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Calcium-Dependent and -Independent Mechanisms of P2Y Receptor
Regulated Anion Secretion in Polarized Epithelia
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Extracellular nucleotides such as adenosine 5'-tripho-
sphate (ATP) or uridine 5'-triphosphate (UTP) have been
shown to regulate ion transpott processes in a variety of
epithelia (1). In some secretory epithelia, this effect is
mediated by plasma membrane P2Y receptots, which
belong to the G protein-coupled receptor family. Occu-
pancy of P2Y receptors by vatious agonists activates the
inositol 1,4,5-triphosphate (IP;) — mediated intracellular
Ca’" signalling cascade. Empty of intracellular Ca®* stores
triggers the opening of plasmalemmal Ca® entry path-
way, a phenomenon known as “capacitative calcium
entry” or “store-operated Ca’’ influx” (2). Ion transport
processes (e.g. activation of apical Cl* channels) are then
stimulated via the increase in intracellular free calcium
concentration ([Ca2+]i).

There is, however, a paucity of information on the
mechanisms of stimulus-secretion coupling in polatized
epithelia. For example, the relationship between intra-
cellular Ca®" responses (ie. Ca’ release and influx via
different membrane domains) and anion sectetion remains
a partially unresolved issue. Moteover, it is now emerging
that certain types of P2Y receptor (e.g. P2Y2) are cou-
pled to multiple, signal transduction pathways in which
changes in [Ca’"]; is not an obligatory component (3-6).
Mote importantly, the functional expression of at least
some P2Y receptot subtypes appears to be a feature of
the polatized phenotype. These receptors may not be
detected in isolated, non-polatrized cells that have been
grown on glass coverslips (7, 8). Apical (I channel regu-
lation in cells grown in monolayer culture therefore
cannot be compared with that in isolated epithelial cells.
Simply using the methods traditionally applied to single
cells (e.g. microspectrofluorimetry, patch clamping) may
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fail to reveal how extracellular nucleotides regulate anion
secretion in polatized epithelia.

In this study, a technique which allows us to monitor
nucleotide-evoked short-circuit cutrent (Isc) and [Ca®'];
concutrently in a polatized epithelium was employed (8,
9). The effect of various nucleotides on [Ca™]; and Isc
wete explored in an equine sweat gland epithelial cell line
(10). Previous studies have shown that it will form polar-
ized monolayer on permeable support (11) and express
both apical purine and pyrimidine teceptors (12). The
relationships between nucleotide-evoked [Ca®']; signalling
and anion secretion was also investigated.

Cells wete grown on Transwell-Col membranes for 4
days using standard culture techniques. Confluent mono-
layers were clamped in modified Ussing chamber and
petfused bilaterally in normal Krebs solution containing
2,5 mM Ca’’. ATP applied to the apical membrane
increased both [Ca™]; and Isc dose dependently. In
another series of experiment, the internal Ca®" stores were
depleted by exposing the luminal membrane to 100 yM
ATP under Ca’'-free condition. Releasing of Ca’’ from
internal stores, as measured by a change in Fura-2 fluo-
tescence ratio, evoked a transient increase in Isc. Re-
introduction of Ca’" in the basolateral bathing solution
led to the increases in both [Ca™]; and L. After the Isc
and [Ca”"]; had returned to basal level, re-introduction
of Ca’" in the apical bathing solution induced a smaller
increases in [Ca®"]; and Isc. Reversing the sequence of
petfusing the epithelium with Ca’’-containing solution
(i.e. apical followed by basolateral) or emptying the intet-
nal stores by the sacrofendoplasmic reticulum Ca®'-
ATPase (SERCA) pump inhibitor thapsigargin revealed a
similar pattern. These data suggest that the capacitative
Ca’" influx induced either by luminal P2Y receptors or
thapsigatgin was predominately occutred via basolateral
membrane, which subsequently evoked anion secretion.
This is in close agteement with our previous finding
using conventional Isc measurement (13). Similar pheno-
menon is also observed in MDCK-C7 cells (14), pancre-
atic acinar cells (15), and more recently in human colonic
T84 and bronchial epithelial cells (16 HBE14o ) (16).

Previous study using conventional Igc measurement
also demonstrates that basolateral application of ATP
could only elicit a small and variable Isc and therefore
it was concluded that the P2Y receptors are essentially
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confined to the luminal membrane (12). When both
[Ca™]; and Isc were monitored simultaneously, baso-
lateral application of 100 yM ATP evoked an increase
in [Ca”]; but the increase in Iy was only minimal (<1
(tAcm ). Further expetiments showed that other nucle-
otides such as UTP and UDP evoked dose-dependent
increase in [Ca’]; when applied to either apical or
basolateral membrane. Basolateral application of these
nucleotides, however, did not evoke discernible changes
in Isc. Using the “Ca” store depletion and Ca”" re-intro-
duction” protocol as described earlier, basolateral ATP-
activated Ca’ influx was also predominately located at
the basolateral membrane. Moteover, results indicated
that apical ATP and basolateral ATP discharged Ca®™
from separate internal stores. It appears that although
P2Y receptors are present in both luminal and basolateral
membranes and initiate the same signalling cascade,
thete can be differences in responsiveness to the tise in
[Ca™'].

One of the possibilities to explain the discrepancy
between [Ca®"]; and Isc responses is that there may be
direct coupling between the apical P2Y receptors and
anion channels. Therefore, activation of apical anion
channels can occur without the involvement of [Ca®'l;
increase. To explote this “calcium-independent” pathway,
the epithelia were pre-stimulated with 1 yM thapsigargin
in order to elevate the [Ca’"]: to a level that could not
be further raised by the Ca’'-mobilising action of extra-
cellular nucleotides. Under such condition, application of
100 uM ATP elicited an increase in Isc but not [Ca™].
Therefore, ATP could evoke anion secretion without
accompanied by a rise in [Ca’'| suggesting that the
nucleotide-activated Isc can be partly attributed to the
[Ca” J-independent regulation by P2Y receptors.

In summary, both apical and basolateral aspects of the
equine sweat gland epithelia express P2Y receptots.
Although activation of these receptots evoked an increase
in [Ca’'];, only apical P2Y receptors could stimulate a
substantial inctease in anion secretion. Taken togethert,
these data suggest that apical P2Y receptors may 1) acti-
vate additional signalling pathways, i) ditectly regulate
apical anion channels to evoke sectetion, and iii) elicit a
localized [Ca®']; that are required to activate the opening
of apical anion channels.

References

1. Ralevic V, Bumnstock G. Receprors for purines and pyrim-
idines. Pharmacol Rev 1998; 50: 413-92.

2. Putney JW Jr. Capacitative calcium entry revisited. Cell Cal-
cium 1990; 11: 611-24.

3. Guo X, Metlin D, Harvey RD, Laboisse C, Hopfer U. Stim-
ulation of CI secretion by extracellular ATP does not depend

10.

11.

12.

14.

15.

16.

H.-Y. Wong, W.-H. Ko

on increased cytosolic Ca™ in HT-29.clI6E. Am J Physiol
1995; 269(6 Pt 1): C1457-63.

. Guo X, Merlin D, Harvey RD, Laboisse C, Hopfer U. Phar-

macological evidence that calcium is not required for P2-
receptor- stimulated Cl secretion in HI29-CL16E. J Membr
Biol 1997; 155: 239-46.

. Hwang TH, Schwiebert EM, Guggino WB. Apical and

basolateral ATP stimulates tracheal epithelial chloride secre-
tion via mulfiple purinergic receptors. Am J Physiol 1996;
270: C1611-23.

. Stutts MJ, Fitz JG, Paradiso AM, Boucher RC. Multiple modes

of regulation of airway epithelial chloride secretion by extra-
cellular ATP. Am J Physiol 1994; 267: C1442-51.

. Clunes MT, Collett A, Baines DL, Bovell DL, Murphie H,

Inglis SK, McAlroy HL, Olver RE, Wilson SM. Culture
substrate-specific expression of P2Y2 receptors in distal lung
epithelial cells isolated from foetal rats. Br J Pharmacol 1998;
124: 845-7.

. Wilson SM, Law VW, Pediani JD, Allen EA, Wilson G, Khan

ZE, Ko WH. Nucleotide-evoked calcium signals and anion
secretion in equine cultured epithelia that express apical P2Y2
receprors and pyrimidine nucleotide receptors. Br J Pharmacol
1998; 124: 832-8.

. Ko WH, Law VW, Wong HY, Wilson SM. The simultaneous

measurement of epithelial ion transport and intracellular free
Ca” in cultured equine sweat gland secretory epithelium. J
Membr Biol 1999; 170: 205-11.

Wilson SM, Pediani JD, Ko WH, Bovell DL, Kitson S,
Montgomery I, Brown UM, Smith GL, Elder HY, Jenkinson
DM. Investigation of stimulus-secretion coupling in equine
sweat gland epithelia using cell culture techniques. J Exp Biol
1993; 183: 279-99.

Ko WH, Chan HC, Chew SBC, Wong PYD. lonic mechanisms
of Ca’'-dependent electrolyte transport across equine sweat
gland epithelium J Physiol (Lond) 1996; 493: 885-94.

Ko WH, Wilson SM, Wong PYD. Purine and pyrimidine
nucleotide receptors in the apical membranes of equine cul-
tured epithelia. Br J Pharmacol 1997; 121: 150-6.

. Ko WH, Chan HC, Wong PY. Anion secretion induced by

capacitative Ca™ entry through apical and basolateral mem-
branes of cultured equine sweat gland epithelium. J Physiol
(Lond) 1996, 497(Pt 1): 19-29.

Gordjani N, Nitschke R, Greger R, Leipziger J. Capacitative
Ca™ entry (CCE) induced by luminal and basolateral ATP in
polarised MDCK-C7 cells is restricted to the basolateral
membrane. Cell Calcium 1997; 22: 12]-8.

Mogami H, Nakano K, Tepikin AV, Petersen OH. Ca™" flow
via tunnels in polarized cells: recharging of apical Ca’* stores
by focal Ca™* entry through basal membrane patch. Cell 1997
88: 49-55.

Kerstan D, Thomas J, Nitschke R, Ieipziger J. Basolateral
store-operated Ca’'-entry in polarized human bronchial and
colonic epithelial cells. Cell Calcium 1999; 26: 253-60.



