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Abstract

To test the hypothesis that uterine decidua may modulate tro-
phoblast function, trophoblasts and decidual cells were isolated
from term placentas by enzymatic digestion and Percoll gra-

dient centrifugation. Placental trophoblasts were cocultured
with decidual cells and trophoblasts or JEG-3 choriocarcinoma
cells were incubated with medium conditioned by decidual cells
(DCM) for 72-96 h. In cocultures decidual cells inhibited chor-
iogonadotropin (hCG) release from trophoblasts by 75%in com-

parison with controls (P < 0.001). The DCMcontained a factor
that markedly inhibited hCG release from trophoblasts and
JEGcells in vitro compared with controls. The inhibitory effect
of the factor on hCGrelease was dose dependent, and could be
eliminated by boiling the DCMfor 30 min or proteolytic en-

zyme treatment. Ultrafiltration and Sephadex G-50 fraction-
ation of the DCMindicated that the apparent molecular mass

was 7,000-10,000 D. DCMalso inhibited the stimulatory ef-
fect of exogenous cAMPon hCG secretion by JEG-3 cells,
suggesting that DCMmay interfere with activation of the
cAMP-dependent protein kinases or transcription of hCG
genes. These results suggest that the release of trophoblast
hCG is under local paracrine control, regulated in part by a

protein released by decidual cells. (J. Clin. Invest. 87:326-
330.) Key words: choriogonadotropin * pregnancy - trophoblast
* placenta - decidua - prolactin

Introduction

The intimate relationship between placental trophoblasts and
the decidual lining of the endometrium during pregnancy

raises the strong possibility that each may influence the func-
tion of the other. Indeed, prior studies have shown that the
placenta releases a polypeptide that stimulates synthesis and
release of decidual prolactin (1, 2). Yuen and co-workers have
also suggested that prolactin inhibits choriogonadotropin
(hCG)' production from term trophoblasts (3). IL- 1 produced
by placental phagocytic cells and decidual cells stimulates tro-
phoblast hCGsecretion (4, 5) and in turn hCGmay have tro-
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decidual cells; hCG, choriogonadotropin; hPL, human placental lacto-
gen; PP12, placental protein 12; PRL, prolactin.

phic effects on the proliferation of trophoblast (6) and lympho-
cytes (7). Recently, Vicovac and Genvacev have provided evi-
dence through a coincubation study of trophoblast and decidua
that the decidua has an inhibitory effect on the synthesis of
hCGand total protein by trophoblast cells (8). Thus, the deci-
dua and trophoblast each appear to have a paracrine effect on
the other.

This study was undertaken to evaluate the effect of the deci-
dua upon hCG production and secretion by the trophoblast
and to determine the specificity and some of the properties of
the substance which has been shown to inhibit hCGproduc-
tion in the coculture experiments.

Methods
Preparation of cells. Term placenta and associated membranes were
obtained from 10 healthy pregnant women undergoing cesarean sec-
tion. Cytotrophoblasts were isolated from villus tissue using the
method of Kliman et al. (9). Briefly, washed villus tissue was minced
and then digested with 0.125% trypsin (Sigma Chemical Co., St. Louis,
MO) and 0.2 g/liter DNase (Sigma) at 370C for 30 min. Dispersed
tissue was applied to a 5-70% Percoll (Sigma) gradient. After centrifuga-
tion at 1,200 g, the middle layer containing cytotrophoblasts was col-
lected and washed. Decidual cells were isolated from decidual tissue
dissected from placental membranes by the method of Braverman et al.
(10). This procedure involved the digestion of decidual tissue with
0.25% collagenase A (Boehringer-Mannheim, Indianapolis, IN) at
37°C for 2 h followed by centrifugation through a 20-60% Percoll
gradient. Cell viability was > 90%using trypan blue exclusion. Human
choriocarcinoma cell line JEG-3 was purchased from American Type
Culture Collection (Rockville, MD).

Cell incubation. In coculture studies, the trophoblast (1 X 106 cells/
ml per well) or decidual cells (0.83-7.5 X l0 cells/ml per well), or
trophoblast plus decidual cells (sum of both cell numbers/2 ml per well)
were cultured in 24-multiwell culture plates with 16-mm well diameter
(Costar Data Packaging Corp., Cambridge, MA) containing CMRL
1066 medium (Gibco Laboratories, Grand Island, NY) supplemented
with 10% fetal bovine serum (Gibco), 25 mMHepes (Sigma), 1 U/ml
insulin (Nordisk Gentofte A/S, Gentofte, Denmark), 10 mMgluta-
mine (Irvine Scientific, Santa Ana, CA), 100 U/ml penicillin, and 100
gg/ml streptomycin (Gibco) in an atmosphere of 5% C02:95% air at
37°C for 120 h. The medium was removed and replaced each 24 h.

In other studies, the trophoblast (I x 106 cells/2 ml per well) or
JEG-3 (I x 105 cells/2 ml per well) were precultured for 24 h. After
removing the precultured medium, the cells were cultured in control
medium or medium containing test substances. In all experiments, the
media contained the same volume of CMRL1066. In addition, in
some trophoblast experiments and all of the JEG-3 cell experiments,
the control medium contained the same volume of 0.01 MPBS (pH
7.4) as was used to dissolve the test substance in the experimental me-
dia. In the time course studies, the medium was removed and replaced
with control or experimental medium each 24 h during 72-96 h incu-
bation period. In other experiments, the medium in both control and
experimental wells were removed at termination of the experiments
after 72 h incubation.

The spent media were centrifuged and the supernatants stored at
-20°C until hormone assay. In each experiment, all treatments were
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tested in three to four wells. Each variable was tested in at least two
separate experiments.

Preparation and studies with decidual conditioned medium. Deci-
dual conditioned medium (DCM) was prepared by incubating decidual
cells (5-7.5 x 106/10 ml per flask) in 75-cm2 cell culture flask (Costar)
containing CMRL1066 medium for 24-72 h. In the time course exper-
iments, DCMwas removed each 24 h and used for the next 24-h treat-
ment of trophoblast cells that were derived from the same placenta as
were the decidual cells. In other studies, DCMwas removed during the
first 36-48 h of incubation. After the medium was decanted from deci-
dual cells and centrifuged, the supernatant was collected for use. In
dose-response experiments, the different doses of DCMwere prepared
by dilution with 0.01 MPBS buffer. The effect of proteolytic enzyme
treated on DCMwas evaluated by incubating DCMfor 16 h at 370C
with trypsin or chymotrypsinogen-A (Sigma, 40 ,ug enzyme/mg DCM
protein), followed by the addition of 5 Mg a-l-antitrypsin/Mg (Sigma)
trypsin to the treated DCMwith incubation at 370C for an additional 4
h. The same weight of BSA(Sigma) as DCMwas added to CMRL1066
medium, which served as a control, and the medium was treated as
described above (60 Mg enzyme/mg BSA). DCMwas also tested after
heating to 100IC for 30 min in a water bath.

The approximate molecular size of the active fraction of DCMwas
evaluated through ultrafiltration and gel chromatography. DCMwas
ultrafiltered through an Amicon diaflo apparatus (Amicon Corp.,
Danvers, MA) with a YM-I0 membrane that hasa molecular exclusion
limit of 10,000. The > 10,000 and the < 10,000-D fractions were
tested. In some experiments, 20 ml DCMwas concentrated by ultrafil-
tration using an Amicon YM-2 membrane with a cutoff of 1,000 D
followed by lyophilization of the concentrated DCM. The lyophilized
DCMwas resuspended in 0.5 ml 0.01 MPBS buffer (pH 7.4) and
applied to a I X 25 cmSephadex G-25 or G-50 column and eluted with
the same buffer. Column characteristics were: V. = 10.5 ml; V, = 45 ml
and 35 ml for G-25 and G-50, respectively. 25 drops per fraction were
collected. Several contiguous fractions were pooled and tested at a con-
centration of 25%of the pool for ability to inhibit hCGin the JEGcells.

CMRL1066 media collected following 36-48 h of incubation with
AV-3 cells (5 X I O6 cells/ 0 ml per flask), or RPMI 1788 cells (5 X 106
cells/10 ml per flask), purchased from American Type Tissue Collec-
tion, were used as negative controls. For positive control purposes, 0.5
mM8-bromo-cAMP (Sigma) was used to stimulate the JEGor tropho-
blast cells (11). Another positive control for the system was composed
of incubation ofdecidual cells for 96 h in medium derived from tropho-
blast culture, with measurement of prolactin (PRL) and placental pro-
tein 12 (PP12; insulin-like growth factor-I-binding protein) as indices
of decidual protein production.

Measurements of hormones and proteins. hCG, human placental
lactogen (hPL), PRL, and PP12 in the media were measured by homol-
ogous radioimmunoassay methods as previously described (12-15).
Sensitivity of the assays were I ng/ml for hCGand hPL, 1.7 ng/ml for
PRL, and 7.8 ng/ml for PP12. The protein content of the cells and
media were measured by the method of Bradford (16), using BSAas a
standard, and Bio-Rad protein reagents (Bio-Rad Laboratories, Rich-
mond, CA). Concentrations of the hormones in the media were ex-
pressed as ng/mg protein or ng/well.

Statistical analysis. All results were presented as the mean±SEM.
Student's t test with the Bonferroni correction was used for determin-
ing the statistical significance of the difference between control and
experimental groups. A P < 0.05 was considered to be significant.

Results
In the coculture of trophoblast and decidual cells over 120 h
incubation, 1 x 106 trophoblast cells released 112.1+20.0 ng
hCG/well per 120 h, while trophoblast plus an average (from
three experiments) of 5.75 X 105 decidual cells released
28.2±4.1 ng hCG/well per 120 h. Thus, the trophoblast cells
cocultured with decidual cells released 75% (P < 0.001) less
hCGthan did trophoblast cultured alone. The degree of inhibi-

tion of trophoblast hCGsecretion by decidual cells was depen-
dent upon the number of decidual cells, with a progressively
greater inhibition as the number of decidual cells seeded were
increased (Fig. 1).

Primary trophoblast cells cultured in CRML1066 medium
containing 50% DCMreleased 45% (P < 0.005), 64% (P
< 0.001), 66% (P < 0.005), and 70%(P < 0.005) less hCGthan
did control cultures at 24,48,72, and 96 h, respectively (Fig. 2).
hPL release from primary trophoblast cultures exposed for 96 h
to 50% DCMwas significantly increased (Table I). Decidual
cells exposed for 96 h to 50% trophoblast cell culture medium
showed significant stimulation of PRL secretion in the me-
dium compared with control decidual cultures, but PP12 re-
lease remained unchanged (Table I).

JEG-3 cells exposed for 72 h to 25%DCMalso had a signifi-
cant reduction in hCGsecretion into the medium compared to
control cultures, but there was neither stimulation nor inhibi-
tion of hPL release. Control media obtained from incubation
with AV-3 cells or RPMI 1788 cells incubated under the same
conditions as the decidual cells for 36-48 h had no inhibitory
effects on hCGrelease from the JEG-3 cells (Table II). 0.5 mM
8-bromo-cAMP markedly stimulated hCGsecretion; however,
DCM, but not conditioned medium from RPMI 1788 cells,
significantly reduced the stimulant effect of 8-bromo-cAMP on
hCGsecretion in a dose-dependent manner (Fig. 3).

The inhibitory effect of DCMon hCGrelease by primary
trophoblast cells and JEG-3 cells was dose dependent as de-
picted in Fig. 4. The inhibitory activity of DCMwas lost follow-
ing heating at 100°C for 30 min or treatment with trypsin or
chymotrypsin (Table II). After ultrafiltration, the hCGinhibi-
tory activity was found in the < 10,000-D fraction, and eluted
in the 7,200-9,800-D fractions after Sephadex G-50 or G-25
chromatography of the DCM(Fig. 5). This fraction contained
18.6% of the protein eluted from the column.

Discussion

The results of our study indicate that the human decidual cell
secretes a factor that inhibits hCGrelease by placental tropho-
blasts or JEG-3 cells in vitro. The inhibition was DCMdose
dependent and specific since the DCMstimulated hPL release
from primary trophoblast cultures and did not alter hPL secre-
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Figure 1. The relationship between hCGrelease by trophoblast cells
and initial decidual cell concentration in coculture of trophoblast
cells (I x 10'/well) and decidual cells during 120 h of incubation.
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Figure 2. Time course of inhibition of hCG release from primary
trophoblast cell cultures by DCM. Trophoblast cells were exposed to
control medium or 50% DCM. The medium was removed and
replaced with control medium or DCMeach 24 h during the 96-h
incubation period. Each point presents the mean of 20 wells in three
different placental experiments.

tion by JEG-3 cells. The failure of DCMto stimulate hPL re-
lease from JEG-3 cells maybe due to the paucity of hPL produc-
tion by these cells. DCMalso did not inhibit total protein syn-
thesis by JEG-3 cells or placental trophoblasts. The specificity
of this effect is supported further by the absence of hCGinhibi-
tion in JEG-3 cells incubated with media derived from AV-3 or
RPMI 1788 cells. The similar qualitative secretory pattern of
hCG from primary trophoblast cells incubated with DCMin
comparison to trophoblast cells incubated with control media
(Fig. 2) also indicates that the effect is not due to nonspecific
inhibition since the peak of hCGrelease occurred at 72 h of
incubation with or without DCMexposure. Weand others
have previously demonstrated a similar time course of hCG
secretion in primary trophoblast cultures (17-18). The pres-
ence of a decidual inhibitor of hCGsecretion by early placental
trophoblasts was also demonstrated by Vicovac and Genvacev
(8). It is interesting that Golander and his colleagues suggested

Table I. Interaction of Trophoblast and Decidual Cell
on Hormones and Protein Release

Trophoblast cell culture Decidual cell culture

Hormone Treated Treated with
or protein Control with DCM Control trophoblast media

ng/mg protein

hCG 75±14 26±4*
hPL 281±59 724±61**
PRL 690±81 1,039+42**
PP12 545±22 587±47

Trophoblast cell (or decidual cell) exposed for 96 h to 50% DCM(or
trophoblast culture medium). Each hormone level in the medium is
mean±SEMof 20 wells from three different placental experiments.
* P < 0.005; **P < 0.001 compared with control.

Table II. Effects of DCMor Control Media on hCGRelease
by JEG-3 Cells

Treatment hCG

ng/mg protein

Control 103±6
25% DCM 66±12*
25% Boiled DCM 90±12

Control 162±34
25%DCM 92±10*
Medium treated by trypsin 150±41
25% DCMtreated by trypsin 134±24
Medium treated by chymotrypsin 139±18
25% DCMtreated by chymotrypsin 156±27

Control 76±6
25% AV-3 cell medium 64±7
25% RPMI cell medium 73±6

JEG-3 cell exposed for 72 h to DCMwith different treatments, or 0.5
mMcAMPor control cell media. The hCGvalue in media is
mean±SEMof six wells from at least two experiments.
* P < 0.05 compared with control.

over a decade ago that the rise in hCGsecretion over 72 h from
placental explant cultures may reflect a loss of an endogenous
hCGinhibitory factor that is removed from the culture during
media changes (19).

Preliminary characterization of the inhibitory factor indi-
cates that it is a protein with a molecular weight between 7,000
and 10,000 D. Yuen and associates suggested that PRL inhibits
hCGproduction in vitro and in vivo (3). Since the decidual cell
is a primary source of PRLduring pregnancy (20), it is conceiv-
able that PRL or a fraction of PRL would account for our
results. This is unlikely since PRL has a molecular mass of
22,500 Dwhereas our inhibitory factor has a molecular mass of
< 10,000 Dand the average concentration of immunoreactive
PRL in our DCMwas - 200 ng/ml which does not inhibit

nlLLLL LLLL X1IIE.
CONTROL 25% DCM 8-bromO cAMP r__-_8_ bromo CAMP 2 8-brom2o2-2CAMP

25% DCM 12.5% DCM 6.3% DCM 25% RPMI 1788 CM

Figure 3. DCMinhibition of the stimulatory effect of cAMPon hCG
secretion by JEG-3 cells. JEG-3 cells were exposed to control media,
25% DCM, 0.5 mM8-bromo-cAMP plus different doses of DCM, or
0.5 mM8-bromo-cAMP plus 25%RPMI 1788 cell conditioned media
for 72 h.
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3LAST CELLS that the physiological regulation of secretion of different pla-
cental protein hormones may differ (18). It is unknown
whether the different action of DCMon hPL and hCGrelease

* p.05 resides in the same substance or in different substances.**P<.O1
Our results also confirm the finding that placental tissue

stimulates PRL production by decidual cells (1, 2). Tropho-
blast cell culture medium did not, however, change PP12 re-
lease from decidual cells indicating that decidual PRL and
PP12 regulation are under different control.

~ji~ In summary, this study offers strong evidence that hCG
secretion by trophoblast cells is regulated in part by the deci-
dual cells and decidual protein production is modulated in part

*% 30% by trophoblast cells. This supports the hypothesis that a para-
IM ' crine regulation of decidua and trophoblast function exists.

Figure 4. Dose response relationship between DCMand hCGrelease.
JEG-3 cells and trophoblast cells were exposed to different
concentrations of DCMfor 72 h. Each bar represents mean±SEMof
hCGin six wells.

hCGrelease from trophoblast cells in our hands (unpublished
observations). Progesterone has also been found by some inves-
tigators to inhibit hCGproduction by placental tissue in vitro
(21-23). Since progesterone is synthesized by the trophoblast
rather than the decidual cells and since the active hCGinhibi-
tory factor in DCMis destroyed by heat and proteolytic en-

zymes, it is unlikely that progesterone is responsible for the
hCGinhibition.

The mechanisms by which the decidual cell factor inhibits
hCGsecretion by the trophoblast or JEG-3 cells are unclear,
but our data do indicate that direct decidua-trophoblast cell
contact is not required for regulation of hCGproduction. Since
DCMinhibited the stimulant effect of exogenous cAMPon

hCGsecretion by trophoblasts in our study, DCMmay inter-
fere with activation of the cAMP-dependent protein kinases of
placenta (24), or transcription of genes encoding the a- and
fl-subunits of hCGregulated by cAMP(25). It is of interest that
trophoblast hPL secretion was stimulated by DCM, a finding
that is consistent with those of Fay et al. (26). The different
secretory behavior of hCGand hPL in trophoblast cell cultures
exposed to the same DCMsupports our previous observations
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Figure 5. The inhibitory activity of different fractions of DCM
fractionated by ultrafiltration and chromatography. JEG-3 cells were

exposed for 72 h to control medium, 25% DCM, ultrafiltrated
(through YM-I0), or chromatographed (through Sephadex G-50)
fractions of DCM. Each bar represents the mean + SEMof hCGin
six wells from at least two experiments.
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