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ABSTRACT

AIM: To invedtigate the effects of isoprenaline on the phosphorylation level of endothelial nitric oxide synthase
(eNOS) of human umbilica vein endothelid cells (HUVEC) and to € ucidate the regulation mechanisms of
b-adrenoceptor (b-AR) on eNOS activity. METHODS: HUVEC were exposed to isoprenaine (1 nmol/L) for 30
min, in the absence or presence of selective b,- or b, -adrenoceptor antagonigs. eNOS wasthen isolated by
immunopreci pitation using a specific eNOS antibody. eNOS activity was determined by the conversion of L-[*H]
arginineto L- [*H]citrulline. The levelsof eNOS expression and eNOS phosphorylation were measured by Western
blotting. RESULTS: Treatment of HUVEC with isoprenaine (1 nmol/L) for 30 min caussd no measureable change
in eNOS expresson. However, eNOS activity and serine phosphorylation level were significantly increased
(P<0.01). Thiseffect could be abolished by a selective b,-adrenoceptor antagonist 1Cl 118551. CONCLUSION:
I soprenaline increases eNOS activity of HUVEC, thisismediated by b,-adrenoceptor and associated with an in-
crease of eNOS serine phosphorylation level.

ceptors, and there isincreasing evidence that these may
contribute to b-adrenergi ¢ vasorel axation because vas-
cular relaxation to b-AR simulationisimpaired by re-
moval of the endothelium or by inhibition of endothelia
nitric oxide synthase (eNOS)"™? But the signal trans-
duction mechanism involved isunclear. We have re-
cently demongtrated in cultured human umbilical vein
endothdial cdls(HUVEC) andin rabbit femord artery
in vivo that imulation of b-AR with isoprendine in-

INTRODUCTION

Stimulation of b-adrenoceptors (b-AR) on vas
cular smooth muscle results in vasorelaxation through
activation of andenylyl cyclase and consegquent increase
intracellular cyclic adenosi ne-monophasphate (CAMP).
Vascular endothelia cells d so may express b-adreno-
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creased NO production. cAMP generation (mediated
either by b-AR simulation or by other pathway) can
giveriseto activation of eNOS*“. Agonids such as
acetylcholine or histamine cause an influx of excellular
Ca™* which, by promoting the binding of calmodulin to
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NOS, leadsto activation™. However, we have found
that isoprenaline increases adenylyl cyclase activity and
intracellular cAMP in HUVEC, but that thisisnot asso-
ciated with an increase in tracellular [Ca’*] as assessed
by Furo-2 fluorescence”. Indeed, recent evidence sug-
gests that eNOS can also be activated in aca cium-
independent manner by fluid shear sress® and estro-
gen'”, and that phosphorylation of eNOS is possi blely
crucid for this novel calcium-independent activation.
In the present study , we try to investigate the effect of
isoprenaline on the activity of eNOSin HUVEC, and to
examine whether phosphoryl ation of eNOSisinvolved
in the process.

MATERIALS AND METHODS

Isolation and culture of HUVEC Fresh umbili-
cal cords were obtained following delivery of healthy
babies to heathy normotensve mothers. Approva was
granted by the affiliated hospital of Southeast Universty.
Human umbilical vein endothelial cells wereobtained!?.
The cellswere cultured in medium 199 (Gibco, USA),
supplemented with 20 % fetal bovine serum and endot-
helia cell growth supplement 120 mg/L (Sigma,USA),
into a25-mL gelatin-coated cuture flask, & 37°Cin5%
CO,+95% air. Atconfluence cellswere detached from
the substratum by brief exposure to trypsin-edetic acid
(at 37 °Cfor 2min), pelled (400xg, 5 min), and passed
at asplit ratio of 1:3. Confluent cells at passage 2 were
used for dl experiments.

Immunoprecipitation of eNOS Cels were
washed twice with warm PBS and treated with isopre-
naline or vehicle for 30 min, in the absence or presence
of b,;-AR or b,-AR antagonist. At the end of the
incubation, the cells were washed twice with ice-cold
PBS, andlysed onicefor 30 minin 0.5 mL of lyss
buffer (TrissHClI 25 mmol/L, edetic add 1 mmol/L, NaCl
150 mmol/L, NaF 50 mmol/L, 1 % Triton-100, PMSF
1 mmol/L, leupeptin 1 mg/L, aprotinin 1 nmol/L, pH
7.6). Lysatesweretransferred to an eppendorf tube
and rotated at 15000%g, 4°C for 15 min. The superna-
tant containing equal anountsof protein were added to
Protein A-Sepharose CL4B beads (Amersham, UK)
precoated with anti-eNOS antibody (Santa Cruz,
Germany), a 4 °Cfor 2 h. Having been extensvey
washedwith PBS, the beadswere divided into twoequa
aliquots: onewas used for NOS activity measurements,
and the other for Western blotting studies.

Western blotting of immunoprecipitated eNOS
Immunoprecipitates wereboiled in SDS-PAGE sample
buffer (glycerol 8 %, SDS 1.6 %, 2-mercapatoethanol
64 mmd/L, TrissHd 0.5mol/L, pH 6.8) for 5 min, and
separated by SDS-PAGE on an 8 % gd, followed by
electroblotting for 1 h onto a nitrocell uose membrane
(Amersham, UK). Membranes were blocked by a 2-h
incubation at4 °Cin TBST (TrisHA 20 mmol/L pH 7.6,
NaCl 137 mmol/L, 0.1 % Tween-20) containing 5 %
blocking agents (Amersham USA), followed by a 1-h
incubation in rabbit anti-eNOS antiserum (Santa Cruz ,
Germany) at dilution 1:1000. Having been extensively
washed in TBST, membraneswereincubated for 1 h
with goat anti-rabbit horsaradish peroxidase-conjugated
secondary antibody at room temperature. They were
then extensvely washed in TBST, and developed using
enhanced chemiluminescene subgrate (ECL, Amersham
UK). Bandsthus reveded were analy zed by scanning
denstometry.

Analysis of serine phosphorylation To assay
for serine phogphorylation of eNOS, nitrocellucose mem-
branes were gtripped by incubation in stripping buffer
(TrissHCl 62.5 mmol/L, pH 6.9, 2 % SDS, 2-merca
patoethanol 100 mmol/L) a 50°C for 30min. Stripped
membranes were reprobed with anti-phosphoserine
antibody (Santa Cruz,Germany) as before.

Activity of immunoprecipatated eNOS eNOS
immunoprecipitated and immobilized on protein
A-Sepharose CL 4B beads was resuspended in 100 nmL
of NOS assay huffer of thefollowing compostion: Tris-
HA 50mmad/L, edetic acid0.1 mmol/L, egtazicadd 0.1
mmol/L, NaF 10 nmol/L, leupeptin 2 nmol/L, aprotinin
1 mmol/L, PMSF 1 mmol/L, NADPH 1 mmol/L,
tetrahydrobiopterin 3 nmol/L, camodulin 100 nmol/L,
CaCl, 2.5 mmol/L, L-arginine 10 nmol/L, pH 7.5.
L-[*H]arginine (Sigma,USA) 7400 Bq was added and,
following incubation at 37 °C for 30 min, the reaction
was quenched by the addition of 1 mL of ice-cold stop
buffer (HEPES 20 mmol/L, edeticacid 2mmol/L, egtazic
acid 2 mmol/L, pH 5.5). An excess of Dowex resin
(Sigma, USA) was added, thiswas mixed thoroughly
and allowed to settle for 10 min. The resultant
supernatant, containing the L-citrulline fraction, was
counted by liquid scintillation.

Statistical analysis The data were expresed as
mean+SD and statigically analyzed using one-way
ANOVA. Vauesconsdered to be datistically s gnifi-
cant were P<0.05.
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RESULTS

Effect of isoprenaline on eNOS activity in
HUVEC eNOS activity was evaluated from the con-
verson of L-[*H]arginineto L-[*H]citrullineproduction.
Isoprenaline increased L-[*H]citrulline production by
34.4 % as compared with basal (P<0.01). To deter-
mine whether the b-AR mediated increasein L-[*H] cit-
rulline production was mediated through b, or b,-AR,
we performed alarge series of experiments with CGP
20712A 300 nmol/L (ab,-AR selective antagonist) or
ICl 118551 100 nmol/L (ab,-AR selective antagoni<t).
Coincubation with CGP 20712A did not affect
L-[*H]citrulline production in responseto isoprenaline.
By contragt, in the presence of 1Cl 118551, isoprena
linedid nat increase L-[*H]citrulline formation suggest-
ing that the activation of eNOS by isoprenaline was me-
diated exclusively through b,-AR (Fig 1).
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Fig 1. Effects of isoprenaline (ISO) on eNOS acvitity in
HUVEC. Cells were incubated for 30 min with ISO (1 mmol/
L), in the absence or presence of selective b - or b ,-
adrenoceptor antagonists. eNOS was then immunopre-
cipitated from lysed cells. L-[*H]arginine to L-[*H]citrul-
line conversion was determined in the immun precipitate.
Results are expressed by percent change in L-[*H]citrul-
line formation in response to different treatments com-
pared with control cells (100 %). n=4. ‘P<0.01 vs control.
P<0.01 vs ISO.

Effect of isoprenaline on serine phosphoryla-
tion of eNOS in HUVEC To investigate whether the
observed effects of isoprenaline on eNOS activity in
HUVEC wer e caused by phosphorylative modification
of the eNOS enzyme itself, rather than changing ex-
presson of eNOS, HUVEC were exposed to i soprena-
line or vehile for 30 min. eNOS was then isolated from
lysed HUV EC by immunoprecipitate using a specific
antiserum to eNOS, and the resulting immunopreci pi-
tate was divided into two equa aiquots. one was used

for NOS activity measurements,and the other for West-
ern blotting sudies. Western blotting, usng the same
eNOS anti serum, reveal ed the presence of a band at
135 kDa, corresponding to the known molecular mass
of human eNOS (Fig 2A, uppand). Scanning densito-
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Fig 2. Effect of isoprenaline (ISO) on serine phos phoryla-
tion of eNOS in HUVEC. Cells were incubated for 30 min
with isoprenaline 1 mmol/L, in the absence or presence of
selective b - or b ,-adrenoceptor antagonists. eNOS was
isolated by immunoprecipitation. A, Western blot of its
phosphoserine content following different treaments.
B, Serine phosphorylation of eNOS, quantified by scan-
ning densitometry of bands following Western blotting and
probing using anti-eNOS (top panel) and anti-
phosphoserine(bottom panel) antibodies. n=4. "P<0.05,
°P<0.01 vs control (CON). ‘P<0.01 vs ISO.
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metric analys s reveal ed no change in the amount of
eNOS present, following trestment with isoprenaine (1
nmmol/L), in the absence or presence of b, or b,-AR
seledtive antagonist (Fig 2B, up pandl). Following grip-
ping of the membrane and reprobing with a specific
rabbit antiserum to phosphoserine groups, a band was
found once again at 135 kDa (Fig 2A, botom panel).
Scanning densitometry demonstrated i ncreased band
dendity in response to isoprenaine, which was pre-
vented by | Cl 118551 100 nmol/L (Fig 2B, botom pand).

DISCUSSION

Previous in vitro and in vivo studies have sug-
gested that b-andrenoceptor-mediated vasorel axation
may have an endothelium-dependant compoment in sev-
eral animal species. Dawes et /'™ showed that infu-
son of isoprenalineinto the brachiartery of human sub-
jectsinduced an increase in forearm blood flow, and
that the response was inhibited by coinfuson of the
NOS inhibitor L-NMMA. We previoudy demonstrated
in cultured HUVEC in vitro and inrabbit femord artery
in vivo, that b-adrenoceptor activation or cyclic AMP
€elevation by other means stimulated NO produdion. The
present study showed that treatment of HUVEC with
isoprenaline significantly increased serine phosphoryla
tion level and eNOS activity, this effect could be abol-
ished by a sdlective b,-adrenoceptor antagonist 1Cl
118551.

Vasodil ative substances such as acetylcholine,
bradykinin have been shown previoudy to exert their
action via an endothelium-dependent manner and NO
production. Sympathoadrena system and vascular en-
dothelium L-arginine/NO system are both very impor-
tant to cardiovascular homeostasis. But interactions
between the two systems are known little. Here, we
found that stimulation of b-adrenooeptorin HUVEC with
isoprendinedicited anincrease in conversion of L-argi-
nineto L-citrulline, indicating an increase in NOS
activity. Thiseffect wasattributable to b,-adrenoceptor
subtype, because ICl 118551 completely blocked the
increase of eNOS activity caused by isoprendine. The
physiologica consequencesof vascular endothelial NO
production in response to b-adrenergic activation are
present unknown, but it is possiblethat this processis
important in the normd control of vessel tone by the
sympatheadrena sysem. Furthermore, certain disease
dates, including atherescleross, heart failure and es-
sential hypertension are associated with both endothe-

lial dysfunction and impaired b-adrenergic vasodil a
tion™'3, The present findings suggest that these ab-
normalitiesmay be causally related.

TheeNOS isclassified asaconditutive and strictly
Ca*/calmodulin-dependent enzymé™®. Agonistswhich
havebeen shown previoudy to promote NO releasefrom
endothelium, including histamine and acetylcholine,
cause an influx of extracelular Ca®* by promoting the
binding of camodulin to the endothelia constitutive
isoform of eNOS, leading to activation. Indeed, we
have confirmed that histamine caused atransent risein
Ca*in HUVEC. However, isoprenaline was without
demonstrable effect on Ca®* as assessed by Furo-2
fluorescence, suggesting that activation of eNOS by b-
adrenoceptor stimulation probably occursby anovel
mechanism not involving Ca* influx and cal modulin
activation. It isunlikely to be dueto activation of the
inducible (Ca**-i ndependent) isoform of NOS, since
cultured HUVEC haveprevioudy been found to express
the endothelia isoform only, even following stimulation
with proinflammatory cytokines™. Protein phospho-
rylation playsa central role in sgnal transduction path-
waysregulating avariety of biologica processes, in-
cluding the activities, biosynthesis and degradati on of
many enzymes. Poss ble mechanisms of the simula-
tive effect of isoprenaline on endothelia NOS activa
tion include either increasein eNOS expresson or a
change in post-translational modification perhaps
through phosphorylation. To investigate the possibility
that i soprenaine exerts an effect on the enzyme itself,
we isolated eNOS from HUVEC by immunopr eci pita-
tion, following 30-min exposure of HUV EC to isopre-
naine or vehile. we quantified theeNOS thusisolated
by Western blotting and scanning densitometry. Treat-
ment of HUVEC with isoprendine (1 nmol/L) for 30
min causad no measureable changein eNOS expression.
However, eNOS activity and serine phosphorylation level
weredgnificantly increased (P<0.01). This effect could
be abolished by a sdlective b,-adrenoceptor antagonist
ICl 118551. It seemslikely that the simulation ineNOS
activity in response to isoprenaline was caused by in-
creas ng phosphylation of serine residuesin the eNOS
enzyme. |ndeed, recent evidence suggests that eNOS
can aso be activated in a calcium-independent manner
by fluid shear stress and VEGF, presumable through
phosphorylation on serinell179 mediated by Akt (protein
kinase B)[** thus enhancing the senstity of the en-
zyme to calcium-adtivated calmodulint®”. Further stud-
iesare required to elucidate the definite kinase and



Yao K et all ActaPharmacol Sin 2003 Mar; 24 (3): 219-224

mechanisms of b-adrenoceptor-cyclic AMP-medi ated
activation of eNOSin these cdlls.

From our result of Western blotti ng, you can see
another band at 90 kDa position. We supposed that it
was heat shock protein 90 (Hsp90). Indeed, Hsp90
has recently been identified as an eNOS-associ ated
protein, and its binding to the enzyme increases cata-
lytic activity™, A certain amount of Hsp90 appears
to complex with eNOS in ungtimulated endothelial cells
as immunoprecipitation of Hgp90 resultsin the recov-
ery of eNOS, and viceversa. In al casesthe associa
tion of H§p90 with eNOS increased NO production and
was prevented by pretreatment with geldanamycin (a
specific inhibitor of Hgp90). Further work isneeded to
€l ucidate the possibl e interaction between these two
proteins.

In conclusion, isoprenaline sgnificantly increased
eNOS activity in cultured HUV EC associated with an
increax in serine phosphorylation. Furthermore, all the
measured responses to isoprenalined were mediated
exclusively throuth b,-AR subtype activation. These
finds clarify the mechanism of b,-adrenoceptor action
on human blood vessdl cells and may be of physiologi-
ca and pathophysiological importance if they are rep-
resentative of other vascular beds.
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