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SPECIAL REPORT

Inhibition of the constitutive activity of human 5-HT 5
receptors by the inverse agonist, spiperone but not the neutral

antagonist, WAY 100,635
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At recombinant human S5-hydroxytryptamine (5-HT)5-HT,;, receptors expressed in Chinese hamster
ovary cells (CHO-5-HT,,), 5-carboxamidotryptamine (5-CT), acted as a full agonist (relative to 5-
HT=100%) for stimulation of receptor-mediated [**S]-GTPyS (guanylyl 5'-[y-thio]-tryphosphate)
binding. In contrast, spiperone inhibited basal [**S]-GTPyS binding by 30.2% (ICs,=55.5 nM) in
CHO-5-HT;» membranes but not in control untransfected membranes. The antagonist, N-{2-[4-(2-
methoxyphenyl)-1-piperazinyl]ethyl}-N-(2-pyridinyl)-cyclohexane-carboxamide (WAY 100,635), blocked
both 5-CT-induced stimulation and spiperone-induced inhibition of [**S]-GTP}S binding without itself
modifying [**S]-GTPyS binding. It is concluded that, in this heterologous expression system, 5-HT;4
receptors display ‘constitutive’ activation of G-proteins and that spiperone displays inverse agonist
activity whereas WAY 100,635 acts as a ‘neutral’ antagonist at this site.
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Introduction The study of G-protein-coupled receptors in
heterologous expression systems has revealed that some
ligands, referred to as ‘inverse agonists’, inhibit the basal
activity observed in second messenger or G-protein activation
assays (Barker et al., 1994; Thomas et al., 1995). On the as-
sumption that endogenous agonist(s) are not present at the
receptor, this action may be attributed to inhibition of en-
dogenous or ‘constitutive’ coupling/activation of the receptors
themselves. This action has not, as yet, been investigated for
the 5-HT, receptor, which is important as an autoreceptor in
the control of 5-hydroxytryptaminergic transmission. The
present study therefore addressed this issue by use of a Chinese
hamster ovary cell line stably expressing human cloned 5-HT o
receptors (CHO-5-HT,,, Newman-Tancredi et al., 1992). We
examined the modulation of G-protein activation (in
[**S]-GTPyS (guanylyl 5'-[y-thio]-tryphosphate) binding assays
by 5-carboxamidotryptamine (5-CT), a prototypical 5-HT,
receptor agonist, and spiperone, a classical 5-HT,, receptor
‘antagonist’. In addition, we tested the novel, 5-HT 5-selective,
‘silent’ phenylpiperazine, N-{2-[4-(2-methoxyphenyl)-1-piper-
azinyl]ethyl}-N-(2-pyridinyl)-cyclohexane-carboxamide (WAY
100,635; Fletcher et al., 1996; Newman-Tancredi et al., 1996).

Methods CHO-5-HT,;, cells expressing approximately
1.6 pmol of human recombinant 5-HT,, receptor mg™'
protein (Newman-Tancredi et al., 1992) were washed by re-
suspending in ice-cold Earle’s Buffered Saline Solution before
centrifugation (450 g, 10 min, 4°C). Cells were resuspended in
buffer A (HEPES (pH 7.4) 20 mMm; MgSo, 3 mM) and
membranes were prepared by Polytron homogenization fol-
lowed by 2 centrifugations at 48,000 g for 25 min at 4°C.
Membranes were resuspended in buffer A and stored at
—80°C. Efficacy was determined by measuring [*°S]-GTPyS
binding as described previously (Newman-Tancredi er al.,
1996). Briefly, ligands and CHO-5-HT,;, membranes (30 ug
protein) were incubated (20 min, 37°C) in buffer B (HEPES
20 mMm, ph 7.4, GDP 3 um, MgSO, 3 mmMm, [**S]-GTPyS

! Author for correspondence.

0.2 nM). Final volume was 0.5 ml. For antagonist tests, the
reagents were preincubated for 30 min at 22°C before addition
of [**S]-GTPyS. Incubations were terminated by rapid filtra-
tion. Binding isotherms were analysed by non-linear regression
and results are expressed as arithmetic means +s.e.mean of n
(number in parentheses) determinations. pK, values were
calculated according to Lazareno & Birdsall (1993).

Results 5-HT increased [*S]-GTPyS binding 2.1 fold from
basal levels of 104410 (4) fmol mg~' to 219417 (4) fmol
mg~'. Whereas 5-CT concentration-dependently increased
[**S]-GTPyS binding to CHO-5-HT,, cell membranes,
spiperone inhibited it by about 30% (Table 1). The 5-CT and
spiperone binding isotherms shifted to the right in the presence
of WAY 100,635 (10 nMm) without altering their maximal
effects (Table 1; Figure 1a). WAY 100,635 did not, by itself,
alter basal binding (n=3) but concentration-dependently re-
versed 5-CT (100 nM)-induced stimulation of [*S]-GTPyS

Table 1 Antagonism by WAY 100,635 of 5-CT-induced
stimulation and spiperone-induced inhibition of [*>S]-GTPyS
binding to CHO-5-HT;4 cell membranes

[7EC5() or pIC,S() E/nux (%) n
5-CT 8.79+0.07 100.5+4.6 3
5-CT+WAY 100,635 6.99+0.03 1043454 3
Spiperone 7.304+0.13 —302+44 4
Spiperone + WAY 100,635  6.18+0.06 —324+1.6 3

[**S]-GTPyS binding was carried out in membranes of CHO
cells stably expressing the human 5-HT;a receptor. pECsg
values for 5-CT and plICs, values for spiperone are shown in
the absence or presence of 10 nm WAY 100,635. pK,, values
for WAY 100,635 calculated from these data were 9.77 and
9.02 respectively. For E,. values, 0% is defined as basal
[*°S]-GTPyS binding determined in the absence of ligand(s),
and 100% is defined as [**S]-GTPyS binding determined in
the presence of a maximally effective concentration (10 pm)
of 5-HT. Results are presented as means+s.e.mean.
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Figure 1 (a) Modulation of [**S]-GTPyS binding to CHO-5-HT 4
membranes by 5-CT alone ([J) and in the presence of 10nM WAY
100,635 (M); and by spiperone alone (O) and in the presence of
10nM WAY 100,635 (@). (b) Effect of WAY 100,635 alone (<) and
antagonism by WAY 100,635 of the modulation of [*>S]-GTPyS
binding to CHO-5-HT ;5o membranes induced by 100nm 5-CT (H)
and 1000nMm spiperone (@). Points are means of triplicate
determinations from representative experiments. Similar results were
obtained on three or more occasions; 0% is defined as basal
[**S]-GTPyS binding determined in the absence of ligand(s) and
100% is defined as [*>S]-GTPyS binding induced by 10 um 5-HT.
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binding (pICs5,=8.29+0.12, n=3; pK,=10.05). WAY 100,635
also reversed spiperone (1000 nM)-induced inhibition of
[**S]-GTPyS binding (pECs5,=8.114+0.12, n=35; pK,=9.32;
Figure 1b). In control experiments, neither spiperone, 5-CT
nor WAY 100,635 altered [**S]-GTP}S binding to membranes
of control, untransfected CHO cells (z=3), which was sig-
nificantly lower (2947 fmol mg™' (3); P<0.01, Student’s 2-
tailed ¢ test) than basal binding to CHO-5-HT,, membranes.

Discussion In the present study the modulation of G-protein
activation at human recombinant 5-HT,, receptors by
[**S]-GTPyS binding was characterized (Newman-Tancredi et
al., 1996). Whereas 5-CT acted as a potent and ‘full’ agonist at
5-HT, A receptors, relative to 5-HT, spiperone inhibited basal
[**S]-GTPyS binding. The suggestion that spiperone may be
antagonizing the action of residual agonist(s) can essentially be
discounted. Firstly, the cell membranes were extensively
washed (see Methods). Indeed, in control experiments in which
they underwent three additional washes, similar results were
obtained (unpublished results). Secondly, inhibition of basal
activity was not observed in untransfected CHO cell
membranes, showing that this effect is specifically mediated by
5-HT,s receptors. Thirdly, if basal activity in CHO-5-HT 4
membranes was due to agonist activation of 5-HT, 4 receptors,
the antagonist, WAY 100,635, would also block it, which it
does not. Instead, WAY 100,635 induced no change in [**S]-
GTPyS binding, when tested alone, but shifted the activation/
inhibition isotherms of 5-CT and spiperone to the right in a
parallel manner, suggesting that WAY 100,635 competitively
antagonizes both agonist and inverse agonist activity (Figure
l1a). The pKys calculated for WAY 100,635 were slightly higher
for antagonism of 5-CT (9.77 and 10.05; see Results and legend
to Table 1) than for antagonism of spiperone (9.02 and
9.32 nM). Whilst these values are in the same range as the pk;
for WAY 100,635 at 5-HT,, receptors (9.25, Newman-
Tancredi et al., 1996) it is possible that 5-CT and spiperone
may stimulate/inhibit activation of different populations of
intracellular G-proteins. Nevertheless, taken together, these
data suggest that 5-HT,, receptors constitutively activate G-
proteins in CHO cells, an interpretation supported by the 3.6
fold increase in basal [**S]-GTPyS binding between CHO-5-
HT;, membranes and control CHO membranes. The negative
efficacy of spiperone shows that it has inverse agonist activity
at CHO-5-HT,, receptors, which is probably due to an in-
duction or stabilization of an inactive conformation of 5-HT o
receptors. This agrees with the observation that [*H]-spiperone
binds preferentially to G-protein-uncoupled 5-HT;, receptors
with an affinity (pK;=7.76; Sundaram et al., 1993) similar to its
potency (pICs,=7.30, Table 1) for inhibition of [**S]-GTPyS
binding. Indeed, spiperone also exhibits inverse agonist
properties at 5-HT,, and dopamine D, receptors (De Lean et
al., 1982; Barker et al., 1994). In contrast, the present data
confirm previous findings that WAY 100,635, which is highly
selective for 5-HT;, receptors, exhibits no intrinsic agonist
activity (Fletcher et al., 1996; Newman-Tancredi et al., 1996)
and, in addition, demonstrate that WAY 100,635 is also devoid
of inverse agonist activity at recombinant 5-HT,, receptors.

In conclusion, the present data demonstrate the constitutive
activity of recombinant human 5-HT,, receptors and show
that whilst spiperone is an inverse agonist at these sites,
WAY 100,635 acts as a neutral antagonist, blocking both
agonist and inverse agonist activity.
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