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Abstracts. We previously reported that activin A, not inhibin,
was localized to endometrial tissues, and that the endometrium
might be a major source of activin A during the menstrual
cycle, using an immunohistochemical method. However,
there are few detailed reports concerning the expression of
inhibin subunits, activin receptors and Smad proteins in the
ectopic endometrial tissues of endometriosis. In this study, our
purpose was to evaluate the immunohistochemical localization
of inhibin a-, BA-subunits, activin A, activin receptor, and
Smad proteins in ovarian endometriosis. Tissue samples from
ovarian endometriosis were obtained from 13 women. Normal
endometrial tissues were obtained during the proliferative
phase from 5 premenopausal women without endometriosis
who were undergoing a hysterectomy for the treatment of
uterine cervical intraepithelial neoplasia 3. We examined the
immunohistochemical localization of inhibin/activin a-,
BA-subunit, activin A, activin receptors types IA, IB, IIA, IIB,
Smad2, Smad3 and Smad4 using an avidin-biotin-peroxidase
complex technique. No immunostaining for the a-subunit of
inhibin was observed in ovarian endometriosis and the normal
endometrium. Positive immunostaining for the BA-subunit of
inhibin, activin A, activin receptors types IA, IB, IIA, IIB,
Smad2, Smad3 and Smad4 was observed in ovarian endo-
metriosis and the normal endometrium. In conclusion, these
results suggest that activin A, but not inhibins, is produced by
ovarian endometriosis and the normal endometrium, and that
the activin signal transduction system exists in both ovarian
endometriosis and the normal endometrium.
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Introduction

Endometriosis is defined by the presence of endometrial
tissues outside the uterus, and is associated with pelvic pain
and infertility. Although it is not malignant, endometriosis
exhibits cellular proliferation and invasion, and angiogenesis.
The pathogenesis of endometriosis still remains unknown.
Among numerous substances related to this disease, growth
factors are thought to be associated with the development of
endometriosis (1), although it is unclear whether they
simulate the ectopic endometrial cells, carried by retrograde
menstruation or are formed by the metaplastic change of
peritoneal mesothelial cells to endometrial ones.

Activins and inhibins belong to the transforming growth
factors (TGF)-B superfamily (2) and are involved in the
regulation of cell growth and differentiation in various kinds
of tissues (3,4). Activins and inhibins are dimeric glycoproteins
which are isolated from ovarian follicular fluid. Activins are
composed of two homologous B-subunits, and three isoforms,
activin A (BA/BA), activin B (BB/6B), and activin AB (BA/BB),
have been identified. Inhibins consist of an a-subunit that is
linked to a B-subunit by disulfides, and two forms, inhibin A
(a/BA) and inhibin B (a/BB), have been characterized (5).
Activins stimulate the secretion of follicle-stimulating hormone
(FSH) from the anterior pituitary gland, whereas inhibins
inhibit FSH secretion.

Activin and TGF-f ligands bind to ligand-specific receptors,
and yet the actions of both growth factors are mediated
through the same cytoplasmic signaling components, Smads
(6-9). Activin initially binds to an activin type II receptor
(ActR ITA or ActR IIB) with high affinity and specificity.
Following its binding, the complex recruits the second (type I)
receptor (ActR IA or ActR IB) to form an activin type I-1I
receptor complex. This union promotes phosphorylation at a
serine or threonine type I receptor which results in the phos-
phorylation of two possible receptor-regulated cytoplasmic
coactivators (R-Smad2 and R-Smad3), which then interact
with the common Smad (co-Smad4) (10-13). The phos-
phorylated, activated Smad 2/4 or 3/4 complex translocates
into the cell nucleus where they play a prominent role in the
transcription of activin or TGF- responsive genes (12).
Inhibitory Smads (I-Smad6 and 7) block the phosphorylation
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of R-Smads by preventing their association with the type I
receptor in the cell cytoplasm, to inhibit additional Smad
signaling (12,14).

The signaling pathway of inhibin is less clearly understood.
There are neither specific receptors isolated, nor specific
threonine/serine kinases identified from genomic searches (15).
Recently, Lewis et al (16) reported that the association of
inhibin with an accessory binding protein (Bglycan, the so
called TGF-8 receptor type III) promoted inhibin binding to
ActR 1II, and thus this association was a very potent antagonist
of activin binding and action.

We previously reported that activin A, not inhibin, was
localized to endometrial tissues, and that the endometrium
might be a major source of activin A during the menstrual
cycle, using an immunohistochemical method (17). Moreover,
Luo et al (18) reported that the endometrium expressed Smad3,
Smad4 and Smad7 mRNAs and proteins, and that the Smads
were localized to the epithelial and stromal cells with
cytoplasmic/nuclear localization, using RT-PCR, Western
blot analysis, and immunohistochemistry. The authors also
reported that TGF- increased Smad mRNA and protein
expression and translocation of Smad3 into the nucleus in
cultured endometrial cells. However, there are few detailed
reports concerning the expression of inhibin subunits, activin
receptors and Smad proteins in the ectopic endometrial tissues
of endometriosis. In the present study, we examined the
immunohistochemical localization of inhibin a-, BA-subunit,
activin A, activin receptors, and Smad proteins in normal
endometrial tissues and in ovarian endometriosis.

Materials and methods

Materials. Tissue samples from the ovarian endometriosis were
obtained from 13 women who were admitted to Wakayama
Medical University Hospital from 1997 to 2003. The ages of
the patients with endometriosis ranged from 24 to 49 years
(mean + standard deviation; 38.9+7.6). All patients were
classified as stage III or IV endometriosis according to the
revised American Fertility Society classification of endo-
metriosis (19). The diagnosis was confirmed by laparotomic
and histological examinations of the endometriotic lesions.
Normal endometrial tissues were obtained during the
proliferative phase from 5 premenopausal women without
endometriosis who were undergoing a hysterectomy for the
treatment of uterine cervical intraepithelial neoplasia (CIN) 3.
The ages of the patients without endometriosis ranged from
31 to 43 years (mean =+ standard deviation; 38.2+4.9).

This project was approved by the committee of
investigations involving human subjects of the Wakayama
Medical University School of Medicine. Informed consent
was obtained from each patient after the purpose and nature
of the study had been fully explained.

Immunohistochemistry. The antibodies against inhibin/activin «
and BA-subunits were purchased from Serotec (Oxford, UK).
The monoclonal antibodies were directed against synthetic
peptides that correspond to amino acids 1-32 of the a-subunit
and 82-114 of the BA-subunit of the 32-kDa inhibin A. The
monoclonal antibody against activin A was prepared as
described previously (17). The mouse monoclonal antibodies

against activin receptors IA, and IIB and the goat polyclonal
antibodies against activin receptors IB, and ITA were purchased
from R&D systems (Minneapolis, MN). The antibodies against
activin receptors 1A, IB, ITA, and I1IB were directed against
the recombinant human activin receptors IA, IB, ITA, and IIB
extracellular domain. The mouse monoclonal antibody against
Smad4 and the goat polyclonal antibodies against Smad2 and
Smad3 were purchased from Santa Cruz Biotechnology (Santa
Cruz, CA). The monoclonal antibody against Smad4 was
directed against peptides that correspond to amino acids 1-552
representing the full-length Smad4 of human origin. The goat
polyclonal antibodies against Smad2 and Smad3 were
directed against peptides mapping within the amino terminal
domain of Smad2 and Smad3 domain of human origin.
Tissues from the normal endometrium and ovarian endo-
metriosis were fixed in formalin, embedded in paraffin, and
cut into 5 pym sections. Immunohistochemical procedures
were performed via the avidin-biotin-peroxidase complex
technique using a Vectastain ABC kit (Vector Laboratories,
Burlingame, CA). Briefly, tissue sections were deparaffinized,
rehydrated in a graded ethanol series, and washed with
0.05 mol/l phosphate buffer, pH 7.4. The sections were
incubated for 30 min with 3% H,O, in phosphate buffer to
quench endogenous peroxidase activity and were washed
3 times for 5 min each in phosphate buffer containing 0.3%
Triton X-100 (Sigma Chemical Co., St. Louis, MO). Sections
were incubated for 30 min at room temperature with 20%
normal horse serum for inhibin a- and BA-subunits, activin
receptors IA, IIB Smad4, normal goat serum for activin A, or
normal rabbit serum for activin receptor IB, IIA Smad2,
Smad3 to block nonspecific binding. Tissue sections were
incubated with the primary antibody for 1 h at room
temperature, followed by 16 h at 4°C. Each primary antibody
was used for analysis at a final concentration of 1 pg/ml
(o-subunit, activin A), 2 pg/ml (BA-subunit), 10 xg/ml (activin
receptor IB), 20 ug/ml (activin receptor IA, ITA, I1IB, Smad3,
Smad4), and 5 pg/ml (Smad2). Tissue sections were then
washed with 0.05 mol/l phosphate buffer and incubated with
biotinylated horse antibodies against mouse IgG for a-,
BA-subunits, activin receptor IA, IIB and Smad4, with bio-
tinylated goat antibodies against mouse IgM for activin A, or
with biotinylated rabbit antibodies against goat IgG for activin
receptor IB, ITIA, Smad2 and Smad3 for 30 min at room
temperature. The antigen-antibody complexes were visualized
with diaminobenzidine as the chromogen after incubation
with the avidin-biotin peroxidase complex for 30 min at
room temperature. The sections were counterstained with
Meyer's hematoxylin and observed under a light microscope.
For the preparation of negative controls, samples were
treated with preimmune sera from mice, rabbits, and goats
instead of the primary antibodies at the same dilution, and no
immunoreactivity was observed (data not shown).

Results

Fig. 1 shows the immunolocalization of the inhibin/activin
a-, BA-subunit, and activin A in tissues from ovarian endo-
metriosis and the normal endometrium. We did not observe any
immunostaining for the a-subunit of inhibin (Fig. 1A and B)
in the tissues of ovarian endometriosis and normal endo-
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Figure 1. Immunohistochemical localization of inhibin subunits and activin A in ovarian endometriosis and the normal endometrium. Tissues stained brown
are positive for immunoreactivity. The nuclei are stained blue. The left and middle panels are ovarian endometriosis (A, D and G) and the normal
endometrium in the proliferative phase (B, E and H), respectively. Representative sections showing immunostaining for the a-subunit (A and B), BA-subunit
(D and E) and activin A (G and H). No immunostaining specific for the a-subunit (A) was observed in ovarian endometriosis and the normal endometrium
(B). Immunostaining for the BA-subunit (D and E) and activin A (G and H) was evident in the cytoplasm of cells from ovarian endometriosis and the normal
endometrium. Positive immunostaining for the a-subunit was observed in the luteal cells of the human corpus luteum (C). No immunostaining was observed
in ovarian endometriotic tissues treated with a secondary anti-mouse IgG only (F) or a secondary anti-mouse IgM only (I). Original magnification, x200.

metrium. However, with the antibodies against BA-subunit
(Fig. 1D and E) and activin A (Fig. 1G and H), we observed
strong immunoreactive staining of the cytoplasm in all cases
of ovarian endometriosis and the normal endometrium. As for
positive controls, we immunostained corpora lutea using anti-
bodies against the a- and BA-subunits and we observed strong
immunostaining for the a-subunit (Fig. 1C) and BA-subunit
(data not shown) in the luteal cells. No immunostaining was
observed in the normal endometrium and ovarian endometriosis
tissues treated with secondary antimouse IgG only (Fig. 1F)
or secondary antimouse IgM only (Fig. 11).

Fig. 2 shows the immunolocalization of the activin
receptors, type IA (Fig. 2A and B), type IB (Fig. 2C and D),
type IIA (Fig. 2E and F) and type IIB (Fig. 2G and H) in
tissues from ovarian endometriosis and the normal endo-
metrium. In ovarian endometriosis, we observed positive
immunoreactive staining in the cell cytoplasm and with the
antibodies against activin receptors, type IA in 11 out of
13 cases (Fig. 2A), type IB in 12 out of 13 cases (Fig. 2C),
type IIA in 8 out of 13 cases (Fig. 2E) and IIB in all cases
(Fig. 2G). In the normal endometrium, we observed positive
immunoreactive staining in the cytoplasm and cell surface with

the antibodies against activin receptors, type IA in all cases
(Fig. 2B), type IB in 3 out of 5 cases (Fig. 2D), type IIA in all
cases (Fig. 2F) and IIB in 4 out of 5 cases (Fig. 2H).

Fig. 3 shows the immunolocalization of the Smad2
(Fig. 3A and B), Smad3 (Fig. 3C and D), and Smad4 (Fig. 3E
and F) proteins in tissues from ovarian endometriosis and the
normal endometrium. In the normal endometrium, we observed
positive immunoreactive staining in the cytoplasm and nucleus
with antibodies against Smad2 in 4 out of 5 cases (Fig. 3B),
Smad3 and Smad4 in all cases (Fig. 3D and F). In the tissues
from ovarian endometriosis, we observed positive immuno-
reactive staining in the cytoplasm and nucleus with anti-
bodies against Smad2 in 5 out of 13 cases (Fig. 3A), Smad3
in 4 out of 13 cases (Fig. 3C) and Smad4 in 9 out of 13 cases
(Fig. 3E).

Discussion

In the present study, immunostaining with antibodies against
the BA-subunit and activin A was observed intracytoplasmically
in epithelial cells from the normal endometrium and ovarian
endometriosis. We did not detect any immunostaining for the
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Figure 2. Immunohistochemical localization of activin receptor types IA, IB, IIA and IIB in ovarian endometriosis and the normal endometrium. The left panels
are ovarian endometriosis (A, C, E and G) and the right panels are the normal endometrium (B, D, F and H). Representative sections showing immunostaining
for activin receptors, type IA (A and B), type IB (C and D), type IIA (E and F) and type IIB (G and H). Immunostaining for activin receptor types IA, IB, IIA and
IIB was evident in the cytoplasm and the cell surface of ovarian endometriosis and the normal endometrium. Original magnification, x200.

o-subunit in the normal endometrium or ovarian endometriosis.
The stroma, on the other hand, showed faint immunostaining
for the BA-subunit and activin A. These findings suggest that
activin A, but not inhibins, is produced in the normal endo-
metrium and in ovarian endometriosis.

Indeed, vascular endothelial growth factor (VEGF) is a
potent angiogenic factor involved in both physiological and

pathological angiogenesis. The eutopic endometrium of
women with endometriosis had higher expression levels of
VEGF mRNA than those of women without endometriosis
(20), and the peritoneal fluid from women with endometriosis
contained significantly greater amounts of VEGF than those
from women without endometriosis (21). In addition, hepato-
cyte growth factor (HGF), which was initially recognized as
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Figure 3. Immunohistochemical localization of Smad2, Smad3, and Smad4 in ovarian endometriosis and the normal endometrium. The left panels are ovarian
endometriosis (A, C and E) and the right panels are the normal endometrium (B, D and F). Representative sections showing immunostaining for Smad2
(A and B), Smad3 (C and D) Smad4 (E and F). Immunostaining for Smad2, Smad3 and Smad4 was evident in the cytoplasm and nucleus of cells from ovarian

endometriosis and the normal endometrium. Original magnification, x200.

a strong mitogen for hepatocytes, has recently been thought
to have mitogenic effects on various kinds of tissues. The
expression of HGF and its receptor, c-Met, were significantly
higher in the eutopic endometrium of women with endo-
metriosis than in that of women without endometriosis (22).
The HGF concentrations in the peritoneal fluid from women
with stage III/IV endometriosis were also significantly higher
than those from women without endometriosis (23).

Matzuk et al (24) demonstrated that inhibin can act as a
novel secreted tumor suppressor protein with specificity for
gonadal sex cord stromal tumors in their inhibin deficiency
animal study. In addition, Shikone ef al (25) demonstrated
that activin A can act as an autocrine growth factor that
stimulates the proliferation of cell lines derived from the
gonadal stromal tumors in inhibin a-subunit knockout mice. In
humans, we previously reported that activin A, not inhibins,

was localized to the endometrial tissues and that the endo-
metrium might be a major source of activin A during the
normal menstrual cycle, using an immunohistochemical
method (17). Reis et al (26) reported that inhibin o- and BA-
subunits were localized in the epithelial and stromal
components of ovarian endometrioma using immunohisto-
chemistry and that the mRNAs of inhibin a- and BA-subunit
were expressed in endometriotic cells using RT-PCR. The
authors (26) also demonstrated that the inhibin A and activin
A concentrations in the cystic fluid of ovarian endometriosis
were significantly higher than in the peripheral blood using a
two-site enzyme immunoassay. On the other hand, Florio et al
(27) reported that cultured endometriotic cells expressed the
mRNA of inhibin a-, BA-, BB-subunits, and activin receptors
types II and IIB, and that the inhibin A, inhibin B and activin A
concentrations of the peritoneal fluid were not significantly
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different between healthy women and patients with endo-
metriosis. Cobellis et al (28) also reported that no significant
difference was observed in the peritoneal fluid activin A
concentrations between patients with endometriosis and
healthy controls. Oosterlynck et al (29) reported that the
concentration of TGF-8, which shares the signaling component,
Smad with activin, in the peritoneal fluid from women with
endometriosis was significantly higher than that from women
without endometriosis.

The current study demonstrated that, in the normal endo-
metrium and in ovarian endometriosis, immunostaining with
antibodies against activin receptors types IA, IB, ITA and IIB
was observed in the cytoplasm and cell surface and that the
immunohistochemical localization of Smad2, Smad3 and
Smad4 was in the cytoplasm and nucleus of the cells. These
findings suggest that normal endometrial and ovarian endo-
metriotic tissues are a target of the autocrine/paracrine effects
of activin A and that the activin signal transduction system is
functioning in the normal endometrium and ovarian endo-
metriosis. Moreover, the activin signaling components may
influence the implantation of the normal endometrium into
the intraperitoneal cavity and the subsequent formation of
ovarian endometriotic lesions.

To our knowledge, there are no detailed data concerning
Smad in endometriosis. However, it has been reported that
Smad proteins are suppressive against cell proliferation in
various tissues, including cancer tissues. Smad4 gene alteration,
which leads to tumor progression, is the most prevalent,
especially in pancreatic cancers (30,31). Although mutations
in the Smad2 gene have been detected in colorectal cancers
(32), their frequency was far less than that of Smad4.
Jeruss et al (33) reported that there were significant correlations
in breast cancer specimens between a decrease in nuclear
Smad3 abundance and high tumor and architecture grades,
larger tumor size, and hormone receptor negativity. On the other
hand, Moustakas and Heldin (34) reported that pathways
which are independent of Smad proteins exist as part of the cell
proliferation signaling by TGF-. It may be possible that non-
Smad substances mediate the cell proliferation signals from
activin.

In our present study, although there was no significant
difference between the immunostaining intensities of the
nuclear Smad2, Smad3 and Smad4 from ovarian endometriosis
and those from normal endometrium, the number of positive
cases of Smad2 (5 out of 13 cases) and Smad3 (4 out of
13 cases) in ovarian endometriosis was smaller than those of
Smad?2 (4 out of 5 cases) and Smad3 (5 out of 5 cases) in the
normal endometrium. Although the effect of Smad on
endometrial cells is not well understood, the lower number of
Smad immunopositive cases in ovarian endometriosis as
compared with the normal endometrium may suggest the
following theories. First, Smad has a suppressive effect on
the proliferation of endometrial cells, and thus Smad expression
is impaired during the formation of endometriotic lesions.
Second, non-Smad signaling pathways exist in ectopic
endometrial cells.

In conclusion, we observed immunoreactive staining with
antibodies against the BA-subunit and activin A in the normal
endometrium and ovarian endometriosis. It is suggested that
activin A, but not inhibins, is produced by the normal

endometrium and ovarian endometriosis. We also demonstrated
the immunolocalization of activin receptors types 1A, 1B,
IIA, IIB, Smad2, Smad3 and Smad4 in the normal endo-
metrium and ovarian endometriosis, which suggested that an
activin signal transduction system is present in the normal
endometrium and ovarian endometriosis.
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