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SUMMARY: Specific binding sites for atrial natriuretic peptide
(ANP) were studied in cultured mesenchymal nonmyocardial cells
(NMC) from rat heart. Binding study using !25I-labeled synthe-
tic rat (r) ANP revealed the presence of a single class of high-
affinity binding sites for rANP in cultured NMCs derived from
both atria and ventricles; the apparent dissociation constant
(Kg) was 0.2 -0.3 nM and the number of maximal binding sites
was 190,000 - 300,000 sites/cell. rANP significantly stimulated
intracellular cGMP formation of cardiac NMCs in a dose-dependent
manner (1.6 x10"% M-3.2x 107 M). rANP had no effect on syn-
thesis of prostaglandin I, by cultured cardiac NMCs. The physi-
ological significance of ANP action on cardiac tissue remains

to be determined. © 1985 Academic Press, Inc.

Atrial natriuretic peptide (ANP), a potent natriuretic and
vasoactive polypeptide recently isolated from mammalian atria
(1-7), has been shown to act on kidney to cause natriuresis and
diuresis, and on blood vessels to induce smooth muscle relaxa-
tion. It has recently been reported that ANP stimulates guany-
late cyclase activities in homogenates of several tissues
including rat aorta and kidney (8), whereas it is an inhibitor
of adenylate cyclase activities from several tissues including
rat heart (9), suggesting its potential function(s) in various
tissues. In fact, ANP inhibits aldosterone secretion from rat
adrenal glomerulosa cells (10).

In the present study, we have attempted to investigate
whether there exist ANP receptors in cultured mesenchymal cells

from rat heart, and whether it has any effect on formation of
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intracellular cGMP and synthesis of prostaglandin (PG) I, by

these cells.

MATERIALS AND METHODS

Culture of cardiac mesenchymal cells Cardiac mesenchymal non-
myocardial cells (NMC) were obtained by a modified method of
enzymatic dissociation (11). Atrial and ventricular tissues
excised from adult male Wistar rats were minced and rinsed with
Dulbecco's modified Eagle's medium (DMEM). The tissue fragments
were dispersed with 0.05% collagenase (Type II; Worthington)

and 0.05% trypsin (Difco) at 379C for 3 successive 30 min inter-
vals. The second and third cell suspensions were combined and
centrifuged. The cell pellet was washed with DMEM containing
10% fetal calf serum (FCS; Flow) and antibiotics. The cell
suspensions were incubated at 37°C in a humidified atmosphere

of 95% air - 5% CO, for 4 hrs, during which interval the mesen-
chymal NMCs quickly attached to the culture dish surface,
leaving the myocytes in suspension. Cardiac mesenchymal NMCs
thus cultured were readily distinguished by morphological
features as previously described (11-13); they were polyhedral
with phase-lucent cytoplasma and large and oval nucleus.

Cardiac NMCs rapidly proliferated and reached confluency 7 - 10
days after plating. The primary culture was used in the experi-
ments.

Binding experiments Binding studies using !2?°I-labeled synthe-
tic rat (r) ANP (specific activity: 100 - 120 uCijq) were
performed as previously reported (14). In brief, the cells

were usually incubated with !'?°I-labeled-rANP in one-ml Hank's
medium containing 0.1 % bovine serum albumin (binding medium)

at 24°C for 60 min. Specific binding was defined as total
binding minus nonspecific binding in the presence of 3.2 x 107" M
unlabeled rANP.

Determination of intracellular cGMP The cells were incubated
with or without rANP in one-ml binding medium containing 0.5 mM
methylisobutylxanthine (Calbiochem-Behring) at 37°C for 30 min.
Concentrations of intracellular cGMP were determined by radio-
immunoassay (RIA) kit (New England Nuclear) after acetylating
the samples (14).

Determination of PGI, For measurement of PGI,, the cells were
incubated at 379C for 60 min in one-ml DMEM containing 0.5% FCS
in the absence and presence of rANP. After incubation, media
were removed and assayed for 6~keto-PGFq,, the stable hydrolysis
product of PGI,. Determination of 6-keto-PGFqy was performed

by RIA using rabbit anti-6-keto-PGF1, serum (G7BMK6102-7: kindly
supplied by Ono Pharmaceutical Co., Osaka, Japan). Cross=~
reactivity of the antibody with other PGs was as follows: PGE;
(8%); PGE, (9.1%); PGFq, (4.3%); PGFy (5%). Incubation mixture
consisted of 0.1 ml standard or samples, 0.1 ml antibody (final
dilution 1:3,500) and 0.1 ml 3H—6-keto—PGF1a {(~10,000 cpm:
Amersham), all diluted in 0.1 M phosphate buffer, pH 7.4, con-
taining 1 M NaCl and 0.1% gelatin. Incubation was carried out
at 37°C for 60 min. Antibody-bound and free ligand was sepa-
rated by addition of 0.2 ml ice-cold dextran-coated charcoal
suspension (0.25% dextran T-70/2.5% Norit A). The minimum
detectable amountof 6-keto-PGFy, was 10 pg/tube.
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Drugs rANP!~28 was purchased from Protein Research Foundation,
Osaka, Japan, arachidonate and indomethacin from Sigma Chemical.

RESULTS
Binding of !'2?°I-labeled-rANP to cultured cardiac NMCs was
rapid at 24°C, and reached an apparent equilibrium during 30 - 60

min (Fig. 1); specific binding was more than 70% of total

binding. An equilibrium binding of !25I-labeled-rANP to cul-

tured NMCs derived from both atria (Fig. 2) and ventricles (Fig.

3) was saturable. Scatchard plots of binding data showed the
presence of a single class of high-affinity binding sites for

rANP; the apparent dissociation constant (Kg) of rANP to atrial
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Fig. 1. Binding of '2%I-labeled-rANP to cultured rat ventricu-
Tar nonmyocardial cells as a function of time.

Confluent cells (10° cells/well) were incubated at 24°C in
one-ml binding medium containing 1 nM '2°I-labeled-rANP.
Specific binding (e) was obtained by subtracting nonspecific
binding (o) in the presence of 3.2 x 1077 M unlabeled rANP from
total binding. Each point is the mean of two experiments.

Fig. 2. Saturable binding of !25I-labeled-rANP to cultured
nonmyocardial cells from rat atria.

confluent cells (8 x 10* cells/well) were incubated at 24°C
for 60 min in one-ml binding medium with various concentrations
of !25I-labeled-rANP. Specific binding was defined as total
binding minus nonspecific binding in the presence of 3.2 x 1077 M
unlabeled rANP. Each point is the mean of two experiments.
(Inset) Scatchard plot of binding data. The ratio of bound to
free (B/F) !25I-labeled-rANP is plotted against the concentra-
tions of bound radioligand.
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Fig. 3. Saturable binding of '?°I-labeled-rANP to cultured non-
myocardial cells from rat ventricles.

Confluent cells (8 x 10* cells/well) were incubated with '25I-
labeled-rANP in the same manner as in Fig. 2. Each point is the

mean of two experiments. (Inset) Scatchard plot of binding data
as in Fig. 2.

and ventricular NMCs was 0.23 nM and 0.28 nM, respectively, and
the number of maximal binding capacity (Bpy,yx) was 189,000 sites/
cell (atria) and 300,000 sites/cell (ventricles). Unlabeled
rANP competitively inhibited the binding of !'2°I-labeled-rANP
to its binding sites in cultured cardiac NMCs (Fig. 4).

rANP stimulated formation of intracellular cGMP in cardiac
NMCs from both atria (Fig. 5) and ventricles (data not shown)
in a dose-dependent manner: a significant (p<0.001) increase
was induced with 1.6 x 107% M and a maximal stimulation with
3.2x1077 M.

Cultured NMCs from both atria and ventricles produced and
secreted into medium comparable amounts of immunoreactive 6-

keto-PGFq4: atrial NMCs (1.3 £0.11 ng/hr/10° cells, mean t SE,
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Fig. 4. Competitive binding of !?%I-labeled-rANP to cultured
rat ventricular nonmyocardial cells by unlabeled rANP.

An equilibrium binding was performed by incubating the cells
(10° cells/well) at 24°C for 60 min in one-ml binding medium
with 1 nM '2%I-labeled-rANP in the presence and absence of
unlabeled rANP as indicated. Total binding was 8% of !251-
labeled-rANP added, and specific binding was 70% of total bind-
ing. Each point is the mean of two determinations.

Fig. 5. Effect of rANP on intracellular cGMP formation in
cultured nonmyocardial cells from rat atria.

Subconfluent cells (4 x 10* cells/well) were incubated at 37°C
for 30 min in one-ml binding medium containing 0.5 mM methyliso-
butylxanthine in the absence and presence of rANP in concentra-
tions as indicated. Concentrations of intracellular cGMP were
determined by radioimmunoassay after acetylation. Each point
is the mean of three samples; bar indicates SEM. Statistically
significant from control: (*) p<0.02, (**) p<0.01, (***) p<0.001.

n=6); ventricular NMCs (1.3 *0.12 ng/hr/105 cells, n=6). rANP
(3.2x107'%-3,2%x10"7 M) had no effect on synthesis of 6-keto-
PGF1, by either atrial or ventricular NMCs (Table 1). In con-
trast, arachidonate (10™* M) significantly stimulated synthesis
of 6-keto-PGFqy , whereas indomethacin (10~* M) completely

blocked its synthesis, indicating de novo synthesis of PGI:2 by

cultured cardiac NMCs (Table 1).

DISCUSSION
Two cell types can be cultured from mammalian heart:

cardiac myocytes and mesenchymal NMCs (15). Cardiac mesenchymal
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Table 1. Synthesis of 6-keto-PGF43, by cardiac nonmyocardial
cells (NMC) in culture

Treatment Atrial NMC Ventricular NMC
(ng/hr/105 cells)

None 1.7+0.2 1.4+0.15
rANP

3.2x1070 M 1.5£0.12 1.2+0,22
3.2x107% M 1.5+0.3 1.5+0.15
3.2x107% M 1.6+0.12 1.1+0.21
3.2x10"77 M 1.3+0.18 1.120.12
Arachidonate

10°% M 14 £ 3,2% 15 & 1.3%%*
Indomethacin

10°% M <0.1 <0.1

Values are mean * SEM (n=3).
Asterisks show statistical difference from control:
(*) p<0.02, (**) p<0.001.

NMCs that guickly attach to the culture dish surface and rapidly
proliferate, can be readily separated from cardiac myocytes by
the differential attachment technique (11-13). Cardiac NMCs
cultured and used in this study appear to be distinct from
vascular smooth muscle cells (VSMC) nor endothelial cells
because they did not show "hill-and-valley" growth pattern
characteristic of VSMC (16), nor "cobble stone" appearance or
compact polygonal morphology of endothelial cells (17). The
presence of neither actin nor Factor VIII antigen was demon-—
strated in these cells by immunocytochemical study. (unpublished
observations). The precise identity of the cardiac NMCs have
been unclear and referred to simply as "mesenchymal cells" (12).

The present study first demonstrates that mesenchymal NMCs
derived from both atria and ventricles of rat heart have speci-
fic receptors for ANP. The characteristics of ANP receptors in
cardiac NMCs as demonstrated in this study appear to be compara-
ble to those of VSMCs as reported previously (14); the apparent
Kg was 0.2-0.3 nM and Bpgy was 190,000 - 300,000 sites/cell.

Furthermore, ANP has the same stimulatory effect on intracellu-
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lar cGMP formation in cardiac NMCs as in VSMCs (14,18) and
endothelial cells (18).

It has been reported that cultured mesenchymal NMCs, but
not myocytes, of rat heart synthesize the potent vasodilator
PGI, (11), and PGs synthesized by heart may affect cardiac func-
tion, such as alterations of cardiac contractility and vascular
resistance (19,20). Our result of synthesis of 6-keto-Fi,, a
stable metabolite of PGI,, by cultured cardiac NMCs is consist-
ent with that of previous study (11). In this study, ANP has
no effect on synthesis of PGI, by cultured cardiac NMCs. We
have also observed that ANP has no effect on production of
either PGI, or PGE; by cultured VSMC from rat aorta and endo-
thelial cells from calf pulmonary artery (CPAE), both of which
possess specific receptors for ANP (unpublished observations).
Therefore, it is suggested that biological action(s) of ANP is
not mediated by synthesis of PGs as demonstrated in rat kidney
(21) .

Although the physiological function(s) of cardiac mesenchy-
mal NMCs is unclear, possible interactions of NMCs with myocytes
affecting myocyte differentiationhave been postulated (13).
Therefore, the physiological significance of ANP action(s) on
cardiac tissue remains to be determined. It will also be impor-
tant to investigate how ANP synthesized by the atrial tissue
exerts its effect(s) in cardiac tissue, viz. either locally via

paracrine fashion or systemically as a hormone.
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