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ABSTRACT

AIM: To characterize the ATP diphosphohydrolase
{apyrase} of bovine endocardial endothelial cells, and
to compare ecto-adeninenucleotidase activity between
bovine endocardial and aortic endothelial cells ( BEEC
and BAEC ). METHODS: The nucleotide was
analyzed by reversed phase HPLC and apyrase activity
was assayed by inorganic phosphate release.
RESULTS: Apyrase inhibitors, both NaN; 10
mmol*L™" and NaF 20 mmol-L™', inhibited BEEC
apyrase activity by 51 % and 38 %, respectively,
The inhibitor for Na* /K*-ATPase, ocuabain, did not
affect the enzyme activity. Edetic acid 5 mmol-L™!
completely inhibited the enzyme activity. H.O. 0.5
mmol- L.~ ! downregulated BEEC apyrase activity in a
time-dependent manner. The apyrases activities in
BAEC were higher than those in BEEC, while the ecto-
AMPase activity in BAEC was much weaker than that
in BEEC. CONCLUSION: BEEC have NaN,- and
NaF-sensitive, ouabain-insensitive apyrase activity.
BEEC had high ecto-AMPase activities,
apyrases activities as compared with BAEC.

and low

INTRODUCTION

Vascular endothelial cells are known to regulate
local adenosine nucleotide concentrations by membrane
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ecto-enzymes  termed  ATP  diphosphohydrolases
(apyrase, EC 3.6.1.5), ecto-ATPase or ecto-ADPase
that can hydrolyze both extracellular adenosine triphos-
phate (ATP) (now regarded as a apoptosis inductor of
vessel endothelial cells}) and adencsine diphosphate
(ADP, a platelet agonist)''~'.  The final product of
apyrase, adenosine monophosphate { AMPY, s a
substrate for 5'-nuclectidases (AMPase) and ultimately
generates adenosine, an important cardioprotective,
anti-inflammatory and anti-aggregatory mediator'!*®%1.
While ATPases hydrolyze cytoplasm ATP to ADP but
not to AMP, and participate in the ATP-dependent
energetic processes' .

Like wvascular endothelial cells. endocardial
endothelial cells { EEC) possess the ability to synthesize
prostacyclin (PGL, ), endothelin, and nitric oxide .
Whether EEC have an apyrase activity has never been
reported. The present work was o study the charac-
teristics of BEEC-associated apyrase. and to compare
ecto-adeninenucleotidase activity between bovine endo-
cardial and aorta endothelial cells.

MATERIALS AND METHODS

Materials  Adenosine 5'-diphosphate. adeno-
sine 5'-monophosphate, adencsine 5'-triphosphate,
M199 medium, bovine serum albumin (BSA). edetic
acid. diadenosine pentaphosphate ( ApSA ). sodium
azide (NaN; ), and cuabain were obtained from Sigma
Chemical Co, St Louis, MO, USA. Sodium fluoride
{ NaF) purchased from Beijing Chemicals Company was
analytical grade. Fetal bovine serum (FBS) was
purchased from Sijiqing Biologic Engineering Co.
Hangzhou. Newborn bovine hearts and aortas were
purchased from a local slaughterhouse,

Cell culture  BAEC were isolated from the
aoras of bovines and cultured as previously describ-
ed "', BEEC were cultured from bovine hearts by the
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method of Mebazaa A'”) . Briefly, atria, valve tissue,
and chordac tendincac were removed from freshly
isolated newbom bovine hearts. The ventricles were
filed with 0.1 % collagenase (type 1 A) in
phosphate-buffered saline ( PBS) and incubated at
37 C for 45 min. The inside of each ventricle was
gently rubbed with a cell scraper to remove loosely
attached cells. The cell suspension was removed, and
spun at 100 x g for 10 min. The pellet was suspendead
in MI99 medium supplemented with 20 % FBS,
benzyl-penicillin 100 kU+L ™!, streptomycin 100 mg*
L', Al cultures showed typical morphology. These
cells were identified by electron microscopy. Celis
(from passage 4 to 10) were plated for experiments in
24-well culture dishes at a density of 1 x 10° cells/cm’ .
and incubated at 37 C under air containing 5 % CO,.

Measurement of ectonucleotidase activities
with HPLC!™!  The ability to hydrolyze nucleotide
represented ectonucleotidase activities. The nucleotide
was analyzed by reversed phase HPLC. The
chromatograph consisted of K510 pump, Lambda-Max
Model 490 ultraviolet detector, Spherisorb C18 column
(250 mm x 4.6 mm ID, 5 pm particle size). K501
injector valve, and Waters system interface module.
Except for Cl8 column { Dalian Institute of
Chermicophysics, Chinese Academy of Sciences). the
other above apparatus were purchased from Waters
{USA). The detector was set at 254 nm. Samples
(25 ul. injection ) were eluted with KH,PO, 200
mmol-L~" (adjusted to pH 6 with NH,OH) for 45
min. The solvent flow rate was 0.4 mL/min.

Enzymic assays by inorganic phosphate
release Intact BEEC were plated in 24-well culture
dishes, each well was incubated in 1 mL of 50
mmol-L~" Tris/HCl (pH 7.4) containing CaCl, 1
mmol- L~! and ADP 500 pmol- L~ for 30 min, and
free phosphate release was determined 27>, One U
of apyrase activity corresponds to the amount of enzyme
which catalyzes the liberation of | nmol inorganic
phosphate/min at 30 C.

Statistical analysis  Results were presented as
X + 5 and analvzed by ¢ test.

RESULTS

Effects of selected inhibitors on BEEC
apyrase activity The inhibitors were added to

BEEC just before ADP addition. The inhibitor for
Na* /K*-ATPase, ouabain. did not affect apyrase
activity. The addition of edetic acid 5 mmol-L™!
completely inhibited the activities. ApSA, inhibitor of
adenylate kinase, had a little effect on apyrase activity,
whereas both NaN; and NaF could markedly inhibit the
enzyme activity (Tab 1),

Tab 1. Effect of inhibitors on BEEC apyrase activity.
Results were the ¥ + 5 of 5 independent experiments
each in triplicate. The apyrase activity in control group
was (1.63+0.24) U per 10° cells.

Inhibitor Concentration Inhibition %
Ouabain 2 mmol-L~! 2025
ApbA 0.25 mmol- L~! 135
NaF 20 mmol- L1 B0
NaN;, 10 mmol-L™! 51%8
Edetic acid S mmol-L~! 95

Modulation of BEEC apyrase activity by
H;0; Stimulating BEEC by H;Q;, 0.5 mmol-L !
resulted in a rapid loss of the apyrase activity.
Apyrase activity, as determined by inorganic phosphate
release from ADP, showed comparable patterns of
inhibition at the time imervals examined. A trend
towards inhibition was observed as early as 60 min after
H:O» stimulation, and was maximal by 8 h (Tab 2) .

Tab 2. Modulation of BEEC apyrase activity by H,0,
0.5mmol-L~!. Results were ¥ = s of 5 independent
experiments (each in triplicate). "P<0.05, ‘P <0.01
vs {} tme.
Time/h Activity/U per 10° cells

0 1.63+0.21

1 1.50x0.29

2 12320 %°

4 (.98 + 0, 2°

8 .84 20,21°

Comparison of ecto-adeninenucleotidase
activity between bovine endocardial and aorta
endothelial cells In both types of cells, the
cencentration of ATP and ADP decreased rapidly with
time until almost 63 min of incubation. No transient
accumulation of ADP was seen and the concentration of
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AMP increased rapidly (Fig 1). After incubation with
nucleatides 300 pumol+ L™' for 2 h. BEEC decreased
ATP o the concentration [ (155 =21} pamol+ L~} vs
(60 £ 19) pmol + L™ for BAEC group. n = 6
independent experiments, P < 0.01]. decreased ADP
to the concentration [ (110 + 30} gemol-L7! vs {20+
13} pmol - L~ ' for BAEC group, n =6 independent
experiments, P <0.01]. and decreased AMP o the
concentration [0 gmol< L' vy (346 +29) pmol+L !
tor BAEC group. » =6 independent experiments, P <
(0.01]. These results showed that apyrases activities in
BAEC were higher than that in BEEC, while the ecto-
AMPase activity in BAEC was much weaker than that
in BEEC.

DISCUSSION

Apyrase activity has been reported in vascular
endothelial cells'™.  The results reported here
demonstrated for the first time that bovine endocardial
endothelial cell also had apyrase. QOur results showed

that well-known apyrase inhibitors. both NaMN, and
NaF, could markedly inhibit BEEC apyrase activity.
The inhibitor for Na* /K" -ATPase, ouabain, did not
affect apyrase activity. Edetic acid completely inhibit-
ed the activities. suggesting that BEEC apyrase activity
depended on divalent cations (Tab 1). Our these
resulis were closely in accordance with the resuls
reported in various other tissuest™ !5~ 13!

Sa far there are a few report regarding the modula-
tion of apyrase' "~ ™ Smdies showed that vascular
EC apyrase activity was rapidly lost following ischemia-
reperfusion injury and during xenograft rejection' 0177
and that aspirin could upregulate human endothelial
cells apyrase!’® . The present experiments showed that
H>0; could downregulate BEEC apyrase activity . which
in agreement with the studies'’™.  These
researchers showed that loss of rat glomerular apyrase
activity during reperfusion injury was associated with
oxidative stress reactions .

We compared the kinetics of extracellular
nucleotide hydrolysis in BAEC with that in BEEC.

was
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Fig 1. Hydrolysis of extracellular adenine nucleotides {500 umol-L-1) by cultured BEEC (D, E, F) and BAEC (A, B,
C}. %= s of 6 independent experiments. Substrates: A and D: ATP (D), Band E: ADP (@), Cand F: AMP | x ).
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Our resulis showed that the ecto-ATPase and ecto-
ADPase activities in BEEC' were weaker than those in
BAEC. while the ecto-AMPase activity in BEEC was
much higher than that in BAEC. The difference may
be due to tissue particularity .

The physiolegical function of BEEC apyrase is not
One possible function is to prevent thrombotic
diseases such as endocarditis and rheumatic valvulitis,
and o prevent rejection of discordant xenograft,
because platelet activation and aggregation are important
factors in the mediation of vascular and cardiac
inflammation and are specifically associated with the
rejection of discordant xenograft'*™® %™ While
ADP is the most important platelet agonist, and now
endothelial cell apyrase is known as most important
vascular " thromboregulatory”™ systems'>* .  Moreover,
it has been shown that apyrase administration could
prolong discordant xenograft survival . Another
possible function of BEEC apyrase is to protect BEEC
from apoptosis or death, because that ATP and ADP
could induce vascular endothelial cell apoptosis through
the activation of P, receptors and the activation of NF-«
B *', and that apyrase could prevent macrophage death
induced by ATP'?'- .

known.
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