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Fluid fow and severui olber agonists indike prosineselin (PGl praduction in endotheliak cells, G proteins mediute the response of a large aumber

of harmones such ws histwmine, bun the trumviduction pathway of tie fow signal is unelear. We found that GIPPAS undd pertussis toxin inhibited

flow-indused prestaeyetin production i humas umbilicl vein endutheliah cells, En addition, fow potentited the histuming-induced praduction

af PGl This suggests that fow stimuliles prostucyctin produstion vis o pertussis 1axinsensitive G pratein and modulutes the stimulus- response
coupling of ather agonists,

Prastueyelin: G protein: Pertussis toxin; Shear siress; Histamine: Faduiheliul catl

I. INTRODUCTION

Endothelial cells produce prostacyelin (PGI.) when
stimulited by fluid flow and agenists such us ATP,
brudykinin. histamine and leukotrienes [1-4], These
hormones activate phaspholipid turnover. leading 1o
the liberation of the cyclooxygenase substrate. uri-
chidenic acid, which is considered to be a rute-limiting
step in prostaglandin synthesis [5)

Aganistsinduced phosphelipiase activation is medis
ated by G proteins [6.7]. suggesting that PGI, synthesis
depends on G protein activation, Accordingly. dirsct
stimulation of G proteins by AlF," and GTPyS lsads ta
PGl, preduction in human umbilical vein endothelial
cells (HUVECGS) [8], In bovine endothelial cells. pertus-
sis toxin (PTX) inhibits the stimulation of PGI, release
by leukotrienes C, and D, [9]. but potentiates that in-
duced by ATP [10],

Fluid flow stimulates endothelial phaspholipid turna-
ver [11.12]. suggesting that flow triggers a pathway leud-
ing to PGI, synthesis which prabably involves phospha-
lipuse activation, however. eiarlisr events in the flow
signal transduetion are uncleur. It was recently hypoth-
esized that, in the presence of exogencous ATP, flow
could inersase ATP levels near the cell membrane by
overcoming local degradation by ectonucleotidnses,
thereby stimulating the cells [13-16).

We found that & PTX-sensitive G protein mediutes
the flaw-induced PG, synthesis in HUVECSs, In uddi-
tion, we show that flow can potentiate the eftect of
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histamine. which. unlike ATP, is not rupidly hydrolyzed
ut the membrane surface, This suggests thut flow may
affect the stimulus-response coupling of other agonists
in HUVECs by an intracellulur mechanism,

2. MATERIALS AND METHODS

ATP-free Medium 139 wus from Cell Cullure Laborularies (Cleve-
lund. QM) und fewl il serum (FCS) from Hyelone (Logan, Y¥T).
Collagenuse (ype A) wis from Bochringer-Muanheim (Indinnapuolis,
IN}, GekerneProstuglandin F,, (Gkero-PGF ) and PTX were from
Calbiochem (Sun Diego. CA) und &[5.8.9.1 1121413 HiN) K-
BGF I (180 Cimmol} was from NEN (Baston. MA) 13GSorh wirs
from The Enzyme Canter (Malden, MA), All other chemicalx inglud-
ing &ketw-PQF,, anliscrum were (rom Sigma (51, Louis, MO).

HUVECS were cultured as deseribed previously [2]. Canfluent gells
were presincubated in Medium 199 without ATP with 2 mM t-glutam.
in¢. 80 U/ peniciilin and 30 g2g/mi sirepromyein with no drug sdded
for 2 i, or with 0.2 ug/ml PTX far 2 h, or with 0.2 mM guanine
nucleotides for 6 b. They were then subjected (o a steady shear stress
of 38 dynewan® in o parallel-pline Now chamber (deseribed in [2)) for
up to & b, which was perfused with (resh presincutution medium plus
209% FCB and hall of the drug coneentration used in the pre-incubar
lion, Static canlrals were kept in Petri dishes, ATP levels in the me.
diupy were <7.5 oM, us determined by an assuy based on the lugilerin -
lucifersse reaction (Sigima, St. Louis, MO). At tieend of soine exper-
imenls, histamine wux added Lo a fipal concentration of 10 #M and
the medium was sampled after 13 min, To study the synergy of flow
und histimine, histamine was added to i final conceniration of 10 4M
20 min aller the onset al shear and while the ¢ells were s1itl subjected
o Nlow; sumples were luken lor 6 b thercufler. Sumples were stored
at -200C, '

Medium PGl levels were determined by eadinimuncassay of its
stable metabiolite 6-Aet-PGT,. Overull production rales were ob-
tained by linenr regression of ¢tch entire limg -course of PG, uccumu-
lution and compired by a iwostailed -1est for statistical signitivapce
[17]. For experiments with histamine, initial production rales were
ublained by lingur regression on data poiuts from 0 10 5 min und
compared as previously,
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Fig. |, Effect of G protein inhibitors an flow-induced release of G-ketu-PGF,,. Releuse ol 6kerenPGF,, by HUVECS under static conditions and
subjecied to a shienr siress of 28 dyfem?®. Cells were presineubaled with 0.2 mM GDPEAS (A} or 0.2 gg/mi PTX (B), Error bark repressnt the S.E.M.
(n = 2%, Oversll production raies of SkeraPGF,, ure compared: "P < 0,08, £ < 0.01: NS, not significant,

3. RESULTS AND DISCUSSION

Fluid Mlow induced u burst in PGI, releuse followed
by a period with little net production at 1-3 h, and a
luter phase where a steady rate of synthesis wis ob-
served (Fig. 1), which is in agreement with published
observations [1.2]. GDPSS and PTX irhibited both the
initial burst and the luter phuse of stimulation by flow.
The production of PGI, by static cells was unaffected
by GDPSS or PTX. These results suggest for the first
time that a PTX toxin-sensitive G protein mediates a
flow-induced response in HUYECs.

The general activator of G proteins, GTPyS. stimu-
tated PGI, production to 4 lesser degree than flow (Fig.
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IFig. 2. Elfect of low und GTPYS on the releuse of 6-keta-PGF . (A)

Release of 6-keto-PGF |, by static and flow centrols {0). or under

sinticconditions for HUVECs presincubated with 0.2 mM GTPyS(9).

Error burs represent the S.EM. (n = 2). Overall production rutes of

G6-ketoPGF , are compared; £ < 0.01. (B) Additional predustion of

G-ketePGF |, dug to the addition of 10 4M histamine te the medium
ut the end of the experiment shown in A.
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2A). Addition of 10 M histamine led to an additional
relense of PGI. which was similar for stutic and sheared
cells. but approximately 50% less for cells treated wilh
GTPyS (Fig. 2B). The effect of GTP¥S is consistent
with a functional pathway linking G protein activation
to PGI, synthesis in our cells. The relatively low produc-
tion rate of PGl. in GTPyS-treated cells may be due to
insufficient agonist loading into the ceils, or due to the
stimulation of inhibitory G proteins by GTP¥S [8).
Flow and ATP synergistically increase intracellular
caleium levels (Ca;) [13=16], Some authors have claimed
that flow alone may not increase Ca; [14.15]. an event
most likely required for flow-induced PGI. synthesis
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Fig. 3. Synergism of flows and histaminednduced relcase of Gekeros
PGF,,. Release of &sfeto-BGF , by HUVYECs subjecied 1o flow (data
shown is the accumulution of G-keto-PGF,, starting 20 min after the
onset of shear (), by HUYECk stimulated with 10 uM histaming
under statle cenditions (9), and stimuluted with 10 4M histamine
under Qow condilions after pre-sherring for 20 min (v). The sum of
the productions dug to histamine alone nnd flew alene [s also shown
(= = =). Error bary represent the 8.E.M. (2 = 2). Initisl praduction
rates of 6-kera-PGF,, are compared; “‘P < 0.01.
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(12]. The ATP levels in the medium used in this study
were very low (<7.5 nM) and others also observed that
flow induces PGI, synthesis in ATP-free medium {3].
Furthermore. PTX has been shown to potentiate the
ATP-induced PGI, production [10], thus our results dis-
agree with an ATP-mediaied mechanism of flow-in-
duced PQI, synthesis,

Addition of 10 uM histamine under flow conditions
resulted in an initial production rate of PGl by
HUVECs greater than the sum of the individual rates
due to flow and histamine (Fig. 3), which suggests that
flow also synergizes with histamine. Unlike ATP, hista.
nine is not rapidly degraded at the ¢ell membrane, thus
it is doubtful that facilitated mass transport by flow
incrensed the agonist concentration at the cell surface.
We postulate thot flow cun meodulate the stimulus-re-
sponse coupling of other agonists in HUVECs via ap
intracellular mechanism,
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