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Summary as endothelin-1 and angiotensin IlI, metabolites of
) S arachidonic acid such as thromboxang akd superoxide

1. Modulation of \ascular cell calcium is critical for anions? whilst endothelium-devied vasodilators include
control of vascul_ar_tone, blqodﬂmnd_press_ure. _ __nitric oxide (NO), prostacyclin (PGl and the

2. Specialized  microdomain  signalling St€Snon-NO/PG)  endothelium-devied  hyperpolarization
associated with calcium modulation are presentagcular EDH) mechanismi® The relatve @ntribution of these
smooth muscle cells (SMCs), where spatially localizeffifferent vasoconstrictor and vasodilator mechanisms,
channels and calcium store receptors functionally interagtyies within and betweenagcular beds species, strains
Anatomical studies suggest that such sites are also presgpt development, ageing and disease, as well as with
in endothelial cells (ECs). o _ experimental conditions.

3. The characteristics of these sites near |n aqdition to the abe, functional variability in
heterocellular myoendothelialag junctions (MEGJS) are 4rterial smooth muscle cells (SMCs) is associated with the
described, focussing on rat mesenteric artMEGJs_ separation of the signalling pathwaysvdlved in the
enable current and small molecule transfer to coordinatgntrol of toné with electrical current and second
arterial function, thus being critical for endothelium-dedli messenger molecule m@nent between vascular cellia a

hyperpolarization (EDH), diameter regulation in responsgy, junctions also being critical for the maintenance of
to SMC contractile stimuli and vasomotor conductio®ro i5ne. Changes in calcium in both SMCs and endothelial

distance. o _cells (ECs) are essential for the maintenance astwiar

4. Whilst MEGJs occur on EC projections Wlthlntone_l,3,4,6-9ASpeCtS of the specific mechanismeoied in
internal elastic lamina (IEL) h0|905, not all IEL holes/#a 4terial SMC function, and particularly those related to
MEGJ-related projections; 0 t50% of such holes hing  oqulation of intracellular calcium, appear to depend on
MEGJ-related projections; variation occurring within anghe gpatial compartmentalization of ion channels and
between vessels, species, strains, and disease. receptors and associated calcium stores at ‘microdomain’

5. In rat mesenteric, saphenous and caudal cerebellgfos6.10.11 g ch sites enable microdomain-specific channel
artery and hamster cheek pouch arteriole, but not rafnq receptor astition 10 although the spatial arrangement
middle-cerebral artery or cremaster arteriole, intermediag,q physiological role of such sites in ECs is & aeea of
conductance calcium-avtted potassium channels (B swydy Of interest, the connexins (Cxs) comprising the
localize to EC projections. _ myoendothelial gp junctions (MEGJs) are in close spatial

6. Rat mesenteric artery MEGJ connexins and IK agsociation  with  intermediate  conductance  calcium-
are in close spatial association with EC inositolqtiated potassium (IK) channels in rat mesenteric

1,4,5-trisphosphate receptors and endoplasmic reticulum.artery,lz,la potentially mediating specific functional aspects
7. Data suggest a relationship between spatially; py activity4

associated EC ion channels and calcium stores N The focus of this brief éew is to describe the

modulation of calcium release and action.f@®nces in jimited current knowledge on the microdomain signaling
spatial relationships between ion channels and calciufchanisms associated with contact mediated gap junction

stores in diferent vessels reflect heterogeneity asemotor -, mmunication between ECs and SMCs at MEGJs.
function, representing a selei target for control of

endothelial and vascular function. Heterocellular MEGJ coupling
Introduction Endothelium to smooth muscle signaling - EDH
Control of wascular tone, and thus bloodvilcand Consensus on the mechanism of EDHoives

pressure, is dependent on the balance betweagonist-induced release of EC calcium, subsequent
vasoconstrictor and asodilator action, which in turn are actiation of EC small (S) K, and IK., channels, release of
dependent on neural, humoral and physical stifnuliepoxyeicosatrienoic acids (EETs): Knd/or current, which
Endothelium-detied vasoconstrictors include peptides suchs transferred to the adjacent smooth muscle, with
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Figure 1. Endothelium-derived hyperpolarization (EDH) mechanism - endothelial to smooth muscle signaling in rat
mesenteric artery. In response to agonist (R) iatrellular endothelial cell (EC) calcium release ocsdiom inositol
1,4,5-trisphosphate receptor (R)-mediateé° endoplasmic reticulum (ER) s&x whit are in dose proximity to
myoendothelial gap junction (MEGJ) connexins (Cxs) 37 and 40 (mechadfs@nidl intermediate conductance calcium-
activated potassium channels K medchanism 2. The net result of shcactivity is hyperpolarization of the adjacent
smooth muscleclosure of wltage-dependent calcium channels (VDCC), subsequeshtiaed smooth muscle cell (SMC)
calcium and vessel relaxation. Mechanism 1 involves transfer of EC-derived hyperpolanmfdBGJ Cxs 37 and 40,
whilst mechanism 2 wolves localized potassium release from. JKactivation of smooth muscle N&K*-ATPase with
endothelial (and perhaps smooth muscle) imdvactifying potassium channels (R3%* regulating sut localized potas-
sium activity Replenishment of EC calcium putatively ovia non-selective cation channel (NSCC; as transieneptor
potential (TRP¥10410° see also Fyure 4, bwer right inset) or calcium-sensingaeptor channels (Ca$®) activity.
Endothelial to smooth muscle (vice \ersa Figure 4) novement of calcium and/or Jfnay also be involved in the modu-
lation of mesenteric artery toné-3%42with suh a uggestion being supported from cultugudies showing Cx modulation
of IP, transfer'%” In addition, calcium modulation of gap junction Cx functt&hi®®may also egqulate current and/or IP
transfer; thus also being critical for the control of vessel tdfexthanisms 1 and 2 may opee independently or in a con-
comitant mannerThe use ofcharacterizedantibodies to small conductance calcium-activated potassibannels
(SK.p).*#M%demonsiate the pesence of SK3 at adjacent EC-EC gap junctions, but not at MEGJs in rat mesenteric artery
The ‘space’ between EC and SMC membranes at the M8&&d site iS110-30 nm (*), although sixcan gparent dis-
tance will likely be in part dependent on the ultrastructural preparation methodology.

subsequentyperpolarization, closure ofoltage-dependent 2C or 2J epoxygenasé®.EETs may then act to galate

calcium channels and resultamssel relaxation (Figure 1). ggo junction$® and/or be released from ECs to watt

A proposed role for C-type natriuretic peptide andMC large (B) K., dthough the precise mechanism of

hydrogen peroxide in EDH is not supported by currerEETs-BK_., activation is not fully characterizeiAn EET

evidence, with the original studies being based oimdependent BK-dependent EDH activity has also been

questionable experimental design and daea® reported in mouse cremaster arteriole and SHR mesenteric
In a limited number of ascular beds, being coronary artery?%-21

renal and cerebral beds of some species, and in response to In regard to K*, it was originally proposed that*K

selected stimuli, EETs are synthesized ypchrome P450 released from ECs during channel opening accumulated in
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Figure 2. Digtribution of intermediate conductance calcium-activated potassum channels (IK_,; red) at the internal

elagtic lamina (1EL; green) hole (dark spots) to smooth muscle cell interface, as potential myoendothelial gap junction
(MEGQGJ) sites (examples arrowed), in selected resistance arteries. Confocal microscopy using antibodies to 1K1 (SK4),
developed and laracterized by Ngon''* and Chert!° demonstate IK., distribution corresponding to MEGJ density in

rat primary mesenteric (A-C;°IMA), juvenile and adult saphenous (D-F (juv SA), G-I (ad SA), respectively) and caudal
cerebellar arteries (J-L; CCA)Approximately 40 and 46% of IEL holeseagssociated with localized |K densities and
MEGJ incidence in rat primary mesenteric and caudal cerebellar artergspectivelyand 46 and 4% of juvenile and
adult saphenous arteries, respectively (MEGJ density from published sti#fié¥See also dble 6 of SandowGzik &

Le€®). Primary antibodies weronjugated to Alexa633 secondawith immunohistochemistry and controls conducted as
per standard-2*3Endothelial cells a& aranged left to right. Bar; 2Qm.

the space occupied by the internal elastic lamina (IEL) amuplicate a role for alternatt EDH mechanisms. Such
that surrounding SMCs, in a concentration sufficient tbehaiour results in bias inalvour of one EDH mechanism
actvate inward rectifying potassium channels; {kand the over others that could otherwise be implicated. This
Na'/K*-ATPase (N&-K* pump) on SMC$:>° However, this  situation is particularly pralent in studies considering the
scenario is implausib®;?* as such a space isyshically role of CNP and ydrogen peroxide in EDR617A further
too large to achie the dynamic K flux required for the ongoing issue with the EDH field (as with rydields) is
characterized rapid EDH response. Altenelyi, as the lack of specific characterized blockers. Indeed,
outlined in this reiew, diffusible K* may rather act at 1-[(2-chlorophenyl)diphenyl-meyki-1H pyrazole
specialized microdomain signaling sites associated wi(iRAM-34), a ley IK_, antagonist used in mgnEDH
MEGJs (Figure 1). studies, has recently been suggested ve d&ects at non-
An ongoing problem within the EDH field is theselectve ation channels (NSCCs; such as transient
restriction of studies to the use of pharmacological l@ck receptor potential (TRP) channet8)Further Cx-mimetic
of relevance only to certain pathways of specific interestGap’ peptides, &y Hockers of electrically-mediated EDH,
with the failure to consider the use of inhibitors that malgave alditional effects on intracellular calcium stofés.
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This latter effect may be related to the close spatialasoactie substances between ECs and SMCs \(me
association of vascular Cxs and sites of calciumersg, or thgy may signify previous delopmental history
modulation, discussed belqFigures 1-4}2 Unfortunately, or subsequent ageing and diseaseluing alterations to
such observations complicate the interpretation of data MEGJs and associated signaling mechanisms.
EDH studies. ) ) )

Spatial and temporal modulation of calciumomooth muscle to endothelium signalling
dynamics is critical for vascular function and anatomical
and functional studies suggest an association between SES%
of calcium release, targets of calcium action amp g
junction Cxs'213In rat mesenteric artgrgdjacent ECs are
coupled by Cxs 37, 40 and 43which are spatially close to
densities of Slga,12 whilst MEGJ Cxs 37 and 40 are
spatially ~ associated ~ with  |K'>13  potentially
corresponding to different facets of the functional EDI%Z
respons@® Other data demonstrate a close spati lectrical signals from SMCs to EG& MEGJs, may be
relationship between Cxs, inositol 1,4,5—trisphospha§ ’

. . L ?nportant for the rgulation of arterial diameter in response
receptors (IERs) and endoplasmic reticulum (ER) Wlth!n,[O stimuli that cause SMC contraction.

EC projections through holes in the IEL, with MEGJs being C g ; Lo
o onstriction of resistance arteries in response to
located between ECs and SMCs on such EC prOJectlo‘% P

As outlined abwe, myoendothelial EC to SMC
munication is essential forasodilator control of
arterial diameter and by association, bloodwfland
pressure. Studies ¥ma focused on he ECs regulate the
diameter of underlying SMCsia the release difisible
factors such as nitric oxide (NO), and by direct electrical
ouplingvia MEGJs. Havever, it is becoming evident that

e cowerse pathway; being transfer of chemical and/or

Int PR labeling i X h dothelial sid "Wevations in  intraluminal pressure, stimulation of
ntense '5R 1abeling Is present near the endothelial SIde Q5 athetic nerves and application of contractile agonists is

MEGJs in rat mesenteric artery (Figures 1,3A-E), consisteI i . : ;
: X ) ted by endothelium-dered NO and EDH (Figure
with the integral role for IPand IRR in EDH.?%% Such 4)3%41 | addition, changes inessel diameter occurring

sites likely reflect Ig_lmedlated _caIC|um pulsars W'th'n_ when calcium oscillations become synchronized among
IEL holes, at putae MEGJ sites, as are present in

o teric arféf? The cl fial adjacent SMCs, such as imsomotior?®42-4%is suggested
pressurized mouse mesenteric ar € close spalidl 4 pe modulated by NO and/or EDH in rgaressels, such

localization of sites of calcium release and vascular C{% rat mesenteric and basilar artery and hamster46#4.
suggests the potential for a causal functional relationshipdﬂ1 the other hand, in contrast to this, synchronization of

that these sites of current transfer and calcium modulatigglcium oscillations and vasomotion is suggested to be

likely interact. dependent on EDH,ub not NO in rat mesenteric artgfy°

Of note, the relationship between dKand MEGJs - : - ;
: ) X while yet other studies emphasize an essential role for a
differs between ascular beds and species (Figure 2A-L) y P

. . : . ¢GMP dependent chloride currditA question yet to be
with 1K¢, dens_|ty f:orre_spondmg to the density of MEGJéddresseé) is ko does SMC cogtraction ys’[imulate
related EC p!’OjECtIOﬂS in somaytnot all vascular beds. In production of NO and/or EDH in ECs? - an MEGJ-
rat mesenteric, saphenous and caudal cerebellar, aKgry mediated feedback mechanism being the moselyiik
are localized on EC projections (Figure 2A'L)'explanation12
corresponding to MEGJ incidené&333*Furthermore, such Generation of both NO and EDH depend on an
a relationship is present in hamster cheek pouch arterio|ﬁCre

but ot rat middl bral art ) +eriol ase in EC calcium Jels 525! Agonist-induced SMC
not rat middie cerebral artery or cremaster arteriolg, i action, such as that caused byakedrenegic agonist
(Sandev, unpublished results). The hamster cheek pou

. . . . . erylephrine, is associated with increased global EC
arter!ole exh_|b|ts a .h|gh density .Of . IocghzedS & calcium levels in intact arteries, leading to the suggestion
conS|sterjt with the high MEGJ density n thissgef Of that calcium may me from actvated SMCs to adjacent
note,_ whilst MEGJS are relady com7mon (|)n rat cremaster ECs*252However, movement of calcium from one cell type
arteriole and _m|ddle f:erebral artéhy’ (C25% of IEL. holes to another has yet to be demonstrated directly.
have MEGJs in rat middle cerebral artgry),gg@enaﬂes gt The maement of calcium within cells is sio and
IEL holes are absent anc_i thost localized to MEG‘]S. In spatially restricted® which means that it is unlikely that
thes_;e o ves;els. Thuwh”St.ME.G‘]S gen_erally oceurina y, x diffusion of this second messenger from SMCs can
S|m|Iar. location on EC projections which pass Fhroug ccount for the increase in global EC calciunvele
holes in the IEL, not all such holesveaEC projections

) . obsened following contractile stimulation of intacessels.
0,
with MEGJs passing through them. bct, only 0 toT50% Furthermore, discrete calcium changes camulede

of .su.ch holes .h@ p.roj.ections with MEGJs, with the_ signaling pathways independent of global calcium changes,
variation occurring within and between vessels, speciegich may occur at the same tiffThus, the role of the

Ztralns, an.thd_lseaéé Ig genelrg!, MEGT]t dtenilr:yth 'S tise in EC Ik calcium levels in stimulating production of
ecreased with Incréased vessel sieencomitant wi € NO and/or EDH in response to SMC contraction needs to

contritution of EDH to wasodilatior? In this regard, MEGJs '
to absent in adult | h df beldeflned.
are rare to absent in adult male saphenous and femoral ¢ ie the use of agonists that at a global

y i 34
arter;_( r;ehspectvely, |WhIeErﬁ E[I)H |st.”abs_e|t'°1ﬁ :QV\éa/e:j' receptor population to atate SMC calcium, such as those
evan In ese essels, oles still exist, and indeed ar cting at ®trajunctional and junctionala-adrenergic

prevalent38 In the absence of heterocellular coupling, thesr%ceptor§7 should be treated with caution, as their use may
holes may act as W resistance pathways for diffusion of ' '

88 Proceedings of the Australian Physiological Society (2@98)



S.L. SandoyR E. Haddock, C.E. Hill, P.S. Chadha, P.M. Ké&'G. Welsh & FPlane

IEL+IP,R

Figure 3. Distribution of inositol 1,4,5-trisphosphate receptor (1P;R; red and Au particles, examples arrowed) and endo-
plasmic reticulum (ER) at potential myoendothelial gap junction (MEGJ) sites in rat mesenteric artery. Confocal
microscopy using antibodies to JR (pan, Chemicon, AB1622, A-D; JR1, AlomongACCO19, E), demonsite IP,R ds-
tribution corresponding to MEGJ density (A-C) at the internal elastic lamina (IEL; blue) hole (dark spatsples
arrowed, A-C) to smooth muscle cell (SMC) interfasetential myoendothelial gap junction sites. Eitructual data
confirm the localization of iR to dscrete egons of the endothelial cell (EC) projections (D,E; antibody conjugated to 5
and 10nm Au, respectively; highessue frozen, freeze-substituted and low tenapere enbedded tissdé!326.11§, prev-
ously shown to be associated with MEGJ caimet21326 ocalized, but apparently sparse,fPwere dso present in the
adjacent smooth muscle (E, arrow with asterisk)gssiing sarcoplasmic reticulum (SR) localization. Conventionahultr
structural preparatior?® with post-fixation in KBCN/OsQ (in a similar manner SR stainiiy) show labeling of appant
ER (F-H, arowed), consistent with IR localization (D,E) at sutstes. Regions between arrowheads (F-H; beinerg
second section of a series of sectiong)@nall areas of pentalaminar menaorg consistent with the presence of gap junc-
tions at sub stes. No discernible space is present between the endoplasinidum and the point of myoendothelial con-
tact in one section (H; area adjacent to @anheads). Of nofepparent sub ER ae only present in14% of MEGJ-lile
projections (72 examined from 3 vesselshdeam a dfferent rat). The likly reason for this is that slictructures do not
consistently taé up the label. For confocal and immunoelectron ragmopy respectivelyprimary antibodies wer conju-
gated to Alexa633 and 5 and 10nm stcondaries, and pcedues conducted as per standaf*32¢113Bar; A-C, 20um;
D,F-H, 0.5um; D, inset, E, 100 nm.

not necessarily reflect a physiological state. Thus, it is mopaenylephrine.

pertinent, although technically more faitilt, to examine SMC contraction is associated with membrane
such responses under conditions of basal myogenic tonedepolarization which can spread to Eda MEGJs in rat

in response to local application of vasoconstrictors thagsilar artery and juvenile (1-2 mth old) ac®&® This
mimic discrete neurotransmitter release, and not in tlmechanism may play a role in endothelium-dependent
presence of globally acting preconstricting agents, such @sordination of asomotior?® but is unlikely to contrilute
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Figure 4. Smooth muscle cell (SMC) to endothélial cell (EC) signaling mechanism in rat mesenteric artery. Contractile
agonist (R) activation results in increased SMC calcium andefrels; movement through MEGJs leading to éased EC
intracellular calcium ([C&"] ) within spatially restricted EC projections. Subsequent,|Ectivation hyperpolarizes EC
facilitating calcium entry through NSCCs (TRP channels) to refill stores and potentially activate eN€&x®l &pEC
hyperpolarization bac to SVICs limits further contractile activation. TRPC3 shows apparent localization to the MEGJ-
related EC pojection (inset lower right panel; Alomon&CC-016; 1:200, with matching 10 nnuAecondary; arowheads
indicate position of A label; high pessue frozen, freeze-substituted and low tenapee embedded tissy-13:26.113
although note thath@racterization of this antibody has not been conducted. *, MEGJ-related EC projection. Bar; 100 nm.

to increased EC calcium, as depolarizatioould be vasodilators such as@h in rat mesenteric arte#§52 ATP
predicted (depending on its size) to decrease calciiamd ACh in rat aorté& and bradykinin and substance P in
through NSCC action; a major calcium entry route iporcine coronary artefif have been described However,
arterial EC$? In support of this prediction, SMC only recently hae immunohistochemical studies pided a
depolarization follaing inhibition of voltage-dependent'K structural basis for these observations byeakng the
channels causes EC depolarization and inhibition gpecific localization of % subtypes in ECs of intact
acetylcholine (&£h)-evoked, endothelium-deved NO- arteries (Figures 1,2A-1%
mediated relaxation in rat basilar artéfyAs SMC As abwae, immunohistochemical studies sho
contraction  to  depolarizing  stimuli  such  asdiscrete and intermittent expression of_IKand nearby
neurotransmitters is limited by generation of endotheliumiP,R within IEL holes, as potential MEGJ sites, in intact rat
derved NO and/or EDH, another mechanism must bemesenteric artery (Figures 1-4). Ultrastructural studies
activated to oppose the transfer of depolarization to EG=nfirm the presence of JR within EC projections in this
during SMC contraction. vessel, and demonstrate the presence of ER withi¥6 of

In  both SMCs and neurons, cellularEC projections in the same vessels (Figure 3F-H). In a
compartmentalization provides for microdomain-specifisimilar manner Isakson et al suggest that ER (as
activation of ion channel&8! although the spatial endoplasmic and smooth sarcoplasmic reticulum,
arrangement and phiological role of such signaling respectiely) is juxtaposed to the plasma membranes of
domains in ECs has rewed little attention. Selecte both ECs and SMCs at MEGJs in mouse cremaster
activation of spatially distinct populations of XK by arteriole%®
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Figure 5. Endothelium-dependent modulation of vasoconstriction in rat mesenteric artery is inhibited by TRAM-34.
Repesentative traces of cumulative concatitm-response curves to phenylephrine in segment& ofder rat mesenteric
artery mounted in a wér myograph (A). Contractile responses of an endothelium-intact artery Kplan endothelium-
denuded artery (red) and an endothelium-intact artery pre-incubated with TRAMz34; (10 min; an inhibitor of 1K
channels). Mean concemition—response curves for phenylephrine in endothelium-intact and denuded segmefﬁts of 3
order rat mesenteric artery (B) in thegsence and absence of TRAM-34/0). TRAM-34causes endothelium-dependent
enhancement of contractile responses to phenylephri®.(

As well as being wolved in EDH-mediated studies are required to determine the precise spatial
signaling, we propose that the distitiion of 1K, IP,R and  arrangement of SMC sarcoplasmic reticulum, as a source of
ER in close spatial association with MEGJ €x$ P, and MEGJs in this model.
provides a mechanism for SMC to EC communication Diffusion of IR, is less spatially restricted than that of
which underlies endothelium-dependent modulation afalciun?® and a role for this second messenger in SMC to
SMC contraction. The localization of JR within EC EC communication is supported by observations that
projections places them in an ideal position to bevatetl pharmacological inhibition of LPgeneration within SMCs
by small amounts of IPdiffusing through MEGJs from or blockade of EC IR, prevents the wasoconstrictor-
contracting SMCs. The subsequent ER calcium releasedked increase in EC bulk calcium in both intact rat
would then g¥e rise to a local increase in calcium withinmesenteric artery and in mouse aortic EC-SMC co-culture,
the spatially restricted EC projections resulting in.JK indicating that diffusion of IP through MEGJs may
activation. Subsequent IK-mediated hyperpolarization of contribute to SMC to EC communicatiéh®” 68
EC membrane potential would spread rapidly across and Central to the smooth muscle to endothelial MEGJ
between ECs vfa extensve @p junctions at such communication model is theypothesis that a localized
siteg227:69 to facilitate calcium entry through NSCCs andncrease in calcium at the MEGJ, within restricted EC sites,
also spread through MEGJs back to electrically coupledther than a global increase in EC calcium, is crucial to
SMCs to limit further contraction (Figure 4). FurtherSMC to EC communication and to endothelium-dependent
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modulation of SMC contractionoTdate, studies of changes SMCs!? In contrast, apamin, an inhibitor of 8K was
in EC calcium lgels within intact arteries W@ dmost without efect on agonistymked contraction in
exclusively focused on measurement of bulk calciti®?®® endothelium-intact segments of the sanessel’® Using
a dtuation resulting mainly from technical limitations, characterizedSK3 antibodies, SK are localized to EC-EC
which may hinder elucidation of mechanisms that underljanctions, lnt not to MEGJs in this vessel, suggesting that
EC function, and in particular those relating tahey may play a different physiological role to éla<12
myoendothelial communication. Faxample, in contrast to However, as mentioned abee, TRAM-34 has been shm
cultured ECS%7® measurement of bulk calcium in ECsto block NSCCs in inflammatory celfsand thus, further
isolated from rat middle cerebral artery and cremasteonfirmation of IK. involvement is required.
arteriold*"> suggest that agonisteked changes in EC In addition to IBR and IK., NSCCs are also
calcium are not modulated by EC membrane potentiglotential contrilitors in SMC to EC signaling domains at
However, devations in intracellular calcium, particularly in MEGJs. SKF 96365 and Niglinhibitors of NSCCs, and
response to calcium influx, are rarely homogeneowBR 7943, an inhibitor of the sodium-calciummchanger
throughout the cell. For instanceyaking store-operated (NCX) reduce spontaneous, localized calciwenés within
calcium in SMC-deried A7r5 cells produces a modestECs in pressurized rat mesenteric artenggesting that
increase in bulk calcium, while increasing subNa"influx through NSCCs leads to agtiion of the reerse
plasmalemmal calcium Vels up to 300 fold® mode of the NCX to cause calcium influx; the process thus
Furthermore, data suggests that cultured B{sessing the being necessary to maintain theseengsS’ However,
calcium indicator cameleon, targeted to the plasmiaterpretation of this finding is complicated by the
membrane, provide evidence for the spatial restriction obsenation that KBR 7943 can also block store-operated
changes in calcium at the plasma membrane, rather thancaicium channel€ and TRP channefs.
increase in blk calcium, which may be required for NO The molecular identity of EC NSCCs remains to be
production!” Thus, the use of more sophisticated imagindefined, but these channels are most likely composed of
techniques is required to reselhe importance of localized homo- and/or heteromultimers of TRP chanfiéls.
changes in calcium for EC function. Interestingly as n cocultured mouse aortic ECs and

In support of the proposal that specifically localize®MCs®8? preliminary studies suggest that TRPC3 channels
changes in calcium areek mediators of EC function, are localized to MEGJs in rat mesenteric artery (Figure 4)
Ledouxet al. recently described spontaneousyifediated placing them an ideal position to participate in SMC to EC
calcium releasevents (‘calcium pulsars’) within IEL holes, communication. Haever, further irvestigation of their
as putatte MEGJ projection sites, in pressurized mousé&unctional role may be limited by the poor selectivity of
mesenteric arte3#32 Expression of IER and IK., in putatve TRP channel blockers and by thepeession of
MEGJ-related EC projections confirms yimus reports of these channels on SMCs, and thus molecular approaches
selectve localization of these proteins to an area of the ceduch as the use of dominantgetive grategies or siRM
crucial to SMC to EC communicatidA. Furthermore, may be required. In addition, apparent poor specificity and
inhibition of calcium pulsars provides evidence of aharacterization of a number of the commerciallsilable
functional link between release of calcium from ER store$RP antibodies currently precludes detailed examination of
the generation of pulsars andJlactvation. The frequenc their distribution (Grayson, Sandgo& Hill, unpublished
of calcium pulsars is increased by the endotheliunobservations).
dependent vasodilator ACh, indicating a potential role for In response to vasoconstrictor stimuli, SMC to EC
these localized calciumvents in EC to SMC signaling, communication likely plays an important role modulating
although the effect of SMC contraction on the EC calciumhanges in arterial diameteand thus blood flw and
pulsars was not \restigated. The frequenoof spontaneous pressure. W propose a model in which specific localization
local EC calcium eents following contractile stimulation of of IP,R and IK., at MEGJs provides a signaling
SMCs in rat mesenteric artery is increa$edlthough the microdomain linking SMC contraction to EC aetion 5162
location of these calciunvents was not defined. Thus, thewith the spatial complexity of EC signalling only wo
proposal that signaling microdomains at MEGJwvipl® a becoming apparent. Seleati expression of ion channels
novel mechanism by which increased local calciuvends and receptors at the luminal or abluminal EC atafmay
link SMC contraction to EC function waits further confer functional polarityanalogous to that in epithelial
investigation. If local calcium eents are ky o SMC to EC  cells®® permitting differential actiation of signaling
communication then the relationship between thesat® mechanisms by localized changes in calcium from spatially
activation of IK._, and generation of NO and/or EDH needglistinct sources, and thus providing an additionad! lef
further examination. control of EC function.

Functional evidence to support a role for_JKin o o o
SMC to EC communication comes from preliminary studie§PH in vivo vs in vio - an anaesthetic issue?
which shev that the IK., inhibitor TRAM-34 (1 uM)
blocks endothelium-dependent modulation of agonisttj‘-nim
evdked rat mesenteric artery contraction (Figure’Sy
vessel in which IK._ are localized to MEGJ3 (Figure 2A-
C) and where IK, are found only on ECs and not on

Studies of intact essels in chronically anaesthetized
alsin vivo and of the same isolated pressurizedsels
in vitro yield apparently contradictory results; being the
absence of myoendothelial coupling vivo and the
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presence of such couplingn vitro (hamster cheek synthase and EETs blamis hae anly a modest effect on
pouct¥*8 and mouse cremastéf’ arteriolein vivo cf in  conduction®693% 2) MEGJ sites are present in ryan
vitro, respectiely), in spite of the demonstration of MEGJsvascular bed$:#%9 and 3) current can directly pass
in these essels®>8” This apparently contradictory between the twvcell layers?®
obsenation is likely related to anaesthetic useim vivo As a consequence of the precedingrky current
studies. Indeed the potential for anaesthetics to produoeestigations are increasingly examining vho other
effects that inhibit specific aspects of dilator and constrict@lements of myoendothelial communication could shape the
function has considerable implications for the interpretatioconducted response. One area rdogi substantie
of data in map previous studies. attention is whether the spread of second messengers, such
Anaesthetic décts on dilator or constrictor function as calcium or IE through MEGJs, is sfi€ient to influence
generally result in an increase or decrease in blodaw electrical signals spread along an arteriahlh?
pressure, with the currently poorly characterized etiology &fuling first raised this idea as a means to explaily wh
these dkcts®® likely being related to differences indepolarizing responses initiated in smooth muscle fail to
anaesthetic action within and betweeasaular beds. conduct like their endothelial counterpar®31° While an
Studies of essel functionin vivo require &perimental appealing concept, vislence of second messenger flux
animals to be chronically anaesthetized and the apparérftuencing conduction is limited and incomplete. Indeed,
lack of MEGJ coupling in this state is consistent witlexisting studies are noted for their limited presentation of
anaesthetics having fe€ts on endothelium-dependentcontrols and a host of conceptual and theoretical
vasodilator activity ¢f. data for hamster cheek pouc§4f® inconsistencies. @ticularly problematic is whether limited
and data for mouse cremastei®i#t). Indeedjn vivouse of second messenger flux from a small number ofvatet
isoflurane, halothane, ekamine, pentobarbitol and SMCs generate sufficient endothelial current to alter
etomidate result in antagonism of NO and E®i¥ Under membrane potential. Another area of egegice centers on
specific conditions, similar antagonism of NO and EDHvhether the Cx composition or phosphorylation state alters
occursin vitro, via a mechanism that includes blockingthe conducted respon¥&:192 Testing this concept has
intracellular EC calcium relea8é,which underlies the proven difficult with the consequences of altered
predominant mechanisms of endothelium-dependemtyoendothelial function not being entirelywidus. This is
vasodilation. Thus, a primary underlying factor having aexemplified by work which has tried to link augmented
effect on the apparent myoendothelial coupling \@eri conduction decayin Cx 40 kockout mice, with either
from in vivo versus in vitro studies, is the type of decreased cell coupling in the EC layer or at MEGYY2
anaesthetic used in chronidn vivo experiments. While elevated resistance of MEGJsowld diminish the
Interestingly,in vivo urethane is without apparent effect orability of the endothelium to dre snooth muscle
endothelium-dependent EDH and N&and further studies membrane potential, it should not promote conduction
are required to clarify the mechanisms that underligecay’’ Indeed, by limiting charge loss to the smooth

anaesthetic action on endothelial function. muscle, increased myoendothelial resistanceulev in
_ ) theory induce the opposingfeft. Thus, further work is
Conduction over distance required in this emerging field.

The focal application of ACh to small resistancegnclusion
vessels initiates a asodilatory response that conducts
robustly along the vessel all.%%% This so called Heterocellular MEGJ coupling in arteries playsey k
‘conducted’ response is present in a range of vascular bedk in the maintenance ofascular tone, blood flo and
and it begins with the initiation of hyperpolarization and itpressure and thus has implications for the etiology of
subsequent spread along E¢&H95 At sites remote to the vascular diseast!* Potential selecte kidirectional MEGJ
point of agent application, endothelial hyperpolarization isignaling at local sites, and MEGJ signaling associated with
thought to ekct SMC relaxation through one of dw conduction of responsesva distance?1%3 are three &y
mechanisms. First, in similar studies onghar \essels, processes associated with such coupling, with heterogeneity
conducted hyperpolarization augments EC calciunm MEGJs and associated structures conferring additional
elevating the production and release of NO or EE¥.% functional specialization at these sites. Anatomical and
Such factors wuld presumably induce smooth muscldunctional studies support the proposition of a close spatial
relaxation by actiating a K* conductancé®®3%However, relationship between channels and the distribution of
further studies suggest that paracrine agents are of limitesteptormediated calcium stores, and the related dynamic
importance in this process, and that remote smooth musfilactional modulation of calcium release and action, as a
relaxation reflects direct ctge transfer between the aw key mechanism that underlies heterogeneity in arterial
cell layers?*97:%8while it is difficult to fully summarize the function, and thus represents a selectiarget for the
diversity of data and opinion, there is increasing consensosntrol of endothelial and asomotor function. The
that charge transfaria MEGJs is the principal means of possibility that differential channel, receptor and store
effecting smooth muscle relaxation at remote conductexttivity may underlie different aspects of MEGJ function,
sites. This consensus reflects findings from a range afid in particular EDH, is being vestigated in other
studies which hae @mulatvely shovn that: 1) NO resistance &ssels and in disease, such as that associated
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