HFREAEHRFLEFANDRAAETEARIRS

3K 36 3K 36 356 36 3% 3% 3K 3 356 346 356 36 6 0 OO ONK

FIABEEARSCAELBEZE ZBAER NCI-H259 o fotk R AR
ZFCELBAAFLNERN T

#HEMms: aneHE Ofelnt

# £ 6 8 : NSC89-2314-B002-510

#4089 £ 08 01929 %07 318

HELRA: 2R

2EiHA:

WERR: ERAZERR

$ ¥ B & 91 # 1 A 29 =a



F X%

Blse®): 200k R HSE #A

FLEMARTRENBHES EERRAN SR CRAE - HiEM
AR TrRALSHBEME A% ek d (dopamine receptor, DR) &#4EH -
BEHRARER > E_AXNSERELXERRBTUNGLFTRAF I

(angiotensin 11, All) 4787 R E HBWES® - REFAHERIL-FR
Besd B > Fo AL X 9F R ik (NSC-88-2341-B002-234 ) %3, » DR2 4=
DRAMEARLET LM E LAY EDR3AE R iRARLHIHE
DReGKRF - Bdh » #BERBIRHY L ABENHETHEEZHAE -

BN EEBREENEMAEY AR E =% (third intracytoplasmic loop,
[3L) #v G Z G4 - #ipfipH adenylyl cyclase EmBE AP HIE 4L - @
FRZAHDREZSHEFEANCEaLsS - —LEHBET DRI ESNLE > REH
BGiIEAHES  wmAL2¥d adenylyl cyclase | F L b B mB LB T
RE MmEPATMEA - EHAEF BAMIRZHDII AN E=ZES—BELE

(&%)  BEAp(EPA 2 BB EABYT L& ik (adrenocortical
carcinoma cell line, NCI-H295R) > i it XA M BERW - EXFABF
&R DR4 = [ it > HAM Z ERE oL SRS 0-10/£ 4
HhBERAFTUMULEFBEN MR  RZ B F AR DR2 2 [3Lthms > Xt
MEKSEWEYEEE A ERIEFRERFUER - b RET DRAHAE
BRI MY b K FIMAE R @ DR2 R A4 dlER - EE&E R FE AR EME R
AN B SHABANTERYS -



ExXHR

Key words: dopamine recepitor, aldosterone, transfection,

There are evidences that aldosterone secretion is subjected to a dopaminergic
inhibitory mechanism. Administration of dopaminergic antagonists, such as
metoclopramide, causes a rise in plasma aldosterone level in several animal species as
well as human. In addition, dopamine can decrease aldosterone secretion stimulated
by angiotensin I1 or high K level. We recently demonstrated that both D2 and D4
expressed in the adrenal gland, both the cortex and medullae, although D4 seemed to
express more abundantly and constantly. The messages in the cortex was mainly
localized in the ZG. Furthermore, aldosterone-producing adenoma also possessed
both DR. Therefore, these DR may play an important role in aldosterone secretion.

D2-like receptor is coupled with a G protein via the third intracytoplasmic loop
(I3L). Inhibition of adenyly! cyclase (AC) via D2 and D4 has been well demonstrated.
It has been shown that different isoforms of DR preferentially bind their specific G
proteins. In this study, we cloned the I3L of D2 and D4 into pCEP4 vector and
transfected the clones intc adrenocortical carcinoma cell line, NCI-H295R.
Over-expression of I3L of D4 in these cells resulted in a significant elevation of the
basal aldosterone level as compared with the native cells. In contrast, overexpression
of I3L of D2 led to a lower level of the basal aldosterone level. Exaggerated response
of aldosterone secretion to angiotension 11 {(1uM) was also observed in cells
transfected with D4 I3L, but blunt response in cells transfected with D2 I3L. These
results are compatible with our recent pharmacological data and indicate that D4 can
stimulate, while D2 inhibits, aldosterone secretion from NCI-H295R cells.



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 (MCP}, causes a rise in plasma aldosierone level in several animal
species as well as human [Fraser et al., 1989]. Although there is argumentation of the
mechanism of MCP-induced aldosterone secretion [Rizzi, et al., 1997], dopamine
binding sites in the adrenal glomerulosa has been well recognized [Bevilacqua, et al.,
1982; 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 et al, 1986; 1988; Stern et al., 1986, Amenta, 1994; Amenta &
Ricci , 1995). However, the subtype of DR has not been determined at molecular level.
We have recently demonstrated that both D2 and D4 receptors express in the adrenal
cortex, especially in the zona glomerulosa [Wu et al, 2001]. Furthermore, both
receptors modulate aldosterone secretion, although with opposite effects.

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 (Bevilacqua, et al., 1982; Missale et al, 1986; Gallo-Payet, et al. 1991;
Aherne ert al., 1997). DA increases intracellular cAMP level via D1 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 D1
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 et al, 1990; 1991). The fresly isolated glomerulosa celis possess both D1
and D2 receptors, whereas in cultured conditions only D1 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, or low affinity of the anatgonists to a specific
DA receptor, eg. D4 or D5 {(MacDonald, 1991). The subtype of DR which accounts
for the inhibitory effect of MCP is not elucidated. MCP is a nonselective DA
antagonist with high affinity to D2 and D3 receptors. However, it also displays high



selectivity to D1, D4 and D5 receptors (Rizzi, et al., 1997).

Therefore, a molecular approach is mandatory to elucidate the dopaminergic
regulation of aldosterone secretion. It has been recognized that the third
intra-cytoplasmic loop (I3L) is important to exert the effects of dopamine receptors.
The D2 receptor exists as two alternatively spliced isoforms differing in the insertion
of a stretch of 29 amino acids in the third intracytoplasmic loop (D2S and D21.).
Although both isoforms inhibit adenylyl cyclase (AC), the D2S receptor isoform
displayed higher affinity to inhibit AC than D2L (Dal Toso et al., 1989, Montmayeur
& Borrelli, 1991). Attempts to identify the preferred G protein C -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 interaction with Gi-20 _ Guiramand, 1995
whereas another report showed that in transfected cell lines the D2S receptor signaled
preferentially through Gi-2[1 and the D2L through Gi-3U, (Senogles, 1994). Whether
D3 and D4 receptors have their preferred G-proteins remains clarified. However,
because the different amino-acid sequences of the I3L of these DR, it is highly
suggested that they may couple different G-proteins.

In the present study, we cloned the I3L of human D2 and D4 receptors into an
expression vector and transfected them to H259R cells. The transfected cells were
thus used to examine the dopaminergic regulations of aldosterone secretion.

Materials and Methods

NCI-H259 cells culture
By RT-PCR we have found that this cell line has the expression of human D2 and D4
receptors (Wu et al, 2001).
1. NCI-H295R cells, obtained from the American Type Culture Collection
(Rocville, MD) were maintained in Dulbeco’s Modified Eagle’s Medium/Ham’s F12
(1:1) supplemented with HEPES (15mM), insulin (Sug/mL), transferrin (Sug/mL),
selenium (Sng/mL), bovine serum albumin (1.25mg/mL), linoleic acid {5.35ug/mL),
fetal bovine serum (2.5%), glutamine (2mM), and antibiotics (penicillin/streptomycin).
Cells were grown in 75 cm2 flasks at 37C under atmosphere of 5% C02/95% rocm
arr. The culture medium (DMEM/F12) includes fetal bovine serum (2.5%), glutamine
(2mM), and antibiotics (penicillin / streptomycin). Cells used for the described
experiments were routinely maintained as monolayer cultures. When studied, the cell
medium was removed and replaced with serum-free medium (DMEM/F12 containing



antibiotics and 0.01% bovine serum albumin), and cells were cultured for a another 24
h before they were treated with 1[1M angiotensin 11. Dopamine was added to blunt the
stimulating effect of AIL

2. The aldosterone concentrations of the cell medium will be measured by
radicimmunoassay.

Cloning the I3L (the third intracytoplasmic loop) of DR
1. The I3L of D2 and D4 will be amplified by RT-PCR from NCI-H259 cells.
RNA extraction and reverse transcriptase polvmerase chain reaction

Total RNA was isolated from NCI-H259 cells by using cesium chloride gradient
method. cDNA was synthesized and amplified with the use of specific primers for
D2DR :D213a with a BamHI cutting site: TTTGGATCCCAAGATCTACATTGTC
CTCC; D2I3b with a HindITI cutting site: TTTAAGCTTTCTGAGTGGCTTTCIT
CTC), DADR: D413a with a BamHI cutting site: ATTGGATCCGGCCACGTTCCGC
GGCCTGC; D4I3b with a HindIII cutting site: ATTAAGCTTACCTCATGGCCTT
GCGCTCC.

No genomic DNA was amplified when using nontranscribed mRNA. The
amplified [3L. DNA will be sequenced to confirm the nucleotide sequences.
2. Construct of I3L clone
The aliquot of the NCI-H295R cDNA was amplified by PCR (Pfx, Gibco-BRL) with
D2 specific primers (D213a and D213b). The sequence corresponds to the D2 third
intracytoplasmic loop. The fragment is cloned into pRSET-B. Then, the D213 loop
accompanied with a His-tag in pRSET-B fragment is amplified by PCR with the
primers (SETa: ATTGCGGCCGCTATGCGGGGTTCTCATCATC, and SETb:
ATTGCGGCCGCTAGTTATTGCTCAGCGGTGG), The product is then digested and
cloned into pCEP4, a vector with a CMV promotor. The D4I3-pCEP4 construct was
obtained by similar method.

Transfection

NCI-H295R. cells were plated at 50-60% confluent on 24-well plates with
DMEM/F12 + 2.5% FBS. The cells are transfected with D2I3-pCEP4 and
D413-pCEP4 individually by Qiagen Transfection Kit. The successfully transfected
cells were selected by adding  in the media.

Results and Discussion



Over-expression of D2I3L and D4I3L in the transfected cells

To differentiate the native D2 and D4 receptors from the transfected
intra-cytoplasmic loops of D2 and D4, primers flanking the 13L were used. For D2
receptor, D213a and D213b were used to amplified the transfected I13L; for D4, D4I3a
and D413b were the primers. To examine the expression of the native D2 and D4
receptors, one flanking primer was used: for D2, the primers were D2I3a and 5°-3;
for D4, the primers were 5’-3” and D4I3b.

As shown in Fig 1, there was no difference in the expression of the native D2 or
D4 receptors between the transfected D2 and D4 ceils and the untransfected H259R
cells. Significant amounts of D2 and D4 [3L were found in the transfected D2 and D4
cells, respectively. However, the expression of the transfected I3L decreased
significantly after more than 10 passing of the cells {data not shown). Therefore, the

experiments were done in transfected cells passed less than 10.

M NCC D2 D4 M NCC D2 D4 M NCC D2 D4 M NCCD2Z D4

Fig 1. Expression of the third intra-cytoplasmic loop (black bars) of human D2 and
D4 receptors in the H295R cells. The products of panels a and b were those amplified
with D2 primers, and panels ¢ and d with D4 primers, respectively. The products of
panels a and ¢ were those amplified with the primers (black arrows) within the I3L,
and those of panels b and d amplified with one primer flanking the I3L (dashed
arrows). M, 100-bp marker; NC, no template, C, H259R cells; D2, I3L of
D2-transfected cells; D4, 13L of D4-transfected cells.

The basal aldosterone levels from the transfected D2 and D4 cells

Significant high levels of basal aldosterone secretion from the transfected D4
cells were noted, a 10-50 fold increase as compared with the H259R cells (90.5+7.8
vs.1.2+0.2 ng/dl/mg.protein, p<0.0001) (Fig 2). In contrast, there was no significant
change of the basal aldosterone secretion from the transfected D2 cells (1.0£0.2
ng/dl/mg.protein).



Our previous study shows that dopamine may increase or inhibit aldosterone
secretion via D4 or D2 receptors, respectively (Wu et al., 2001). The present results
further confirm the observations and indicate that the effect of D4 receptor is
mediated through the third intra-cytoplasmic domain.

Responses to angiotensin Il and dopamine

After incubation with 1 yM dopamine or 1 uM clozapine for 24 hours, there was
no significant change of aldosterone secretion from either H259R cells or D2-I3L
transfected cells (Fig 2). Dopamine alone had mildly decreased the aldosterone
secretion from D4-13L transfected cells, but no effect on H259R cells or D2-I3L cells,

Addition of 1uM angiotensin II (A-I1I) significantly increased aldosterone
secretion from all the cells. However, the increment was less from the D2-I3L
transfected cells. The increase of aldosterone secretions from D2-13L and D4-I3L
cells were slightly decreased by dopamine and further decrease was observed when 1
uM clozapine was added.
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Fig 2. Basla aldosterone levels (ng/dl) from H259R cells (blank bar), D2-13L {dotted
bar) and D4-I3L (hatched bar) transfected H259R cells. Cells were also incubated in

presence of 1pM dopamine (DA), 1 uM clozapine, or angiotensin 1I (A-I1) for 24
hours.
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