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ABSTRACT
There are evidences that aldosterone
secretion is subjected to a dopaminergic

inhibitory  mechanism.  Dopamine can
decrease aldosterone secretion stimulated by
angiotensin I or high K level. This

modulation is thought to be mediated via a
dopamine2-like receptor. However. the
subtype of DR is not completely elucidated.
We recently demonstrated that both D2 and
D4, but not D3, expressed in the adrenal
gland, both the cortex and medullae.

Due to the lack of specific dopamine
antagonists to the subtype of DR, the
importance of which subtype of DR
responsible for aldosterone secretion may

only be resolved by molecular biology.



D2-like receptor is coupled with a G protein
via the third intracytoplasmic loop (13L).
Inhibition of adenylyl cyclase via D2 and D4
has been well demonstrated. It has been
shown that different isoforms of DR
preferentially bind their specific G proteins.
[n this study, we transtected the [3L of D2
and D4 into human adrenocortical carcinoma
cells (NCI-H295R) to overexpress either
D2I3L or D4I3L. A single clone of the D2I3L
or D4I3L cells were cultured for experiments.
The basal secretion of aldosterone from the
D4I3L cells was much higher than that from
the native H295R cells (90.5+7.8 vs.1.2+0.2
ng/dl/mg.protein, p<0.0001), whose
aldosterone secretion was not different from
those of D2I3L cells (1.0+0.2
ng/dl/mg.protein). The latter also had a blunt
response to 1 uM A-II (3.0+0.8 ng/dl/
mg.protein) as compared with the native
H295R and D4I3L cells (18.2+1.5 and
548.0£23.4 ng/dl/ mg.protein, respectively).
The intracellular calcium levels among these
three cell lines were not different.
Patch-clamp study revealed a small inward
current, which could be slightly amplified by
adding 1uM A-IL. No significant difference
was observed when the D4I3L cells were
studied. However, further studies could not
be done due to the poor vitality of the cells.
We also observed that the expression of I3L
was lost after 4-5 passages of the transfected
cells.

[n summary. by transfection of the third

intracytoplasmic loop of D2 and D4 receptors,

we demonstrated that D2 and D4 could
modulate the aldosterone levels, probably via
the G protein-binding domain.
Overexpression of D2I3L inhibits. whereas
D4I3L increases. aldosterone secretion.
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INTRODUCTION

There are evidences that aldosterone
secretion is subjected to a dopaminergic
inhibitory mechanism [McKenna et al., 1979:
Carey et al., 1980; Ganguly, 1984; Porter, et
al.. 1992]. Administration of dopaminergic
antagonists. such as metoclopramide. causes
a rise in plasma aldosterone level in several
animal species as well as human [Fraser et al..
1989]. Although there is argumentation of
the mechanism of metoclopramide-induced
aldosterone secretion [Rizzi, et al., 1997].
dopamine binding sites in the adrenal
glomerulosa has been well recognized [Stern.
et al., 1986; Missale, et al., 1986].

In pharmacological and
autoradiographic studies, D2-like receptor in
the adrenal cortex has been well

demonstrated (Missale, 1986: 1988: Stern
1986; Amenta, 1994). However, the subtype
of DR has not been determined at molecular
level. In autoradiographic study, DR has been
shown localized mainly in the zona
glomerulosa (ZG). The DR was shown to
have the highest affinity to clozapine
(Amenta et al, 1994; Amenta & Ricci, 1995).
which binds to the D4 receptor with an
affinity 10 times higher than to D2 and D3
receptors (Van Tol, et al., 1991). We have

“recently observed that both human D2 and

D4 receptors expressed in the adrenal
medullae as well as adrenal cortex. The DR
was mainly localized in the ZG. In addition.
D2 and D4 were also expressed in
aldosterone-producing adenoma (Wu et al..
2001). The roles of D2 and D4 the
regulation of aldosterone secretion were
further suspected by using dopaminergic
antagonists (Wu et al., 2001). However. the
lack  of  specificities of dopaminergic
antagonists for D2 and D4 makes the
differentiation difficult.

in

[t has been recognized that DR can

influence the activity of adenylyl cyclase



(AC). D2-like receptors can inhibit AC
whereas D1-like receptors are associated with
stimulation of AC. Whether D3 and D4
receptors have their preferred G-proteins
remains clarified. The G-protein binding
dormant was thought localized in the third
intracytoplasmic loop (I3L). Due to the
different amino-acid sequences of the I3L of
these DR, it is highly suggested that they may
couple different G-proteins. In this study, we
used a molecular approach‘to investigate
whether both D2 and D4 modulate
aldosterone secretion. We transfected the I3L
of human D2 and D4 into human
adrenocotical carcinoma cells (NCI-H295R)
to overexpress the 3L of either D2 or D4

cells.

RESULTS

The sequences of D2I3L and D4I3L
after cloning to were confirmed as well as the
opening frames. The transfection efficiency
was approximately 20%. We had observed
that the expression of the transfected I3L was
not existent after cell passages for more than
5 times.

The basal ALD level of D4I3L cells was
higher than that from native H295R cells
(90.5£7.8 vs.1.2+0.2 ng/dl/mg.protein.,
p<0.0001. Fig 1). However, D2I3L cells
secreted a similar level of ALD (1.0+0.2
ng/dl/mg protein) to that of H295 cells. After
adding | uM A-II, the ALD secretion from
the native H295R and D4I3L cells was
significantly increased (18.2+1.5 and
548.0+23.4 ng/dl/mg protein. respectively).
In contrast. the response to A-II was blunt in
D2I3L cells (3.0£0.8 ng/dl/mg protein).

Dopamine. | uM. alone had no significant

effect on ALD secretion from either D2I3L or

D4131 cells. In the presence of A-II.
dopamine had a mild inhibition of
aldosterone secretion from D4I3L cells
(p=0.062).

The [Ca2+]: of the native H295 cells
was 89.2+9.2 nM, which was not different
from those of D4I3L cells (58.3+15.1 nM).
Due to the poor vitality, no measurement of
[Ca2+]i was done for D2I3L cells. A-II (I uM)
raised [Ca2+]i by 6 folds in H295R as well as
D413L cells. Dopamine had no effect on
[Ca24]i in either H295R or D4I3L cells.
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Fig. | The aldosterone secretion from H295R
(white bar), D2I3L (black bar) and D4I3L

gray bar). Each data is the mean and SEM
from 3 experiments. DA, | uM dopamine:

A-II, 1 pM angiotensin II.
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Fig 2. RT-PCR of Gila (lanes 1-4). Gi2a
(lanes 5-8) and Gi3a (lanes 9-12) proteins
in NCI-H295R cells (lanes 2. 6, and 10).
D2-I3L transfected cells (lanes 3. 7. and 1 1)
and D4-I3L transfected cells (lanes 4, 8

10 11 12

and 12). Lanes 1, S and 9, no template.



Whole cell patch clamp was done only
for D4 and H295R cells. In H295R cell, an
mward current was detected and was
increased mildly after 10 uM A-IL In D4I3L
cells. although a similar inward current was
measured, no significant current change was
found(<10pA) after adding A-IL.Further
analysis was difficult because of (1) small
current, (2) variable cell condition, especially
in D4I3L cells (variable in size and
morphology). and (3) small available sample

number.

Because Gi proteins are speculated to
couple with D2-like receptors, we did
RT-PCR to study whether the expression of
alpha subunits of Gi proteins was altered by
tranasfection of D2I3L and D4I3L. As shown
in Fig. 2, the expressions of Gila, Gi2a and
Gi3a were not significantly different between
the native H295R and I3L transfected cells.
However, more precise measurements of the
messages of these proteins are necessary to
elucidate the speculation.

DISCUSSION

In the present study, we demonstrated
that overexpression of the I3L of human D2
and D4 receptors can modulate the
aldosterone secretion. In spite of belonging to
D2-like receptor, D2 and D4 have opposite
effects on aldosterone secretion. This
observation was compatible with our
previous pharmacological experiments on
H295R cells (Wu et al., 2001). These data
show that dopamine can increase aldosterone
secretion via D4 receptor, whereas
decreasing aldosterone secretion via D2
receptor.

In pharmacological and
autoradiographic studies, D2-like receptor in

the adrenal cortex has been well

only Dl

demonstrated (Missale, 1986: 1988 Stern
1986: Amenta, 1994). However, the subtype
of DR has not been determined at molecular
level. In autoradiographic study, DR has been
shown localized mainly in the zona
glomerulosa (ZG) and was shown to have the
highest affinity to clozapine (Amenta et al.
1994; Amenta & Ricci, 1995) which binds to
the D4 receptor with an affinity 10 times
higher than to D2 and D3 receptors (Van Tol.

etal., 1991).

Some in vitro studies failed to
demonstrate the inhibitory effect of DA on
aldosterone secretion. There are several
explanations for these negative results. First,
there are evidences that both D1 and D2 (or

D2-like) receptors are expressed in the
adrenal cortex (Missale et al. 1986:
Gallo-Payet, et al. 1991). DA increases

intracellular cAMP level via DI receptor. but
decreases it through D2 receptor (Missale et
al., 1988; Gallo-payet, 1991). The inhibitory
effect of DA on aldosterone secretion is
significant only when the DI receptor is
blocked. Therefore, DA alone may have no
effect on aldosterone secretion. Secondly, the
expression of DR subtypes may change with
different culture conditions (Gallo-Payet.
1990;  1991). The freshly  isolated
glomerulosa cells possess both DI and D2
receptors, whereas in cultured conditions
receptors  exist.  Thus. the
dopaminergic effect on aldosterone may be
opposite just because the cells are differently
prepared. Thirdly, agonists or antagonists
used in several experiments are usually
nonselective to the subtypes of DA receptors.
In those studies which failed to demonstrate
the antidopaminergic action on aldosterone
secretion may be due to the nonselective
property of the antagonists (Warner et al..
1992), or low affinity of the anatgonists to a
specific DA receptor, eg. D4 or D5
(MacDonald, 1991: Warner et al.. 1992).
Therefore. as shown in the present study.
a molecular approach may be the only way to

resolve the problems in elucidating the



effects of DR on aldosterone secretion. The
rationale to transfect the I3L. instead of the
whole receptor molecule. is that this loop
binds G proteins. which act as a signal
transduction for DRs. Due to the different
amino-acid sequences of the I3L of these
DRs. it is highly suggested that they may
couple different G-proteins. Why expression
of I3L could modulate aldosterone secretion?
We speculate that the overexpressed [3L of
D2 or D4 receptors can bind their respective
G-proteins and induce the signal transduction
to exert their actions, mimicking the actions
of whole dopamine receptors. However, we
did not explore this issue in the present study
due to the low yields of protein preparation.
Secretion of aldosterone is accompanied
by an increase in {Ca2+]i. As shown in the
present study, A-II increased intracellular
calcium levels significantly. Although the
basal aldosterone secretion was different
between the native H295R and D4I3L cells.
their basal [Ca2+]i were similar. In addition,
the [Ca2+]i increased by A-II was not
different. Therefore, the significant increase
in aldosterone levels, either the basal or
stimulated by A-I1, from D4131 cells may
result from an increase in aldosterone
synthesis rather than aldosterone secretion
per se. Further study in aldosterone synthesis

iIs needed to clarify this speculation.

[t has been recognized that DR can
influence the activity of AC. D2-like
receptors can inhibit AC whereas DI-like
receptors are assoctated with stimulation of
AC. The D2 receptor exists as two
alternatively spliced isoforms differing in the
nsertion of a stretch of 29 amino acids in the
third intracytoplasmic loop (D2S and D2L).
Although both isoforms inhibit AC. the D2S
receptor isoform diplayed higher affinity to
inhibit AC than D2L (Dal Toso et al.. 1989:

Montmayeur & Borrelli, 1991). Attempts to
identify the preferred G protien a-subunit for
D2S and D2L have led to conflicting results.
One group suggested that the 29-amino acid
insertion in the D2L receptor directs its
mteraction with Gi-2  Guiramand et ul..
1995. whereas another report showed that in

transfected cell lines the D2S receptor
signaled preferentially through Gi-2  and the
D2L  through Gi-3 ~(Senogles 1994).

Whether D3 and D4 receptors have their
preferred G-proteins remains clarified. In the
present study, we examined the expression of
the alpha subunits of Gi proteins. With
RT-PCR, we did not find different expression
of Gil, Gi2 and Gi3 proteins between the
native H295R and the I3L-transfected cells,
The regulatory mechanism of Gi proteins in
H295R cells is not understood. Whether the
expression of the alpha subunit of G proteins
can  be regulated by binding their
corresponding receptors remains exploration.
In summary, by transfection of the third
intracytoplasmic loop of D2 and D4 receptors.
we demonstrated that D2 and D4 could
modulate the aldosterone levels. probably via
the G protein-binding domain.
Overexpression of D2I3L inhibits. whereas
D4I3L increases, aldosterone secretion.
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