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Brain Natriuretic Peptide Is Present in the Human
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ABSTRACT

The presence and biochemical characteristics of human brain natri-
uretic peptide (hBNP) in the amniotic fluid at various gestational ages
were investigated. The hBNP-like immunoreactivity (hBNP-LI) levels
in amniotic fluid, determined by RIA, were 118.7 & 57.6 pmol/L (mean
+ SEM; n = 5) and 107.7 + 8.7 pmol/L (n = 9) in the first and second
trimesters of pregnancy, respectively; it was significantly decreased to
284 + 5.1 pmol/L (n = 9) in the third trimester. However, human
atrial natriuretic peptide-like immunoreactivity (hRANP-LI) was not
detected (<0.3 pmol/L) in any of these samples. Northern blot analysis
demonstrated hBNP mRNA in human amnion tissue. Moreover, cul-

tured amnion cells secreted a significant amount of hBNP-LI (100-200
fmol/10% cells/day), but not hANP-LI, into the culture medium. The
synthesis of hBNP in cultured amnion cells was further confirmed
using the polymerase chain reaction. High performance gel permeation
chromatography of hHBNP-LI extracted from human amniotic fluid and
the culture medium of amnion cells revealed that the predominant
molecular form of hBNP-L1 in both samples was the hBNP precursor,
with an approximate mol wt of 12 kilodaltons.

These findings indicate that hBNP is present in the human amniotic
fluid. and that amnion cells svnthesize hBNP and secrete it into the
amniotic cavity. (J Clin Endocrinol Metab 76: 907-911, 1993)

RAIN natriuretic peptide (BNP), a novel natriuretic, di-
uretic, and smooth muscle relaxant peptide originally
isolated from the porcine brain, has a structure highly ho-
mologous to that of atrial natriuretic peptide (ANP), and has
biological functions similar to those of ANP (1, 2). We
previously reported that BNP is synthesized in the porcine
and rat heart and is secreted into the circulation as a cardiac
hormone (3, 4). Recently, we isolated human BNP (hBNP)
from human atrium and established a specific RIA for hRBNP
using a monoclonal antibody against hBNP (2, 5, 6). We
subsequently revealed that hBNP is mainly secreted from
the ventricle and that the synthesis and secretion of hBNP
in the heart are increased in patients with cardiovascular
diseases, such as congestive heart failure (5, 6).

During normal and pathological pregnancies, significant
hemodynamic alteration occurs, with drastic changes in the
levels of various vasoactive hormones (7). Among these
hormones, ANP is reported to be involved in the homeostasis
of maternal and fetal circulations (8, 9).

We previously demonstrated the presence of ANP in the
rat brain (10), and Gardner et al. (11) detected ANP mRNA
in extracardiac tissues, such as rat lung and pituitary gland.
Moreover, ANP may be related to hormone secretion, such
as aldosterone secretion from adrenal gland and vasopressin
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secretion from the pituitary (12-14). Recently, it was reported
that hANP was involved in water and sodium absorption
across the intestine (15, 16) and that BNP stimulated phos-
phate secretion from porcine colon epithelium (17). However,
no information is available on the implication of natriuretic
peptides in the regulation of amniotic fluid volume, which is
essential for the fetus to survive.

In the present study, to investigate the presence of natri-
uretic peptides in the amniotic cavity, we measured hBNP-
like immunoreactivity (hBNP-LI) and hANP-like immuno-
reactivity (hRANP-LI) in the amniotic fluid at various gesta-
tional ages by RIA. We also measured the secretion of hBNP-
LI from amnion cells in primary culture and demonstrated
the gene expression of hBNP in amnion tissue and cultured
amnion cells by Northern blot analysis and polymerase chain
reaction, respectively,

Materials and Methods

Collection of amniotic fluid

Amniotic fluid samples were collected after receiving informed con-
sent at the ime of therapeutic abortion, diagnostic amniocentesis, and
cesarean section at varous gestational ages. None of the women had
complications of hypertension or cardiovascular diseases. Samples were
immediately transferred into chilled siliconized glass tubes containing
aprotimin (1000 kallikrein inhibitor units/mL) and EDTA disodium salt
(1 mg/mL), mixed gently, and centrifuged at 1500 X g for 20 min at 4
C. The supernatant was stored at —20 C until assay,

Collection and preparation of tissue

Amnion, chorion laeve, decidua vera tissue, and chorion plate were
separated from placentae obtained by normal vaginal delivery at term
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and by abortions in the first and second trimesters (12, 13, 14, 20, and
23 weeks gestation). Human ventricular tissue was obtained from pa-
tients without cardiovascular complications at the time of autopsy for
pathological examination. These samples were immediately frozen in
liquid nitrogen and stored at =70 C until the extraction of BNP or total
RNA.

Extraction of BNP from amnion tissue was carried out as described
previously (6). This extract was used for the RIA of BNP-LI in amnion
tissues.

Culture of human amnion cells

A primary culture of human amnion cells was conducted according
to the method described by Okita et al. (18). After filtration of the
dispersed amnion cells through 2-mm and 300-um mesh, amnion cells
in the filtrate were resuspended at a concentration of 2 X 10° cells/mL
in Dulbecco’s Minimum Essential Medium containing 10% fetal calf
serum and seeded on a gelatin-coated dish. The incubation was con-
ducted under the atmosphere of 5% CO; in air at 37 C. Every 2 days,
an aliquot of the medium was sampled and stored at =20 C until assay
for hBNP-LI and hANP-LI, then the medium was changed to fresh
Dulbecco’s Minimum Essential Medium containing 10% fetal calf serum.
The purity of cultured amnion cells was examined by immunohisto-
chemical staining for cytokeratin, vimentin, and CA19-9 (19, 20). The
pattern of immunohistochemical staining for these substances in the
cultured amnion cells was the same as that observed in the amnion
epithelium tn sttu (19, 20)

RIA for hRBNF and hANP

The RIA for hBNP was performed using a specific monoclonal
antibody (KY-hBNP-1) to hBNFP, as described previously (5, 6). In some
samples, hBNP-L1 was extracted with a Sep-Pak Cs cartndge (Waters
Associates, Milford, MA). The cross-reactivity of this RIA to hANP was
less than 0.005% on a molar basis. The minimum detectable quantity
was (.3 fmol/tube, and the 50% binding intercept was 3 fmol/tube. The
RIA for hANP was performed as previously reported (21). The cross-
reactivity of RIA for hRANP to hBNP was less than 0.01% on a molar
basis. hBNP and hANP were purchased from Peptide Institute, Inc.
(Minoh, Japan). All other reagents used were of analytical grade

High performance gel permeation chromatography (HP-GPC)

The extracts, obtained with a Sep-Pak Cyy cartridge from amniotic
fluid or culture medium of amnion cells, were subjected to HP-GPC on
a TSK-GEL G2,000 SW column (7.5 X 600 mm; Toyo Soda, Tokyo,
Japan). The column was eluted with 10 mm trifluoroacetic acid contain-
ing 0.3 m sodium chloride and 30% acetonitrile as a solvent (6, 22).

Northern blot analysis of RBNP mRNA and hANP mRNA

Total RNA was extracted from tissues in 4 M guanidium thiocyanate
buffer. Northern blot analysis was carried out using the hBNP and
hANTP cDNA probes, as previously described (23-25). 8-Actin mRNA
levels were demonstrated to be equivalent among different RNA sam-
ples, using human @-actin genomic probe (Wako Pure Chemical Indus-
tries Ltd., Osaka, Japan).

Polymerase chain reaction (PCR)

To confirm that BNP 1s actually synthesized in cultured amnion cells,
the PCR was carried out. Total RNA was extracted from cultured amnion
cells at the time they reached confluence and 10 days after reaching
confluence as well as from the ventricular tissue of the heart, as described
above, After reverse transcription of 5 ug of these total RNA by oligo{dT)
priming and Moloney murine leukemia virus reverse transcriptase (Be-
thesda Research Laboratory, Gaithersberg, MD), the resulting single
stranded ¢DNA was subjected to PCR using primers described previ-
ously (4, 6, 25).
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Statistical analysis

Statistical analysis of the data was performed by Student’s | test or
analysis of variance where appropriate. All values were expressed as the
mean * sem. The number of observations is indicated in parentheses.

Results
hBNP-LI level in amniotic fluid

The dilution curve of amniotic fluid paralleled the standard
curve of hBNP. hBNP-LI levels in the amniotic fluid of the
first and second trimesters were 118.7 = 57.6 pmol/L (mean
+ seM; n = 5) and 107.7 % 8.7 pmol/L (n = 9), respectively.
In the third trimester, the hBNP-LI level in the amniotic fluid
was 28.4 £ 5.1 pmol/L (n = 9), which was significantly (P <
0.01) lower than those in the first and second trimesters. In
contrast, hANP-LI was not detected (<0.3 pmol/L) in any
amniotic fluid samples examined,

hBNP-LI level in the amnion tissue and synthesis of RBNP in
amnion tissue

To investigate the source of hBNP in the amniotic fluid,
we measured hBNP-LI levels in the extracts from amnion
tissues. The hBNP-LI level in the amnion tissue was 262 +
59.5 fmol/g tissue (mean * seM; n = 3) in the second
trimester. However, the hBNP-LI level in the amnion tissue
at term was less than 90 fmol/g tissue (the lower limit of
detectability) in all three samples examined. On the other
hand, hANP-LI levels in the extract from the same amnion
tissues were less than 90 fmol/g tissue (the lower limit of
detectability) in both the second trimester and at term. To
confirm further the synthesis of hBNP in amnion tissue, we
measured the hBNP mRNA level in amnion tissues in the
second trimester and at term, chorionic plate at term, chorion
laeve at term, and decidua vera in the second trimester and
at term. In amnion tissue in the second trimester, Northern
blot analysis using the hBNP cDNA probe identified a single
mRNA band of the same size as the hBNP mRNA from the
human ventricular tissue (Fig. 1), However, no hybridizing
band of hBNP mRNA was detected in the other tissues
examined. By contrast, no hybridizing signal of hANP mRNA
was detected in any of the tissues examined.
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FiG. 1. Detection of hBNP mRNA in the human amnion tissue by
Northern blot analysis. Northern blot analysis of hBNP mRNA and
hANP mRNA from decidua tissue at term (lane 1) and in the second
trimester (lane 2), placenta at term (lane 3), chorion laeve at term
(lane 4), amnion tissue at term (lane 5) and in the second trimester
(lane 6), and heart (lane 7) was performed as described in Materials
and Methods. Twenty micrograms of total RNA were used in each lane.
The relative amount of 3-Actin mRNA in each sample was determined
by rehybridization of the plate. Kb, Kilobases.
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Synthesis and secretion of RBNP by cultured amnion cells

The dilution curve of culture medium of amnion cells also
paralleled the standard curve of hBNP. To investigate the
synthesis and secretion of hBNP from amnion cells, we
measured hBNP-LI levels in the culture medium of amnion
cells. The hBNP-LI level in the culture medium remained
low until the amnion cells reached confluence. However, the
hBNP-LI level increased several days after reaching conflu-
ence. Ten days later, the hBNP-LI level in the culture medium
after 48 h of incubation was 151.9 + 18.8 pmol/L (mean =
sem; n = 5). From the changes in the hBNP-LI level in the
culture medium, the rate of hBNP synthesis by cultured
amnion cells was calculated. The rate of hBNP synthesis on
the tenth day of confluence was 188.9 + 24.9 fmol/10° cells-
day (n = 5, Fig. 2). By contrast, hANP-LI was not detected
(<0.3 pmol/L) in the culture medium or amniotic fluid.

To further confirm the synthesis of hBNP in the primary
culture of amnion cells, PCR was carried out. The PCR
successfully amplified a single size fragment of the predicted
size (462 basepairs), visualized by ethidium bromide staining,
using ¢cDNAs from amnion cells 10 days after reaching
confluence as well as those from heart, while no amplifica-
tion was observed using ¢cDNAs from amnion cells at the
time they reached confluence (Fig. 3).
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Fic. 2. Time course of hBNP-LI secretion from amnion cells in cul-
ture. Amnion cells reached confluence on the seventh day of culture.
Hatched columns and vertical bars represent the mean and SEM of
hBNP-LI secreted per 10° cells/day in five dishes.
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Fic. 3. Detection of hBNP mRNA in the cultured amnion cells by
DNA PCR. The total RNA extracted from cultured amnion cells at the
time they reached confluence (lane 2) and 10 days after reaching
confluence (lane 3) and from heart (lane 4) were used. After reverse
transeription of 5 ug total RNA, the resulting cDNA was subjected to
PCR, and the PCR product was fractionated on a 1.4% agarose gel and
visualized by ethidium bromide staining, The positions of size markers
{¢x/Haelll; lane 1) are shown on the left.

Molecular form of RBNP-LI in amniotic fluid and culture
medium of amnion cells

The molecular form of hBNP-LI in the extracts from the
second trimester amniotic fluid and the culture medium of
amnion cells was analyzed by HP-GPC. As shown in Fig, 4,
hBNP-LI in both samples was eluted in a single peak, with
an approximate mol wt of 12 kilodaltons, corresponding to
the hBNP precursor. A similar pattern was observed when
the same samples were assayed using another anti-hBNP
antibody with different specificities (data not shown).

Discussion

The present study demonstrated that hBNF is present in
human amniotic fluid, while the hANP-LI level was below
assay sensitivity. The hBNP-LI level in amniotic fluid was
much higher (10- to 100-fold) than those in third trimester
maternal plasma and umbilical venous plasma (~2-3 pmol/
L) (26, 27). The hBNP-LI level in the first urine of newborns
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F1G. 4. Typical HP-GPC profiles of the hBNP-L1 extracted from the
amniotic fluid and culture medium of amnion cells. A, Extracts from
amniotie fluid of normal pregnancy in the second trimester. B, Extracts
from the supernatant of primary culture of amnion cells. ® hBNP-LI
in each fraction of HP-GPC; ©, hANP-LI. In both extracts, hRANP-LI
was below the assay sensitivity in all fractions. The flow rate was 0.3
mL/min, and the fraction volume was 0,36 mL. Vo, Void volume; Vi,
total volume.
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was approximately 0.7 pmol/L, much lower than that in the
amniotic fluid (Itoh, H., N. Sagawa, and K. Nakao, unpub-
lished finding). Moreover, the predominant molecular form
of hBNP-LI in the amniotic fluid, the hBNP precursor with
an approximate mol wt of 12 kilodaltons, was quite different
from the molecular form of hBNP-LIin adult plasma (mainly
3 kilodaltons) (6). These findings suggest that such a high
hBNP-LI level in the amniotic fluid does not originate from
maternal plasma or fetal urine. The secretion of hBNP from
the cultured amnion cells indicates that hBNP-LI in the
amniotic fluid originates from the amnion cells. The synthesis
of hBNP in amnion tissue and cultured amnion cells was
confirmed by Northern blot analysis and the PCR technique.
This is the first report on BNP gene expression in tissues
other than heart (25) and brain (1), By contrast, hRANP mRNA
was not detected by this method in any samples examined.

In the present study, hBNP mRNA was detected only in
amnion tissue in the second trimester and in cultured amnion
cells 10 days after reaching confluence, but not in amnion
tissue at term or in amnion cells at the time they reached
confluence. The regulatory mechanism of hBNP gene expres-
sion in amnion cells 1s not clear at present. The amnion tissue
is avascular tissue and relatively free from the circulating
hormones, Therefore, investigation of the synthesis and se-
cretion of the hBNI” in cultured amnion cells may provide
additional information on the regulation of hBNP synthesis
and secretion.

It is not known whether hBNP synthesized in the amnion
cells can permeate fetal membranes into the neighboring
tissues, such as decidua, placenta, or myometrium. In our
preliminary experiment, a high hBNP-LI level was found in
the fluid of extraembryonic coelom in two cases of first
trimester abortion (338.2 and 79.1 pmol/L). These levels
were similar to those in the amniotic fluid of the same
patients. This finding may indicate that the hBNP precursor
synthesized in amnion cells can permeate the amniotic mem-
brane and reach the tissues neighboring the amniotic cavity,
such as chorion, decidua, placenta, and myometrium. Al-
though it is not known whether the hBNP precursor binds
to natriuretic peptide receptors in these tissues, natriuretic
peptide receptors are present in placenta (28, 29). Moreover,
in our preliminary experiment, the natriuretic peptide recep-
tors were identified in decidua vera tissue (Itoh, H., N.
Sagawa, and K, Nakao, unpublished observation), Taken
together these findings lead us to speculate that the large
amount of hBNP secreted from amnion cells exerts biological
activity on tissues surrounding the amniotic cavity. For ex-
ample, hBNP secreted from amnion cells may regulate am-
niotic fluid volume by modulating the transport of electro-
Iytes and water across the fetal membranes. Another possi-
bility is that hBNP may reach the decidua and myometrium
and play some role in the prevention of initiation of preterm
labor by relaxing the uterine myometrium until term, when
the hBNP-LI level in amniotic fluid is significantly decreased.
Further investigation on the characterization of natriuretic
peptide receptors in the tissues of amnion, chorion laeve,
decidua vera, myometrium, and placenta, as well as the
biological activity of the hBNP precursor should provide

JOE & M+15893
Vol 76+ No 4

more information on the biological significance of hBNP in
human amniotic fluid.

Finally, this primary culture system of amnion cells may
serve as a useful model in investigating the regulation of the
synthesis and secretion of hBNP, since amnion cells secrete
only hBNP, in contrast to cardiocytes, which secrete both
hANP and hBNP.
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ABSTRACT

We previously reported the massive secretion of brain natriuretic
peptide (BNP) from human amnion cells and suggested the possible
role of BNP in the maintenance of human pregnancy. In this study, to
elucidate the regulatory mechanism of BNP secretion from amnion
cells, we measured the BNP level in the culture medium of amnion
cells by RIA after incubation in the presence of various substances,

Among the agents examined, cortisol (1 X 1077 to 1 x 10°° mol/L),
dexamethasone (1 x 107" to 1 x 10" mol/L), and epidermal growth
factor (EGF; 2 x 107" to 2 x 107" mol/L) inhibited BNP secretion
from the cultured amnion cells in a dose-dependent maniner. By con-

trast, transforming growth factor-3 (TGF3; 4 X 107" to 4 X 107* mol/
L) caused a 3- to 5-fold increase in BNP secretion. TGFS-augmented
BNP secretion was abolished by the addition of cortisol or EGF to the
culture medium.

Moreover, in this study, we revealed the presence of bioactive TGF4
in human amniotic fluid (~4 x 107" mol/L). The present finding of
tight regulation of BNP secretion from amnion cells by cortisol, EGF
and TGFg, all at the concentrations physiologically present in human
amniotic fluid, implies a physiological role of BNP secretion from
amnion cells in the pregnant uterus. (J Clin Endocrinol Metab 79:
176-182, 1994)

E PREVIOUSLY found that brain natriuretic peptide
(BNP), a second natriuretic peptide with natriuretic,
diuretic, and vasodilative properties (1), was secreted from
the porcine and rat heart as a cardiac hormone (2, 3). We
subsequently isolated human BNP from human atrium and
established a specific RIA for human BNP (4-6). Using this
specific RIA, we have demonstrated that BNP is predomi-
nantly synthesized in and secreted from the ventricle, and
that the plasma concentration of BNP as well as that of atrial
natriuretic peptide (ANP) are significantly increased in pa-
tients with cardiovascular diseases (5, 6). These findings
suggest the importance of BNP as a cardiac hormone. Re-
cently, we found that the plasma BNP level is markedly
elevated in women with pregnancy-induced hypertension
(7) and in the umbilical vein of newborns with fetal distress
(8), suggesting the pathophysiological importance of BNP in
the maternal and fetal circulations during pregnancy.
Subsequently, we found that a high level (~110 pmol/L)
of BNP, 50-fold higher than that in maternal or fetal plasma,
is present in human amniotic fluid in the first and second
trimesters of pregnancy, whereas the ANP level is below
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assay sensitivity (<0.3 pmol/L) (9). The BNP level in amniotic
fluid decreases in the third trimester of pregnancy to one
fourth of that in the first and second trimesters (9). Northern
blot analysis revealed that the BNP messenger ribonucleic
acid was detected in amnion tissues during the second trimes-
ter, but was not detectable in the third trimester. Further-
more, human amnion cells in primary culture have been
shown to secrete a large amount of BNP into the culture
medium (9). Thus, we have concluded that the BNP in
amniotic fluid mainly originates from amnion cells, and BNP
synthesis in amnion cells decreases in the third trimester,
suggesting the role of BNP in the maintenance of human
pregnancy (9).

In this study, to elucidate the regulation of BNP secretion
from amnion cells during pregnancy, we examined the effects
of various substances, which are present in human amniotic
fluid and postulated to be important for the maintenance of
pregnancy, on BNP secretion from cultured human amnion
cells. As we and others have demonstrated that human
amniotic fluid contains endothelin-1 (ET-1), a potent vaso-
constrictor, and ET-1 is secreted from cultured amnion cells
(10-12), we simultaneously measured ET-1-like immuno-
reactivity (ET-1-LI) in the culture medium for comparison.

Materials and Methods

Reagent

Human BNP, ET-1, and ET-3 were obtained from Peptide Institute
(Minoh, Japan). Epidermal growth factor (EGF) was kindly donated by



BNP SECRETION FROM HUMAN AMNION CELLS 177

TABLE 1. Effects of various agents on BNP and ET-1 secretion from cultured human amnion cells

Agents

{fmol/10° cells - 72 h)

ET-1 secretion
(fmol /10" cells - 72 h)

BNP secretion

Exp 1
Vehicle control
Estradiol (1 ¥ 107" mol/L)
Progesterone (1 % 107" mol/L)
Exp 2
Vehicle control
Norepinephrine (1 x 107 mol/L)
Isoproterenol (1 x 1077 mol/L)
Dopamine (1 x 107" mol/L)
Exp 3
Vehicle control
Dexamethasone (1 x 107" mol/L)
Cortisol (1 x 107* mol/L)
Exp 4
Vehicle control
ET-1(2 % 107 mol/L)
ET-3 (2 x 107" mol/L)
Exp 5
Vehicle control
8-Bromo-cGMP (1 x 107" mol/L}
Exp 6
Vehicle control
EGF (2 x 107 mol/L)
Exp 7
Vehicle control
TGFA (4 x 107" mol/L)

+29.9 126.0 + 11.4
+11.5 103.9 + 6.4
+ 25.7 1035 + 59
247.6 = 20.0 163.0 + 7.0
2216+ 41.6 150.0 + 10.1
230.8 + 27.8 150.1 £ 11.1
206.9 = 19.5 1562.7 + 12.6
282.2 + 53.3 116.0 = 14.4
114.0 + 33.9° 132.0+ 379
130.6 = 19.7* 1204 + 35
238.5 = 63.2 ND
203.8 + 59.5 ND
236.1 + 23.4 ND
3110 =251 198.0 + 39.4
2874 £ 17.2 2277+ 428
398.1 £ 175 899 + 5.8
29.9 + 2.5 2522 +11.9°
258.3 + 42,6 178.7 + 20.3
1047.3 + 4.3* 262.1 + 3.2°

Human amnion cells in primary monolayver culture were treated with various agents. After 72 h of incubation, culture media were sampled, and
BNP and ET-1 concentrations were determined, as described in Materials and Methods. Data are expressed as the mean + SEM of quadruplicate

dishes. ND, Not determined.
P < 0.01 vs. vehicle controls,
b P < (.001 vs. vehicle controls.
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F16. 1. Time course of BNP secretion from cultured amnion cells
treated with dexamethasone and cortisol. Ten days after the cells
reached confluence, dexamethasone and cortisol were added to the
culture medium, and the cumulative amount of BNP secreted into the
culture medium was determined by RIA. @, Vehicle control; A, treat
ment with 1 X 10 mol/L dexamethasone; [, treatment with 1 X 10°°
mol/L cortisol. Values are the mean + SEM of quadruplicate dishes.
Asterisks indicate significant differences from the vehicle control values
at the same incubation time. ®* %%, P < 0.001. The time course of BNP
secretion from amnion cells treated with dexamethasone or cortisol
was significantly different from that in the vehicle control, as deter-
mined by repeated measures of ANOVA (ANOVA and Fisher’s pro-
tected least significant difference test, P < 0.001 for both comparisons).

Ohtsuka Pharmaceutical Co. (Tokushima, Japan). Transforming growth
factor-g1 (TGF81) and anti TGF31 rabbit sera were purchased from
R & D Systems (Minneapolis, MN). All other reagents used were of

analytical grade and were purchased from Sigma Chemical Co
(St. Lows, MO).

Experimental protocol

A primary culture of human amnion cells was conducted as described
previously (9, 13). The dispersed amnion cells were collected by centrif
ugation and resuspended in Dulbecco’s Minimum Essential Medium
(DMEM) containing 10% fetal calf serum (FCS) and seeded 2 x 10°
cells/well on a gelatin-coated 12-well plate. The incubation was con-
ducted under an atmosphere of 5% CO, in air at 37 C. Every 2 days,
the medium was replaced with fresh DMEM containing 10% FCS.

Ten days after the cells reached confluence, when BNP secretion
from the amnion cells became stable (9). the medium was replaced with
fresh DMEM containing 10% FCS, and the various substances listed in
Table 1 were added to the culture medium. Dexamethasone, cortisal,
estradiol, and progesterone were diluted with 100% ethanol, and the
final concentration of ethanol in the culture medium was 0.1%, The
same amount of ethanol was added to the vehicle control, and ethanol
at this concentration had no effect on the BNP secretion from cultured
amnion cells. Isoproterenol, norepinephrine, and dopamine were diluted
with 1 mmol/L HCl and 0.1 mmol/L v-ascorbic acid, and the final
concentrations of HCl and v-ascorbic acid in the culture medium were
100 and 10 nmol/L, respectively. ET-1 and ET-3 were diluted with 20
mmol/L potassium phosphate buffer containing 0.5% gelatin. TGFA1
was diluted with 4 mmol/L HCl containing 0.1% BSA, and the final
concentration of HCl in the culture medium was 100 nmol/L. The same
amount of HCl was added to the vehicle control, and HCI at this
concentration did not affect the pH of the medium (pH 7.5). 8-Bromo-
c¢GMP was diluted with DMEM containing 10% FCS. Every 24 h, an
aliquot of the medium was sampled and stored with aprotinin (1000
kallikrein inhibitor units/mL), Triton-X (0.5%), and EDTA disodium salt
(1 mg/mL) at =20 C until assay. The amounts of BNP and ET-1 secreted
from amnion cells were calculated from the changes in BNP and ET- 1
levels in the culture medium, determined by RIA
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RIA for human BNP and ET-1

The RIA for human BNP was performed using a specific monoclonal
antibody (KY-hBNP-I) to human BNP, as described previously (6, 9).
The cross-reactivities of this RIA to human ANFP, C-type natriuretic
peptide, and ET-1 were less than 0.005%, 0.5%, and 0.5% on a molar
basis, respectively. The sensitivity and 50% inhibitory concentration of
this assay were 0.3 and 3 fmol/tube, respectively.

The RIA for ET-1 was performed using a specific monoclonal antibody
(KY-ET-1-1V) to ET-1, as described previously (10, 14). The cross-
reactivities of this RIA to ET-2, ET-3, and big ET-1 were 80%, 20%, and
80% on a molar basis, respectively. The cross-reactivity of this RIA to
human BNP was less than 0.1% on a molar basis. The sensitivity and
50% inhibitory concentration of this assay were 0.2 and 0.6 fmol/tube,
respectively.

Bioassay for TGFS

The bioassay of TGF3 was carried out as previously described (15,
16). In brief, CCL-64 mink lung epithelial cells (17) were inoculated at
a density of 2 X 10° cells/well in 24-well plates 1 day before the assay,

using Minimum Essential Medium and 0.1 mmol/L nonessential amino
acid (Life Technologies, Grand Island, NY) with 10% FCS. The subcon-
fluent cells were washed and incubated with flesh DMEM containing
0.5% FCS and TGF31 (5-320 pmol/L), human amniotic fluid (2.5-20%)
obtained from elective cesarean section cases at term or from diagnostic
amniocentesis in the second trimester (16, 16, and 20 weeks of preg-
nancy), or conditioned medium from ammon cell culture, Twenty hours
later, ['H]thymidine (2 uCi/mL) was added to the medium, followed by
further incubation for 20 h. Then, the amount of ['H]thymidine incor-
porated was determined by a liquid scintillation counter. The growth
inhibitory effect of TGF31 and amniotic fluid on CCL-64 was confirmed
by blocking the growth inhibitory effect by a rabbit neutralizing anti-
TGF#1 antibody

Analysis of data

Values are expressed as the mean =+ sem. All experiments were
conducted in quadruplicate dishes. The experiments were repeated at
least three times to confirm the results. Statistical analysis of the results
was performed by Student’s f test or analysis of vanance (ANOVA),
followed by Fisher's protected least significant difference test when the
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F1G. 3. Time course of BNP secretion from cultured amnion cells
treated with EGF. Ten dayvs after the cells reached confluence, 2 x 10°*
mol/L. EGF were added to the culture medium, and the cumulative
amount of BNP secreted into the culture medium was determined by
RIA. @, BNP secretion in the vehicle control; I, BNP secretion from
amnion cells treated with EGF, Values are the mean + sEM of quad-
ruplicate dishes. Asterisks indicate significant differences from the
vehicle control values at the same incubation time. %%%, P < (.001.
The time course of BNP secretion from EGF-treated amnion cells was
significantly different from that of the vehicle control hy repeated
measures of ANOVA (ANOVA and Fisher's protected least significant
difference test, P < 0.001).

means of more than two groups were compared. The differences with
P < 0.05 were regarded as significant.

Results

Effects of various agents on BNP and ET-1 secretion from
cultured amnion cells

Table 1 summarizes the effects of various agents on BNP
secretion from cultured amnion cells. Estradiol (1 X 10°°
mol/L); progesterone (1 X 10" mol/L); norepinephrine, iso-
proterenol, and dopamine (1 X 107° mol/L each); ET-1 (2 x

(A)

107" mol/L); ET-3 (2 X 10* mol/L); and 8-broma ¢cGMP (1
X 107" mol/L) had no effect on BNP and ET-1 secretion.

On the other hand, dexamethasone (1 > 10°" mol/L),
cortisol (1 X 107" mol/L), and EGF (2 X 10™" mol/L) signifi-
cantly suppressed BNP secretion from cultured amnion cells.
In contrast, TGF3 (4 x 107" mol/L) stimulated BNP secre-
tion. In the same experiment, dexamethasone and cortisol
did not affect ET-1 secretion. However, EGF and TGFj
significantly stimulated ET-1 secretion.

Effects of glucocorticoids on BNP secretion from cultured
amnion cells

Figure 1 shows the time course of BNP secretion from
cultured amnion cells in the absence or presence of gluco-
corticoids. BNP secretion from amnion cells was markedly
suppressed by the addition of 1 X 107" mol/L dexamethasone
to 29.1% and 11.0% of the vehicle control value at 24 and
96 h of incubation, respectively. As illustrated in Fig. 1, the
addition of 1 X 107" mol/L cortisol also significantly sup-
pressed BNP secretion from cultured amnion cells to 39.5%
and 18.7% of the vehicle control value at 24 and 96 h of
incubation, respectively.

Figure 2, A and C, shows the dose-dependent inhibition
of BNP secretion by dexamethasone and cortisol, respec-
tively. BNP secretion was inhibited 50% by dexamethasone
and cortisol at 1.2 X 107" and 8.5 X 10~ mol/L, respectively.
On the other hand, ET-1 secretion from cultured amnion
cells was not affected by the same treatments with dexa-
methasone or cortisol (Fig. 2, B and D).

Effects of EGF on BNP secretion from cultured amnion cells

As illustrated in Fig. 3, the addition of 2 x 107 mol/L
EGF markedly suppressed BNP secretion from amnion cells
(31.6% and 7.2% of the vehicle control value after 24 and
96 h of incubation, respectively). As shown in Fig. 4A, such
an inhibition by EGF of BNP secretion from cultured amnion
cells was dose dependent, BNP secretion was inhibited 50%

(B)

F16. 4. Dose-dependent effects of EGF
on BNP (A)and ET-1 (B) secretion from
cultured amnion cells. Ten days after the
cells reached confluence, various concen-
trations of EGF were added to the cul-
ture medium, Then, the total amounts
of BNP and ET-1 secreted from amnion
cells into the culture medium during 72
h of incubation were determined by RIA.
Values are the mean + SEM of quadru-
plicate dishes. Asterisks indicate signifi-
cant differences from the vehicle control
values. &, P < (0.01; ®%%, 7 < 0.001.
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F1G. 5. Time course of BNP secretion from cultured amnion cells
treated with TGFA. Ten days after the cells reached confluence, 4 x
107" mol/L. TGF3 were added to the culture medium, and the cumu-
lative amount of BNP secreted into the culture medium was determined
by RIA. @, BNP secretion in the vehicle control; [J, BNP secretion
from amnion cells treated with 4 x 107" mol/L. TGF3. Values are the
mean + SEM of quadruplicate dishes. Asterisks indicate significant
differences from the vehicle control values at the same incubation time.
*, P < 0.05; ®%k*x, P < (.001. The time course of BNP secretion from
TGFA-treated amnion cells was significantly different from that in the
vehicle control by repeated measures of ANOVA (ANOVA and Fisher's
protected least significant difference test, P < (0.001).
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FiG. 6. Dose-dependent effects of TGF3 on BNP (A) and ET-1 (B)
secretion from cultured amnion cells. Ten days after the cells reached
confluence, various concentrations of EGF were added to the culture
medium. Then, the total amounts of BNP and ET-1 secreted from
amnion cells into culture medium during 72 h of incubation were
determined by RIA. Values are the mean + SEM of quadruplicate
dishes. Asterisks indicate significant differences from the vehicle con-
trol values. &, P < 0.056; %%, P = (.01 %4k, P =< 0.001.

by EGF at 1 x 107" mol/L.

In contrast, as shown in Fig. 4B, ET-1 secretion from
amnion cells was enhanced dose-dependently by the addi-
tHon of 2 X 107" to 2 X 107" mol/L EGF. ET-1 secretion was
stimulated by 2 % 107" mol/L EGF to a 3-fold higher level
than that of the vehicle control. The concentration of EGF
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required for half-maximal stimulation was 3.5 » 107" mol/

Ii,

Effects of TGFS on BNF secretion from cultured amnion cells

Figure 5 shows the time course of BNP secretion from
cultured amnion cells stimulated by 4 x 107" mol/L TGFg
BNP secretion from cultured amnion cells during 96 h of
incubation in the presence of 4 X 107" mol/L TGF8 was 5-
fold higher than that in the vehicle control. As illustrated in
Fig. 6A, this stimulation by TGF2 of BNP secretion during
72 h of incubation was dose dependent, The concentration
of TGFB required for half maximal stimulation was 2.1 %
107" mol/L.

On the other hand, 4 % 107" to 4 ¥ 10" mol/L TGFA
only slightly augmented ET-1 secretion from cultured am-
nion cells (Fig. 6B). The amount of ET-1 secreted in the
presence of 4 X 10 * mol/L EGF was 150% of that secreted
in the vehicle control culture.

Effects of cortisol and EGEF on TGEF3-induced BNF secretion
from cultured amnion cells

The effects of cortisol and EGF on BNP secretion aug-
mented by 4 x 10" mol/L TGFg3 were examined. As shown
in Fig. 7A, the augmentation of BN secretion by TGFg was
dose dependently suppressed by cortisol. EGF also dose
dependently suppressed 1'GFg-stimulated BNP secretion
(Fig. 7B)

Detection of biologically active TGFg in human amniotic fluid

The growth-suppressive activity of TGFS has been de-
tected in the human amniotic fluid by a growth inhibition
assay using CCl-64 mink lung epithelial cells. TGFJ concen-
trations in the amniotic fluid in the second trimester and at
term were estimated to be 433 + 54 pmol/L (mean + sem; n
= 3) and 410 + 137 pmol/L (n = 3), respectively. This
growth-suppressive activity of amniotic fluid was blocked by
a rabbit anti-TGF1 neutralizing antibody and was increased
4- to 5-fold by acid treatment of the amniotic fluid samples,
indicating activation of the latent form of TGF3 by acid
treatment (18) (data not shown). On the other hand, the
growth-suppressive activity of TGFS was not detected in the
conditioned medium of amnion cell culture (<20 pmol/L)

Discussion

Among the agents examined in this study, dexamethasone,
cortisol, and EGF suppressed BNFP secretion from cultured
amnion cells. By contrast, TGFA augmented BNP secretion.
The augmentation by TGFg was blocked by simultaneous
treatment with cortisol or EGF.

As cortisol is the most abundant glucocorticoid in the
human amniotic fluid (19), we examined the effects of cor-
tisol on BNP secretion from cultured amnion cells. Cortisol
in human amniotic fluid originates from fetal urine, and the
concentration of cortisol in the amniotic fluid increases dur-
ing pregnancy from 1 X 107" mol/L in the second trimester
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to 1 x 1077 mol/L at term, reflecting the development of
fetal adrenal gland (19, 20). In the present study, BNP
secretion from cultured amnion cells was significantly sup-
pressed by the addition of 1 X 107" mol/L cortisol, which
resembles its physiological concentration in amniotic fluid at
term. However, a lower concentration of cortisol (1 x 107"
mol/L) did not suppress BNP secretion. Thus, the increased
concentration of cortisol in the amniotic fluid, which origi-
nates from the mature fetal adrenal gland, might act on the
amnion tissue and suppress BNP secretion from amnion
tissue at term.

A large amount of EGF is present in human amniotic fluid
at term (21, 22). EGF in amniotic fluid is postulated to be
involved in the initiation of human labor by stimulating
prostaglandin production in amnion cells (23, 24). In the
present study, 2 X 107" to 2 X 107" mol/L EGF dose
dependently inhibited BNP secretion from cultured amnion
cells. The EGF level in human amniotic fluid increases grad-
ually up to 2 X 107" mol/L at term (21, 22). Kniss et al. (24)
reported that EGF in amniotic fluid is derived at least in part
from fetal kidney. Thus, the mature fetus at term may secrete
an increasing amount of EGF into amniotic fluid in the form
of fetal urine, and the increased concentration of EGF might
inhibit BNF secretion from amnion cells.

The present study demonstrated that the bioactive TGF3
(~400 pmol/L) exists in the amniotic fluid in the second
trimester and at term. TGFS3 at 4 X 107" mol/L, the same
order as the physiological concentration in amniotic fluid,
markedly enhanced BNIP secretion from cultured amnion
cells. In the present study, TGF8 was not detected in the
conditioned medium of amnion cell culture, suggesting that
TGFf in amniotic fluid did not originate from amnion cells.
Although the exact origin of TGFg in the amniotic fluid has
not been clarified, several investigators have reported gene
expression of TGFf in human placental trophoblast (25) and
human decidua (26), Thus, we speculate that BNP secretion
from amnion cells is regulated by TGFg secreted from tissues
surrounding the amnion tissue. Further investigation is re-

quired to test this interesting hypothesis.

TCFp-augmented BNP secretion from cultured amnion
cells was significantly suppressed by the addition of cortisol
or EGF at concentrations physiologically present in amniotic
fluid at term. The TGFS3 concentration in amniotic fluid at
term was similar to that during the second trimester. There-
fore, these findings suggest that BNP secretion from amnion
cells is augmented or maintained by TGFg during the second
trimester when the concentrations of EGF and cortisol are
low, and that BNP secretion might be suppressed by the
increased levels of cortisol and EGF at term (19-22).

Thus, the marked changes in the BNP concentration in
amniotic fluid during pregnancy can be explained by the
actions of TGF3, EGF, and cortisol. However, there remains
a possibility that some other factors in amniotic fluid may
contribute to the regulation of BNP secretion from amnion
cells. Another possibility that may affect BNP secretion from
amnion cells is that these agents are metabolized in vivo by
peptidases in the amnion cells, and their activities change
depending on gestational age. Further studies are required to
examine such a possibility.

Recently, Potvin and Varma (27) reported that ANP inhib-
ited tension development by the uterus of 10- to 14-day
pregnant rats. Our preliminary observation showed the gene
expression of receptor for ANP and BNP (ANP-A receptor)
in human decidua and uterine smooth muscle in the second
trimester (Itoh, H., and N. Sagawa, unpublished findings).
Moreover, our previous study demonstrated that BNP se-
creted from amnion cells may reach the tissues surrounding
the amniotic cavity (9). Thus, BNP secreted from amnion
cells might reach the tissues of decidua and myometrium
and play some role in the maintenance of pregnancy, espe-
cially in the first and second trimesters, and the effect of
BNP on these tissues may be attenuated at term when BNP
secretion from amnion cells decreases markedly. Further
studies on the biological activity of BNP on the tissues
adjacent to the amniotic membrane, including decidua and
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myometrium, are required to confirm the role of amniotic
BNT in the maintenance of human pregnancy.
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