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Rapid communication
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Abstract

Transient expression of the wild-type human histamine H receptor in SV40-immortalised African green monkey kidney cells resulted1

in an agonist-independent elevation of the basal levels of the second messenger inositoltrisphospate. Several histamine H receptor1

antagonists, including the therapeutically used anti-allergics cetirizine, loratadine and epinastine reduced this constitutive histamine H1

receptor activity. Inverse agonism, i.e., stabilisation of an inactive conformation of the human histamine H receptor, may therefore be a1

key component of the anti-allergic mechanism of action of clinically used antihistamines. q 2000 Elsevier Science B.V. All rights
reserved.
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1. Introduction

The recent notion of constitutive signalling of G-pro-
tein-coupled receptors has fundamentally changed insights
in receptor pharmacology and led to a reclassification of
antagonists into inverse agonists, agents which display
negative intrinsic activitity, and neutral antagonists, which

Ždo not affect receptor activity Milligan et al., 1995; Leurs
.et al., 1998 . The actual therapeutic importance of constitu-

tive G-protein-coupled receptor activity has not been clari-
fied yet; however, for a proper evaluation of drug action
this new aspect in receptor pharmacology should not be
ignored. In view of the widespread therapeutic use of

Žhistamine H receptor antagonists in allergy Woosley,1
.1996 , we investigated the constitutive histamine H recep-1

tor activity and inverse agonistic activity of several his-
tamine H receptor antagonists.1

2. Experimental

To determine whether wild-type human histamine H1

receptors exhibit constitutive activity, we transiently trans-
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Ž 6 .fected 2.5 mg DNAr1=10 cells SV40-immortalised
Ž .African green monkey kidney COS-7 cells with either

pcDEF or pcDEF containing the gene for the wild-type3 3
Ž .human histamine H receptor pcDEF hH , using the1 3 1

Ž .DEAE–dextran method Wieland et al., 1999 . Transient
expression resulted in a high affinity binding site for the

w3 x Žhistamine H receptor antagonist H mepyramine pK s1 D
.8.8"0.1, ns4 with a density of 4.5"0.5 pmolrmg

w3 xprotein. Moreover, incubation of H inositol prelabelled
Ž .cells in serum-free medium Wieland et al., 1999 with

histamine for 1 h results in a 7.6"0.6-fold increase in
w3 xH inositolphosphates accumulation, with a pEC value50

Ž .of 7.5"0.1 ns4 . Interestingly, we observed a signifi-
w3 xcant increase of the basal level of H inositolphosphates

Žproduction upon histamine H receptor expression mock:1

9430 " 550 dpmrwell; H receptor: 15200 " 7601
.dpmrwell, ns3 , indicating constitutive activity of the

wild-type human histamine H receptor. This constitutive1

signalling is inhibited completely by the histamine H1
Ž . Žreceptor antagonist mepyramine Fig. 1A 44"2% inhi-
.bition, pIC s8.6"0.1, ns4 , whereas the histamine50

H receptor antagonist ranitidine and the histamine H2 3
w3 xreceptor antagonist clobenpropit had no effect on H in-

ositolphosphates accumulation at concentrations up to 10
Ž .mM ns2, data not shown . Incubation of mock trans-

fected COS-7 cells with mepyramine did not affect the
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Ž . w3 xFig. 1. A Effect of mepyramine on the basal H inositolphosphates
Ž .levels in mock transfected COS-7 cells ` or COS-7 cells expressing

Ž .the human histamine H receptor v, 4.5"0.5 pmolrmg protein . In the1
Ž . Ž . Ž . Ž .same graph, the effects of R - B and S -cetirizine I in COS-7 cells

expressing the human histamine H receptor are shown. Representative1

experiments performed in triplicate are shown, each experiment was
Ž .repeated at least twice. B Correlation graph of the pIC values50

w3 xobtained for the inverse agonists in the H inositolphosphates accumula-
w3 xtion assay versus the pK values obtained by H mepyramine displace-i

ment in COS-7 cells expressing the human histamine H receptor.1

w3 x Ž .H inositolphosphates accumulation Fig. 1A , indicating
that mepyramine in fact acts as an inverse agonist at the
human histamine H receptor. In accordance with the1

Žknown histamine H receptor stereospecificity Moguilev-1
.sky et al., 1995 , the enantiomers of cetirizine display a

stereospecific inhibition of the constitutive histamine H1
Ž .receptor activity Fig. 1A . In fact, all tested histamine H1

receptor antagonists act as full inverse agonists for the
histamine H receptor displaying a pharmacological profile1

Žthat is expected for the histamine H receptor Fig. 1B,1
.data not shown . The potencies of the tested inverse ago-

Ž 2 .nists correlate well slopes0.98"0.09, r s0.97, ns6

Ž .with their respective pK -values Fig. 1B , as determinedi
w3 x Žby H mepyramine displacement studies Wieland et al.,
.1999 .

Despite the general acceptance of constitutive G-pro-
tein-coupled receptor signalling, there is considerable con-
cern about the potential interference of endogenously pre-
sent agonist with the determination of negative intrinsic

Ž .activity of inverse agonists Baxter and Tilford, 1995 . As
our studies were performed in serum-free culture medium

Žhistamine contamination via the medium is unlikely Smit
.et al., 1996 . To exclude a putative endogenous synthesis

of histamine by histidine decarboxylase COS-7 cells were
Ž .treated with 10 or 100 mM S- q -a-fluoromethylhistidine,

Ž .an irreversible inhibitor. After pretreatment with S- q -
Ž .a-fluoromethylhistidine for 24 h, mepyramine 10 mM

w3 xstill inhibits basal H inositolphosphate production in
COS-7 cells expressing the human histamine H receptor1
Ž .43"3%, ns2 .

3. Discussion

In this study, we show for the first time constitutive
activity of the wild-type human histamine H receptor.1

Histamine H receptor antagonists are widely used to1

relieve the symptoms of allergic reactions and have be-
come one of most prescribed drug families in Western

Ž .countries Woosley, 1996 . We have identified well-known
Ž w . Ž w .therapeutics as cetirizine Zyrtec , epinastine Flurinol ,

Ž w .loratadine Claritin as inverse agonists, which sheds new
light on their presumed mechanism of action. At present
no data on the physiological relevance of constitutive
histamine H receptor activity are available. Nevertheless,1

it is tempting to speculate that constitutive histamine H1

receptor activity can contribute to pathophysiological con-
ditions. In, e.g., patients with allergic rhinitis, histamine
H receptor mRNA upregulation has been observed in the1

Ž .nasal mucosa Iriyoshi et al., 1996 . However, the physio-
logical relevance of constitutive histamine H receptor1

signalling remains to be investigated. In conclusion, we
identified constitutive histamine H receptor signalling of1

the human histamine H receptor and reclassified several1

histamine H receptor antagonists as inverse histamine H1 1

receptor agonists. Our data suggest that stabilisation of the
inactive conformation of the histamine H receptor may be1

a key component of the allergic mechanism of action of
histamine H receptor antagonists.1
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