
Background: Rhinoviruses have been recently associated with
the majority of asthma exacerbations for which current thera-
py is inadequate. Intercellular adhesion molecule 1 (ICAM-1)
has a central role in airway inflammation in asthma, and it is
the receptor for 90% of rhinoviruses. Rhinovirus infection of
airway epithelium induces ICAM-1. Desloratadine and lorata-
dine are compounds belonging to the new class of H1-receptor
blockers. Anti-inflammatory properties of antihistamines have
been recently documented, although the underlying molecular
mechanisms are not completely defined.
Objective: We have investigated the effects of desloratadine
and loratadine on rhinovirus-induced ICAM-1 expression,
mRNA upregulation, and promoter activation.
Methods: Cultured primary bronchial or transformed (A549)
respiratory epithelial cells were pretreated with desloratadine
and loratadine for 16 hours and infected with rhinovirus type
16 for 8 hours. ICAM-1 surface expression was evaluated with
flow cytometry, and ICAM-1 mRNA was evaluated with spe-
cific RT-PCR. In A549 cells promoter activation was evaluated
with a chloramphenicol acetyltransferase assay, and binding
activity of nuclear factor κB in nuclear extracts was evaluated
with an electrophoretic mobility shift assay.
Results: Desloratadine and loratadine (0.1-10 µmol/L) inhibit-
ed rhinovirus-induced ICAM-1 upregulation in both primary
bronchial or transformed (A549) respiratory epithelial cells. In
A549 cells the 2 compounds showed a dose-dependent inhibi-
tion with similar efficacy (inhibitory concentration of 50%, 1
µmol/L). Desloratadine and loratadine also inhibited ICAM-1
mRNA induction caused by rhinovirus infection in a dose-
dependent manner, and they completely inhibited rhinovirus-
induced ICAM-1 promoter activation. Desloratadine also
inhibited rhinovirus-induced nuclear factor κB activation.
Desloratadine and loratadine had no direct effect on rhi-
novirus infectivity and replication in cultured epithelial cells.

Conclusion: These effects are unlikely to be mediated by H1-
receptor antagonism and suggest a novel mechanism of action
that may be important for the therapeutic control of virus-
induced asthma exacerbations. (J Allergy Clin Immunol
2001;108:221-8.)
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Intercellular adhesion molecule 1 (ICAM-1) is a cell sur-
face glycoprotein involved in leukocyte trafficking and
accumulation and more recently recognized as an important
costimulatory molecule in antigen presentation.1,2 ICAM-1
is also the cellular receptor for the major group of rhi-
noviruses, which includes 90% of rhinovirus serotypes.3,4

We have previously shown that rhinovirus infection induces
ICAM-1 upregulation in bronchial and lung epithelial cells
by activating ICAM-1 promoter activity through a nuclear
factor κB (NF-κB)–dependent mechanism.5

Rhinoviruses are the major cause of the common cold,
the most common acute infectious disease in human sub-
jects, and the complications of otitis, sinusitis, and bron-
chitis.6-8 We and others have recently demonstrated that
rhinoviruses are also associated with the majority of asth-
ma exacerbations.9-11

Although the precise mechanisms underlying virus-
induced asthma exacerbations are not clear, it is currently
believed that rhinoviruses induce asthma exacerbations by
directly infecting the lower airway epithelium12,13 and
inducing expression and release of a number of proinflam-
matory mediators14,15 that recruit and activate inflamma-
tory cells, resulting in lower airway inflammation.16,17

Inhaled steroids are the mainstay of asthma treatment,
but they are poorly effective in both the treatment and the
prevention of virus-induced asthma exacerbations.18,19

Histamine H1-receptor antagonists have a long history of
clinical efficacy in a variety of allergic-inflammatory disor-
ders. Desloratadine and loratadine are new-generation anti-
histamines that lack central nervous system and cardiovas-
cular side effects. Desloratadine and loratadine dose
dependently inhibit histamine-induced ICAM-1 upregula-
tion.20 Recent studies have demonstrated that in addition to
their classic antihistaminic effects,21-23 desloratadine and
loratadine possess a number of anti-inflammatory activities
that are unlikely to be related to histamine receptor antago-
nism.24,25 However, the molecular mechanisms underlying
these anti-inflammatory actions are unknown.
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To search for a therapeutic intervention for virus-induced
asthma and to further investigate the anti-inflammatory
mechanism of action, we studied whether desloratadine and
loratadine prevent rhinovirus-induced ICAM-1 protein
upregulation in respiratory epithelial cells and their effects
on ICAM-1 mRNA expression and promoter activation.

METHODS

Cell culture

Ohio HeLa cells were obtained from the Medical Research
Council Common Cold Unit (Salisbury, United Kingdom), and
A549 cells (type II respiratory cell line) were obtained from the
American Type Culture Collection (Rockville, Md).

Primary human bronchial epithelial cells were obtained by means
of bronchial brushing from normal volunteers, as previously
described.5 These cells are more than 95% cytokeratin 18 immunore-
active, as assessed by using immunofluorescence microscopy. Cells
were split weekly and cultured as described elsewhere.5

Virus stocks

Rhinovirus type 16 (a major group rhinovirus) was used for all
studies described. Viral stocks were prepared by infection of sensi-
tive cell monolayers (Ohio HeLa), as described elsewere.5 The tis-
sue culture infective dose of 50% (TCID50) per milliliter values
were determined as previously described.26 Virus at a multiplicity of
infection of 1 was used for all the experiments.

Flow cytometric analysis of ICAM-1 surface

expression

Flow cytometry was used to quantify the level of ICAM-1 sur-
face expression on resting and rhinovirus-infected A549 cells or pri-
mary bronchial epithelial cells in the presence or absence of deslo-
ratadine or loratadine (0.1-10 µmol/L). Briefly, 2 × 105 cells were
cultured in 12-well plates. When cells were confluent, deslorata-
dine, loratadine (supplied by Schering-Plough), or solvent alone
(dimethyl sulfoxide [DMSO], final concentration of 0.1% vol/vol)
was added, and incubation was continued for various lengths of
time (1-48 hours) before 8-hour rhinovirus type 16 or sham infec-
tion. On the basis of preliminary results, dose-response studies were
carried out at 16 hours before incubation. The optimal time of infec-
tion for the detection of rhinovirus-induced ICAM-1 upregulation
was adopted according to previous studies.5 Primary bronchial
epithelial cells were pretreated with 1 µmol/L desloratadine, 1
µmol/L loratadine, or solvent alone. Cells were thereafter harvested
(cell dissociation solution, Sigma), incubated with saturating
amounts of FITC antihuman ICAM-1 antibody (Serotec) or isotype-
specific control antibody, and analyzed for fluorescence by using
single-color flow cytometry on a FACScan analyzer (Becton Dick-
inson), as described elsewhere.5 Mean fluoresence intensity was
measured and calculated after subtraction of background staining.
The effects of desloratadine and loratadine were calculated, and the
inhibitory concentration of 50% was evaluated for both deslorata-
dine and loratadine. The effects of 16-hour desloratadine (0.1-10
µmol/L) pretreatment on IFN-γ (100 UI/mL)–induced ICAM-1
upregulation 8 hours after stimulation were also evaluated.

RT-PCR analysis of ICAM-1 mRNA

RT-PCR was used to evaluate ICAM-1 mRNA on resting and rhi-
novirus-infected cells in the presence or absence of desloratadine or
loratadine. Desloratidine, loratadine, or solvent alone (DMSO, 0.1%
vol/vol) was added, and incubation was continued for 16 hours
before 8-hour exposure to rhinovirus type 16 or medium alone.
Dose-response studies were performed on A549 cells by using con-
centrations ranging from 0.1 to 10 µmol/L. Primary bronchial

FIG 1. Effects of desloratadine on rhinovirus 16–induced ICAM-1 surface expression on A549 pulmonary
epithelial cells. ICAM-1 expression was measured by using flow cytometry. Data are means ± SEM of at
least 4 separate experiments. *P < .05, **P < .01, and ***P < .001 versus samples infected but not pretreated
with antihistamines. RV, Rhinovirus; DesLor, desloratadine.

Abbreviations used
APRT: Adenine phosphoribosyltransferase

CAT: Chloramphenicol acetyltransferase
DMSO: Dimethyl sulfoxide

ICAM-1: Intercellular adhesion molecule 1
NF-κB: Nuclear factor κB

TCID50: Tissue culture infective dose 50%
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epithelial cells were pretreated with 1 µmol/L desloratadine or sol-
vent alone. Cells were harvested, and RNA was extracted and used
for a quantitiative estimation of ICAM-1 mRNA expression by
means of specific RT-PCR, as previously described.5 PCR products
(10 µL) were electophoresed through 1.5% agarose gel that was sub-
sequently stained in ethidium bromide and photographed under UV
light. Densitometry was performed by using a scanning densitome-
ter (Epson scanner), and densitometric analysis was obtained with an
appropriate program (Phoretic, Biomerea LTD).

In parallel, PCR for adenine phosphoribosyltransferase
(APRT) mRNA (GCTGCGTGCTCATCCGAAAG and CCT-
TAAGCGAGGTCAGCTCC primers, 40 cycles, annealing tem-
perature of 56°C, expected amplification products of 246 bp) was
performed in each sample to evaluate uniformity of loading and of
RT RNA capable of amplification. These methods were previous-
ly shown to give linear quantification of input mRNA and have
been shown to give good quantification of mRNA in the experi-
mental conditions here adopted.5,27

ICAM-1 promoter activation

Reporter gene construct. An ICAM-1 promoter-chlorampheni-
col acetyltransferase (CAT) construct containing the full-length
sequence (–1160 bp) of the ICAM-1 5´-flanking region linked to the
coding region of the CAT reporter gene was used for transfection.28

Cell transfection and CAT assay. A549 cells were transfected with
the reporter construct (10 µg) by using the calcium phosphate copre-
cipitation technique, as previously described.5 Transfected cells were
cultured in 10% MEM overnight. One micromole per liter of deslo-
ratadine, loratadine, or solvent alone (DMSO, 0.1% vol/vol) was
added, and incubation was continued for 16 hours before the addition
of rhinovirus 16 or medium alone. Twenty-four hours later, cells were
harvested, proteins were extracted, and protein-equivalent aliquots
were assayed for CAT activity.5 Acetylated and unacetylated forms of
chloramphenicol were resolved by means of thin-layer chromatogra-
phy, visualized by means of autoradiography, and measured on a scin-
tillation counter. CAT activity was expressed as the percentage con-
version of chloramphenicol into its acetylated derivatives.

Electrophoretic mobility shift assay

Preparation of nuclear extracts. Confluent A549 cells were pre-
treated for 16 hours with 1 µmol/L desloratadine or solvent alone
before the addition of rhinovirus 16 or medium alone for 30 min-
utes. The optimal time of infection for the evaluation of NF-κB acti-
vation was adopted according to previous studies. Nuclear extracts
were obtained as previously described.5

Oligonucleotide probes. NF-κB and AP-1 consensus double-
stranded oligonucleotides were obtained commercially (Promega).

Oligonucleotides were labeled and incubated with 5 µg of
nuclear protein, as previously reported.5 Fifty-fold molar excess
unlabelled oligonucleotides were used for cold competition. Com-
plexes were resolved on 5% nondenaturing polyacrilamide gels.
Dried gels were autoradiographed at –70°C overnight.

Rhinovirus replication

Rhinovirus replication in the presence of either desloratadine
or loratadine was evaluated by performing titration assays, as pre-
viously described,27 in the presence or absence of 10 µmol/L
desloratadine or loratadine for 16 hours before infection. The cells
were incubated in 4% MEM at 37°C in 5% CO2 for 5 days, fixed
in methanol, and stained with 0.1% crystal violet. The cytopathic
effect was evaluated by means of visual assessment and assess-
ment of the continuity of the monolayer. For each experiment,
TCID50 per milliliter values were calculated in the samples with
and without antihistamines.

Statistical analysis

Data were expressed as means ± SEM, and comparison between
groups was performed with paired and unpaired Student t tests. The
Bonferroni correction was performed when indicated. All experi-
ments were carried out at least 4 times.

RESULTS

ICAM-1 surface expression on A549

respiratory epithelial cells

ICAM-1 was constitutively expressed on A549 cells
(mean fluorescence intensity, 12.3 ± 2.5), and its basal
expression was not affected by vehicle, desloratadine, or
loratadine at any of the tested concentrations (data not
shown). Preliminary studies indicated that desloratadine or
loratadine effects on rhinovirus-induced ICAM-1 upregu-
lation were evident after 4 hours of preincubation and
were maximal after 8 to 24 hours of pretreatment (data not
shown). On the basis of these data, a preincubation period
of 16 hours was used in all subsequent studies.

A

B

FIG 2. Effects of desloratadine on rhinovirus 16–induced ICAM-1
surface expression on primary bronchial epithelial cells. ICAM-1
expression was measured by using flow cytometry, and values
were normalized as percentage of rhinovirus-induced ICAM-1
upregulation in control nonpretreated samples. A, Data are mean ±
SEM of at least 4 separate experiments. ***P < .001 versus samples
infected but not pretreated with antihistamines. B, Representative
histogram. ICAM-1 levels are referred to resting conditions (a), rhi-
novirus infection (b), and desloratadine pretreatment followed by
rhinovirus infection (c). RV, Rhinovirus; Des-Lor, desloratadine.



224 Papi et al J ALLERGY CLIN IMMUNOL

AUGUST 2001

According to previous reports, 8-hour rhinovirus 16
infection in the presence of vehicle alone significantly
increased ICAM-1 surface epithelial expression to 4.7 ±
0.9–fold over that of control uninfected cells (P < .01).
Pretreatment with either desloratadine or loratadine
inhibited rhinovirus ICAM-1 induction in a dose-
response manner, with an inhibitory concentration of
50% of 1.11 µmol/L for desloratadine and 1.08 µmol/L
for loratadine. Desloratadine, but not loratadine, pro-
duced a significant inhibition at a concentration as low as
0.1 µmol/L (Fig 1). Experiments conducted on A549
cells stimulated for 8 hours with IFN-γ showed that IFN-
γ increased ICAM-1 surface epithelial expression to 7.1
± 1.6–fold over control nonstimulated cells (P < .01).
Desloratadine only partially inhibited IFN-γ–induced
ICAM-1 upregulation at the highest concentration used
(mean fluorescence intensity, 10.5 ± 2.8 in control sam-
ples; mean fluorescence intensity, 88.3 ± 14.1 and 61.3 ±
11.6 in IFN-γ–stimulated and IFN-γ–stimulated and
desloratadine-pretreated samples, respectively; P < .05).

ICAM-1 surface expression on primary

bronchial epithelial cells

ICAM-1 was constitutively expressed on primary
bronchial epithelial cells (mean fluorescence intensity,
11.2 ± 2.4), and its basal expression was not affected by
vehicle, 1 µmol/L desloratadine, or 1 µmol/L loratadine
(mean fluorescence intensity, 10.7 ± 1.1, 12.1 ± 1.7, and
10.9 ± 1.4, respectively). As previously reported,5 8-hour
rhinovirus 16 infection in the presence of the vehicle
alone significantly increased ICAM-1 surface epithelial
expression to 6.8 ± 1.7–fold over that of control unin-
fected cells (P < .01). As observed in Fig 2, pretreatment
of primary bronchial epithelial cells with 1 µmol/L
desloratadine significantly inhibited rhinovirus-induced
ICAM-1 upregulation to a similar degree to that observed
in the A549 cell line. Similar results were obtained with
1 µmol/L loratadine (data not shown).

ICAM-1 mRNA analysis

Uniform processing was confirmed by means of APRT
RT-PCR performed in parallel. Densities of APRT prod-
ucts showed less than 10% variability among all samples,
and ICAM-1 product densities were normalized accord-
ing to the APRT values. Control A549 cells expressed
very low levels of ICAM-1 mRNA. Rhinovirus 16

A

B

FIG 3. Effect of desloratadine on rhinovirus 16–induced ICAM-1
mRNA expression in respiratory epithelial cells. Representative
ethidium bromide–stained gel electrophoreses of products of RT-
PCR for APRT (housekeeping gene) and ICAM-1 RT-PCR in A549
respiratory epithelial cells (A) and primary bronchial epithelial
cells (B). RV, Rhinovirus; DesLor, desloratadine.

TABLE I. Pretreatment with desloratadine and loratadine inhibits rhinovirus induction of ICAM-1 mRNA expression in
A549 cells

ICAM-1 mRNA expression ICAM-1 mRNA expression

(ICAM-1/APRT densitometric (ICAM-1/APRT densitometric

Conditions ratio; arbitrary units) P value Conditions ratio; arbitrary units) P value

Control 0 Control 0
Rhinovirus 16 2.54 ± 0.24 Rhinovirus 16 2.48 ± 0.18
Desloratadine, 0.1 µmol/L 1.89 ± 0.13 * Loratadine, 0.1 µmol/L 2.05 ± 0.09
Desloratadine, 1 µmol/L 0.95 ± 0.17 † Loratadine, 1 µmol/L 1.07 ± 0.11 †
Desloratadine, 10 µmol/L 0.4 ± 0.13 † Loratadine, 10 µmol/L 0.5 ± 0.08 †

Data are expressed as means ± SEM.
*P < .05 and †P < .001 versus samples infected but not pretreated with antihistamines.



J ALLERGY CLIN IMMUNOL

VOLUME 108, NUMBER 2

Papi et al 225

strongly induced ICAM-1 mRNA expression after 8-
hour infection. Desloratadine and loratadine inhibited
rhinovirus induction of ICAM-1 mRNA in a dose-depen-
dent manner (Table I). A representative experiment is
depicted in Fig 3, A, in which a clear increase in ICAM-
1 mRNA expression was detected after rhinovirus 16
infection (lane 2), whereas pretreatment (desloratadine:
0.1 µmol/L, lane 3; 1 µmol/L, lane 4; and 10 µmol/L,
lane 5) resulted in dose-dependent almost complete inhi-
bition of rhinovirus-induced ICAM-1 mRNA induction.
Similar results were obtained with loratadine pretreat-
ment (data not shown). Similar inhibition by deslorata-
dine of rhinovirus-induced ICAM-1 upregulation was
also observed in primary bronchial epithelial cells
(ICAM-1/APRT densitometric ratio of 0 in control sam-
ples; ICAM-1/APRT densitometric ratio of 1.27 ± 0.18
in rhinovirus 16–infected and 0.28 ± 0.11 in rhinovirus
16–infected and 1 µmol/L desloratadine–pretreated sam-
ples, respectively; P < .01; Fig 3, B).

ICAM-1 promoter activation

As previously demonstrated and as shown in Fig 4,
lanes 5 and 6, rhinovirus 16 induced ICAM-1 promoter
activity compared with that of media-inoculated cells

(acetylation of 3.1% ± 0.6% and 35.4% ± 7.1% for con-
trol and infected cells, respectively; P < .001). Similarly,
the presence of vehicle alone did not modify the rhi-
novirus-induced ICAM-1 promoter activation, as previ-
ously described.27 Loratadine, 1 µmol/L (Fig 4, lanes 1
and 2), or desloratadine, 1 µmol/L (Fig 4, lanes 3 and 4),
pretreatment completely abrogated rhinovirus induction
of ICAM-1 promoter activity. These results confirm that
desloratadine and loratadine completely inhibit rhi-
novirus-induced ICAM-1 promoter activation.

Effect of desloratadine on rhinovirus-induced

NF-κB activation

An electrophoretic mobility shift assay was undertak-
en to investigate whether desloratadine could affect rhi-
novirus-induced increased binding activity of NF-κB in
nuclei extracted from infected A549 cells. As previously
documented and as shown in Fig 5, lane 3, 2 protein-
DNA complexes were induced in nuclear extracts from
rhinovirus-infected A549 cells compared with uninfected
cells (Fig 5, lane 2). Competition experiments (Fig 5,
lanes 4 and 5) confirmed the specificity of the NF-κB
binding. Desloratadine, 1 µmol/L (Fig 5, lane 6), clearly
reduced rhinovirus induction of the NF-κB binding.

FIG 4. Inhibition by desloratadine and loratadine of rhinovirus 16–induced ICAM-1 promoter activation in
A549 pulmonary epithelial cells. Top, A representative autoradiograph of CAT assay. Bottom, ICAM-1 pro-
moter activation expressed as percentage of chloramphenicol acetylation. Data are means ± SEM of at least
5 separate experiments. ***P < .001 versus control uninfected cells. RV, Rhinovirus; DesLor, desloratadine;
CP, unacetylated chloramphenicol; CP1-AC and CP3-AC, acetylated forms of chloramphenicol.
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Effect of desloratadine and loratadine on

rhinovirus replication and infectivity

Titration assays were performed to assess replication in
a sensitive epithelial cell line to evaluate whether deslo-
ratadine and loratadine inhibit rhinovirus replication. Ohio
HeLa cells were inoculated with rhinovirus 16 at a multi-
plicity of infection of 1 in the presence or absence of 10
µmol/L desloratadine or 10 µmol/L loratadine for 16 hours
before infection. These concentrations were chosen
because they were the highest used in the earlier studies.
At 5 days, there was no difference in virus yields
expressed as TCID50 per milliliter mean values between
desloratadine- or loratadine-pretreated and control sam-
ples. Furthermore, no difference was found in the progres-
sion of cytopathic effect, as assessed by visual inspection
on a daily basis (data not shown). These data demonstrate
that desloratadine and loratadine have no inhibitory effect
on rhinovirus replication in a sensitive cell line.

DISCUSSION

ICAM-1, the receptor of 90% of rhinoviruses, is an
adhesion protein that has a central role in inflammatory
cell recruitment to the lower airway in asthma and after
rhinovirus infection. We have previously demonstrated
that rhinovirus infection of respiratory epithelial cells
increases cell surface expression of ICAM-1 through a

mechanism that is critically NF-κB dependent. In the
present study we investigated the effects of the histamine
H1-receptor blockers desloratadine and loratadine on rhi-
novirus-induced ICAM-1 expression. We demonstrated
that desloratadine and loratadine inhibited rhinovirus
induction of surface ICAM-1 on both primary bronchial
epithelial cells and the type II respiratory epithelial cell
line A549. Desloratadine and loratadine exerted dose-
dependent inhibition of rhinovirus-induced ICAM-1
mRNA expression and completely suppressed rhi-
novirus-induced ICAM-1 promoter activation. Finally,
we demonstrated that desloratadine and loratadine did
not inhibit rhinovirus replication in a sensitive cell line.

Despite the wide use of antihistamines in the sympto-
matic treatment of allergic rhinitis, comparatively few
studies have examined their anti-inflammatory effects.
Vignola et al20 have also demonstrated that desloratadine
and loratadine significantly attenuated the histamine-
induced increase in the number of nasal epithelial cells
expressing ICAM-1. Our finding that desloratadine and
loratadine inhibit rhinovirus-induced ICAM-1 upregula-
tion suggests that this class of antihistaminic compounds
may have properties useful for the anti-inflammatory
treatment of airway diseases, especially rhinovirus-
induced asthma exacerbations, that are unrelated to hist-
amine antagonism. Indeed, other authors have demon-
strated that desloratadine, loratadine, and other anti-
histamines possess anti-inflammatory properties,29-32

suggesting that these drugs may exert anti-inflammatory
activities by inhibiting the release of preformed and de
novo synthesized mediators. We have extended these
findings by demonstrating that desloratadine and lorata-
dine protect against ICAM-1 upregulation in a system in
which histamine is not present or involved.33,34 The fact
that desloratadine and loratadine exert a similar inhibito-
ry effect on ICAM-1 expression on both bronchial
epithelial cells and lung-originated epithelial cells
(A549) suggests that both cell types might be targets for
such compounds in clinical settings.

The inhibitory effect of desloratadine on rhinovirus
induction of ICAM-1 was detectable at 4 hours of prein-
cubation, which is similar to observations for other anti-
inflammatory compounds in the same experimental con-
ditions.27 The choice of a preincubation period of 16
hours was governed by maximal inhibition being
observed between 8 and 24 hours and by previous inves-
tigators using long incubation periods.20 There are sever-
al possible reasons why long preincubation times may be
required for maximal effect, including both intracellular
and extracellular pharmacokinetic steps (drug uptake
into the cells, drug activation, metabolism, and effects on
molecular targets). Unfortunately, detailed information
on these aspects of the mechanisms of action of lorata-
dine and desloratadine are not available.

Recently, Yoneda et al35 demonstrated a suppressive
effect exerted by another antihistaminic compound, aze-
lastine hydrochloride, on cytokine production and
mRNA in unstimulated conditions. At variance with our
findings, this study was conducted in a cell culture sys-

FIG 5. Inhibition by desloratadine of rhinovirus-induced binding
of NF-κB. Representative autoradiograph of 2 separate elec-
trophoretic mobility shift assays of nuclei lysates prepared from
uninfected (lane 2) or rhinovirus 16–infected (lane 3) A549 cells in
absence or presence of 1 µmol/L desloratadine (lane 6). Cold
competition with NF-κB (lane 4) and irrelevant (AP-1; lane 5) con-
sensus competitor was performed to confirm the NF-κB specifici-
ty of the signal. Clear inhibition of rhinovirus induction of NF-κB
binding activity by desloratadine is seen. RV, Rhinovirus; Des-Lor,
desloratadine.
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tem (ie, human peripheral blood leukocytes and mono-
cytes) in which histamine production cannot be exclud-
ed.33,34 Interestingly, cetirizine, another H1 receptor, has
recently been shown to reduce histamine-independent
chemokine (IL-8) release from lung epithelial cells; how-
ever, this compound did not inhibit respiratory syncytial
virus induction of IL-8.36

The ICAM-1 promoter contains several potential tran-
scription factor binding sites, several of which have been
implicated in induction of ICAM-1 gene transcription in
response to various proinflammatory stimuli.28,37 In par-
ticular, we have recently reported that the –187/–178 NF-
κB site on the ICAM-1 promoter is necessary and suffi-
cient for rhinovirus induction of ICAM-1 promoter
activity.5 The negative modulation by an antihistamine of
virus-induced gene promoter activation has never been
described before. The above data strongly suggest that this
inhibition is occurring through inhibition of NF-κB acti-
vation. To indirectly investigate this hypothesis, we stud-
ied the effect of desloratadine on ICAM-1 upregulation
induced by a stimulus that, at the molecular level, acts
through a pathway more dependent on transcription fac-
tors other than NF-κB, namely IFN-γ.38,39 The fact that
desloratadine only partially inhibited IFN-γ–induced
ICAM-1 upregulation indirectly supports our hypothesis
that inhibition of virus-induced ICAM-1 by desloratadine
occurs through inhibition of NF-κB activation. This inter-
pretation is supported by the data in Fig 5 indicating that
desloratadine does inhibit rhinovirus induction of binding
activity to consensus NF-κB sequences, which indicates
that this compound is effective in reducing rhinovirus-
induced NF-κB activation. The precise molecular mecha-
nisms of action of desloratadine in inhibiting virus-
induced inflammation clearly require further investigation.

The control experiments performed on a rhinovirus
sensitive cell line (Ohio HeLa) permitted evaluation of the
effect of the drugs on rhinovirus replication. Although
there is no evidence, to our knowledge, that rhinovirus
infection is inhibited by antihistamines, we wished to
confirm that the observed effects were not simply related
to desloratadine and loratadine inhibition of rhinovirus
replication. We chose to perform these experiments in
Ohio HeLa cells to examine the effects of the tested drugs
independently from the upregulatory effect of rhinovirus
on its own receptor (ICAM-1), which is observed in res-
piratory epithelial cells. Indeed, ICAM-1 surface expres-
sion decreases on rhinovirus-infected Ohio HeLa cells in
parallel with the appearance and the severity of cytopath-
ic effects (data not shown). These experiments demon-
strated that the highest concentrations of desloratadine
and loratadine used in the respiratory epithelial cell exper-
iments had no effect on rhinovirus replication and infec-
tivity in this sensitive cell line. These data suggest that
desloratadine and loratadine are unlikely to affect rhi-
novirus replication in respiratory epithelium independent-
ly of their effect on ICAM-1 expression.

Given the known role of ICAM-1 in inflammatory cell
recruitment and activation at sites of inflammation, the
lymphocyte and eosinophil infiltration observed during

experimental rhinovirus infection, its role as rhinovirus
receptor, and the fact that rhinovirus infection upregu-
lates respiratory epithelial ICAM-1 expression, ICAM-1
is likely to play a critical role in promoting lower airways
inflammation in virus-induced asthma. Our demonstra-
tion that desloratadine and loratadine inhibit this induc-
tion through a novel mechanism indicates that deslorata-
dine and loratadine are attractive options for the
treatment of virus-induced asthma exacerbations.

We thank Dr Stephen Wright Caughman for the generous dona-
tions of the reporter plasmid.
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