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Background (or purpose): There are evidences that aldosterone secretion is
subjected to a dopaminergic inhibitory mechanism. Our previous study has
demonstrated that both human D2 and D4 receptors can modulate aldosterone
secretion, but in opposite direction. Belonging to the D2-like family, the signal
pathways of these two dopamine receptors are not understood and may be different.
Methods. The human adrenocarcinoma (NCI-H295R) cells, which were
demonstrated to express both D2 and D4 receptor proteins, were used to explore the
roles of different PKC isoenzymes in dopaminergic regulation of aldosterone
synthesis and secretion.

Results: The elevation of aldosterone synthase (CYP11B2) mRNA by angiotensin II
(AIl, 1uM) can be enhanced by D4 receptor, but attenuated by D2 receptor. Although
All activated PKCa/BII, PKCe and PKCp, D4 agonist, PD168, 077, selectively
enhanced All-induced PKCe activation by specific phosphorylation on Ser729 and its
translocation to cell membrane. Inhibition of PKCe by PKCe-specific inhibitory
peptide significantly attenuated All-induced elevation of CYP11B2 mRNA and
aldosterone secretion. D2 agonist, bromocriptine, selectively attenuated All-induced
PKCH activation by specific phosphorylation on Ser916. The All-induced response

was also attenuated by conventional PKC inhibitor, chlerythrine, and a further



attenuation was observed by adding G66976, a conventional PKC and PKCp

inhibitor.

Conclusion: These data indicate that D4 and D2 receptors have opposed regulatory

effects on All-stimulated aldosterone secretion and CYP11B2 mRNA expression by

activation of different PKC isoenzymes, The effect of D4 receptor was attributed to

enhance All-induced PKCe activation and that of D2 receptor probably via the

activation of PKCL.



Results

D2 and D4 receptors expression on NCI-H295R cedlls.

In the previous study, we have demonstrated mRNA expression of human D2

and D4 receptors in H295R cells. Immunobloting with D2-receptor antibody showed

100-kDa-, 68-kDa-, and 50-kDa-sized bands as described in the manufacture’s

instruction in both human adrenal gland and H295R cells (fig 1a). The 50-kDa-sized

protein is compatible with the size of D2 receptor. The D4 receptor-specific antibody

revealed a single band around 50 kDa in both human adrenal cortical tissue and

H295R cells (fig 1b). The signals were abolished when blotting with preimmunized

serum or by pretreating the anti-D4 serum with D4 receptor-specific immunizing

peptide (fig 1b).

Al l-stimulated aldosterone secretion depends on an increase of CYP11B2

transcription

The basal level of aldosterone in the supernatant of 24 hour-cultured NCI-H295R

cells was very low, approximately 0.15+0.01 pg/ml-pg protein. Elevation of

aldosterone level was significantly as soon as 4 hours after adding AIl. A

dose-dependent increase of aldosterone level by AIl was observed. The aldosterone

concentration in the culture supernatant 24 hours after AIl 1uM stimulation was

33.89+2.02 pg/ml-pg protein (fig 2a).



The basal level of CYP11B2 mRNA was much lower than CYP11B1 mRNA

level (data not shown). Addition of All significantly increased CYP11B2 mRNA level

as early as at 2 hours, but no effect on CYP11B1 transcription. . The peak effect of

All on CYP11B2 transcription was observed at 8 hours (fig2c).

The increase of CYP11B2 mRNA level was completely abolished after treating the

cells with actinomycin D 10 pg/ml (fig3a), which was accompanied by a decrease of

aldosterone levels to the basal level without All treatment (Fig 3b). The inhibitory

effect of actinomycin D was also dose-dependent. The results suggest that the increase

of aldosterone level in the in the supernatant by All is largely dependent on the

increase of CYP11B2 transcription.

Effects of D2 and D4 receptors on All stimulated aldosterone through modulations

of CYP11B2 transcription

As shown in our previous study, D2 receptor agonist, bromocriptine, attenuated
the increase of All-stimulated aldosterone secretion. A significant inhibitory effect of
bromocrptine was observed as low as 10°° M (fig 4a). The inhibitory effect of D2
receptor on the regulation of aldosterone secretion was further confirmed by a
significant elevation of aldosterone level when a selective D2-antagonist, raclopride,
was added to the cells treated with 1uM of AIl and DA (Fig 4a). The enhancing effect

of raclopride was significant with a level of 10® M (Fig 4a). On the contrary, D4



receptor-specific agonist (PD168, 077) enhanced, and D4 antagonist (L745, 870)

attenuated the All-stimulating effect on aldosterone secretion (Fig 4b).

Bromocriptine 1M effectively attenuated All-stimulated CYP11B2 expression at all

2,4, 8, and 24 hours (fig 5a). On the other hand, raclopride enhanced the stimulatory

effect of All on the transcription of CYP11B2 (fig 5a). D4 agonist, PD168, 077 1uM,

significantly enhanced, and D4 antagonist, L7435, 870, attenuated the mRNA levels of

CYP11B2 induced by Al (fig 5b).

D2 and D4 selectively influenced the activities of PKC isoenzymes induced by Al |

Immunobloting with phospho-PKC specific antibodies demonstrated that All

increased the phosphorylation of PKCa/BII, PKCe ( Ser 729 ) , PKCu ( Ser 744/748 )

and PKCu( Ser 916 )(fig 6a and 6b). The phosphorylation of Thr 638/641, PKC& ( Thr

505), PKC&( Ser 643 ), PKCO( Thr 538 ), and PKC{/A ( Thr 410/403 ) was, however,

not altered by AIl. Bromocriptine 1pM did not change basal and All-stimulated

phosphorylation of PKCa and PKCe, but attenuated PKC ( Ser 916 ) phosphorylation

induced by All (fig 6a). In contrast, D2 antagonist, raclopride, further increased the

phosphorylation of PKCu (Ser 916 ) induced by All, but exerted no effect on PKCa

and PKCk. (fig 6a).

The D4 agonist, PD168, 077, did not alter the phosphorylation of PKCa and



PKCH, but enhanced All-stimulated phosphorylation of PKCe ( Ser729 ) (fig 6b),

which was attenuated when 1 uM D4 antagonist, L745, 870, was added, instead. (fig

6b).

Effect of D2 and D4 receptor on Al l -stimulated PKC trans ocation

Immunobloting with antibodies for total forms of PKCa, PKCPIIL, and PKCe showed

significant translocation of all the four PKC isoenzymes to the membrane fraction

with a reciprocal decrease of their cytosol distributions. Bromocriptine selectively

inhibited, and raclopride enhanced All-induced translocation of PKCH to the

membrane (fig 7a). PD168, 077 selectively augmented All-induced PKCe

translocation to the membrane, and L745, 870 significantly attenuated PKCe

translocation (fig 7b).

PKCe specific peptide inhibited Al I -induced aldosterone secretion and CYP11B2

expression

The aldosterone and CYP11B2 mRNA levels induced by AIl were not altered by

saponin 15mg/ml. Administration of PKCe-specific inhibitory peptide blocked PKCe

translocation and reduced All-induced aldosterone secretion by approximate 25%.

The All-induced aldosterone secretion was not changed when the control peptide was

added (fig 8). A similar effect of the PKCe specific peptide on CYP11B2 mRNA

expression was also observed, with a reduction by 50% of the CYP11B2 mRNA (Fig



8)

Phosphorylation of PKCa and PKCu on Al l -stimulated aldosterone secretion and

CYP11B2 mRNA expression.

The conventional PKC inhibitor, chelerythrine chloride, dose-dependently
inhibited All-stimulated aldosterone secretion (data not shown). The inhibitory effect
of chelerythrine chloride was observed as low as 10°M and reached the plateau effect
at a concentration greater than 10”M. The effect was accompanied by a decrease of
CYPI11B2 mRNA expression. Treatment with 1 uM G66976, a PKCH to, also
attenuated All-stimulated aldosterone secretion, and CYP11B2 mRNA expression
(data not shown). The PKCH inhibitor, G66976 10°M, augmented the inhibitory
effect of Chelerythrine 10°M on AII 1pM-stimulated aldosterone secretion, and the

All 1pM-stimulated CYP11B2 mRNA expression (fig 9).



DRD2 and DRD4 expression in NCI-H295R cells
and human adrenal gland

A. DRD2 B. DRD4
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Fig 1: D2 and D4 receptors expression on human adrenal gland and NCI-H295R cells.
A. Western blotting with commercial available D2 receptor antibody revealed three
bands. The 50kDa-sized band was compatible with the size of human D2 receptor. B.
Western blotting with D4 receptor antibody showed a single band approximately

50kDa, which was compatible with the size of human D4 receptor.
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Fig 2: All stimulated aldosterone secretion and CYP11B2 mRNA expression of
NCI-H295R cells. A. Dose-dependent stimulation of aldosterone secretion 24 hours
after All treatment. B. Time-dependent accumulation of aldosterone in culture
supernatant after AIl 10°M treatment. C. Semi-quantification of CYP11B2 mRNA by
RT-PCR was normalized with simultaneously amplified GAPDH mRNA.
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Fig. 3: Transcription inhibitor, actimomycin D, inhibited All-stimulated CYP11B2
transcription as well as aldosterone secretion in the culture supernatant. Right scale:
RT-PCR of CYP11B2 mRNA 4 hours after treatment is shown by meantSD. Left
scale: Aldosterone levels in the culture supernatant 24 hours after treatment are shown

by meantSD. All data was from quadraplicate results in 3 independent experiments.
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Fig. 4: D2 and D4 receptors differently regulated All-stimulated aldosterone secretion
of NCI-H295R cells. A: D2 agonist, bromocriptine10” to 10°M, dose-dependently
inhibited All-stimulated aldosterone secretion. On the other hand, D2 antagonist,
raclopride 10” to 10°M, dose-dependently augmented AII 10°M and DA10°M
co-stimulated aldosterone secretion. B: D4 agonist, PD168, 077 107 to 10°°M,
dose-dependently accentuated All-stimulated aldosterone secretion. Conversely, D4
antagonist, L745, 870 107 to 10'6M, dose-dependently attenuated All 10°M and DA

10"°M co-stimulated aldosterone secretion.
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Fig. 5: D2 receptor attenuated All-stimulated CYP11B2 mRNA expression of
NCI-H295R cells, and D4 receptor accentuated All-stimulated CYP11B2 mRNA
expression of NCI-H295R cells. Total mRNA was collected 2, 4, 8, and 24 after
treatment RT-PCR of CYP11B2 mRNA was normalized with simultaneously
amplified GAPDH mRNA of each sample. Value of CYP11B2 mRNA 4 hours after
treatment were shown as ratio of GAPDH. Data was shown by mean*SD from

quadraplicate results in 3 independent experiment.
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Fig. 6: All activated phospho-PKC ./ S1I, ¢ and u expression. A: D2 receptor
selectively inhibited All-activated phopho-PKC 1z at Ser916. B: D4 receptor
selectively enhanced All-activated phopho-PKC ¢ .All samples were collected 5
minutes after treatment. Phospho-PKCs were detected by antibodies, which were
specific to target phosphorylated sites on each PKC isoforms. All data was at least
triplicates.
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Fig. 7: All activated phospho-PKC ¢, SII, ¢ and g translocation. D2 receptor
selectively attenuated All-activated phopho-PKC 2. D4 receptor selectively enhanced
All-activated phopho-PKC ¢ . All samples were collected 5 minutes after treatment.
All data was at least triplicated.
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Fig. 8: PKCa /1l and PKC 2 played the roles on All-stimulated aldosterone
secretion (left scale) and CYP11B2 mRNA expression (right scale). Lane 1 control,
lane 2 AII 10°M, lane 3 AIl and conventional PKC inhibitor chelerythrine 10°M, lane
4 All and Go6976, an inhibitor for PKCa/ 511 and PKC 1. . Data was shown by meant

SD from quadruplicates results in 3 independent experiment.
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Fig 9: PKC ¢ specific inhibitory peptide inhibited All-stimulated aldosterone
secretion (left scale) and CYP11B2 mRNA expression (right scale). Lane 1 control,
lane 2 AIl 10-6M, Lane 3 Al and saponin 15 mg/ml, lane 4 All, saponin and. PKC ¢
specific inhibitory peptide, lane 5 All, saponin and control peptide Data was shown
by meantSD from quadruplicates results in 3 independent experiment.



