ever. Many mechanisms for learning and
pattern recognition have been proposed
(17) and may be incorporated into this
model. Central analyzers in our model are
no longer the last neuronal processing stage.
Instead, their responses are directed periph-
erally, where they select, modify, or generate
stimulus patterns.
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Localization, Secretion, and Action of

Inhibin in Human Placenta

FELICE PETRAGLIA, PAUL SAWCHENKO, ALAN T. W. LiM, JEAN RIVIER,

WyLIE VALE

Inhibin is a gonadal glycoprotein hormone that regulates the production of follicle-
stimulating hormone (FSH) by the anterior pituitary gland and exhibits intragonadal
actions as well. The present study shows that inhibin-like immunoreactivity (inhibin-
LI) is present in cells of the cytotrophoblast layer of human placenta at term and in
primary cultures of human trophoblasts. Human chorionic gonadotropin (hCG)
stimulated secretion of inhibin-LI from these cultured placental cells. This effect was
mimicked by 8-bromo—cyclic adenosine monophosphate (8-bromo—cAMP), forskolin,
and cholera toxin, suggesting that the mechanism of hCG induction of placental
inhibin-LI secretion is cAMP-dependent. Incubation with an antiserum that binds the
a-subunit of human inhibin increased the secretion of hCG and gonadotropin-
releasing hormone-like immunoreactivity (GnRH-LI) from trophoblast cells in cul-
ture, suggesting a local tonic inhibitory action of endogenous inhibin on hCG and
GnRH-LI release. The action of inhibin on hCG secretion may partially require the
presence of placental GnRH, as suggested by evidence that a synthetic GnRH
antagonist partially reverses the hCG increase induced by inhibin immunoneutraliza-
tion. Results suggest paracrine roles for both inhibin and GnRH in the regulation of

placental hCG production.

HE PLACENTA SYNTHESIZES AND SE-

cretes protein and peptide hormones

that are active both in the maternal-
fetal compartment and within the placenta.
Human chorionic gonadotropin (hCG) is
the polypeptide hormone that regulates pro-
gesterone production from corpus luteum
and placenta (I); a placental gonadotropin-
releasing hormone (GnRH) has been pro-
posed as a local modulator of hCG secretion
(2). Because peptides participate in the
mechanism of control of hormonogenesis in
the chorionic system (3), the presence of
inhibin-like bioactivity and immunoreactiv-
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ity in rabbit and human placenta at term (4,
5) suggests a possible role for inhibin in the
endocrinology of pregnancy. Inhibin, a het-
erodimeric protein with o and B subunits,
has been isolated from porcine and bovine
follicular and ram rete testis fluids; it selec-
tivity inhibits the release of follicle-stimulat-
ing hormone (FSH) from the pituitary (6).
The amino acid structure of porcine, bovine,
and human inhibin has been determined
from complementary DNA (cDNA) se-
quences (7). We have also identified the
human inhibin o-chain messenger RNA
(mRNA) in a term placental cDNA library

(8). The aim of the present study was to
localize placental inhibin and explore its
local action and regulation.

To determine where inhibin-like immu-
noreactivity (inhibin-LI) is present in pla-
cental cells, we conducted immunohis-
tochemical localization studies on immer-
sion-fixed samples of three fresh human
placentas collected at term. Indirect immu-
nofluorescence staining (9) with antiserum
to porcine inhibin-a-(1-25)-Gly-Tyr re-
vealed numerous immunoreactive cells in
the placental villi (Fig. 1). These appeared to
be localized in the central (cytotrophoblast)
layer of the villi. When the antiserum was
adsorbed with rat synthetic corticotropin-
releasing factor (CRF) or GnRH, other
peptides present in cytotrophoblasts (2, 3,
10) did not interfere with staining for inhib-
in-LI. The antisera used to detect inhibin-
LI in human placenta were used previously
to stain porcine and rat ovarian follicular
granulosa cells, which are widely acknowl-
edged to be the principal site of inhibin
production in the female. Trophoblasts pro-
duce placental hormones (I), and cytotro-
phoblast cells show intense positive staining
for GnRH, CRF, and somatostatin (2, 3,
10).

To study the regulation of inhibin secre-
tion from the placenta, we developed a
monolayer primary culture of human tro-
phoblasts. Placenta collected from pregnan-
cy at term was minced, rinsed, and dissected
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from the connective tissue. Cells were dis-
persed enzymatically [0.4% collagenase II,
3000 IU of KUnitz (Cooper Biomedical)
deoxyribonuclease type IV, and 0.4% tryp-
sin (Sigma)] for 1 hour in a water-jacketed
spinner suspension flask. Dissociated cells
were washed, suspended in culture medium
(11), and plated in 35-mm six-well multi-
dishes. The experiments were carried out 1
week after cells were plated. The inhibin-LI
concentration in the culture medium was
measured by a specific radioimmunoassay
with the same antiserum to the a-subunit of
porcine inhibin.

To evaluate the mechanisms regulating
inhibin-LI secretion from placental culture,
we added either the adenylate cyclase activa-
tors forskolin or cholera toxin, or we added
8-bromo—cyclic adenosine monophosphate
(8-bromo—AMP). The addition of any of
these substances increased the secretion of
inhibin-LI in a dose-dependent manner
(Fig. 2A), suggesting that cAMP may be a
second messenger that induces the release of
inhibin-LI from human placental cells. Be-
cause hCG actively increases placental ade-
nylate cyclase and cAMP formation (12), we
tested the effect of hCG on inhibin-LI secre-
tion from placental cells. Inhibin-LI concen-
trations were increased by hCG in a dose-

Fig. 1. Fluorescence photomicrograph of inhibin-
immunoreactive cells in human placenta (x460).
Stained cells are localized in the centrally situated
cytotrophoblast layer of the placental villi. The
more peripherally situated syncytiotrophoblasts
are unstained. Placentas were fixed in 4% parafor-
maldchyde in 0.1M phosphate buffer for 4 to 6
hours at room temperature and postfixed over-
night at 4°C in the same fixative, which also
contained 10% sucrose. Frozen sections (20 wm)
were incubated for 48 hours at 4°C in a 1:1000
dilution of rabbit antiscrum to porcine inhibin-a-
(1-25)-Gly-Tyr, which was conjugated via bis-
diazotized benzidine to human a-globulin. Pri-
mary antisera were preadsorbed with an cxcess of
human a-globulin, diluted in 0.02M phosphate-
buffered saline containing 0.3% Triton X-100 and
5% bovine serum albumin (BSA), and localized
by use of a biotin-streptavidin detection system
(Amersham) with a Texas red fluorophore. Non-
fat dry milk (5%) was added to the biotinylated
secondary antiscrum to minimize nonspecific
binding (21). Specific staining was abolished by
preincubation of the primary antisera with 100
ng/ml of synthetic porcine inhibin-a-(1-25)-Gly-
Tyr and was not affected by addition of similar
concentrations of rat CRF or GnRH.
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related manner (Fig. 2B), and neither the a-
subunit of hCG nor human placental lacto-
gen (hPL) significantly modified the
inhibin-LI secretion from the culture prepa-
ration (Fig. 2B). The presence of estradiol,
estriol, or progesterone (from 107 to
107°M) did not influence the basal and the
hCG-induced secretion of placental inhibin-
LI. These results suggest that hCG may
locally stimulate the secretion of inhibin-LI,
probably acting through cAMP formation.
This result is in agreement with the observa-
tion that in rat granulosa cell cultures, FSH
is a major stimulus for inhibin-LI secretion,
acting through cAMP formation (13); it is
interesting that hCG in the gonads has
FSH-like (I4) and luteinizing hormone
(LH)-like (15) activities. The lack of any
change in inhibin-LI secretion when ste-
roids are incubated in our placental cell
culture supports the previous demonstration
that steroids do not play an important role
in the secretion of other glycoprotein hor-
mones (hCG or hPL) from placental tissue
preparations (I6).

To determine the possible role of endoge-
nous placental inhibin on the secretion of

Fig. 2. (A) Forskolin
(@) (uM), 8-bromo- A
cAMP (A) (M), and

cholera toxin (M) (pg/
ml) increase inhibin-LI
concentrations in cul-
tured human placental
cells. The cultures were
maintained at 37°C, in a
water-saturated  atmo-
sphere containing 5%
CO,; the medium was
changed cvery 2 days.
Seven to ten days after
cells were plated, tripli-
cate incubation mixtures
were prepared. Forsko-
lin (Bochringer Mann-
heim), 8-bromo—cAMP,

200

150 1

Inhibin-LI concentration (percent of control)

100 1

Forskolin

hCG, we incubated placental cells in culture
with antiserum to inhibin. In the presence of
this antiserum, the concentration of hCG-LI
in cell culture medium was significantly
higher than that in cells treated with serum
from unimmunized rabbits (NRS) (Fig. 3).
Antisera to somatostatin or prolactin did
not induce significant changes in hCG-LI
concentration. The increase in the concen-
tration of hCG-LI was time-dependent and
dose-related. This result suggests that pla-
cental inhibin modulates local gonadotropin
secretion in an inhibitory fashion, just as
gonadal inhibin decreases FSH secretion
from the pituitary (Fig. 3).

Because previous reports suggested a
stimulatory action of placental GnRH on
hCG secretion (2), we evaluated the possi-
bility that the effect of inhibin on hCG
involves an inhibition of GnRH secretion.
The observation that GnRH-LI concentra-
tions in cell cultures treated with antiserum
to inhibin was significantly higher than in
cells treated with NRS (Fig. 4) suggested a
possible tonic inhibitory action of inhibin
on placental GnRH secretion. In addition, a
synthetic GnRH antagonist [Ac-pDNal(2)/,

Cholera toxin

and cholera toxin (Sig- S e
ma) dissolved in Hepes- '
dissociated buffer

(HDB) or 100% etha-

nol, were made up as

- e
10 100 uM 0.025 0.25 25 25 1U/ml
50 500 pg/ml 25 25 250 ng/ml

Concentration

100-fold concentrates. Small volumes of substances were added into wells coated with 1 ml of serum-
free medium containing 0.1% BSA. Aftcr 48 hours of incubation at the above-described conditions, the
conditioned medium was collected and assayed for inhibin-LI. Vehicle-treated wells were present in
each experiment. Inhibin-LI was measured by double-antibody radioimmunoassay. We used rabbit
antiserum to a synthetic fragment of the a-subunit of porcine inhibin, porcine inhibin-a-(1-25)-Gly-
Tvr. The '*I-labeled human inhibin-a-(1-25)-Gly-Tvr was purified by high-performance liquid
chromatography (HPLC). Antibody-bound radioactivity was separated from frce radioactivity with the
use of sheep antiserum to rabbit y-globulin. Increasing volumes of pooled and extracted medium
produced a displacement curve parallel to that of the peptide standard. Lutcinizing hormone, FSH,
GnRH, hCG, and transforming growth factor-B did not displace antibody-bound radioactivity in the
inhibin assay. Intra- and intercoefficients of variance were 3.5% (» = 6) and 4.5% (» = 6), respectively.
The concentrations of inhibin are reported here and in the text as percent change from control values,
because no pure human inhibin is available to use as reference standard. In this and in subsequent
figures, cach point represents the mean * standard error of the mean of triplicate wells to prepare the
standard curve. Each experiment was repeated at least three times and a representative experiment is
shown. In this and in the other studies, the statistical analysis of the results was performed by using
analysis of variance and the multiple range test of Duncan when needed. (B) hCG (@) (IU/ml), but not
hCG a-subunit (O) (ng/ml), increases inhibin-LI concentrations in cultured human placental cells; the
hCG was purchased from Sigma.
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Fig. 3. Time-dependent effect of antiserum to
inhibin (@) (1:100) or serum from unimmunized
rabbits (O) (NRS) on hCG-LI concentration in
human placental cell cultures. Antiserum to inhi-
bin increased hCG-LI concentration, and this
effect was partially reversed by the GnRH antago-
nist (A) [Ac-DNal(2)!, 4FpPhe?, pTrp’,
pArg®]|GnRH (10 wM). (W) Control. In the
dose-relation study, antiserum to inhibin was also
used at final dilutions of 1:500 and 1:1000. The
antiserum to the a-subunit of inhibin was treated
as described in Fig. 1, arid for this experiment we
used the procedures described in Fig. 2. Concen-
trations of hCG were measured by double-anti-
body radioimmunoassay (Diagnostic Products).
The assay was standardized against the World
Health Organization’s First International Refer-
ence Preparation No. 75/537. The tracer was '*°I-
labeled hCG. Antibody-bound radioactivity was
separated from free radioactivity by precipitation
of the first antibody with goat antiserum to rabbit
y-globulin and polyethylene glycol. No cross-
reactions were found with GnRH, CRF, or soma-
tostatin. Intra- and intercoefficients of variations
were 3% (n = 6) and 4% (n = 6), respectively.

4FpPhe?, pTrp®, pArg®]GnRH, partially
reversed the increase of hCG-LI concentra-
tion in cell cultures treated with antiserum
to inhibin (Fig. 3). Thus, the local effect of
placental inhibin on hCG secretion may
depend on the presence and action of an
endogenous GnRH-like peptide.

The presence of a feedback loop between
inhibin and hCG at the placental level may
have a physiological significance. In preg-
nancy, maternal plasma hCG levels are high
during the first trimester, slowly decline
until the end of the second trimester, and
remain stable until delivery (I). The meta-
bolic clearance rate of hCG does not change
throughout pregnancy (17), thus suggesting
a decrease in hCG production rate (18). It is
possible that an increased expression of pla-
cental inhibin may contribute to a decrease
in hCG production. In agreement with
McLachlan et al. (4) we find that the mean
concentration of plasma inhibin-LI in seven
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3 -
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GnhRH-LI (pg/ml)
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Fig. 4. Time-related effect of antiserum to inhibin
(®) (1:100) or serum from an unimmunized
rabbit (O) (NRS) on GnRH-LI concentration in
human placental cell cultures. The antiserum to
inhibin increased GnRH-LI concentrations. The
secretion of another placental hormone [adreno-
corticotropin (ACTH)] or peptide (CRF) from
cultured cells was not modified by the antiserum
to inhibin. To measure GnRH-LI we used a
double-antibody radioimmunoassay with HPLC-
purified '*’I-labeled GnRH as tracer and rabbit
[Lys®JGnRH conjugated by glutaraldehyde to
human a-globulins as antigen to generate the first
antibody. The antiserum is directed to the NH,-
terminal, and shows less than 1% cross-reactivity
with [Ac-His’]GnRH(2-10) or [desHis?]
GnRH. The assay sensitivity to standard GnRH
was 0.5 pg per tube, with a median effective dose
(EDsp) of 20 = 0.5 pg per tube. The intra- and
intercoefficients of variation were 3.5% (n = 6)
and 7.0% (n = 6), respectively.

samples of umbilical cord blood collected at
the time of delivery was significantly higher
than the concentration in control men and
nonpregnant women (mean * standard er-
ror, 225 = 19%) (P < 0.01). However, a
possible fetal source of inhibin in cord blood
cannot be excluded, because in our samples
venous and arterial blood were mixed. If we
assume that inhibin also circulates in mater-
nal blood, this hormone may contribute to
the very low maternal FSH concentration
(19) and the lack of gonadotropin responses
to GnRH administration during pregnancy
(20).

In conclusion, the present study, shows
that placental trophoblast tissue contains
and secretes inhibin-LI, which could play a
role in the regulation of hCG secretion.
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