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Abstract

Background Inhibins and activins are important regula-
tors of the female reproductive system. Recently, two novel
inhibin subunits, named betaC and betaE, have been
identified and shown to be expressed in several human
tissues. However, only limited data on the expression of
these novel inhibin subunits in normal human endometrial
tissue and endometrial adenocarcinoma cell lines exist.
Samples of proliferative and
secretory human endometrium were obtained from five
premenopausal, non-pregnant patients undergoing gyne-
cological surgery for benign diseases. Normal endometrial
tissue and Ishikawa endometrial adenocarcinoma cell lines
were analyzed by immunohistochemistry, immunofluores-
cence and RT-PCR.

Results Expression of the inhibin betaC and betaE sub-
units could be demonstrated at the protein level by means
of immunohistochemical evaluation and at the transcrip-
tional level by establishing a betaC- and betaE-specific
RT-PCR analysis in normal human endometrial tissue and
the parental Ishikawa cell line. Interestingly, in a highly de-
differentiated subclone of the Ishikawa cell line lacking
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estrogen receptor expression, the expression of the inhibin-
betaC subunit appeared strongly reduced.

Discussion Here, we show for the first time that the novel
inhibin/activin-betaC and -betaE subunits are expressed in
normal human endometrium and the estrogen receptor
positive human endometrial carcinoma cell line Ishikawa
using RT-PCR and immunohistochemical detection meth-
ods. Interestingly, the Ishikawa minus cell line (lacking
estrogen receptor expression) demonstrated no to minimal
expression of the betaC subunit as observed with immu-
nofluorescence and RT-PCR, suggesting a possible hor-
mone- dependency of this subunit in human endometrial
cancer cells. Moreover, because the Ishikawa cell line
minus is thought to be a more malignant endometrial cell
line than its estrogen receptor positive counterpart, inhibin-
betaC subunit might be substantially involved in the
pathogenesis and malignant transformation in human
endometrium.
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Introduction

Inhibin/activin proteins belong to the transforming growth
factor-ff (TGF-f) family of growth and differentiation
factors and were primarily isolated from the gonads [1-3].
Activins are homo- or heterodimers composed of two dif-
ferent f subunits (A, fB), each encoded by a single gene.
These f-subunits can either form activins by dimerization
with a second pf-subunit, or alternatively inhibins by
dimerizing with a o-subunit. Thus, depending on the
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subunit combination, there are two forms of inhibin
[namely inhibin A (a-fA) and inhibin B (o-ffB)] and three
isoforms of activin [namely activin A (fA-fA), activin
B (fB-fB) and activin AB (fA—-fB)] [1-3].

Recently, three additional f-subunits have been identi-
fied, determined as C [4], fD [5] and SE [6]. Whereas the
fD-subunit has only been detected in Xenopus, expression
of the fC and SE genes could also be identified in humans
[4, 7]. This two novel subunits share 82 and 61% amino
acid sequence similarity of the mature peptides from rat
and mouse, respectively [8, 9]. The inhibin/activin-fC
protein was primarily found to be in human liver and
prostate [10], while inhibin/activin-fE mRNA was pre-
dominantly expressed in human liver with low levels in
heart, testis, leukocytes, skeletal muscle and placenta [7].

The expression of inhibin/activin subunits has been
described in different gynecological organs, including
normal and pathological human endometrium [11-16],
suggesting different roles, such as paracrine modulators of
endometrial cell function regulating endometrial matura-
tion, decidualization and implantation processes [17] and
malignant transformation [15, 16, 18, 19].

However, only limited data on the expression of the
inhibin-fC and -fE subunits in human endometrial tissue
exist. Therefore, aims of the present study were to evaluate
the synthesis of the novel inhibin-SC and -SE subunits in
normal human endometrium and the human endometrial
cancer cell line Ishikawa.

Materials and methods
Tissue samples

Samples of human endometrium were obtained from five
premenopausal, non-pregnant patients undergoing gyneco-
logical surgery either by D&C or hysterectomy for benign
diseases, mainly uterine leiomyomata, at the Ist Depart-
ment of Obstetrics and Gynaecology of the Ludwig-Max-
imilians-University Munich. Endometrium samples were
classified according to anamnestic and histologic dating
into proliferative (n = 5) and secretory phase (n = 5).

Generation of a polyclonal inhibin-SE peptide antibody

Anti-inhibin SE polyclonal antibodies were generated as
custom-made antibodies in rabbits against a polypeptide of
16 amino acids of inhibin-SE [polypeptide-sequence: NH2-
CRWGPRRRRQGSRTLL-COOH; amino acid position
144-158; accession number: AAHO05161] as previously
described by BioGenes (Berlin, Germany) [20]. A primary
dose of 200 pg activin SE polypeptide was solubilized in
Freund’s complete adjuvant (Sigma-Aldrich, Germany)
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and administered subcutaneously in rabbits. Three doses of
the peptide solubilized in Freund’s incomplete adjuvant
were administrated at intervals of 6 weeks. After the third
booster injection (14 days), blood was collected from the
rabbit, and the serum was separated. Antibodies were iso-
lated by column chromatography with a protein A column
(Amersham Pharmacia Biotech, Freiburg, Germany).

Immunohistochemistry

Immunohistochemistry was performed using a combination
of pressure cooker heating and the standard streptavidin—
biotin peroxidase complex using the goat IgG-Vectastain
Elite ABC kit and rabbit IgG-Vectastain Elite ABC kit for
the inhibin-fC and -SE subunits, respectively (both Kits
obtained from Vector Laboratories, Burlingame, CA, USA)
as previously described [20] with slight modifications.
Briefly, paraffin-fixed tissue sections were dewaxed
using xylol for 15 min and rehydrated in 100% of ethanol
twice. Endogenous peroxidase activity was quenched by
immersion in 3% hydrogen peroxide (Merck, Darmstadt,
Germany) in methanol for 20 min. After washing, slides
were subjected to antigen retrieval for 5 min in a pressure
cooker using sodium citrate buffer (pH 6.0), containing
0.1 M citric acid and 0.1 M sodium citrate in distilled
water. After cooling to room temperature, sections were
washed twice in phosphate-buffered saline (PBS). Non-
specific binding was blocked by incubating the sections
with Ultra-V-Block (Lab Vision, Fremont, USA) for
45 min at room temperature. Sections were then incubated
at 4°C over night with the inhibin-fC polyclonal goat
antibody (R&D Systems, Wiesbaden, Germany) at a dilu-
tion of 1:50 in Ultra-V-Block (Lab Vision, Fremont, USA)
or the inhibin-fE polyclonal rabbit antibody at a dilution of
1:4,000 in Ultra-V-Block (Lab Vision, Fremont, USA).
After washing with PBS, sections were incubated with
biotinylated secondary anti-rabbit antibody (provided by
Vector Laboratories) for 30 min at room temperature. After
incubation with the avidin-biotin peroxidase complex
(diluted in 10 ml PBS; Vector Laboratories) for 30 min
and repeated washing steps with PBS, visualization was
performed with ABC substrate buffer (Vectastain Elite
ABC kit, Vector Laboratories, Burlingame, CA, USA) and
chromogen 3,3’-diaminobenzidine (DAB; Dako, Glostrup,
Denmark) at 1 mg/ml concentration for 2 min. Sections
were then counterstained with Mayer’s acidic hematoxylin
and dehydrated in an ascending series of alcohol (50-98%).
After xylol treatment, sections were mounted. Negative
controls were performed by replacing the primary antibody
with normal goat IgG or rabbit IgG as isotype control in the
same dilution compared to the primary antibody, respec-
tively. Immunohistochemical staining was performed using
human liver tissue as an appropriate positive control.
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Positive cells showed a brownish color and negative con-
trols as well as unstained cells were stained blue.

Cells and cell culture

The endometrial adenocarcinoma cell line Ishikawa has
been established as a well-differentiated human endome-
trial adenocarcinoma cell line with estrogen receptor
expression [21]. From this cell line (Ishikawa plus), several
undifferentiated cell strains developed that lost estrogen
receptor expression (Ishikawa minus) [21]. Cells were
grown in Quantum 263 medium (PAA, Pasching, Austria)
supplemented with antibiotics at 37°C in a humidified
atmosphere with 5% CO, as previously described [22].

Immunofluorescence analysis

Cells grown on glass cover slips were fixed with acetone
for 10 min at room temperature and washed twice with
PBS. Non-specific binding was blocked by incubating the
sections with Ultra-V-Block (Lab Vision, Fremont, USA)
for 15 min at room temperature. Thereafter, slides were
incubated with inhibin-fC antibody (1:50 in dilution
medium provided by DAKO, Glostrup, Denmark) or inhi-
bin-SE antibody (1:2,000 in dilution medium provided by
DAKO, Glostrup, Denmark) over night at 4°C, followed by
a 1:500 diluted Cy3-conjugated donkey-anti-goat antibody
(Dianova, Hamburg, Germany) for inhibin-fC or a 1:500
diluted Cy3-conjugated goat-anti-rabbit antibody (Diano-
va, Hamburg, Germany) for inhibin-fE, respectively. The
slides were finally embedded in mounting buffer contain-
ing 4,6-diamino-2-phenylindole (DAPI) resulting in blue
staining of the nuclei. Slides were embedded with Vecta-
shield mounting medium (Axxora, Lorrach, Germany) and
examined with a Zeiss (Jena, Germany) Axiophot photo-
microscope. Digital images were obtained with a digital
camera system (Axiocam, Zeiss) and saved on a computer.

RT-PCR analysis

RNA was extracted from cells using the Nucleospin RNA
II kit (Macherey—Nagel, Diiren, Germany). Reverse tran-
scription was performed with M-MLYV reverse transcriptase
and oligo-dT (Promega, Mannheim, Germany) as recom-
mended by the supplier. PCR was performed in an Eppendorf
Mastercycler with GoTaq (Promega, Mannheim, Germany).

Table 1 Primer sequences and length of amplification products

PCR cycling was performed after a 5 min initiation at
94°C with 32 cycles of 1 min at 94°C, 1 min at 57°C,
2 min at 72°C, followed by a 5 min extension at 72°C.
Primer sequences are listed in Table 1. Actin primers
(661 bp amplification product) were from Stratagene, The
Netherlands.

Results

Expression of inhibin-fC and -fE in normal human
secretory endometrial tissue

To test the reactivity of the fC and SE subunit antibody, an
evaluation of the immunohistochemical staining reaction
was performed using appropriate positive controls includ-
ing normal human liver specimens. A positive staining
reaction for inhibin-fC and -fE expression could be
demonstrated in normal human liver tissue (Fig. 1), con-
firming previous results [7, 20, 23]. In normal proliferative
and secretory endometrial tissues, inhibin-fC and -SE was
primarily detected in endometrial glandular epithelial cells,
while immunostaining reaction in the stromal compartment
was weaker (Fig. 2a—d). The staining intensity was slightly
less intense in proliferative samples compared to secretory
endometrial tissue (Fig. 2a—d).

Expression of inhibin-fC and-fSE in the human
endometrial adenocarcinoma cell line Ishikawa

The endometrial adenocarcinoma cell line Ishikawa is a
malignant cell line derived from invasive endometrial
adenocarcinoma. We therefore tested the expression of
inhibin-fC and -fE in this cell line, demonstrating an
expression of both novel subunits at the protein level, being
primarily in the cytoplasma (Fig. 3a, b). Interestingly, the
Ishikawa minus cell line with no estrogen receptor
expression demonstrated no to minimal expression of the
PC subunit, whereas the inhibin-fE could also be demon-
strated in this cell line (Fig. 3c, d).

RT-PCR analysis
To analyze the inhibin-fC and -fE subunit expression at

the transcriptional level, RNA was extracted from normal
human endometrium and cells of the human endometrial

Forward primer (5'-3')

Backward primer (3'-5") Length (bp)

Inhibin-fC
Inhibin-SE

GCAGCCCGGGTGAGAGTTGG
AGCCCTTCCTAGAGCTTAAG

ACTGCACCCACAGGCCTC 393
GCTGCAGCCACAGGCC 404
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Fig. 1 Immunohistochemical staining reaction of inhibin-C and -SE
in normal liver tissue. The inhibin-fC subunit demonstrated a positive
staining reaction in normal human liver tissue (a x400). The inhibin-SE
subunit also showed a positive staining reaction in normal human
liver tissue, although with a lesser intensity compared to the fC
subunit (b x400)

cancer cell line Ishikawa, transcribed into cDNA, and
analyzed by PCR analysis using specific primers.
Figure 4a, b demonstrates that the mRNAs of the inhibin
subunits SC and PE are expressed in Ishikawa cells.
Interestingly, the Ishikawa minus cell line (with no estro-
gen receptor expression) demonstrated no to minimal
expression of the SC subunit mRNA, whereas the inhibin-
PE could also be demonstrated in this cell line (Fig. 4b).

Discussion

Inhibins and activins were initially characterized as endo-
crine and paracrine hormonal regulators of the hypotha-
lamic-pituitary—gonadal axis. Meanwhile, it is clear that
they are expressed in a wide range of female reproductive
tissues including normal and pathological human endo-
metrium [11-14, 16, 19, 24]. In this preliminary study, we
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have demonstrated an immunohistochemical staining
reaction of the novel subunits inhibin/activin-fC and -fE
subunits in normal human endometrium and the human
endometrial carcinoma cell line Ishikawa using RT-PCR
and immunohistochemical detection methods.

Although the precise physiologic roles of endometrial
inhibins/activins are still unclear, possible functions in
stem cell biology [25] and reproductive biology by influ-
encing ovarian and placental hormone secretion [2, 26]
have been suggested. Additionally, they seem to have
important roles in endometrial decidualization [27], tro-
phoblast differentiation [28], immunomodulary function
[29, 30], systemic inflammation [31, 32], endometrial
repair [33] and apoptosis [34].

The inhibin/activin-SC subunit was demonstrated to be
predominantly expressed in hepatocytes [4, 9], prostate,
ovary, testes and pituitary [10, 35]. Although the precise
role of this subunit is still not elucidated yet, several pos-
sible functions have been suggested, including apoptosis
[36, 37] and increasing the rate of DNA synthesis in pri-
mary rat hepatocytes [38], leading to mitosis in a subset of
hepatocytes [35]. Moreover, it was demonstrated that
activin C (fC-fC) does not activate activin A (SA-SA)-
responsive promoters, suggesting a regulative role of the
PBC subunit to the levels of bioactive activin A (fA-SA)
through the formation of signaling incompetent activin AC
heterodimers [39-41]. Therefore, SC-subunit might func-
tion as an antagonist of activin function [10, 39]. Moreover,
human testis, liver and prostate cancers also synthesize this
SC subunit, suggesting a possible role in the pathogenesis
and carcinogenesis of these cancers [41]. If these functions
are also applicable in normal or malignant endometrial
tissue still remains to be clarified.

The PE subunit is also predominantly expressed in
hepatocytes [7, 37]. Interestingly, inhibin/activins-fE
mRNA expression was transiently up-regulated after partial
hepatectomy or portal vein branch ligation [23, 42]. When
ectopically expressed in HepG2 or Hep3B hepatoma cells
or in the murine hepatocyte cell line AMLI12, activin SE
reduced the cell number and increased apoptosis rates [37,
38]. Moreover, transient overexpression of SE by non-viral
gene transfer in the mouse liver inhibited regenerative
DNA synthesis [36]. These observations suggest that acti-
vin E may have a growth-limiting function similar to
activin A [43]. However, the apoptotic function of the SE
subunit is also still unclear in human endometrial tissue.
Moreover, the function of this novel subunit and the for-
mation of putative inhibins and/or activins are still unclear
and warrant further research.

In conclusion, we have demonstrated an immunohisto-
chemical staining reaction of the novel subunits inhibin-C
and -fE subunits in normal human endometrium and the
human endometrial carcinoma cell line Ishikawa using
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Fig. 2 Immunohistochemical
staining reaction of inhibin-fC
and -fE subunit in normal
human secretory endometrial
tissue. Proliferative
endometrium demonstrated a
positive immunohistochemical
staining reaction against
inhibin-SC (a x250) and -fE
(b x250) antibodies. In normal
secretory endometrial tissues,
inhibin-fC (¢ x400) and -SE
(d x400) was primarily
detected in endometrial
glandular epithelial cells, while
the immunostaining reaction in
the stromal compartment was
weaker compared to the
glandular epithelial cells

T T
.“c".*. by

e
”»

il
i:'.k‘?fﬁ?'

-

®

[

r
Uy ™
&

&<

Fig. 3 Localization of inhibin-
pC and -pE expression in
endometrial Ishikawa cells. The
endometrial adenocarcinoma
cell line Ishikawa was analyzed
by immunofluorescence for the
expression of inhibin-fC and
-PE, showing a positive
cytoplasmic staining reaction
for both subunits in Ishikawa
plus cancer cells (a, b x400).
The labeling intensity appeared
stronger in mitotic cells
(arrows). Interestingly, the
Ishikawa minus cell line,
demonstrated no to minimal
expression of the fC subunit,
whereas the inhibin-fE could
also be demonstrated in this cell
line (¢, d x400)

Ishikawa plus

Ishikawa plus

RT-PCR and immunohistochemical detection methods.
Interestingly, the Ishikawa minus cell line (laking estrogen
receptor expression) demonstrated no to minimal expression
of the SC subunit as observed with immunofluorescence
and RT-PCR, suggesting a possible hormone-depen-
dent dependency of this subunit in human endometrial

Inhibin-betaC Ishikawa minus Inhibin-betaC

Inhibin-betakE Ishikawaimiie Inhibin-betakE

R

cancer cells. Moreover, because the Ishikawa cell line
minus is thought to be a more malignant endometrial cell
line than its estrogen receptor positive counterpart [21],
inhibin-fC subunit might be substantially involved in the
pathogenesis and malignant transformation in human
endometrium.
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Fig. 4 Inhibin-fC and -fE mRNA expression in the endometrium
and endometrial Ishikawa cells. Normal human endometrium (a) and
the endometrial adenocarcinoma cell line Ishikawa were analyzed by
RT-PCR analysis for the expression of the inhibin-fC and -SE
subunits (b). The used marker was pBR328 (Carl Roth, Karlsruhe)
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