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Because A, adenosine receptor activation stimulates adenylate cyclase and cyclic AMP induces 5’-nucleotidase expresslon m rat mesanglal cells. 
we examined the effect of adenosine and its analogs on 5’-nucleotidase activity m these cells. Az adenosine receptors were characterized usmg 
[‘HIS’-N-ethylcarboxamidoadenosine (NECA) as a tracer. There was a single group of receptor sites with a k;, value of 0.53 PM and a number 
of sites of 1,317 fmol/mg. [‘HINECA binding was inhlblted preferentially by A1 adenosme analogs and antagomsts Slmllarlq, the order of potency 
for CAMP stimulation was m favour of A2 adenosine analogs. Rat mesangial cells expressed surface 5’-nucleotidase actlvlty Exposure of cells for 
48 h to adenosine analogs showed that at low concentrations A, analogs stimulated 5’-nucleotidase actlvlty These results mdlcate that adenosmr 
upregulates activity of 5’-nucleotidase, the enzyme responsible for Its local formatlon. via AZ receptor stlmulatlon and increase m CAMP productlon. 

5’-Nucleotidase, Rat; Mesanglal cell; Adenosme. Cychc 4MP 

1. INTRODUCTION 

Ecto-5’-nucleotidase is a membrane ecto-enzyme 
present at the surface of cultured rat mesangial cells 
which hydrolyzes extracellular adenine nucleotides into 
adenosine [l]. This nucleoside is a powerful local medi- 
ator responsible for multiple effects in the glomerulus 
including decrease in glomerular filtration rate via me- 
sangial cell contraction [2] and constriction of the affer- 
ent arteriole [3] as well as inhibition of renin release [4]. 
In keeping with these findings, adenosine has been con- 
sidered to be the potential mediator of the tubuloglom- 
erular feed-back response. Following an increase of so- 
dium chloride concentration in the distal nephron, ade- 
nosine would be locally generated in excess and thereby 
responsible for the fall in glomerular filtration rate [5]. 
5’-Nucleotidase appears to play a key-role in adenosine 
synthesis because inhibition of its activity by a specific 
inhibitor, a$-methylene adenosine 5’-diphosphate, re- 
sults in inhibition of adenosine production in the iso- 
lated perfused kidney [6] and renal tubular cells in cul- 
ture [7]. Therefore, regulation of 5’-nucleotidase activity 
may strongly influence adenosine availability at its re- 
ceptor sites. We have already shown that 5’-nucleoti- 
dase expression in cultured rat mesangial cells was stim- 
ulated by CAMP [8] and interleukin-1 [9], the latter ef- 
fect depending in part on CAMP via prostaglandin E2 
stimulation. We also showed that 2-chloroadenosine (2- 
cADO), a stable analog of adenosine. increased basal 
5’-nucleotidase activity in a dose-dependent manner 

[lo]. Taken together, these results raise the question of 
whether adenosine upregulates the enzyme responsible 
for its production via a CAMP-mediated mechanism. In 
order to address this issue, we sought to characterize A, 
adenosine receptors on rat mesangial cells and to define 
their role in CAMP production and stimulation of 5’- 
nucleotidase activity. 

2. MATERIALS AND METHODS 

2.1 Mutrriuls 
The following matertals were purchased from the corresponding 

supphers: cell culture medium and 0.05% trypsin-0.02% EDTA from 
Flow Laboratorles (Irvme. Ayrslure. UK); penicillin G and strepto- 
mycin sulphate from Gibco (Grand Island. NY): cell culture Petri 

dishes and plates from Nunc (Roskilde, Denmark) or Costar (Cambr- 
idge, MA): collagenase and adenosine analogs including 5’-N-ethyl- 
carboxamidoadenosine (NECA), R-Nh-phenyhsopropyladenosme (R- 
PIA), A@-cyclohexyladenosine (CHA) and I-cAD0 from Sigma (St. 
Louis, MO), nonxanthme phosphodiesterase Inhibitor, RO 20-1724, 
from Blomedlcal Research (Plymouth, PA); [‘H]NECA (27 Ci/mmol) 
and [‘-‘I]cAMP (2.000 Cl/mmol) from the Radlochemical Center 
(Amersham, UK); [‘Hlthymidme (25 Ci/mmol) from Dositek (Orsay. 
France). The adenosine receptor antagonists 8-cyclopenthyl-1.3-dip- 
ropylxanthme (PD 116.948) and [N-(2-dimethylaminoethyl)-TV- 
methyl-(2,3,6,7-tetrahydro-2,6-dioxo-l,3-dipropyl-lH-purine-8-yl)] 
benzenesulfonamide (PD 155,199) which exhibit anti-Al and anti-A2 
properties, respectively, were a gift from Parke Davis. Warner Lam- 
bert (Ann Arbor. MI). All other chemicals were of reagent grade and 
were used althout further purification. 

2.2. Mesungiul cell culture 

*Correspondmg author. Fax: (33) (1) 40 30 20 89 

Primary cultures of rat mesangial cells were obtained from collage- 
nase-treated glomeruh as previously described [l I] Kidneys were re- 
moved under pentobarbital anesthesia from 100~120 g male Sprague- 
Dawley rats and glomeruh were isolated by sieving techmques and 
centnfugatlon. Collagenase-treated glomeruli were seeded in plastic 
flasks of 25 cm’ in the presence of 5 ml RPMI-1640 medmm buffered 
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with 20 mM HEPES and supplemented wtth 10% fetal calf serum 
(FCS), 50 U/ml pemctlhn. 50 fig/ml streptomycin sulfate and 2 mM 
glutamine. Mesangial cells were subcultured on day 21. After treat- 
ment with 0.05% trypsin0.02%. EDTA. primary cultures were passed 
through a 50 pm-sieve and transferred to Petri dishes. At confluency. 
mesangtal cells were detached and seeded in 12-well plates at a density 
of 50,000 cells per ml. The cells were maintained at 37°C m a humtd- 
ified atmosphere of 5% CO?-95% air. The culture medium was 
changed every 2 days. Confluent mesangial cells in the second subcul- 
ture were studied m all experiments. Cells exhibited typical morpho- 
logical and btochemical features of mesangtal cells [l I .12]. 

2.3. Bmding studies 

Binding studies were performed on cells in 12-well plates. The me- 
dmm was aspirated and the cells were washed 3 times with phosphate- 
buffered saline (PBS), pH 7.4. supplemented with 1 mM MgC&. Then 
cells (90 pg protein per well) were incubated m quadruplicate with 
30-240 nM [‘HINECA and the appropriate unlabeled reagents m a 
final volume of 500 ,ul of the same medium at 4°C for 60 min unless 
otherwise stated. The reaction was terminated by aspirating the me- 
dium and washing 3 times with 2 ml of ice-cold PBS. Cells were 
digested m 1 M NaOH and samples were taken for ‘H radtoactivity 
and protein determinations. ‘H radioactivity was measured by liquid 
scintillation spectroscopy (Rackbeta 211. LKB, Bromma. Svveden) in 
8 ml of scinttllatton solution (Lumac, Olen, Belgium) after pH of the 
sample had been adjusted to 7. Nonspectfic binding was measured by 
incubating cells with [‘H]NECA m the presence of 1 mM unlabeled 
NECA. Specific bmdmg was calculated by subtracting nonspecific 
binding from total bmding. Results were expressed as fmol [“HINECA 
bound per mg of protein per 60 min. The data obtained in saturation 
binding studies at equilibrium were transformed according to 
Scatchard in order to calculate the KD value and the number of sites, 
The KD value was also calculated from the association (k,,) and disso- 
ciation (k-,) constants determined in kinetic studies. The dtssociatlon 
curve was obtained by incubating cells with 90 nM [‘HINECA for 60 
min and then adding 1 mM unlabeled NECA for various periods of 
time (I-10 mm). 

2.4. CAMP Assam 

CAMP levels were also measured in cells grown in 12-well plates 
The culture medium was removed. The cells were washed three times 

with serum-free medium and then pretreated for one hour with 0.1 
mM RO 20-1724 m serum-free medium. This agent being a nonxan- 
thme phosphodtesterase inhibitor is not an adenosine receptor antag- 
onist. The medium was aspirated and the cells were exposed to vartous 
concentrations of adenosine analogs m 1 ml of serum-free medium for 
5 min at 37’C. The reactton was stopped and intracellular CAMP was 
extracted by adding HCl at 0.1 M final concentration. After 30 min, 

the supernatants were collected and their pH adjusted to 6.4. CAMP 
was determined by radioimmunoassay using a rabbit anti-CAMP an- 
tiserum raised m the laboratory [13]. 

2.5. 5’-Nucleotidase assay and cell protern 
Enzyme activity was measured on intact cells in culture Cells were 

exposed to the agents tested during 48 h since we reported previously 
that such a lag-time was necessary for induction of 5’-nucleottdase 
activity [9,10]. At the end of this incubation period, the cells were 
washed first with a 30 mM Tris-HCI buffer (pH 7.4) containing (mM) 
130 NaCl, 0.25 EDTA. 0.125 EGTA and 5.5 glucose. They were then 
washed with the incubation medium made of 30 mM Tris-HCl buffer 
(pH 7.4) contammg (mM) 130 NaCl, 5 MgClz and 5.5 glucose. The 
substrate, S-AMP, was added at 3 mM concentration and the enzy- 
matic activity was determined as previously described [l]. Enzyme 
activity was expressed as nmol inorganic phosphate formed per minute 
and per mg of cell protem. After appropriate digestion with 1 M 
NaOH. cell protein was determined according to [14] using bovine 
serum albumin as standard. 

2.6. Calculations and statisttcal analysts 
Means t S.E. are gtven throughout. Results of competitive mhtbi- 

tion binding studies were analysed according to [15]. This transforma- 
tion allows the Hill coefficient and the IC,, (concentration of inhibitor 
providing 50% inhibition of [‘HINECA binding) to be estimated. The 
eqmlibration dtssoctation constant of the agonists or antagonists (K,,,) 

was calculated according to [16] using the following formula: 
K,,, = ICJ( 1 + D/K,,) where D is the concentration of radioactive 
ligand and K,, its apparent dtssoctation constant (calculated from 
Scatchard transformation of saturation binding studies). Statistical 
significance was estimated by using Student’s r-test or analysts of 

variance for repeated data as appropriate. Correlation between two 
parameters was estimated by regression analysis. 

3. RESULTS 

3.1. [jH]NECA binding studies 
[3H]NECA binding to rat mesangial cells was studied 

at 4°C as a function of time at a concentration of 90 
nM. A plateau was reached within 60-120 min of incu- 
bation. Nonspecific binding represented 25% of total 
binding at equilibrium. Under these conditions, addi- 
tion of 1 mM unlabeled NECA produced a rapid disso- 
ciation of the ligand-receptor complex. There remains 
no specific radioactivity bound 10 min later (Fig. 1). 
The slopes of the two logarithmically transformed asso- 
ciation and dissociation curves were used to calculate 
the kinetic parameters of the binding process. The disso- 
ciation (k_,) and association (k,,) rates were -0.458 
min-’ and 0.00459 nmol-’ . It’ . mini’. respectively. The 
apparent dissociation constant (Kn) value obtained as 
the ratio k-,/k+, was 0.1 PM. When rat mesangial cells 
were incubated for 60 min with increasing concentra- 
tions of [3H]NECA, the amount of [3H]NECA bound 
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Fig. 1. Time course of specific (‘H]NECA binding to rat mesangial 
cells. Spectfic [‘HINECA bmding was studied at 4°C from 1 to 120 min 
after addttton of the radiolabeled ligand. Reversibility of [‘HINECA 
binding to rat mesangtal cells was assessed by addition of 1 mM 
unlabeled NECA at equihbrtum and incubation for l-10 min. 

Means f S.E. of 4 determinattons are given. 
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Fig. 2. Concentration dependency of [3H]NECA bindmg to rat me- 
sangtal cells. Specific [3H]NECA bindmg to rat mesangtal cells at 4°C 
for 60 min is shown. Means 2 SE. of 4 determmations are given. 
Scatchard analysis of the data (inset) indicates a single class of bmding 

sites with a K,, value of 0.53 PM and a B,,_ of 1.317 fmollmg. 

followed a curvilinear ascending curve. The Scatchard 
plot of the data was linear. which suggests the presence 
of one class of NECA binding sites (Fig. 2). The maxi- 
mum binding (B,,,) and the K,, value derived from the 
Scatchard analysis were 1,317 fmol/mg and 0.53 ,uM, 
respectively. The latter value is thus greater than that 
calculated from the kinetic studies. The maximum bind- 
ing corresponds to around 700,000 sites per cell. Com- 
petitive inhibition of [3H]NECA binding by unlabeled 
NECA, other adenosine agonists and adenosine antag- 
onists was studied over a large range of concentrations 
(10 nM-1 mM). Total inhibition of binding was ob- 
tained with 100 PM NECA whereas it could not be 
reached with the other agents. Hill transformation of 
the data allowed calculation of the Hill coefficients and 
of the concentrations of analogs providing 50% inhibi- 
tion of maximum binding (Table I). The inhibition con- 
stants (K,,) were then obtained according to [15]. K,, 

Table I 

Characteristics of bmdmg of adenosine agonists and antagomsts to A, 
adenosme receptors in rat mesangtal cells 

Agent 

NECA 0.75 -0.73 0.66 

2-cAD0 1.05 -0.31 0.92 
R-PIA 22.8 -0.24 19.9 

CHA 52.9 -0.31 46.4 
PD 115.199 3.53 -0.53 3.1 
PD 116.948 36.9 -0.33 32.4 

Competttive Inhibition curves were transformed according to Htll to 
obtain IC,, and n values. KDI values were calculated according to the 
following formula: IC,J(l + [D]lK& m which [D] IS the concentra- 
tion of [‘H]NECA and K,, the apparent dissociatton constant for 
[3H]NECA calculated from the data shown in Fig. 3. ICzO = concentra- 
tton for 50% mhtbition of bindmg; n = Htll coeffictent: K,, = equihb- 

rium dtssociatton constant for inhtbitor. 

for NECA (0.66 PM) was close to the KD value calcu- 
lated from Scatchard analysis (0.53 PM). The order of 
inhibitory potency of the adenosine analogs studied 
was NECA > 2-cAD0 > PD 155,199 > R-PIA > PD 
116,948 > CHA. There was a clear difference between 
the high inhibitory potency of A2 agonists (NECA, 2- 
cAD0) and antagonist (PD 155,190) and the low inhib- 
itory potency of Al agonists (R-PIA, CHA) and antag- 
onist (PD 116,948). 

3.2. CAMP prodtctio 
All the adenosine analogs studied stimulated CAMP 

accumulation in rat mesangial cells. The effect was 
dose-dependent. being more marked at 10 ,uM than at 
1 ,uM. The order of stimulatory potency was 
NECA > 2-cAD0 > CHA. The A2 antagonist PD 
155,190 inhibited adenosine-dependent CAMP accumu- 
lation. When studied at 10 ,uM in the presence of 1 ,uM 
of agonist, it only inhibited significantly NECA. When 
studied at 100 FM in the presence of 10 PM of agonist, 
it exhibited equivalent inhibitory activities on the three 
agonists studied (Fig. 3). 

3.3. S-Nucleotidase activity 
After 48 h incubation, all the adenosine analogs 

tested produced an increase of 5’-nucleotidase activity 
between 2 and 2.5 times basal value when they were 
used at 10 PM. Difference in potencies of the various 
adenosine analogs was apparent only at the lowest con- 
centrations (0.1 and 1 PM). At 0.1 PM, NECA exhibited 
its maximum effect with an increase of 2.5 times basal 
value. Studied at the same concentration 2-cAD0, R- 
PIA and CHA produced stimulations of 1.7, 1.46 and 
1.18 times basal value, respectively. At 1 PM, 2-cAD0 
and NECA had identical maximum effects while R-PIA 
and CHA were less potent (Fig. 4). In contrast, guanos- 
ine (10 PM) diminished 5’-nucleotidase activity 
(82.0 * 5.1% of basal value; P < 0.05) showing that 
stimulation of 5’-nucleotidase activity was only a char- 
acteristic of adenosine-related compounds. 

4. DISCUSSION 

Mesangial cells are both the source [9,10] and the 
target [17,18] of adenosine, the former event depending 
on 5’-nucleotidase activity. Olivera et al. [17] showed 
recently that 1 PM NECA increased by 68% the CAMP 
levels of forskolin-stimulated rat mesangial cells, which 
suggested that rat mesangial cells possess functional A, 
adenosine receptors in addition to the previously de- 
scribed A, adenosine receptors [I 81. However, binding 
studies were lacking in this report allowing no compar- 
ison to be made between the concentrations of agonists 
needed for competitive inhibition at the receptor sites 
and those stimulating CAMP accumulation. In the pres- 
ent study, 0.75 ,uM NECA provided 50% inhibition of 
binding. Values in the same range were observed for 
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Fig. 3. CAMP accumulation m rat mesangial cell. Mesangial cells were exposed for 5 min to adenosme analogs and PD 155,199, an A? antagonist. 
separately or in combmation. Values are means of 4 determinations. Results were analysed by two-way analysis of variance (agomst, antagonist) 

for repeated data. The effects of both types of agents were sigmficant (PC 0 001) and Interacted significantly (P < 0.001). 

stimulation of CAMP (3.7 times basal value at 1 ,uM) 
and 5’-nucleotidase activity (2.5 times basal value at 0.1 
and 1 ,uM). The KD value for [3H]NECA (0.53 ,uM) 
found in saturation binding studies with rat mesangial 
cells is close to those already reported with other prep- 
arations, 0.24, 0.3 and 0.46 PM in rat type II pneu- 
mocytes [19], human placenta [20.21] and rabbit alveo- 
lar macrophages [22], respectively. It is also noteworthy 
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Fig. 4. Effect of adenosine analogs on S-nucleotidase activity of rat 
mesangial cells. Mesangial cells were cultured for 48 h with the ade- 

nosine analogs indicated at three increasing concentrations (0.1, 1 and 
10 ,uM). Values (percent of control) are means f S.E of 4 determina- 
tions. Basal 5’-nucleotidase activity was 68 nmol min-’ mg-‘. Re- 
sults were analysed by one-way analysis of variance. The effect of the 
four agonists was significant (P < 0.001) at the three concentrations 

studied. 

that the concentrations of NECA needed for CAMP and 
5’-nucleotidase activity stimulations are lower than or 
equal to those of adenosine in rat kidney which Miller 
et al. found at 6 PM under control conditions and up 
to 15-26 ,uM after renal artery occlusion [23]. Another 
argument for assuming that [3H]NECA binding sites are 
true A? adenosine receptors is the demonstration of the 
same order of potency for the drugs competing for bind- 
ing and those stimulating CAMP (NECA > 2- 
cAD0 > CHA) in agreement with what has been re- 
ported for A2 receptors in a variety of preparations 
[19-221. Taken together, these results strongly suggest 
that rat mesangial cells possess functional A? adenosine 
receptors. Such receptors are likely to also exist in vivo 
and thus to influence glomerular physiology since ade- 
nosine stimulated CAMP accumulation in rat freshly 
isolated glomeruli [24]. 

Table II 

Effect of adenosme agonists on [‘Hlthymldine incorporatlon in rat 
mesangial cells (percent of basal value) 

Agent tested Concentration @mol/l) 

0.1 1 10 

NECA 99.5 + 4.5 90.5 ?z 4.1 80.5 2 3.6 
2-cAD0 95.5 f 4.3 86 f 3.9 60.5 + 2.1 
R-PIA 91.5 + 4.4 80 * 3.6 54 + 2.4 
CHA 98.5 f 4.4 78 + 3.5 50 k 2.3 

Means f S.E. of four values are shown. Basal [‘Hlthymidine incorpo- 

ration was 33,915 + 1,479 cpmlwell. Results were analyzed by one- 
way analysis of vanance. The effects of the four agonists were signif- 

icant (P < 0.01) at 1 and 10 pmol/l. 
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The present study also demonstrates that adenosine 
via its A, receptors stimulates 5’-nucleotidase activity. 
We have already reported the effect of CAMP on 5’- 
nucleotidase activity. Stimulation of enzyme activity 
was obtained after exposure of rat mesangial cells for 
24 h to forskolin, PGE, or isoproterenol which activate 
adenylate cyclase or to 3-isobutyl-l-methyl xanthine or 
Ro 20-1724 which inhibit CAMP degradation [S]. There- 
fore, it is very likely that the mechanism whereby A, 
analogs stimulate 5’-nucleotidase activity is the increase 
in intracellular CAMP. We showed in the same report 
that protein synthesis was a prerequisite for the stimula- 
tion of 5’-nucleotidase activity. Similar data were ob- 
served by Colombi and Le Hir in rat renal fibroblasts 
[25]. Implication of A2 receptors in 5’-nucleotidase ac- 
tivity control may also be inferred from the values of the 
concentrations of NECA needed to stimulate this en- 
zyme (O.l&lO ,uM) which were in the same range as 
those increasing CAMP accumulation. In addition, the 
order of potency observed for 5’-nucleotidase activity 
stimulation (NECA > 2-cAD0 > CHA) was also in ac- 
cordance with that found for [3H]NECA binding inhibi- 
tion and CAMP stimulation. 

In conclusion, our data clearly demonstrate that ex- 
pression of 5’-nucleotidase is upregulated by adenosine, 
the product of the reaction. which implies a positive 
feed-back loop. The physiological meaning of this event 
could be an adaptation of the enzyme to the amount of 
extracellular adenine nucleotides available. These nucle- 
otides may either result from local ATP degradation 
during ischemia or AMP release from cells in which 
CAMP production has been stimulated. 
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