, we examined IFITM1 and CD10 expression in

18 cases of ovarian endometriosis and 44 cases of extragenital

endometriosis. Among the 62 patients, all (100.0%) were pos-

itive for IFITM1 and 60 (96.8%) for CD10, with 2 cases in

which CD10 was negative ultimately determined as positive for

IFITM1, ER, PR, and PAX8. Additionally, we found that

IFITM1 sensitivity was unaffected by the presence or absence

of hormonal therapy. To the best of our knowledge, this repre-

sents the first demonstration of IFITM1 as a highly sensitive

stromal marker of ovarian and extragenital endometriosis.

To date, CD10 has been used as a useful marker for endo-

metrial stroma and endometriotic stroma because it strongly

highlights endometrial or endometriotic stromal cells, which

may not have been apparent according to hematoxylin and

eosin staining.4-7 However, CD10 expression is not specific

to endometrial stromal cells and is found in many other cell

populations, including hematopoietic cells, renal tubular

epithelium, and smooth-muscle cells.5,9 Additionally, 20% to

30% of benign and malignant smooth-muscle tumors might

express CD10, thereby decreasing its specificity.11,12 Because

extragenital endometriosis can develop in various sites other

than those that are common, novel and specific markers for

endometrial stroma are required to overcome limitations asso-

ciated with current immunohistochemical markers.

Table 2. The Expression of IFITM1 and CD10 in Ovarian
Endometrioma or Extragenital Endometriosis.

Site of Endometriosis N

IFITM1 CD10

Positive/Total
Cases (%)

Positive/Total
Cases (%)

Ovarian endometrioma 18 18/18 (100.0%) 18/18 (100.0%)
Extragenital endometriosis 44 44/44 (100.0%) 42/44 (95.5%)
Intestine endometriosis 19 19/19 (100.0%) 17/19 (89.5%)
Rectal 12 12/12 (100.0%) 11/12 (91.7%)
Sigmoid 4 4/4 (100.0%) 4/4 (100.0%)
Cecum 2 2/2 (100.0%) 2/2 (100.0%)
Ileal 1 1/1 (100.0%) 0/1 (0.0%)

Bladder endometriosis 8 8/8 (100.0%) 8/8 (100.0%)
Ureteral endometriosis 3 3/3 (100.0%) 3/3 (100.0%)
Inguinal endometriosis 3 3/3 (100.0%) 3/3 (100.0%)
Abdominal wall 1 1/1 (100.0%) 1/1 (100.0%)
Diaphragm endometriosis 10 10/10 (100.0%) 10/10 (100.0%)

Abbreviation: IFITM1, Interferon-inducible transmembrane protein 1.
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Recently, IFITM1 was identified by bioinformatics

approaches from a public database of protein expression pro-

files as an efficacious marker of endometrial stromal-specific

molecules.10 Interferon-inducible transmembrane protein 1 is a

highly specific marker of endometrial stromal differentiation

across the spectrum of proliferative endometrium to metastatic

endometrial stromal sarcoma.10,13,14 Additionally, IFITM1 is

expressed on adenomyotic stromal cells and represents a more

accurate marker than CD10 when evaluating the involvement

of adenomyosis in endometrioid adenocarcinoma.13 Moreover,

IFITM1 exhibits similar sensitivity and higher specificity as a

marker of endometrial stromal differentiation as compared

with CD10.13,14 In the present study, we compared the sensi-

tivities of IFITM1 and CD10 for ovarian endometrioma and

extragenital endometriosis. Remarkably, IFITM1 was positive

in all cases of ovarian and extragenital endometriosis, whereas

CD10 was positive in only 96.8% of cases. This agrees with

previous reports showing that CD10 sensitivity for endometrial

stromal cells ranges from 75% to 100%.5,11,15-17 In particular,

the present results showed that IFITM1 was expressed in

2 cases of CD10-negative expression, where ER and PR

expressions were positive, as was PAX8, which we previously

reported as an epithelial marker. These results conclusively

identified these lesions as endometriosis and confirmed

IFITM1 as a sensitive endometriotic stromal marker compara-

ble or superior to CD10.

In this study, we were unable to clarify IFITM1 specificity

because we used only samples diagnosed as endometriosis.

However, previous studies of endometrial stroma and endome-

trial stromal neoplasm showed that IFITM1 is more specific to

the endometrial stroma than CD10.13,14 Based on these find-

ings, it is likely that IFITM1 specificity might also be high in

the endometriotic stroma.

Furthermore, we confirmed that IFITM1 functions as a stro-

mal marker for endometriosis in patients undergoing hormone

therapy, such as GnRH agonists and dienogest. When surgery

is planned for extragenital endometriosis, preoperative hor-

mone therapy is often used to reduce the size of the lesion or

control the condition. Therefore, it is important to verify that

these therapies do not alter the expression of endometriosis

markers (eg, IFITM1 and CD10).

Figure 1. Interferon-inducible transmembrane protein 1 (IFITM1) and CD10 expression in ovarian endometrioma. (A) H&E and (B and D)
IFITM1 staining in ovarian endometrioma. IFITM1 was localized in the stromal cells just beneath (B), the endometriotic epithelial cells and with a
staining pattern that was (D) membranous and cytoplasmic. (C and E) CD10 was localized in the stromal cells of endometrial tissue. Magnifica-
tion, �200 (A-C) and �600 (D and E).

Figure 2. Interferon-inducible transmembrane protein 1 (IFITM1)
and CD10 localization in bladder and rectal endometriosis. A and C,
IFITM1 was localized in endometriotic stromal cells and weakly
expressed on the luminal membrane of epithelial cells. B and D,
CD10 was localized in endometriotic stromal cells. The staining pat-
terns of IFITM1 and CD10 were membranous and cytoplasmic. Mag-
nification, �600.

Reproductive Sciences 2 ( )7 81598



Interferon-inducible transmembrane protein 1 is a member

of the IFITM family of proteins18 that are strongly induced by

type I and type II interferons.19,20 Interferon-inducible trans-

membrane protein 1 is also expressed in lymphoid nongerminal

centers, endothelial cells, and epididymal epithelial cells10 and

associated with innate immunity against viral infections.18

However, little is known about its function in the endometrium

and endometriotic lesions. Although the significance of

IFITM1 expression in the endometrium remains unclear, it is

reasonable to assume that it is associated with the local innate

Figure 3. Interferon-inducible transmembrane protein 1 (IFITM1) and CD10 expression in extragenital endometriosis. (A, D, G, J, M, and P)
H & E, (B, E, H, K, N, and Q) IFITM1, and (C, F, I, L, O, and R) CD10 staining in extragenital endometrial tissue. Interferon-inducible
transmembrane protein 1 and CD10 staining was strong and diffuse in the stroma of extragenital endometrial tissue. A-C, Rectal endometriosis,
D-F, bladder endometriosis, G–I, ureteral endometriosis, J–L, inguinal endometriosis, M-O, abdominal-wall endometriosis, and P–R, diaphrag-
matic endometriosis. Magnification, �100 (A-F) and �200 (H-R).

Sun et al 1599



immune system in this area. In cancer cells, IFITM1 is associ-

ated with cell invasion and metastasis,21-23 suggesting a poten-

tial link with endometriosis pathophysiology. Further studies

are required to clarify for the role of IFITM1 in the endome-

trium and endometriosis.

In summary, we demonstrated that IFITM1 is a highly

sensitive stromal marker of endometriosis and extragenital

endometriosis. Given our findings showing IFITM1 sensitiv-

ity as comparable or possibly superior to that of CD10,

IFITM1 can be a useful addition in immunohistochemical

examination of the disease, particularly in the accurate diag-

nosis of endometriosis in cases of ambiguous or unexpected

CD10 expression. The efficacy of IFITM1 in this context

should be validated by further examination and in clinical

practice.
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