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Suppressive activity of fexofenadine hydrochloride on metalloproteinase
production from nasal fibroblasts in vitro

K. Asano*, K.-I. Kanait and H. Suzakit
Departments of *Physiology and +1Otolaryngology, School of Medicine, Showa University, Tokyo, Japan

Summary

Background Allergic rhinitis (AR) is an inflammatory disease characterized by nasal wall
remodelling with intense infiltration of eosinophils and mast cells/basophils. Matrix metallo-
proteinases (MMPs), MMP-2 and MMP-9, are the major proteolytic enzymes that induce airway
remodelling. These enzymes are also important in the migration of inflammatory cells through
basement membrane components.

Objective  We evaluated whether fexofenadine hydrochloride (FEX), the carboxylic acid metabolite
of terfenadine with selective H;-receptor antagonist activity, could inhibit MMP production from
nasal fibroblasts (NFs) in response to TNF-a stimulation in vitro.

Methods NFs were established from nasal polyp-derived fibroblasts (PFs) taken from patients with
AR. Nasal mucosal fibroblasts (MFs) were also induced from nasal mucosal tissues from septal
deformity patients without allergy. PF and MF (2 x 10’ cells/mL, each) were stimulated with TNF-o.
in the presence of various concentrations of FEX. After 24 h, culture supernatants were obtained and
assayed for MMP-2, MMP-9, tissue inhibitor of metalloproteinase (TIMP)-1 and TIMP-2 levels by
ELISA. The influence of FEX on mRNA expression of MMPs and TIMPs in 4 h-cultured cells was
also evaluated by real-time RT-PCR. Furthermore, nuclear factor-kB (NF-kB) activation in
fibroblasts treated with FEX for 4 h was examined by ELISA.

Results FEX at more than 350 ng/mL inhibited the production of MMP-2 and MMP-9 from both
PF and MF in response to TNF-o stimulation, whereas TIMP-1 and TIMP-2 production was
scarcely affected by FEX. FEX also inhibited MMP mRNA expression and NF-kB activation in PF
and MF after TNF-o stimulation.

Conclusion The present data suggest that the attenuating effect of FEX on MMP-2 and -9
production from NFs induced by inflammatory stimulation may underlie the therapeutic mode of

action of the agent on allergic diseases, including AR.
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Introduction

Allergic rhinitis (AR) is an inflammatory condition of the
nasal mucosa caused by an allergen-IgE interaction in
sensitized individuals and is characterized by the clinical
symptoms of sneezing, itching, congestion, rhinorrhoea, and
nasal blockage, which are responsible for difficulties in
breathing through the nose [I, 2]. Immunohistochemical
studies of nasal biopsies show accumulation of eosinophils,
basophils/mast cells within the lamina propria and epithelium
in both seasonal and perennial AR [3, 4]. Furthermore, nasal
lavage also reveals elevated levels of eosinophil cationic
protein and tryptase in AR [5], indicating that the accumu-
lated cells in the nasal mucosa are in an activated state.

The recruitment and migration of circulating inflammatory
cells, such as eosinophils and basophils, to sites of inflam-
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matory reactions involves traversing both the capillary walls
and the interstitium [6]. To traverse these barriers, inflam-
matory cells adhere and degrade extracellular matrix (ECM)
proteins [6]. The degradation of ECM proteins by inflamma-
tory cells is accomplished, in part, by the secretion of matrix
metalloproteinases (MMPs), such as MMP-2 and MMP-9,
which specifically degrade denatured collagen, native type IV
and V collagens, and elastin [7, 8]. Furthermore, structural
abnormalities such as fibrosis, thickening of the basement
membrane, and sloughed-off epithelium with areas of
epithelial metaplasia have been well described in AR [9, 10].
These pathological changes are called tissue remodelling,
which is caused by MMPs secreted from epithelial cells
and fibroblasts in addition to infiltrating inflammatory cells
[11-13]. These MMPs are also responsible for microvas-
cular permeability leading to oedema and cell migration, and
ECM remodelling at the site of inflammation [8, 11]. From
these reports, it is reasonable to speculate that mani-
pulation of MMP production from inflammatory cells,
epithelial cells and fibroblasts by anti-allergic agents may
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be an important strategy for treating symptoms of allergic
diseases including AR.

Several studies have demonstrated that corticosteroids,
which are commonly used in the management of allergic
airway diseases including AR, can attenuate the expression
and release of MMPs from airway epithelial cells in vivo and
in vitro [14-16]. However, despite their potent anti-inflam-
matory properties, the use of this class of drugs may be
limited because of concerns over unwanted side-effects [17].
In contrast, H-antihistamines are commonly used as the first-
line treatment for AR [17-19]. There is much evidence that
certain Hj-antihistamines may possess anti-inflammatory
activities in addition to blocking the action of histamine at
the receptors, thus conferring a therapeutic advantage in the
treatment and management of allergic diseases [20, 21].
However, to our knowledge, there is no evidence showing the
influence of anti-allergic agents, especially H;-antihistamines,
on MMP production. In the present study, we have examined
the effect of fexofenadine hydrochloride (FEX), the car-
boxylic acid metabolite of terfenadine with selective H;-
receptor antagonist activity [17], on MMP production from
nasal fibroblasts (NFs) in response to inflammatory stimula-
tion in vitro.

Materials and methods

Chemicals

FEX (Aventis Pharmaceutical Co., Ltd, Tokyo, Japan) as a
preservative-free pure powder was dissolved in dimethyl
sulfoxide (DMSO; Wako Pure Chemical Co., Ltd, Tokyo,
Japan) at 2.0 mg/mL and diluted with antibiotics-free RPMI-
1640 medium (Sigma Chemicals, Co., Ltd, St Louis, MO,
USA) supplemented with 10% heat-inactivated foetal calf
serum (RPMI-FCS; Flow Laboratories, North Ride, Aus-
tralia) at 10.0 pg/mL. This solution was sterilized by passing
through a 0.22 um filter and stored at 4 °C as a stock solution.
All dilutions used in this study were prepared from this stock
solution. Our previous experiments revealed no harmful
effects of 0.1% DMSO on fibroblast functions, such as MMP
production after TNF-o stimulation [22]. Recombinant TNF-
o (preservative-free) was purchased from Chemicon Interna-
tional, Inc. (Temecula, CA, USA) and diluted with RPMI-
FCS to give a concentration of 50.0 ng/mL [22, 23].

Induction of fibroblasts

To induce fibroblasts from nasal polyps, five patients (three
females and two males; 36.6 + 9.4 years of age) with AR were
recruited at Otolaryngology of Showa University Hospital.
They were non-smokers and not treated with oral anti-allergic
agents for at least 2 months. Nasal polyps were obtained
during surgical operation from five patients under written
informed consent, which was approved by the Ethics
Committee of Showa University. The tissues were rinsed
several times with RPMI-FCS that contained 500 U penicil-
lin, 500 pg/mL streptomycin and 5.0 pg/mL amphotericin B
and cut into small pieces (approximately 1 mm?). Diced
specimens were plated at a density of 10 pieces in 100 mm
tissue culture dishes and covered with a cover slip adhered to

the dish with sterile Vaseline. The dishes were then placed in a
humidified atmosphere containing 5% CO, at 37°C. When a
monolayer of fibroblast-like cells was found to be confluent,
the explanted tissues were removed. The cells were then
trypsinized, and replated at a concentration of 5 x 10°cells/
mL into 100 mm tissue culture dishes with a final volume of
10.0mL. The medium was changed every 3 days for 2-3
weeks until confluence was attained. Subsequently, the cells
were split 1:2 at confluence and passaged [22, 23]. The cells
were characterized with antibodies against vimentine,
cytokeratin and fibronectin, using fluorescent microscopy
(Model No. IX 70, OLYMPUS Co., Ltd, Tokyo, Japan) [23].
Fibroblast purity was more than 99% and used for polyp-
derived fibroblasts (PFs). After characterization, aliquots of
cells at each passage were frozen and stored in liquid
nitrogen. To establish mucosal fibroblasts (MFs), five patients
(two females and three males; 39.2 + 8.4 years of age) with
septal deformity were recruited at Otolaryngology of Showa
University Hospital. They were non-smokers, non-allergic,
and had not received any medications for at least 2 months.
Nasal mucosa was obtained during plastic reconstruction of
the septum under written informed consent, which was
approved by the Ethics Committee of Showa University.
Fibroblasts were induced in a similar manner, characterized
and used as MF. Since our preliminary experiments revealed
that the ability of cells to produce MMP-2, MMP-9, tissue
inhibitor of metalloproteinase (TIMP)-1 and TIMP-2 in
response to TNF-a stimulation were not different between the
third and eighth passages of cells (data not shown), PFs and
MFs at seven to 10 passages were used for the following
experiments.

Cell culture

Fibroblasts were washed several times with RPMI-FCS,
introduced into each well of 24-well culture plates in triplicate
at a concentration of 2 x 10%cells/mL in a volume of 1.0mL
and allowed to adhere for 2 h. After removing unattached and
dead cells by gentle washing of the wells with RPMI-FCS, the
remaining cells were stimulated with 25.0 ng/mL TNF-a [22]
in the absence or presence of various concentrations of FEX
in a final volume of 2.0mL. After 24 h, the culture medium
was removed, and stored at —40°C until use. In cases of
examining transcription factor activation and mRNA expres-
sion, cells were cultured in a similar manner for 4 h and stored
at —80°C until use. In all cases, FEX was added to cell
cultures at the start of TNF-a stimulation. The medium that
contained TNF-o and 0.1% DMSO is used for solvent
control.

Assay for MMP and TIMP

MMP-2, MMP-9, TIMP-1 and TIMP-2 levels in culture
supernatants were assayed using commercially available
human MMP and TIMP ELISA test kits (Amersham
Biosciences, Bucks, UK) according to the manufacturer’s
recommendation. The activities of MMP-2 and MMP-9 in
culture supernatants were also examined by ELISA test kits
(Amersham Biosciences) according to the manufacturer’s
instructions. The results are expressed as the mean ng/
mL + standard error (SE) of duplicate assays for five subjects.
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Real-time polymerase chain reaction

mRNA was extracted from fibroblasts using tMACS mRNA
isolation kits (Milteny Biotec GmbH, Bergisch Gladbach,
Germany) according to the manufacturer’s instructions. The
first-strand complementary DNA (cDNA) synthesis from
1.0 pg mRNA was performed using the SuperScript Preampli-
fication System for cDNA synthesis (GIBCO BRL, Gaithers-
burg, MD, USA). PCR was then carried out using a GeneAmp
5700 Sequence Detection System (Applied Biosystems, Foster
City, CA, USA). PCR mixture consisted of 2.0 pL of sample
cDNA solution (10.0ng/uL), 25.0uL of SYBR-Green Mas-
termix (Applied Biosystems), 0.3uL of both sense and
antisense primers, and distilled water to give a final volume
of 50puL. The reaction was conducted as follows: 4min at
95 °C, followed by 40 cycles of 15s at 95°C and 60s at 60 °C.
B-actin was amplified as an internal control. mRNA levels
were calculated by using the comparative parameter threshold
cycle (Ct) and normalized to B-actin. Oligonucleotide sequences
of the primers used were shown in Table 1 [24-26].

Assay for NF-xB activity

Nuclear factor-kB (NF-kB) activity was analysed with
commercially available ELISA test kits (Active Motif,
Carlsbad, CA, USA) that contained sufficient reagents and
monoclonal antibodies against pS0 and p65, according to the
manufacturer’s recommended procedure. In brief, nuclear
extract (5.0 ug protein) from NF was introduced into each
well of 96-well microtitre plates pre-coated with oligonucleo-
tide containing the NF-xB consensus site (5-GGGAC
TTTCC-3’) in a volume of 20.0 uL, and incubated for 1h at
25°C. After washing three times, 100pL of monoclonal
antibody against pS0 or p65 was added to the appropriate
wells, and incubated for a further 1h at 25°C. Anti-IgG
horseradish peroxidase-conjugate in a volume of 100puL
was then added and incubated 1h at 25°C. Absorbance at
450 nm was measured after the addition of tetramethylben-
zine solution.

Table 1. Primer sequences used for real-time PCR

Statistical analysis

The statistical significance of the difference between the
control and experimental data was analysed using ANOVA
followed by Fisher’s PLSD test. A P-value <0.05 was
accepted as statistically significant.

Results

Suppressive activity of FEX on the production of MMP-2,
MMP-9, TIMP-1 and TIMP-2 from nasal fibroblasts

The first set of experiments was designed to examine the
influence of FEX on MMPs production from PF in response
to TNF-o. stimulation in vitro. PF (2 x 10°cells/mL) was
stimulated with 25.0 ng/mL TNF-a in the presence of either 0,
125, 250, 350, 500, or 750ng/mL of FEX for 24h. MMP
levels in culture supernatants were assayed by ELISA. As
shown in Fig. la, addition of FEX at quantities lower than
250ng/mL did not cause the suppression of MMP-2 pro-
duction from PF, which was increased by TNF-o stimula-
tion. However, FEX significantly suppressed the ability of
cells to produce MMP-2 after TNF-a stimulation when the
agent was added into cell cultures at 350 ng/mL and higher
(Fig. 1a). We next examined the influence of FEX on MMP-9
production from PF. As shown in Fig. 1b, low doses (125 and
250 ng/mL) of FEX did not affect MMP-9 production from
PF in response to TNF-a stimulation: MMP-9 levels in
experimental culture supernatants were nearly identical (not
significant) to that in control supernatants (TNF alone).
However, addition of FEX at concentrations of 350 ng/mL
and higher significantly inhibited MMP-9 production from
PF induced by TNF-a stimulation (Fig. 1b). The third
experiments were carried out to examine the influence of FEX
on the enzymatic activities of MMPs. The data in Figs 1c and
d clearly showed that addition of FEX into cell cultures at
more than 350 ng/mL could significantly suppress the activity
of both MMP-2 and MMP-9 in culture supernatants. The
fourth experiment was undertaken to examine the influence of
FEX on the production of TIMP-1 and TIMP-2 from PF.

Primer sequences Position Product size (bp) References
MMP-2

Sense-5-AGATCTTCTTCTTCAAGGACCGGTT-3' 1740-1764

Antisense-5'-GGCTGGTCAGTGGCTTGGGGTA-3’ 1964—-1943 440 [24]
MMP-9

Sense-5-TGGACGATGCCTGCAACGTG-3’ 1554-4573

Antisense-5'-AGTGTAGGTCTTGGTGAAGCC-3’ 2008-1986 454 [25]
TIMP-1

Sense-5-CACCCACAGACGGCCTTCTGCAAT-3’ 150-173

Antisense-5-AGTGTAGGTCTTGGTGAAGCC-3 494-474 345 [25]
TIMP-2

Sense-5-CTCGCTGGACGTTGGAGGAAAGAA-3’ 602-625

Antisense-5'-AGCCCATCTGGTACCTGTGGTTCA-3' 756-733 433 [26]
B-actin

Sense-5'-ACCCACACTGTGCCCATCTA-3’ 551-570

Antisense-5'-CGGAACCGCTCATTGCC-3' 733-717 239 [24]

MMP, matrix metalloproteinases; TIMP, tissue inhibitor of metalloproteinase.
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The data in Figs 2a and b clearly showed the negative
suppressive effect of FEX on the production of both TIMP-1
and TIMP-2 from PF: culture supernatant obtained from
cells stimulated with TNF-a in the presence of 750 ng/mL
FEX contained similar levels (not significant) of TIMP-1 and
TIMP-2 to those from control cell cultures (TNF alone). The
second part of experiments was performed to examine
whether FEX could also suppress the production of MMPs
from MF after TNF-a simulation as in the case of PF. The
data in Figs 3a and b clearly showed the suppressive activity
of FEX on the production of both MMP-2 and MMP-9 at
more than 350 ng/mL. It is also showed that FEX at more
that 350 ng/mL could significantly suppress the activity of
both MMP-2 and MMP-9 in culture supernatants (Figs 3¢
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and d). We finally examined the influence of FEX on TIMP-1
and TIMP-2 production from MF induced by TNF-o
stimulation. As shown in Fig. 4, addition of FEX into cell
cultures scarcely affected the ability of MP to produce TIMP-
1 and TIMP-2: culture supernatants from cells stimulated
with TNF-a in the presence of 750ng/mL FEX contained
almost identical (not significant) levels of TIMP-1 and TIMP-
2 to those in control culture supernatants (TNF alone).

Influence of FEX on MMP and TIMP mRNA expression
in nasal fibroblasts

The third set of experiments was undertaken to examine
the possible mechanisms by which 350 ng/mL FEX could

||—*

%o

0-
Med. TNF 0
alone alone

Fig. 1. Influence of fexofenadine hy-
drochloride (FEX) on the production of
matrix metalloproteinases (MMPs)
from nasal polyp fibroblasts in re-
sponse to TNF-a stimulation and on
their activities. Cells were stimulated
with TNF-o (TNF) in the presence of
various concentrations of FEX for 24 h.
MMP levels in culture supernatants
were examined by ELISA. Data are
expressed as the mean ng/mL + SE of
five different subjects of one of two
different experiments, which gave re-
producible results. (a) MMP-2 levels;
(b) MMP-9 levels; (c) MMP-2 activities;
(d) MMP-9 activities; *not significant;
**significant (P<0.05).

125 250 350 500 750
TNF + FEX (ng/mL)

0
Med. TNF 0

alone alone

Fig. 2. Influence of fexofenadine hy-
drochloride (FEX) on the production of
tissue inhibitor of metalloproteinase
(TIMP)-1 (a) and TIMP-2 (b) from
nasal polyp fibroblasts in response to
TNF-o stimulation. Cells were stimu-
lated with TNF-o (TNF) in the pre-
sence of various concentrations of
FEX for 24 h. TIMP levels in culture
supernatants were examined by ELI-
SA. Data are expressed as the mean
ng/mL + SE of five different subjects
of one of two different experiments,
which gave reproducible results. *Not
significant.

125 250 350 500 750
TNF + FEX (ng/mL)
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suppress MMP-2 and MMP-9, but not TIMP-1 and TIMP-2
production from NFs, PF and MF, in response to TNF-a
stimulation. Cells were cultured with 25.0 ng/mL TNF-a in
the presence of either 0, 250, 350, or 500 ng/mL FEX for 4 h.
Levels of mRNA expression was evaluated by real-time PCR.
Addition of FEX at more than 350ng/mL significantly
suppressed MMP mRNA expression in both PF (Figs 5a
and b) and MF (Figs 6a and b), which were enhanced by
TNF-o stimulation. However, FEX could not reduce levels of
TIMP mRNA expression in PF (Figs 5c and d) and MF (Figs
6¢ and d).
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Influence of FEX on NF-xB activation by TNF-o. stimulation
in nasal fibroblasts

The final set of experiments was designed to examine the
influence of FEX on NF-kB activation in NFs, PF and MF,
after TNF-o stimulation in vitro. Cells were stimulated with
TNF-a in the presence of various doses of FEX for 4h. The
nuclear extracts were prepared, and NF-xB activity was
assessed by measuring both p50 and p65 activities with
ELISA. Addition of FEX at 125ng/mL into cell cultures did
not affect NF-xB activation in both fibroblasts: optical

Fig. 3. Influence of fexofena-
dine hydrochloride (FEX) on the
production of matrix metallopro-
teinases (MMPs) from nasal
mucosal fibroblasts in response
to TNF-a stimulation and on their
activities. Cells were stimulated
with TNF-a in the presence of
various concentrations of FEX
for 24 h. The activities of MMPs
in culture supernatants were ex-
amined by ELISA. Data are ex-
pressed as the mean ng/

mL + SE of five different sub-
jects of one of two different
experiments, which gave repro-
ducible results. (a) MMP-2 le-
vels; (b) MMP-9 levels; (c) MMP-
2 activities; (d) MMP-9 activities;
*not significant; **significant
(P<0.05).

250 350 500 750
TNF + FEX (ng/mL)

Med. TNF 0

alone alone

Fig. 4. Influence of fexofenadine hy-
drochloride (FEX) on the production of
tissue inhibitor of metalloproteinase
(TIMP)-1 (a) and TIMP-2 (b) from nasal
mucosal fibroblasts in response to
TNF-a stimulation. Cells were stimu-
lated with TNF-o (TNF) in the presence
of various concentrations of FEX for
24 h. TIMP levels in culture super-
natants were examined by ELISA.
Data are expressed as the mean ng/
mL + SE of five different subjects of
one of two different experiments, which
125 250 350 500 750 gave reproducible results. *Not signifi-
TNF + FEX (ng/mL) cant.
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Fig. 5. Influence of fexofenadine hy-
drochloride (FEX) on mRNA expression
of matrix metalloproteinases (MMPs)
and tissue inhibitor of metalloproteinase
(TIMPs) in nasal polyp fibroblasts after
TNF-o stimulation. Cells were stimulated
with TNF-o (TNF) in the presence of
various concentrations of FEX for 4 h.
mRNA expression was examined by
real-time RT-PCR. Data are expressed
as the mean ratio + SE of five different
subjects of one of two different experi-
ments, which gave reproducible results.
(a) MMP-2; (b) MMP-9; (c) TIMP-1; (d)
TIMP-2; *significant (P<0.05); **not
significant.

Fig. 6. Influence of fexofenadine hy-
drochloride (FEX) on mRNA expression
of matrix metalloproteinases (MMPs)
and tissue inhibitor of metalloproteinase
(TIMPs) in nasal mucosal fibroblasts
after TNF-a stimulation. After the same
stimulation of cells as described in Fig. 5,
mRNA expression was examined by
real-time RT-PCR. Each value is the
ratio of MMPs and TIMPs to B-actin
mRNA level. Results are presented as
the mean of five different subjects + SE.
Experiments were performed twice with
similar results. (a) MMP-2; (b) MMP-9;
(c) TIMP-1; (d) TIMP-2; *significant
(P<0.05); **not significant.
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density at 450 nm in experimental groups was similar (not
significant) to those in appropriate controls (Fig. 7).
However, a higher dose (250ng/mL) of FEX caused sig-
nificant suppression of p50 and p65 activation in PF and
MF (Fig. 7). This suppressive activity was further strength-
ened when FEX was added to cell cultures at 350 ng/mL and
higher (Fig. 7).

Discussion

In the present study, we clearly demonstrated that FEX at
350 ng/mL, which is lower than therapeutic tissue levels [27],
could inhibit the production of both MMP-2 and MMP-9
from NF with virtually no effect on the production of TIMP-
1 and TIMP-2. In addition, this inhibitory action of FEX on
MMP production is due, in part, to its suppressive activity on
MMP mRNA expression through the inhibition of transcrip-
tion factor-NF-xB activation by TNF-o stimulation.

AR is an inflammatory disorder of the nasal mucosa and
epithelium [1-3, 18, 22]. Aeroallergen exposure in sensitized
individuals with AR results in immune cell activation within
the nasal mucosa along with activation of the resident
epithelial and endothelial cells [28, 29]. Histological observa-
tion also revealed structural abnormalities, including thicken-
ing of the basement membrane and structural fibrosis, which
are associated with intense infiltration of several types of
inflammatory cells such as eosinophils and mast cells/
basophils [9, 10]. These cellular events are now called tissue
remodelling, and involve extensive alteration of tissue ECM
[14]. ECM is involved in tissue homeostasis and in pathologic
conditions such as tumour invasion and inflammation. Two
groups of proteins, MMPs and their counter-regulatory

“Med. TNF
alone alone

Fig. 7. Influence of fexofenadine hy-
drochloride (FEX) on nuclear factor
| (NF-kB) activation in nasal fibroblasts
after TNF-o stimulation. Cells were
stimulated with TNF-a in the presence
of various concentrations of FEX for
- 4h. NF-xB, p50 (a and c) and p65 (b
and d), activities were assayed by
ELISA. Upper panels (a and b) show
- the activities in polyp-derived fibro-
blasts, and lower panels in mucosal
- fibroblasts. Data are expressed as the
mean optical density (OD) at
0 125 250 350 500 450nm + SE of five different subjects.
TNF + FEX (ng/mL) *Significant (P<0.05).

inhibitors, TIMPs, are recognized to be important factors
for maintenance of ECM homeostasis. The MMPs are a large
family of Ca*"-activated, Zn?*-dependent endopeptidases
that can degrade various components of the ECM and
basement membrane [13, 30]. Among MMPs, MMP-2 and
MMP-9 degrade native type IV collagen and denatured
collagens, as well as elastin, which are the most important
components of ECM and basement membrane in nasal walls
[12]. These MMPs are produced by numerous cell types,
including fibroblasts and macrophages in response to inflam-
matory stimulation, and mediate transmigration of the
inflammatory cells (eosinophils and macrophages) through
the basement membrane to propagate inflammation [11, 12,
30]. MMPs are also responsible for microvascular perme-
ability leading to oedema and enhanced cell migration [11,
31]. From these reports, it is possible that the attenuating
effect of FEX on MMP-2 and MMP-9 production from NF
induced by inflammatory stimulation may underlie the
therapeutic mode of action of the agent on allergic diseases,
including AR. The extracellular activity of MMPs is regulated
by TIMPs that form a 1:1 complex with MMPs [32]. The
present results clearly showed that FEX could not inhibit the
TIMP-1 and TIMP-2 production from NF in response to
TNF-o stimulation, suggesting that MMPs secreted in small
amounts during FEX treatment are inactivated by TIMPs,
and resulting in modification of clinical symptoms derived
from ECM remodelling and accumulation of inflammatory
cells in AR. Experimental studies clearly showed that
administration of MMP inhibitor into mice reduces the
migration of inflammatory cells through the endothelial
and epithelial basement membrane [33]. This inhibitory
action of MMP inhibitor on cell migration is also reported
to be because of its suppressive effect on the expression
of intercellular adhesion molecule 1 and vascular adhesion
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molecule-1 [6], which are essential molecules for cell migra-
tion into inflammatory tissues and are reported to be over-
expressed in AR [21]. From these reports, the negative
suppressive effect of FEX on TIMP-1 and TIMP-2 produc-
tion may contribute, in part, to favourable modification of
clinical symptoms, when FEX is administered into patients
with AR.

The mechanisms and signal transduction pathways in-
volved in the production of MMPs in fibroblasts are not well
understood. Prostaglandins (PGs), especially PGEl and
PGE2, however, have been reported to up-regulate the
production of MMPs in synoviocytes [34, 35] and gingival
fibroblasts [36] after inflammatory stimulation in vitro. It is
also observed the involvement of PGs in the production of
MMPs from human pulp cells [37] and prostate epithelial
tumour cells [38]. The finding that FEX, a potent H;-receptor
antagonist, inhibited MMP-2 and MMP-9 production
suggests that PG-independent mechanism(s) may be impli-
cated in MMP production in NF induced by TNF-a
stimulation, since H;-receptor antagonists are reported to
increase the production and secretion of PGE2 in fibroblasts
[39]. The signal transduction pathways involved in the
production of MMP-2 and MMP-9 in fibroblasts stimulated
with IL-1B or TNF-a was studied by using tyrosine kinase
and p38 MAP-kinase inhibitors. The tyrosine kinase inhibi-
tor, herbimycin A, down-regulated MMP-2 and MMP-9
production, stimulated by IL-1p and TNF-a [36, 37],
indicating that tyrosine kinases are involved in the signal
pathways of MMP-2 and MMP-9 production in fibroblasts.
In addition, SB 203580, a potent inhibitor of p38 MAP-
kinase, is also reported to down-regulated TNF-o-induced
MMP gene expression and protein production in fibroblasts
[40]. Extracellular signal-regulated kinases and c-Jun N-
terminal kinases, which constitute together with p38 kinases
the family of mitogen-activated protein kinases (MAPKs),
have been implicated in the regulation of collagenase gene
expression in cultured fibroblasts induced by IL-18 and TNF-
o [35]. Activation of tyrosine kinases and MAPKs after
stimulation with TNF-o has been reported to regulate by
transcriptional factor NF-kB [41]. These reports strongly
suggest that FEX may suppress NF-kB activation, which is
responsible for MMP mRNA expression and results in
inhibition of MMP production. This speculation may be
supported by the present observations showing that FEX
could suppress MMP mRNA expression through the inhibi-
tion of NF-kB activation induced by TNF-a stimulation.
Different from MMPs, which contained binding sites for
NF-kB, TIMPs have activator protein-1 (AP-1) binding sites
in their promoters and the transcription of TIMPs is AP-1
dependent [42, 43]. It is also reported that PEA3, a
protooncogene-related transcriptional factor, is involved in
the regulation of TIMP transcription [42, 44, 45]. From these
reports, the present data may be interpreted that FEX could
not inhibit AP-1 and PEA3 activation induced by TNF-«
stimulation and results in negative suppressive effects on
TIMP production from NF. Further experiments are required
to clarify this point.

Since the concentration of FEX showing the suppressive
effect on MMP-2 and MMP-9 production in vitro (350 ng/
mL) is far below that in tissue levels (more than 500 ng/mL)
[27], the efficacy of FEX in allergic inflammatory diseases

may be explained by these in vitro data suggesting down-
regulating activity of the drugs on fibroblast functions related
to inflammation and tissue remodelling.
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