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Abstract: Adenosine can influence dopaminergic neuro-
transmission in the basal ganglia via postsynaptic inter-
action between adenosine A,, and dopamine D, recep-
tors. We have used a human neuroblastoma cell line
(SH-SY5Y) that was found to express constitutively mod-
erate levels of adenosine A; and A,, receptors (~100
fmol/mg of protein) to investigate the interactions of
A,./D, receptors, at a cellular level. After transfection
with human D,, receptor cDNA, SH-SY5Y cells ex-
pressed between 500 and 1,100 fmol of D, receptors/mg
of protein. In membrane preparations, stimulation of
adenosine A, receptors decreased the affinity of dopa-
mine D, receptors for dopamine. In intact cells, the cal-
cium concentration elevation induced by KCI treatment
was moderate, and dopamine had no effect on either
resting intracellular free Ca2* concentration ([Ca?*]) or
KCl-induced responses. In contrast, pretreatment with
adenosine deaminase for 2 days dramatically increased
the elevation of [Ca2"]; evoked by KCI, which then was
totally reversed by dopamine. The effects induced by
48-h adenosine inactivation were mimicked by applica-
tion of adenosine A, antagonists and could not be further
reversed by acute activation of either A, or A, , receptors.
Acute application of the selective A, receptor agonist
CGS-21680 counteracted the D, receptor-induced
[Ca2"]; responses. The present study shows that SH-
SY5Y cells are endowed with functional adenosine A,
and A, receptors and that A, receptors exert an antag-
onistic acute effect on dopamine D, receptor-mediated
functions. In contrast, A, receptors induce a tonic mod-
ulatory role on these dopamine functions. Key Words:
Intracellular calcium—Adenosine receptors—Dopamine
receptors—Stable transfection—Basal ganglia—Adeno-
sine deaminase.
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1993). Adenosine exerts its effects on neuronal activity
via four G protein-coupled receptors; A, A,g, and
A5 (for review, see Fredholm et al., 1994). Although
adenosine Aand A, receptors are widely distributed in
the brain, A, receptor distribution is restricted to do
pamine-innervated regions such as the striatum, nucleus
accumbens, and olfactory tubercule (Alexander and Red-
dington, 1989; Dixon et al., 1996; Féret al., 1997).
From these anatomical data, it was proposed that dopa-
mine and adenosine receptors may interact in multiple
brain functions (for review, see Féret al., 1997). In
agreement with this hypothesis, large numbers of studies
have demonstrated that adenosine can interact with do-
paminergic neurotransmission in the basal ganglia. It was
suggested that adenosine receptor agonists inhibit,
whereas antagonists potentiate, the function of dopamine
in this region (Ferreet al., 1992).

Dopamine receptors are subdivided intg-like (D,
and ) and D-like (D,s, D5, D5, and D)) receptors (for
reviews, see Gingrich and Caron, 1993; Cardinaud et al.,
1998; Missale et al., 1998). In striatopallidal neurons, the
antagonistic adenosine—dopamine interaction seems to
be mediated by postsynaptic,Areceptors colocalized
with D, dopamine receptors (Schiffmann et al., 1991,
Ferreet al., 1993). Behavioral studies have shown that
A, receptor stimulation inhibits Pmediated activation
in mice and that D receptor stimulation inhibits -
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induced catalepsy in the rat (Fere¢ al., 1994). Bio-
chemical studies have also demonstrated the existence o
an antagonistic A,—D, receptor interaction at the level

of the membrane, by which the stimulation of thg,A
receptor decreases the affinity of 2ceptors and affects
the signal transduction from the,Deceptor to the G
protein (Ferfeet al., 199b, 199d).

In previous cell cultures, we have shown thgi,Aan
down-regulate D receptor transduction (Yang et al.,
1995; Dasgupta et al., 1996) through a decrease in re-
ceptor affinity for dopamine agonists. We explore here
A,,—D, interaction further in the human neuroblastoma
cell line SH-SY5Y, which has been reported to express
constitutively adenosine A and A, receptor mRNA
(Peterfreund et al., 1996, 1997) and have a very low
density of dopamine Preceptors (Farooqui, 1994). Af
ter transfection with human dopaming E2ceptor cDNA
(D, isoform), the basal intracellular free €aconcen
tration ([C#"],) and dopamine-induced changes to
[Ca%"]; were measured on cells maintained in a culture
medium containing or lacking adenosine. Using specific
adenosine receptor antagonists, the present study dem
onstrates the existence of a dual modulation exerted by
adenosine on dopamine,Deceptor function: a short-
term A, receptor-mediated effect and a toni¢ recep
tor-mediated effect.

MATERIALS AND METHODS

Cell cultures and transfection

Cells from the the human neuroblastoma cell line SH-SY5Y
were cotransfected with human dopaming Deceptor cDNA,
which was subcloned into the expression vector Plxsn (a gift
from C. Owman) using the calcium phosphate precipitation
method (described in detail by Dasgupta et al., 1996). D
receptor expression was verified by northern blot and radioli-
gand binding techniques (see below). SH-SY5Y cells were
maintained in Dulbecco’s modified Eagle’s medium supple-
mented with 10% (vol/vol) heat-inactivated fetal calf serum,
penicillin (50 wg/ml), streptomycin (50ug/ml), and 2 nM
L-glutamine. For transfected clones, the selector geneticin
G-418 (0.6 mg/ml; Amersham) was present in the culture
medium, and cells were incubated at 37°C in humidified 5%
CO,/95% air. For measurements of intracellular calcium levels,
cells were plated onto glass coverslips-at® cells per dish.
In some experiments, cells were treated with 10 U/ml adeno-
sine deaminase (ADA; Boehringer Mannheim, Indianapolis,
IN, U.S.A), 10 uM 8-cyclopentyl-1,3-dimethylxanthine
(CPT), or 2uM 1,3-dipropyl-8-cyclopentylxanthine (DPCPX;
RBI, France) for 48 h. Care was taken to avoid many passages

433

Membrane preparation

f SH-SY5Y cells were harvested with a cell scraper and
washed twice by centrifugation with phosphate-buffered saline.
The cells were then sonicated (30 min) in ice-cold Tris-HCI
buffer (50 mM, pH 7.4) containing 5 IU/ml ADA. The homog-
enate was centrifuged at 1,8@0for 10 min at 4°C, and the
pellet was discarded. The supernatant was preincubated for 30
min at 37°C to activate the ADA and to remove endogenous
adenosine and then centrifuged at 40,600r 40 min at 4°C.

The membrane pellet was then resuspended by sonication in the
incubation buffer without ADA (final protein concentration,
~0.2 mg/ml). In the experiments witt?Hl]SCH-23390 and
[®H]raclopride, the incubation buffer was Tris-HCI (50vmnpH

7.4) containing 120 td NaCl, 5 M KCI, 2 mM CaCl,, 1 mM
MgCl,, and 1 nM EDTA. In the experiments witi®H]DPCPX
and3H-labeled 2p-(2-carboxyethyl)phenethylaming-Bl-eth-
ylcarboxyamidoadenosine (CGS-21680), the incubation buffer
was Tris-HCI (50 nv, pH 7.4) containing 2 il and 10 nM
MgCl,, respectively.

Radioligand binding experiments

Saturation experiments with the ,Dreceptor antagonist
[®H]SCH-23390 were done with 10 concentrations (0.2—6.0
nM) of [3H]SCH-23390 (70.3 Ci/mmol; NEN, Boston, MA,
U.S.A)) by incubation for 15 min at 37°C. Nonspecific binding
was defined as binding in the presence of 10 dopamine.
Saturation experiments witRHl]raclopride were done with 10
concentrations (1-35Nh) of [3H]raclopride (80 Ci/mmol,
NEN) by incubation for 30 min at room temperature. Nonspe-
cific binding was defined as binding in the presence ofM m
dopamine. Saturation experiments with the raceptor antag
onist PH]DPCPX were done with 10 concentrations (0.6-27.7
nM) of [3H]DPCPX (120.0 Ci/mmol; NEN) by incubation for
2 h at room temperature. Nonspecific binding was defined as
that occurring in the presence of the adenosineréceptor
agonistN®-cyclohexyladenosine (40 Mh). Saturation expefi
ments of PH]CGS-21680 were done with 10 concentrations of
the A,, agonist PH]CGS-21680 (30 Ci/mmol; NEN) by ineu
bation for 90 min at room temperature. Nonspecific binding
was defined as binding in the presence of 100 2-chloroad-
enosine. Competition experiments with dopamine versus
[®H]raclopride (90 Ci/mmol; NEN) were performed by incu
bation with 20 concentrations (10/s-1 mM) of dopamine and
2 nM [3H]raclopride for 30 min at room temperature in the
presence or absence of the adenosine receptor agonist CGS-
21680 (RBI). The incubation was stopped by fast filtration
through glass fiber filters (GF/B; Whatman) and washing three
times with 5 ml of ice-cold Tris-HCI (50 M, pH 7.4) using an
automatic cell harvester (Brandel). The radioactivity on the
filters was measured by liquid scintillation spectrometry. Data
from saturation experiments were analyzed by nonlinear re-
gression analysis (GraphPad) for the determination of values

(less than five and 10 passages), which could induce a geneticfor the dissociation constarnkg) and the number of receptors

drift.

Analysis of RNA

Northern blots (2Qug of total RNA per lane) were denatured
in a 2.1M formaldehyde/50% formamide solution by heating
for 2 min at 95°C, then separated by electrophoresis on a 1.0%
agarose/2.2V1 formaldehyde gel, and finally transferred to a
nitrocellulose membrane. Blots were hybridized wfP-la-
beled dopamine [} receptor cDNA by the nick translation
method. Following hybridization the membrane was washed
and exposed at70°C to Kodak XAR-5 film with an intensi-
fying screen.

(Bmay- Data from competition experiments were analyzed by
nonlinear regression analysis for the determination ofkpe
values of high- and low-affinity binding site and K_
values, respectively) and the proportion of high-affinity binding
sites Ry values).R, and logarithmically transformel,, and

K, values were analyzed by Student’s paittetest. Protein
content determinations were performed using bovine serum
albumin as the standard.

Intracellular calcium measurements
[Ca®"], was measured by dual-emission microspectroflu
orometry using indo-1 as the intracellular fluorescent calcium
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TABLE 1. Binding parameters from saturation experiments obtained with the

dopamine O antagonist PH]SCH-23390, the D antagonist fH]raclopride, the

A, antagonist PH]DPCPX, and the A, agonist PH]CGS-21680 in membrane

preparations from SH-SY5Y cells, both nontransfected (control) and transfected
with human dopamine B receptor cDNA (clones 16 and 20)

Control Clone S16 Clone S20
[BH]SCH-23390 0 ND ND
[®H]Raclopride 23.0*+ 8.2 1,125.3+ 60.4 525.7+ 32.4
(3.0% 1.0 (1.7+0.2) (1.5+ 0.3)
[BH]IDPCPX 135.2+ 13.1 164.5+ 6.8 146.6+ 9.0
3.8+ 0.7) (4.2+ 0.4) (2.9+ 0.5)
[BH]CGS-21680 256.4+ 34.2 213.3+ 43.2 242.7+ 58.3
(66.4+ 8.3) (56.3+ 19.2) (72.5% 13.6)

Data are meart: SEM values forB,,,,, (in fmol/mg of protein) and, in parenthesés, (in
nM) from four independent experiments. ND, not determined.

probe (Grynkiewicz et al., 1985). Cultures of SH-SY5Y cells [3H]SCH-23390 binding was obtained, and a very low
were loaded for 30 min at room temperature with Blimdo-1 density of PH]raclopride binding sites was found, indi
pentaacetoxymethyl ester (Molecular Probes, Eugene, OR, cating the absence of dopaming Eceptors and a low
%ﬁ.ﬁé;&a zoé”tm Cﬁgg‘”'”folﬁgﬂmg'\l'jgé : %gi‘d 1,;? expression of dopamine Deceptors in SH-SY5Y cells.
i 2 ' In contrast, a high density offfijraclopride binding sites

HEPES, adjusted to pH 7.4 (310 mOsm). At the end of the . 1 th f | Al i
incubation the coverslips were mounted on the recording cham- Was obtained in the transfected clones, especially in

ber of an inverted microscope (Nikon Diaphot, Japan) fitted clone S16 (Table 1).°H]DPCPX and fH]CGS'21680

with epifluorescence (40 glycerol immersion fluorescence  Saturation experiments also demonstrated the existence

objective) and equipped for microfluorometry (Phocal System, of a moderate density of both adenosing @nd A,,

Cambridge, U.K.). The recording medium contained 12d m  receptors.

NaCl, 3 mM KCi, 5 mM CaCl, 0.5 mM MgCl,, 10 mM N , ,

glucose, and 10 M HEPES, adjusted to pH 7.4 (310 mOsm). Competition experiments on dopamine [ receptors

For the assays, excitation light was provided at 355 nm by a  In membrane preparations from clone S16, competi-

75-W xenon arc lamp. Emitted fluorescence signals were tive inhibition experiments of dopamine versus the do-

passed through a pinhole diaphragm and, after splitting by a pamine O receptor antagonist®fiJraclopride always

dichroic mirror, were detected simultaneously by two photo- showed a better fit for two binding sites rather than one

_multlpllers at 405 and_ 490 nmina dual-channel _photon count- (data not shown; see also Fegtal., 199b). Compared

g‘g.m.c’de' The recording field (a cluster of two to five cells) was i control membrane preparations, the adenosige A
elimited by an iris diaphragm positioned along the optical ; -

pathway inside the microscope. Quantitative {Ca values receptor agonlst CGS-21680 increaséq values .by

were estimated from indo-1 fluorescence by a ratio method and @bout four times (from 44.% 17.8 to 199.6+ 32 M in

were calculated according to the calcium equation of Gryn- the absence and presence of 100@GS-21680, respec-

kiewicz et al. (1985), with &g of 250 M. The baseline was  tively; p < 0.01; n= 6), butK, (~1.75uM) and R

recorded for 3 min. Dopamine (Sigma, France), the dopamine (~40%) values showed no significant change.

D, receptor antagonist sulpiride, the adenosing réceptor . .

agonist N°-(R)-(2-phenylisopropyl)adenosine R{PIA), the Treatment with ADA modulates the dopamine-

adenosine Areceptor antagonists CPT and DPCPX, the aden induced responses

osine A, receptor agonist CGS-21680 (all from RBI) and In total, 89 cells from clone S16 were recorded in a 5

ADA (Boehringer, U.S.A.) were prepared in bath solution and mM C&"-containing saline solution. They showed a

directly applied to the recording chamber. basal [C&"]; level of 121 = 18 nM, which remained
Data were analyzed by one-way ANOVA, and significant  stable during the course of these experiments. Of 55

group differences at a level gi < 0.05 were assessed by tagtaq cells, there was no response after bath application

Studeztst test post hoc comparisons. Results are expressed aS5f the dopamine Dreceptor agonist quinpirole (up to 10

mean*= SEM values. - .

uM) or of the adenosine A receptor agonist CGS-

21680 (up to 10uM). However, bath application of

RESULTS 50-100 nM KCI triggered a small but consistent in-
Saturation experiments with labeled dopamine and crease in [C&']; (see Fig. 1A and C)These latter
adenosine antagonists responses were exclusively due to calcium entry because

Two clones, S16 and S20, showing high dopamine when external calcium was removed and MEGTA
D,, receptor mRNA expression by northern blot (data was added, KCI was ineffective (& 27; data not
not shown) were chosen for radioligand binding experi- shown). Bath application of dopamine or quinpirole (1
ments (Table 1). In nontransfected cells no specific uM), during the KCI treatment, revealed a slight re-
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FIG. 1. Effects of ADA on KCl augmentation and dopamine (DA)
inhibition of calcium signals in the human neuroblastoma SH-
SY5Y cell line stably cotransfected with the long form of the
human DA D, receptor. [Ca?*]; responses were measured with
the spectrofluorometry technique using indo-1-pentaacetoxy-
methyl ester. A: Under control conditions for cell culture (clone
16), a slight response was evoked by KCI (100 mM) application.
B: Cells incubated with ADA (10 U/ml) for 48 h responded to
application of both KCI and DA (1 uM). C: Summary graph
shows the percent increase of [Ca?*]; after several treatments.
Values are normalized to the resting [Ca?*]; level measured in
control conditions. Data are mean = SEM (bars) values from 18
experiments. Statistical analysis of data was done using the
mean comparison test: **p < 0.005; NS, nonsignificant.

sponse to dopamineDeceptor activation, but this effect

was not significant; Ga responses of 136 6% with

KCland 129+ 7% in the presence of KCl plus dopamine

when compared with resting [€4], levels (n= 18; Fig.

could have both decreased the excitability of the cells
and their sensitivity to dopamine. Indeed, by reducing
the level of adenosine surrounding cultured cells with
addition of ADA (10 U/ml) in the culture medium for
48 h, the KCl-triggered [CH]; rise and its reduction
induced by dopamine were enhanced. It is also notewor-
thy that a comparison of resting [€4; values between
nontreated and ADA-treated cells revealed higher values
when cells were grown in the absence of adenosine (an
increase of 26- 8% in nine treated cells with ADA). A
typical example of the effects of pretreatment of ADA on
[Ca?*]; elevations evoked by application of 100vhKClI

and the dopamine-induced response is shown in Fig. 1B.
The magnitude of calcium transients triggered by KCI
was 184+ 20% of control (n= 9) after such a pretreat-
ment compared with only 112 10% in the presence of
KCI with dopamine (1uM; n = 9; Fig. 1C). Thus, to
obtain consistent dopamine-induced responses through-
out this study, we used cells systematically pretreated
with ADA for 48 h.

Levels of D, receptor expression do not correlate
with responses induced by D agonists

To investigate the potential relationship between lev-
els of transfected Preceptors with calcium responses
triggered by B agonists, we compared dopamine effects
on the two distinct clones, S16 and S20, that express
different amounts of dopamine,Deceptors {1,100 and
500 raclopride binding sites/mg of protein, respectively).
As shown from an experiment performed with the two
clones (Fig. 2A and B), both KCI- and dopamine-in-
duced responses were similar. The increase of {a
following application of 100 vl KCIl was 99+ 18 (n
= 9) and 88+ 17% (n= 7) for clones S16 and S20,
respectively (Fig. 2C). Similarly, the magnitude of the
inhibition induced by application of &M dopamine was
not significantly different between S16 and S20 cells
(Fig. 2C): Respective [G4d]; levels were 119+ 8 (n
= 9) and 112+ 9% (n= 7) of baseline in the presence
of KCI plus dopamine. Because there was no difference
using S16 or S20, all subsequent calcium experiments
were performed on SH-SY5Y cells isolated from clone
S16.

Acute transient activation of A; or A,, receptors
does not counteract the effects of chronic absence of
adenosine

To determine if the effects of ADA are secondary to

1C). Similarly, application of CGS-21680 never induced
a significant calcium response £n10; data not shown).  €ither the acute or chronic removal of the activation of
We thus decided to investigate further the reason why adenosine receptors, we tested whether a 1-min applica-
the expression of dopamine, Beceptors was not accem  tion of the adenosine Areceptor agonisR-PIA or the
panied by physiological responses. Previous studies inadenosine A, receptor agonist CGS-21680 could- re
other cell lines have shown that endogenous adenosinestore the effects of adenosine on cells pretreated with
through its action on adenosine, Aeceptors, exerts a  ADA. Application of R-PIA (10 uM) modified neither
tonic inhibitory effect on calcium transport (Zapata et al., basal [C&*]; [control, 100= 8% (n = 8); R-PIA, 110
1997). Because responses induced by both KCI and = 5% (n= 8)] nor the KCl-induced [control, 183 20%
dopamine were small under our standard culture condi- (n = 8); R-PIA, 176 = 11% (n= 8)] responses. Simi-
tions, we hypothesized that activation of adenosine re- larly, previous application of LM CGS-21680 did not
ceptors by endogenous adenosine surrounding the cellsaffect responses to KCI or dopamine (Fig. 3). Calcium

J. Neurochem., Vol. 74, No. 1, 2000
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FIG. 2. The level of expression of dopamine (DA) D, receptors
does not correlate with the amplitude of DA responses. SH-
SY5Y cells from the S16 clone (A) or the S20 clone (B) were
pretreated with 10 U/ml ADA for 48 h and then subjected to
application of KCI (100 mM) and DA (1 uwM). S16 cells contained
~1,100 fmol of D, /mg of protein; S20 cells contained ~500
fmol of D, /mg of protein. C: Summary graph shows results
expressed as percentages of control values measured from the
two clones. Data are mean = SEM (bars) values (n = 9 experi-
ments). NS, nonsignificant.

concentration rises induced by KCl were 18712 (n

= 6) and 99+ 11% (n = 6) with and without CGS-
21680, respectively. Subsequent application of dopamine
after KCI treatment brought the [€4]; levels to 130+ 6

(n = 6) and 121+ 14% (n = 6) of baseline in the

presence and the absence of CGS-21680, respectively

(Fig. 3B). Thus, from these experiments, it can be con-
cluded that effects induced by adenosine removal during
48 h cannot be counteracted by an acute 1-min activation
of either A, or A, receptors.

Chronic blockade of adenosine A receptors mimics
the results obtained with ADA

Evidence that endogenous adenosine is chronically
acting at the Areceptor was provided by the observation
that pretreatment of cells during a 48-h period with the
adenosine A antagonist CPT gave similar effects to
those obtained with ADA (Fig. 4). The present experi-
ments (n= 10) were carried out with a culture medium

J. Neurochem., Vol. 74, No. 1, 2000
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in which ADA was changed by CPT (10M). Resting
calcium levels were 126 15 nM. These levels rose by
82% (229+ 22 nM) with KCI, and dopamine was able
to reduce significantly the KClI effect (188 13 nM; Fig.

4B). Because at this concentration CPT could act on both
A, and A, receptors, we also have used a more specific
A, receptor antagonist, DPCPX. It is interesting that
DPCPX (2uM) caused effects similar to those of CPT
(95% increase of resting calcium level induced by KCI
and 31% decrease induced by dopamine: 8).

Acute application of an A,, receptor agonist
reverses responses evoked by dopamine

Because the brief presence of an agonist gf Ae-
ceptors before dopamine treatment did not reduge D
mediated responses, we studied the effect gf recep
tor activation during dopamine-induced responses. A
typical example of such an experiment is depicted in Fig.
5A. SH-SY5Y cells were first subjected to depolarization
evoked by bath application of KCI (100M), and then
dopamine reversed the KCl-induced calcium rise. It is
interesting that bath application of CGS-21680 (100
nM—-1 wM) during continued exposure to dopamine was
able to reverse the effects evoked by activation gf D

A
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s
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FIG. 3. Effect of the adenosine A, receptor agonist CGS-21680
(CGS; 1 uM) pretreatment on [Ca?"]; response evoked by KCI
depolarization and dopamine (DA) inhibition in the S16 clone.
Cells were pretreated with 10 U/ml ADA for 48 h. A: A represen-
tative experiment shows the time course of [Ca?*]; level; the
presence of CGS for 1 min changes neither the response to the
KCI depolarization nor the DA inhibition. B: Summary graph of
the percent increase of [Ca?*]. Data are mean = SEM (bars)
values (n = 6).
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A Activation of D, receptors mediates the effects of
250 1 & dopamine
Because the SH-SY5Y cells were transfected with D
receptors, all effects of dopamine may be mediated by
S 0] activation of these receptors. In this respect, whedVL
= sulpiride (a specific Dreceptor antagonist) was simul
-— taneously applied with KCI, dopamine was ineffective in
NS reducing calcium concentration rises (Fig. 6). This result
— 1809 confirms the participation of dopamine, Deceptors in
the modulation of [C&]; levels and demonstrates that
adenosine receptors were interacting specifically with
100 . . . . dopamine D receptors.
0 50 100 150 200
Time (s) DISCUSSION
These experiments were originally conducted to ex-
. amine the mechanisms underlying the interactions be-
B [ Baseline . .
N kel tween adenosine A receptors and dopamine,Drecep
2507 Ml KCI + Dopamine tors in a cell type used as a model for the study of the
2004 human basal ganglia. Our results demonstrate that aden-
% ol osine A, and A receptors can exert an antagonistic
3
® 100 - A
0l
Control Adenosine CPT
Deaminase ,E\ 200 4
FIG. 4. Pretreatment with the selective adenosine A, receptor =
antagonist CPT mimics effects induced by ADA. SH-SY5Y cells &
(816 clone) were incubated w_ith CPT (10 ;%M) _for 48 h an_d then 3
subjected to KCI and dopamine (DA) applications. A: This rep- s 150 1
resentative experiment illustrates the responsiveness of CPT-
pretreated cells to the bath application of KCI (100 mM) and DA
(1 wM). B: Results expressed as percentages of control values.
Data are mean = SEM (bars) values (n = 10 experiments). 100 . . . . ,
0 50 100 150 200 250
Time (s)
receptors. From the summary graph illustrated in Fig.
5B, it can be seen that CGS-21680 did not change the
responses to KCI but partially antagonized the action of B ** |
dopamine: With KCI plus dopamine, calcium levels were 250 7 I
165 *+ 14% (n= 5) and 112+ 5% (n = 5) in CGS- 200 | ] ] -cos
21680-treated and untreated cells, respectively. As pro- B -ccs
posed earlier, this latter observation favors the existence g 150
of an antagonistic interaction between adenosing A 8
and dopamine D receptors in the control of [G4], ® 1007
levels. To evaluate other possible mechanisms indepen- 501
dent of a direct A-D, interaction, we studied possible
effects of CGS-21680 on basal cytoplasmic calcium lev- 0
els and on KCl-evoked responses. The cells were incu- Baseline KCl kel
bated with ADA (10 U/ml) during 48 h, and application DA

of 1 uM CGS-21680 did not modify the resting [€3;

or the [C&™], rise evoked by 100 M KCI (n = 8; data

not shown). This observation demonstrates that the re-
versal of dopamine responses induced by CGS-21680
occurs by activation of adenosing Areceptors interaet

ing with D, receptors rather than a direct action on
calcium mobilization.
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FIG. 5. Effects of the adenosine A,, receptor agonist CGS-
21680 (CGS) on the [Ca?*]; reduction evoked by dopamine (DA).
SH-SY5Y cells were incubated with 10 U/ml ADA for 48 h. A:
Application of CGS (1 uM) immediately reverses the DA-evoked
response. B: Summary graph shows the percent change in
relation to control values. Data are mean + SEM (bars) values (n
= 8 experiments). The antagonistic action of CGS is highly
significant: *p < 0.005.
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FIG. 6. Dopamine (DA) D, receptors mediate the effect induced
by DA. A: A representative single experiment illustrates the time
course of the [Ca?*]; level. The augmentation evoked by appli-
cation of KCI (100 mM) was not reduced by subsequent DA (1
uM) application in the presence of a D, receptor antagonist,
sulpiride (Sulp; 1 uM). B: Results expressed as percentages of
control values. Data are mean = SEM (bars) values (n = 7
experiments). **p < 0.01; NS, nonsignificant.

acute and tonic modulatory role on dopamingrBcep
tor-mediated functions, respectively. Activation of aden-
osine A, receptors, as previously described in other
models, antagonistically modulates the binding and func-
tional characteristics of dopamine,Deceptors (Fefre
etal., 199b, 1992, 1998, 1994; Pollack and Fink, 1995;
Yang et al., 1995; Dasgupta et al., 1996; Latini et al.,
1996; Mayfield et al., 1996; Lepiku et al., 1997; Fuxe
et al., 1998; Rimondini et al., 1998). Activation of aden-
osine A receptors could down-regulate, Deceptor sig

nal transduction and/or the effectors modulated by acti-
vation of D, receptors, i.e., voltage-gated ionic channels
controlling cell excitability. These results shed new light

ET AL.

channels are probably the ones involved in the?[Ga

rise evoked by our application of KCI (50—-100M).
Treatment of cell cultures with ADA revealed that the
chronic presence of adenosine down-regulates the effect
of KCI, suggesting a reduction in the depolarization of
the membrane potential (through a reduction in potas-
sium conductances) and/or a direct reduction in calcium
conductances. This effect evoked by endogenous aden-
osine was revealed either using a free adenosine-contain-
ing medium or by adding specific ;,Areceptor antago
nists. Further work is underway to elucidate the specific
mechanisms mediated by the chronic activation gf A
receptors, which results in a down-regulation of the
activity of voltage-gated ionic channels involved in the
excitability of SH-SY5Y cells.

Of particular interest for the adenosing Areceptor—
dopamine D receptor interaction are the results obtained
with acute activation of adenosine,Aresponses. The
acute application of the specific ,Areceptor agonist
CGS-21680 did not exert any significant effect on resting
[C&%"]; levels, but it counteracted the [€d; reduction
evoked by activation of Preceptors. This is in agree
ment with our findings reported from a cotransfected
mouse fibroblast cell line (Yang et al., 1995) in which
activation of A, receptors did not directly control
[Ca%™]; signals. Although we cannot exclude that the
high level of D, receptors expressed by transfected cells
could have led to changes in the interactions relative to
striatal membranes, it is noteworthy that the,AD,
interaction we report here was similar to the one seen in
striatal membranes (see Feetal., 199b). The rapid
interaction found after acute activation of Areceptors
with D, receptors may involve a reduction of the, D
receptor coupling as indicated from GTP analogue ex-
periments reported in a previous study (Feeteal.,
1993). There is evidence that the binding characteristics
of one G protein-coupled receptor can be altered by the
stimulation of another type of G protein-coupled receptor
in crude membrane preparations (see Zoli et al., 1993).
These intramembrane interactions have been postulated
to be direct interactions between the receptor molecules
or to involve G proteins or other mobile molecules
associated with the membrane (Zoli et al., 1993). In
particular, the stimulation of 4 receptors decreases the
affinity of the D, receptor for the agonist and does not
change the affinity for antagonists (Feeeal., 199b).

The present study shows that the same kind of intramem-
brane interaction could occur between human adenosine
A, and human dopamine D receptors, although other
possible mechanisms such as intracellular second mes-
senger cascades should not be discarded.

on possible interactions between adenosine and dopa- The chronic effect of A receptor activation was e
mine in the basal ganglia because the same kind of vealed by pretreatment of cell culture with ADA or a

effects might well take place in the striopallidal neuron,
which, in fact, contains the three different receptors here
studied.

In undifferentiated SH-SY5Y cells, pharmacological
evidence for the presence of both L- and N-type calcium

specific A receptor antagonist for 48 h. It is well doc
umented that neurotransmitters alter calcium concentra-
tion after a short-term exposure (Dolphin, 1990; Anwyl,
1991; Stefani et al., 1996; Zapata et al., 1997), but little
is known about chronic modulation. In the present

channels has been provided (Reeve et al., 1994). Thesanodel, the chronic activation of Areceptors by endoeg

J. Neurochem., Vol. 74, No. 1, 2000
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enous adenosine was shown to maintain cells in a qui-

escent state because both KCl and dopamine were, unde

these conditions, ineffective in mediating calcium re-

sponses. This could represent an aspect of the chronic

mechanism by which adenosine reduces excitability of

neurons. It needs to be clarified whether the present

short- and long-term adenosine effects reflect the in-
volvement of different receptor pools or, alternatively,
whether they result from multidirectional effector path-
ways from the same receptor pool.
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